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ERRATA 


CORRIGENDUM. A. K. Jonscher has written to say that 
hus review of the book Solid State Electronics by G. Fournet 
(Nature, 222, 49; 1969) “contains the statement ‘No 
mention is made of Hall effect—this may be understood if 
one bears in mind that despite a long argument about 
holes, the author falls into the familiar trap of equating 
(negative mase, negative charge) with (positive mass, 
positive charge). This would have given him the wrong 
sign of Hall effect for holes’. The editor of the English 
edition, Mr S. Chomet, has drawn my attention to the fact 
that this statement 1s incorrect in the sense that the author 
equates (negative mass, negative charge) with minus 
(positive mass, positive charge) which formally leads to 
the correct result”. 


Erratum. In the note “Horse Doping—Pharmacology 
and the Punter” (222, 111; 1969), the quantity of heroin 
mentioned in the first sentence should have been “one 
and a half grains”, not “grams”. 


Erratum. In the article ‘Observations of Pulsar NP 
0527” by Zeissig and Richards (Nature, 222, 150; 1969), 
the declination of the source observed is given in Table 1 
as 28° 58’. This should be 21° 58’. 


Erratum. In the article “Further Observations of the 
Crab Nebula Optical Pulsar” by B. Warner, R. E. Nather 
and M. MacFarlane (Nature, 222, 283; 1969), ‘30,000 
cycles” in lines 30 and 36 of the second column on page 
234 should read ‘‘3,000 cycles”. In line 48 of the same 
column, ‘1-5 ns/h” should read ‘1-5 ns-h”. On page 
236 the legend to Fig. 5 should read “Light curves m 
the ultraviolet (a), blue (b) and visible (c) regions, .. .”. 


CORRIGENDUM. J.T. O. Kirk has written to say that m 
the article he wrote with Dr Baxter, “Base Composition 
of DNA from Chloroplasts and Nuclei of Phaseolus 
vulgaris” (Nature, 222, 272; 1969), “thero was a minor 
error concerning the GC content of Phaseolus vulgaris 
DNA as caloulated from its buoyant density in OsCl 
solution. The average buoyant density, estimated from 
the data of Wolstenholme and Gross!, is in the region of 
1-696-1:697 g cm. For a non-methylated DNA this 
would indicate a GC content of 37-38 per cent. Phaseolus 
vulgaris nuclear DNA, however, is methylated (3-7 moles 
per cent 5-methyloytosine). Having stated (correctly)? 
that methylation lowers buoyant density, we went on 
to say that application of a methylation correction to 
the buoyant density gave a caloulated GC content of 
35 per cent. In fact, the correction was made in the 
wrong direction, and we should have said that the calcu- 
lated GC content is 39-8 per cent. Thus, the calculated 
value of the GO content is somewhat higher than our 
measured value of 37-3 per cent (not somewhat lower 
as we previously said), the actual size of the discrepancy 
being about the same in either case. It should be pointed 
out that this error m no way affects the findings or conclu- 
sions of our paper (which was concerned with the measured 
base compositions of chloroplast and nuclear DNA). 
I wish to draw attention to it, however, as 1t may lead to 
confusion about the‘effect of methylation on estimates 
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of base composition based on values of buoyant density 
m CsCl.” 

* Wolstenholme, D. R., and Gross, N. J., Pioo. WS Nat, Acad. Sei., 61, 245- 
1 Kirk, J. T. O., J. Mol. Biol, %, 171 (1967). 


ERRATUM. In the article ‘‘Nonphototactic Mutants in a 
Study of Vision of Drosophila” by W. L. Pak et al. (Nature, 
222, 351; 1969), the reference number 15 in line 14 of the 
right-hand column of page 358 should read 14. The 
statement in parentheses in line 18 of the same column 
should follow the sentence “The optic ganglia are also 
i and reduced”, and in line 57 of this column 
there should be no reference number 14 after the word 
“found”. 


CoRRIGENDUM. W. B. Gratzer and D. A. Cowburn write 
to say that in their article “Optical Activity of Bio- 
polymers” (Nature, 222, 426; 1969) the legend of Fig. 5 
omits to state that the curves for the f-structure m the 
third panel include only data on solutions. For clarity 
the very different curves observed m some films by 
Fasmen and Potter, and termed by them Type II-f, 
were omitted from the diagram. 


Exratum. In the article by Travers and Burgess, “‘Cyclic 
Re-use of the RNA Polymerase Sigma Factor” (Nature, 
222, 587; 1969), the third sentence of the third paragraph 
should read: “After addition of rifampicin to polymerase 
which was actively synthesizing RNA, the average extent 
of elongation ...”. In Table 2 the times of incubation in 
lines four, six and eight should have been 3 min, 2 min 
and 3 min respectively. The last sentence of the seventh 
paragraph should read: “The molecular weight of the 
139-148 complex? is too small for there to be two o 
chains in each complex”. 


Erratum. In the article “Sequential Synthesis of Mes- 
senger RNA and Antibodies in Rabbit Lymph Nodes” by 
Ernst Kuechler and Alexander Rich (Nature, 222, 544; 
1969), the following corrections are necessary: p. 547, 
column 2, line 16 should read: ‘The gentle method of 
preparing lymph node oytoplasmic extract disrupts 
approximately 90 per cent of the plasma cells™. Thus we 
estimate a total of 90 mg of gamma globulin synthesized 
by the two popliteal lymph nodes or approxmnately 
20-25 per cent of the total gamma globulin synthesized 
by the rabbit in response to the injection of bovine 
albumin.” 


Erratum. In the article “Peptide Chain Elongation: 
GTP Cleavage catalysed by Factors bmding Aminoacy]- 
Transfer RNA to the Ribosome” by Y. Ono, A. Skoultchi, 
J. Waterson and P. Lengyel (Nature, 222, 645; 1969), 
read as follows: (1) page 645, paragraph 4, “.. . tables 
and figures: ribosomes, 14-4 Asso ma units; poly U, 
50 ug; poly A, 50 ug; Sı 8-5 pg; Ba 7-9 ug; 14C-phe- 
tRNA (carrying 210 pymoles of phenylalanine); 7:0 
Ao mu units; C-lys-(RNA (carrying 235 uumoles of 
lysine); 8-2 Asso ma units; discharged tRNA, 37 Asso mu 
units.” (2) Page 647, section on GTP cleavage catalysed 
by Sı S, and by Sù, line 3: “‘... are not the result of...”. 
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Erratum. In the article ““Centroid Method of Integra- 
tion” by I. J. Good and R. A. Gaskins (Nature, 222, 697; 
1969), ‘“‘m(v)” m lines 15 and 22 on page 697 should read 
“m(v)”. On the same page, 7 lines up, p should be equated 
to 2. And 4 lines up, “m= (4, 0, 0,..., 0)? should read 
“m(4, 0, 0,..., 0). 


Erpatom. In the article ‘International Practical Tem- 
perature Soale of 1968” by C. R. Barber (Nature, 222, 
929; 1969), the term ‘‘4%” in the footnote to page 930 
should read ‘‘4;”. In equation 10 on page 931 the 
denominator of the fraction in the third bracket should 
be 419-58° C, not 4:1958° C. 


Erratum. At the end of the article by A. G. Levin, 8. 
Friberg and E. Klem, “‘Xenotransplantation of a Burkitt 
Lymphoma Culture Line with Surface Immunoglobulin 
Specificity” (Nature, 222, 997; 1969), the support of the 
“Institutet of Stockholm Foundation” was acknowledged. 
This should be the IOS Foundation. 


Erratum. The letter “Science, Ind and Govern- 
ment” from V. C. Reddish (Nature, 222, 1009; 1969), was 
written from the US and his address in Edinburgh was 
added in error. 


ErRaTUM. In the article by J. W. Hastings, G. Mitvhell, 
P. H. Mattingly, J. R. Blinks and M. van Leeuwen, 
“Response of Aequorin Bioluminescence to Rapid 

in Calcium Concentration” (Nature, 222, 1047; 1969), 
the legend to Fig. 1 should contain the following insertion 
after the word “between” in lme 10: “M, and P,; about 
25 ms between M, and M,, and about 7 ms between M, 
and P,”. At the end of paragraph 4, add: “For calcula- 
tion of Cat in the calcium buffer system, the apparent 
association constant for the binding of calcium to EGTA 
was taken to be 5x 10§ M~ (Kbashi, 8., and Endo, M., 
Progr. Biophys. Mol. Biol., 18, 123; 1968).” In paragraph 
7, lne 14, 2x 10-7 should read 2x 10-*. In the legend to 
Fig. 3, line 9, (S) should read (R-S) and (R) should 
read (R-R). 


Erratum. In the article “Ionospheric Effect caused by 
Celestial X-rays” by Edwards, Burtt and Knox (Nature, 
222, 1053; 1969), the equation m the sixth paragraph 
should read: 


xlv 
w ON o(h)/v(h) =gh) ph > v(h)) 
Tn the ninth paragraph, the word “excellent”? should be 
substituted for “reasonable” in “the time lag between 
ground star rise and the onset tume is in reasonable agree- 
ment with that expected for Sco-XR-1 acting alone”. 


Erratum. In the article “Racial Differences in the Fate 
of Melanosomes in Human Epidermis” by Szabó et al. 
(Nature, 222, 1081; 1969) the second sentence of the third 
paragraph on page 1082 should read ‘‘After irradiation, 
the number of melanosomes increases in the keratocytes 
of all races”. 


Erpatom. In the article by S. H. Singer, R. L. Kirchstein 
and M. F. Barile (Nature, 222, 1087; 1969), the title 
should have read ‘Increased Yields of Vesicular Stomatitis 
Virus from Hamster Cells infected with Mycoplasma”. In 
the entry on page xvii, “injected” should read “‘infected’’. 
On page 1087, two lines up, msert “multiple” after “so”. 


Erratum. In the article ‘“Cubic Mesomorphic Phases” by 
Balmbra, Clunie and Goodman (Nature, 222, 1159; 1969), 
the most probable space ups (see penultimate para- 
graph) are numbers 218 (P£8n) and 223 (Pm3n) of Inter- 
national Tables for X-ray Orystallography, Volume 1 (The 
Kynoch Press, Birmingham, 1952). 


Erratum. In the letter ‘Simplified Notation for Peptides 
in Computer Compatible Format” from Gabrielle S. 
Revesz (Nature, 222, 1209; 1969), a list of possible addı- 
tions to the one-letter notation for amimo-acids was 
printed without the distinguishing symbol “@”. A-G 
are, of course, already part of the [UPAC-IUB tentative 
rules; in their place read AG, B@, C@, D@, EG, 
F@, G@. 


Erratum. In the article “Amino and Carboxy-terminal 
Sequences of Ovine Lactogenic Hormone” by Choh Hao 
Ia et al. (Nature, 222, 1268; 1969), the references in the 
third paragraph on page 1269 should read 4, 14. The 


eighth lne of the last paragraph should read: 
oee oes es el 
Leu—Asn—Cys—lle—e-Tyr—Asn—Asn—Asn—Cys 


And in the last sentence, ‘“‘six amino-acid residues” should 
read “seven amino-acid residues’. 
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' Gunner a ee Review supplement 


a Price: £88.0.0d. (large) Price: £58.0.0d. (small) 
Pa Cat. No: 313/0175 Cat. No: 313/0185 
° Ask for leaflet 7.173 
x . 
BT 
Baird & Tatlock (London) Ltd., 
IE |T" Postal Address: P.O. Box 1, Romford, RM1 1HA 
Situated at: Freshwater Road, Chadwell Heath, Essex. 
Member of Tarmac Derby Ltd Telephone: 01-590 6081 Telex: 24225 Bairhop 
Cables: Burette, Romtord V 
ol 222 No 5188», 
š . 
eo 
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n-target 


assay for disulfides 


Because previous methods of assay 
have suffered from: low sensitivity and 
non-specific reducing agents, a specifie 
and sensitive new assay for the disul- 
fide groups has just been developed 
and is available from NBCo. It is based 
on the reduction with DTE (Dithio- 
erythritol oy DTT (Dithiothreitol). The 
resulting monothiols are determined 
with 5, 5’ Dithiobis (2 Nitrobenzoic 
Acid) (DTNB) in the presence of Arse- 
nite, (1) This assay allows the deter- 
mination of disulfides over a con- 
centration range of 3 to 25 aM. The 
reduction time of about-20 minutes has 
been found to be adequate. 


DITHIOERYTHRITOL D.T.E. 
M.W.: 154 S: 41.6 M.P.: 80-82° C. 
25 gm. bottle. .. . . . gm. $21.00 

5 gm, bottle. .. . . . gň. 22.00 

1 gm. bottle. .. . . . gm. 23.00 
500 mg. bottle. .. . . . bth 13.50 
100 mg. bottle. . . . . . bt. 4.25 

DITHIOTHREITOL D.T.T. 
(Threo 2, 3, Dihydroxy, 1, 4 Dithiobutane) 
Cleland’s Reagent 
M.W.: 154.2 S: 41.6 M.P.: 40-41°C. 
25 gm. bottle. . . . . . gm. $ 7.25 
5 gm. bottle. . 2... . gm. 870 
i gm. bottle. . 2... gm. 11.25 


(D)W. L. Zahlerand W.W., Cleland, J. Biol. 






Zahler and Cleland report that DTE or DTT Chem, 248,40, 716 (1968). The literature references 
reduce disulfides to monothiols. By addition of Ar- should not be interpreted as either endorsement or 
senite, which forms a tight complex with Dithiol, disapproval of the biochemicals by the investigator. 
the resulting monothiols can be determined accu- To order, phone 216 662-0212 collect (USA only). 
rately with DTNB. They indicate that DTE is the If desired, 24-hour delivery anywhere in the continen- 
reagent of choice because of the lower rate of reac- , tal USA;80-hour delivery anywhere in the world. Send 


tion of its arsenite complex with DTNB. 


for our free catalog containing more than 3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional | 


Biochemicals 
Corporation — 


26201 Miles Road + Cleveland, Ohio 44128 


Phone 216 662-0212 
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DARTON 


INSTRUMENTS FOR 
MEASURING 


PRESSURE 


MERCURIAL BAROMETERS 
B.O.T. PATTERN 
FORTIN’S PRINCIPLE 


TEST BENCH 
(altimeter calibrator) 


KEW PATTERN 
etc. 


ENZYMES 


FOR : 
OBSERVATORY 
LABORATORY 
INDUSTRY & EDUCATION 


TEMPERATURE & 
HUMIDITY 








SERAVAC LABORATORIES (Pty.) LTD. HAIR THERMO-HYGROGRAPH 


Holyport Berkshire England Tel: Maidenhead 21343 Records Temperature and Relative Humidity 
on one chart 


In the USA. S Products btainable from: 
wT e eravac rođucts are obtainable fron F. DARTON & Co. LTD. 


GALLARD-SCHLESINGER CHEMICAL MFG.CORP. 
584 Mineola Avenue, Carle Place, L.L, N.Y. 11514 BUSHEY, WAT ORD Hee” 


Available through your usual laborawry furnisher 
SEES Pa AISI EP E E E E 
mamm 


>- 
e 


+ 
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This button does all the work. Push it 
and... 
it opens the shutter. 

poses the film the proper length 


Advances the frame counter. 
Recocks the shutter ready for the 
next exposure. 


Introducing the Photomicroscope Il... 


A tale of two buttons. 


What the other buttons do is give 
you added versatility. But there 
are more important things to 
talk about here. 
Such as the stability between 
camera and microscope only an 
integrated system can offer. 
Such as exposure times from 
1/100 sec. to hours, if need be. 
Such as automatic exposure 
control for all films rated from 
24 to 8000 ASA. 
Such as a system specifically 
designed to take optimum 
advantage of the latest high 
speed colour films. 
Such as increased sensitivity for 
selected-area “spot” readings ~ 


Cut-away view of the 
Zeiss Photomicroscope Il. 


This is the panic button. It fl 
when... 

You forget to load the camera, 
You've run out of film. 

The film is torn. 

You've reached the end of the roll. 
You can't push button A while 
button lis fashing. 





particularly helpful for dark-field 
and fluorescence work. 

Such as a whole lot more. 

The new ZEISS Photomicroscope 
Il makes photomicrography 
literally a snap ~ as easy as using 
any quality 35mm automatic 
amateur camera. But it’s as 
professional an instrument as 
you can get. 


For a demonstration and full 
details please contact 
Degenhardt & Co. Ltd., 

Carl Zeiss House, 

31-36 Foley Street, 

London WiP 8AP. 

Telephone: 01-636 8050 (15 lines} 





Hik a pn nimaran ae | 
| Western | 
| ESEJI Germany | 





PD) egenhardt 





SUPPLEMENT TO NATURE 


Why does this bottle of M.A. Media sell 
for about $6.00 when the chemicals in it are 
only worth a small fraction of that cost? 


BASAL MEDIUM (EAGLE) 
T. FOR SUSPENSION CULTURES 
F MODIFIED BASAL MEDIUM (EAGLE! 


If you're interested in turning to quality . . . please turn the page 
. 





| Why does this bottle of 
| M.A. Media sell for about 
$6.00 when the chemicals 
| in it are only worth a small 
mo. fraction of that cost? 





Because of the UNSEEN QUALITIES that are in each 
bottle of M.A. Media. 


If you can't answer yes to the following questions, you're not getting 
your money's worth. 


1. Is your distilled water standardized routinely to insure it is es- 
sentially free of electrolytes and pyrogens? 


2. Are you assured that the buffering capacity is within. standard 
limits of the prescribed formulation? 


3. Has your media been sterility tested over a 21 day period; has it 
been sub-cultured in four different kinds of bacteriological media? 


4. Do you KNOW that your amino acids conform to the proper 
specifications and include the proper isomers and exclude any 
evidence of spontaneous decomposition? 


5. Has your media been shown to be non-toxic and optimal for cell 
growth? 


6. Is your media of such uniform quality that you don’t have to 
sacrifice some of it for testing? 


If you use M.A. Media, you will unhesitatingly answer “YES” to all of 
these questions . . . and assure yourself that you’re using the very 
best media available. 


And, if you have a specific medium requirement, why not get in touch 
with us? 


MICROBIOLOGICAL ASSOCIATES 


MAIN OFFICE e 4733 BETHESDA AVENUE, BETHESDA, MD. 20014 e (301) 654-3400 
e WEST COAST OFFICE e 503 SAN PABLO AVENUE, ALBANY, CALIF. 94706 e (415) 526-6228 


THE OLDEST AND LARGEST COMPANY OF ITS KIND IN THE WORLD 
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A Unique Venture in Research 
and Development 


Scientific Staff Representing a Unique Combination of 
Talents and experience in our areas of specialization. 


Facilities and Equipment Ideally Suited to Research Programs 








Areas of Specialization: Toxicology 











Pharmacology industrial Research 

Microbiology Antiviral Agents 

Virology Vaccines 

Immunology Antibiotics 

Pathology Tissue Culture 

Viral Oncology Chemotherapy 
Germfree Technology 





Gnotobiology 





=z Product Evaluation and Development 


= Reagent Grade SPF Animals and Eggs 


= Contract Research and Development 


Production and Manufacturing Divisions 


Now in Ideal Position to Collaborate with other organizations 
and institutions in the Development of New Products 


Manufacturing may be carried out by a Division of L.S.1. or 
assigned under license to another organization 


FOR FURTHER INFORMATION — Write: 


Business Manager 
Life Sciences, Inc. 
2950 - 72nd Street North 


St. Petersburg, Florida 33710 
U.S.A. 


Life 
Sciences 


INCORPORATED 





concentrate with 
LYPHOGEL 


WHAT IS LYPHOGEL? 

Lyphogel is an entirely new product ~a. 
selectively absorbent polyacrylamide 
hydrogel. In just five hours Lyphogel 
absorbs a precise multiple of its own 
weight of water, salt and other small 
molecules. It will exclude proteins or 
other substances of molecular weight 
20,000 or more. It comes in small, 
transparent pellets. All you need to do 
is add these pellets to the solution you 
wish to concentrate. 





WHAT ARE ITS ADVANTAGES? 
TIME SAVINGS: The entire process of 
concentration takes only five hours, as 
opposed to as much as two days with 
dialysis techniques. 

CONVENIENCE: At the end of five 
hours absorption is effectively complete. 
You can leave the pellets in the solution 
as long as you wish -overnight if 
convenient —until you are ready for your 
next step. 

SIMPLICITY: Merely weigh out the 
Lyphogel pellets and add them to the 
solution in beaker or test tube. No 
elaborate, costly equipment is needed. 

, ACCURACY: Since one gram of 

i Lyphogel absorbs an exact amount of 
water, it is easy to calculate the 
amount needed for any desired 

* concentration. 


| WHO USES LYPHOGEL? 

Medical Researchers who must 
concentrate proteins, urine, cerebro 
$ spinal fluids, and virus. 


PRICE £4:-17-6. 50 grams. 


HAWKSLEY| GELMAN 
ALL WAYS AHEAD 


HAWKSLEY & SONS LTD 


12 Peter Road Lancing Sussex England ` 
Tel: Lancing 2815/6 Cables: Diffract Lancing A Gelman Company 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States............. ccc cece nee $48 
Canada 24 siswscws saw erain aka EDE EER $52 


SURFACE MAIL 
Elsewhere overseas, U.K, and Eire........ £14.0.8 


* Shorter Periods Pro-rata, 


ORDER FORM 


Please send me...... copy/copies of NATURE each week  for........monthe 
starting with the issue dated. .........sssrsrsorresan EE E iaaetince tees 
for which | enclose remittance* value............- A sek eewese 


* Cheque, international Money Order or Bankers Draft on London, 
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Land Evaluation 


Papers of a CSIRO Symposium in cooperation 
with Unesco, Canberra, 26-31 August 1968 


Edited by G. A. Stewart, 
Chief of the CSIRO Division of Land Research 


The most comprehensive and up-to-date assessment of recent advances in the 
science and technology of land evaluation. At the Symposium, 7 commissioned 
papers and 25 voluntary contributions were presented. This book contains these 
32 papers which represent the work of scientists from the USSR, Canada, Great 
Britain, the United States and Australia. 


350 pages £10 


Metabolism of Amines in the Brain 


Proceedings of a British and Scandinavian 
Pharmacological Societies Symposium, Edinburgh, 
July 1968 


Edited by G. Hooper, 
Department of Pharmacology, Edinburgh University 


This book consists of the papers presented at the Edinburgh Symposium on the 
distribution, release and turnover of amines in the central nervous system. A report 
of the discussion which followed the lectures is included, and the whole has been 
prepared for publication by a number of the participants. 


50s. 


Polymer Systems: Deformation and Flow 


Edited by R. A. Wetton, Loughborough University 
and R. W. Whorlow, University of Surrey 


The Proceedings of the 1966 Conference of the British Society of Rheology in- 
cluding 29 papers by some 40 contributors. It provides a comprehensive survey of 
current views on the mechanisms of flow in liquid polymers and of deformation 
in solid polymers. Particular emphasis in the solid section is placed on the poorly 
understood deformation mechanisms in partially crystalline solid polymers. 

“The book is very well produced and the reviewer found the individual articles inter- 
esting and on the whole well presented.’—The Philosophical Magazine. 


336 pages 70s 


Macmillan Little Essex Street London WC2 
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No more difficult manipulations 
in color photomicrography 
with Olympus Photomax 






























Color photography isn’t easy, even for a 
professional cameraman. In the case of 
photomicrography it's even more difficult. 
However, the Olympus Photomax has now 
eliminated all the difficult manipulations in 
photomicrography. The setting of shutter 
speeds, compensation according to the film 
characteristics and minute adjustment of 
exposure are all automatically controlled. 
There is no fear of getting a red-tinted or 
blue-tinted color photograph. The color 
temperatures for the various films are ad- 
justed with the filter and meter. And so all you 
have to do is just press the shutter release button. 
The Photomax, a biological 
microscope, also has the fol- 
lowing features: a built-in sub- 
stage Koehler illuminator, coax- 
ial controls for smooth focusing 
and stage movements, wide-field, 
high-eyepoint 10 x eyepieces with diopter 
adjustment, and a builtin magnification 
changer: 1x, 12x, 1.4x and 1.8) that gives 
the five standard objectives a magnification range 
from 28x to 1260x for photography, 40x to 
2700x for visual observation. You can 
now fully devote yourself to research 
instead of having to first become a 
professional cameraman. Photomax guar- 
antees you perfect color photographs ... with 
almost no trouble. Olympus is Japan's leading 
integrated optics manufacturer that produces cam- 
eras, microscopes, optical measuring apparatus, 
medical instruments and lasers. 


Olympus Photomax 


Auto-exposure recording photo-microscope 





a —\FOK YO OLYMPUS OPTICAL CO., (EUROPA) GmbH., (Olympus Europe Office) 2, Hamburg 1, Steindamm 105, West Germany 


M Phone: 243358 METALLURGICAL SERVICES LABORATORIES LTD. (Agent for Metallurgical Microscope In 
ympu England) Reliant Works, Betchworth, Surrey Phone: Betchworth 2364 A, GALLENKAMP & CO., LTD. (Agent 


for Biological Microscope in England) P.O. gox 290. Technico House, Christopher Street, London, E.C. 2 


Phone: 01-247 3211 . e 
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An Introduction to Applied Mathematics 
J. C. JAEGER 


This textbook is primarily concerned with the means,of 
applying mathematics (particularly differential equations) to 
the study of physical and engineering problems. For this 
reason, students of engineering and physics are likely to find 
it more interesting and useful than texts used by specialist 
mathematicians, though it is in no way inferior to those in 
developing mathematical techniques. 460pp 95 text-figures 
45- net; paper covers 30/— net 


Exploring the Atmosphere G. M. B. DOBSON 


Much new knowledge about the earth’s atmosphere obtained 
through the use of rockets and artificial earth satellites is 
incorporated in this edition. The book reviews the whole 
atmosphere up to heights where it merges into outer space and 
includes a new chapter on the recently discovered magnetosphere 
and the Van Allen belts. Both the scientifically-minded public 
and the specialist will find it of interest. The author was formerly 
Reader in Meteorology in the University of Oxford. 226pp 

44 text-figures 42/-net; paper covers Z1 f- net 


The Philosophy of Science 
Edited by P. H. NIDDITCH 


How to be a Good Empiricist—A Plea for Tolerance in Matters 
Epistemological by P. K. Feyerabend ; The Terms and Sentences 
of Empirical Science by G. Schlesinger; Explanation in Science 
and in History by Carl G. Hempel; The Structure of 
Teleological Explanations by Ernest Nagel; Meaning and Action 
by May Brodbeck ; Safety, Strength, Simplicity by Nelson 
Goodman; Inductive Simplicity by Robert Ackermann; 
Self-Supporting Inductive Arguments by Max Black ; The 
Circularity of a Self-Supporting Inductive Argument by Peter 
Achinstein; On the New Riddle of Induction by S. F. Barker and 
Peter Achinstein; Positionality and Pictures by Nelson 
Goodman; The Paradox of Confirmation by J. L. Mackie. 

184pp paper covers 10/- net 

Oxford Readings in Philosophy 


Differential Calculus w. L. FERRAR 


Written specifically for students, this book is divided into 
three sections: (i) the foundations of the differential calculus, 
Gi) functions of one variable, (iii) functions of two or more 
variables, together with a concluding note on singular points 
and envelopes. The reading lists drawn up by the author 


a 


OXFORD UQIVERSITY PRESS 
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OXFORD BOOKS FOR STUDENTS 


indicate what parts of the book are suitable to a course for 
honours in science, what parts are suitable to a first year 
course in mathematics, and what parts are best deferred to a 
second year. 296pp 21 text-figures paper covers 20/~ net 


Integral Calculus W. L. FERRAR 


This book is a companion volume to the author’s Differential 
Calculus and aims at providing a course suitable for mathe- 
maticians and scientists during their first year or so ata 
university. Part I is concerned with the indefinite integral ; 
Part H is concerned with the definite integral and includes a 
concise chapter on the Riemann-Stieljes integral; Part HI 
covers double and triple integrals, line and surface integrals. 
In both the latter parts each new topic is presented in a form 
that meets the needs of the applied mathematician and is then 
developed in the analytical form needed by the pure 
mathematician. Separate reading lists are given for scientists 
and for mathematicians. 276pp 40 text-figures 

paper covers 20!- net 


Computing Methods for Scientists and Engineers 
L. FOX and D. F. MAYERS 


The primary purpose of this book is to enable the user to 
improve his use of the computing machine and to obtain 
more accurate and more meaningful solutions to problems in 
scientific computation. A knowledge of the ‘inherent 
instability’ of some problems and the ‘induced instabilities’ of 
some methods is important for proper computational 
formulation and proper choice of technique. Both are here 
discussed for most basic problems and are illustrated by 
copious examples. L. Fox is Professor of Numerical Analysis, 
University of Oxford, and D. F. Mayers is Senior Research 
Officer, Oxford University Computing Laboratory. 

272pp 2text-figures 45/—net; paper covers 22i- net 
Monographs in Numerical Analysis 


Dictionary of Genetics ROBERT C. KING 


Genetics, one of the most basic and rapidly expanding sciences, 
has attracted contributions from scientists in other fields, 
including mathematics, physics, chemistry, medicine, and 
anthropology. This book is designed to provide students and 
researchers in biology, genetics, and related sciences with a 
concise yet thorough dictionary defining some 4,300 terms. 

The author and compiler is Professor of Biology, Northwestern 
University. 224pp illustrated, paper covers 34/- 
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PHYSICS—NEW AND RECENT TITLES 


Electromagnetic Scattering on Spherical Polydispersions. D. Deirmendjian 
The RAND Corporation, Santa Monica, California, U.S.A. 





CONTENTS: Preface; glossary of symbols; Part |. Polydisperse scattering; introduct 
scattering on single particles; single scattering on many particles; discussion and applica 
of the results; Part I. Numerical tables; subject index. 708 





Laser Kinetics. V. S. Mashkevich 
Institute of Physics, Academy of Sciences of the Ukr.S.S.R. 


CONTENTS: Physical principles of the laser; rate equations for the laser; homogeneous 
laser with luminescent centers; optimum conditions for the generation of laser radiation: 
inhomogeneous laser with luminescent centers, stability of the steady state; dynamics of 
giant pulses; homogeneous semiconductor taser in the absence of excitons; semiconductor 
laser in the case of equilibrium between free carriers and excitons; laser based on Raman 
scattering: references: bibliography and additional references; index. 140s. 


Quantum Mechanics. A. Rubinowicz 


CONTENTS: The old quantum theory; matter waves and the Schrodinger wave equation; 

mathematical apparatus of the quantum mechanics; the simplest special problems of w 
mechanics; the physical interpretation of the quantum mechanics: the spin of the electr 
and other elementary particles; the Paull exclusion principle: approximate methods of solv 
eigenvalue problems; the theory of single scattering ; atoms and molecules; the dirac equa 


quantization of an electromagnetic field, emission and absorption of light; appendices; ir 
















The Physical Properties of Graphite. VV. N. Reynolds 


Atomic Energy Research Establishment, Harwell, Berkshire 





CONTENTS: Structure: mechanical properties: thermal properties; electrical and opti 
properties; surface and physico-chemical effects; point defects; high flux neutron damage: ind 
708. 


Introduction to the Dynamics of Rarefied Gases. V. P. Shidlovskiy 


Academy of the Sciences of the U.S.S.R. 











CONTENTS: Preface; introduction; 
gases; flows of a slightly rarefic 
gas dynamics of rarefied plasmas. Index. 
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Plasma Spectroscopy. G. V. Marr 
The J. J. Thomson Physical Laboratory, Reading, Great Britain 
CONTENTS: Introduction; plasma fundamentals; the absor 
spectra of atoms: the elec spectra of t 
radiation in the pre e of external fields; 
troscopic analysis; the shape and width of spec 
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Reports of the Sixth International Congress on Acoustics, Tokyo, 1968. 
Edited by Y. Kohashi 


Acoustical Society of Jacan, Japan 


CONTENTS: Vol. i: General progress papers: physiological and psychological 
IL Speech; Vol. H: Electroacoustics; architectural acoustics; Vol IV: N 
vibration; Vol. Vir Ultrasonics; underwater sound; bieacoustics; i 
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Why 
in thes dark about the 
new chromatograph 
Pye Unicam : 


~-because the Pye Model R Chromatograph fills the gap 
between routine and research instruments—incorporating 
many of the important features from both categories. 
~-because its built-in flexibility makes Model R the ideal 
instrument for a wide variety of projects involving different 
analytical techniques. 
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you should not be kept 


from 


—because Model R features a unique “total-loss” cooling 
system based on an extra-large oven which provides 
“auto-cool” facilities compatible with computer control. 
-—because there are many other design features and 
accessories which you should know about. Contact Pye 
Unicam Ltd today and ask us to throw more light on this 
exciting new chromatograph. 





PYE UNICAM 


Fra astaw amaro 
To remsa raae 





Precision Instruments 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 
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Based on the well-known Histokinette Automatic Tissue 
Processing Machine, the new “Hendrey “Automatic Slide 
Staining Machine offers the same degree of simplicity 
and efficiency, ccmbined with ease of operation and 
considerable savings of time and labour. 

The new machine dramatically eases the burden ot 
manual staining for the Laboratory Technician involved in 
an increasing work load in exfoliative cytology, and allows 
Staining to proceed automatically and with very little 
supervision. 

The most important feature of the machine is the great 
accuracy of staining and consistency of results obtained 
with it. The provision of 23 covered beakers on the 
machine means that it is eminently suitable for the 
Papanicolaou staining process, but the machine can be 
used to stain any specimen which can be mounted on e 
microscope slide, and it can operate other staining pro- 
cesses provided that not more than 23 stations are 
required in the complete cycle. 







Automatic ` 
Slide. 
Staining 


The slide carrier accommodates 36 standard microscope 
slides in one load and uniform staining is ensured by the 
combined perpendicular and rotary movement which ie 
employed during the time that the slides are immersea in 
the various staining liquids. 


Full details available on request. 





HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD., BATH ROAD, SLOUGH, BUCKS. Telephone: BURNHAM 4611 (5 lines) Telegrams: HENDRELAY 
SLOUGH, Telex No. : 84314 Chamcom Slough, Hendrelay. On Admiralty, Principal Ministries and Post Office Lists. A.R.B. & Min. of Tech. Approved Design 
and inspection. Sofe Export Distributors: Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate, London, S,W.1 








Announcing— 
A New Spectro-polarimeter 


The Spectro-C, ORDogsraph* 


* A combined polarimetric and circular dichroic spectrograph 


An entirely new instrument for the measurement of Optical Rotatory Dispersion and Circular 
Dichroism over the wavelength range 180-800 nm of samples of optical density in the region 0-5. 
The data is stored photographically in an exposure time of | second for samples of O.D. 2; higher 
densities take a little longer. Both O.R.D. and C.D. data recorded simultaneously thus enabling 
studies of rapid reactions to be made in successive exposures. The elimination of electronics gives a 
low cost, trouble free, highly stable instrument with unique features. 





We now have the capacity for aluminising certain 
types of mirrors, at short notice. 
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Another Tuming-point for Universities 


It is too soon entirely to extinguish hope that the 
British university system will find some way of pre- 
serving itself, but the past two years have scen less 
progress than there should have been. To be sure, 
things have also been unexpectedly trying for the 
university administrators. Student problems have 
been more trying than anybody would have predicted, 
with the result that several universities have been 
distracted or even discouraged from tackling urgent 
long-term problems of higher education. Economic 
problems have also been a brake on development, to 
such an extent that it has now become necessary to 
ask whether the continued growth of the university 
system is compatible with the continued and con- 
spicuous stagnation of the economy as a whole. In 
the circumstances, it is courageous and even daring 
of the Committee of Vice-Chancellors and the Uni. 
versity Grants Committee to have raised with the 
Government the question of the speed with which the 
number of university places should be increased now 
that, for practical purposes, the targets of the Robbins 
Commission have been met and even exceeded. 

What the universities would like is agreement to 
the proposition that the rapid growth of the past 
decade should be continued until the proportion of 
young people moving from the schools to the univer- 
sities is more like one in ten than one in twenty. All 
parties to this exercise seem to acknowledge that 
development along these lines entails such a sub- 
stantial drain on public funds that any final decision 
must be made by politicians, not civil servants or even 
universities. Unfortunately there is no prospect that 
the universities will be able to remedy in the near 
future the contradictions which have grown up within 
the system in the decades since the Second World War, 
and which are now as much an impediment to develop- 
ment as any external constraints which there may be. 

There is trouble everywhere. The spring conference 
of the Committee of Vice-Chancellors last week 
is, for example, a reminder that a year has passed 
since the universities surprised themselves with their 
readiness to see a broader curriculum in British schools. 
The universities were responding to the proposals of 
the Schools Council that academically inclined students 
should ordinarily be examined in two academic sub- 
jects, and that university places should be determined 
by performance in these examinations. The Schools 
Council was somewhat blindly trying to find a formula 
for relieving the pressure to which sixth-formers are at 
present subjected by the A-level examinations. The 
rapidly growing numbers of students in British schools 
are understandably hard pressed to demonstrate at 





school that they are already endowed with the scholastic 
skills which, in a properly ordered system of higher 
education, it should be for universities to provide. The 
universities were right to remind the schools that a 
narrower curriculum would have been an educational 
disaster, not a blessing, and the result has been the 
setting up of a joint committee of the Schools Council 
and the Standing Conference on University Entrance 
to devise another formula. 

The signs are that the universities will win the day, 
and that the committee will eventually recommend 
that students at school wishing to compete for univer. 
sity places should study five academic subjects, not 
three as at present, nor even two as the Schools Council 
would have had. No doubt because there are faces to 
be saved, however, it is likely to be a year before the 
committee turns in its report, and the chances are that 
there will be a period of experiment lasting at least two 
years and possibly more before anything is decided. 
In other words, such modifications as there may be of 
the intolerable tensions between schools and univer- 
sities will be at once modest and too late. 

This is a scandal. Since the first confrontation be- 
tween the Schools Council and the Committee of Vice- 
Chancellors, the report of the Dainton Committee has 
shown that the pressures by means of which young 
people are forced to pursue at school replicas of the 
kinds of studies which they hope—often vainly-—to 
follow at university are a serious cause of the defection 
from science. But this pattern is also educationally 
disastrous. Those who are lucky enough to find them. 
selves at university are often too narrowly educated 
even for their academic courses, with the result that 
many university departments are having deliberately 
to undo the damage caused at school, But the narrow. 
ness of the sixth-form curriculum is probably a greater 
handicap for those who fail to win a place at a univer- 
sity. The trouble is that even if the schools and the 
universities eventually agree on a five-subject cur- 
riculum, there will be no necessary relief from the 
pressure towards specialization. Certainly there is 
very little to suggest, at this stage, that the committee 
will be tough enough to defy the would-be specialists 
in the schools as well as in the universities, 

In these circumstances, there is a great and urgent 
need for a thorough re-examination of the relationship 
between the schools and the universities. For one 
thing, there needs to be a plain understanding that the 
schools are more than forcing houses for the univer. 
sities. Only a small proportion of school-leavers finish 
up in traditional universities. Training colleges and® 
polytechnics take greater numbers; bute most of those 
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who leave school go straight into employment. In 
these circumstances, it is folly that the school curricu- 
lum should be dominated by the competition for 
scarce university places. The chief objective should be, 
instead, a general education for the majority. To be 
sure, there should also be opportunities for students 
at schools to pursue academic inclinations, but that is 
not the same as saying that schools should deliberately 
shoulder teaching responsibilities which properly belong 
at the universities. 

One outstanding advantage of this course is that it 
could be followed almost immediately, without waiting 
for the mid-seventies. To be sure, there would be a 
great upheaval at the interface between the univer- 
sities and the schools, but even the consequential 
changes could be beneficial. For example, the A-level 
examinations would disappear, to be replaced by some 
means by which schools provided their own school- 
leavers with some certificate of attainment, possibly 
with the help of some external moderation. Quite 
apart from the saving of effort and the improvement of 
justice that would result, this would also help to con- 
centrate the attention of the schools on constructive 
planning of the careers of school-leavers. At the same 
time, the universities would probably have to take on 
the responsibility, which properly belongs to them in 
any case, for choosing students. Most probably there 
would have to be a qualifying examination, necessarily 
less of a test of academic attainment than at present, 
but the result could easily be more equitable for all 
concerned than the quaint blend of old-fashioned 
examination and genteel prejudice which at present 
determines which people find their way into univer- 
sities. (The politeness of British society is nowhere 
more vividly demonstrated than by the assumption, 
not always well founded, that academics can be trusted 
equitably to dispense to students the patronage of 
subsidized places at British universities.) 

A separation of function between schools and univer- 
sities would also create pressures for transfer at 
seventeen rather than eighteen, as well as for a more 
general introductory year of study (which is not the 
same thing as saying that undergraduate courses would 
necessarily last four years). There are, of course, many 
who would protest that such a scheme could not work, 
but that assertion is given the lie by what happens in 
the United States. The truth is that British schools 
would be better educational establishments and 
students would be dealt with more equitably if there 
were a greater separation than at present between the 
schools and the universities. 

The illogical relationship between the universities 
and the schools is ancient. The equally illogical 
relationship between the universities and what the 
Government calls the polytechnics is, by contrast, 
recent and therefore much more a discredit to the 
Department of Education and Science. The develop- 
ments of the past five years, during which there has 
grown up what Mr Anthony Crosland called the 
‘binary system of higher education, are almost beyond. 
understanding.® The steps which have been taken to 
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create twenty-six technologically oriented institutions 
of higher education, often from loose groupings of 
technical colleges, can be traced back to the initial 
disenchantment of the present Government with the 
rapid growth of the universities in the early sixties. 
There was a sneaking but unspoken feeling that uni- 
versities are extravagant of resources and also liable to 
seduce the interests of young people from activities 
which contribute directly to the GNP. Although the 
Government is now hard at work on the completion of 
this alternative system of higher education, there is 
unfortunately no clear understanding of the purposes 
for which it is being built. Certainly the better poly- 
technics are already well on the way to regarding 
themselves as universities. The less good are hard 
pressed to keep pace. All the polytechnics are deeply 
engaged in activities, such as “management studies’, 
of dubious educational value. 

The universities may be in better shape than the poly- 
technics, but that does not mean that their domestic 
problems can be allowed to fester for much longer. 
The signs of strain are everywhere apparent. The truce 
between the students and the faculties is still uneasy 
even if the joint statement of the Committee of Vice- 
Chancellors and the NUT, like the stern moves against 
students at LSE and the University of Bristol, have 
helped to keep tempers cool. There is, however, great 
pressure on postgraduate schools at a time when the 
expansion of postgraduate teaching—and its qualitative 
reform—is long overdue. Elsewhere, it is plain that 
too many universities are chasing too little money, and 
there is still no decisive move towards a greater sense 
of autonomy, and of responsibility, in the universities. 

What is to be done? As in their relationships with 
the schools, so with the Government, the universities 
would serve everybody’s interest best if they were to 
look not for a modification of existing policies but for a 
radical change. The most serious defect in the present 
arrangements is that the universities have become 
timid organizations, capable of only the most tentative 
ventures on their own behalf. To be stronger and to 
have a built-in tendency towards diversity, they need 
to have a greater sense of independence. It is now 
agreed that the first step in this direction is an increase 
of tuition fees from about £70 a year to about £250 a 
year. Why is there no progress on this front? The 
relationship between the universities and the research 
councils is also much in need of reconsideration. Is it 
really sensible for the public authorities to pretend 
that the universities will be rich enough to take over 
the cost of financing projects begun with research 
council money ? It would be better for all concerned 
if the financing of specific research projects could in- 
definitely be regarded as the responsibility of the 
research councils—one result would be that universi- 
ties would also be encouraged to look for research funds 
from private sources. There remains the problem of 
the students, and there is now a stronger case than 
ever for asking that a substantial proportion of univer- 
sity students should be financed by means of loans 
from some public fund. Not merely would some kind 
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of loan system help to create a sense of realism about 
the value of university education—high or low as it 
may be—among university students, but this also 
seems to be the only realistic hope that the growth of 
the university system will be as buoyant as it should be. 





POLITICAL PARTIES 


Liberals Seek Policies 


Harp on the heels of the symposium on science and 
technology organized by the Conservative Party (see 
Nature, 220, 633; 1968), the Liberal Party last weekend 
gathered at the University of Nottingham a group of 
its own members and of outside advisers to talk over the 
several reports on the proper use of scientific manpower. 
Unlike the political parties which can realistically 
hope to become a real government, the Liberals do not 
have to pretend that they must hammer out at their 
meetings a grand strategy to sustain an administration 
through five years or more of office. The result seems 
to be that discussions are at once sensible and practical. 
Many of the particular suggestions made at the con- 
ference last weekend will no doubt appear in the form 
of parliamentary questions or lobbying behind the 
scenes in the months ahead. 

The conference was blessed at various times with 
the principal authors of the three reports on manpower 
problems which have appeared in the past two years— 
Professor Michael Swann, Dr F. Dainton and Dr F. E. 
Jones. The three speakers, and Mr Stephen Bragg 
of Rolls-Royce who presented the industrial case on 
scientific manpower, told collectively a gloomy tale. 
Dr Dainton, whose committee presented its views on the 
causes for the drift away from science studies in British 
schools just over a year ago, eloquently explained how 
it has come about that young people in the schools 
seem to prefer courses of study with at least some 
leavening of the arts and humanities to courses which 
consist exclusively of science and mathematics. The 
question which remains to be answered is how soon the 
committee’s recommendations about the curriculum 
will find their way into current practice in the schools. 
Mr Bragg seemed to be more optimistic about the 
chances of remedying the unwillingness of science and 
technology graduates to work in British industry, and 
said that he had persuaded his own company that the 
time had now come “‘to stop sniping at the universities’. 
He acknowledged that much of the unwillingness of 
graduates to enter industry could be remedied by better 
arrangement for the training of new entrants to 
industrial companies. It seems to be agreed that young 
people should be put into responsible positions as soon 
as possible. Mr Bragg’s truce with the universities 
does not, however, extend to the PhD degree, which he 
described as quite unsuited to the needs of industry. 
The trouble, unresolved at the conference, is that the 
opposition to the present state of affairs may restrict 
the scale of postgraduate studies and not modify the 
quality of PhD courses in ways that would please the 
industrialists. 

The most sombre tale was told by Dr Jones, 
whose committee was responsible for the report on the 
reasons why trained manpower tends to emigrate. 
For one thing, it now appears that the rate of emigration 
has increased—according to Dr Jones, the number of 
qualified engineers leaving Britain in 1967 was 50 per 
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cent of the number graduating, compared with 42 
per cent the previous year. The chief cause remains 
what it has always been—that facilities and salaries 
are better overseas. Dr Jones argued eloquently for 
higher salaries for people beginning their careers. He 
was, however, depressed about the likelihood of striking 
an economic balance between Britain and the United 
States. The stagnation of industrial investment for 
several years was only one of the reasons why British 
industry was now less productive than its competitors 
elsewhere. 


PESTICIDES 


Strong Measures in Sweden 


AFTER a meeting of expert advisers from several 
countries in Stockholm last week, the Swedish National 
Poisons and Pesticides Board (the Giftnamnden) has 
recommended strong measures for dealing with some 
organochlorine insecticides. Recommendations are that 
from January 1 next year the use of aldrin and dieldrin 
in Sweden should be banned completely. The use of 
DDT and lindane for domestic purposes—in home and 
garden—is also to be forbidden, and the agricultural 
use of DDT is to be banned for two years. 

The initial two year ban on DDT is suggested as a way 
that the Swedes can assess their own contribution to 
the large concentrations of residues that have been 
found in wild life and soils throughout Sweden and in 
the Baltic. There will be a programme of special studies 
to find out how much of this contamination is a result 
of Swedish use of DDT, and how much comes as fall- 
out from abroad. At the same time there will be 
research into alternatives to the banned insecticides. 

Although various other countries have banned aldrin 
and dieldrin, Sweden may take the lead as the first 
western country to recommend a ban on DDT. There is 
a great deal of public interest in pollution and other 
environmental problems in Sweden at the moment, 
and these recommendations should do something to 
influence opinions in other countries. In Britain they 
will no doubt be of interest to the Wilson Committee, 
which operates a pesticides safety precautions scheme 
and is now reviewing the organochlorine compounds. 


TRANSPORTATION 


New Highway Strategy 


A 2,000 MILE network of inter-city motorways and dual 
carriageways that will determine the pattern of move- 
ment in England well into the twenty-first century is 
the way Mr R. Marsh, the Minister of Transport, 
described the green paper, Roads for the Future (HMSO, 
10s 6d), which was published last week. Gone are the 
days of isolated improvements of roads where the 
congestion is worst or the accident rate highest. In- 
stead there is to be a comprehensive national highway 
strategy on a hitherto unprecedented scale in Britain, 
which will take into account the endlessly ramifying 
consequences of improved road communication. 
The cost of the network shown in the map, spread 
over 10 to 15 years starting in 1972, is estimated at 
£1,600 million at present day prices; added to this, 
the plan demands a further £600 million for improving 
crucial points on link roads outside the network proper, 
The ministry has not at this stage decided on any 
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priorities among the proposals which are now up for 
debate. But before the end of 1969, when the plan 
has been fully appraised and the comments and sug- 
gestions of Regional Economic Planning Councils and 
local authorities have been mulled over, the minister 
intends to announce a definitive plan. 

Apart from the scale and long-term planning, the new 
programme is distinguished from its predecessors in 
being backed by a new mathematical model developed 
by the ministry for assessing the cost effectiveness 
of the investment in roads. The economic benefits 
arising from individual road schemes, the savings in 
vehicle operating costs, the proportion of time wasted 
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by vehicle oceupants and the cost of accidents have, 
of course, been part and parcel of road planning for 


years. But calculations have not previously included 
estimates of all the other consequential benefits of road 
improvement, still less combined their interactions in 
a network. 

The mathematical model which the ministry has 
devised is in essence based on estimates of the traffic 
on every section of the network, and on the changes 
which would result if any part of the system were 
improved or replaced. The calculation of traffic 
depends on relationships between all the factors which 
generate traffic—-population, vehicle ownership, dis- 
tances between population centres and actual traffic on 
existing roads. 

In the model, England is divided into about 1,400 
zones of known population. All the links in the net- 
work of trunk and principal roads, as well as the charac- 
teristics of each link, the width of the road, the number 
of side roads, the average speed and so on, can be 
measured. From this information, a computer can 
‘calculate the traffic and its characteristics as popula- 
tions move from one zone to another. The traffic flows 
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predicted by the model can then be checked against 
actual traffic flows and adjustments made until the 
model matches reality. With the model the ministry 
claims it can now calculate the redistribution of 
traffic and the consequent direct economic benefits 
that would arise from any change in population or 
improvement or extension of the road network con- 
sidered either as a whole or in part. This can then be 
set against the capital cost of any particular road work 
to give an indication of which scheme gives best value 
for money. The model has already been used in draw- 
ing up the network announced in the green paper, but 
it will really start earning its keep when it comes to 
choosing between the proposed network and any other 
which may emerge during discussions and then deciding 
on the priorities within the network. 


EUROPEAN SPACE 


Esro Euphoric 


from our Astronomy Correspondent 


Last week’s two-day council meeting of the European 
Space Research Organization approved three new 
satellites for launching between now and 1972, 
including one launching for September or October 
this year which nicely fills what was previously an 
awkward gap in satellite launches before the next 
HEOS satellite in 1971. The meeting of the council in 
Paris was celebrated by Esro’s most spectacular space 
experiment yet—the release of a cloud of barium ions 
70,000 km over the Atlantic to plot electric and mag- 
netic fields. This was visible with the naked eye from 
North and South America. As well as the sprinkling 
of small satellites which are now assured for the early 
1970s, there is every possibility that by July Esro will 
be in a position to choose two major projects in the 
320-50 million class. One of these could be a planetary 
probe to Mercury, as a joint venture with the United 
States. It is hardly surprising that Professor Hermann 
Bondi, Director-General of Esro, is saying that there 
has never been a council meeting like this before. 
Counting the next HEOS scheduled for September 
1971 and TD 1 in March 1972, the council decision 
means that Esro now has five satellites on the stocks. 
The cheapest of the projects for which approval has 
been given is the launching of the spare flight model of 
Esro 1, the satellite now called Aurorae since its success- 
ful firing last year. Launching of the second flight 
model can be as early as September or October, a 
vear after the launch of its predecessor. The satellite 
is designed to study the northern aurorae, and will be 
in orbit in time for the northern auroral season. The 
second new project, HEOS A2, is very similar to the 
HEOS satellite launched last December and will carry 
seven experiments, five of them entirely new. Its 
name is an acronym for the highly eccentric orbits in 
which this series of satellites travels outside the mag- 
netosphere. The novelty of HEOS A2 is that its polar 
orbit will take it over the poles, thus mapping the 
polar magnetosphere and in particular the postulated 
neutral points between the terrestrial and inter- 
planetary fields. The polar magnetosphere has been 
neglected in recent years, so that there should be rich 
pickings for Esro. Again, Junkers is to be the prime 
contractor, and the launching will be in December 
1971. The third satellite is the TD2 rescue project, 


vontaining five of the eleven experiments scheduled 
for the cancelled TD 2 solar physics satellite. Called 
ESRO 4, the launch is due for the autumn of 1972. The 
chief contractors are Hawker Siddeley. 

Six ventures are also under consideration as the 
major projects which justify Esro’s existence as an 
organization to do what no European state can tackle 
on its own, It may be financially possible to choose 
two major projects this summer, so long as they are 
phased so that the peak expenditure comes at different 
times. A third may be chosen next year. The six 
candidate satellites are designed for (1) ultraviolet 
astronomy; (2) gamma ray astronomy using a spark 
chamber; (3) the Mereury probe; (4) studies of the 
magnetosphere with a geostationary satellite; (5) large- 
scale exploration of the ionosphere; and (6) studies 
of the upper atmosphere. The first four projects are 





Three successive exposures of the barium cloud taken with 

a 48-inch Schmidt telescope at Mount Palomar Observatory, 

California. The cloud has formed striations along the line of 
force. 


looked on more favourably than the less ambitious 
ionosphere and upper atmosphere satellites. The hope 
is that three out of the four will eventually be adopted. 
If the Mercury probe is picked this year, then the second 
project will presumably be correspondingly less am- 
bitious. It seems clear, however, that the geostationary 
satellite, which for the first time will make it possible 
to disentangle time variations from space variations 
of magnetospheric phenomena, will fit in, nicely with. 
Esro’s other activities. The plan is for the satellite to 
be on the same magnetic line of force as the Esro 
rocket range at Kiruna (Sweden), so that satellite 
measurements could be correlated with sounding rocket 
experiments and with observations by ground-based 
equipment also established at Kiruna. 
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Like almost every other organization, Esro is also 
going in for studies of applications satellites, but the 
organization is sensibly keeping off the rather dubious 
bandwagon of earth resources satellites, for the time 
being at least. Instead, it has its eye on applications 
where there are likely to be more financial benefits. 
This spring, Esro will place contracts for serious studies 
of weather satellites and communications satellites for 
air traffic control. The feeling is that Earth resources 
should come third in the list of priorities. 

The sounding rocket programme which has been the 
backbone of the organization since its inception is to 
go on at more or less the same financial level as before. 
The trend is to increase the sophistication of the 
experiments, however, with more pointing rockets, for 
example, so that the number of launches will decrease, 

The spectacular success of the barium cloud experi- 
ment last month is being taken in Esro circles almost 
as an omen that last year’s nadir in the affairs of the 
organization is at last over. The aim of the experiment, 
planned by the Max Planck Institute for Extraterres. 
trial Physics, is to measure electric and magnetic fields 
high in the magnetosphere by observing the motion of 
a cloud of barium ions released from the HEOS satellite 
(Nature, 220, 1171; 1968). Release took place over the 
Atlantic at a height of more than 70,000 km, and the 
cloud spread to a distance of 3,000 km. Photographic 
observing stations were at Kitt Peak in Arizona and at 
La Serena in Chile, and the cloud was visible by eye 
for as long as 22 minutes. It was also seen from as 
far away as Alaska. 


MECHANICAL ENGINEERING 


Lubricating Tribology 





The answer is 


Why is tribology so fashionable ? 
that engineers and the ministry have suddenly dis- 
covered that it is cheaper to design suitable lubricants 
than to put up with a high rate of wear and tear and a 


high replacement rate. There is no mistaking the 
Ministry of Technology’s determination to see that 
Britain is well provided with tribologists. The com- 
mittee’s report tells of the three new centres set up in 
the past year, at the Universities of Leeds and Swansea 
and at the Atomie Energy Authority’s laboratories at 
Risley. These centres train people and also function 
on a commercial basis as part of a national network to 
offer consultancy services to industry. 

The Leeds group has so far received contracts worth 
£10,000, including work on bearings for turbines and 
wear in machine tools. In one case, the centre has been 
able to suggest a change costing £50 a year which will 
mean a saving of several thousand pounds. 

The report says that the atmosphere of commercial 
realism may account for the rapid rise in applicants 
for the MSc course which Leeds offers, In 1968, ninety 
people applied and eighteen were accepted compared 
with twelve, eight and five successful applicants in the « 
previous three years. Risley has had gqual success. 
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In its first nine months—in addition to work done for 
the Atomic Energy Authority—it has won industrial 
contracts worth over £22,000. 

There are, of course, no surer signs that a subject 
has got off the ground than proliferation of journals 
devoted to it and arguments about its definition. In 
January 1968, Tribology, the first British journal 
devoted to the subject, began publication. A little 
later the first abstracting journal Tribos appeared. 
This year it is proposed. to introduce an annual review 
of tribology and a Tribology International Diary of 
Events. Apparently academics are just as unsure about 
the boundaries of tribology as they are about the 
boundaries of molecular biology, and the ministry's 
advisory committee has therefore come up with the 
definition “the science and technology of interacting 
surfaces in relative motion and of related subjects and 
practices”. That ought to be wide enough to include 
everyone who wants to be included. 


SHIPS 


More Scope for NERC 


from a Special Correspondent 


AFTER all the politicking (Nature, 218, 999; 1968), the 
Natural Environment Research Council’s Research 
Vessel Unit has settled down well at Barry, Glamorgan. 
The unit’s principal vessel, the 2,600 ton RRS Dis- 
covery, docked at Barry for the first time on March 28 
on her return from a two month Mediterranean cruise 
——one could almost say “amidst scenes of public re- 
joicing”. The event, which coincided with a beautiful 
sunny day, was made the occasion for an official 
welcome by the Mayor of Barry and senior members 
of the British Transport Docks Board (as well as 
NERC) and the tug that brought in the Discovery was 
dressed overall. 

There is no doubt that Barry is delighted to have 
the unit, which will have much more scope there than 
at Millbay Docks, Plymouth—the unit’s handling port 
for many years—where it had to hire berths ship by 
ship. At Barry, the unit has a 1,000 foot deep-water 
quay at No. 1 Dock and five acres of land which will 
provide space for extensive stores, workshops and 
offices for servicing equipment between cruises and 
rapid replenishment. Building has already started. 
No. 1 site is being let on a long lease, and though the 
negotiations are not complete it is expected that the 
terms will be easy. Barry Docks, built as an alternative 
coal port to Cardiff by the Rhondda coal tycoon David 
Davies in the 1880s and at one time with over thirty 
coal heads, is now under used with the decline of the 
coal industry. NERC’s Research Vessel Unit will not 
be more profitable, but it may put Barry Docks back 
on the map. 

The quay is long enough for four ships of the same 
size as the Discovery to tie up simultaneously and 
there are also moorings out in the basin. It seems likely 
that Barry may fairly soon be handling quite a research 
fleet for NERC. It is expected that the Antarctic 
expedition ships will in due course use Barry instead of 
Southampton. Another ship similar to the Discovery 
is in view for NERC though its specifications have yet 
to be settled, and there is already another vessel on 

eorder comparable with the John Murray (about 500 
tons). e - 


MEDICAL STATISTICS 


More Mothers Survive 


BETWEEN 1964 and 1966, twenty-six in every 100,000 
pregnant women in England and Wales died as a result 
of their pregnancy. In the three years there was a 
total of 671 deaths directly as a result of pregnancy and 
a further 159 as a result of disease which occurred 
during pregnancy or childbirth. During the same 
period there were 2,630,150 births. Six out of every 
twenty-six deaths occurred during or after illegal 
abortions. Analysis of these crude figures, reported in 
Report on Confidential Enquiries into Maternal Deaths in 
England and Wales, 1964-66 (HMSO, 10s 6d) further 
emphasizes the dangers of illegal abortion. More than a 
third of all deaths which resulted from avoidable factors 
were abortion cases. 

In general, however, maternal survival has improved 
greatly since the early fifties, when between 65 and 71 
of every 100,000 pregnant women died. And even the 
illegal abortionists improved their record over the same 
period from 13 out of 67 deaths per 100,000 in 1952, to 
6 out of 26 deaths per 100,000 in 1966. The steadily 
improving survival rates for pregnant women are 
correlated with the steadily increasing proportion of 
births oceurring in hospitals, which has risen from 65 
per cent in 1961 to 75 per cent in 1966. The table shows 
the chief causes of deaths resulting from pregnancy. 


1955-57 1958-60 1961-63 1064-66 
Abortion 141 135 139 133 
Pulmonary embolism 157 132 129 91 
Haemorrhage 138 130 92 68 
Toxaemia 171 118 104 67 
All other causes 254 227 228 220 
Total 861 742 692 572 


The survey shows that a woman is at least risk if she 
has her first child between the ages of 20 and 25 and if 
she completes her family before she is thirty. A fifth 
and subsequent pregnancy at any age is more risky, 
and a woman having her first pregnancy when she is 
forty or older requires, according to Sir George Godber, 
Chief Medical Officer, “very special care from doctors 
and midwives”. 

In the United States the maternal death rates are 
slightly higher than in Britain; the latest figure avail- 
able is for 1967 when 28-9 in every 100,000 women 
died, but this average figure conceals a large difference 
between death rates among white and coloured women. 
Between 1963 and 1965 the death rate for white women 
of all ages was 22-4 per 100,000 while for coloured women 
the corresponding figure was 90-2. Three Scandinavian 
countries, Sweden, Denmark and Norway. have the 
lowest maternal death rates, 20, 20-6 and 21-7 per 
100,000 respectively. 


MECHANICAL ENGINEERS 


Mergers in the Air 


Tue slow process of rationalization in the British 
engineering institutions will have moved forward a 
further notch this week—the chances are that the 
Institution of Locomotive Engineers will finally merge 
with the Institution of Mechanical Engineers. The 
mechanicals approved of the merger at an extraordinary 
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general meeting last week, and the locomotive engin- 
eers were all set to do the same at a similar meeting 
this week. The Institution of Locomotive Engineers 
differs from the larger body in which it is likely to 
dominate the Railway Division by being a learned 
society rather than a professional association, and a 
great many members of the one are already profes- 
sionally qualified members of the other. What seems 
to have happened is that economic pressures have now 
persuaded the locomotive engineers that they could 
operate more effectively from the influential base 
which the Institution of Mechanical Engineers will 
provide. No doubt the locomotive engineers have also 
been influenced by the increased status which has 
accrued to those engineering institutions which belong 
to the Council of Engineering Institutions, and whose 
corporate members can now call themselves Chartered 
Engineers, or C.Eng. for short. The small proportion 
of the members of the Institution of Locomotive 
Engineers who are professionally unqualified will not 
immediately acquire this privilege; until they win 
approval, possibly by examination, such members will 
not be corporate members of the Institution of 
Mechanical Engineers. 

The tortuous character of these relationships is proof 
of the chequered history of the institutions—the loco- 
motive engineers were formed in 1911 as a splinter 
group from the Stephenson Society in much the same 
way that in 1847 Stephenson himself led the railway 
builders and their associates out of the Institution of 
Civil Engineers to form what is now the Institution of 
Mechanical Engineers. Since then, engineering institu- 
tions have proliferated, and it seems to be uncommonly 
difficult to bring them into harmony. The Institution 
of Heating and Ventilating Engineers, for example, is 
still out in the cold, neither a member of the Council of 
Engineering Institutions nor an affiliate of the Institu- 
tion of Mechanical Engineers. It is now more than a 
year since talks of a merger between the two bodies 
broke down, with a good deal of genteel recrimination, 
and the heating and ventilating engineers have since 
been pushing ahead with their application for a Royal 
Charter—the qualification they will need to become 
members in their own right of the Council of Engineer- 
ing Institutions. Paradoxically, the heati and. 
ventilating engineers may have a stronger case for the 
administration of a qualifying examination indepen- 
dently of the universities than many of the other 
institutions, for there seem to be only two institutions 
—Strathclyde University and the Borough Polytech- 
nic—at which suitable training courses are at present 
provided. 

The Council of Engineering Institutions itself is also 
now in the thick of trying to decide what kind of 
institution membership should be made available to 
technicians as distinct from fully qualified engineers. A 
committee of the CEI has been at work for the past 
year on an examination of this problem—the most 
likely outcome will be a suggestion that technicians 
should fill specially desi grades of Seha ay 
within the institutions. The Institution of Heating anı 
Ventilating Engineers is already planning to strike out 
on its own in this direction. The more important 
question is whether the engineering institutions will 
be able to exercise a beneficial influence on the training 
of engineering technicians—the statutory creation of 
the Industrial Training Boards in the past two years 
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has not yet demonstrated that the training boards really 
know what training should consist of. It would be 
excellent if the engineering institutions could provide 
some help, although as they are at present organized 
there seems very little hope of that. 

The Institution of Mechanical Engineers itself is 
doing reasonably well. Membership has risen by 1,600 
to nearly 70,000. The accounts continue to show a 
surplus of rather more than £20,000, which is no mean 
achievement even for an organization whose assets are 
worth more than £500,000. Even so, the institution is 
looking to the joint secretarial services which the CEI 
is hoping to organize to provide some relief, in the year 
ahead, from the pressure of mounting inflation. 


PUBLIC HEALTH 


Cancer in Public 


PEorLE who fear they have cancer may develop a 
mental block which enables them to ignore warning 
signs and obvious symptoms. This unconscious 
refusal to accept unpleasant reality can lead to 
considerable delay in obtaining æ reliable medical 
opinion and an associated—and frequently dangerous 
—delay in treatment. Dr John Hinton, professor of 
psychiatry at Middlesex Hospital, made these points 
at the first symposium of the British Cancer Council 
held at the Royal College of Surgeons on March 26. 

The British Cancer Council is the official British 
representative at the International Union against 
Cancer. It was set up in 1968 by the British Associa- 
tion for Cancer Research to take the place of the 
National Committee on Cancer, disbanded in 1966. 
The British Association for Cancer Research is mainly 
concerned with experimental research. The new 
council was set up with the object of dealing with 
cancer and its associated problems on a much broader 
front. It seeks to disseminate information about all 
aspects of cancer research and treatment and to raise 
money to make a suitable subscription to the Inter- 
national Union. 

Dr Graham Bennette, general secretary of the coun- 
cil, stressed the importance of providing new avenues 
of communication between specialists in diverse aspects 
of cancer research. Ways must be found of making 
research into different aspects of cancer intelligible 
and meaningful to workers in other disciplines. The 
plan is to hold an annual symposium and to circulate 
reports from a number of working parties—the first 
of them, already at work, is concerned appropriately 
with information exchange. No attempt will be made, 
as yet, to provide a cancer information service for the 
general public—the council lacks the funds for such a 
project and fears that its useful work would in any 
case be swamped by requests for help and advice. 
The council is also hoping to cultivate better relations 
with the press, chiefly by making available sources of 
authoritative opinion. 

The majority of the council’s member organizations 
are public charities. The council will make no public 
appeal for funds, therefore, but depends on private 
subscriptions. The sum requi annually is about 
£20,000, of which £10,000 is the recommended sub- 
scription to the International Union against Cancer. 
Last year the council was able to pay £2,000, the largest e 
amount yet paid officially by Britain. e 
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CANNABIS 


Lords Debate Drugs 


THE debate in the House of Lords on drug dependence 
and misuse, which was postponed until March 26 so 
that Lady Wootton could attend, cannot have en- 
couraged those seeking a speedy revision of British 
drug laws. Lord Stonham for the Home Office said 
that the Government, unlike the Wootton Committee 
in its report on cannabis, believed that recasting the 
whole of the drug laws had priority over altering 
the penalties for possessing cannabis. Describing the 
Government’s plans for a “much needed revision of the 
law”, Lord Stonham said the problem with the existing 
laws was that they had been written before drug abuse 
had become a social problem. The temptation to plug 
gaps in the existing laws should be resisted until a 
single comprehensive code could be drawn up which 
would be selective and, above all, flexible. He said a 
subcommittee of the Advisory Committees on Drugs 
had been at work for several weeks reviewing the 
powers of the police. Another subcommittee under the 
chairmanship of Lady Wootton was investigating the 
problem of central nervous stimulants and hallucino- 
gens and. “we intend to consider further the recom- 
mendations of the Cannabis Report for a possible 
redefinition of the offence of Possession”. 

But how long will all this take, and how many people 
will suffer under the existing laws while a comprehen- 
sive code is being arrived at ? All Lord Stonham could 
say was, ‘Much careful consultation will be needed if 
the new legislation is to be soundly based, but my 
right honourable friend (the Home Secretary) is 
determined to bring forward proposals without delay 
and we are working on them with this object in view. 
I cannot be more definite than that.” 

Later in the debate, Lady Wootton said she wel- 
comed the prospect of a revised code, but she warned 
that the sanctions of the criminal law have not yet 
proved very effective. She also spiritedly defended her 
committee’s report on cannabis. She described the 
hysterical reaction which had greeted it as a familiar 
sign that “the public senses that some critical and 
objective study threatens to block an outlet for indul- 
gence in the pleasures of moral indignation’. She 
resented the suggestion that the report advocated 
legalizing the sale of cannabis when it did the opposite, 
despite the strong arguments for legalization. These 
were, first, the argument from fundamental human 
liberty; second, the fact that, as the law stands, users 
of cannabis are pushed into the criminal world; and 
third, that the great majority of cannabis users do not 
progress to hard drugs. To argue that every heroin 
user had used cannabis is, she said, no argument that 
progression from cannabis to heroin is inevitable. 

The three reasons why her committee had not recom- 
mended legalizing cannabis were practical ones. First, 
nobody knows the long term effects of the drug; 
second, it might become a social disease on the scale 
of alcoholism; and finally, there is no method of 
detecting cannabis in body fluids, so limits similar to 
those for alcohol cannot be set. Her committee had 
proposed lowering the penalties for possession because 
it believed that the penalty should relate to the 

gravity of the offence. To impose the same penalty 
for possession, of opiates and cannabis is, she said, 
“to defy logic”. 
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Space Arithmetic 

COLLECTION of data from satellites is the single most 
expensive project undertaken by the Radio and Space 
Research Station, costing £173,000 out of a total 
estimated expenditure of £1,120,000. Mrs Shirley 
Williams, for the Department of Education and 
Science, listed Ionospheric Rocket Experiments as the 
second most expensive project, followed by the Chil- 
bolton Steerable Aerial, Radio-Wave Propagation 
through the Ionosphere Experiments and Computer 
Services. The station has ninety-five qualified scientists 
and engineers in a total staff of 275. (Written answer, 
March 21.) 


Weather 

Mr G. W. Rreynops, Minister of Defence for Adminis- 
tration, claimed that nobody at the ministry is com- 
placent over the accuracy of the long-range weather 
forecasts, but declined to guarantee the accuracy of 
one-day forecasts. Mr Reynolds explained that the 
accuracy of the long-range forecast is estimated by 
comparing the forecast values of temperature and 
rainfall with the mean observed. values in ten districts 
of the British Isles. One-day forecasts are, however, 
measured by entirely different criteria. A major factor 
in the decision to use the long-range rather than the 
14-day forecast is the unpredictable behaviour of 
short-term weather patterns. (Oral answer, March 26.) 


Medical Tralning 

APPROXIMATELY one in three applicants for places at 
medical schools are accepted. Mr Edward Short said 
that 2,678 candidates were accepted for pre-clinical 
courses in medical schools in Great Britain in 1968-69. 
The number applying for places through the UCCA 
was 6,948. The cost of training a medical student 
from enrolment to graduation is approximately £8,000. 
(Written answer, March 26.) i 


Aeronautical Research 

A NEW, low-speed wind tunnel is being planned for 
the Royal Aircraft Establishment, Bedford. The new 
tunnel will feature a high Reynolds number. Mr J. P. 
Mallalieu, for the Ministry of Technology, said that the 
cost of experimental and development work for the 
Concorde project carried out at the Royal Aircraft 
Establishment will be £6-2 million by March 31, 1969. 
(Written answer, March 27.) 


Venereal Disease 

Mer Davin Exnats, opposing a private member’s Bill 
which would permit compulsory examination and treat- 
ment of people suspected of suffering from venereal 
disease, emphasized that although there has been a 
steady rise.in the number of cases of gonorrhoea 
reported, syphilis seemed. to be in a decline. 

Mr Ennals pointed out that when the Bill was 
introduced earlier as a temporary war-time measure it 
had not been successful. He felt that the “informant” 
aspect of the Bill could have very unpleasant con- 
sequences, opening up the door to blackmail, malice 
and practical joking. The Department of Health is 
concentrating on tracing contacts by interview, which 
is probably the most suitable way of attacking a very 
difficult problem. Sir Myer Galpern later withdrew 
the Bill. (Debate, March 21.) 
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NEWS AND VIEWS 


Formaldehyde in Space 


THE past four months, since December last year, have 
seen a spate of discoveries of moleoules in space by 
their microwave radio emission. First was the detec- 
tion of ammonia by the group at Berkeley (Cheung, 
A. C., Rank, D. M., Townes, C. H., Thornton, D. D., 
and Welch, W. J., Phys. Rev. Lett., 21, 1701; 1968), 
then water by the same team (Nature, 221, 626; 1969) 
and now, more surprisingly, formaldehyde has been 
picked up at the National Radio Astronomy Observa- 
tory at Greenbank, West Virginia, by L. E. Snyder, 
D. Buhl, B. Zuckerman and P. Palmer (Phys. Rev. 
Lett., 22; 1969). A group at the Massachusetts Insti- 
tute of Technology has also been using the Arecibo 
dish to look for signals from sulphur hydride, so far 
without success (Meeks, M. L., Gordon, M. A., and 
Litvak, M. M., Science, 163, 173; 1969). As much as 
anything, the discovery of signals from ammonia and 
from water by the Berkeley team, working at Hat 
Creek Observatory, must be the result of the influence 
of Professor C. Townes, who recently moved from MIT 
to Berkeley, taking with him, it seems, his interest in 
the microwave part of the spectrum. Some of the 
enthusiasm has obviously spread to West Virginia, 
where formaldehyde (HCHO) was found in fifteen of 
twenty-three sources surveyed with the 140-foot tele- 
scope. Before December, the only molecule known in 
space from its radio emission was the hydroxyl radical, 
discovered in 1963 at MIT. 

All thé molecular emissions which have so far been 
picked up come from cool regions in the galaxy, which 
is why the signals are more than curiosities. The cool 
regions are clouds of dust and gas which are thought to 
be in the process of contraction into stars and planetary 
systems. As well as the prospect that the radio measure- 
ments will provide estimates of the concentration and 
temperatures of molecules during star-forming pro- 
cesses, some light may also be shed on the constituents 
of primaeval atmospheres and thus on the origin of 
life. The discovery of formaldehyde is held to be 
significant because it is indirect evidence for the exist- 
ence of methane in the cool interstellar clouds. Un- 
fortunately, there seems no hope that methane, one of 
the chemicals believed to be necessary for life to start, 
can be detected in space by its radio emission, but 
there is a possibility that radio astronomy may now 
answer at least part of the question of how substances 
such as ammonia, water and methane came to be in 
primaeval atmospheres in the first place. 

This begs the question of how the molecules have 
been formed in space. Particles of interstellar dust, 
which are an important constituent of the cool clouds, 
may encourage a process that would happen much 
more rarely if the collision of atoms were the dominant 


mechanism. For example, Cheung and his colleagues 
have suggested that their ammonia may have been 
formed by the adsorption of nitrogen and hydrogen on 
the grains, with the dust clouds protecting the ammonia 
from ultraviolet radiation. 

Another problem which will have to be dealt with 
is the occurrence of ammonia and water in separate 
regions. The intensity of the microwave line from 
water implies that maser action is probably involved. 
Cheung, Rank, Townes and Welch have explained 
some of the difficulties in correlating the ammonia 
and the water lines (Nature, 221, 917; 1969). There 
seem to be three possibilities to explain the line from 
water. The water may be more abundant than 
ammonia; it may be seen in quite a different region 
from the ammonia or there may be high temperature 
source of energy exciting both ammonia and water in 
circumstances in which the water is abundant enough 
to trap its own resonant infrared radiation. The 
question is that of seeing how the energy levels which 
are observed in ammonia and water can be excited. 
According to the measurements from the US National 
Radio Astronomy Observatory, the formaldehyde has 
been found in the same sources as the water, and 
ammonia and formaldehyde have not so far been found 
together, although one ammonia source near the 
galactic centre may be the same as a formaldehyde 
source, 

Whatever the explanation, these discoveries seem 
to show that the intensity of ultraviolet light in inter- 
stellar clouds, previously thought to be enough to 
prevent the formation of complex molecules, is not as 
great as expected. This should be a stimulus for the 
search for radio signals from more complex molecules. 


RED SEA 


The Teenage Ocean 


from our Geophysics Correspondent 


Last week 200 Earth scientists spent three days at 
the Royal Society discussing the Red Sea and its en- 
vironment. The fascination of this meeting was as a 
gathering of geologists and geophysicists, mariners 
and land workers, academics and prospectors in well 
balanced proportions. The pr ctors were naturally 
fairly reticent in the presence of their rivals. (At one 
stage, a speaker from the floor publicly asked his 
exploration manager for clearance to give some in- 
formation—commendably, this was granted.) And, 
naturally enough, the geophysical academics were rather 
less than reticent in postulating what was seppenms: 
But the ingredients mixed remarkably well, with lively, 
discussion and the establishment of new informal links 
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between universities and exploration: companies. On 
this score, if no other, the organizers could regard the 
meeting as a great success. 

Geologists have been interested in the Red Sea, 
particularly at the north end, for at least forty years, 
and the fruit of their labours in the form of productive 
oil fields can now be seen in Egypt. Geophysical work 
on the Red Sea itself is much younger, and it is greatly 
to the credit of the persistence of Dr R. W. Girdler 
(University of Newcastle) that in the past ten years 
the Red Sea (and the neighbouring Gulf of Aden) have 
received attention from marine geophysicists. Recently 

the geologists have moved their attention farther 
south. Research is not only being pursued round to 
the northern shores of the Red Sea but to Ethiopia, 
the Sudan and the Yemen. Several deep bore-holes 
around the coastline have shown enormous thickness 
of salt deposits (up to 4 km) so far without positive 
indications of oil. The interrelation between the oil 
prospectors and academics is obvious here. If the 
whole Red Sea from shore-line to shore-line is a new 
ocean created by Hess’s sea-floor spreading mechanism, 
the chances of finding oil offshore are slim. The bore- 
hole evidence is, however, of the utmost value to the 
academics. 

At the meeting it was clear that only two geological 
periods have any major significance for the Red Sea— 
the Pre-Cambrian (more than 500 million years ago), 
when a large amount of the general structure of the 
region was developed, and from the Miocene to the 
present (the past 25 million years), when the Red Sea 
trough was formed and large scale faulting occurred 
(accompanied by similar activity in the Gulf of Aden 
and the East African rift system). 

Several of the twenty-four papers were notable for 
showing new developments in studies of the area. 
Dr A. M. Abdel-Gawad (North American Rockwell 
Corporation) attempted to correlate structural features 
across the Red Sea and Gulf of Aden as shown by 
satellite photographs and concluded that an opening 
of the Red Sea comprising nearly all its width is com- 
patible with photographic evidence. The value of such 
a contribution is not entirely in the results—it is also 
partly as a demonstration that the combination of 
geological maps and photographs which show large 
scale geomorphology can be more powerful than either 
by itself. 

Geological correlations on each side of the Dead Sea 
rift were the subject of a paper by Dr R. Sreund (Hebrew 
University of Jerusalem). If the Red Sea has opened 
more extensively than just a fairly narrow central 
valley, most of the movement at the northern end must 
have been taken up by the Dead Sea rift and must have 
been transformed into compressive mountain building 
in Turkey and Persia. The implication that geological 
markers on the eastern side of the rift may be displaced 
on the north relative to similar markers on the western 
side has been discussed for the past thirty years, but 
Sreund’s analysis produced an overwhelming case for 
a movement of 45 km during the past 10 million years 
and one of 60 km between 70 and 20 million years 
(although the movement may well have occurred in & 
much shorter period). 

An intensive seismic and magnetic survey of the 
deep structure of the Red Sea away from the central 

* fault was presented by Dr D. Davies and Dr C. Tramon- 
tini (University of Cambridge), who demonstrated. that 
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the rocks underlying the flanks of the Red Sea are not 
of continental character but fell in the typical oceanic 
basalt category. This suggests that the whole Red 
Sea is new ocean, and is the most positive evidence yet 
in this direction. They also drew attention to the 
enormous thickness of salt well out in the Red Sea— 
4 km seems to be the common figure, and is in line 
with thicknesses of the largest deposits in some other 
parts of the world. A lengthy discussion on the origin 
of this salt—equivalent to evaporating the Red Sea 
to dryness about 200 times—revealed that there is 
still doubt whether the deposition has come from shal- 
low water or whether deep sea deposition is a possibil- 
ity. It is generally agreed, however, that the southern 
end of the Red Sea was cut off from the Indian Ocean 
during the Miocene and the Red Sea was then an 
inland basin. 

Tt was appropriate that an exponent of the new plate 
tectonics should conclude the meeting. Dr D. P. 
McKenzie (Cambridge) demonstrated a fit of the 
coastlines of the Red Sea together which is remarkably 
good. And the interesting conclusion is that closing 
the Red Sea and the Gulf of Aden implies some slow 
opening on the East African Rift System, and this is 
something which may be tested. 


BIOMETRICS 


Disease Clustering 


from our Mathematical Probability Correspondent 


Ir viruses play a part in the cause of a disease, because 
of the possibility of contagion, occurrences of the 
disease would be expected to cluster in space and in 
time. One could reverse this reasoning and assert that 
clustering in space and in time of the outbreaks of a 
disease is evidence that the disease is contagious and 
that viruses are playing a part in its cause. 

Interest in the epidemiology of leukaemia was 
therefore stimulated when it was suggested that viruses 
may be one of the causes, and Knox (Brit. J. Prev. Soc. 
Med., 18; 1964; Appl. Statist., 18; 1964) proposed a 
test to determine whether outbreaks of the disease 
show significant amounts of clustering. In applying 
his test to some data, he discovered no strong evidence 
of clustering. The most he was able to propose was 
that the test should be applied to another set of data 
restricted to leukaemia occurring in children under 
six years old; whereupon Till, Hardisty, Pike and Doll 
(Brit. Med., 8; 1967) gathered the data relating to 
618 cases of childhood leukaemia in the Greater London 
area during the period 1952-61. They found no clear 
evidence in support of Knox’s hypothesis, although 
they did discover some weak evidence in support 
of the hypothesis that clustering occurs in cases of 
lymphoblastic leukaemia, and especially in those cases 
of lymphoblastic leukaemia which lead to death under 
six years of age. They also pointed out that a test 
more sensitive to the most relevant periods in the 
history of the disease might pick up evidence of cluster- 
ing where Knox’s test had failed. Pike and Smith 
(Biometrics, 24; 1968) have formulated such a test. 

Knox’s test statistic is ce ries where Xi=1 


if the homes of cases i and j are within a distance 3 of 
each other and the times of onset of the disease are 
within a time 7 of each other; X:,=0 otherwise. 
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Thus if the location of the home of individual i is 
zı and if the onset of the disease occurred at time tu, 
then Xu=1 if |z1—z,|<8 and |t,—t)|<7, and X.,=0 
otherwise. (In practice Knox chose 8=1 kilometre 
and +=60 days.) If the disease is not contagious, 
then one should not expect the events |z:—z;|<8 
and |t:—t|<+ to occur together except by pure 
chance. However, if the disease is contagious, then 
one would expect these pairs of events to be linked more 
frequently than would occur simply by chance, and if 
such a pair of events occurred together, one would be 
tempted to say that one individual, being in the right 
place at the right time, caught the disease from the 
other. A large value of X then, is evidence of cluster- 
ing. To find out what is a large value of X, one evalu- 
ates the distribution X when the times (ti ty .. ., tn) 
are paired off at random with the locations (Z4, Za, . . . 
Zn)—thus eliminating space-time interactions. 

Pike and Smith propose that each case has a period 
of susceptibility during which the onset of the disease 
occurs, and a period of infectivity during which he 
may pass on the disease to another individual. If 
Tf, T} are the periods of susceptibility and infectivity 
respectively for the jth patient, and Af, A} are the 
areas of the jth patient’s effective movements during 
his susceptible and infective periods respectively, 
then their statistic is Y=XYi; where Y.,=1 if T! 


i 
overlaps Tf and Aj overlaps As, and Yi;=0 otherwise. 
Again a large value of Y is evidence for clustering, 
and to find out how large is “large”, the distribution of 
Y must be worked out when the time-pairs (T?,T|; 
TTL; Ts,T!) are paired off at random with the area- 
pairs (Af, Al; AgAs; ...; ASAL). 

Pike and Smith have worked out the expected value 
and variance of Y, and O. Abe (Ann. Math. Stat., 40, 
1; 1969) has shown that, for large n, Y is normally 
distributed. Pike and Smith moreover have promised 
to rework the London data using their new test. It 
will be interesting to see if it produces a stronger result 
than their original one. 


? 


GAS EQUILIBRIUM 


Ammonium Chioride Molecules 


Tus simple view that ammonium chloride is com- 
pletely dissociated when it sublimes into the gas phase 
was first challenged two years ago, when E. Clementi 
carried out a theoretical calculation of the electronic 
structure of the intact molecule and its dissociation 
products, NH, and HCl, and predicted a minimum in 
the potential surface some 80 kJ per mole below the 
energy of the two products (J. Chem. Phys., 46, 3851; 
1967). On this basis, intact molecules should account 
for about 0-15 per cent of the vapour at 528° K. This 
prediction has now been elegantly confirmed by P. 
Goldfinger and G. Verhaegen at the Laboratoire de 
Chimie Physique Moléculaire at the Free University, 
Brussels (J. Chem. Phys., 50, 1467; 1969). Yet another 
assertion of the elementary textbooks will evidently 
have to be discarded. 

Goldfinger and Verhaegen have used a mass spectro- 
meter to demonstrate that intact molecules exist in the 
gas phase. In these circumstances, intact NH,Cl 
molecules would be expected to show up as NHt ions 
—other experiments have shown that the molecules 
break up in this way on electron impact. Because of 


11 


the possibility of the confusion of NHt with H,O+ and 
NH,, the hunt for intact molecules of ammonium 
chloride was carried out with the fully deuterated 
material ND,Cl. Fortunately it has been possible to 
demonstrate that the isotopic substitution has very 
little effect on the heat of sublimation into completely 
dissociated material—close on 180 kJ per mole. 

Goldfinger and Verhaegen seem confident that they 
have accurately distinguished between NDt ions and 
other possible sources of ionic species with m/e=22. 
One immediate outcome of their measurements, which 
extend over a substantial range of temperature, is an 
estimate of the dissociation energy of the gas phase 
molecules which agrees well with the predictions of 
Clementi. Goldfinger and Verhaegen rightly point 
out that one of the most striking features of this tale is 
the quite remarkable accuracy of the original calcula- 
tion of the electronic energy of the dissociating system, 
one of the most complicated systems to have been dealt 
with from first principles. The explanation seems to 
be that there is no change in the number of electron 
pairs in the system on dissociation, whether the intact 
molecule is considered as a hydrogen bonded system 
or as an ion pair NH{CI, which in turn implies that 
there is no large amount of electron correlation energy 
to complicate the balance between the intact and 
dissociated forms of NH,Cl. 


SALINITY MEASUREMENT 


Conductivity Displaces Titration 


Sox the turn of the century, oceanographers have 
measured the salt in their samples of seawater by 
performing silver nitrate titrations and by using 
empirical equations to relate chloride to total salt. 
The technique is tedious and not particularly accurate: 
recently, conductivity methods have become more 
usual. In an effort to standardize salinity determinations 
based on conductivity, UNESCO and the National 
Institute of Oceanography published a new operational 
definition of salinity in 1966. 

A. J. Hill, the Chairman of the Hydrographical 
Committee of the International Council for the Explora- 
tion of the Sea, now says that this new definition has 
not diffused as fully as it might through the ranks of 
oceanographers. The definition invokes a conductivity 
ratio Ris, itself defined as the ratio of the conductivity 
of the water sample to that of water having a salinity 
of exactly 35 parts per thousand at 15° O and one 
standard atmosphere pressure. The salinity (S) in parts 
per thousand, is then defined by a polynomial: 

S= —0-08996 + 28-29720R,, + 12-80832R2, 

— 10-67869 R},+5-98624K 4, —1-32311R, 

Salinity so defined can be measured to +0-003 
parts per thousand: the accuracy is of course depen- 
dent to some extent on the precise salt composition 
and pH of the water. Apparently many research pro- 
jects are under way which exploit salinity measurements 
at this level of accuracy. 


CHEMICAL MECHANISMS 


One Mechanism for Two 


Mors than thirty years ago, Ingold ,developed the 
mechanisms of substitution by a negatively charged 
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group (nucleophile) at a saturated carbon atom. He 
postulated that there are two mechanisms for this 
reaction—Sn2 (substitution nucleophilic bimolecular) 
which usually exhibits second order kinetics and Sxl 
(substitution nucleophilic unimolecular) which usually 
shows first order kinetics. During the past few years, 
however, there has been a re-examination of the nucleo- 
philio substitution mechanism, and now an idea that 

NI and §x2 are not separate schemes but are the two 
extremes of a single common mechanism has been 
proposed by Sneen and Larson (J. Amer. Chem. Soc., 
91, 362; 1969). 

In practice, the traditional theory works well only if 
structurally extreme molecules are considered. Thus 
Sn2 characteristics (bimolecularity and inversion of 
configuration) are shown by molecules with a minimal 
number of alkyl substituents at the carbon undergoing 
substitution, while those with considerable substitution 
at this carbon exhibit SN1 characteristics (unimolecu- 
larity and racemization). Between these two struc- 
tural extremes are several structural types which do 
not seem to react by either a pure Sxl or SN2 mechan- 
ism. ‘This so-called “borderline” behaviour has usually 
been explained by postulating either that a new hybrid 
mechanism is operating with characteristics between 
those of N1 and n2, or that there is direct compe- 
tition between distinct SN1 and SN2 processes. 

Sneen and Larson, however, suggest that there is a 
single mechanism of nucleophilic substitution at a 
saturated carbon atom which is operative over the 
entire range of substrate types and which becomes 
indistinguishable in operation from Swl and 8x2 at 
the structural extremes. The central feature of the 
hypothetical mechanism is an intermediate configura- 
tionally stable ion pair, the formation of which is 
rate determining at the Sxl end of the spectrum 
and the destruction of which is rate determining at 
the Sxn2 end. Borderline behaviour is presumed to 
result when the rates of formation and destruction are 
competitive. 

Kinetic and stereochemical features of previous 
experiments on the solvolysis of 2-octyl sulphonates in 
aqueous dioxane in the presence of added sodium 
azide—a reaction which produces 2-octyl azide and 
2-octanol—suggested to Sneen and Larson that the 
intermediate in the reaction is an ion pair. Because this 
is a competitive reaction, with both solvent molecules 
and Ng groups acting as attacking nucleophiles, there 
should exist a water dioxane solvent composition in 
which the rates of formation and of destruction of the 
intermediate are competitive and neither is rate determ- 
ining. In such a alec system, it is possible to dis- 
tinguish experimentally between a mechanism involv- 
ing an ion-pair intermediate and various other con- 
ceivable mechanisms. In both 25 and 80 per cent 
aqueous dioxane (that is 75 and 70 per cent water 
respectively), the solvolysis of 2-octyl methanesul- 
phonic acid in the presence of azide ions exhibits 
borderline behaviour—the total rate of reaction is inter- 
mediate between zero and first order in azide ion con- 
centration. Sneen and Larson considered the three 
possible mechanisms that could be operating in this 
system—the ion-pair scheme, the competitive SN1 and 
Sn2 processes and a true Sn2 mechanism—and predic- 

eted mathematically the kinetic and product data which 
they then compared with the experimentally determ- 
ined results. Fhe” ion pair mechanism is the only 
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scheme able to accommodate both the product and 
kinetic data. 

If this ion pair postulate is correct, is it necessarily 
completely general? Although it accounts for border- 
line behaviour and also theoretically for Sxl and Sn2 
behaviour, the technique used here does not lend itself 
to traditional SN2 systems because both the ion pair and 
the SN2 mechanisms make the samo kinetic predictions. 
If, however, it is found that Sx2 reactions do fit into the 
ion pair theory, then the dichotomy of nucleophilic 
substitution by mechanisms Syl and Sn2 will disappear. 


SULPHUR BACTERIA 


Pollution by Mine Water 


from our Microblology Correspondent 


THE influx of acid mine waters into non-acid receiving 
rivers and lakes oan induce considerable ecological 
changes and can have deleterious effects on all forms of 
life. Coal deposits frequently contain metal sulphide 
minerals, especially of iron, and these minerals may be 
oxidized by thiobacilli and converted to sulphate, ferric 
and hydrogen ions. It is the accumulation of hydrogen 
and, to a lesser extent, of sulphate ions that is most 
detrimental to the development of indigenous hetero- 
trophic micro-organisms. The activities of thiobacilli 
are undoubtedly significant in the recovery of metals, 
particularly copper, from low grade or once-extracted 
ores, but a cyclic operation is necessary to avoid pollu- 
tion. by the resulting acid waters. Recent studies by 
J. H. Tuttle and his associates (J. Bact., 97, 594; 1969) 
have been aimed at understanding the microbial ecology 
of acid mine drainage systems, and their findings suggest 
some possibilities for pollution abatement. The eco- 
system investigated consisted of an acid drainage 
stream impeded by a dam of wood dust from saw mill 
operations: these conditions produced an upper pond, 
a porous dam and a lower pond which fed an outflow 
stream. Whereas the original drainage waters were 
highly acid and rich in iron and sulphate ions, and 
autotrophic bacteria capable of their oxidation, the 
lower pond water contained greatly reduced amounts 
of iron and sulphate and an altered microflora. Num- 
bers of aerobic heterotrophs—predominantly yeasts, 
filamentous fangi and pseudomonads—increased mar- 
kedly, and so did certain anaerobic bacteria. These 
changes in physical environment and in microflora 
are attributable directly to the influence of the wood 
dust dam. The reduction of sulphate occurred exten- 
sively in the dust pile, the degradation of cellulose and 
hemicelluloses providing the essential organic sub- 
strates for the sulphate reducing bacteria. The activity 
of the anaerobic bacteria is probably significant at this 
stage because the substrate requirements of sulphate 
reducers are principally for organic acids and related 
fermentation products. The ecological balance of this 
complex ecosystem is naturally influenced by environ- 
mental conditions such as stream flow rate. Thus the 
colour of the lower pond varied from reddish brown to 
greenish black depending on the proportion of sulphate 
reducers and oxidizers, which reflect the inorganic and 
organic nutrient states of the environment. 

Tuttle and his colleagues have analysed this microbial 
sulphate reduction system in the laboratory (Appl. 
Microbiol., 17, 297; 1969) in an attempt to desoribe 
the conditions which accelerate the reduction. The 
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effects of temperature and organic supplements on 
mixed cultures growing on a sulphate—wood dust con- 
taining medium were examined. Both the rate and 
initiation of sulphate reduction were controlled by 
the rate of digestion of wood dust and there were 
different optimum conditions for the two activities. 
Wood degradation had a higher optimum temperatnre, 
for example, while the excessive addition of organic 
substrates lessened the rate of reduction of sulphate. 
The latter effect itself is complex; for example, it may 
result from an inhibition of cellulose breakdown and/or 
from the stimulation of micro-organisms that compete 
for nutrients with the sulphate reducers. Although 
further research is needed to define precisely the con- 
ditions which might give a reasonable steady state of 
sulphate reduction in field conditions, Tuttle’s group 
considers that various waste carbon materials as well 
as wood dust—for example, sewage, waste paper, 
agricultural wastes—might be used in the conversion. 
Then acid pollution control might be combined with 
solid waste disposal and the recovery of FeS or 
elemental sulphur. 


WHALE TAXONOMY 


Beaked Whales Reclassified 


New diagnoses to help in the identification of the living 
species of beaked and bottle-nosed whales have now been 
provided by Dr J. C. Moore, Curator of Mammals in the 
Field Museum of Natural History, Chicago (Fieldiana : 
Zoology, 58 (4); December 1968). The beaked whale 
superfamily, usually named Ziphioidea but called 
Hyperoodontoides by Dr Moore, is a little known yet 
interesting group of whales with little or no com- 
merojal value. Beaked whales are all comparatively 
smell—the adults range in length from 4:5 to 13 
metres—and have a narrow rostrum produced an- 
teriorly like  dolphin’s beak. The flippers are small 
and the dorsal fin is set well back on the body. Other 
diagnostic features include a single crescentic blow- 
hole and a stomach divided into as many as nine to 
fourteen compartments. Young beaked whales appear 
toothless but, later, one pair (in Hyperoodon, Zaphius 
and Mesoplodon) or two pairs (in Berardius) of large 
functional teeth appear in the lower jaw of the male. 
The exception is Tasmacetus, the Tasman whale, which, 
in addition to having one pair of large teeth in the 
lower jaw, has rows of small functional teeth (about 
forty-eight pairs) in both upper and lower jaws. Some 
of the other genera have rows of very small teeth but 
these are entirely non-functional. 

Dr Moore has based his classification, diagnoses and 
keys of the eighteen living species on the characters 
of 292 skulls in forty museums all over the world. He 
has compared the number, position, size and shape of 
the teeth, the structure of the alveoli of the teeth, the 
morphology of the premaxillary crest, and the shape 
of the nasal bones. Because of the scarcity of vertebrae 
of beaked whales, he has used the closure of the pulp 
cavity at the base of the tooth as a criterion of adult- 
hood instead of the obliteration of the epiphyseal 
sutures in the vertebral column as is usually the 
practice among mammalogists. 

In his classification, Dr Moore recognizes several 
new categories. The tribe Ziphiini includes the genera 
Berardius and Ziphius; and the tribe Hyperoodontini 
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includes the genera Tasmacetus, Indopacetus, Hyper- 
codon, and Mesoplodon. The subtribes Berardiina and 
Ziphiina contain their respective genera Berardius and 
Ziphius; ‘Tasmacetina includes Tasmacetus; and 
Hyperoodontina includes the genera Hyperoodon and 
Mesoplodon. The two species of Hypercodon are con- 
sidered by Dr Moore to be so distinct from one another 
that he has raised them to subgeneric level, and the 
name he makes for this is Hyperoodon (Frasercetus) 
plantfrons. He also presents a preliminary classification 
for Mesoplodon in which the species pacificus is removed 
from Mesoplodon and is renamed Indopacetus, a new 
genus with subtribal status to indicate the degree of 
its distinction from Hyperodontina. He thus disagrees 
with other opinions that the species, known only from 
one specimen, is a female Hyperoodon planifrons. 


PHARMACOLOGY 


Transmitters and Antagonists 


from a Correspondent 


PHARMAOOLOGY is not a precisely defined field: the 
communications at the meeting of the British Pharma- 
cological Society in London last week came from very 
diverse sources, including departments of pharma- 
cology, physiology and psychology. Not surprisingly, 
quality varied—from highly stimulating, when disci- 

lines had been successfully fused, to pedestrian. 
Most of the demonstrations had been carefully prepared, 
and it was good to see several “live” as well as card- 
board displays. 

Several of the main streams of pharmacology were 
represented: for example, the study of naturally 
occurring compounds, particularly substances which 
may act as transmitters in the central nervous system. 
J. F. Mitchell, M. J. Neal and V. Srinivasan (University 
of Cambridge) have studied a group of amino-acids in 
this context. They loaded slices of cerebral cortex 
with tritiated amino-acid, and determined the effect 
of electrical stimulation on the efflux of each amino- 
acid; the two which were most affected—both were 
increased—were glutamic acid and y-amino-butyric 
acid (GABA). These are respectively the most potent 
excitatory and inhibitory amino-acids as judged by 
their electrophysiological effects. 

Another important question concerns the removal of 
transmitters from their site of action. L. L. Iversen and 
Neal showed recently that there is an uptake mechan- 
ism in cortex slices for tritiated GABA (reminiscent of 
the re-uptake mechanism for catecholamines in peri- 
pheral tissues). In the spinal cord there are many 
indications that glycine may be an inhibitory trans- 
mitter, and Neal described results concerning an uptake 
mechanism for glycine by slices of rat spinal cord, which 
suggest that here also re-uptake might be important in 
terminating transmitter action. Iversen and Neal 
described elegant density gradient centrifugation 
experiments which showed that exogenous GABA, 
once taken up, has the same subcellular distribution as 
endogenous GABA. About 40 per cent was present in a 
synaptosome fraction (more was present originally, 
some being lost in the preparative process). Further, 
glutamic decarboxylase activity was also associated 
with the synaptosomes, suggesting that synthesis 
might be associated with the same functjpn involved in 
storage. 
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Another im 
the actions o 
J. M. Ritter (University of Oxford) communicated 
some unusual findings on the properties of a new irre- 
versible acetylcholine antagonist. As well as behaving 
as an affinity label of the acetylcholine receptor, this 
ligand has the unexpected property of high affinity 
for receptors which have recently interacted with 
agonists. They called this action of agonists, of increas- 
ing the affinity of the receptor for antagonist, a ‘“‘meta- 
philic” action. Their hypothesis is that the molecular 
basis for this metaphilic effect of agonists may be the 
conformational change in the receptor macromolecule 
which must underlie the process of stimulation: they 
propose that stimulus may correspond to a discrete 
event—the alteration of the receptor from one form 
to another. After the receptor has undergone this 
change it is supposed to be in a “desensitized” (re- 
fractory form, which has high affinity for their 
antagonist. 


rtant area of pharmacology concerns 
bse antagonists; H. P. Rang and 


POLYMERS 


Statistical Models 


from a Correspondent 


Tux third Polymer Meeting Point, held by the Polymer 
Consortium at the University of Essex on March 19, 
bad an audience of sixty-five, of whom about half came 
from industry and several from overseas. 

Professor M. Gordon (University of Essex), reviewing 
cascade models, emphasized the power of probability 
generating functions (pgf) in simplifying combinatorial 
problems. Relatively simple formulae for molecular 
weight averages emerge—mean square radii, elastic 
and swelling parameters, gel points, sol fractions and 
the like. Substitution effects and ring-chain competi- 
tion can also be included in the theory, which has given 
good agreement with experiments on various polymer 
systems. Recently the theory has been improved by 
adding a master theorem which abolishes the need for 
specifying redundant stoichiometric information, which 
should be generated by a self-contained statistical- 
mechanical treatment. This theorem provides neces- 
sary and sufficient conditions for the initial member of 
a cascade process to correspond to the random choice 
of vertex from a set of trees. When a questioner raised 
the technologically important subject of steric hind- 
rance, it was pointed out that short-range hindrance is 
covered by the theory of substitution effects. 

Professor P. Whittle (Statistical Laboratory, Univer- 
sity of Cambridge) expounded his theory of clustering 
processes, which is more fundamental than the Flory- 
Stockmayer or the cascade approach in that it replaces 
deterministic by stochastic equations. By replacing 
rate constants by transition probability intensities, 
polymerization becomes a Markov process in continu- 
ous time. The function of the rate equations is taken 
over by a differential equation for the pgf which is 
consistent with the Gibbs distribution. Substitution, 
effects are included in the theory. A generalization 
to a formal treatment of cyclization has led to operators 
with commutation properties analogous to certain 
quantum operators. Concrete solutions coincide with 
those of the Flory-Stockmayer or the cascade method. 
In the discusgion, Dr G. Weiss (National Institutes of 
Health, Bethesda) hinted at the possibility of an even 
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-more fundamental approach based on Liouville’s 


equation. 

Professor C. Domb (Department of Physics, King’s 
College, London) reviewed the lattice methods for 
treating excluded volume effects on the size and shape 
of oe chains. Exact computer enumerations of 
self-avoiding walks for chains of up to about twenty 
segments can be used to infer asymptotic behaviour 
(of infinitely long chains). The effectiveness of the 
extrapolation procedure can be checked against exact 
two-dimensional solutions of the Ising problem, or 
against Monte Carlo calculations. The appearance of 
simple rational exponents in various power laws sug- 
gested by these methods has occasionally triggered off 
the construction of theoretical proofs confirming them. 
Long-range non-Gaussian behaviour is found to be 
satisfactorily independent of the postulated lattice 
structure. 


PROTEINS 


Enzymes and Sequences 


from a Correspondent 


WEHEN the third meeting of the Chemical Society’s 
Protein Group was held at Oxford on March 19, 
Professor Dorothy Hodgkin started the day by reviewing 
the development and achievements of protein X-ray 
crystallography. During the ensuing discussion Pro- 
fessor H. N. Rydon pointed out that all protein chem- 
ists need access to molecular models of proteins, and 
suggested that if several centres had “libraries” of 
such models, it would then be easier to make full use 
of the available structural information. 

One of the chief difficulties of protein X-ray crystallo- 
graphy is the preparation of suitable heavy-atom 
derivatives, and two papers given at the meeting 
impinged on this problem. First, D. G. Lindsay and 
S. Shall (University of Sussex) described a study of 
the reaction of insulin with diketene, undertaken be- 
cause the acetoacetyl groups thus introduced can be 
mercurated. Then P. J. Anderson, I. Gibbons and R. 
Perham (University of Cambridge) reported work 
on the amino-acid sequences of aldolases from various 
species. One conclusion of the aldolase work was that 
the bovine enzyme might be the most suitable for X-ray 
examination, for it contains a reactive cysteine residue 
which is absent from the other enzymes studied and 
therefore offers the best prospects for obtaining useful 
heavy-atom derivatives. 

The isolation and sequential analysis of a decapep- 
tide from gastric juice of normal fasting humans was 
described by J. G. Heathcote and R. J. Washington 
(University of Salford), who stimulated much discus- 
sion; no function can as yet be ascribed to this com- 
pound. The peptide has been synthesized by Professor 
G. W. Kenner and his colleagues. Some members of 
the Liverpool University group (G. Gawne, G. W. 
Kenner and R. C. Sheppard) reported on the mechan- 
ism and use of a new method of peptide synthesis 
involving direct conversion of the carboxyl component 
to an o-acyl derivative of hexamethylphosphoramide 
(that is, an acyloxyphosphonium salt) which can be 
smoothly aminolysed to give a peptide in high yield 
with little danger of racemization. The synthesis of 
a large fragment of calcitonin-M using this new method 
of coupling has been undertaken to test this original 
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and promising new technique: those working on 
peptide synthesis will await the outcome of this rigor- 
ous evaluation eagerly. 

The meeting concluded with two communications 
dealing with studies of structure-activity relationships 
using synthetic peptides. R. L. Strong and H. D. Law 
of Liverpoo] Regional College of Technology and 
M. J. Crumpton of the National Institute for Medical 
Research were concerned with the immunological 
activity of peptides related to one of the antigenic 
determinants of sperm whale myoglobin, and H. R. 
Perkins and M. Nieto of the National Institute for 
Medical Research described a study of the specificity 
of the interaction of peptides related to bacterial cell 
walls with the antibiotic vancomycin. Unfortunately 
this interaction, which is presumably involved in the 
action of the antibiotic, cannot yet be interpreted in 
molecular terms because the structure of vancomycin 
is still obscure. 


PROTEIN SYNTHESIS 


Beginning and Middie 


from our Cell Biology Correspondent 


Tua structural features which distinguish those species 
of methionine {RNA which can be formylated, and 
which act as initiators for protein synthesis, from other 
methionine {RNAs must be very subtle indeed. It had 
been hoped that æ simple comparison of the complete 
nucleotide sequences of FE. cols $RNA™ and {RNA™ 
would reveal the distinguishing features which allow 
the latter {RNA to initiate protein synthesis, but these 
hopes were dashed last year when Dube, Marcker, Clark 
and Cory (Nature, 218, 232; 1968) reported the sequence 
of the E. cols initiator, RNA®*. There were only 
three obvious differences between this molecule and 
iRNA™, First, except in yeast valine {RNA, of the 
tRNAs analysed so far, including {RNA™*, the base 
following the anticodon is either a modified form of 
adenosine or a rare base such as methyl inosine, whereas 
in the initiator RNAg* the base following the anti- 
codon is an unmodified adenosine. Perhaps this 
unmodified base accounts for the unique ambiguity of 
the ¢RNAF which recognizes two codons AUG and 
GUG. The second difference is in a part of the molecule 
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Fig. I. The terminal nucleotide sequences of (A) E. coli 

tRNA#* and (B) yeast tRNAZ*. The E. coli tRNA is unique 

in that base pairing involves the sixth but not the fifth base 

from the 3’ end. All other tRNAs analysed so far are like 

the yeast tRNA" with the fifth base from the 3’ end palred 
with the 5’ terminal base. 
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which contains a pseudo-uracil residue, and its signifi- 
cance is obscure. The third difference is in the base 
pairing of the 3’ and 5’ ends of the molecule; at the 
time it was suggested that this might provide a unique 
recognition site for the transformylase enzyme which 
formylates methione residues attached to iRNA™* 
but not those attached to *RNA™*. 

This attractive suggestion has now been ruled out 
by a partial analysis, by RajBhandary and Ghosh 
(J. Biol. Chem., 244, 1104; 1969), of the nucleotide 
sequence of a yeast methionine RNA, which can be 
formylated by the H. coli transformylase enzyme 
and initiate protein synthesis in a cell free system. In 
yeast there are two species of methionine tRNA but 
only one of these can be formylated. The complete 
nucleotide sequence of this species has yet to be determ- 
ined and it is not yet known whether the base immedi- 
ately following the anticodon is unmodified as in Æ. coli 
(RNAS. RajBhandary and Ghosh have, however, 
determined the sequences of the 3’ and 5’ ends of the 
yeasts tRNA“. Apparently these two sequences 
are like all the other RNAs except the F. cols initiator 
in that base pairing involves the fifth base from the 3’ 
end and the 5’ terminal base. The figuro shows the 
difference between the yeast and E. coli tRNA2* 
sequences at the termini. 

The significance of this, of course, is that the unusual 
base pairing of the termini of the E. coli {RNA 
cannot any longer be regarded as a@ recognition site 
for the transformylase enzyme, because this enzyme 
recognizes and formylates {RNAs with both the 
sequences shown in the figure. It seems that the unique 
structural features of initiator RNAs will not be recog- 
nized until the three-dimensional structure of the mole- 
cule has been determined by X-ray crystallography. 


PROTEIN STRUCTURE 


More Disulphide Exchange 


from our Molecular Blology Correspondent 


Last week I commented on the interesting results from 
Foster’s laboratory, which indicate that the native 
conformation of bovine serum albumin is not unique, 
in the sense that several disulphide pairings seem to 
correspond to steble structures, which can coexist in 
equilibrium with one another. This situation was 
recognized as a violation—or at least a modification— 
of the law that the sequence of a polypeptide chain 
defines a unique conformation, a rule which has so far 
always seemed to hold good in enzymes. 

A nice demonstration of this principle, which was 
first clearly enunciated by en, comes now from 
Kato and Anfinsen (J. Biol. Chem., 244, 1004; 1969). 
In previous work at the same laboratory, a protein was 
prepared from liver microsomes which catalyses the 
refolding of denatured proteins. It does this by facilitat- 
ing disulphide interchange, in which it must itself 
participate as an intermediate; the renaturing protein, 
which is searching for the conformation of minimum 
energy, is then less liable to trapping in metastable 
states produced by incorrect disulphide pairings, which 
otherwise impede renaturation. The system which 
Kato and Anfinsen have examined is ribonuclease-S, 
in which, it will be recalled, the chain is broken twenty « 
residues from the end. The icosapeptyle (S-peptide) 
can be removed, leaving an inactive 9-protein, but 
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when added back, it binds to the core protein to yield 
an active enzyme with the native ribonuclease con- 
formation. Thus the S-protein sequence is insufficient 
to define the native geometry, and in the presence of the 
exchange enzyme it behaves exactly as expected (or 
indeed as the laws of thermodynamics dictate): the 
disulphide bonds are randomized (105 pairings being 
in principle possible), and the resulting molecule no 
longer forms active enzyme with the S-peptide. At 
higher protein concentration, intermolecular bridges are 
formed, leading to the appearance of large aggregates. 
If the S-peptide is present all along, however, there 
is no disruption of structure. The native conformation 
can also be reached from the randomized state: 
randomized S-protein incubated with S-peptide and 
exchange enzyme regains half initial activity within the 
first hour. The same experiments also work with 
“C-peptide”, which is an S-peptide deprived of seven 
residues at its C-terminus, but still able to combine 
with and reactivate the S-protein. This work affords 
a compelling demonstration of the specificity of the 
native state, and the strength of the driving force 
urging the chain into this conformation. 

Another interesting study, involving the making 
and breaking of cystine bridges, is described by Price, 
Stein and Moore in one of a series of papers dealing 
with the properties of pancreatic deoxyribonuclease 
(tbid., 929). This protein has a molecular weight of 
31,000, and is thus more than twice as large as pan- 
creatic ribonuclease, but has two disulphide bonds 
rather than four. The enzyme needs calcium (or other 
divalent ions) for activity, and these evidently function 
by stabilizing the active conformation, although the 
binding is not especially strong. In the absence of 
calcium, treatment of the native enzyme with a reduc- 
ing agent, such as mercaptoethanol, causes the rapid 
reduction of both disulphide bonds. This is an unusual 
situation: in most proteins some or all of these bonds 
are inaccessible, and are attacked only in denaturing 
conditions. Another unusual feature is the seemingly 
high reduction potential of the thiols which are formed, 
for they remain almost fully reduced after 24 hours in 
contact with air. When calcium ions are added, 
however, there is immediate refolding and reoxidation, 
with a full return of activity. 

The calcium protects only one of the disulphide 
bonds against mercaptoethanol, but reduction of the 
other, even when “followed by carboxymethylation 
with iodoacetate, leaves the enzyme activity intact. 
This half reduced state can also be achieved by adding 
calcium to the fully reduced enzyme in the presence of 
mercaptoethanol. It is clear that one bond is much 
more labile than the other, for during reduction with- 
out calcium, loss of activity parallels the progress of 
the reaction, so that cleavage of the second bond must 
instantaneously follow that of the first, which is rate- 
determining. The same parallel behaviour occurs on 
reoxidation in the presence of calcium. Here then is a 
case in which the active conformation is defined not 
only by the primary structure but also by the presence 
of a ligand, the calcium ion, required for stability. 

There are of course fairly numerous examples of 
reduction of only one of several disulphide bonds, and 
another has been reported by Shapira and Arnon 
(tbid., 1026), who find that a single cystine may be 
reduced in papain,.leaving the other two intact. As in 
ribonuclease, addition of mercury to this derivative 
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produces a new bridge, of the type -S—Hg-S-, and the 
resulting protein is active and crystallizable. 


NUCLEIC ACIDS 


from our Cell Biology Correspondent 


A GENERAL rule governing the organization of the 
genomes of true cellular organisms—eukaryotes— 
seems to be emerging from studies of the hybridization 
of ribosomal and transfer RNA to DNA. Apparently 
all eukaryotes have in each haploid genome between 
100 and 1,000 copies of the genes specifying ribosomal 
RNA but relatively few copies of the genes for each 
species of transfer RNA. Saccharomyces cerevisiae, 
a yeast, is the latest organism to be added to the list of 
eukaryotes which have been studied by hybridization. 
Schweizer, MacKechnie and Halvorson (J. Mol. Biol., 
40, 261; 1969) report that 0-8 per cent of the nuclear 
DNA hybridizes with 189 RNA from the small ribosome 
subunit, 1-6 per cent hybridizes with 26S RNA from 
the large ribosome subunit and a maximum of 0-08 
per cent hybridizes with transfer RNA. i 
that the total genome has a molecular weight of 1:25 x 
10! daltons, these hybridization data indicate that 
the yeast has about 140 ribosomal RNA genes and 
320-400 tRNA genes. This redundancy is of the same 
order as that previously reported for species of amphi- 
bia, mammals, insects and higher plants. The only 
marked difference between the yeast and all these other 
organisms is the percentage of the total genome devoted 
to specifying ribosomal RNA: in yeast it is 2-4 per 
cent; in the other eukaryotes so far investigated it is 
in the range 0-1 to 0-3 per cent. This difference is no 
doubt a reflexion of the ratio of total RNA to total 
DNA in yeast, which is ten times higher than in most 
organisms. 

Although there are up to 400 RNA genes in the yeast 
genome, this only represents on average about six 
genes for each tRNA species. In Drosophila the corre- 
sponding figure is thirteen, whereas bacteria seam to 
have only one gene for each RNA. The 1 : 1 ratio of 
188 to 268 ribosomal RNA in yeast and mammalian 
cells is consistent with the idea that the 189 and 268 
RNAs arise from a single precursor molecule. 

In another paper in the same issue of the Journal 
of Molecular Biology, Pinder, Gould and Smith (page 
289) report evidence of the conservation of the structure 
of ribosomal RNA during evolution. Using polyacryl- 
amide gel electrophoresis, they have studied the 
pattern of fragments that are yielded by T, tibonuclease 
digestion of rRNA from a wide range of bacterial and 
eukaryotic species and have reached three general 
conclusions. First, the structure of ribosomal RNA 
has differentiated appreciably during evolution; it 
would, of course, be surprising if it had not. Second, 
the overall structure, as opposed to the nucleotide 
sequence, tends to be conserved during evolution. 
Third, there is no evidence of heterogeneity in the ribo- 
somal population of any one species. Unfortunately, 
the electrophoretic technique resolves structural rather 
than sequence differences, so, although the complexity 
of the electrophoretic pattern of RNA fragments does 
not increase as the number of gene copies per organism 
increases, this does not prove that all ribosomal RNA 
in any one species has the same base sequence. 
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Which member of the team 


is the computer expert? 


Any of them. Any time. 
It’s that easy with the new PDP-12. 


The really nice thing about Digital's 
new PDP-12 computer is what you do. 
You and your research team get on with 
the creative work. While the PDP-12 
forms a fast, flexible link between test 
equipment and final results. 

The really nice thing about the 
PDP-12 is what you don't do. You 
don't have to spend valuable time 
learning computer talk. Or talking 
computer talk. 

The PDP-12 understands English. 
And the PDP-12 “talks back” in 
English via its 7” x 9” scope. It asks you 
just the right questions to give a smooth 
start to your research programme. 
Gives you the ability to interact 
at any stage. To alter parameters 
midway through a process. 


The PDP-12 comes from the 
computer company with the greatest 
experience in the research field. So the 
PDP-12 comes with a vast store of 
application programs. 


The PDP-12 is a complete laboratory 
system. All the necessary peripheral 
equipment—tike the ‘scope’, magnetic 
tape, analogue to digital converter, 
Teletype—are included in the system. 


The POP-12 has got major advances 
on its predecessor the LINC-8, too. 
Like full-buffered peripherals for more 
through-put. Greater speed. Greater 
power. 


The PDP-12 sounds like a very 
expensive computer ? Wrong. It's 
exactly a £14,000 computer. 


COMPUTERS: MODULES 


Digital Equipment Co. Limited 
Arkwright Road, Reading, Berks. 

Tel: (ORE 4) 85131 and 13 Upper 
Precinct, Walkden, Manchester. 

Tel: (061) 790 4591. 










Offices also in Paris, France M 
Cologne, Germany; Stoc. 
The Hague, Netherlands, Oslo, y 
Sydney and West Perth, Australia: 
Carleton Place, Toronto, Montreal and 
Edmonton, Alberta, Canada; and in 
principal cities of the USA. 
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Quantitative information on cell 
structures, fast, with the 
Barr & Stroud Integrating 
Microdensitometer GN2 
-in use all over the world 


Cells stained by the Feulgen method absorb light in 
direct proportion to their mass. By mechanically 
scanning the image of a stained specimen, and elec- 
tronically integrating the values for the whole image, 
an absolute measure of absorption in arbitrary units is 
obtained. Similar measurements 
can also be obtained on other 
cell properties. 











The Barr & Stroud Integrating Microdensitometer 
type GN2 has been designed to use this principle to 
provide quick, accurate, quantitative information on cell 
structures. It has gained wide acceptance throughout 
the world, particularly for Cancer research, where 
large numbers of specimens must be 
examined quickly. 


Write for pamphlet No. 1578/N 


BARR ANID 


STROUD 


BARR & STROUD LIMITED 
Anniesiand, Glasgow W.3. 

Tel: 041-954 9601 Telex: 778114 

Kinnaird House, 1 Pall Mall East, London SW1 
Tel: 01-930 1541 Telex: 261877 
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Nuclear Energ 


ALVIN M. WEINBERG 


Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 37830 


ENERGY is the ultimate raw material. By this I mean 
that energy can be exchanged for almost all the essential 
raw materials on which industrial society depends. 
Energy can be used to produce water—either by pumping 
from underground aquifers or from distant rivers, or 
by desalting the sea. 
electrons, as a primary reducing agent; in this sense it is 
a replacement for coke in the reduction of metallic ores. 
Energy can be used to produce hydrogen (by electrolysis 
of water), which in turn can be used as a reducing agent 
or can be converted into ammonia fertilizer. There is 
almost no fundamental heavy chemical process—-whether 
it involves digging. electrolysis. separation. pumping, 
or reduction—that cannot be performed if energy is 
available. 

The central role of energy as a sort of universal raw 
material was perhaps first stressed by H. G. Wells in his 
book The World Set Free: A Story of Mankind'. This 
remarkable book, written in 1914, foretold the discovery 
of nuclear energy (in the mid-1950s), and then prophesied 
that this discovery would release man from his age-old 





It can be used in the form of 
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and the Agro-indusitial Complex 


On November 12, 1968, Dr Weinberg spoke to the American Society 
of Agronomy, Special Program on Research with a Mission. This is 
what he said. 


dependence on scarce raw materials. The world would be 
set free, as Wells saw it, when man had at his disposal 
enough cheap energy to capitalize on the remarkable 
exchangeability of energy for most of the other essentials 
of life. 

Ever since the release of nuclear energy, speculations 
along the lines of Wells’ “world set free” have abounded. 
Until quite recently these speculations have been taken 
seriously only by their authors and possibly not even by 
them. But in the past three years certain new develop- 
ments in several interacting technologies have made 
Wells’ speculations seem much less unreal. This change 
has been articulated most clearly by R. Philip Hammond 
of Oak Ridge National Laboratory?. 

The first step has been the extraordinary advance in 
nuclear energy itself. Five years ago we were still 
wondering whether nuclear energy would ever be economi- 
cal in the United States. Today there are about a 
hundred nuclear power reactors operating, under con- 
struction. or on order. Their combined output is 
7x 10° kW, which is about 25 per cent of the total central 





Artist’s conception of a nuclear desalination station producing 10° gallons/day of fresh water and 5 x 10° kW of electrical power. 
large pipes carry seawater from a 1,000 foot long intake pool up to a multilevel flash evaporator, seven working stories high. 


between the evaporator and the reactors. 


Nine 
; q _, The 
domes in the background house three natural-uranium, heavy-water reactors; turbines and generators are located in the lor® building 


A “desert” area transformed by the fresh water appears in the left background. 
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station generating capacity of the United States. It is 
still a little early to say how successful all these plants 
will be; several of them have had severe breaking-in 
pains, But the general view is that these plants will 
eventually work well, and that they will meet the competi- 
tion from conventionally fuelled power plants. 

Size has been the key to the breakthrough in nuclear 
power, Nuclear power is cheaper in large plants than in 
small plants, and it is much cheaper in very large plants 
than in very small ones. The largest nuclear reactor now 
under construction will produce 1,129 MWe; 10 years ago 
we thought a nuclear reactor a quarter this size was very 
large indeed. Moreover, as the total use of energy in- 
creases, the acceptable upper limit to the size of a single 
energy source also increases. Nuclear reactors as large 
as 3,000-5,000 MWe are no longer fantastic dreams. 

Another reason for optimism about the long-term 
future of nuclear energy is the breeder reactor, which 
produces more fuel than it burns. The net cost of fuel in 
such a reactor should therefore be very small, or even 
negative, if enough additional fuel is produced. More- 
over, because even the very plentiful residual uranium and 
thorium in granites can be used in breeders, fuel for such 
reactors ought to be virtually inexhaustible. The com- 
bination of very large size, and the breeding principle, has 
led some forecasters to estimate that the future cost of 
nuclear power will be much lower than had hitherto been 
deemed possible. For breeders as large as 3,000 MWe, 
these estimates are as low as 2 mills/kWhe or less. Even at 
1,000 MWe and with nonbreeder reactors, the generating 
costs could be less than 4 mills/kWhe and. in certain 
special instances, less than 3 mills/kWhe. 


If Power were Cheap 


Technologists have never seriously asked themselves 
what they would do if they had really cheap and in- 
exhaustible electrical power that could be placed any- 
where. To what extent could energy then be exchanged 
for other basic materials? What other technologies are 
needed to make this exchange economically feasible ? 

Perhaps the most important of such technologies is that 
of desalting the sea. At Oak Ridge we have been work- 
ing on this problem for the past 5 years. To remove the 
35,000 p.p.m. of salt from seawater in a completely 
reversible manner requires about 3 kWh of work/1,000 
gallons. Thus even if energy costs as little as 2 mills/kWh, 
desalted water would still cost at least 0-6 ¢/1,000 gallons. 
Of course this theoretical minimum can never be reached. 
To achieve the energy minimum would require an infinitely 
expensive multiple-effect device; any simpler separation 
device would require more energy than the minimum. A 
balance must be struck between energy requirement and 
complexity of the separation machinery; as the one 
becomes less expensive, the other becomes more expensive. 

Hammond was the first to show how to capitalize on 
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evaporator, 


He argued that if energy were cheap enough, it might be 
economical to distil seawater in a way that wastes energy 
—-provided only that one uses a less complicated, and 
therefore cheaper, still. Moreover, if the entire process is 
done on a large enough scale, then the unit costs of the still 
will fall, much as they do in the case of nuclear reactors. 
Before these views were propounded, desalting had been 
considered practical only in relatively small installations, 
chiefly aboard ships. But now desalting must be examined 
as an alternative large-scale source of water. 

I shall not dwell on all the technological tricks that now 
convince us that very large-scale desalting plants, 
energized by the reject heat from nuclear-powered 
electric generating plants, make a surprising amount of 
long-range sense. These tricks include the use of advanced 
tube surfaces that can transfer four times as much heat 
per square foot as ordinary smooth tubes, or the treatment 
of water with CO, to prevent sealing, or the use of special 
titanium alloys to resist corrosion. The effect of all these 
advances has been to lower the estimated cost of desalted 
water from very large, publicly financed, dual purpose 
systems well below 20 c/1,000 gallons, as shown in Fig. 1. 

Desalting the sea with waste heat from an electrical 
power plant is only one example of how energy can be 
converted into another useful material. But this is only 
the beginning. At Oak Ridge during the past year we 
have studied other energy-intensive chemical processes, 
particularly those that could advantageously be clustered 
around large nuclear reactors. Such a cluster would 


this balance between cost of energy and cost of equipment. constitute a nuclear-powered industrial complex. In- 
Tabie 1. CROP WATER-YIELD RELATIONSHIPS 
Food value Efficiency of water use 
Crop type Crop Water use Yield {calories} (Pounds? (Calories/ (Gal. /2,500 
(in,) (gal. /acre) (pounds/acre) pound) 1,000 gal.) gal.) calories) 
x 108 x 108 x 10? 
Grain Wheat 20 543 8-0 14-8 (bl 16-4 152 
Sorghum 27-6 749 8-0 15-1 10-7 16-2 154 
Legume Peanuts 345 937 4-0 18-7 43 8-0 313 
Dry beans 20-6 559 3-0 15-4 54 8-3 302 
OW Safflower 33-4 907 4-0 14-2 44 6-2 404 
Soybeans 33-4 907 3-6 18-3 4-0 73 343 
Vegetables Potatoes 16 434 4R 2-79 111 81 81 
Tomatoes 19 516 60 0-95 116 11:0 227 
Citrus fruit Oranges 53-1 1,442 44 1:31 30-5 4-0 628 
e i 
Yi 4 1:75 (lint) , 
Fibre Cotton 34-5 937 {uy ge 4-9 (total) 
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dustrial complexes in which one process supplies raw 
materials for a companion process are by no means new. 
The huge SASOL complex near Johannesburg, South 
Africa, immediately comes to mind. Here very cheap 
coal is converted into liquid hydrocarbon, ammonia, 
plastics, wax, synthetic fibres, and other products. 

In a nuclear-powered complex, aluminum, ammonia, 
phosphorus, electrolytic hydrogen, caustic, chlorine and 
magnesium might be produced. The main inputs would 
be electrical energy (in contrast to coal at the Johannes- 
burg complex), seawater and, in the case of phosphorus 
and aluminum, phosphate rock and bauxite. The great 
advantage of complexing all these processes is that the 
electrical load is thereby built up to the point where the 
nuclear reactors are big enough to take advantage of the 
economy of scale. We have studied industrial complexes 
in which two nuclear reactors might produce as much as 
2,000 MWe. 


Desalted Water 


In several studies we tied a large desalting plant to the 
turbine exhaust. Depending on the size of the complex, 
and the cost of money, we estimate that water from 
such a complex might cost between 10 and 20 c/1,000 
gallons. 

As our study progressed, we began to inquire whether 
agriculture could be conducted economically with water 
that was this expensive. Water even at 10 c/1,000 gallons 


Table 2. COST DETAILS AND SENSITIVITY 

Far-term p 
Near-term Far-term technology, Sensi- 
technology, technology, partial steam tivity, t 


complex 1 wateronly,* bypass,t complex 
complex2 complex 2 
Desalted water produc- 
tion, Med 1,000 1,000 1,000 
Farm size, acres 320,000 320,000 320,000 
Reactor thermal power, 
MW 11,100 8,800 10,800 
Industrial electric power 
consumption, MWe 1,585 0 1,585 
Millions of dollars 
Investments§ 
Nuclear island 166 217 246 41% 
Turbine generator plant 120 20 83 120% 
Evaporator plant 403 279 279 40% 
Industrial complex 570 0 570 19% 
Farm 306 306 306 40% 
Working capital 79 28 65 
Harbour 35 30 35 
Town 32 14 32 
Fuel inventory T 141 174 72% 
Total 1,781 1,036 1,790 
Annual operating costs 
Power and water plant 47 21 16 130% 
Industrial complex 133 0 183 16% 
Farm 56 62 56 88%, 
Total 236 83 205 
Annual sales 
Fissile material 7 ik 15 140% 
Industrial products] 347 0 347 6% 
Farm products? 194 194 194 11% 
Total 548 205 556 
Income less expenses 312 122 351 
Internal rate of return, 
% /year 14-6 10-1 16-4 


* Only sufficient power is generated to operate reactor, evaporator, and 
farm; 85 per cent of prime steam is bypassed to evaporator plant. 


+ Evaporator operated using some bypass (25 per cent) of prime steam to 
achieve full water output of 1,000 Mgd with no excess (grid) power produced. 


t Percentage change required in the cost or income figure to cause a one 
percentage point change in the internal rate of return. 


$ Interest charges during construction are not included in the numbers 
listed but are allowed for in computing the internal rate of return. 


< Import price level used. 
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would ordinarily be considered too expensive for all but 
the most valuable crops. And yet, again as Hammond 
pointed out, there are certain elements in the use of de- 
salted water for irrigation that are new and may cast a 
different light on the picture. In the first place, desalted 
water is available all the year round and on demand: 
thus, if the climate is right, three crops a year can be 
grown. Second, the yield of a crop depends more strongly 
on the variety and the fertilizer it receives than on the 
amount of water applied to it, provided a certain minimum 
amount of water is used and is applied at the right time. 
Thus if the agriculture is conducted in a fully rational 
manner, then it might be possible to increase the specific 
yield per unit of water applied to the point where even 
water at 15-20 c/1,000 gallons could be tolerated. Our 
detailed studies have borne out this conjecture. Table 1 
shows water use rates for a coastal site in the South- 
eastern Mediterranean area, assuming an irrigation 
efficiency of 80 per cent. The yields assumed are those 
obtained regularly by the top 20 per cent of farmers in 
different production areas specializing in the various 
crops. The cost of wheat has also to be estimated as a 
function of the cost of water as shown in Fig. 2. I was 
astonished that in certain circumstances even wheat can 
be grown at competitive prices with water costing as much 
as 15 c/1,000 gallons. This is particularly true of the new 
varieties of wheat that yield rather routinely 6,000 
pounds/acre provided they are supplied with sufficient 
water and fertilizer. 

That agriculture based on distilled water is not out of 
the question seems to be accepted by at least some 
agronomists, notably those at the Rockefeller Foundation. 
And, indeed, in Israel there are plans for two experimental 
farms in the Negev where scientific agriculture based on 
distilled water is to be conducted. (I. Dostrovsky told the 
IAEE twelfth general conference last November aboute 
successful experiments in Israel in which the water require- 
ments have been cut by 50 per cent. The trick was to use 
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an automatic sensor that continuously measures the moist- 
ure content of the soil and to apply water only when the 
sensor determines that it is needed.) 

The result of our work has been the “nuclear-powered 
agro-industrial complex”: an integrated collection of 
heavy chemical industries clustered around nuclear 
reactors and desalting plants, and associated with a highly 
mechanized, scientific farm. The farm is so highly 
rationalized as to merit the name “food factory”. Such a 
complex is pictured in Fig. 3. T he balance sheets for three 
complexes are shown in Table 2. 

Balances for such large projects are notoriously difficult 
to strike. This is particularly true at this time, because 
costs have been escalating so fast; for example, pressur- 
ized water reactors which were estimated to cost $140/kW 
a few years ago are now estimated to cost $180/kW. We 
have therefore estimated the sensitivity of the internal 
rate of return of the project to the assumed prices and 
costs. Not surprisingly, we found the internal rate of 
return to be most sensitive to the prices that industrial 
products could command; a 6 per cent change in these 
prices changed the internal rate of return by 1 per cent. 
On the other hand, the return is relatively insensitive 
to the cost of the nuclear island; a change of 41 per cent 
in the latter changes the former by only 1 per cent. 

The nuclear powered agro-industrial complex is visual- 
ized by some of us at Oak Ridge as an instrument for social 
and economic improvement in underdeveloped countries, 
as well as being a means of providing more food for the 
world’s growing population. Our initial studies have been 
quite general, but we are now examining the possibilities 
of building complexes in such places as the Gujarat 
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Peninsula in India and the south-eastern rim of the 
Mediterranean, 

My intention in outlining our investigations of the 
nuclear powered agro-industrial complex is to show how 
we at Oak Ridge National Laboratory managed to mobilize 
and redeploy around a mission that required expertise in 
agriculture, in economics, even in political science and 
sociology--all areas that are outside our tradition as a 
National Atomic Energy Laboratory. 


Finding the Experts 

We set out to construct a complete agricultural and 
industrial society in microcosm: to brush off a piece of 
desert, and to place on it a new kind of agro-industrial 
society that is based on cheap, and ubiquitous, nuclear 
energy. Such an exercise obviously involves a great 
many experts: reactor engineers, desalting experts, 
economists, agronomists, chemical engineers, and so on. 
So the first task was to assemble a team who represented 
all these disciplines. 

In such a task an institution like ORNL possesses a 
great advantage. The Laboratory is so large, and so 
diversified, that, although the head of the project was 
brought from the Massachusetts Institute of Technology 
(Professor E. A. Mason, a nuclear chemical engineer), 
most of the people with the necessary skills were found 
within our organization. We had soil experts because we 
had been studying disposal of radioactive wastes into 
the earth. We had chemical engineers who had long 
experience in design and operation of radiochemical plants 
and who therefore felt very much at home in more con- 
ventional chemical engineering. We had several years of 
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Fig. 3. Nuclear-powered agro-industrial complex. An artist's conception of an agro-industrial complex stretching along the shore of a coastal desert. 


It produces and consumes 2,000 MW of electricity and 1,000,000,000 gallons of fresh water each day, using two large reactors for the energy source. 
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experience working on desalting. To be sure we were 
weak in economics and agronomy: but, having a nucleus 
and a logistic framework, as well as the excellent help of the 
Tennessee Valley Authority and the US Department of 
Agriculture, it was fairly easy to acquire the necessary 
expertise. 

he virtues of the large, multi-disciplinary research 
institute for studying such complicated matters as an 
agro-industrial complex seem obvious in retrospect. 
Problems of this sort transcend the usual disciplinary 
bounds. Only an interdisciplinary team that can be 
mobilized aggressively is able to handle agriculture, 
energy, economies, soils, sociology, and chemical engineer- 
ing. And the environment of the multi-disciplinary 
laboratory seems to me to be just right for this kind of 
activity. 

The power of the multi-disciplinary institution became 
evident in our studies of desalting the sea and of intensive 
agriculture. In desalting the sea there are two related 
problems: the development of desalting equipment, and 
the development of the energy source. Traditionally 
these two elements had been looked at separately: this 
separation was reflected in our governmental organization 
in Washington where the Office of Saline Water had 
no responsibility for energy, and the various energy 
agencies (Federal Power Commission, Atomic Energy 
Commission, Bureau of Mines) had no responsibility for 
desalting the sea. But the key to a productive approach 
to economic desalting of the sea lay in looking at the 
entire problem-—desalting plus energy—in an integrated 
way. ‘he energy source affects the optimum design of 
the still, and vice versa. The reactor design should be 
tailored to the desalting plant. the desalting plant to the 
reactor. Only in an institution that encompasses both 
energy and desalting could the problem be looked at from 
a sufficiently broad viewpoint. 

A similar relation between energy and agriculture may 
exist. This point has been stressed by Professor Perry 
R. Stout, Director of the Kearney Foundation of Soil 
Science at the University of California in Davis. Accord- 
ing to him, the essential input to mass production of grain 
is energy: for pumping, for producing fertilizer, for trans- 
porting the product to market, and so on. As he points 
out, availability of energy limits the agricultural output 
in many cases. He has applied these ideas to the growing 
of wheat in the Indo-Gangetic Plain. Here Stout en- 
visages a network of tube wells energized by electricity 
from nuclear reactors. The off-peak energy would be used 
for manufacturing ammonia. The Stout plan, when fully 
developed, could significantly increase the total food 
produced in India. But to work out the details of the 
scheme requires a team of experts, some of whom know 
energy intimately, others who know agriculture intimately, 
but both of whom work in daily contact with each other. 


Versatile Institutions Needed 

Here are two examples of a quite general phenomenon 
in government scientific bureaucracy. Missions are 
defined by the needs of the society, and these needs 
transcend the usual academic disciplines. But when the 
government mobilizes around missions, it tends to separate 
them into pieces—for example, to separate energy from 
desalting or to separate energy from agriculture—that 
conform to the bureaucratic interests of the various 
agencies that are involved. This often imposes on such 
enterprises a debilitating fragmentation: for complex 
missions cannot be accomplished effectively unless they 
are attacked coherently. But a coherent attack usually 
requires a spectrum of capabilities that are unavailable 
in a single government office. What are needed therefore 
are institutions that possess broad scientific capabilities 
as well as a commitment to apply these capabilities to 
accomplish missions. 

The Atomic Energy Commission laboratories are 
examples of such institutions. They probably span the 
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widest range of scientific interests within the government, 
They are the only government laboratories at which a 
microbiologist works next to a mechanical engineer, a 
nuclear physicist next to a plant ecologist, a mathe- 
matician next to a metallurgist. This diversity is only one 
of the reasons such institutions can address themselves so 
aggressively to new missions that transcend disciplinary 
lines. Universities, atter all, represent much the same 
sort of disciplinary diversity. The large laboratories differ 
from the universities in their commitment as institutions 
to solving problems, to accomplishing missions. Team 
play is the mode in the laboratories; it is the exception 
in the universities. 

Because of these characteristics the large laboratories 
can reintegrate at the working level the piecemeal 
approaches that stem from the fragmented bureaucratic 
entities of the government. This ability to reimpose a 
coherence of approach, a reintegration at the working 
level, is one of the most important assets of the large, 
diversified laboratories. 

I have tried to show how the atomic energy community 
do “research with a mission” by citing our experience 
in designing nuclear-powered agro-industrial complexes. 
Nevertheless, I am impressed with the power of the big 
diversified laboratories for getting on with jobs of this 
sort. And if I were to advise the community of agrono- 
mists how to do “research with a mission”, I would 
emphasize the key role of the large highly diversified 
research institution. It is only in such institutions that 
the precious coherence of approach is possible; only in 
them can missions be accomplished as a whole rather than 
piecemeal and in fragments. The primary step is therefore 
to establish laboratories of super-critical size that possess 
sufficient diversity of talent to conduct all relevant 
elements of the research. 

These views are not new or original. They were 
articulated clearly in the NAS report Applied Science and 
Technological Progress’. The preface to this report says 
“*... the most important invention in the pursuit of 
modern (as opposed to older) applied science is the big 
mission-oriented industrial or government laboratory. 
In fact, modern applied science ean hardly be discussed 
without reference to these homes of applicable science. 
These institutions derive their power from three sources: 
(1) their interdisciplinarity and the close interaction 
between basic research and application; (2) their 
methodology for precipitating and organizing coherent 
effort around big problems; (3) their ability to adapt 
their goals to the requirements of their sponsors”. 

Is it possible that agricultural research institutions do 
not characteristically cover as wide a span of scientific 
specialities as are envisaged in the NAS report or as might 
be desirable in this stage of rapidly changing technology ? 
Is it possible that at least some of the large agriculture 
laboratories ought to acquire competence in the field of 
energy, since the connexion between energy and agri- 
culture is so much deeper and more fundamental than 
tradition has held it to be? I hesitate to suggest this, for 
I know so little about agricultural research or for that 
matter about agriculture. If the large agricultural 
research institutions are already sufficiently diversified, 
then what I have said can be ignored. On the other hand, 
if big agricultural laboratories can be improved by giving 
them a wider scientific and technical outlook, then our 
experiences at Oak Ridge will be useful. Feeding the 
world’s growing millions is far too important to let a 
possible belabouring of the obvious stand in the way of 
getting on with the job as efficiently as is humanly possible. 








1 Wells, H. G., The World Set Free: A Story of Mankind (Dutton, New York, 
1914). 


? Hammond, R. P., Sci. J., 5, 34 (1968). 

3 Lane, J. A., Rationale for Low Cost Nuclear Heat and Electricity (Oak Ridge 
National Laboratory, Augest 1968). 

4 Applied Science and Technological Progress, A Report to the Committee on 
Science and Astronauties by the National Acadgmy of Sciences (US 
Government Printing Office, Washington, 1967). 
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Hopewell Indian Burial Mounds 
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THERE is considerable evidence for the use of meteoritic 
iron in primitive cultures!, the Hopewell culture having 
left the most remarkable record of such use by Indians on 
the North American continent. About 1,600 g of unoxid- 
ized pallasitic material was discovered in investigations 
of the Turner Mound, near Anderson, Ohio®*. (It is 
unfortunate that the meteorite name, Anderson‘, is not 
the same as the burial archaeological name of the mound.) 
About 200 g of material classified as a medium octahedrite 
was unearthed in the Hopewell Mound group’. (These 
mounds provide the name for the entire Hopewell culture.) 
The sectioning of metallic beads found in the Havana, 
Ilinois, Mound No. 9 shows a Widmanstätten pattern 
corresponding to a medium octahedrite*. Reports of 
oxidized iron assumed to have been meteoritic have been 
made for a number of other Hopewellian sites’. 

Various pallasitic sources for the Anderson material 
have been proposed. Early suggestions were the nearby 
Eagle Station, Kentucky, pallasite*, and the Siberian 
mass recovered at Krasnojarsk by Pallas’. Later investi- 
gators ruled out the former source because of structural 
dissimilarities and the latter source because of its remote- 
ness, and indicated that both structural and chemical 
evidence favoured the Brenham, Kansas, pallasite?®, 
in spite of the 1,400 km separation from the discovery 
site. The Hopewellian burials include objects which 
originated at even greater distances, such as obsidian 
from the Yellowstone area and conch shells from the Gulf 
of Mexico!. 

We chose to reinvestigate the meteorites from the 
Hopewellian burials, partly because more than 50 yr have 
passed since the last investigation!? and partly because 
of our success in applying trace element techniques to 
the identification of related meteorites in northern 
Chile? and Arizona’. The latter study included the 
application of trace element techniques to prehistoric 
New World archaeology and we were able to identify the 
mass from the Camp Verde dwellings as a fragment of 
the Canyon Diablo iron meteorite. The Bloody Basin 
iron, which we also linked with Canyon Diablo, is now 
also known to have been found in an Indian dwelling. 
It seemed of archaeological interest to determine whether 
the Anderson and Hopewell Mounds meteorites were 
related to each other—a theory rejected by Farrington’ 
chiefly because of H. W. Nichols’s very low nickel value 
of 4-64 per cent in Hopewell Mounds—and whether they 
were related to any other North American iron meteorite 
or pallasite. This information would provide further 
evidence regarding the geographical extent of the Hope- 
wellian trading area, and would also be of interest for more 
detailed investigations of these types of meteorites. 

So far we have determined Ni, Ga, Ge and Ir in more 
than 300 iron meteorites and in thirteen pallasites (in 
addition to the burial mound objects) including ten out of 
eighteen known North American pallasites. The eight 
objects which were not studied were Argonia, Cold Bay, 
Giroux, Phillips County, Pojoaque, Port Orford, Somer- 
vile County and Sterling. The recovered masses of 
each of these objects were small (less than 40 kg)—but 
there is reason to believe that at least three of them 
(Argonia, Pojoaque and Port Orford) are fragments of 
pallasites which were included in our study. We deter- 


Reinvestigation of the Hopewell burial mounds has indicated the 
remarkable trading area of the Hopwellian people. 


mine nickel by atomic absorption, and Ga, Ge and Ir 
by neutron activation. Ninety-five per cent coufidence 
limits are about 4, 8, 8 and 15 per cent for Ni, Ga, Ge and 
Ir respectively in pallasites, which is about twice as large 
as the error limits for most iron meteorites we have 
studied. All elements have been determined simultane- 
ously in the same samples, and meteorites are activated 
in the same irradiation to avoid the effect of systematic 
errors specific to any one particular irradiation. 

Most irons tend to have compositions which fall within 
limited ranges and this is the basis for the chemical classi- 
fication of these objects. Compositional data of reasonable 
precision allow easy resolution of objects belonging to 
different chemical classes. Furthermore, our data are 
sufficient to resolve each object within a given class from 
90 per cent or more of the other objects within the same 
class. This is the basis of our previous investigations of 
possibly related meteorites from limited geographical areas. 

The metallie portions of the pallasites appear to repre- 
sent a single chemical group, which may be related to the 
meteorites of chemical group 111A (ref. 15). The pallasitic 
group is remarkably heterogeneous, however, and unusu- 
ally large variations are found in the concentrations of 
each element as follows: Ni, 8-15 per cent; Ga, 4-25 
p.p.m.; Ge, 10-80 p.p.m.; Ir, 0014-10 ppm. No 
chemical group of iron meteorites exhibits such varia- 
tions, and there is some doubt that these objects should be 
designated as a single genetic group. This heterogencity, 
however, makes it especially likely that the burial mound 
pallasites can be identified with one of the known American 
pallasite falls. 

Fig. 1 shows the macrostructure of the Anderson and 
Brenham pallasites. Both objects consist of roughly 
equal portions of olivine and metal, although some 
specimens of Brenham show metallic veins tens of centi- 
metres across. The olivine nodules are typically about 
1 em in diameter and have rounded outlines; the metal 
occupies the interstices between olivine nodules. Minor 
phases are troilite, which is quite abundant in this Bren- 
ham section; schreibersite, which is especially abundant, 
in Anderson and surrounds many of the olivine nodules; 
chromite; and some phosphate minerals*, 

Fig. 2 shows the microstructure of the Hopewell Mounds 
meteorite. The structure is very similar to that observed 
in metallic veins of Brenham. The macrostructures of 
both objects (as well as of other metallic veins in palla- 
sites such as Glorieta Mountain) are similar in showing 
kamacite bands which decrease monotonically in width 
from the primary set of bands to the centre of plessite 
areas, a structure seen very rarely in iron meteorites. The 
broad curved kamacite bands shown in Figs. 5 and 6 of 
Farrington’s article were probably swathing olivine nodules 
which have fallen out, rather than showing the results of 
cold working, as Farrington suggests’. E. Olsen of the 
Field Museum of Natural History reports privately that 
he has actually observed olivine nodules on the main 
mass of Hopewell Mounds. 

Table 1 lists the concentrations of Ni, Ga, Ge and Ir in 
the two burial mound objects, in ten other North American 
pallasites, and in three pallasites from other continents. 
The reported values are the means of duplicate deterrnina- 
tions. Anderson and Hopewell Mounds are found to be 
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Fig.l. Polished and etched sections of the Anderson (a) and Brenham (b) 
pallasites, Note that the shapes of the olivine nodules and the relative 
amounts of metal and olivine in the two sections are quite similar. These 


two factors show considerable variation within the pallasit 





identical within experimental error, and we therefore 
conclude that these are fragments of the same fall. The 
alternative explanation that the Hopewellian people had 
access to two distinct falls with identical compositions 
seems statistically remote considering the large variations 
in the compositions of pallasites. 

The compositions of the burial mound pallasites are 
more like that of Brenham than that of any other pallasite 
which we have investigated, Among the North American 
pallasites the next most similar are Ahumada and Mount 
Vernon, but the Ge contents of each of these objects are 
some 20 per cent lower, the Ni concentration of Ahumada 
is 20 per cent lower, and the Ir concentration of Mount 
Vernon is a factor of three higher than those of the burial 
mound objects. Eagle Station is similar to the Hope- 
wellian meteorites only in Ge concent ration, and is 


Table 1. MBAN CONCENTRATIONS OF Ni, Ga, Ge, AND If IN PALLASITIC 
METEORITES FROM HOPEWELL INDIAN BURIAL MOUNDS, OTHER NORTH 
AMERICAN SITES, AND THREE OTHER LOCATIONS 








Pallasite Ni (%) Ga (p.p.m) Ge(p.p.m.) Ir (p.p.m.) 
Anderson 113 24-8 65-6 0-045 
Hopewell Mounds 10-6 240 61:8 0-049* 
Admire 10-7 20-3 0-017* 
Ahumada 8-0 214 0-057 
Albin 10-4 16-8 0-015 
Brenham 10-6 26+] 0-037 
Eagle Station 154 454 10-0 
Glorieta Min 12-0 132 6-014 
Mount Vernon 15 21-5 0-14 
Newport 10:7 17-6 0-16 
South Bend 9-6 21-2 0-055 
Springwater 12:6 14-8 0-069 
Finmarken 10-7 18-7 1-8 
Imilac 9-9 24-1 0-071 
Krasnojarsk 8-9 22-0 O18 





* The relative errors in these values may be as high as + 40 per cent. 
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otherwise so widely variant in composition from all other 
pallasites as to deserve a special classification. The rather 
remote possibility that Krasnojarsk (Siberia) was the 
source is ruled out by the low Ni and high Ir concentration 
of this object. 

Buseck and Goldstein (ref. 17 and unpublished work) 
have made microprobe analyses of the composition of the 
olivine in pallasites, which provide information in addition 
to our data on the metallic portion of these objects. For 
example, they report Fe concentrations in the olivines 
of Anderson, Ahumada, Brenham, Eagle Station, Krasno- 
jarsk and Mount Vernon of 9-25, 8-84, 9-34, 14-9, 9-25 
and 8-97 weight per cent respectively, with quoted errors 
ranging between 0:1 and 0-5 per cent (latter value for 
Anderson). These data also rule out Eagle Station as a 
source, and indicate a great similarity between Anderson, 
Krasnojarsk and Brenham. 

The metallic portions of Anderson and Hopewell Mounds 
differ from Brenham chiefly as a result of their Ga and Ge 
concentrations being about 10 per cent lower than that 
of the latter object. The three objects were irradiated 
together and we are unable to find any experimental 
reason for the systematic differences. As a result, we do 
not feel that the compositional data alone confirm the 
assignment of these fragments to the Brenham fall. We 
do believe, however, that the only alternative to such a 
source would be a pallasite which was not included in our 
study, and which probably is not represented in museum 
collections except as material buried in the Hopewellian 
Mounds. Even so, it is interesting that the composition 
of this material should have been so close to that of 
Brenham, which is perhaps the largest pallasite that has 
fallen within the past few millenia, The amount of 
material (including oxidized fragments) which has been 
removed from the Brenham field in historical times is 
about 4-5 tons!*, and the material available at the time 
of the Hopewellian burials some 1,500 yr ago must have 
been several times greater. 

On the basis of this additional line of argument, we 
conclude that the Hopewellian pallasites are fragments 
from the Brenham fall. Thus we have one more piece of 
evidence of the remarkable trading perimeter of the 
Hopewellian people, and it has been proposed that the 
Rocky Mountain obsidian was brought to the Ohio 
Valley along the Missouri and Mississippi Rivers", The 
Brenham site is about 25 miles south of the Arkansas 


River in south central Kansas, and it is interesting to 





mm 


Fig. 2. Photomicrograph of the Hopewell Mounds pallasite. The 
observed structure is similar to that found in metgllie veins of the 
Brenham pallasite. 
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speculate that transport along the Arkansas and up the 
Mississippi may have been an important meteoritic trade 
route. 

We thank C. Frondel and E. Olsen for samples of the 
burial mound pallasites and L. W. Dennis, S. Moissidis 
and J. A. Schwartz for experimental assistance We also 
thank V. F. Buchwald, P. R. Buseck, J. I. Goldstein and 
J. N. Hill for their help. This work was supported in 
part by a UCLA research grant, a grant from the National 
Science Foundation and a NASA contract. 
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Chemical Structure of Bacterial Penicillinases 


by 
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Tue bacterial penicillinases’ (penicillin-amido-8-lactam 
hydrolase, E.C.3.5.2.6) are enzymes that destroy penicillins 
by hydrolysis. Traces of enzyme activity have been 
detected in cultures of many different bacteria, but only 
rarely at high levels. Some Gram-positive bacteria, for 
example, strains of Bacillus cereus, B. licheniformis and 
Staphylococcus aureus, are able to produce very large 
amounts of the enzyme on induction, and some Gram- 
negative enterobacteria can also produce large amounts. 

Svolution of penicillinases has been the subject of 
speculation’, The enzyme certainly confers penicillin 
resistance on populations of bacilli or staphylococci, but 
resistance has not been acquired recently; penicillinases 
have been detected in bacilli and staphylococci isolated 
before the days of penicillin chemotherapy’. Bacilli 
and some of the moulds that can produce penicillins in- 
habit the soil, but it has not yet been shown that these 
antibiotics act as selective agents in the microecology of 
the soil. Staphylococci are not soil bacteria, but may come 
into contact with penicillin when they are present on 
animal surfaces also inhabited by pathogenic fungi such 
as Trichophyton‘, 

The enzyme and chemical properties of the penicillinases 
from B. cereus, B. licheniformis and S. aureus have been 
extensively investigated'. The enzymes have similar 
molecular weights, and similar enzyme properties, but the 
gross chemical properties such as isoelectric point and 
amino-acid composition (Table 1) are very different. We 
report here our studies of the amino-acid sequence of 
penicillinases from representative strains of S. aureus 
and B. licheniformis. 

Richmond’ purified the extracellular magnoconstitutive 
penicillinase from S. aureus PCI and determined its amino- 
acid composition, molecular weight and other properties. 
We have purified this enzyme by a modification of the 
original method, involving adsorption on to cellulose 
phosphate, elution with 4 M ammonium sulphate, pH 7:5 
and gel-filtration on ‘Sephadex G-100’, with overall yields 
of up to 20 mg/l. culture. We have determined the amino- 

eacid sequence by the characterization of the peptides 
produced by digestion of the protein with trypsin, chymo- 
trypsin or pepsin using methods described previously*’. 


Analysis of amino-acid sequence shows a genetic relationship 
between bacterial genera. 


The protein is very rich in lysine (43 out of 257 residues), 
and about sixty different tryptic peptides are produced and 
have been isolated and analysed, as compared with only 
about forty-five peptides from chymotryptic or peptic 
digests. The block sequence of the molecule was first de- 
duced from the overlapping of these enzyme peptides, but 
has been confirmed by fractionation of the products of 
cyanogen bromide cleavage? of the protein which yields 
three large fragments (of ninety-four, eighty-four and 
seventy-six residues) and a tripeptide. The large frag- 
ments were too similar in size to be adequately separated 
by gel-filtration, but were resolved by ion-exchange 
chromatography in 8 M urea solution on carboxymethyl- 
cellulose. The fragments were characterized by amino- 
acid and terminal group analysis and by isolation and 
identification of the peptides produced from each by 
tryptic digestion. Formal proof that the protein studied 
was the penicillinase was obtained by characterizing the 
amino-acid lesions in material isolated from cultures of 
artificially induced mutants in which the penicillinase 
activity is altered (M. H. Richmond and R. P. A., unpub- 
lished results). 
Table 1. AMINO-ACIÐ COMPOSITIONS OF PENICILLINASES 


Staphylococcus Bacillus 
aureus licheniformis 
PCI 749/C 

Glycine 12 16 
Alanine 18 26 
Valine 16 17 
Leucine 22 27 
Isoleucine 19 15 
Serine 19 12 
Threonine 13 21 
Aspartic acid* 39 38 
Glutamic acid* 18 30 
Phenylalanine 7 7 
Tyrosine 13 6 
‘Tryptophan — 3 
Cyst(e)ine — as 
Methionine 3 5 
Proline 9 12 
Lysine 43 24 
Histidine 2 1 
Arginine 4 15 

Total 257 275 


* Values include asparagine and glutamine. 

The values for the S. aureus protein are taken from the sequence (Fig. 1). 
The values for the B. licheniformis enzyme are based on amino-acid analysis 
of the whole protein. The total number of residues in the B. licheniformis 
sequence would be 267 if all the gaps shown in Fig. 1 were just filled. 
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The sequence of the magnoconstitutive penicillinase 
from B. licheniformis 749/C is also being investigated. The 
organism was grown with high aeration in a medium based 
on monosodium glutamate (4 per cent w/v), and vields of 
up to 20 mg of enzyme/l. culture have been obtained 
(Collins, Hughes, Meadway, Shah and Thompson, un- 
published). Using developments of the method of Pollock® 
we have purified both the penicillinase released into the 
culture medium (the extracellular enzyme) and that 
released from the cells by treatment with trypsin (‘‘cell- 
bound” enzyme). Differences between these forms are 
extremely small, and can be completely explained by 
“ragged ends” at the N-terminus, presumably caused by 
the differences in method of release. The enzyme liberated 
from cells by trypsin has the threonine residue 2 (Fig. 1) 
as N-terminus, whereas the extracellular enzyme is a 
mixture of two forms, one with lysine (residue 1) and 
the other with glutamic acid {residue 3) as N-terminus. 
Peptides corresponding to about 90 per cent of the 
molecule have been characterized, and their sequences 
linked together to form five large fragments (Fig. 1). 

No similarities between the S. aureus and the B. 
licheniformis proteins were detected on peptide maps, and 
so the proteins were treated as completely different 
amino-acid sequences. When the sequence of the 
staphylococcal enzyme was known, and the information 
about the B. licheniformis protein had nearly reached the 
stage shown in Fig. 1, we tried to match the two sequences. 
By inspection, positions of match were chosen for each of 
the five B. licheniformis fragments, and we have sub- 
sequently used a programmed computer to search for 
other matching positions and to assess the significance of 
the matches chosen. 

For four of the fragments (LA, LB, LC, LE, Fig. 1) the 
positions chosen gave the best possible matches of any 
on the S. aureus sequence. The matches were also 
highly significantly better than the best expected if 
random sequences of the same composition were matched 
(Table 2). The distribution of the number of matches at 
each of the other possible positions followed the binomial 
distribution expected for the matching of random 
sequences. The fifth fragment (LD, Fig. 1), which forms 
the N-terminus of the B. licheniformis protein, does not 
match any better with any part of the staphylococcal 
sequence than the best match with a random sequence of 
the same composition. When the computer program was 
altered to consider “conservative substitutions’ 2 as well 
as identical matches, the best matched position for frag- 
ment D was as shown in Fig. 1, but the match was not 
significantly better than the best expected from a random 
sequence. Table 2 shows the significance of the match of 
each fragment when the similarity was first determined, 
and also the very much greater significance of the matching 
at the present stage of the investigation. We recommend 
the use of the computer technique early in the investigation 
of the structure of a protein if any sequences which may be 
homologous are already known. 

In the positions of best match, none of the fragments 
overlap, except fragments LE and LB which share a 
lysine residue. Fragments LD and LC abut directly, and 


Table 2, 
Stage 1 
Maximum Matches 
Fragment Length of possible at chosen P 
fragment mateh position 
LA 34 32 12 17x10 
LB 130 78 29 1:5 x 10-1 
LC 27 21 il 3 x 10-6 
LD 22 22 4 1% 
LE 35 28 il 7x 104 


25 


the N and C-termini of the whole molecule ace in the right 
places. The B. licheniformis protein is a few residues 
longer at each end. 

The amino-acid analysis data on B. licheniformis 
penicillinase suggest that there are only about twenty 
residues not accounted for in the fragments shown in Fig. 1 
and these would just fill the predicted gaps, with a need 
for very few insertions or deletions in the whole alignment. 
Both gaps coincide with runs of hydrophobic residues in 
the S. aureus sequence, which formed tryptic ‘“‘core”’ 
peptides in the S. aureus protein and were particularly 
difficult to obtain. The nature of the missing residues in 
the B. licheniformis protein is consistent with the gaps 
being the result of the same technical difficulties. 

Few convincing attempts have been made to interrelate 
bacterial genera, or to produce phylogenetic trees that 
inelude both Bacillus and Staphylococcus. The DNA base 
ratios of the organisms, a property that has sometimes 
revealed a clear difference between species that had been 
classed together, are fairly similar (B. licheniformis 
42 per cent G +C, S. aureus 32 per cent G+ Cy), 

The similarity in the amino-acid sequences of the two 
penicillinases has several possible explanations. 

(1) Penicillinase first evolved in an ancestor common 
to both staphylococci and bacilli. The penicillinase gene 
has been lost from most of the descendants, but still 
survives in recognizably homologous form in S. aureus and 
B. licheniformis. 

(2) An enzyme with penicillinase activity has evolved 
on at least two independent occasions from an enzyme 
with a different activity (say, cell wall mucopeptide 
synthesis’), The precursor enzyme would be present in 
all Gram-positive bacteria, and for the purpose of this 
hypothesis would need to have a highly conserved struc- 
ture. 


(3) The penicillinase gene evolved in one or other of 
the genera subsequent to their divergence, and has reached 
the other genus by some process such as inter-generie 
transduction or transformation, 


(4) The two penicillinases have evolved quite inde- 
pendently, and the similarity in amino-acid sequence is 
a result of analogy rather than homology. 

We believe that this fourth possibility is statistically 
so unlikely that it can be discounted. At present there is 
little evidence to help choose between the other three 
hypotheses. The penicillinase gene in S. aureus PC] is in 
an extrachromosomal plasmid”, and in B. licheniformis 
749/C seems to be very near the end of an apparently linear 
chromosome (D. Sherratt and J. F. Collins, personal 
communication). These observations can be interpreted as 
evidence for the third hypothesis, indicating that in both 
organisms the gene has arrived so recently that it has not 
been totally incorporated into the chromosome. Further 
comparisons between the amino-acid sequences of other 
proteins common to both organisms are needed, however, 
before a firm choice can be made between the hypotheses. 

Existing evidence (Fig. 1) suggests that when the 
complete amino-acid sequence of the B. licheniformis 
protein is known, about 40 per cent of the residues will be 


MATCHING OF SEQUENCES OF FRAGMENTS FROM Bacillus licheniformis PENICILLINASE WITH THE SEQUENCE OF Staphylococeus aureus PENICILLINASE 


Stage 2 
Maximum Matches 
Length of possible at chosen P 
fragment match position 
34 32 12 1-7 x 10-3 
128 94 34 3x 10-1 
27 27 l4 2x 10-3 
22 22 4 1% 
35 30 11 12x10 


Matches and probabilities are shown for two stages in the investigation: at stage 1 the general sequence similarity was first noticed, and stage 2 


represents the present state of work. 
that have been completely placed into sequence. 


For fragment LA and so on, see Fig. 1. 


The “maximum possible match” is the number of residues in each fragment 


The “matches at chosen position” are the number of residues in the fragment that are identical to the 


corresponding residue in the S. aureus protein when the sequences are arranged as shown in Fig, 1. For all fragments except LD, the position shown gives 


many more matches than any other. 


P is the probability that a match at least as good as that chosen would occur if the fragments had the same compositions 


but random sequences. Values of P were calculated from amino-acid compositions, and checked by trial matching of random sequences, 


* When “congervative replacements” 


contains the N-terminus of the B. licheniformis protein. 


of amino-acids’? were allowed to count towards matching, 
place on the S. aureus sequence by chance as well as or better than at the chosen position was 0-12. 


es 
the probability of fragment LD matching at any 
Direct experiments have shewn that this fragment 
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1 2 3 4 5 6 7 8 9 10 i 12 13 14 15 16 17 18 19 20 21 22 23 24 
Lys- Glu- Leu- Asn- Asp- LEU- GLU- Lys- Lys- Tyre Asn- ALA- His- Ile- GLY- Val- Tyr- ALA- LEU- 
LD 
ws. Thre Glu- Met- Lys- Asp- Asp- Phe- Ala- Lys- Leu- Glu- Glu- Gin- Phe- Asp- Ala- Lys- Leu- Gly- He- Phe K Te 
a- Leu- 
26 27 28 29 30 31 32 33 34 35 36 87 38 39 40 41 42 43 44 45 46 47 48 49 
EHR- Lys- Ser- Gly- Lys- Glu- VAL- Lys- Phe- Asn- Ser- ASP- Lys- ARG- PHE- ALA- Tyr- ALA- SER- THR- Ser- LYS- ALA- Ne- 
LC 
Ehr- Giy- Thr- Asn- Arg- Thr- Val- Ala- Tyr- Arg- Pro- Asp- Glu- Arg- Phe- Ala- Phe- Ala- Ser- Thr- He- Lys- Ala- Leu 
: 51 52 53 54 55 56 57 58 59 60 61 62 63 BA 65 66 67 68 69 70 71 72 73 T4 
ler Ala- Ie- Leu- Leu- Gh- Gin- Vale Pro- Tyr- Asn- Lys- Leu- Asn- Lys- Lys- Val His- Ie- Asn- Lys- ASP- ASP- ile- 
LE 
; Lys- Ser- He (Gix, Gix, Asx, Asx, Len) Arg- Ile- Thre Tyr- Thr- Arg- Asp- Aspe Asn- 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 
Mia- TYR- Ser- PRO- ILE- Leu- GLU- LYS- Tyr- VAL- Gly- Lys- Asp- He- THR- LEU- LYS- Ala- LEU- He- Glu- Ala- Ser- Met- 
LE 
Tyr- Asn- Pro- Ie- Thr- Glu- Lys- His- Val- Asp- Thr- Gly- Met- Thr- Leu- Lys 
Lys- Glu- Lew Ala (Asp, Ala, Ser) Leu- 
401 102 103 104 105 106 107 108 109 110 111 112 113 1l4 115 118 117 118 119 120 121 122 123 124 
TYR- SER- Asp- Asn- Thr- ALA- Asn- ASN- Lys- ILE- Ie- LYS- Glu- ILE- GLY- GLY- Ie- Lys- Val- Lys LYS- Gin- Arg LEU- 
LB 
Ser (Asp, Asn) Ala- Ala- Gim- Asn- Leu- Ile- Leu- Lys- Gin- Ie- Gly- Gly- Glu (Ser, Pro) Lew Lys- Lys- Gh Leu- 
127 128 129 1830 131 132 183 134 135 186 137 138 139 140 141 142 143 1H 145 146 147 148 149 
Lew- GLY- ASP- Lys- VAL- Thr- Asn- Pro- Val- ARG- Tyr- GLU- Ile- GLU- LEU- Asn- Tyr- Tyr- Ser- Pro- Lys- Ser- Lys- 
LB 
Ile- Gly- Asp- Glu- Val (Thr, Asx, Pro, Gix) Arg- Phe- Glu- Pro- Glu- Leu- Gin- Glu- Val (Gly, Pro, Thr, Glx, Asx, 
152 153 154 155 158 157 158 159 160 18l 162 163 164 165 166 167 188 169 170 171 172 173 OTA 
THR- Ser- Thr- Pro- Ala- ALA- Phe- Gly- Lys- Thr- LEU- Asn- Lys- Leu- Ile- Ala- Asn- Gly- LYS- LEU- Ser- Lys- GLU- 
LB 
Thr (Thr, Ser) Ala- Arg- Ala- Leu- Val- Thr- Ser- Len- Arg- Ala- Phe- Ala- Leu- Glu- Asp- Lys- Len- Pro- Ser Ghi- 
177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 108 199 
Lys- Phe- LEU- Leu- ASP- Leu- MET- Leu- Asn- Asn- Lys- Ser- Gly- Asp- Thr- LEU- ILE- Lys- Asp- GLY- Val- Pro- Lys- 
LB 
Glu- Leu- Leu- Ie- Asp- Trp- Met- Lys- -Arg- Asp (Thr, Thr, Ala- Gly, Asn) Len- He- Arg- Ala- Giy (Asp, Glu, Pro, 
202 203 204 205 206 207 208 209 210 214 212 213 214 B15 216 217 218 219 220 221 222 223 224 
Lys- Val- Ala- ASP- LYS- Ser- GLY- Gln- ALA- He- Thr- Tyr- Ala- Ser- Arg- Asn- Asp- Val- Ala- Phe- Val- fyr Pro- 
LB 
Ala, Val, Val) Asp Lys- Thr- Gly- Ala- Ala- Ser- Tyr- Gly- Thr- Arg- Asn- Asp- Te- Ala 
297 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 O44 24h 246 247 248 249 
Gin. Ser- Glu- Pro- He- Val- Leu- Val- He- Phe- Thr- Asn- Lys- ASP- Asn- Lys- Ser- Asp- LYS Pro- Asm ASP- LYS- 
LA 
Ala- Val- Leu- Ser- Ser- Arg- Asp (Ala, Lys, Asp, Lys) Lys- Tyr- Asp- Asp- Lys- 
252 253 254 255 2586 257 258 259 260 261 262 263 264 265 266 287 
Ser- GLU- Thr- Ala- LYS- Ser- VAL- MET- LYS- Glu- Phe 
LA 
Aa- Glu- Ala- Thr- Lys- Vab Val Met- Lys- Ala- Leu- Asn- Met- Asn- Gly- Lys 






quences of five fragments from Bacillus licheniformis 749/C penicillinase (LA-LE). 


211, the mateh in the region 213-218 would be much better. 


identical with those in the S. aureus protein, and that 
extremely few deletions or insertions will need to be postu- 
lated to get the best match. This is a greater difference 
than between the most divergent “higher organism” 
cytochrome c (54 per cent identity between vertebrates and 
the yeast Candida krusei), but less difference than between 
myoglobin and any haemoglobin chain*. There is little 
evidence yet available for amino-acid sequence differences 
in bacteria, but 70 per cent similarities are found between 
the azurins from different genera and between the 
subtilisins from different strains of B. subtilis’. The 
scarcity of deletions or insertions between the pen icillinases 
is also in accord with results with the other bacterial 
systems!*-15 and markedly different from the observations 
for proteins from metazoa’®. 
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ig. 1. Amino-acid sequences from penicillinases. The top line of amino-acids shows the sequence of Staphylococcus aureus 

+ Residues in the S. aureus sequence 

dues in the B. licheniformis sequence are shown in capitals, If there were a single amino-acid deletion in the sequence of the B. licheniformis pro 

There is direct one that LD contains 
protein. 
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THE action of high power laser pulses on metal surfaces 
has been described! and attributed (unpublished results 
of T.J. B.) to the formation of a hot plasma cloud next 
to the surface and the subsequent development of a 
system of unipolar ares? at cathode spots? on the metal 
surface. This leaves characteristic arc pitting or cratering 
marks, the appearance of which is virtually identical to 
that of the craters formed on electrodes by a single high 
voltage breakdown pulse’, and the mechanism of the 
formation of each may be the same. Maskrey* has re- 
ported the similarity between vacuum breakdown damage 
and that caused by unipolar are formation on metal 
probes. 

The miecrocratering caused by Q-switehed (or giant) 
laser pulses occurs for all metals and for those semi- 
conductors with small characteristic absorption length 
(for example, Si and Ge). An investigation into the 
effect of giant pulses on the refractory metal earbides—a 
group of compounds which have many metallie pro- 
perties—-showed that although microcratering does occur 
at sufficiently high intensities, an unusual effect occurs 
below the microcratering threshold ; thin rectangular 
strips of material fracture and peel away from the surface 
as shown in Figs. L and 2. Fig. 2 shows the effect on a 
cleavage face of titanium carbide and the strip dimensions 
here are typically 100 um x 10 um x05 um (with faces 
(100) and edges <100>). 

Sarface layer fracturing has been observed in many 
compounds, but apart from confirming the existence of 
the effect in these materials, the work reported here was 
chiefly confined to single crystals of TiC with a cleaved 
(100) face exposed to the beam. The experiments were 












Fig, 1. 
TIC. At points such as A, the strips have been thrown from the surface 


Optical micrograph of giant pulse damage on a (011) face of 


The surface layer fracture caused by giant laser pulses on refractory 
metal carbides is revealed by scanning electron micrographs. 


usually performed in air, but similar results were obtained 
in a vacuum (2x 10-4 torr). 

We refer to fracture rather than cleavage, for experi- 
ments with crystals cut and polished to expose other 
planes have shown that in all cases the strips that lift off 
are of uniform thickness, with the mean fracture surface 
parallel to the external surface. For TiC, the edges usually 
coincide with the lines of intersection of the planes of 
ready cleavage with the external surface. The effect also 
occurs, however, in materials not normally considered to 
cleave, Fig. 3, for example, shows a scanning electron 
micrograph of a fragment of a B,C crystal exhibiting a 
glass-like fracture face after exposure to a giant pulse. 
Rectangular strips of uniform thickness were observed 
to have peeled away from all parts of the surface, although 
the initial cracking pattern was not particularly rect- 
angular, 

Pulses were generated by a 16-5 em x 1-6 em ruby laser 
(6943 A), Q-switched by vanadyl phthalocyanine, and 
were approximately 100 MW peak power with a full 
width at half maximum of 1-0 x 10 s as measured by an 
ITT F W114 photodiode and a Tektronix 519 oscilloscope. 
The pulse energy was about 1 J and was measured with 
a rat’s nest calorimeter calibrated against a Korad dye-cell 
calorimeter, Q-switched pulses from an Nd glass laser 
10,600 Å of approximately the same energy produced 
substantially the same effect as the ruby pulses. 

The strip thickness was found to vary with incident 
power density. A rough estimate in the scanning electron 
microscope indicates that the mean strip thickness is 
doubled for an eight-fold increase in the power density 
from 5000 A with the unfocused pulse to 10,000 A with 
partially focused pulse. At the threshold intensity the 
strip thickness is approximately 2000 Å. 

For comparison, the laser was operated in the normal 
mode giving a train of microsecond pulses of total duration 
10 s and integrated energy about 20 J. Damage, which 
was only caused when the pulse was focused onto the 
surface, did not resemble that caused by a Q-switched 
pulse. This indicates that it is the rate of heating which is 
important and that a train of pulses below a critical 
intensity may be ineffective in causing damage because 
of the fast cooling between pulses. This is consistent with 
the work of Ready’, who concluded that the surface 
temperature of metals can vary rapidly enough to follow 
the intensity variation of the laser spikes. 

Titanium carbide remains homogeneous over a wide 
range of composition, from TiCy., to TiC,.,. The nature 
of the giant pulse damage appears unchanged for specimens 
at each end of this composition range, although the 
mechanical and physical properties vary considerably 
with composition. 

TiC is brittle at room temperature but begins to exhibit 
plastic behaviour above 800° € (refs. 7 and 8) and a search 
was made to find the temperature at which surface fracture 
ceases. TiC erystals were therefore irfadiated, under 
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Scamming electron micrograph of giant pulse damage on a 
(403) cleavage face of TIC. 


Fig. 2. 


vacuum, at high temperatures. Surface fracture was still 
occurring at 1,000° C although the thickness of the strips 
had increased by 50 per cent compared with a specimen 
irradiated in similar conditions at room temperature. At 
1,075" C the effect had diminished considerably, and at 
1,100° C and above the effect had disappeared completely. 

Many of the fractured strips were held only weakly to 
the surface and could easily be removed, using an extrac- 
tion replica technique, for examination in the electron 
microscope. Strips approximately 2000 A thick were 
reasonably transparent and typical micrographs are shown 
in Fig. 4. The damage seems to be in the form of dense 
dislocation tangles, although the structure is poorly 
resolved. There is nothing which can be clearly identified 
with the black spot damage reported by Murphy and 
Ritter? in copper irradiated by a giant pulse and attributed 
by them to the bombardment by copper ions during the 
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Scanning electron micrograph of giant pulse 


Fig 3. damage on a 
fracture surface of B The lack of detail in the strips is a result of 
their charging in the electron beam. 


+ 





NATURE, VOL. 222. APRIL 5, 1969 


pulse, Diffraction patterns indicate that the material in 
the platelets is still monoerystalline and that it is TiC. 
‘Transmission electron mieroscopy of electrothinned speci- 
mens has shown the original material to have a dislocation 
density typical of annealed metals (unpublished results of 
R. Hannink). 

The following mechanism is proposed for the formation 
of the strips. During a pulse the surface is heated to a 
very high temperature. This surface layer will expand but 
will þe constrained by the cooler material below and will 
therefore be in compression. If the surface reaches a 
temperature of 3,000° C, then for a thermal expansion 
coefficient of 10-$°C=1 the suppressed surface expansion 
would correspond to a compressive strain of about 3 per 
cent. Above the brittle-duetile transition temperature 
strains in the surface layer will be largely accommodated 
by plastie flow. 

The strain rate can be estimated as the surface must 
reach this maximum temperature within the pulse rise 
time (~10°*s), implying a maximum strain rate of the 
order 10°s!. Because of the magnitude of this strain 
rate, the damage was compared with that observed by 
transmission electron microscopy of explosively loaded 
face-centred eubie metals!®, There are certain similarities, 
but the resolution is insufficient to allow any quantitative 
comparison. 

On cooling, the surface layer which had relaxed at the 
high temperature will contract relatively more than the 
sub-surface layers which did not deform, and will therefore 
be in a state of tension. (The sub-surface layers, cor- 
respondingly, will be in compression.) This will not be 
relieved by plastic flow when the material is below the 
brittle-ductile transition temperature. The stress can 
then only be relieved by brittle fracture of the surface. 
In the absence of either plastic flow or fracture, the elastic 
strain at the surface would again be of the order of 3 per 
cent. Assuming a Young’s modulus of 3-9 x 104 Kg mm? 
(ref. 7), this would correspond to a surface tensile stress 
of 1-2x 10° Kg mm-*. Because this is almost five times 
the maximum rupture strength observed by Williams? in 
TiC single crystals at room temperature (2-25 Kg mm-*), 
it is not surprising that the surface cracks. TiC cleaves 
readily on {100} planes and the surface might therefore be 
expected to fracture by cleavage. This is observed with 
{100} surfaces, but for other orientations the situation is 
less clear. While the eracks line up with the intercepts of 
the {100} planes with the surface (triangular patterns are 
observed on {111} surfaces), they appear to propagate 
perpendicular to the surface, regardless of its orientation. 
Conversely, Williams’ has observed cracking around 
microhardness impressions in TiC which suggests that 
cleavage may occur on other low index planes. 

The tensile stresses in a segment between the cracks 
give rise to a moment tending to bend the segment into a 
curve concave upwards. Consequently there will then be 
a component of stress normal to the surface which can 
start a fracture parallel to the surface. This fracture 
consistently propagates parallel to the external surface 
rather than along a cleavage plane. The resulting surface 
is much rougher, however, if the external surface is not a 
cleavage plane or if the material does not normally cleave. 
The fracture surfaces then show a finely corrugated profile 
(Fig. 5). The roughness can be of the same order as the 
strip thickness, and in materials which do cleave it is not 
clear why the crack is not defleeted permanently into a 
cleavage plane, particularly when this is only at a slight 
angle to the surface. 

Apparently the direction of fracture is dominated by 
the stress distribution rather than by the cleavage pro- 
perties of the crystal. The relaxation of the tensile stress 
at the surface due to the upward bending may prevent the 
crack from breaking through to the external surface along 
some easy cleavage plane. Cracks are inhibited from mov- 
ing too far below the surface because the material here is 
in compression. 
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Fig. 4. (a) Electron micrograph (100 kV) of strips removed from 


a TiC (100) cleavage face damaged by a giant laser pulse. 
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The heavy 


curvature of the strips causes the extinction bands to be very narrow and leads to the formation of characteristic patterns of extinction 


contours around low index poles. 


{b} Electron micrograph (700 kV) of the damage within one of the strips. 


The fact that the extinction 


bands are narrow makes it difficult to obtain satisfactory imaging conditions. 


Measurements in the scanning electron microscope of 
heavily curved strips of TiC indicate a maximum surface 
contraction of about 2 per cent compared with the figure 
of 3 per cent estimated here. 

The surface layer fracturing effect has been observed 
in all the refractory metal carbides we have investigated 
so far: TiC, VC, NbC, ZrC, UC and in B,C; also in some 
oxides (TiO, TiO}, Fe,0,), borides (TaB,, FeB), silicides 
(WSi,, MnSi), a sulphide (PbS), and two germanides 
(FeGe, and Mn,Ge,). A negative result was obtained for 
the following brittle materials: Si, Ge, GaAs, FeB, TiB,, 
FeS, MgCu,, W, Be, MgO, TiO,, SiC. All except the last 
three give microcratering??. 

Our uncertainty as to what combination of physical 
properties determines whether a material will exhibit a 





Fig. 5. Scanning electron micrograph of the fine structure of a surface 
fracture on an unorientated polished surface of FeGe, damaged by a 
giant pulse. 


surface layer fracture can be illustrated by the following 
comparisons. Of the two brittle cubic intermetallie com. 
pounds MgCu, and FeGe,, only the latter undergoes a 
layer fracture while the former exhibits microcratering 
like a pure metal. These two compounds have com- 
parable melting points (about 850°C) and both exhibit 
conchoidal fracture in normal conditions. There is, how- 
ever, a considerable difference between the room tempera- 
ture electrical resistivities of MgCu, (e=5 pOem) and 
FeGe, (9x 100 uQem). Also, with the hexagonal metallic 
borides TaB, (¢~ 70 uNem) and TiB, (e~15 uQem), the 
former gives a layer fracture and the latter microcratering. 
Both materials are brittle and have melting points close 
to 3,000° C. 

It seems probable that if the pulse is strongly absurbed 
in a sufficiently thin surface layer (for example, in a metal 
with a very low resistivity) the leading edge of the laser 
pulse will cause substantial surface vaporization. The 
remainder of the pulse will be absorbed by subsequent 
ionization and heating of this vapour to form a hot plasma 
cloud which will effectively shield the surface from the 
beam; miecrocratering by means of the unipolar are 
mechanism will then occur rather than layer fracturing. 
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OCCASIONAL cerebral complications without obvious cause 
have been one of the risks of cardiac surgery during which 
the patient is maintained on cardiopulmonary bypass. 
A particularly disturbing feature has been the sporadic 
appearance and disappearance of the complication without 
any apparent change in surgical technique or in the medical 
or biochemical management of patients. The most meticu- 
lous surgery and the most careful checking of equipment 
have sometimes failed to prevent these incidents. It has 
not been possible to implicate particulate materials as the 
source of emboli, such as silicone, antifoam, rubber dust 
from the pump tubing or cell debris from blood damage, 
for none has ever been found in the filters; nor has foreign 
material or fat been detected in brain tissue examined at 
post-mortem. The absence of obvious mechanical or 
biochemical cause suggests the possibility of gas embolism, 
and a detailed consideration of the extra-corporeal circula- 
tion leads to the conclusion that in certain circumstances 
it can be the site of evolution of free gas. 

It is not necessary to implicate mixing of free gas and 
blocd in heart-lung machines to account for gas emboli 
a ready source exists in gas dissolved in blood or intra- 
venous solutions. For example, 1-0 L of fluid (dextrose 
bicarbonate, saline, and so on), at ward temperature 
(20° C) and atmospheric pressure 760 mm Hg, can contain 
up to about 18-75 ml. of dissolved air. When this fluid is 
raised to body temperature (87°C) it can only contain 
14-0 ml. so that, by such warming, 4:75 ml. may be 
liberated (see Fig. 1). Usually this will appear as bubbles 
on the wall of the container. Supersaturation often occurs 
and some, or all, of the excess air remains in solution as a 
potential source of emboli. If cold fluid is mixed with 
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Occasional cerebral complications during cardiac surgery seem to 
be caused by gas embolism. 
existence of regions of sub-atmospheric pressure in the external 
circulation—particularly in the roller pump—as a result of which 
bubbles of gas form in the blood. 


Evidence is presented here for the 


venous blood, 20 per cent of the volume of the potential 
embolus—its O, content—will be taken up by the reduced 
haemoglobin leaving 80 per cent as nitrogen. The body is 
already fully saturated with nitrogen. 

Reference to Fig. 1 shows how the liberation of gas is 
further facilitated if the pressure is also lowered, for it 
may be seen that either a rise in temperature or a reduction 
in pressure will reduce the amount of air which can be 
held in stable solution. Even a small zone of low pressu 
will trigger off the liberation of gas from a supersaturat 
solution. Some evidence is presented here of the poss 
existence of regions of sub-atmospheric pressure in the 
external cireulation, particularly in the roller pump. 

ft is usual to use roller pumps set so that the rollers 
just squeeze the tube sufficiently to prevent reverse flow 
in the pump. Blood is a difficult substance to pump with- 
out causing damage to the red cells by crushing them. 
Damage to the delicately coiled protein structures due to 
shearing also occurs if the pumps are set too tightly. 
If the pump setting is just non-occlusive the constriction, 
produced by the roller, moves in the direction of the blood 
flow and a reverse flow to the venous side of the pump 
occurs as a result of the full arterio-venous pressure 
difference across it. A region of low pressure will develop 
at this point which may be considerably below atmo- 
spheric. 

Because in an ideal fluid the sum of the pressure and 
kinetic energies is constant, any local increase in velocity 
is accompanied by a corresponding decrease in pressure 
as expressed by the Bernoulli relation, The effect of a 
modest reduction of pressure is to bring dissolved gas out 
of solution. The formation of bubbles is further assisted 
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Fig. 2. Typical profiles of pump tubing, 


by turbulence in the fluid, when even lower and more 
localized pressure drops oceur. Turbulence may be set up 
by the roughness of the wall of the pump tubing. 
Stewart and Sturridge! carried out a series of measure- 
ments of the surface finish of pump tubing, and their 
results are confirmed by similar work recently carried out 
by us at the National Heart Hospital using a “Talysurf? 
machine, indicating that no improvement in the quality 
of the surface finish has taken place during the past 8 yr. 
A typical surface profile is illustrated in Fig. 2. This 
profile is sufficient to cause turbulence, and in the case of 
blood the abundance of er rthrocytes available to act as 
nuelei for bubble formation is an additional factor. If 
the pressure drops below the vapour pressure of the fluid, 
cavities will form containing chiefly water vapour with 
some gas. Enormous energy compared with their size is 
associated with these bubbles, which collapse with very 











Crater formed by liquid impact on stainless’steel. Near its centre 
a second small but deep crater (0-3 mm diameter) has been formed by a 


Fig. 3. 


microjet. 


great violence when they move into regions of higher 
pressure. If the collapse occurs at a solid surface, particles 
will be removed even from the hardest material, ultimately 
completely destroying the surface (Fig. 3). The destructive 
effect of the collapse is believed to be associated with 
very small Munroe jets arising from the concave surface 
of the asymmetrically collapsing bubbles? These j 
which focus the energy of the cavitation, have been 
photographed in such bubbles and may be produeed 
artificially by a sufficiently rapid eversion of an initially 
concave fluid surface (Fig. 4). Pressures of over a million 
pounds per square inch may be produced when the jet 


















Fig. 4. Formation of micro-Munroe jet when a shock wave falls ou 
the concave surface S of a liquid. Velocity of main jet about 640 m/s, 
of microjet abont 1.900 m/s. Interval between frames, 0-8 us. (x 4) 
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Fig. 5. 


Turbulence downstream of the constriction made visible by admitting air through 


the side tube. 


strikes a solid object. The relevance of this to the present 
discussion is that these phenomena can occur in a flow 
which is generally at a modest pressure level. 

In order to assess the magnitude of pressures actually 
occurring in partially oecluded roller pumps, a very simple 
procedure was adopted in whieh, using tap water, the flow 
in the region of the constriction was explored by a O-4 mm 
diameter steel tube passed through the tube wall, A 
silastic tube of approximately 12-0 mm bore and 3-0 mum 
wall thickness, connected at one end to the mains supply 
of tap water, was compressed between curved surfaces 
representing a typical roller pump. 

Significantly, a negative pressure of as much as 100 mim 
Hg could be measured in the region of the constriction 
when a positive pressure of 100 mm Hg was used to drive 
water through it and, as might be expeeted, the region of 
low pressure was very local and strongly influenced by the 
shape of the tube, small deformations causing wide varia- 
tion of observed pressure. 

On removing the needle and further compressing the 
until a transverse section assumed the form of a 
ike lumen terminating in elongated pear-shaped 
dilations, it was possible to see, through the tube walls, 
the formation of small bubbles in the dilations, w hich 
slowly grew in size until swept away by the flow. ‘This 
occurred with supply pressure of 100 mm He. 

When the pr ; increased to about 300 mm Hg 
a faint but distinctive crackling sound abruptly appeared. 
This strongly resembled the sound produced by a cavitat- 
ing flow although no direct evidence of cavitation was 
observed, No attempt was made to measure the local 
pressure at this condition, for the needle diameter was 





























Fig, 6. 


large compared with the width of the lumen and its 
introduction would have grossly distorted the tube, making 
measurements quite unrealistic. 

These results suggested the need for a rather more 
careful study, A ‘Perspex’ model was made representi 
a longitudinal section through the compressed tube of a 
roller pump. Correct contours for the walls were obtained 
from a resin cast of an actual tube. The walls were adjust- 
able for ocelusion and a single 0-3 mm diameter hole was 
drilled in one of them near the point of maximum occlusion 
in order to measure pressures, or to introduce air for the 
purpose of flow visualization, 

The observation of the flow pattern on the downstream 
or venous side of the constriction showed very consider- 
able turbulence with pressures between 15 mm Hg and 
300 mm Hg. A typical flow pattern made visible by 
admitting air is shown in Fig. 5. 

Fig. 6 is a photograph of unmistakable cavitation 
occurring just downstream of the constriction. The 
appearance of large bubbles of gas or vapour in tbe 
water trapped in the drilling communicating with the 
main flow some distance from the actual cavitation 
demonstrates convincingly the existence of very low 
pressures over a considerable area of the constricted flow. 

The picture emerging from the work so far carried out is 
that, when roller pumps are operated partially occluded, 
very low pressures may exist loeally which are critically 
dependent on the instantaneous shape of the tube and the 
degree of occlusion. In all cases strong turbulence occurs 
on the venous side of the constriction. 

More attention has been direeted to the pump than to 
other parts of the external circulation, for this 1s 

















Cavitation occurring on the inner wall slightly downstream of the constriction. 


Clouds of gas farther downstream are clearly visible. 
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believed to be the greatest source of potential hazard, 
because it is the site of the largest pressure differences in 
the entire circulation. 

If the pump is not set up with sufficient care so that it 
is non-occlusive, if it is defective with the spindle off 
centre causing part of the cycle to be non-occlusive, 
or if it is eccentric from wear in the pump bearing, very 
low pressures will ensue. Another problem is that of the 
edges of tubing compressed between flat rollers and the 
pump body. This problem is accentuated by hard tubing 
and is avoided in the Melrose pattern of pump. 

Any part of the system in which high velocities are 
likely to be produced should be regarded with suspicion. 
It is not sufficient to consider the velocity simply resulting 
from a consideration of the volume flow and cross-sectional 
area. To take an extreme case, sharp 90° bends will 
produce very low pressures at the inner corner although 
their geometrical area is quite adequate for the flow they 
are required to pass. More relevant to the present question 
is the size and design of cannulae which should obviously 
be as large as can be tolerated. The total area of the top 
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and side holes should be appreciably greater than the area 
of the lumen, with particular care taken to ensure that the 
edges are as smoothly rounded as possible. 

No feature of the external circulation can be positively 
identified as the sole cause of the sporadic cerebral 
complications, but theoretical speculation, substantiated 
by qualitative experimental work, points to gas embolism 
due to nitrogen liberated from blood and intravenous 
solutions, by a combination of increased temperature 
and pressure reductions most likely to occur at the roller 
pump. 

We thank the Royal Society and the late Professor 
F. P. Bowden for permission to reproduce Figs. 3 and 4, 
Sir George Dowty for the use of facilities at Dowty Rotol, 
and Mr R. T. Elmes for the photographs of Figs. 5 and 6, 
This work was supported by the National Health Service 
and the British Heart Foundation. 
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CURRENT widespread interest in tissue transplantation has 
stimulated extensive study of methods for maintaining 
organ viability in vitro, but progress has been hindered 
by the fact that prolonged perfusion is usually attended 
by increasing vascular resistance, rising perfusion pres- 
sures, decreasing flow rates and oedema':*. These com- 
plications have usually been attributed to obstruction of 
or the microcirculation by cellular aggregates and emboli 
derived from the perfusate’ and platelets in particular 
have been implicated in this process’, As a result, acellu- 
lar perfusates have been developed which seem to have 
some advantageous features’, but have not proved com- 
pletely satisfactory for the maintenance of organ viability, 
especially in normothermic conditions. 

Previous work in this laboratory has shown that the 
growth of tumours in isolated perfused organs is limited 
by the inability of the neoplasms to evoke a new blood 
supply’. A possible explanation for this was suggested 
by histological studies which invariably demonstrated 
degeneration of capillary endothelium in the perfused 
tissues. Because platelets are known to be involved in 
maintaining vascular integrity in vivo® it seemed possible 
that the endothelial breakdown observed during perfusion 
might, at least in part, be a consequence of the absence of 
platelets from the perfusate and, further, that the endo- 
thelial lesions might contribute to rising perfusion pres- 
sures and limitation of tumour growth. The following 
investigations were undertaken to test this hypothesis. 

We have used the thyroid gland of the dog because it 


In non-thermic conditions, platelets seem to “nurture” the micro- 
circulation in some way. This could obviously be valuable in the 
preservation of isolated organs. 


consists of two distinet lobes which can be dissected with 
their arterial supply intact, permitting simultaneous 
perfusion of two essentially identical organs. Isolated 
perfusion was performed in a sterile circuit of the type 
described earliert, modified by the substitution of a sleeve- 
type, non-occlusive, pulsatile pump of our own design. 
All components were siliconized. A mixture of 95 per 
cent oxygen and 5 per cent carbon dioxide was used to 
charge a silastic coil membrane oxygenator and the entire 
circuit was maintained in a normothermic cabinet. In 
all experiments the perfusate consisted of undiluted, 
heparinized (2:5 mg/100 ml.) autologous plasma, prepared 
by plasmapheresis of fasting experimental animals 2 h 
before thyroidectomy. Platelet-rich plasma (PRP), 
essentially free of red cell and white cell contamination, 
was prepared by slow centrifugation of whole blood, and 
platelet-poor plasma (PPP) was prepared by additional 
rapid centrifugation. Platelet counts by phase contrast 
microscopy routinely varied between 150 and 200 x 108/ml.? 
in PRP and 50—1,000/ml.* in PPP. Sterile techniques were 
used throughout. 

Venous effluents from the perfused thyroid lobes were 
collected by gravity drainage and recirculated after 
oxygenation. Initially, stroke volume was at first adjusted 
to maintain a systolic pressure in the range of 100 to 
120 mm Hg, but thereafter both rate and stroke volume 
were kept constant, so that subsequent changes in per® 
fusion pressures and effluent flow rates would reflect 
changes in vascular resistance within the perfused lobes. 
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Vascular Integrity of Perfused Thyroid Lobes 


The integrity of the microvasculature after three paired 
and six unpaired perfusions was qualitatively tested by 
reanastomosis of the perfused lobes to the carotid artery 
of the experimental animal. Gross appearance during 
a reflow period of 15 min was carefully observed and 
graded as: grade I, uniform perfusion with no change in 
colour, texture or size; grade IT, oedema and congestion, 
but no capsular haemorrhages; grade III, spotty areas of 
capsular haemorrhages and grossly purpuric follicles; 
grade IV, uniform gross oedema, capsular haemorrhages 
and purpurie follicles. Each lobe was then fixed for routine 
histological study. 

Results of the twelve reflow studies are summarized in 
Table 1. Gross purpura (grade ITI or IV) was observed 
only after platelet-poor perfusions lasting more than 3 h, 
while perfusion with PRP for as long as 24 h effectively 
prevented the development of purpura. In two additional 
studies, a 1 h pulse of PRP was introduced between the 
second and third hours of a 5 h perfusion and no oedema 
or purpura was noted on reflow testing. Histologically, 
grade I lobes consistently had normal follicles, minimal 
capillary congestion and no interstitial or intrafollicular 
haemorrhage (Fig. la). Neutrophilic margination was 
noted in venules and small veins. Grade HI and IV lobes 
showed extensive areas of follicular necrosis. capillary 
congestion and interstitial and intrafollicular haemorrhage 
(Fig. 15). 

To compare quantitatively the extent of vascular 
disruption after PPP and PRP perfusions. lobes perfused 














1, a, Thyroid lobe perfused with platelet-poor plasma for 3 h and 
tested by reflow. Parenchyma appears normal, and no interstitial 
haemorrhage is present (grade F). Appearance is essentially identical to 
that of glands perfused with platelet-rich plasma for as jong as È h. 

s {x e. 75.) b, Thyroid lobe perfused with platelet-poor plasma for 5 h 
and tested by reflow. Extensive areas of parenchymal degeneration, 
intrafollicular and. interstitial naene hage are evident (grade TV) 

(x e. 100. 
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Table 1. REFLOW PURPURA IN ISOLATED PERFUSED DOG THYROIDS 
Duration of Gross 
Perfusate perfusion before Na. of appearance t 

reflow test studies* (grade) 

PPP 3h 3 I 

PPP 4h 1 TIE 

PPP 5h 3 Iv 

PRP 5h 3 I 

PRP &h 1 I 

PRP 24h 1 i 


* Occasionally unpaired lobes were evaluated. 
+ See text for criteria. 


for 5 h in parallel were exposed to a pulse of 5!Cr-labelled 
autologous red cells (2-3 x 10%/ml.) (five paired, two un- 
paired studies) and '**f-labelled human serum albumin 
(six paired studies) for 5 min. Each lobe was then re- 
perfused for an arbitrary period of 5 min with non-radio- 
active PPP or PRP after which time the venous effluent 
contained less than 3 per cent of the 51 activity and less 
than 1 per cent of the è!Cr activity of the test pulse. Con- 
trol values for ?Cr-RBC and !]-albumin “trapping” in 
unpertused lobes were established by studying four lobes 
immediately after removal from the experimental animal. 
After perfusion with PRP for 5 h, RBC and albumin 
“trapping” as determined by assay of thyroid tissue 
were not significantly different from control values. 
But after perfusion with PPP for 5 h, significantly 
greater retention of both RBC (P<0-01) and albumin 
(P< 0-05) was observed (Table 2). 














Table 2. TRAPPING OF “CT-LABELLED RBC AND ?2°I-LABELLED ALBUMIN IN 
ISOLATED PERFUSED DOG THYROIDS 
Duration of 1Cr-RBC 'sy. Albumin 
perfusion apping Significance Trapping Significance 
Per- before (No. of RBC/g of deviation (al./g of of deviation 
fusate labelled of thyroid from thyroid in from 
pulse in 5 min) control 5 min) contro] 
PPP 5h 6-34 x 10° (5)* i 0-0423 (6): b= 2-00 
>< O05 
PRP Sh 2-42 x 108 (7) 6-0163 (6)! one 
Control — 2-24 x 10% (4) i 08-0255 (4)) Pool 





* No. of studies in parentheses. 


In eleven paired studies, mean vascular resistance 
(estimated as the ratio of effluent flow rate to mean systole 
pressure) was significantly greater during perfusion with 
PPP than with PRP. both initially (P<0-01) and after 
5h (P<0-05). The increase in mean vascular resistance 
at 5 h, expressed as percentage of initial. averaged 139 
per cent in platelet-poor perfusions and 26 per cent in 
platelet-rich perfusions. There was marked variation, 
however. from one perfusion to another, and in five studies 
vascular resistance increased less than 20 per cent during 
perfusion with PPP. 

Lobes perfused with PPP for more than 5 h usually 
became grossly oedematous, and in eleven paired studies 
increased an average of 41 per cent in overall weight. 
Lobes perfused simultaneously with PRP gained an 
average of 15 per cent in overall weight. The difference 
in weight gain between the two groups was significant 
(P < 0-05) but. as with vascular resistance, there was great 
variation from one perfusion to another, As a measure of 
oedema, water content of the dissected thyroid paren- 
chyma was determined according to Majno et al.*. "Tissue 
water content (g of water/g of tissue) was significantly 
greater (P<0-01) after perfusion with PPP Qnean 0-775) 
than after perfusion with PRP (mean 0:758). 





Electron Microscopy 


After perfusion for 5 h, 1 mm cubes of tissue from the 
body and tail of each lobe were fixed for 3-4 h in Karnov- 
sky's formaldehyde—glutaraldehyde fixative diluted 1:1. 
washed in cacodylate buffer, postfixed for 2 h in osmium- 
collidine, dehydrated in aleohol and embedded in ‘Epon’. 
Thin sections were stained with urany! acetate and lead 
citrate. 

So far observations have been limited to ca pillaries and 
small venules. The capillary endothelium in non-perfused 
control lobes was primarily of the fenestrated type. 
although some vessels had continuous endothelium. 
Vessels from lobes perfused for 5 h either appeared normal 
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(Fig. 2a) or showed a variety of alterations. Some showed 
only slight focal cytoplasmic swelling of individual cells; 
in others there were small gaps or discontinuities in the 
endothelium; and in some there was necrosis of endothelial 
cells, as evidenced by loss of organelles, fragmentation and 
sloughing of portions or whole segments of endothelium 
(Fig. 2b). In preliminary quantitative studies, vessels of 
capillary or venule type were categorized into those with 
intact endothelium, those with small discontinuities and 
those with obvious endothelial necrosis. As Table 3 
shows, vessels with endothelial damage were found more 
frequently in lobes perfused with PPP. The lumina of 
vessels with necrotic endothelium often contained 
moderately electron-dense amorphous or fibrillar material, 
cellular debris and occasionally fibrin. Rarely, strands of 
fibrin were seen in the interstitium around necrotic vessels. 
Occasionally segments of red cells were seen trapped 
within discontinuities in the endothelium. In lobes 
perfused with PRP most apparently normal vessels 
showed no platelets either in their lumina or adherent to 
their walls; in some vessels platelets were in the lumen 
with no apparent relation to the endothelium; and in 
others they clearly occupied a gap in the endothelial 
lining. Rarely, a platelet seemed to adhere to the endo- 
thelium, but a space about 200 A wide could still be 
detected between endothelial and platelet membranes. 





Fig. 2. a, Capillary from a thyroid lobe perfused with platelet-rich 
pama for5h. The structure of the endothelium is normal. L, Lumen; 

, interstitial tissue; E, endothelium (xc. 7,800). b, Capillary from a 
The arrow 
points to an obvious disruption in the endothelium exposing the base- 


thyroid lobe perfused with platelet-poor plasma for 5 hb. 


ment membrane to luminal contents. L, lumen; I, interstitium; 


E, endothelium. (xe. 5,400.) 


Platelets in in vitro Organ Perfusion 


It is well known that platelets clump at sites of blood 
vessel injury, thereby limiting the extravasation of blood. 
The mechanism involved is reasonably well understood’. 
It has been suggested, but not proved, that platelets 
“nurture” endothelium in some way and it has been 
implied that bleeding associated with thrombocytopenia 
results in part from the loss of this “supporting’’ func- 
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Table 3. ELECTRON MICROSCOPIC EVALUATION OF VASCULAR INTEGRITY 
IN ISOLATED PERFUSED DOG THYROIDS 
No. of Total No.of Structural integrity of endothelium 
Perfusate lobes vessels Intact gaps disrupted 
sampled examined (No. of vessels, per cent total) 

PPP 4 88 26 (29%) 15 (17% 47 (54%) 
PRP 5 81 60 (74%) 8 (8%) 15 (18%) 


All lobes were perfused for 5 h before fixation. The number of vessels 
examined per lobe varied from eleven to twenty-six. 
tion®.7.8, In support of the latter concept, several workers 
have observed capillary degeneration in organs perfused 
with platelet-free media®!°, but only Danielli, whose work 
was published 28 yr ago, seems to have systematically 
evaluated the part which platelets might play in enhancing 
vascular integrity in vitro. He clearly showed that 
platelets are 1,000 times more efficient than serum in 
increasing the effective colloid osmotic pressure of fluid 
perfusing the hind limbs of a frog, whereas red cells are 
relatively ineffective in preventing the development of 
oedema. Danielli’s studies seem to have been largely 
overlooked, but recently several investigators have found 
that whole blood is preferable to cellular media for 
perfusing certain organs!™!?, and Hendry and co-workers 
even suggested that “some component” of whole blood 
offered protection against capillary breakdown in their 
system??, 

As far as we know, the studies described here are the 
first designed to determine specifically the relative 
effectiveness of platelet-rich and platelet-poor plasma 
as perfusates for mammalian tissue. In the dog thyroid, 
vascular resistance and fluid accumulation were signi- 
ficantly lower during perfusions for 5 h with platelet-rich 
plasma than with platelet-poor plasma. The “reflow 
purpura” observed in platelet-poor but not in platelet- 
rich glands when they were reinserted into the donor 
animal’s circulations (Table 1, Fig. la and b) and the 
greater “trapping? of radioactively labelled albumin 
and red blood cells which occurred in platelet-poor glands 
(Table 2) both suggest that vascular integrity was better 
preserved with platelets in the perfusate. Finally, the 
electron micrographs provide further evidence that 
capillary endothelium is maintained better during platelet- 
rich than during platelet-poor perfusion. These functional 
and anatomical studies in the dog thyroid confirm those of 
Danielli in the frog“, and lead us to conclude that the 
“blood component” postulated by Hendry to promote 
vascular integrity in isolated perfused organs* is, very 
probably, the platelet. 

These studies indicate that in our normothermic experi- 
mental conditions platelets do “nurture” the micro- 
circulation in some way. The possible implications for 
preservation of isolated organs are self-evident and do 
not require elaboration. The mechanism of platelet action 
in our system is by no means clear, however, and it would 
be premature at this point even to state with certainty 
that the beneficial effects which platelets appear to exert 
in vitro are directly comparable with their functions in an 
intact organism: it is possible, for example, that the 
endothelial damage which we observed may have been the 
result rather than the cause of poor perfusion. It also 
seems prudent to emphasize that some focal degeneration 
of the endothelium occurred in glands perfused with 
platelet-rich plasma and, conversely, that areas of appar- 
ently normal endothelium could be located in platelet-poor 
glands. Furthermore, endothelial changes, fibrin deposi- 
tion, oedema and hypertension are not characteristically 
associated with thrombocytopenia in intact animals. 
Although these differences may be due to the presence of 
intact lymphatic channels which minimize the effects of 
increased vascular permeability in vivo or to the fact that in 
thrombocytopenic states platelets are almost never reduced 
to the quantities which we were able to achieve during 
perfusion, these considerations require that our data— 
particularly because they relate to platelet function—hbe 
interpreted conservatively pending further investigation. 

We believe, however, that these observations demon-e 
strate the need for a reassessment of the part which plate- 
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lets may play in long term organ preservation and in 
short term studies of function in isolated tissues. 
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from the US National Heart Institute. We thank Paul 
Wesley and Jane Gardner for technical assistance. 
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Datxomycrn, isolated by Grein et al.t from cultures of 
Streptomyces peucetius, is an antibiotic of the anthracycline 
group. It is active against E. coli phages, and, to a lesser 
extent, against Gram-positive bacteria*. It inhibits the 
growth of tumours in experimental animals, and induces 
brief periods of remission in patients suffering from 
leukaemia and certain types of solid tumour’. 

Treatment with the drug? is toxic to experimental 
animals and to cells in culture; in the latter it reduces 
mitotic activity and the synthesis of both RNA and 
DNA‘-*. These effects are probably secondary to the 
interaction of the drug with the DNA molecule?-". The 
influence of the drug on nucleic acid synthesis raises the 
question of its capacity to affect the replication of DNA 
and RNA viruses. We report here the effect of daunomy- 
ein on representative viruses. In some experiments, the 
effect of the drug is compared with other known antiviral 
agents. 


Effect of Daunomycin on HeLa Cells 


Because of the toxic effect of daunomycin on HeLa and 
other cells*.12-16, jt was necessary to examine the morpho- 
logical changes which the drug produced in uninfected 
HeLa cells. Cells exposed to daunomycin in doses not 
exceeding 1 uM for 1 h were altered morphologically, but 
remained viable and recovered their normal morphology 
within 21 days. In contrast, cells exposed to the same 
dose of daunomycin for periods of 4 h or more failed to 
recover, and the morphological changes that were produced 
continued to progress until the cells died about 10 days 
later. 

Cells treated for 4 h or more showed increased cyto- 
plasmic granularity and, 48 h after treatment, some 
irregularity of the nucleoli!178, Later, the nuclei— 
which became grossly enlarged——disintegrated into a mass 
of discrete subunits, the nucleoli became enlarged and 
irregular, and increasing granularity developed in the 
cytoplasm; these changes were most marked on or about 
the seventh day after exposure to the drug (Fig. 3). A 

» marked absence of mitotic figures in cells treated with 
caunomyein, compared with control cultures, was 
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Daunomycin, an antibiotic of the anthracycline group, acts chiefly 
on DNA and DNA-dependent RNA synthesis. Although too toxic 
for routine systemic administration, local application of daunomycin 
for the treatment of herpetic or vaccinial keratitis might be possible, 
particularly if the infecting virus has become resistant to 5-iodo-2- 
deoxyuridine. 


revealed by staining with haematoxylin or acridine 
orange. Inhibition of cell multiplication was evident 
from the failure of cells treated with daunomycin to form 
monolayers after subculture, although they were still 
capable of adhering to glass. 

Cells which were continuously in contact with dauno- 
mycin underwent less gross morphological change than 
those which were in contact with the same dose of drug 
for limited periods only. The former retained their 
morphological integrity for about 5 days, but became 
enlarged, failed to undergo mitosis and eventually died 
after a further interval of a few days. Because the 
morphological changes produced in cells which were 
continuously exposed to daunomycin took a long time to 
develop and were not pronounced in the early stages, no 
difficulty was found in distinguishing between them and 
the more rapid and specific cytopathogenic changes which 
developed in monolayers infected with virus. The presence 
or absence of any specific cytopathogenic effect in infected 
cells therefore proved a useful criterion in assessing the 
antiviral effect of the drug which was later confirmed by 
measuring the titres of any infective virus produced in 
untreated cells and cells treated with daunomycin. 





Effect of Daunomycin on Representative DNA Viruses 


Daunomycin, 1 uM, was added to HeLa cell cultures 
at various times before and after infection, and its effect 
was evaluated by measuring the amounts of infective 
virus produced in treated and untreated cells after 
incubation for 48 h. At this time, treated cells infected 
with Herpesvirus hominis or vaccinia virus did not show 
any specific cytopathogenic effects, although the typical 
changes associated with daunomycin treatment—-namely, 
gross enlargement and nuclear changes-——were well 
developed. In some experiments these morphological 
changes proceeded more rapidly in cells infected with 
DNA viruses, although no infective virus was produced. 
The marked inhibitory effect of daunomycin against 
Herpesvirus hominis and vaccinia virus is evident from the 
results of representative experiments summarized in 
Table 1. The undiminished effect of daunomycin when 
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Table 1. EFFECT OF DAUNOMYCIN ON THE YIELD OF DNA VIRUSES FROM 
HeLa CELLS 
Daunomycin 
Time of Total Total 
Virus Exp. administration Duration of virus virus 
ose in relation exposure input yield 
to infection TCID, TCIDs, 
Herpes None — — 10 399 
0-5 pg/ml. Oh Throughout 10 <20 
experiment, 
0-5 pg/ml. +4h Throughout 10 <20 
experiment 
None —- — 317 2,520 
2 0-5 ug/ml. ~S h Throughout 31-7 <20 
experiment 
Vaccinia None — — 50 3,980 
0-5 ugjml. Öh Throughout 50 <20 
experiment 
Od ugjml. +3h Throughout 50 <20 
experiment 
None = — 31-7 25,100 
2 0-5 ug/ml. —~3 h Throughout 31-7 <20 
experiment 


Monolayers of the rapidly growing Burroughs Wellcome line of HeLa cells, 
growing in 6x 5/8 inch tubes and maintained at 37° C in medium 199 
(Burroughs Wellcome), occasionally supplemented with 2 per cent calf 
serum, were inoculated with two different strains of Herpesvirus hominis 
derived from patients in University College Hospital, or with vaccinia virus 
(Lister strain), The virus challenge, before inoculation, and the virus yields, 
after incubation for 48 h, were titrated in groups of five 6 x 5/8 inch tube 
monolayer cultures of HeLa cells. 'Titrations were read after incubation for 
48 or 72 h, when the number of tubes showing cytopathogenicity were read 
RF me si per cent end-point caleulated according to the method of Reed 
and Muenchêt, 


added as long as 3-4 h after virus infection suggests that 
the daunomycin-sensitive event occurs during the course 
of virus repheation, after adsorption and penetration have 
taken place. 

Subsequently, experiments, which we shall describe, 
showed that adenovirus type 11 is also susceptible to the 
inhibitory effect of daunomycin (Fig. 2). 


Effect of Daunomycin on Representative RNA Viruses 


The mechanism by which daunomycin inhibits DNA 
and RNA synthesis has not been precisely elucidated, but 
the observations of Calendi et al.” and others*.*? indicate 
that the inhibition of both DNA and RNA synthesis is 
secondary to the effect of the drug on the DNA molecule. 
Hence RNA-dependent RNA synthesis should proceed 
without inhibition and the drug should be without 
effect on the replication of RNA viruses. Experiments in 
which the effect of daunomycin on RNA viruses was 
investigated lent support to this view. 

Daunomycin, 1 uM, was added to HeLa cell cultures at 
various times before and after infection with poliovirus. 
In all experiments, a very significant degree of poliovirus 
replication occurred, although there was some reduction 
of the total virus yield in the presence of daunomycin 
(Table 2). This fall in titre may be a result of the reduced 
metabolic activity of cells subjected to the toxic action of 
daunomycin, but a direct effect of the drug on RNA- 
dependent RNA synthesis seems a possible explanation. 

Preliminary experiments in which the haemadsorption 
technique was used indicated that influenza virus was 
also resistant to the effect of daunomycin. This was 
confirmed in subsequent experiments in which chick 
embryo cell monolayers, grown in 1 ounce bottles, were 
infected with 10° EID,, of the A,/Persian Gulf strain. 
After incubation for 24 h the yield of virus was measured 


Table 2, EFFECT OF DAUNOMYCIN ON THE YIELD OF AN RNA VIRUS FROM 


HeLa CELLS 


Daunomycin 
Time of Total Total 
Vims Exp. administration Durationof virus virus 
Dose in relation exposure input yield 
to infection TCIDso TCIDs. 
Polio None — — 107s 10% 
1 0-5 pg/ml. Oh Throughout 1023 108° 
experiment 
0-5 agimi. +3h Throughout 10% 1086 
experiment 
None —— -— 1075 1078 
2 0-5 pg/ml, ~4h Throughout 1073 108°? 
experiment 


Tube monolayer cultures of Burroughs Wellcome HeLa cells, maintained 
at 37° C in medium 199 (Burroughs Wellcome), were inoculated with the 
attenuated type I LSc 2 ab polio strain*’, The virus challenge before inocula- 
tion, and the virus yields after incubation for 48 h, were titrated by the tech- 
nique described for herpes and vaccinia virus in Table 1. 
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by the technique of quantitative haermadsorption’®*, 
using 0-5 per cent chick red cells. No inhibition of in- 
fluenza virus by daunomycin was detected, even at doses 
as high as 4 uM which completely inhibit vaccinia and 
adenovirus replication. This is in contrast to actinomycin 
D*, which also acts by inhibiting DNA-dependent RNA 
synthesis®?:23, 


Antiviral Effects of Daunomycin, Methisazone and IUDR 


The inhibitory effect of daunomycin on vaccinia virus 
was compared with that of methisazone (1 methyl isatin 
3-thiosemicarbazone) and TUDR (5-iodo-2-deoxyuridine) 
by the technique of quantitative haemadsorption!*, 
and unpublished work of K. Apostolov. 

Vaccinia virus, sufficient to provide an input multiplicity 
of infection of 10 plaque forming units per cell, was allowed 
to adsorb to HeLa cell monolayers for 1 h. After adsorp- 
tion, the medium containing virus was removed and 
replaced with fresh medium containing the appropriate 
concentrations of the antiviral drugs. Cultures were then 
incubated for 16 h, when the medium was removed and 
quantitative haemadsorption performed (K. Apostolov, 
in preparation). 

The results are illustrated in Fig. 1 in which the amount 
of the haemoglobin released from haemadsorbed cells 
is plotted against the corresponding concentration of 
drug. These slopes indicate that daunomycin is approxi- 
mately as active as methisazone and 200 times as active 
as IUDR. 
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Fig. 1. Comparison of the antiviral effects of daunomycin (Q-~©), 
methisazone ( x— x) and IUDR (@—@) on vaccinia infected HeLa 
cells. The experiments were carried out in 1 ounce bottles containing 
confluent Burroughs Wellcome line HeLa cells. Vaccinia (Lister strain) 
at about 10 plaque forming units/cell was adsorbed for 1 h, and the cells 
washed once with medium which was then replaced with one containing 
the appropriate concentrations of drugs. After incubation for 16 h the 
virus yield was determined by a modification of the method of Finter**, 
The medium was decanted and replaced by 5 ml. of 0-5 per cent ohiek 
red cell suspension for 30 min. The monolayer was washed carefully 
three times with isotonic saline solution and the adsorbed red cells lysed 
with 5 ml, of distilled water. After centrifugation the haemoglobin value 
of the supernatant fluid was determined by measuring the adsorption at 
410 mu. Ordinate, spectrophotometric reading at 410 mu; abscissa, 
drug concentration. 


The inhibitory effects of daunomycin and methisazone 
against adenovirus type 11 were also compared. HeLa 
cells were infected with adenovirus and incubated in the 
presence of various concentrations of the drugs for 40 h. 
After incubation, the culture fluids were harvested and 
titrated for haemagglutinin, using 0-5 per cent erythro- 
cytes derived from Patas monkeys. The results illustrated 
in Fig. 2 show that adenovirus replication is effectively 
inhibited by daunomycin, and that the activity of the 
drug is approximately four times that of methisazone. 

The experiments described here leave no doubt that 
Herpesvirus hominis and vaccinia virus are effectively 
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Fig. 2, Comparison of the antiviral effects of daunomycin ( O— ©) and 

methisazone ( x —~ x ) on adenovirus type 11 infected HeLa cells. Experi- 

mental conditions were as described in Fig. 1 and haemagglutination 
titrations were performed by the method of Bauer and Apostolov?*, 


inhibited by daunomycin administered at various times 
before and after infection. The failure of daunomycin 
to inhibit the replication of the RNA viruses of polio- 
myelitis and influenza lends support to the view that the 
drug acts chiefly on DNA and DNA-dependent RNA 
synthesis’-!°, Moreover, it indicates that cells treated with 
the drug retain their viability and capacity to support 
virus replication, so that the inhibitory effect against 
DNA viruses cannot simply be the result of an effect on the 
host cell. Presumably, the drug acts by inhibiting DNA 
replication or by preventing messenger RNA trans- 
scription, which must ultimately affect the synthesis of 
virus specific enzymes and coat proteins. 

Although poliovirus replicates to high titre in the 
presence of daunomycin, the fall of 10-100-fold compared 
with titres obtained in control cultures has to be accounted 





Fig. 3. a, HeLa cells control monolayer (x 350); b, HeLa cells 7 days 
after exposure to 1 yM daunomycin for 4 h ( x 350). 
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for. The. possibility of a direct effect of daunomycin on 
RNA and RNA-dependent RNA synthesis cannot be 
excluded but, if present, is very clearly less than its effect 
on DNA and DNA-dependent RNA synthesis. This is in 
keeping with the observations of Ward et al.° who demon- 
strated inhibition of RNA-dependent RNA synthesis 
directed by the synthetic ribohomopolymers poly- 
adenylic acid and polyinosinic acid, but only in concentra- 
tions of daunomycin which led to their precipitation. 
Similarly, the physico-chemical studies of Calendi et al.’ 
showed that daunomycin complexes chiefly with cellular 
DNA and not RNA and that the mode of interaction is 
different. The evidence of Fuller, Pigram and Hamilton 
(in preparation) discussed by Rees*, and of Ward et al.%, 
suggests that the complex is produced by intercalation of 
the drug between the base pairs of the DNA molecule. 
Our suggestion that the fall in titre might be a result of the 
reduced metabolic activity of cells subjected to the toxic 
action of daunomycin seems the most likely explanation. 

The failure of daunomycin, in concentrations as high 
as 4 uM, to inhibit influenza virus is in marked contrast 
to the action of actinomycin D», Both these antibiotics 
inhibit DNA-dependent RNA synthesis™®2223, The 
precise mechanism by which actinomycin D inhibits 
influenza virus is not known, but a direct effect on an 
intermediate virus specific step involving host cell DNA 
has been suggested by Barry et al.®. It may be noted, 
however, that the concentrations of actinomycin D 
required to inhibit influenza virus replication in the 
experiments of Barry et al.*! are higher than those required 
to inhibit vaccinia replication. 

As daunomycin inhibits cellular nucleic acid synthesis, 
its therapeutic potential is limited. Although too toxic 
for routine systemic administration, local application for 
the treatment of herpetic or vaccinial keratitis might be 
possible, particularly if the infecting virus has becorne 
resistant to IUDR. In this respect the high potency of 
daunomycin compared with IUDR is noteworthy. 
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mental and theoretical literature dealing with the structure, 
physical properties, and electronic configuration of germanium 
compounds. Germanide-preparation methods, germanium- 
containing systems and their germanide phases, and appli- 
cations of germanides are emphasized. In addition, each 
periodic group of compounds and its lattice structure are 
consi separately. 

Approx 160 pages CB Special Research Report 

April 1969 $25.00/£11 14s. 


Readers are requested to contact the publishers for further 
information: 

Plenum Publishing Co., Ltd., 

Donington House, 30 Norfolk Street, 

London, W.C.2. (Tel. 01 836 5238). 
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ACADEMIC PRESS 


London and New York 
Berkeley Square House, Berkeley Square, London, W1X 6BA 
111 Fifth Avenue, New York, New York 10003 


Advances in Microbial Physiology Volume 3 
Edited by A. H. Rose and J. F. Wilkinson 


March 1969, xii+252 pp., 75s. 

The main aim of the annual publication Advances in Microbial Physio is to present critical review 
articles on all aspects of the physiological and biochemical activities of micro-organisms. The value 
of the “Advances” types of publication is acknowledged in many other sciences. The articles in 
these publications are of value to workers already engaged in, or who wish to enter, a 

field, and are indi ible to teachers and students. eae 
‘Advances in Microbial Physiology bas an added advantage in that it covers an area that is, in many 
ways, in the hinterland between microbiology and biochemistry. It deals, therefore, with subjects 
that have so far received little attention from reviewers, but which nevertheless are of interest to 
many microbiologists and biochemists. adi 
CONT: q F-Pilus of Escherichia col. The Physiol Ectotro, M; kiras. Thermophilic Bacteria 
CONTENTS TM E lao, and Dissimilatory Mitaboltem derina SD phar Compounds by Micro-organisms. Roles 
of Exogenous Organic Matter in the Physiology of Chemoltthotropic Bacteria. Oxygen Metabolism by . 
Author Index. Subject Index. 


Electrophoresis 
Duncan J. Shaw 
March 1969, viiit+144 pp., 35s. 


Much of the subject matter is sf ie from a fundamental angle, and the 
of microelectrophoresis are descri 

CONTENTS: Introduction. The Electric Double Layer|O' he Chara 2 Double Layer. 
The Inner Part of the ‘Double Layer. Calculation peek ar J Microelectrophoresis—Experimental Techalque|Com- 


parison of Microscope and Moving Boundary Methods. Shoe Levels. Design of Microe Cells. 
mental Details. _Mlcroslectrophorans Results and Appeaio T 


oving oundary Electrophoresis. 

Dispernons by Moving Boundary Electrophoresis. Zone Electrophoresis|General Considerations. Low Voltage Paper 
Electrophoresis. High Voltage Paper Electrophoresis. Stabihxing Media other than Filter Paper. Preparative Electro- 
phoresis. Immunoelectrophoresis. ‘Iso-Electric Focusing. References. Author Index. Swhject Index. 


Perspectives in Phytochemistry 

Edited by J. B. Harborne and T. Swain 

April 1969, xiit+236 pp., 63s. 

This book contains review papers presented at the Tenth Anniversary Meeting of the Phytochemical 

Society held in April 1968. The meeting was organized to provide a broad perspective of develop- 

ments in phytochemistry during the past ten years, and all the major aspects of the subject are covered 

by the leading authorities in their respective fields. 

Such is the rate of growth of phytochemistry that this is probably the last time it will be possible to 

consider all the various aspects of the subject within a single volume. The broad sco; of this 

book, the novel material in many of the chapters, and the authority and on of 

the various contributors should guarantee its appeal to all those interested in phytochemistry, be 

they organic chemists, biochemists or botanists. 

CONTENTS: Zig Ue and Neer Mapes Ras et path crc wt hago 

Fatty Acid Biosynthesis in P rosen cor Developments In Molecular mr on the O amica : 

of some Plant Taxa. Chemotaxonomy o, the Sasquiter penoads of the Composter: Flavonoid Patterns in the Monocotyledons. 
atives tn Basidiomycetes. 


Metabolism of Cinnamic Acid and us and Photomorphogenens in Peas. Author 
Index. Chemical Compounds Index. Genera and Species Index. Subject Index. 


Advances in High Pressure Research Volume 2 

Edited by R. S. Bradley 

April 1969, x+255 pp., 80s. 

This is the second volume of a series dealing with aspects of high pressure research, written by 
experts who are currently active in this field. Volume two concentrates on ultra-high 

high pressures. It includes a detailed review of structural investigations of oxides and chalcogenides, 
with extensive coverage of the literature on the subject, and a discussion of high pressure work at 
very low temperatures, mainly with reference to the electrical properties of metals. 

The text is written at an advanced level, and should be of interest to all research workers in this 
rapidly expanding field. 

CONTENTS: The Bekaviour of Some Groups of Chalcogenides under Very-High-pressure Conditions. Some of 


High Pressures at Low Temperatures. The Effect of Pressure on the Electrical Conductinty of Aqueous Solutions. 
Co-efficients of Electrode Processes. Author Index. Subject Index. 
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ACADEMIC PRESS 


London and New York 


Berkeley Square House, Berkeley Square, London WIX 6BA 
111 Fifth Avenue, New York, N.Y. 10003 











Medicinal Chemistry: A series of Monographs 
Volume 9 


Oral Hypoglycaemic Agents 
Edited by G. D. Campbell 
March 1969, xviii +482 pp., 130s. 


Several million diabetics are treated with oral hypoglycaemic agents. This fact underlines the need 
for an authoritative work of reference in which the development, imental and clinical use of 
these drugs are discussed in detail by world authorities. This volume fills a gap in the literature and 
provides the research worker, consultant physician, general practitioner or specialist in diabetes with 
a balanced view of the whole subject. An extensive index of cross references has been included, with 
code names and numbers, suitable names, “approved” names and even most the commonly used 
“trade names”, 

CONTENTS. History and Development of the Oral Treatment of Diabetes The Relationship between Chemical Structure 
and Hypoglycaemic Activity. Pharmacology and Mode of Action of the Hypoglycaemic Sulphonylureas Sulphonylureas 
in the Management of Human Diabetes. The Clinical Use of the Hypoglycaemic Guamdine Dertvatives. The Oral Treatment 
y Diabetes in Tropical Countries. Pharmacology and Mode A Action of the Hypoglycaemic Guanidine Derivatives. Other 


g ral Hypoglycaemic Agents. Non-diabetic Uses of the Oral Hypoglycaemic Agents. Drug Index. Author Index. Subject 


Experimental Botany: An International Series of Monographs. 
Volume 3 


Rhythmic Phenomena in Plants 


Beatrice M. Sweeney 
March 1969, x+147 pp, 47s. 6d. 


The understanding of circadian rhythms and the insights which they provide regarding the time- 
keeping ability of organisms in general have progressed remarkably within the last ten years. 
The book is written for the student who wants a clear explanation of the nature and function of 
biological rhythms. It 1s mtended to make it possible for him to do meaningful experiments of his 
own, understanding what has already been done but unencumbered by theoretical prejudices. It does 
not propose new theories but rather sets forth the facts which will enable the fature investigator 
to make such new contributions. 

CONTENTS. First Observations: The Pattern of Plant Movement. A Short Dictionary for Students Rhythms Rhythms 
that match Environmental Periodicities Day and Night. Rhythms that match Environmental Periodicities- Tidal, Semi- 
lunar and Lunar Cycles. thms that match Environmental Periodicities: The Year. Rhythms which do not match Environ- 


mental Periodicities. The Cell Division Cycles. The Mechanism for the Generation of Oscillations, particularly those with 
a Circadian Period. Author Index. Subject Index. 


Annual Review of NMR Spectroscopy Volume 2 


Edited by E. F. Mooney 
April 1969, xiit+440 pp., 120s. 


With the ever-growing rate in the number of chemical papers published, it becomes increasingly 

difficult to review every aspect of any subject. 

This series enables the chemist to keep abreast of the various developments in the technique and the 

increasing range of applications of this method to structural analysis. 

Annual Review of NMR Spectroscopy is intended for chemists in all fields of research but will be 

particularly useful to the organic and analytical chemists. 

CONTENTS. General Review of Proton Magretle Resonance. Nuclear Mi tic Resonance Spectroscopy m the Study 

y Carbohydrates and Related Solvent Effects ın Proton Magnetic Resonance S; clroscopy. Nitrogen Magnetic 
ce Spectroscopy: Carbon- 3 Nuclear Magnetic Resonance S croscopy „Carbon: 3 Chemical Shifts and ae fo 


Constants. Boron-11 lear Magnetic Resonance Spectroscopy. Nuclear ‘on Double Resonance in Liguids, 
Phorus-31 Nuclear Magnetic Resonance Spectra of Co-ordination Compounds. Author Index. Subject Index. 


Lasers, Light Amplifiers and Oscillators 


Dieter Riss 
April 1969, xviii+756 pp., 200s. 


This book, brought completely up-to-date in its English translation, can be considered as the definitive 
volume on laser science. The aim of the author has been to conduct a systematic survey of the entire 
field, explaming those phenomena which are inherently new and to examine established effects 
which are also important in laser technology. The book will have a broad appeal both in physics 
and in engmeering; of particular interest will be the concluding chapter on laser applications. 
CONTENTS. Historical Review. Properties of Light Interactions between Light and Matter. Production af Inversion. 
Practical Methods Inversion and Typical Laser Materials. Laser Amplifiers and Nonresonant Oscillators. The Laser- 
Oscillator. ects to Multi-mode Oscillations. Optical Resonators—Mode selection. Effects of the First Order 
Eigenmodes of Open, Optical Resonators. Enhancement of Mode Selection in Optical Resonators. Oscillator Output Power 
and Optimum Coupling. Tune De; of the Emission and Relaxation Oscillations m Laser Oscillators. The Giant- 
Pulse Laser, Laser-Modulation ptical Pumping Systems. Applications of Lasers. Survey of Known Laser Materials. e 
Bibliography. References. Index 
ese 
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METALLURGY OF NUCLEAR 
FUEL 


V. S. Yemel’yanov and 
A. I. Yevstyukhin 


Based on a series of lectures given by the 
authors at the Moscow Institute of 
Engineering and Physics, this important 
scientific textbook deals with the physical 
chemistry properties of uranium, thorium 
and plutonium, their important compounds 
and alloys and the characteristics of the raw 
materials, giving an account of the 
principles of the theory and technology in 
converting raw materials to metals, and 
methods of their separation and refining. 
These basic requirements of nuclear fuels 
are considered and information is given as 
to the methods of their physico-mechanical 
and thermal treatment, used for obtaining 
maximum burn-up and radiation stability. 


558 pages £72 $32.00 


INTRODUCTION TO 
SUPERCONDUCTIVITY 


A. C. Rose-Innes and E. H. Rhoderick, 
University of Manchester Institute of Science 
and Technology 


Contains clear discussion of the basic 
phenomena and concepts of 
superconductivity, and will be understood 
by those with no previous knowledge of 
superconductivity and only a modest 
acquaintance with solid state physics. The 
authors concentrate mainly on the physics of 
superconductivity, but also mention 
applications, so that the work will be 
useful to those interested in practical 
applications as well as pure physicists. 


Partial contents—Part 1: Type 1 Super- 
conductors; Zero resistance ; 
Electrodynamics; Thermodynamics of the 
transition; Transport currents in 
superconductors; The microscopic theory 

of superconductivity ; Quantum interference. 
Part 2: Type Il Superconductors; Critical 
currents of type !I superconductors. 


244 pages 70s. $9.50 


FROM PERGAMON 





STRUCTURE AND 
APPLICATION OF 
GALVANOMAGNETIC 
DEVICES 


H. Weiss, Siemens-Aktiengesellschaft, 
Erlangen 


In presenting a summary of work done so 
far in the field of galvanomagnetic 
compounds and their applications, the 
author has attempted to give a simplified 
explanation of the physics of 
galvanomagnetic effects. The book is not 
intended to be just a bibliography of the 
subject but reflects the author’s own 
experience in this field, and the part of the 
book which deals with the design of 
devices, their applications and the related 
circuit problems reflects the author's 
practical experience in the field. 


Contents—Basic Physical Considerations ; 
Design and Fabrication of Galvanomagnetic 
Devices; Properties of Galvanomagnetic 
Devices; Applications of the Hall Effect; 
Applications of the Magnetoresistance Effect. 


376 pages £7 $18.00 


THE MECHANICAL AND 
PHYSICAL PROPERTIES OF 
THE BRITISH STANDARD 
EN-STEELS, Volume 3 


J. A. Woolman and R. A. Mottram British 
Iron and Steel Research Association 


This, the final volume in the series, consists 
of a collection of data on the mechanical 

and physical properties of En-steels 40 to 363. 
Intended as a reference book, it shows how 
the properties of the steels are affected 

by various factors such as steel making 
process, composition, heat treatment and 
size of bar and covers properties at various 
temperatures. 


622 pages £10 $27.00 
Volume 1 En1toEn20 523 pages 


£8 10s. $20.00 
Volume 2 En 21 to En39 523 pages 
£8 10s. $20.00 
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MICROSCOPIC INNERVATION 
OF THE HEART AND BLOOD 
VESSELS IN VERTEBRATES 
INCLUDING MAN 


A. Abraham, University of Szeged, 
Hungary 


Based largely upon the author's own work, 
this well illustrated book presents a 
description of the microscopy of cardio- 
vascular innervation in vertebrates. 
Pressoreceptors have been studied in 
detail aiming at a precise description of the 
relations in the carotid sinus and aorta of 
man and various mammals. 
Contents—Materials and Method; 
Innervation of the Heart; Receptors of 
the Heart; Innervations of Blood Vessels ; 
Chemoreceptors. 


456 pages £8 $21.00 


ESSENTIALS OF LASERS 


L. Allen, Department of Physics and 
Astronomy, University of Rochester, U.S.A. 


This volume in the Selected Readings in 
Physics series outlines the essential 
principles upon which laser action depends. 
In the second part of the book papers are 
reprinted which have been chosen for the 
basic theory they discuss and because they 
set in action a particular line of enquiry. A 
general guide to lasers is thus provided, for 
undergraduate and first year post-graduate 
students. 
246 pages 35s. $5.50 flexicover 

45s. $7.00 hardcover 


ANTENNAS IN ` 
INHOMOGENEOUS MEDIA 


J. Galejs, Sy/vania Electronic Systems, 
Waltham, Mass. 


Treats impedance calculations of antennas 
for a number of different environments. The 
reader is assumed to be familiar with basic 
electromagnetic field theory. The first part of 
the book contains material covering a 
general course on antenna theory, while the 
remainder is suitable for more specialised 
graduate courses. There are extensive 
numerical results and this material is 

useful as a reference for design engineers. 
The material on antennas in magnetoionic 
media will be of special interest to space 
experiments and design of antenna probes. 
312 pages £7 $718.00 


STRUCTURE, PROPERTIES AND 
PREPARATION OF PEROVSKITE 
TYPE COMPOUNDS 


Francis S. Galasso, United Aircraft 
Research Laboratories, East Hartford, Conn. 


A detailed and up-to date-reference source 
which brings together in one volume 
information on approximately 500 
perovskite-type compounds. Includes the 
various methods of preparing powders, their 
films and single crystals of perovskite-type 
compounds, the structure of these compounds 
and their properties. This book is unique in 
that it covers in detail compounds with one 
structure. Recently perovskite-type 
compounds have been investigated as 
superconductors, laser modulators and 
catalysts and the chapters containing these 
topics will be of special intetest to 
researchers in these fields. 


218 pages 70s. $9.00 


A LABORATORY MANUAL 
OF ANALYTICAL METHODS 
OF PROTEIN CHEMISTRY, 
Volume 5 


Edited by P. Alexander, Chester Beatty 
Research Institute, Sutton, Surrey and 
H. P. Lundgren, Woo/ and Mohair 
Laboratory, California 


A unique and superbly produced manual 
—almost an encyclopaedia—designed to 
extend the researcher’s knowledge about 
the chemical constitution, structure and 
physical properties of proteins. All 
contributors have used the methods they 
describe in their own laboratories, and are 
fully conversant with all aspects of the 
technique. 

Partial Contents—M. M. Black and H. R. 
Ansley: Selective staining of Histones with 
Ammoniacal-silver; J. T. Yang: Optical 
Rotatory Dispersion and Circular Dichroism; 
T. H. Benzinger: Ultra sensitive Reaction 
Calorimetry; J. B. Ifft: Proteins at 
Sedimentation Equilibrium in Density 
Gradients. 


236 pages 80s. $70.50 





Pergamon Press 
Headington Hill Hall, 
Oxford OX3 OBW 
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FUNDAMENTALS OF TEMPERATURE, 
PRESSURE AND FLOW MEASURE- 


MENTS 


by Robert P. Benedict, Westinghouse Electric Corpor- 
ation and Drexel institute for Technology. 


Develops the concepts and techniques, traces the 
history and gives practical applications of the measure- 
ments of temperature, pressure and flow rates. 
Includes problems, schematic dlagrams and tables 
of data. 

due April 1969 353 pages 138s. 


EVOLUTIONARY OPERATION: A 
STATISTICAL METHOD FOR PROCESS 
IMPROVEMENT 


by Geerge E. P. Box and Norman R. Draper, both 
at the University of Wisconsin 


Explains the specific details as well as the general 
philosophy of evolutionary operation, a statistical 
process that seeks to implement production with 
information on Improving production. 


due April 1969 approx. 248 pages approx. 103s. 


AUTOMATIC DATA PROCESSING, 
SYSTEM/360 EDITION 


by Frederick P. Brooks, University of North Carolina 
and Kenneth E. Iverson, /.B.M. 


Revised and updated specifically for the IBM 360 
computer. Includes fundamental theory, discussion 
of manual, semi-automatic and automatic equipment, 
computer design, search and sorting procedures 
and automatic programming and systems deslgn. 


due April 1969 approx. 512 pages approx. 136s. 


TESTING OF POLYMERS, Volume 4 
edited by Willlam E. Brown, The Dow Chemical Company. 
This volume Is concerned principally with tests for 
engineering analysis and design and the theoretical 


foundations for certain prominent aspects of 
mechanical and chemical behaviour. 


due April 1969 approx. 200 pages approx. 2IIs. 


MAN-MADE FIBRES: SCIENCE AND 
TECHNOLOGY, Volume 3 


edited by H. F. Mark, S. M. Atlas and E. Cernia, 
all at the Polytechnic Institute of Brooklyn. 


Comprised of monographs by world-wide contri- 
butors that reflect the important trends In the 
production and development of Industrial fibers 
through recent advances made In sclence, technology 
and literature. The book Is a volume In the Polymer 
Engineering and Technology series. 


“due April 1969 approx. 718 pages approx. 253s, 





TRANSFER AND STORAGE OF 
ENERGY BY MOLECULES, Volume 1 
ELECTRONIC ENERGY 


edited by G. M. Burnett, Professor of Physical Chemistry, 
University of Aberdeen and Alastair M. North, Professor 
of Physical Chemistry, University of Strathclyde. 


This is the first of a series of volumes containing 
authoritative articles delineating the scopeand setting 
down the fundamentals of the new discipline concerned 
with molecular energy transfer processes. The 
second and third volumes will cover vibrational 
energy and rotational energy respectively, and 
further volumes are planned to cover both biological 
and solid state systems. Emphasis is placed on the 
rates and mechanisms by which the molecules move 
from one state to another. The first volume deals 
with the transfer and storage of electronic energy. 
Here the emphasis Is on processes during chemical! 
reactions. Included are articles on gas phase reactions, 
the chemistry of electronically excited molecules, 
energy transfer in radlation chemistry and the thermal 
activation of electronic states, 


due April 1969 250 pages 70s. 


ORGANIC REACTIONS, Volume 17 


edited by William G. Dauben, University of California, 
Berkeley. 


The latest volume In a well-known serles that presents 
critical discussions In widely used organic reactions 
or particular phases of a reaction. 


due April 1969 approx. 344 pages approx. 98s. 


STATISTICAL MECHANICS OF CHAIN 


MOLECULES 
by P. J. Flory, Stanford University. 


A rigorous treatment of the equilibrium properties 
of chain molecules, and a presentation of new methods 
for evaluating statistical mechanical averages. 


due May 1969 432 pages 164s. 


MACROMOLECULAR SYNTHESES, 
Volume 3 
edited by Norman Gaylord, Gaylord Associates. 


Sets forth detalled directions for the synthesis and 
characterization of both old and new polymers as 
well as descriptions and techniques applicable to a 
broad class of polymers. 


due April 1969 approx. 200 pages approx. | 12s. 


GLASS MICROELECTRODES 


edited by Marc Lavallee, University of Sherbrooke, 
Canada and Corning Glass Works, Otto F. Shanne, 
University of Sherbrooke, Canada and Norman C. Herbet, 
Corning Glass Works and the University of Sherbrooke, 
Canada. 


The only book devoted entirely to the design and 
application of glass microelectrodes written by 
leaders in the field of microelectrode research. 
Complete descriptions of applications and design 
are given as well as methods of eliminating possible 
artefacts. 


due April 1969 approx. 456 pages approx. 2l Is. 
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ENCYCLOPEDIA OF INDUSTRIAL 
CHEMICAL ANALYSIS, Volume 7 


editor-in-Chief: Foster Dee Snell, executive editor: 
Clifford L. Hilton 


Another volume of this standard work which Is 
acclaimed throughout the world as an indispensable 

help for the analyst and the Industrial chemist. 
due April 1969 approx. 650 pages 425s. 
subscription price 310s. 


NONLINEAR SYSTEMS: THE PARA- 
METER ANALYSIS AND DESIGN 


by Dragoslav Siljak, University of Santa Clara. 


Presents 2 new method for analysis and design of 
nonlinear systems that applies to both quantitative 
and qualitative analysis of nonlinear phenomena. 
The Method Is computer-oriented, suitable for 
guiding computer simulation and design toward 
required system performance. Every design technique 
or theoretical proposition ıs illustrated by specific 
examples. 


due April 1969 618 pages 215s. 


POLYMER MODIFICATION OF 
RUBBERS AND PLASTICS 
edited by Henno Keskkula, The Dow Chemical Company. 


American Chemical Society Symposium held at 
Chicago, Illinois, September lOth to [5th, 1967. 
Contains the proceedings of a symposium that con- 
stituted the first extensive review of the chemistry 
and physics of heterogeneous polymeric composites. 
‘Applied Polymer Symposia, No. 7, Journal of Applied 
olymer Science.) 


due April 1969 254 pages 75s. 


FOUNDATIONS OF DIFFERENTIAL 
GEOMETRY, Volume 2 


by Shoshichi Kobayashi, University of California, 
Berkeley and Katsumi Nomizu, Brown University. 


This book, No. [5 of Interscience Tracts in Pure and 
Applied Methamatics, Is a well organized, systematic 
treatment of differential geometry with basic facts 
and proofs, and with supplementary notes on topics 
of current research Interest. 


due April 1969 470 pages 164s. 


ANALYTICAL SEROLOGY OF MICRO- 
ORGANISMS, Volume 1 


edited by J. B. Kwapinskl, Mississippi State University. 


Presents Immunochemical and serological charac- 
teristics of various groups of microorganisms and of 
their antigen preparations. Also presents and evaluates 
data from the research and diagnostic work on these 
antigens and corresponding antibodies. 


due Apri! 1969 approx. 688 pages approx. 234s. 


MECHANICS OF MATERIALS 


by L. Lister Robinson, Durham College of Applied Arts 
and Technology, Oshawa. 


A modern straightforward presentation of the theory 
of mechanics of materials that demands no prior 
knowledge of the subject. Each section ıs supported 
with worked examples, problems and _ review 
questions. 

due May 1969 345 pages 88s. 


ATLAS OF MASS SPECTRAL DATA 


edited by E. Stenhagen and S. Abrahamson, both at 
the Institute for Medical Biochemistry, Goteborg, and 
F. W. McLafferty, Purdue University. 


Contalns the data for the mass spectra of approximate- 
ly 6,000 organic compounds arranged according to 
molecular weight. Conditions under which the 
spectra were obtained are given, and source Is 
Indicated In each case. 


due April 1969 approx. 2,300 pages approx. 1,412s. 
In 3 volumes—not sold separately 


INTERNATIONAL LAW: CURRENT 
AND CLASSIC 
by Richard N. Swift, New York University. 


Composed of cases and documentary matertals, with 
commentary, drawn from both classical and current 
Issues. Eliminates legal Intricacles and concentrates on 
major subjects. Presents such topical Issues as fishing 
disputes, the uses of outer space, border controversies, 
and questions of peace and war. Also covers conven- 
tional! subjects of International law. 


due May 1969 558 pages 79s. 


AN INTRODUCTION TO STATISTICAL 
COMMUNICATION THEORY 


by John B. Thomas, Princeton University. 


A unified, self-contained treatment of communication 
theory and systems. Starts with probability and 
covers optimal linear systems, modulation theory, 
and information theory. Requires only an elementary 
background in calculus. 


due April 1969 670 pages 140s. 


ORGANIC SYNTHESES, Volume 48 


Editor-in-Chief: Peter Yates. 


An annual publication of satisfactory methods for 
the preparation of organic chemicals. Gives pre- 
tested processes adaptable to large-scale developments 


due April 1969 164 pages 66s. 
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Heme and Chlorophyll: Chemical, 
Biochemical and Medical Aspects 


GERALD S. MARKS, 
Professor of Pharmacology, University of Alberta 


This text and reference work collects information on 
orphyrins hitherto widely scattered In the literature. 
4 pp., 108 Illus., 75s. 


Life Chemistry: An introduction 


to Biochemistry 

ROBERT F. STEINER, 

Naval Research Institute, Bethesda, Maryland 

Provides the basis for a first course In blochemlstry for 


senior undergraduates and first year graduates In depart- 
ments of chemistry or biology. 384 pp., Illus., about 50s, 


Theoretical Inorganic Chemistry 
2nd edn. 

M. CLYDE DAY, Jr. and T. SELBIN 

Louislana State University 


An expanded second edition of an undergraduate text, 
608 pp., 75 illus., £6 Is. 


Photobiology 

(Selected Topics in Modern Biology) 

JEROME J. WOLKEN, 

Carnegie-Mellan University 

An Introduction explaining the study of how electro- 


magnetic radiation visible light Interacts with living cells. 
128 pp., illus., paperback, 21s. 


Plants: Adaptation through 
Evolution 
(Selected Topics in Modern Biology) 


JOAN E. GOTTLIEB 


Anintroductory course for students of biology and botany. 
128 pp., illus., paperback, 2Is. 


Vertebrates 


Virus-Induced Enzymes 
by Seymour S. Cohen 

















Traces the origins and development of bio- 
chemical virology, and presents the results of 
fifteen years of basic experimental work 
bearing particularly on the general phen- 
omenon of the virus-induced production of 
enzymes. Published. 315 pages. ro4s. net. 














































Hummingbirds 
and Their Fiowers 


by Karen A. Grant and Verne Grant 


An investigation of the interaction of 
hummingbirds and the flowers they choose 
for pollination based on a careful field study 
carried on over a period of many years. The 
presentation of the symbiotic relationship 
for evolutionary theory is a general and 
important one. Published. 115 pages, 30 
pages of colour plates. 157s. net. 











































































The Geography of Life 
by Wilfrid T. Neill 

As the first attempt to synthesize and present 

in readable style current understanding of 

the science of biogeography, The Geography 

of Life will be of interest to professional and 






































layman. There are numerous illustrations. 
Forthcoming. 576 pages, 117s. net. 






The Rise and Fall 
of T. D. Lysenko 


by Zhores A. Medvedev, 
translated by I. Michael Lerner 






1937-1964.  Geneticists and agriculturalists 







it possible. This book provides an answer. 


Forthcoming. 9os. net. 








Columbia University Press 
70 Great Russell Street LondonWC1 






Tells the story of Soviet genetics in the period 


in the West have long speculated about the 
machinery of the Lysenko ‘take-over’ in 
biology and about the situation that made 






(Selected Topics in Modern Blology) 
CLARENCE J. McCoy, 
Carnegle Institute, Pittsburgh, Pennsylvania 


An overall survey of the vertebrate animals emphasizing 
the major lines of adaptations among them. 128 pp., 
illus., paperback, 21s. 


Invertebrates 

(Selected Topics in Modern Biology) 
HARRY D. ROUNDS, 

Wichita State University 


f A valuable supplementary text to Introductory zoology 
and blology courses. 128 pp., illus., paperback, 2Is. 


Principles of Electricity 
4th edn. 

LEIGH PAGE and N. |. ADAMS, 
Yale University 


A comprehensive Intermediate text. Considerable space 
is devoted to the theory of electrical measurements. 
545 pp., ilius., about 60s. 















Write to the publisher for prospectuses or catalogue 
VAN NOSTRAND REINHOLD 
Windsor House, 46 Victoria Street, S.W.| 
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7 2 New Reidel Journals 


JOURNAL OF TEXTURE STUDIES 


An International Journal of Rheology, Psychorheology, and 
Texture of Foods and Pharmaceuticals 


Editors in Chief: 
P. Sherman and A. S. Szczesniak 


Editorial Board: 
M. Bourne, B. Drake, M. Reiner, G. W. Scott Blair, T. Sone, 
M. Yoshida, A. G. Ward 
Several more international editors have been invited 


A journal devoted to the speedy publication of papers describing studies on the texture and consistency 
of foods, pharmaceuticals, and allied products. These studies will embrace instrumental and other 
methods of measurement, sensory assessment by specialised panels and consumer panels, psychology of 
sensory assessment, panel training and scoring procedures, correlation of instrumental and sensory 
assessments, and discussions of the shearing forces operative during product usage. 


Subscription price: Dfl. 160.- (US $ 45.—) per volume of 4 issues 
Personal subscription price on request 
Volume 1 no. 1 will be published Fall 1969 


CELESTIAL MECHANICS 


An International Journal of Space Dynamics 


International Editors: 
R. R. Allan, A. Ollongren, G. A. Chebotarev 


Editorial Committee: 


R. Battin, J. V. Breakwell, J. M. A. Danby, A. Deprit, J. B. Eades, Jr., 
G. Gedeon, R. Pringle, R. K. Squires 


Editorial Board: 


R. F. Arenstorf, R. A. Broucke, G. Colombo, R. L. Duncombe, T. M. Edelbaum, B. Etkin, 
Y. Hagihara, W. Kaula, J. Kevorkian, D. G. King-Hele, Z. Kopal, D. F. Lawden, 
P. Musen, E. T. Pitkin, I. Shapiro, E. Stiefel, J. P. Vinti 


The journal will include celestial mechanics in its broadest sense; i.e. the mathematical, physical and 
computational aspects of space mechanics; astrodynamics, rigid and non-rigid body dynamics; particle 
dynamics; geodesy, not only with respect to the earth but as applied to all other planetary and celestial 
bodies; and those aspects of: ionosphere physics, atmospheric physics, electronic and visual observation 
theory, statistics, nonlinear mechanics, and numerical analysis, in so far as these bear directly on celestial 
and space mechanics problems, 
č Subscription price: Dfi. 100.— (US $ 28.-) per volume of 4 issues 
Personal subscription price on request 
Volume 1 no. 1 will be published Spring 1969 


D. REIDEL PUBLISHING COMPANY 


DORDRECHT-HOLLAND 





Pay 
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World Naturalist Series 





The Zoology of 
Tropical Africa 


J. L. Cloudsley- 
Thompson 


A comprehensive survey of the present state 

of scientific knowledge about the fauna of 
tropical Africa, with special reference to its 
ecology and physiology. The author's approach 
to his subject is scientific rather than popular 
but technical terms are defined throughout to 
make the book intelligible to readers with 

more general interests. As a scientific account 
it gives a unique plcture of the natural history 
of tropical! Africa. 


16 pp plates 41 drawings 84s 


Birds of Paradise 
and Bower Birds 


E. Thomas Gilliard 


This book was completed by Dr Gilliard, the 
well-known explorer and photographer, a few 
weeks before his death in 1965 and ıs the 
result of numerous expeditions to New Guinea. 
It includes illustrated ‘biographies’ of every 
known species and an interpretation of 
evolution and behaviour. A special feature of 
the work is the unique series of photographs 
which Dr Gilliard took of these elusive birds in 
their natural environment. 


106 colour and black and white plates 
Publication June 126s 


Weidenfeld & Nicolson 


5 Winsley Street London W1 


MACDONALD 
COAPUTER MONOGRAPHS 


Edited by Professor STANLEY GILL and 
Dr J. J. FLORENTIN, 


Imperlal College, London 


1 LIST PROCESSING 
J. M. FOSTER 


Senior Research Fellow, Dept of Engineering, Aberdeen 
University 


Describes the techniques of list processing as they appear to 
the programmer and as they are implemented Inside the 
computer. 


2nd Impression 1968 62 pages SBN 356 02225 0 21s 


2 A COMPARATIVE STUDY OF 
PROGRAMMING LANGUAGES 


BRYAN HIGMAN 


Reader In Computer Science, Institute of Computer Science, 
London 


‘Presents the reader with many illuminating comparisons and 
original points of view'—Contro/ 


2nd impression 1968 172 pages SBN 356 02219 6 45s 


3 RECURSIVE TECHNIQUES IN 
PROGRAMMING 


D. W. BARRON 


Professor of Computation, Southampton University 


‘A must for a professional programmer and will be of educa- 
tional value to a much wider class of reader'—Nature 


2nd impression 1969 71 pages SBN 356 02201 3 25s 


4 BASIC MACHINE PRINCIPLES 
J. K. ILIFFE 
Advance Research and Development Division, I.C.L. Ltd 


‘Presents ideas which are likely to have a significant effect on 
both the development of programming languages and the 
hardware-software Interface’—The Times Educational Supple- 
ment 


1968 96 pages SBN 356 02327 3 25s 


5 TIME-SHARING COMPUTER 
SYSTEMS 


M. V. WILKES, F.R.S. 
Professor of Computer Technology, Cambridge University 


‘It should be on the shelf of every intelligent computer man.’ 
New Scientist 


1968 110 pages SBN 356 02426 1 308 


8 COMPILING TECHNIQUES 
F. R. A. HOPGOOD 
Atlas Computer Laboratory 


‘The author has performed a unique service In presenting a 
wealth of Information on compiler production techniques in 
this monograph’—The Times Educational Supplement 


1969 136 pages SBN 356 02474 1 


MACDONALD 


KY TECHNICAL & SCIENTIFIC 
49-50 POLAND STREET, LONDON Wi1A 2LG 


35s 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser å 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs å l'etran- 
gər devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angefúhrten Artikels in- 
teressiert sein sollten, 
tragen Sle bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela ə 
Inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Iranda dəl Nord, mentre 
tutti | lettori esteri dovranno 
affrancare regolarmente. 
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Byron and Fuller—Mathematics for Classical and Quantum Physics 


Frederick W. Byron, Jr., The purpose of this two-volume text is to develop a unified framework in which the graduate 
University of Massachusetts, student in physics can understand the main aspects of mathematical physics. Starting with 
and Robert W. Fuller, the basic concepts of finite-dimensional vector space theory, the reader can proceed 
Battelle Institute Advanced systematically to topics of increasing gubtiety and mathematical sophistication. The books 
Studies Center are essentially self-contained, g y the standard undergraduate preparation in 


c. 356 pp each volume, illus (June) physics and mathematics ; that is, intermediate mechanics, electricity and magnetism, intro- 
Clothbound about 163s. both volumes ductory quantum mechanics, advanced calculus and differential equations. 


Clemmow and Dougherty—Electrodynamics of Particles and Plasmas a 


P. C. Clemmow and J. P. This graduate level text is intended to give the student a firm theoretical grounding in plasma 
Dougherty, Cambridge physics. The contents in summary, the classical theory of radiation applied to point 
University charges, the dynamıcs of idual t charges, and the description of plasmas. The 
latter are treated by proceeding first the simplifying approximations of magneto-ionic 
c. 576 pp, 90 illus (May) theory, and subsequently from the Boltzmann-Vlasoy equations, leaving to the final chapter 
Clothbound about 163s. an introduction to fun ental kinetic theory. 
Vogel and Wainwright—A Functional Bestiary: Laboratory Studies About Living Systems 
Steven Vogel and Stephen This manual ıs a collection of exercises designed to be used in the laboratory section of 
Wainwright, Duke University an introductory biology course. Most of the material concerns phenomena at the 


organismal level of organization, rather than being essentially cellular or molecular in 
outlook. The authors make heavy use of physical models, which they believe has positive 


c. 144 pp, 15 illus (April) benefits in IMustrating principles a ed from the details of structure and reduces effort 

Paperbound about 35s. spent in mastering cult techniques. 

Schefler—Statistics for the Biological Sciences 

William C. Scheffler, State The purpose of this book is to provide biology students with a text and reference that is 

University College at Buffalo not mathematically oriented and yet at the same time is relatively comprehensive. The 
author takes the approach that statistics should not be regarded as a specialized course in 

c. 208 pp, illus (May) mathematics, but rather that these concepts can be discussed from a logical or intuitive 

Clothbound about f s. point of view, without resorting to rigorous mathematics. 


Langford and Beebe—The Development of Chemical Principles 


Cooper H. ey Carleton The authors’ purpose is to lead the student to “ discover ” chemistry for himself. The 

University, and A. discussions, problems, and supplemental assignments are intended to involve the student 

Beebe, Amherst College as a critical participant in the ‘development of his ideas. The book is organized on the 
theme of the development of principles in chemistry, so that the student can see 

c 320 pp, 169 illus (April) not only the logic of a single concept, but the interrelationshipa in the evolution of the 

Clothbound about 79s. ideas that give modern chemistry its fascination. 

Finlayson—Basic Biochemical Calculations: Related Procedures and Principles 

J. S. Finlayson, Foundation The primary purpose of this book is to present, for self-instruction, a number of practical 

for Advanced Education in the essential areas which are often ignored or treated too hastily or theoretically in formal 

Sciences, Bethesda, Maryland courses. It will be especially helpful to those persons trained, or currently being trained, 

c 288 pp, 62 illus (July) in such fields as biology, medicine, medical technology or agriculture, who find themselves 

Clothbound about 65s. involved in biochemical problems. 

Bockhoff—Elements of Quantum Theory 

Frank J. Bockhoff, Cleveland A first introduction to the concepts, postulates, and applications of quantum theory based 

State University on the wave-mechanical approach, this text is designed to provide within a self-contained 


and conceptually ordered structure a basic understanding and appreciation of what quantum 

mechanics is all about. In particular, it attempts to identify those factors which necessitate 
c. 316 pp, 162 illus ow and justify the concepts and postulates of quantum mechanics, which so often appear 
Clothbound about 82s. bewildering, if not even occult, to the novice. 





A word to prospective authors ... 


If you are considering writing an undergraduate textbook in the life sciences, the pure 
sciences or mathematics, Addison-Wesley would be pleased to evaluate your material with 
a view to publication. Prospective authors are invited to send a statement of purpose, draft 
Table of Contents, and one or two sample chapters to Mr. Colin Whurr at the address below. 





ADDISON-WESLEY PUBLISHING COMPANY 
West End House, 11 Hills Place, London WIR 2LR 
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The Complete Reference Book for Chemistry 


International Chemistr 
Directory: 1969-70 


NEWLY PUBLISHED BY W. A. BENJAMIN, INC. 


Approximately 800 Pages $20.00 Clothbound; $9.95 Paperbound 
(See prepublication offer below.) 


Intended to serve as the standard reference guide for chemists, the INTERNA- 
TIONAL CHEMISTRY DIRECTORY makes available an unprecedented amount of 
information about the people, publications, and events pertinent to the world 
of chemistry. The ICD is the first comprehensive, single-volume source to serve 
the interests of all people concerned with what’s happening in—or being written 
about—the world of chemistry. The Directory will be updated annually by 
computer. l 
* The ICD detalls major academic chemistry and biochemistry departments 
throughout the world and provides extensive faculty information. 


* Major United States governmental and industrial laboratories conducting re- 
search are described, and information on their staffs is provided. 


Separate sections cover all scheduled national and international chemistry 
meetings and all chemistry-oriented publications. 


since 1964 is provided. 


A section listing all internatlonal chemical socleties and their activities is 


* 
* A complete bibliography of all English-language chemistry books published 
* 
provided. 

* 


The ICD is thoroughly indexed for easy use and is printed in a type format that 
ıs attractive and highly readable. 


PREPUBLICATION OFFER in effect on all orders received before September 30, 
1969: $14.75 cloth; $7.50 paper. Place your order now! 


& 


W.A. Benjamin, Inc. 
Two Park Avenue 
New York, N.Y. 10016, U.S.A. 








REVIEW SUPPLEMENT 


The Shadow Literature 


Eao branch of intellectual life has a body of literature 
more or less to itself, and none is more correctly 
organized than the scientific literature. So much is 
almost self-evident. By common consent, more or less 
the same rules apply to the 30,000 journals which are 
now thought to be published in the sciences. Over the 
years, techniques for simplifying the retrieval of 
articles in the journals have been worked out. Most 
journals operate some kind of review system, so that 
the manuscripts submitted for publication are not 
automatically turned into type. Publication in almost 
any journal implies some degree of authenticity for a 
piece of scientific research. For that reason, and also 
because of the way in which publications may fre- 
quently help in strengthening a person’s claim on 
money or even promotion, it is not surprising that the 
integrity of the scientific literature is jealously watched 
over by most working scientists. This is why it is 
inevitable that a good many thorny issues should have 
been raised by the study of some of the peripheral 
parts of the literature, and in particular the technical 
reports produced by publio and industrial laboratories, 
which has been carried out by the Committee on 
Scientific and Technical Information (COSATI) in the 
United States. In the circumstances, it is also under- 
standable that the report on the project, now pub- 
lished by the Federal Council for Science and Tech- 
nology in Washington, should be a firm call for 
compromise. 

COSATI is chiefly concerned with an attempt to 
decide what policies on the production of technical 
reports should be pursued by the agencies which 
ultimately pay for their production, usually govern- 
ments Should the authors of reports be choked off, 
and persuaded to publish in the conventional scientific 
journals? Or should governments go the other way, 
recognize the convenience and often the cheapness of 
technical reports, and encourage their technical people 
to produce technical reports and nothing else? The 
comunittee’s recommendation is neither one extreme 
nor the other, but an intermediate course which is 
barely distinguishable from the present state of affairs. 
This is why the most interesting parts of the report are 
to be found in the argument by which the committee 
arrives at its conclusions. 

There is no doubt of the speed with which the 
technical literature has grown. The committee esti- 
mates that several hundreds of thousands of new 


technical reports are being circulated each year in the 
United States. The Federal Clearing House for 
Scientific and ‘Technical Information formally 
announces something like 30,000 new reports a year, 
and this does not count the very large numbers of 
technical documents which never see the light of day 
for reasons of secrecy, military or commercial. The 
literature of the technical reports is also exceedingly 
diverse. Some reports are concerned almost exclu- 
sively with matters which affect only government 
contractors and their paymasters. Others, at the 
other end of the scale, tend to be the equivalents 
within government or industrial organizations of the 
preprints which now circulate widely among scientists 
—they are convenient ways of informing a restricted 
circle of interested people of a piece of work which 
will eventually appear in one of the scientific journals, 
In circumstances like these, it is of course inevitable 
that the quality of what appears in the technical report 
literature should be exceedingly patchy. Some reports 
are distinguished contributions to the progress of 
science and technology, others are important his- 
torically, but others are frankly second-rate or even 
tendentious. After all, a great deal of the technical 
report literature springs from the necessarily dedicated 
and sometimes over-dedicated atmosphere of project 
development, with the result that it is bound to lack 
some of the objectivity which outside critics would 
expect. 

What the COSATI committee has been concerned 
about is the relationship which there should be between 
the growing collection of technical reports and what 
may be called the scientific literature proper. In 
essence, the question is a simple one, and it is some- 
thing of a surprise that COSATI should make heavy 
weather of it. When this organization embarked on 
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its brave campaign to put the scientific literature in 
order, it was not distinguished by reticence or even 
tact. What seems now to have happened is that 
COSATTI has been impressed and a little frightened by 
the tensions which exist between the scientific journals 
and the penumbra of less regular publications which 
surrounds them. To be sure, the committee does tell 
some useful tales—the report does more than a little 
to suggest that the avidity with which authors publish 
in the regular journals is not always matched by the 
enthusiasm with which readers read what has been 
written. It is earnestly to be hoped that the journals 
will take more seriously to heart than in the past the 
importance of other channels of communication than 
formal publication in the journals. 

The imbalance which has grown up between the 
interests of readers and writers in the journals is a 
part of the origin of the trouble with the technical 
reports. 'There is, for example, the question of whether 
the reports should serve as references in articles which 
appear later in the regular journals. A great many 
editors take a firm line on questions like these and 
disallow references to technical reports. One justifica- 
tion for this is that there is no means of knowing 
whether the work described has been properly refereed. 
The answer here, which the COSATI report omits to 
give, is that it cannot possibly matter whether the 
quality of what appears in the technical literature 
cannot be inferred from the mere appearance of the 
title. If an author considers that something which he 
has seen is so relevant to the work which he is reporting 
that it will help readers to know the source, it is entirely 
right and proper that he should give it. In this spirit, 
it does not matter if references to the daily newspapers 
are included in the bibliography accompanying a 
scientific article. The test is simply relevance, and it 
is both pedantic and pompous to pretend otherwise. 
But, of course, it follows from this that the people who 
contribute to the scientific journals should be dis- 
criminating in the sources which they quote. It is 
still fairly common to come upon articles on the bio- 
chemistry of nucleic acids which dutifully refer to the 
article by Watson and Crick which appeared sixteen 
years ago in Nature as if this were a necessary pre- 
liminary for publication in 1969. The truth is that the 
convention has now lapsed that it should be possible 
for a reader to reconstruct the whole background of a 
subject by reading the references in the list at the end 
of an article. 

A more serious argument against dependence on the 
technical reports is their relative inaccessibility, and 
this too is another point to which COSATI does not 
give sufficient weight. Publication is, after all, more 
than printing. What distinguishes the conventional 
journals from the less well organized literature which 
surrounds them is that they are almost thrust on the 
attention of those with an interest in their contents. 
The fact that some government laboratory may circu- 

e late a list of titles accessible on the payment of a suitable 
fee by the general public is better than no list at all, 
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but no substitute for the free circulation of technical 
documents. In this sense, it is right and proper that 
the orthodox journals should be unwilling to see them- 
selves compared with other forms of the literature. 
The COSATI committee, in threading its delicate com- 
promise between the conflicting interests of journals 
and technical reports, does argue that the sponsors— 
usually governments—should pay more attention to 
the quality of technical reports and asks that dis- 
semination should be an explicit responsibility of the 
sponsoring authorities. But what does this mean ? 
Printing more copies? Selling them more cheaply ? 
Or advertising them in the journals or even news- 
papers? The truth is that the great unhandiness of 
technical reports lies in their necessarily sporadic 
character. They are written for an immediate purpose 
and usually for a definable audience. If they were 
intended for a different audience, they would usually 
have to be written differently. In circumstances like 
these, it is unrealistic to regard the pool of unappre- 
ciated technical literature as a hidden and unexploited 
resource which could be turned without much trouble 
into something of greater value. Most probably, the 
best that could be done with it would be to urge that 
government departments should give their people 
time to write the kinds of reviews for which their 
experience has qualified them. COSATI should stop 
worrying about making all this material more readily 
available, for its own evidence is that the material is 
reasonably well used as things are. 

None of this implies that the present state of affairs 
is in any sense ideal. In the years immediately ahead, 
the chances are high that journals of all kinds will 
have to trim their sails quite drastically. The COSATI 
report points out in several places that commercial 
journals have in the past few years had an advantage 
over their academic counterparts by being more able 
to change quickly in changing circumstances. Even 
so, the strains on the system are quite considerable. 
The better journals are overwhelmed with material 
because of the prestige which publication in them 
brings; other journals are hard pressed to fill an issue. 
The COSATI report comes out rather weakly for more 
generous page charges and the clear recognition by 
governments that the continuing support of the scienti- 
fic journals should be recognized as a public responsi- 
bility. This, it is true, would help a great many organ- 
izations, but there is hardly any reason to expect that 
it is the best solution. But in the long run the real 
problem of the journals is that the enthusiasm of the 
readers has not kept pace with that of the contributors, 
with the result that too many of the journals have 
become archival and too few of them remain readable. 
With scientific articles as with technical reports, 
publication has come to seem more important than 
communication. In the decade ahead, some other 
COSATI committee and its counterparts elsewhere 
should pay some attention to the problem of how to 
make the journals more suited for the process of com- 
munication, which should, after all, be their function. 
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General Books 


BRONZE AGE RITES AND SYMBOLS 


The Chariot of the Sun and other Rites and Symbols of 
the Northern Bronze Age 

By Peter Gelling and Hilda Ellis Davidson. Pp. ix + 200+ 

9 photographs. (Dent: London, February 1969.) 55s. 


Hiipa Davipson has already put students of the ancient 
history and religion of pre-Christian Scandinavia in her 
debt with her books The Road to Hel, Gods and Myths of 
Northern Europe and Pagan Scandinavia. Now, together 
with Peter Gelling, she gives us a special study of the 
chariot of the sun and other rites and symbols of the 
Northern Bronze Age. The title is catch-penny and mis- 
leading: this is a serious and useful book about all the 
symbols used in Scandinavian Bronze Age engravings and 
their survival into the historical heathendom of Scan- 
dinavia. 

The book starts, as, with such a title, it had to, with a 
eolour plate of the Trundholm cult object in the National 
Museum in Copenhagen. This is captioned, even before 
we read the book, “the chariot of the sun”, as well it may 
be. We do not learn from the contents or the preface 
that this is really two books. Part one deals with the 
Bronze Age, occupies pages | to 136 and is by Gelling: 
part two is called “After the Bronze Age”, occupies pages 
139 to 180, and is by Davidson. Professor Christopher 
Hawkes contributes a preface to the book, but it is a 
preface only to Gelling’s part. Reading what he has 
written one might imagine that Hilda Davidson’s more 
important part of the book did not exist. One has an 
uneasy feeling that there was originally a book by Gelling 
to which Hawkes wrote a preface which now appears with 
a long and valuable additional part by Hilda Davidson. 

Gelling surveys the work of Scandinavian archaeologists 
on their Bronze Age rock engravings from Oscar Almgren’s 
Hällristningar och Kultbruk (1927) to Althin’s Studien zu 
den bronzezeitlichen Felszeichnungen von Skåne (1945) and 
the work of Gjessing and Marstrander on the Østfold 
engravings. He goes carefully and thoroughly through all 
the motifs from disks and disk-men, through weapons, 
ships, farming, the sacred marriage, and ritual dress to 
decorated metalwork. He has a chapter on the Mother- 
Goddess in which he relies uncritically on O. G. S. 
Crawford’s late and highly uncritical and ill-informed book 
The Eye-Goddess. Even with Crawford as an uncertain 
guide, Gelling seems strangely ignorant of the art of the 
megalith builders of western Europe which must lie behind 
much of Scandinavian Bronze Age rock engraving. It is 
odd that the big Östergötland disk (his Fig. 3d) is not 
recognized by him, as it has been for years by Scandin- 
avian and British archaeologists, as the eye-goddess almost 
precisely in the form she appears on the underside of the 
capstone in the north side-chamber at New Grange. 

Hilda Davidson takes the story on from the end of the 
Bronze Age rock-carvings. These symbols, she says, did 
not disappear from the north. Even after the end of the 
heathen period a number of the symbols remained power- 
ful, leaving an enduring mark on folk customs in north- 
western Europe. The sun-disk, the axe, the spear and the 
sword were still of primary importance in the culture of 
the late heathen period up to the Viking Age. There were, 
she says, two moments of change in the religious history 
of Scandinavia. The first was at the end of the hunting 
period; the second was the acceptance of Christianity. 
“The period between,” she writes, “for all its variations in 
cults and symbols and the gods and goddesses of different 
names found in the literature, may be viewed as a largely 
harmonious whole. The religion of this epoch was that of 
men working on the land and travelling by sea, fighting in 
small bands under independent kings and heroes in a 
heroic societv.... We are fortunate that so vigorous and 


enduring a picture of these religious rites in the Bronze 
Age has been left on the rocks of the Scandinavian north.” 
How du Chaillu and H. M. Chadwick would have echoed 
those words, and enjoyed this book. 

The production of the book leaves much to be desired: 
the plates are not numbered although they are continually 
referred to by numbers in the text. The photograph of the 
sacred marriage from Helgö (? plate 7) is sadly blurred and 
fuzzy, and has clearly been taken from another book, but 
as there are no plate credits one cannot tell which. The 
one map is cartographically illiterate. The publishers 
must take the blame for these faults of editing and pro- 
duction, but it is surely the authors who have consistently 
refused to give scales to their illustrations (except for 
Fig. 37). GLYN DANIEL 


WORLD PREHISTORY 





Terracotta Negroid head from Nok, Nigeria, From the 

second edition of World Prehistory by Grahame Clark 

(Cambridge University Press: Cambridge, March 1969, 
45s boards ; 18s paper). 


SOCIOLOGY OF RURAL ZAMBIA 


Social Change and the Individual 

A Study of the Social and Religious Responses to Innova- 
tion in a Zambian Rural Community. By Norman Long. 
Pp. xix+257+8 plates. (Manchester University Press: 
Manchester. Published for the Institute for Social 
Research, University of Zambia, December 1968.) 55s. 
THe individual, who has loomed increasingly large in 
previous sociological studies of rural Zambia, moves 
right into the foreground of this one. as well as into its 
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title. Many of Norman Long’s data concern the activities 
of the same eight or nine Zambians who appear frequently 
throughout the book in different contexts, and who earn 
sizable entries in the index under their pseudonyms. 
This emphasis on the individual was largely determined 
by his chosen field of research: the effects of economic 
changes on social organization and values in one small 
administrative “parish” of the Serenje District. This 
choice meant paying special attention to those twenty-four 
men in the parish who had by 1963 joined the “peasant 
farming” scheme introduced by the former colonial 
government. We are introduced to some of them in the 
initial chapters describing changes in the indigenous 
agricultural system, and the associated problems of 
acquiring and retaining sufficient capital, equipment and 
labour to run small farms producing cash crops. These 
farms are one of the new types of settlement emerging 
from the older villages of which the dissolution is analysed 
in the next two chapters. Changes in residence imply 
changes in the local evaluation of social status and 
prestige, on which Long next provides data drawn from 
questionnaires and from the longest case study in the book. 
Because many of the individuals most involved in all 
these changes are Jehovah’s Witnesses, he devotes the 
last part of the book to an examination of possible connex- 
ions between their religious ethic and their innovatory 
social roles, 

All these subjects are of much topical interest (not least 
that of the Witnesses, who are currentl y under attack again 
in parts of Zambia), and Long’s material on them is both 
new and important. His book therefore adds much to 
our knowledge of rural social change in Central Africa, 
and a lot of what he has to say is of wider relevance. Not 
all of it, though, is equally convincing. ‘The obvious 
objection to the “extended case method”, which he has 
adopted from some of his predecessors and which rein- 
forees the emphasis on the individual, is the difficulty of 
knowing how representative are the particular persons 
and events with which it deals. To some extent Long 
anticipates this objection by providing more general 
quantitative data on the parish as a whole, but he makes 
several positive assertions, especially in the last chapters, 
that surely need more testing against negative cases drawn 
from the large majority of the population which has not 
made the same responses to change as the minority on 
which he quite legitimately concentrates. Yet that is 
merely to say that this valuable book ought to stimulate 
further comparative work in Central Africa, and that it 
could well be used as an example for similar research in 
other parts of the continent. W. J. ARGYLE 












COUNTING IN 


The History of the Abacus 
By J. M. Pullan. Pp. xii + 127. 
January 1969.) 35s. 


THE PAST 


(Hutchinson: London, 


Tais book is beautifully produced and profusely illus- 
trated, It traces the history of the abacus from pre- 
historic times to the eighteenth century. The topics 
covered are best indicated by the chapter headings. 
These are: the origins of arithmetic, calculus and abacus, 
Roman numerals to Arabic figures, counter-casting to 
pen-reckoning, the abacus method, Jettons, the abacus 
in archaeology, and the abacus in education. 

Most of the book deals with the history of the abacus in 
Europe. There is very little reference to the Far East 
or the Middle East, apart from an illustration of the 
Japanese soroban and the Russian schoty; for example, 
it is not mentioned that the schoty was used by the Turks, 
under the name coulba, and by the Armenians, under the 
name choreb. There is, however, a comprehensive 
bibliography via which the interested reader can go 
further into the subject. L. S, GODDARD 
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GARDENING HISTORY 


The Early Horticulturists 
By Ronald Webber. Pp. 2244+29 plates. (David and 
Charles: Newton Abbot, September 1968.) 40s. 


RONALD WEBBER has written thirteen brief biographies 
of men living between Tudor and Edwardian times, who 
played leading parts in the development of British horti- 
culture and gardening. Each of his chosen subjects is 
described in a single chapter, and the thirteen biographical 
sketches are sandwiched, in chronological order, between 
a brief survey of commercial horticulture from the early 
iron age until about 1900, and an appendix listing where 
the most familiar plants grown in Britain came from. The 
book is inevitably fragmentary, but nonetheless it conveys 
a picture of the steady growth in horticulture since the 
sixteenth century, and into the bargain it throws many a 
fascinating sidelight on English social history. For the 
reader, the author's approach has one great advantage: 
he can dip into the book at any chapter without any 
sense of being lost in the narrative. On the other hand, the 
thirteen biographical sketches whet rather than satisfy 
the appetite. 

Records of Tudor and early Stuart horticulturalists are, 
sadly, far too scant to allow Webber to do much more than 
mention a few names and generally outline the state of the 
art at a time when the potato was enough of a luxury to 
feature as a prime ingredient. of fruit tarts. Only Richard 
Harris of Teynham, who more or less single handed 
made Kent the garden of England, attracted much atten- 
tion from contemporary authors, one of whom wrote, 
“where our honest patriote Richard Harrys (Fruiterer to 
King Henrie 8) planted by his great coste and rare 
industrie, the sweet cherry, the temperate Pipyn, and the 
golden renate . . . so beautifully as they not onely stand in 
most right lines but seem to be of one sorte, shape and 









TIME KEEPING 





Astronomical dial at Hampton Court Palace believed to have 
been made in [540 for Henry VHI. Noon is at the foot of 
the dial. From the second edition of How Time is Measured, 
by Peter Hood (Oxford University Press: London, February 
1969, 18s)—a book for children about the origin of the 
calendar, clocks and watches. In this new edition, recent 
developments as far as atomic clocks, the akolition of the 
different times in summer and winter in Britain, and the 
third second have been included. (Photo: Crown copyright.) 
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Covent Garden, London, in the seventeenth century. 


fashion, as if they had been drawen thorow one mould”. 

More is known of John Tradeseant, who was successively 
gardener to the Earl of Salisbury, and the Duke of 
Buckingham, favourite of James I and Charles I. Trades- 
eant scoured Europe, the Mediterranean and even Russia 
for new plants. Perhaps his most important introduc- 
tion, the common larch, came from Russia. So great was 
Tradescant’s zeal for collecting that he even joined 
Buckingham’s ill-fated expedition to relieve La Rochelle 
in order to return with the scarlet corn poppy, from which 
came the Shirley poppy, and the stock. 

Webber hangs a description of the early days of Covent 
Garden as a market in the early 1700s on the name of one 
of the early flower girls, Sarah Seweell, before describing 
the lives of James Lee of Hammersmith and W illiam 
Forsyth of St James. Lee, apart from running a profitable 
high class nursery business, caused something of a sensa- 
tion in the horticultural world with his translation of 
Linnaeus’s Philosophia Botanica. Forsyth, a father of the 
pesticide industry, received, in 1799, £1,500 from the 
Treasury for revealing his recipe for a “plaister” to cure 
cancer and other tree diseases. In the midst of the 
Napoleonic War, the Government was ready to consider 
anything that might cure diseases of the oak. Forsyth 
with his mixture of a bushel of cow dung, half a bushel of 
old lime, half a bushel of wood ash and a sixteenth bushel 
of sand, has gone down in history as the man who invented 
a plaister to save the navy. Happily he was a better 
horticulturalist than plant pathologist. 

In the nineteenth century, horticulture really came into 
its own, and Webber must have been embarrassed by the 
wealth rather than the paucity of material. He has 
posen to deseribe the work of Andrew Knight of Ludlow, 
began putting into serious practice breeding fruit 
from chosen parents; the Rochford family, who were 
the pioneers of commercial glasshouses in the 
v; the Pouparts, who evolved from growers to 
gen wholesalers; and John Wills of Kensington, 
Bfour staff at Buckingham Palace in Edward- 
» tend the flower bowls. 

















(From The Early Horticulturists.) 


By contrast, at the end of the nineteenth century, a 
back-to-the-land movement arose to encourage out of 
work townsmen to work cooperative market gardens in 
Suffolk. The scheme failed, but from it emerged Thomas 
Smith, exponent of the French cloche and cold frame 
method of market gardening. All in all, this book makes 
ideal reading for the historically minded winter fireside 
gardener. Joun Tooze 


HELP FOR TROUBLED MARRIAGES 


Marriage and Personal Development 
By Rubin and Gertruse Blanck. Pp. xiv+191. 
bia University Press: 
1969.) 54s. 


MARITAL counselling informed by psychoanalytic under- 
standing can be a separate profession, or a mode in which 
various helping professions may work. The Blancks, both 
practising psychoanalysts, provide a clear statement of 
one set of psychoanalytic theories which will be of interest 
to workers in the field. They have concisely summarized 
the relevant aspects of that theory of personality develop- 
ment and function which Anna Freud, Hartman, Mahler, 
Jacobson, Greenacre and other psye hoanalytic ego psych- 
ologists have developed from Freud's beginnin The 
unconscious roots of marital conflict are discussed in terms 
of the spouses’ levels of instinctual development, ego 
organization and object relations. 

Central to their approach is the view that “marriage is 
only interactive in its more overt manifestations and that 
each spouse has a different psychological structure and 
different defenses which only his own ego can be instru- 
mental in changing’. Therefore, they generally favour 
the individual treatment of the couple, which aims at 
fostering personal growth so that the specific develop- 
mental challenges of marriage can be mastered and the 
marriage itself can become the growth-promoting exper- 
ience it ideally can be. Examples are cited to illustrate 
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theoretical points in a way which suggests the deductive 
construction of hypothetical cases. As a teaching device, 
this makes the abstraction more concrete, but it faws the 
presentation by tending to oversimplify the problems 
actually encountered in practice. 

This work will also be of interest to the general reader 
whose knowledge of psychoanalytic thought is limited to 
Freud's early views about libidinal development in the 
first five years of life. The authors emphasize that a 
potentiality for progressive growth is present throughout 
the life eyele. People seek relationships in which they can 
grow and “the failure of such development constitutes a 
frustration far greater than drive deprivation alone”. 
Problems arise because of conflict between this seeking to 
grow personally and those tendencies to repeat aspects of 
previous frustrating relationships which have become 
internalized and are unconscious. Courtship includes the 
subtle testing of a potential spouse's readiness to share the 
roles required by these unconscious object relationships. 
In a troubled marriage, these personally thwarting but 
unconsciously sought relationships are reduplicated by 
the unconscious collusion of the partners despite conscious 
suffering. In therapy, these anachronistic and self- 
defeating relationships and their accompanying affective 
attitudes are reproduced in the transference. ‘This allows 
the skilful therapist an opportunity to help his patient 
recognize the inner drama he is attempting to re-enact, 
thereby beginning the work of mourning the past and 
resuming the personal growth which has been impeded by 
these attachments. 











The authors discuss treatment tech- 
nique briefly in general terms. 

The book is a statement of a point of view, not intended 
as a review of the field. Nevertheless, it is surprising to 
find no mention of the work of two other psychoanalytic 
authors who are important contributors to the field, 
Ackerman in New York and Dicks in London. Readers 
will be interested in contrasting the Blancks’ approach 
with that of Henry V. Dicks (Marital Tensions, Basie 
Books: New York, 1967), whose work is broadly based in 
the object relations theory developed largely m British 
psychoanalytic circles. He is strongly influenced by 
Fairbairn, In a work which is far richer in vivid clinical 
material and much more detailed in discussing the inter- 
active complexities and unconscious collusive patterns of 
troubled marriages, he presents the evolution of his group's 
work with over 2,000 couples who were often treated in 
joint interviews. Taken together, both books provide an 
excellent overview of two different major trends in con- 
temporary psychoanalytic thought with their implications 
LEONARD J. FRIEDMAN 




















for practice. 


WHALES AND WHALING 
The Whale 


Edited by Leonard Harrison Matthews. Pp. 287. 
and Unwin: London, March 1969.) 115s. 


Tus general review of whales and whaling is a delightful 
volume, beautifully illustrated and clearly written. It is 
edited and mostly written by L. Harrison Matthews, who 
has spent mach of his career studying at first hand 
cetaceans of all siz v 


(Allen 









. Several distinguished cetologists 
have also contributed material, and experts from the 
important whaling countries have checked both text and 
sourees to give an international character to the account. 
The diseerning will be able to deteet contributions by 
A. Jonagard, R. Clarke, R. C. Murphy, T. Ichihara, 
K. Norris and H. Thorlcifssor 

The book can be read to advantage by any general 
reader or expert biologist who wishes to know more about 
the fascinating members of the Order Cetacea. There is 
something for everyone, and the excitement. adventure 
and romance of whaling are conjured up on every page. In 
the foreword, P. E. Purrington, curator of the Whaling 
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Museum, New Bedford, comments that it is a pity there 
were not more articulate men aboard ship during the 
height of the whaling trade; most of the men were only 
half literate and shipmasters could hardly handle their 
pens. “At daylight saw a large lone 8. Whale. Lowered 
and Larboard boat stuck, nex Starboard Boat and he 
proved an ugly custimer for he rooted the 8. Boat all to 
peaces and the Waist Boat Struk and he rooted 7 streaks 
out of her and split us all in the drink”. (January 10, 1853.) 

Chapter one is an account of whales in mythology and 
folklore, in art, painting and seulpture. The origin of the 
names of some cetaceans is given and also how old beliefs 
linger on in the whaling vocabulary. But why are 
dolphins often engraved on old clocks ? The next chapter 
discusses adaptations of whales to life in water—-how 
they take food, how they are able to dive deep, the nature 
of blubber, retia mirabilia, their eyes and ears--and it also 
has a short account of reproduction. Is the skin of a 
whale sensitive to touch ? Whales like being stroked, but 
is their satisfaction caused by the removal of dead 
epidermis rather than delight at being tickled ? Chapter 
three is a concise well-illustrated account of the different 
kinds of cetacean. It avoids problems of classification, 
but for some perhaps it gives too short a description of 
morphology and distribution. 

The fourth and fifth chapters are about primitive 
whaling methods, whaling in the nineteenth century, ships, 
boats and gear, and the dreadful hardships of old style 
whaling. They are illustrated by numerous engravings, 
many of which are not widely known. Many methods 
have been used to kill or stun large whales: nets, hand 
harpoons, lances and poison (said to be grease made from 
the corpses of rich whalemen but in fact aconite). Then 
came harpoon guns and bomb-earrying lances eventually 
fired from a shoulder gun. The death of a whale is a 
grimly impressive sight; the word for it, flurry, is a 
euphernism, for few mammals yield their life’s blood as 
reluctantly and violently as a great whale. “ “His 
chimney’s afire l chuckled the heartless mate, when the 
spout, which had formerly been thin and white, reflecting 
rainbows in the late sunshine, became first pink and then 
thick with gouts of blood.” Yet the whale did not 
always lose the tactical battle, though it was doomed to 
lose the final strategic one. “A dead whale or a stove 
boat” was a saying that also implied destruction by storm, 
injury from flying lines and devastation by scurvy. The 
history of the technology of whaling provides an oppor- 
tunity to study a closely knit, international fraternity of 
brave, adventurous men who were out on the high seas 
for great rewards. Matthews tells the story well and 
continues it in the next two chapters, which describe 
the advent and impact of scientific methods on whaling. 
Research vessels set out to investigate distribution, 
migration, feeding habits, reproduction and ages of 
whales. An International Whaling Commission, set up by 
an international whaling conference in Washington in ~ 
1946, has met every year since 1949 to review whaling 
regulations in the light of statistics of catches and scientific 
research. The commission has not managed to prevent 
the eventual overfishing of the southern baleen whale 
stocks, but it has postponed the decline of a great industry. 
Modern whaling is indeed free from personal danger, but 
it is still no joyride and still no “cold-blooded assassina- 
tion”. 

Chapter eight describes tbe products of the whale 
industry and shows they are not limited to oil, various 
ivpes of meat, and ambergris. Meat meal, bone meal, 
eattle food, leather bootlaces and saddles, gelatiy 
vitamin A and many other products have been or stil 
derived from whale carcasses, and of course they 
always be the attractive scrimshaw souvenirs. 
follows a chapter on what is being done P 
cetaceans in captivity and on how it was f 
odontocetes emit noises underwater and 
A diagram gives an intriguing suggestio 
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dolphin might produce its clicks and whistles, but experi- 
mental proof is still lacking. The last chapter is about 
other books on whales and again it is a well illustrated 
mine of information. 

Hardly any aspect of the biology of cetaceans is omitted 
from this account: one can only wish for more, particularly 
on the cetacean brain and nervous system. What tells a 
whale that it is time to surface and breathe? How does 
it “know” that its blowhole has broken the surface and 
that it may safely inhale? There are still many un- 
answered questions about cetaceans: this book will do 
much to stimulate further enquiry and observation. 

R. J. Harrison 


HEYDAY OF THE STEAM CARRIAGE 


Roads and Vehicles 

By Anthony Bird. (Industrial Archaeology Series.) 
Pp. x+250+31 photographs. (Longmans: London, 
1969.) 45s. 


“Cust brutal mais ca marche” was Emile Levassor’s 
description of a gearbox he built in 1891. At least it 
worked; all too many of the machines built in the nine- 
teenth century emphasized their brutish nature by a 
stubborn immobility. There were plenty of ideas, some 
good, some less so, but the capital available to support. 
them often found its way to the worst designs, while 
machines which might have had some hope of success 
were allowed to languish. The history of the steam 
carriage, brilliantly told by Anthony Bird in Roads and 
Vehicles, illustrates this perfectly. 

Twice in the nineteenth century, steam seemed about 
to start the revolution in road transportation which was 
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finally carried through by the internal combustion engine, 
The first period, from the turn of the century to 1840, 
was dominated by colourful characters like Sir Golds- 
worthy Gurney and Colonel Maceroni, both of whom were 
better as pamphleteers than engineers, but it also saw 
some brilliant engineering successes, like Trevithie’s London 
carriage of 1802. It was Trevithic who first demonstrated 
that the friction between a carriage wheel and the road 
was sufficient to propel the carriage along, if the wheel 
were driven round, thus dismissing the odd belief that 
propulsion could be achieved only by “walking machines” 
with mechanically propelled legs. This, it might be 
thought, had disposed of one red herring; but such was 
the self-absorption of the steam pioneers, and their 
reluctance to believe what they had not seen with their 
own eyes, that people went on for many years building 
machines with spiked feet, and Ingenious arrangements 
for making them bear against the ground. Not so Walter 
Hancock, who produced some remarkable vehicles along 
more conventional lines. Badly designed boilers were 
often the Achilles’ heel of the steam carriages, but 
Hancock’s boiler was a great success, and his best carriage, 
the Automaton, went very well indeed. In 1840, it 
carried twenty-two members of Stratford Cricket Club to 
Epping for a match, and coming back is reported to have 
reached a speed of twenty-five mph, with thirty-five 
people aboard. 

This, perhaps, was the high point for steam on British 
roads. Although there was a second flowering between 
1860 and 1880, it led only to the traction engine, a useful 
beast, as Anthony Bird concedes, “but a slow and eumber- 
some beast by comparison with some of its ancestors”. 
Misguided legislation, and the success of the railways, 
which absorbed most of the talented engineers, put an 
end to the steam carriage. Only the Edwardian Stanley 
Steamer has shown any sign of reversing the trend, 








shafts of coaches and carriages. 
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Pre-Victorian technology ; a remarkably advanced design for a steam drag, intended to replace the horse between the 
The designer was W. H. James, the year 1832. (From Roads and Vehicles.) 
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although there are now enthusiasts in America con- 
vinced that a new generation of steam cars can seize back 
the initiative from the internal combustion engine. 

It would, however, be wrong to give the impression 
that Anthony Bird is interested only in the story of the 
stearn carriage, His book is much more than that. It 
provides a complete and compelling history of trans- 
portation on British roeds between the coming of wheeled 
transport and 1910. It deals with both the legislative and 
practical side of road-building (how much the Industrial 
Revolution owed to Telford and Macadam !) and also with 
the vehicles which made their slow and painful way across 
the country. The coming of the mail coach service, which 
combined for the first time serupulous honesty and a 
clockwork regularity, marked a turning point in British 
social history, and Anthony Bird recognizes it. The 
coming of the omnibus to London w as, in its way, almost 
as important a landmark, and it gets full and perceptive 
treatment. Although Anthony Bird is a motoring 
historian, he is not one of those who believe that history 
began w ith the horseless carriage, and his treatment of the 
social implications of the motor ear is particularly valuable. 
People who complain that the cost of motoring has become 
an intolerable burden can be consoled by the thought of 
what the early motorist had to pay; tyres alone cost one 
bus operator tenpence a mile. 

Transport is a subject of crucial importance, worthy of 
much better treatment in print than it usually gets; in 
this book Anthony Bird fully rises to the challenge. 
Longmans have provided excellent illustrations, and have 
got their “Industrial Archaeology” series off to a splendid 
start. Nicer HAWKES 


ARE WE ALONE? 


Persons 

A Study of Possible Moral Agents in the Universe. By 
Roland Puceetti. Pp. 145. (Macmillan: London, 
November 1968.) 50s. 

“Any discussion of persons should begin with human 
persons, the ones we know best. Whether it has to end 
there is the subject of this chapter; where it has to end is 
the subject of this book”, So begins Persons, a philo- 
sopher’s romp through the fields of astrophysics, bio- 
chemistry, ethology “and the law. Roland Puccetti, 
professor of philosophy at Singapore, is on the lookout 
for non-human persons. True to his trade, he spends 
his first chapter deciding what a person is, and concludes 
that it is a feeling and thinking moral agent. This may 
not seem a very startling opinion, but Puccetti is persua- 
sive about its virtues—unlike some previous formulations 
it includes gods while excluding dogs. 

He then passes on to what is the meat of the book: 
survey of three popular candidates for the role of mor al 
agent--supercomputer, organie Frankenstein, and life on 
other planets. Puccetti rules out the first in an interesting 
way. He argues that computers will never be persons 
because they are not products of biological evolution. 
Pain, joy, sorrow, and. all the other apparatus of feeling 
have logic only in the context of the struggle for survival 
implicit in growth and evolution: it is inconceivable, says 
Puecetti, that a machine put together by man could lay 
claim to them. And, of course, b Puecetti’s eriterion, 
without feelings they cannot be persons. 

This argument is original, but is it so final? Puceetti 
may be right when he relates feeling to struggle and 
growth—it is no more than the message of Goethe’s 
Faust-—but why should struggle and growth for ever be 
denied to computers ? Perhaps growth is incompatible 
with dry transistors and capacitors. Then make computers 
with wet components, with phospholipids and salty gels. 
This will be possible one day, and there seerns no reason to 
deny such contrivances the possibility of feeling. Learning 
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programmes already grow in a non-trivial sense within 
traditional machines, and a wet computer might have 
powers of growth quite as rich as biologicat systems. 

In a deeper sense, Puecetti seems to underplay the 
dialectic that is already taking place between man and 
his technologies, memorably expressed in McLuhan’s 
dictum “Man is the sex organ of the machine”. After all, 
man’s most sophisticated machines are in some ways 
just as much products of evolution as man himself. As 
for organic artefacts, the Frankensteins, Puccetti contents 
himself with saying that they will not exist in the foresee- 
able future, and so they pose no problems. 

Puccetti moves into much higher gear when he considers 
extraterrestrial persons. He handles the whole nexus of 
questions with dazzling ease. How many hospitable 
planets are there? What type of creatures will evolve on 
them? Can we visit or communicate with these crea- 
tures? Will they want co visit or communicate with 
us? What kind of personal relations might we have with 
them? Puccetti works a brilliant synthesis of ideas in 
this part of his book: there is little a reviewer can do 
except recommend it. 

One thing Puccetti will not do is put science fiction 
writers out of business. The creatures he describes as 
inevitable outcomes of carbon and water evolution are all 
homoiothermic, moralistic, technologically minded bipeds 











--they sound depressingly like White Anglo-Saxon 
Protestants. We may never meet them; it sounds a small 
loss. But, Puccetti argues, it should be a comfort of 


sorts for the earthbound humanist that he almost certainly 
has intelligent companions in the universe. 
NICHOLAS Evans 


LITERARY ASTRONOMY 
The High Firmament 


A Survey of Astronomy in English Literature. By A. J. 


Meadows. Pp. x+207. (Leicester University Press: 
Leicester, January 1969.) 42s. 


“WHEN I sitting heard the astronomer where he lectured 
with much applause in the lecture-room,—How unac- 
countable I became tired and sick”: with these words, 
written by Walt Whitman in 1865, the author of this most 
attractive and much needed new book, using them as a 
“motto”, leads his readers into a very positive astrono- 
mical world. 

Nevertheless, we should take these words as a pictur- 
esque warning not to overrate intellectual achievement. 
at the expense of the emotional impact of the starry 
firmament on those who even in our technological age 
are still able fully to “experience” the sky. After all, 
this is how Walt Whitman continues his poem beyond 
Meadows's quotation: “. Till rising and gliding out I 
wander d off by myself,—In = mystical moist night-air, 
and from time to time,—-Look’d up in perfect silence at 
the stars”. It was just seventy years earlier, in 1796, 
that the German poet Friedrich von Schiller cried out 
despairingly in his four-line address: “An die Astrono- 
men:—Schwatzet mir nicht soviel von Nebelflecken und 
Sonnen;—Ist die Natur nur gross, weil sie zu zählen 
Euch gibt ?—Euer Gegenstand ist der erhabenste freilich 
im Raume;—Aber Freunde, im Raum wohnt das Erha- 
bene nieht” 

A. J. Meadows has the great merit of having unearthed 
from the realms of English literature a multitude of apt 
quotations and literary allusions, covering a range of 
some five hundred years up to 1900. In his lively manner 
he examines the ways in which scientific trends are re- 
flected in non-scientific literature. He emphasizes that, 
on the one hand, because the scientific outlook has 
changed so fundamentally in recent centuries, “unless a 
special analysis is made many literary references become 
incomprehensible to a modern reader”; and, on the other 
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hand, that “the world-view of even educated non- 
scientists has sometimes differed appreciably from that 
of their scientifie contemporaries’. Thus the study of 
non-scientific literature “provides an Insight into the 
diffusion of scientific ideas throughout society as a whole”, 
quite apart from its immediate value for researches in 
the history of astronomy. 

To injeet a guiding thread into such comprehensive 
and wide-ranging material is difficult enough, To a certain 
degree, however, this is nec ssary to prevent the possible 
impression that these fruits of a prolific reading of original 
literary sources, and of compilations of these, might have 
been ecard indexed and afterwards “simply strung to- 
gether”. This is certainly not the case with Meadows’s 
book. Here, he has successfully carved out seven principal 
clearly defined approaches: the Mediaeval Universe, 
Time and Instruments, Astrology, the Copernican Revolu- 
tion, Baeon and Galileo, Newton, and the Victorian 
Reaction. A valuable appendix of some twenty pages 
gives, besides a well laid out index, full references to some 
450 sources used by the author. 

American literature is not discussed in this volume, 
but mention is made of a recently published annotated 
bibliography in the American Journal of Physies (33, 175; 
1965), 

It would have been good, however, if use had been 
made of the magnificent little volume Dichters over Sterren 
by M. G. J. Minnaert (van Loghum Slaterus, Arnhem- 
Holland, 1949), in which this outstanding and astonish- 
ingly versatile astronomer selected some two hundred 








Physical 
OUR GALAXY 


Galactic Astronomy 

By Dimitri Mihalas, with the collaboration of Paul MeRac 
Routly. Pp. xiii +257. (W. H. Freeman: San Franeisco 
and London, January 1969.) 94s. 

Tue first real insight into the structure of the Milky Way 
system was gained by Harlow Shapley in 1918 when he 
demonstrated that the widespread family of globular 
clusters was centred some 15 kiloparsecs away from the 
Sun in the direction of Sagittarius. He proposed that this 
was the centre of the Milky Way in contrast with the con- 
temporary heliocentric picture provided by the Kapteyn 
Universe which did not take account of the obscuration 
of the interstellar dust in the galactic plane. 

Since that time, our understanding of the structure and 
dynamics of our Galaxy has progressed a long way. Today 
we have a picture of a system about 40 kiloparsees in 
diameter, rotating about a centre 10 kiloparsees from the 
Sun and containing source 10” stars of various ages as 
well as several per cent by mass of interstellar gas and 
dust. Galactic Astronomy, by Dimitri Mihalas, of Prince- 
ton University Observatory, in collaboration with Paul 
McRae Routly, of the American Astronomical Society, 
describes the present status of the subject suitable for 
undergraduate and postgraduate teaching; it is a useful 
self-contained reference work for the professional 
astronomer. 

The book is orientated towards a synthesis of the vast 
ount of stellar observational material obtained over the 
ss and their interpretation in terms cf galactic dynamics 
attempts to examine the relation between the 
tribution of matter, gravitational forces and the 
becity distribution. Observations of the inter- 
bin by optical and radio techniques have not 
ml to any extent. 

od of the problems which still remain to 
gs those for which solutions have been 
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pages of astronomy-centred poems (which originated in 
the Netherlands, Great Britain, the United States, Ger- 
many, France and several other countries). Here v 
find some very fine quotations from Chaucer, Shake- 
speare, Butler, Byron, Wordsworth, Keats, Shelley and 
some others, many of which might well have been men- 
tioned in the book under review, 

This does not imply a criticism, but rather an encour- 
agement to produce a sequel—both by supplementing 
the material within the period covered and by extending 
its scope to earlier times and also to works published 
in the twentieth century. 

Such a selection could then also make use of the eollee- 
tion A Book of Scientific Verse by W. Eastwood (Mae- 
millan, London, 1961). Here, a few dozen outstanding 
“astronomical poems” spring immediately to attention 
and I should like, too, to see quite a number of these 
included. 

Finally, would it not be splendid if qualified res 
could be induced by Meadows’s fine work to extend its 
linguistic scope, say, by exploring literary—astronomical 
references in other accessible European languages ? 

All this should help to bring about another stimulus 
for regaining--beyond today’s fruitful union of astronomy 
with its sister sciences and technologies—once more the 
feeling of “oneness with the stars”: this wonder of revela- 
tion which, with its exhilarating sense of liberation, has 
become such a rare experience for today’s sophisticated 
man-—-this very impact of the Universe that was once go 
overwhelming. ARTHUR BEER 
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found. There still is the mystery of the “missing” local 
matter. An analysis of the velocity distribution of stars 
perpendicular to the galactic plane leads to a total mass 
density in the solar neighbourhood which is greater than 
the known contributions from stars, gas and dust. Best 
recent measurements indicate that this deficiency of 20-40 
per cent is genuine and must be accounted for by sueh 
components as low luminosity dwarf stars or molecular 
hydrogen which have so far gone undetected, 

The studies described in the book are principally steady 
state investigations of the stellar components of the 
Galaxy. We now know from investigations of neutral 
hydrogen and of the OH radical at radio wavelengths, 
however, that this is a far from complete description of the 
situation in the central regions which can only be investi- 
gated at longer than optical wavelengths, namely radio 
and infrared. Not only are there high radial velocities 
both inwards and outwards in a region several hundred 
parsecs in diameter at the galactie centre, but there is in 
addition a general outward motion of 50 km sec! at 3-4 
kiloparsees from the centre. These phenomena imply 
explosive events in the galactic system which at the 
moment are far from being understood. 

As the authors say, the material of the book represents 
only a beginning in the study of the galaxy. But it is a 
fascinating beginning and a story well told. 

R. D. Daves 




















MARTIAN RESEARCH 
The Book of Mars 


By Samuel Glasstone. Pp. vii+315. (National Aero- 
nautics and Space Administration: Washington, DC, 
1968.) $5.25. e 
ONE may expect that Martian rese 
a new phase of activity when res 


arch will shortly enter 
its from the detailed 
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study of the surface by close fly-by and orbiting probes 
hecome available. It is not unreasonable, therefore, that 
an attempt should be made to summarize our present 
knowledge of the planet, gained mainly by Earth-based 
techniques. Glasstone’s book provides such a summary, 
in a concise and detailed form, and also includes the results 
from the preliminary fly-by vehicle Mariner 4. 

The first chapter gives a brief outline of the more impor- 
tant properties of Mars and highlights many of the gaps 
in our knowledge of the world; the second contains an 
extensive history of Earth-based observation of the planet. 
Succeeding chapters deal, in a routine but sound way, 
with the astronomy of Mars, the physical properties of 
the surface and interior, the atmosphere, the individual 
types of surface feature and Martian clouds. There are 
particularly welcome discussions of, for example, the 
composition of the polar caps, the relative elevations of 
the dark and bright areas, and the so-called “blue haze”. 
The “canals” are relegated to a short section on surface 
lineaments and cratering mechanisms; although it is 
true that the linear features of the Martian surface have 
received rather too much publicity in the past, a longer 
discussion of tectonic processes in the crust which could 
give rise to these features might well be appropriate in the 
present work. 

Chapters eight and nine are, at first sight, something 
of a digression from the main theme of the book, being a 
fairly extensive and well organized summary of our pre- 
sent knowledge of molecular biclogy and the chemical 
processes leading to the formation of prebiological com- 
pounds. i 





Their presence in this book is, however, quite 
justified, for the material introduced in these two chapters 
is used, in the next three, to explore the possibility of 
life on Mars, and to explain the techniques needed both 
to detect possible Martian life forms and to minimize 
the chance of contamination of the Martian environment 
with terrestrial organisms. 

Finally, an account is given of the methods which will 
be used in the next decade to explore Mars from orbiting 
and soft-landing vehicles. 

Throughout the book, controversial issues are discussed 
impartially and the reader will find a fair balance of 
scientific opinion; a comprehensive list of references 18 
given at the end of each chapter. The amount of mathe- 
maties has clearly been kept to a minimum, and liberal 
use is made of diagrams and tables—all of which are of a 
high standard—throughout the te There appear to be 
very few errors: I noted only one, and it is of no impor- 
tance. ‘The style of the first three chapters is rather less 
concise than that of the rest of the book, but this is a 
minor detraction from the otherwise high standard of 
presentation. This work will certainly be of interest to 
the layman and should also prove useful to the scientist 
not specializing in planetary studies. L. WILSON 














ALGEBRA AND TOPOLOGY 


Linear Algebra and Analysis 

By M. Zamansky. (New University Mathematics Series.) 
Pp. xii+ 466. (Van Nostrand: Princeton, New Jersey. 
and London, January 1969.) 100s. 

Tag author of this large book has tried to encompass at 
least 80 per cent of the pure mathematics which the 
average undergraduate at university is likely to encounter. 
That is, starting with the elements of set theory, he pro- 
ceeds through order structures, algebra, linear algebra, 
topology and normed vector spaces to the theory of 
integration, If the latter subject is the point of the book, 
then one must assume that the author is dissatisfied with 
other books in algebra and topology, and the like. The 
treatment of integration is generally excellent, but the 
preceding section on mathematical fundamentals is 
largely unsatisfactory for the following reasons. 


. 
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As a result of oversights or misprints, there are a 
number of mistakes which would preclude the beginner 
mathematician from gaining the maximum value from the 
text. For instance, the example of a partition on page 14 
is not a partition and the definition of a metric space on 
page 227 is incorrect. Also, it is easy to give a counter 
example to question 3 on page 21. 

The definitions are often doctrinaire rather than econ- 
structive. For instance, determinants are defined after 
a great wedge of exterior algebra has been ploughed 
through, and a topology on a set is defined by filters and 
fundamental families rather than by open sets. This 
kind of presentation leaves no room for motivation in 
the mathematics. 

No provision is made at the end of the book for hints 
and answers to the questions given at the end of each 
chapter. This means that any student teaching himself 
from the book will not be able to tell if he is answering 
the examples correctly. The construction of an answers 
gection is also good policy in the sense that it is loss hkely 
that an incorrect. example such as the one mentioned here 
would find its way into the text. 

With these criticisms in mind, one is tempted to con- 
clude that the author could have written a much better 
(and cheaper) book if the initial five chapters had either 
been dropped or drastically pruned. The latter half of 
this book would then have formed a largely excellent 
treatment of the following topics m analy normed 
spaces and semi-normed spaces, the Hahn-Banaeh 
theorem, the spaces L and Lr, the Lebesgue~Nikodym 
and the Lebesgue-Fubini theorems and measures on the 
real line. R. A. FENN 












THEORY OF NUMBERS 


Introduction to Analytic Number Theory 
By K. Chandrasekharan. (Die Grundlehren der mathe- 
matischen Wissenschaften in Einzeldarstellungen mit 
besonderer Berücksichtigung der Anwendungsgebiete, 
Band 148.) Pp. vii+ 140. (Springer-Verlag: Berlim 
and New York, 1968.) 28 DM; 
Tus book consists of an account of some classical results 
in the theory of numbers of the kind normally ineluded in 
a first course on the subject. The well known work of 
Hardy and Wright has long been a standard reference 
in this field and there are several other good texts covering 
more or less the same ground. But the author’s clear, 
concise exposition and his well judged choice of argument 
make this new volume in the Springer yellow series particu- 
larly welcome. According to the preface we may appar- 
ently expect “a subsequent inquiry into deeper questions”’, 
The contents of the book are fairly conventional. After 
establishing in the first chapter the basic results on the 
factorization of integers, the author turns to the study of 
congruences and obtains the fundamental theorems of 
Fermat, Euler and Lagrange. He considers next the topic 
of rational approximations to irrational numbers and 
proves, in particular, the old result of Hurwitz; the proofs 
involve only simple properties of Farey sequences and 
there is no mention of continued fractions. There follow 
two chapters on quadratie residues; these include exposi- 
tions of the standard results on the representation of 
integers as sums of two and four squares and include also 
a discussion of Gaussian sums preliminary to a proof of 
the “law of quadratic reciprocity”. The arithmeticg 
functions r(n), din), u(r), p(n) are introduced in chapj 
six and their familiar multiplicative propertie 
elementary estimations are established. Chaptg 
is devoted to a discussion of Chebyshev’s resu 
distribution of primes and includes, more ¢ 
proof of Bertrand’s postulate due to S. S. Pill 
of Weyl’s theorems on uniform dis buti 
of Kronecker’s theorem by the method 
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the topics of chapter eight. Chapter nine consists of a 
discussion of Minkowski’s convex body theorem and its 
applications; here, a particularly notable feature is the 
author’s derivation of the elegant Siegel formula. Charac- 
ters, L-funetions and Dirichlet series are introduced in 
the tenth chapter, and Dirichlet’s celebrated theorem of 
1837 is proved on the existence of primes in an arithmetical 









progression; this pioneering work is usually regarded as 
the esis of analytic number theory. The final chapter 


is devoted to a proof of the prime number theorem using 
the Wiener-Ikehara argument. 

There are full references to associated literature in the 
notes on the chapters at the end of the book and there is 
also a brief bibliography; but many other works might 
appropriately be listed here and, in particular, Daven- 
port's The Higher Arithmetic and Prachar’s Primzahl- 
verteilung. The references serve to guide the reader to 
newer pastures beyond the essentially traditional terrain 
of the main body of the narrative. A. BAKER 


LOCAL THERMODYNAMICS 


Introduction to the Thermodynamics of Charged and 

Polarized Layers 

By A. Sanfeld. (Monographs in Statistical Physies and 
Thermodynamics, Vol. 10.) Pp. xxiv+258. (Wiley: 
London and New York, December 1968.) 90s. 
Tais book deals with two main topics: the development 
of the local thermodynamic method to deal with systems 
where there is a high electrie field, and the application of 
this method to the problem of the diffuse double layer 
originally worked out on a much simplified model by 
Gouy and Chapman. 

The advantage of the local thermodynamic method, as 
of more conventional thermodynamics, is that general, 
formal relations between observable properties can be 
derived. In the application to microscopic regions where 
there is a high field, this method has the great disadvan- 
tage that to obtain useful results experimental data 
are necessary for the effect. of field or of ionic strength 
on the permittivity, and the like. These data must be 
obtained from experiments on bulk phases and extra- 
polated to the conditions of the charged layer. This 
extrapolation is often quite uncertain, as can be seen 
from the discussion on pages 93-94, for example. It can 
be argued that this approach is the best available until a 
rigorous statistical mechanical treatment of a realistic 
model is possible. The answer to this must be in a com- 
parison of the predictions with experiment. Sanfeld 
claims (page 244) that his purpose has been to see what a 
purely thermodynamic study can achieve with the mini- 
mum number of hypotheses and “by making a direct 
comparison between the calculated and observed pheno- 
mena’. A major criticism of this book is that this com- 
parison is far too limited, especially in view of the quite 
large amount of experimental data now available. The 
only quantitative comparison is given on pages 118-119, 
and this makes use of experimental results of a type in 
which variation of the diffuse layer properties have the 
minimum effect on the measured properties. Brief 
mention of experimental results is made on pages 121 
and 149, but here there is no attempt at any quantitative 
use of the theories proposed here. 

A particularly interesting and novel approach concerns 
the discussion of orientation of molecules at the interface, 
but again there is no attempt to relate this to experi- 
mental work even though several systems have now been 
thoroughly studied where there is clear evidence for 
orientation dependence on double-layer field; for example. 
pyridine, p-toluene sulphonate. 

The style in which the book is written is at times irritat- 
ing in that eryptie references are made to work which is 
not sufficiently described for the reader to know what it 
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contains; for example, page 177, “Using equation 
(15.21) Joos?? obtains interesting results about the Gibbs’ 
formula’. Equation (15.21) is an expression for the 
chemical potential in an ideal uncharged monolayer, and 
reference 35 is a private communication ! This, together 
with the odd “remarks” which are interposed and the 
totally irrelevant chapter 18, suggests that the structure 
of the book has been insufficiently thought out. 
Professor Prigogine suggests in his preface that this 
is a book to last. As an exposition of the theoretical 
method of local thermodynamics this book may stand the 
test of time, but it does not provide a convincing practical 
justification of these methods. ROGER Parsons 


MEMORIAL TO A PHYSICIST 


Spectroscopic and Group Theoretical Methods in Physics 
Racah Memorial Volume. Edited by F. Bloch, 8S. G. 
Cohen. A. De-Shalit, S. Samsbursky and I. Talmi. Pp. 
x+462. (North-Holland: Amsterdam, 1968.) 168s. 


Tus is a collection of papers by Racah’s colleagues, 
friends and pupils, published as a tribute to his memory. 
(He died in 1965, at the early age of 56.) I am usually 
not very enthusiastic about the publication of volumes 
such as this; it seems to me that the usefulness of such a 
book is apt to be in inverse proportion to the range of 
interest of the man who inspired it, for as the range of 
subjects increases, so the proportion which is useful to 
any one reader decreases. One understands the authors’ 
wish to honour the memory of their friend and teacher, but 
in my view the scientific value of the material is diminished 
if it is presented in this way. 

This said, it must be admitted that the present volume 
is not as much of a hotch-potch as I had feared. The 
twenty-five papers do range from an essay on the relation 
between magic squares and 3-j and 6-j symbols, through 
various topics in nuclear physics, to atomic spectroscopy 
and a study of ¥Yb** in a cubic erystal field; but they are 
held together very firmly by their common theme, which 
is the study of the properties and applications of Racah 
coefficients and related group theoretical techniques. 
Rather more than half the papers are more or less directly 
concerned with nuclear and elementary particle physics, 
and several more deal with related group theoretical and 
quantum mechanical problems. When one adds that the 
list of contributors includes names like Wigner, Fano and 
Regge, it will be apparent that this is a book which most 
theoretical physicists will want to have in their libraries, if 
not on their own shelves. I still regard eight guineas as a 
lot to pay for a book, but unfortunately it is not out of line 
with current prices for books of this type. 

Of the fringe topics, it is worth mentioning an article on 
the atomic photoeffect, by Rakavy and Ron, and an 
account by Goldschmidt of the very difficult problem of 
interpretation of rare-carth atomic spectra. In a book 
which is predominantly concerned with nuclear physics, 
such papers are likely to be overlooked. 

T am not impressed with the index, which is very brief. 
Finally, I think it would have been appropriate to include 
a short biography of Racah, and a bibliography. 

A. J. Stone 


SELECTIVE ELECTRONICS 


Solid State Electronics 

By G. Fournet. Translated by Scripta Technica. English 
edition edited by S. Chomet. Pp. 311. (Iliffe: London, 
1968.) 70s boards; 38s paper. 

Ir takes some courage these days to publish a book on 
solid state electronics, because the available literature is 
plentiful. This is a translation from the French of a book 
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the original date of publication of which is not given (it 
happens to be 1962). It starts from the wrong title—the 
French “Physique Electronique des Solides” fits the 
contents far better than the English title, which is mis- 
leading, because the book has very little to do with 
electronics, as will become apparent. 

The book has chapters on quantum mechanics, Fermi- 
Dirac statistics, electron theory of metals, semicondue- 
tors and magnetism. I find it difficult to see what the 
author had intended in writing this book with this subject 
matter. It is not, it cannot be for its volume, a rigorous 
treatment. Yet there is a lot of mathematics, or rather 
algebra, which makes the grasping of the physical signifi- 
cance of various arguments very difficult. Also the choice 
of the particular topies, which are very sclective and yet 
lacking in real depth, is difficult to justify. 

The book has to be judged by its English title, so let it 
be said that the following omissions are grave for a book 
under this title published so recently. 

No mention is made of Hall effect-—this may be under- 
stood if one bears in mind that despite a long argument 
about holes, the author falls into the familiar trap of 
equating (negative mass, negative charge) with (positive 
mass, positive charge). This would have given him the 
wrong sign of Hall effect for holes. Only silicon and 
germanium appear to exist as semiconductor materials. 
Lifetime of excess carriers is dismissed in a few lines. There 
is no discussion of the dependence of mobility on any 


parameters. No mention is made of surfaces and their 
effects. Unrationalized MKS units are used. Treatment 


of p-n junctions is rather confusing. Only alloyed tran- 
sistors are mentioned. No references are given whatso- 
ever. Perhaps the only acceptable chapter is the last one 
on magnetism. 

I cannot recommend this book for teaching of solid 
state electronics, not even under its French 
‘Electronic Physies of Solids”. A. K. JONSCHER 


CURRENTS IN POLAROGRAPHY 


Catalytic and Kinetic Waves in Polarography 

By Stal’ G. Mairanovskii. Translated from the Russian 
by Bela M. Fabuss. Translation edited by Petr Zuman. 
Pp. xiv+352. (Plenum Press: New York, 1968.) $19.50. 
Tue electrochemical reduction of organic compounds in 
aqueous solution frequently involves hydrogen ions and 
this makes possible the use of such methods as polaro- 
graphy for a study of the protolytic reactions of organic 
materials. In the general case of an electrode process, the 


overall reaction can be broken down into a number of 


steps not all of which involve electron transfer. This is 
also true of organic electro-reductions. The stages 
occurring on or near the electrode surface differ from 
similar steps occurring in the bulk of the solution because 


of the effects of the electric field in the double layer and of 


the adsorption of the participating compounds. In order 
to interpret the polarograms successfully, it is necessary to 
understand the relations between these factors and the 
rate of the reaction as measured by the current. 

These effects are responsible for the production of the 
so-called kinetic and catalytic currents in polarography. 
Although these are discussed briefly in a number of texts, 
such as Kolthoff and Lingane’s classic Polarography, as far 
as I am aware, there has been no comprehensive and 
authoritative book to cover them. This new work by 
Mairanovskii must be considered from this point of view. 

The author gives numerous examples of electrode 
reactions oceurring at the dropping mercury electrode 
which are complicated by the chemical stages, and the 
experimental methods of examination are briefly out- 

dined. The parts of the book devoted to the calculation of 
the kinetie parameters are the most important. The 
detailed derivations of key equations are not usually 


title of 
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given because they can be found in the original re ferences, 
but the assumptions made in the derivations are clearly 
stated. The effects of adsorption, antecedent reactions, 
the double-layer structure and changes in the solution 
brought about by the presence of organic solvents are 
discussed in detail. One of the stated objectives of this 
book is to determine the reactivity of organic compounds 
in terms of the polarographic half-wave potential. This is 
not clearly achieved, and the discussion could have been 
emphasized more in order to draw these conclusions 
together more closely. 

This apart, the author has succeeded in producing a 
well written and authoritative work which should become 
the standard reference within the field. 

I have a number of minor eriticisms. The index is 
inadequate, and a list of commonly used symbols and 
their meanings would have been useful, There is a small 
number of misprints, but within the context they are so 
obvious as to be unimportant, P. A. Brook. 


CHEMICAL REACTIONS 


Linear Free Relationships 

By P. R. Wells. Pp. vii+ 116. (Academic Press: 
and New York, November 1968.) 37s 6d; $5.95. 

WHEN the logarithms of the rate (or equilibrium) constants 
for one reaction series are linearly related to those for a 

second reaction series which is subjected to the same 
variations in structure or reaction conditions, a linear 
free energy relationship is said to hold; this is because the 
logarit hin of a rate (or equilibrium) constant is aide eat 
to the free energy of activation (or equilibrium) for the 
reaction. Hammett first made the observation in 1937 
that the equation log (k/k) =0 c (where o depends only on 
the substituent and ¢ only on the reaction type) correlates 
reasonably successfully the reactivities of a large number of 
meta and para-substituted benzenoid compounds such as 
benzoic esters. Since then, there have been two develop- 
ments: first, Hammett’s equation has been submitted 


London 






to various modifications and elaborations, with the 
emphasis on the correlation of substituent effects: and 


second, linear free energy relationships concerned with 
changes in the reaction medium and with changes in the 
nature of the reagent (as opposed to the organic subst rate) 
have been reported. 

Tt is with these relationships that Wells's book is con- 
cerned. It cannot have been an easy book to write, 
because the field is a somewhat confused one. This js 
partly because a large number of slightly different free 
energy relationships is needed even to correlate sub- 
stituent effects; thus, the substituent constants (a9) 
required for the correlation of the reactivities of sub- 
stituted phenylacetic acids and their derivatives are 
different from those for electrophilic substitutions in 
benzenoid compounds (o*), a fact which makes chemical 
as well as statistical sense (eight different types of 
o-constant are listed in the index). And it is partly 
because the application of linear free energy relationships 
has often been abused in the chemical literature; cor- 
relations, often crude, have been observed and erroneous 
conclusions have been drawn from them. Moreover, the 
statistical validity or otherwise of much that has been 
done has been ignored; for example, it is clear that the 
elaboration of a particular linear free energy relationship 
by the introduction of an extra parameter must inevitably 
improve the fit, and great care must be taken in drawing 
conclusions in such cases. 

Wells has picked his way carefully and sensibly through 
the wide-ranging literature; his account is not exhaustive, 
but the salient features are all included. Even so, the 
book is not easy to read and makes for a sort of chemical 
indigestion; but this can be attributed in large measure to 
the nature of the subject. Certainly the book provides a 
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useful introduction to anyone concerned with elucidating 
the significance of particular variations of reaction rate 
with changes in the substrate or the reagent or the medium, 
for he will then stand a chance at least of being able to 
correlate his own observations with others which have 
been reported and which may be better understood. My 
view is that the chief value of linear free energy relation- 
ships is their use as a probe in understanding the mechan- 
isms of reactions, the properties of solvents, and so on, and 
I am sorry that Wells did not give greater emphasis to 
this by the inclusion of more examples. 
R. O. C. Norman 


HYDROCARBON CATALYSIS 


Catalytic Conversion of Hydrocarbons 

By J. E. Germain. Pp. xi+322. (Academic Press: 
London and New York, January 1969.) 80s; $12. 
Desrrre the profusion of fundamental studies of catalysts 
and catalytic reactions, most of the large-scale catalytic 
processes currently in use have been discovered chiefly 
by empirical methods. Nevertheless, Professor Germain 
believes that a stage has now been reached where “theoreti- 
cal considerations are not completely useless, even for 
very practical chemists”. In particular, he suggests that 
further important developments in the science of cat alysis 
will emerge only if attempts are made to reconcile the 
chemical and physical approaches to the subject. Thus 
he points out in the preface that the most fully understood 
catalytic reactions are those in homogeneous systems 
where intermediate species have been identified by 
chemical means. The field of heterogeneous catalysis, 
in which physical factors also manifest themselves, 
however, demonstrates the shortcomings of the chemical 
approach on its own. 

In view of the enormous volume of available material 
on the scientific and industrial aspects of catalysis in 
general, the author has limited his discussion to reactions 
of hydrocarbons either on their own or involving other 
simple species such as hydrogen, oxygen, water and 
carbon monoxide. The finding that hydrocarbons can 
be catalytically converted to other commercially impor- 
tant products gave great impetus to the study of such 
reactions in the period between the First and Second World 
Wars, and the field of hydrocarbon catalysis thus pro- 
vides a very good testing ground for Germain’s principal 
these 

The author starts by examining the most likely mechan- 
isms of interaction between hydrocarbons and catalysts 
of different types. After considering the structure of the 
intermediates involved in catalysis, which are either free 
radical or ionice species, he discusses the structure and 
reactions of labile inorganic complexes and then considers 
those catalytic reactions of hydrocarbons which are best 
explained in terms of the two types of intermediate. 

The next two chapters deal with reactions involving the 
formation and rupture of C—H bonds and C—C bonds 
respectively. In the first, useful accounts are given of 
bydrogen-deuterium exchange and of hydrogenation, 
dehydrogenation and hydrogen transfer reactions. The 
chapter on C—C bond reactions includes sections on 
isomerization, alkylation and hydrogen transfer reactions, 
and on the polymerization and cracking of various classes 
of hydrocarbons. The last two chapters of the book 
provide valuable accounts of the catalytic reactions of 
hydrocarbons with oxygen and carbon oxides respectively. 

The author’s approach to the subject is novel and re- 
freshing inasmuch as he has brought into a logical and 
coherent pattern a large number of catalytic reactions of 
various types. The book certainly contains a mass of 
useful information and a detailed and up-to-date biblio- 
graphy. It is perhaps difficult to digest all the facts and 


figures on a first examination, but the book becomes more 
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readable once it is realized that the main object is to 
illustrate certain broad trends and generalizations rather 
than to present the underlying details on which the con- 
clusions are based. The style in which the book is written 
is perhaps a little awkward and stilted in places, but this 
does not appreciably detract from the great usefulness of 
a work which should be welcomed by all those interested 
in the general field of catalysis and in the reactions of 
hydrocarbons. C. F. Currus 


HETEROGENEOUS CATALYSIS 


Heterogeneous Catalysis 

By S. J. Thomson and G. Webb. (University Chemical 
Texts.) Pp. x+197. (Oliver and Boyd: Edinburgh and 
London, February 1969.) 25s paper; 42s boards. 


Tms latest addition to “University Chemical Texts” aims 
to give an up to date account in the space of some 200 
pages of the rapidly expanding subject of heterogeneous 
catalysis. The authors inevitably have had to be highly 
selective in their choice of topies and depth of treatment: 
in this way they have been successful, bearing in mind that 
the book is intended primarily for undergraduates. The 
book is not so overloaded with facts. theories and ref- 
erences as to discourage the beginner, nor yet so devoid 
of depth and of practical applications as to be without 
stimulus for research workers and industrialists. It will 
therefore have a wide appeal. 

Chapter one sets the scene with a discussion of the 
nature of catalysis in relation to adsorption and activation 
energy, and of the nature, preparation and uses of typical 
catalysts. Next, in the longest chapter in the book, 
chemisorption is treated in detail, leading to discussion of 
the nature of the surface bond and of experimental 
techniques for investigating surface species. Band theory, 
the Fermi level, the electronic factor in catalysis and 
photocatalysis are included in the chapter on oxide 
catalysts, and then follows a standard treatment of the 
kinetics of surface reactions with an instructive example of 
a kinetic study. Treatment in some depth of exchange 
reactions of hydrocarbons and of metal-catalysed hydro- 
genation of unsaturated hydrocarbons occupies the next 
two chapters, the most detailed and specialized of the whole 
book, and is followed by brief chapters on bifunctional 
catalysts, radioactive tracer methods and electrocatalysis. 
In the final chapter, the authors return to the topic of 
bonding at surfaces, and briefly discuss heterogeneous 
catalysis in relation to homogeneous catalysis, crystal 
field theory and the thermochemical approach to 
catalysis. 

The book, based as it is on the authors’ experience in 
teaching, rightly emphasizes principles illustrated by 
selected examples. One cannot complain about the 
examples chosen but, with advantage, the chapter on 
bifunctional catalysts could have been extended and re- 
titled so as to include the synthesis of ammonia and the 
oxidation and ammoxidation of olefins. Obviously, not 
everything that one needs to know about heterogeneous 
catalysis is in this limited volume, but on the other hand 
everything that is in the book needs to be known. The 
book is well produced, very reasonably priced and fulfils a 
need long felt both by students and research workers. 

Duncan TAYLOR 





SOLID STATE CHEMISTRY 


lonic Crystals, Lattice Defects and Nonstoichiometry 

By N. N. Greenwood. Pp. viii+194. (Butterworth: 
London, January 1969.) 32s. s 
Dure the past few years several books have been 
published in the field of solid state chemistry; from the 


52 


chernist’s point of view of this subject, this book is prob- 
ably the best. The subject matter is treated in such a 
way that undergraduate students in their final year will 
find it readable and useful. 

The first of the seven chapters gives a historical intro- 
duction followed by the concept of non-stoichiometry, 
emphasis being laid on the phenomenon being more general 
than exceptional. This is followed by a consideration of 
the lattice energy of ionic erystals including the Born- 
Haber cycle, theoretical calculations of lattice energies 
and the contribution of the crystal field. The third chap- 
ter deals with the shapes of ionic erystals. 

The remaining four chapters consider the structural, 
thermodynamic and experimental aspects of lattice 
defects with a final comment on how the subject impinges 
on so many other fields. These include solid state physics, 
heterogeneous catalysis, pigment manufacture, corrosion 
and photography. 

Particular attention is given to the work of Magneli 
and his colleagues in relation to the X-ray studies of the 
oxides of molybdenum and tungsten and to Wadsley’s 
investigation of various phases of ReO, formed by crystal- 
lographic shearing. It is comparatively free of errors and 
well produced. M. W. ROBERTS 





COMPUTER METHODS FOR ANALYSTS 


Computer Calculation of lonic Equilibria and Titration 
Procedures 

With special reference to Analytical Chemistry. By 

David Dyrssen, Daniel Jagner and Fredrik Wengelin. 

Pp. 250. (Almqvist and Wiksell: Stockholm; Wiley: 

New York and London, January 1969.) 85s. 


QUANTITATIVE analytical chemistry is undoubtedly one of 
the areas of chemistry which demands more calculation of 
a tedious repetitive nature than most others. Many 
modern physico-chemical techniques of analysis are now 
eonducted with instrumentation which provides direct 
digital read-out in parts per million, and the like, of the 
analyte, and information from these can easily be fed 
directly to a computer. In this way, entire programmes of 
industrial manufacture may be fully automated without 
direct participation of analysts in a control laboratory. 
Similar instrumentation can be devised for the classical 
referee method of titrimetric analysis for special purposes, 
but there are many instances when calculations based on 
measurements made by titration become very tedious 
and protracted because of the complicated equilibria 
involved. 

This book deals specifically with this problem and is 
designed to permit analytical and inorganic chemists to 
make use of computer programming to solve such problems 
without any detailed knowledge of the functioning of a 
computer. As the authors point out in their preface, it is 
extremely difficult to find a mathematician who can 
devise useful calculations devoid of chemical errors, and 
such consultations and experiments can be very tedious. 
In the authors’ experience it is simpler and much more 
satisfactory to teach the chemist to write his own program, 
and they go on to show how this may be done without 
consuming much computer time. T hey have done this by 
illustrating the selection of relevant equilibria for particu- 
lar caleulations and by discussing chemical arguments to 
support the use of a particular computer program. The 
chemical meaning of the results of computer caleulations 
is also well illustrated and discussed, because such data are 
clearly of little use unless they can be interpreted 
chemically once they have been obtained. 

All the programs are written in ALGOL, but with 
experience they could be readily transferred to FORTRAN. 
The contents of this book are based on two programs 
written by Sillen and his co-workers, namely LETA 
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GROPVRID (Arkiv. Kemi., 23, 97; 1964), relating to- 
stability constants of complexes, and HALTAFALL 
(Talanta, 14, 1261; 1967), which deals with the con- 
centrations of ions and complexes from a knowledge of 
stability constants and total (analytical) concentrations. 
The use of the latter program permits such calculations 
without the use of difficult approximations or of ‘‘con- 
ditional” or “apparent” stability constants. 

The text divides into nine chapters which deal inter alia 
with various aspects of programming computers for 
problems in analytical chemistry and particularly with 
the selection of stability constants and activity factors. 
Use is made of normalized curves and of concentration 
calculations by a computer based method of successive 
approximations. There are specialized separate chapters 
on distribution diagrams, solvent-extraction curves, 
solubility curves and indicator titrations. Research 
students and many industrial analysts will particularly 
welcome the first chapter on computerized end-point 
calculation for potentiometric titration, particularly in 
the light of recent work on specific ion electrodes. 

The text is written clearly and unequivocally with a 
commendable economy of expression so that the reader is 
not distracted by too many words getting in the way. 
There are many examples and illustrations and with one 
exception each chapter has a set of about four problems 
set out in detail with hints for their solution. Much 
thought has obviously gone into this compilation and it has 
all the signs of being a very successful and worthwhile 
introduction to computer methods for ‘wet’? chemistry. 
The book is somewhat expensive for its size, but it does 
appear to be well worth purchasing. The three authors 
are to be congratulated on producing a palatable and useful 
“chemical” book on the uses of computers. 








T.S. WEST 


ANALYTICAL CHEMISTRY 


Analytical Applications of 1,10-Phenanthroline and 
Related Compounds 

By Alfred A. Schilt. (International Series of Monographs 

in Analytical Chemistry, Vol. 32.) Pp. vii+ 193. (Perga- 

mon: Oxford, London and New York, January 1969.) 

70s; $9. 


Thermometric Titrimetry 
By L. S. Bark and S. M. Bark. (International Series 
of Monographs in Analytical Chemistry, Vol. 33.) Pp. 
ix+126. (Pergamon: Oxford, London and New York, 
December 1968.) 45s; $6. 


Ir is stimulating to find a good book on organic reagents 
in these days when most analytical texts are devoted to 
instrumental methods of analysis. This, moreover, is a 
specialist one on a particular class of organic reagent which 
has the rather novel property of forming unusually stable 
and intensely coloured complexes with the lower oxidation 
states of metals such as iron and copper.  1,10-Phenan- 
throline and the related reagents reviewed in this book 
do, however, form complexes with a wide variety of other 
metals, many of which have extensive application. in 
analytical chemistry im absorptiometry, fluorimetry, 
gravimetry, titrimetry, concentration—isolation, and in 
several other areas. These are all reviewed here in 
considerable detail, and the literature is covered 
from Blau’s original synthesis of 2,2’-dipiridy] in 1888 
up to 1967 when these reagents were being used 
extensively for the wide range of purposes mentioned 
here. 

The text opens with a chapter which sets the historical 
perspective and which lists many of the physical para- 
meters of the 1,10-phenanthroline reagent. The next 
chapter deals with the different types of chelate formed 
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with various metals arranged according to their grouping 
in the periodic table, that is, group I to group VIII, and 
it gives detailed tabular data of stability constants, 
absorption spectra maxima and the like. The third 
chapter is devoted to the colorimetric determination of 
Fe, Cu, Ru, Co, Ni, Pd, Ag, Mo, Zn, Cd and CN-, followed 
by indirect methods for various anions, oxidants and 
reductants. The fourth chapter gives a full account of the 
extremely useful redox visual and fluorescent indicator 
properties of metallophenanthrolinium chelates of iron, 
ruthenium, osmium, vanadium, chromium, cobalt and 
copper. The less well known indicator properties of such 
complexes for non-aqueous acid-base titrations, iodimetry, 
complexation and precipitation titration form the basis 
of the fifth chapter. The ensuing chapter deals with 
the precipitation of anions by  trisphenanthrolinium 
iron(II) and the like, the precipitation of metal ions 
as phenanthroline complexes and of phenanthrolinium 
cations with complex anions. Finally, the book closes 
with an account of miscellaneous applications not listed 
here, including masking action and a discussion of the 
determination and recovery of the two main reagents, 
2,2’.dipiridy] and 1,10-phenanthroline. There are separate 
author and subject indexes. 

It might be thought that a specialist monograph on the 
use of an organic reagent in such detail might be of chiefly 
academic interest to chelate chemists and analytical 
chemists in universities and some research institutes 
and that it would cater little for the hard-pressed analytical 
chemist in industry. While there may be some element of 
truth in this inasmuch as the text is organized from the 
standpoint of the general utility of a particular reagent, 
it is true to say that the author has concentrated chiefiy 
on the practical aspects of his subject. The reader who 
is intent on finding if one of these reagents may be used 
to determine a particular anion or cation will, however, 
find that the text and the index are organized in such a 
way that this is a relatively simple matter. He may 
simultaneously find much useful and stimulating informa- 
tion which may set him off on previously unforeseen tracks 
of exploration. Many working details of analytical 
methods are given in the text, but they are dispersed in 
such a way that they do not distract from the overall 
“readability” of the book. 

There is a wealth of useful information in this book, 
which is written in a clear and concise manner. The use 
of the term ‘‘fluorescimetric”’ (page 163), in place of the 
commonly used “fluorimetric”? or “fluorometric”, jars 
somewhat, particularly when it becomes ‘“spectro- 
fluorescimetric” (page 166), but the text is otherwise 
pleasantly readable. In my opinion this book makes a 
significant and worthwhile contribution to the analytical 
bookshelf. 

Titrimetric analysis, discussed in the second book, is 
one of the most important referee methods available now. 
Most of the physicochemical and physical methods in 
use today rely ultimately on such reference procedures 
for their standardization, and any development which 
affects such procedures is therefore of widespread interest. 
Furthermore, titrimetric methods can readily be extended 
to deal with micro-samples and, with modern physico- 
chemical end-point detection systems, they provide a 
precision which ean scarcely be challenged by the physico- 
chemical measurement made uniquely for an analytical 
measurement; ef. amperometric titration and polaro- 
graphy. 

A little reflexion reveals that most of the end-point 
detection techniques currently in use rely on measure- 
ments of free-energy changes, that is, most of the electro- 
chemical procedures. These procedures are excellent 
when such changes are well defined, but there are many 
instances when they are not. It is in this context that 
thermometric titration becomes particularly valuable 
because enthalpy changes involve entropy as well as free 
energy. Thus many titrimetric procedures can be moni- 
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tored by thermometry which can scarcely be followed 
by potentiometry. For example, thermometric titration 
permits acids to be titrated in the presence of hydrolysable 
metal ions. Sequential titration based on the differing 
enthalpy response of multicomponent systems which 
respond to a common titrant is easily possible, and it 
yields particularly well defined curves when both exo- 
thermic and endothermic reactions are involved, as, for 
example, in the EDTA titration of water hardness. 
Calcium, which titrates before magnesium, gives an 
exothermic reaction, while magnesium gives an endo- 
thermic response. While ordinary thermometers may 
be used, the advent of the thermistor has proved to be 
particularly beneficial in the development of this tech- 
nique, which has only come to the fore in the past few 
years. 

This book surveys the broad area of thermometric 
titration. It starts with an excellent account of the basic 
principles of the technique and it then goes on to discuss 
the types of experimental arrangement that have been 
used for the purpose of carrying out such determinations, 
Separate chapters then deal with acid-base titration in 
aqueous media, redox titration, precipitation titrations, 
complexometric titrations and non-aqueous titrations. 
In some systems the solvent may itself be chosen to serve 
as an indicator where otherwise no perceptible change 
would be observed in an aqueous medium, and this forms 
the basis of a short but interesting chapter. Finally, 
there are two short chapters on industrial analysis, and 
on the different types of data that may be gleaned from 
a study of the enthalpograms themselves. 

The appearance of this book is timely. There is little 
doubt that its survey will stimulate very considerable 
interest in the topic. The critical nature of the review is 
particularly valuable, because it clearly indicates the 
limitations and pitfalls into which the novice might other- 
wise fall, and at the same time it highlights the widespread 
use of the methods. There are many illustrations and 
tabular summaries of data. The book should be of con- 
siderable service to students and to industrial analytical 
chemists who wish to know more of this rapidly expanding 
technique. The authors are to be congratulated on the 
provisions of this well written and worthwhile mono- 
graph. The cost is moderate and the book merits wide- 
spread use. T. S. WEST 


PHOTOEMISSION 


Photoemissive Materials 

Preparation, Properties and Uses. 
Pp. ix + 256. 
1969.) 122s. 


By A. H. Sommer. 
(Wiley: New York and London, January 


Tuais book presents a clear and illuminating account of 
photoemissive materials, based on the author’s long per- 
sonal experience of the subject. It opens with brief 
introductions to the theory of photoemission from metals 
and semiconductors which may perhaps be criticized 
for their omissions; some discussion of the optical proper- 
ties of solids, for example, would have been useful because 
of the frequent references to such properties which subse- 
quently appear. In the section dealing with the determina- 
tion of work functions, no mention is made of field electron 
emission, particularly important in this context for 
measurements on individual crystal planes, and also for 
the investigation of metallic surface films. Field emission 
results are again omitted from a quite extensive table of 
work function values, as are many of the more recent 
contact potential difference determinations. In fact, 
almost two-thirds of the results quoted in this table were 
obtained before the advent of ultrahigh vacuum tech- eè 
niques in 1950, although it is elsewhere rightly emphasized 
that only measurements made under ultrahigh vacuum 
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conditions can be considered entirely reliable. Much 
modern work in this general field is also overlooked by 
the citation of a paper published in 1939 as a typical 
illustration of the effects of gas adsorption on metal work 
functions. 

The main portion of the book consists of chapters on the 
major photocathodes--caesium antimonide, other alkali 
and multialkali antimonides, and the Ag-O-Cs system- 
followed by shorter discussion of other materials. The 
preparation and properties of each, and the theory of 
its operation, are described in detail and illustrated by 
a large number of diagrams. The complexity of these 
substances is such that the preparation of one must be 
described as a process which “can only be learned by 
watching rather than by description”, while some of the 
associated theoretical problems have remained unsolved 
for more than thirty years. The difficulties involved have, 
however, been clearly summarized and presented in a way 
whieh can only stimulate further thought, especially in 
the case of the fascinating Ag-O-Cs photocathode. 

Although the book is “primarily concerned with photo- 
emission as an end in itself rather than as a research 
tool”, the penultimate chapter outlines the important 
application of this technique to the investigation of the 
band structures of semiconductors. Because this also 
provides a potentially powerful method for following the 
formation of new phases during the interaction of gases 
with solids, and in view of the scarcity of texts on photo- 
emission, it is only unfortunate that space could not have 
been found for a considerable extension of this section. 

The book amply fulfils its stated purpose of providing 
a source of information for those who make and use 
photocathodes, and it also contains much of interest to 
anyone concerned with the subject of photoemission in 
general. C. 5. MeKeEE 
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LANDFORMS 


1969 


Geomorphology 

By Fritz Machatschek. Edited by H. Graul and Č. 
Rathjens. Translation of the ninth edition by D. J. 
David. Edited by K. M. Clayton. Pp. x+212. (Oliver 
and Boyd: Edinburgh, February 1969.) 75s. 








i 


Fritz MACHATSCHEK'S Geomorphologie has been a standard 
text in Germany for more than a generation. ft was com- 
prehensive and succinct, and its predictable course through 
several editions allowed it to be kept reasonably up to 
date. After the author’s death in 1957, the eighth edition 
was thoroughly revised by Hans Graul of Heidelberg and 
Carl Rathjens of Saarbrücken, who also strengthened the 
parts on climatic geomorphology and added an interesting 
section on anthropogenic influences on landforms. 
Machatschek was a distinguished practical and theor- 
etical geomorphologist who grew up in the heyday of 
Albrecht Penck and W. M. Davis. He lived to see the 
reactions of German scientists to th geomorphological 
giants and, unlike many of his native contemporaries, 
accepted the validity, as a methodological concept. of the 
eyclic theories of Davis. He was also prepared to accept 
the significance of climate, past and present, in the 
development of landforms, although with typical sagacity 
he stated, in the sixth edition, that the moment had not 
yet arrived for “a systematic treatment of morphological 











phenomena and processes on the basis of climatic 
causality”. From the beginning he had had no such 


doubts about the close connexion between surface forms 
and tectonic movements in the Earth’s crust, and he 
always emphasized this relationship; yet. strange to say, 
he would never agree “to devote a detailed treatment to 
endogenous processes, for these belong to the realm of 





LOCAL GEOLOGY 





The Weald Clay lowland and Lower Greensand escarpments of west Surrey seen from Gibbet Hill, Hindhead. Frontis- 

piece to a new Geological Survey Memoir, Geology of the Country around Haslemere, by R. G. Thurrell, B. C. Worssam 

and E. A. Edmonds, with contributions by F. W. Anderson and D. A. Gray (Explanation of Sheet 30! of the New 

Series One-Inch Geological Map of England and Wales) (HMSO: London, 1968, 25s). Other memoirs recently published 

cover the geology of Cockermouth (Sheet 23), Market Harborough (Sheet 170), Gwendraeth Valley and adjoining 
areas (Sheets 229, 230 and 246) and Okehampton (Sheet 324). 
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geology”, This tripartite eyclical—climatic~structural 
approach pervades the whole volume. 

It may seem odd that so cautious and skilled a field- 
worker as Machatschek should favour the one-sided 
Davisian idea of landform cycles, which, as R. J. Chorley 
shows (Frontiers in Geographical Teaching, pages 21-38, 
1967), was an imaginative concept based on such dis- 
criminative components that it could not provide any 
single model containing a “universally appropriate 
approximation to a segment of reality”. But the fact is 
that Machatschek often discards it and admits, for example, 
that separate parts of a landsca pe with the same absolute 
age of development may have quite different appearances; 
and that the origin of broad transgressive surfaces, such 
as the Russian platform, is not to be sought in Davis's 
doctrine of cycles. 

The volume opens with a brief survey of the general 
nature of the Earth's surface and of endogenous processes. 
This discussion carefully avoids details of the possible 
causes of continental drift which most British and 
American authors would be anxious to include and to 
associate them also with mountain and continent- 
building. The following ten chapters describe the various 
exogenous processes, with emphasis on climatie influences 
and dominant rock characteristics. The treatment here 
is very uneven. The ehapter on “Weathering : Soil- 
formation and Soil Zones" is thin even as an introduction, 
whereas that on glacial landforms is much more certain, 
The chapters on the landforms characteristic of humid 
climates, including karstic outcrops, of arid climates and 
of coasts also have a wealth of detailed examples and 
astute observations. 

The volume concludes with a subject index and a long 
bibliography that is particularly rich in German and French 
texts. This bibliography will be helpful only to students 
well versed in those languages but who presumably 
would hardly need the translation. More problematic is 
the wisdom of including in it references to nineteenth 
century German texts which today are only of historical 
interest when many internationally recognized standard 
texts in English are omitted. For example, there is no 
reference to A. Holmes, Principles of Physical Geology 
(1965); L. B. Leopold et al., Fluvial Processes in Geomor- 
phology (1964); Y. E. Tuan, Pediments in Southeastern 
Arizona (1959); and H. J. W iens, Atoll Environment and 
Ecology (1962). Equally puzzling is the inclusion of texts 
in German that are better done (translated, revised, ete.) 
or equally well covered in English. For example, what 
is the point of giving Davis’s Die Enstehung von Korallen- 
riffen (Z. Ges. Erdk. Berl., 1928) when his The Coral 
Reef Problem (1928) is readily available? Or E. Suess’s 
Das Antlitz der Erde (1885-1909) when W. J. Sollas’s 
translation The Face of the Earth is so outstanding ? 

Students, however, will be grateful for this excellent 
production and careful translation of the ninth edition of a 
book that is not particularly easy to read in the original, 
The retention in parentheses of German terms means that 
the translation will serve also as an introduction to 
German terminology in geomorphology. 

ROBERT P. BECKINSALE 


BACKDROP TO THE ASWAN 


Desert and River in Nubia 

Geomorphology and Prehistorie Environments at the 
Aswan Reservoir. By Karl W. Butzer and Carl L. 
Hansen. Pp. xxi+ 562. (University of Wisconsin Press: 
Madison and London, February 1969.) $17.50: 167s. 
THE construction of the Aswan High Dam, which began 
just over ten years ago, triggered off an unparalleled 
series of investigations into the prehistory and cultural 
heritage of Nubia. After a Unesco appeal, numerous 
expeditions began well-publicized rescue digs and crash 
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studies which have enabled former temples, village sites 
and cemeteries to be recorded and in some instances 
removed to sites above the rising waters of the reservoir. 

With such a wealth of archaeological material, it is 
fortunate that landforms and associated sediments have 
been studied also and that details of past environments 
and their position within the chronology of the Nile have 
also been rescued before submergence of the vital evidence. 

Desert and River in Nubia records the geomorphology 
and prehistoric environments of a 375 mile stretch of the 
Nile valley as investigated by the Yale University Pre- 
historic Nubia Expedition. In 457 pages, followed by 
a series of appendices, Butzer and Hansen succeed in 
applying detailed techniques to their vast area without 
obscuring the thread of the main st ory of Nile evolution. 

Emphasis is on the later Pleistocene and Holocene 
deposits, as here the record is more easily deciphered and 
the archaeological data are most abundant. Thus chapters 
three and six deal, in a total of 135 pages, with the sedi- 
mentary sequences of the Kom Ombo Plain and Egyptian 
Nubia. New lithostratigraphic terms are defined and the 
type sections upon which the formations are based are 
deseribed in detail. The processes involved during the 
deposition of the different units are outlined, and each 
section closes with a review of the stratigraphic and = 
climatic conclusions. 

These two chapters set out the principal new facts, but 
they are placed into a wider and historical context by 
chapters two and five, which deal with the geomorphic 
evolution of the Kom Ombo Plain and Egyptian Nubia. 
This is perhaps an unusual use of the term geomorphic, 
involving as it does an artificial separation of certain 
geomorphological aspects from those governing the 
deposition and morphology of the late Pleistocene and 
Holocene sediments. Details are recorded of the solid or 
bedrock geology which is again artificially separated from 
the Tertiary pediplains, Pliocene and early Pleistocene 
sediments and features associated with the Proto-Nile. 

Chapters seven and eight deal respectively with the 
Kurkur Oasis and the Coastal Plain of Mersa Alam, 
Chapter seven contains a detailed regional account of the 
evolution of pediments in the Kurkur area, the age and 
interrelations of Plateau Tufas to local cuestas, and of the 
complex relations between various ages of Wadis and 
Tufas. Climatic inferences are discussed and the sequence 
is related to the pattern of prehistoric occupation. The 
Coastal Plain deals in similar manner with the Pleistocene 
littoral deposits, the stratigraphy of former sea levels 
during the Pleistocene and the palaeo-climatic background. 

The above chapters provide a regional palaeo-environ- 
mental picture or rather a series of local palaeo- 
geomorphologies which are consolidated in the final 
chapter, modestly entitled “Towards a History of the 
Saharan Nile’. A more detailed analysis of the vectors 
which might be considered to have conditioned the 
prehistoric settlement of the Kom Ombo Plain is given in 
chapter four. Here an attempt is made to set the eultural 
information more clearly against the environmental 
backeloth inferred from the geomorphological-strati- 
graphical studies. As a contribution to an interdisciplin- 
ary programme, the volume succeeds at various levels. 
Not only is the evolution of the regional environment 
lucidly explained for the archaeologist, but in the detailed 
appendices, ranging through a consideration of mechanical 
analysis, heavy and clay minerals, isotopic ages and 
micro- and macroscopic palaeontology, the results of 
modern techniques are available for the specialist: geo- 
grapher or geologist. 

The interplay of desert and fluviatile influences, as 
implied by the title, is constantly kept in view. The 
volume records a series of refreshingly realistic investiga- 
tions which will do much to counterbalance the effects of 
the inevitable but artificial pigeonholes into which these 
topics must be categorized at a textbook level, 

W. W. Bissor 


56 


NATURE, VOL. 222, APRIL 5, 1969 


Biological Sciences 


HALDANE’S INFLUENCE 


Haldane and Modern Biology 

Edited by K. R. Dronamraju. Pp. xvi+ 333. (Johns 
Hopkins Press: Baltimore, Maryland; Oxford University 
Press: London, February 1969.) 104s 6d. 





Iw this volume, thirty of J. B. S. Haldane’s colleagues 
from a dozen countries appraise his work. The book 
allows us to ask ourselves just what he contributed and 
what it was in his character and circumstances, his 
recorded environment and his unfortunately unrecorded 
chromosomes, that interacted to produce such strange 
and varied results. 

As we already know, Haldane made physiological 
experiments on himself, but his studies in genetics and 
biochemistry depended on the work of others. The 
absence of technical and experimental contact, the use of 
secondhand data, was a source of weakness. But in the 
short term it served him as a source of strength. He was 
able to leap from one field of experiment to another and 
from one centre of research to another with a mixture of 
diffidence and confidence which may still puzzle us. 

In these ways, however, Haldane became an agent for 
the exchange, the uniquely discriminating exchange, of 
ideas. Now it might be thought that, geneties being above 
all the science of connectedness, geneticists themselves 
would stand in need of no such agent. But the subject 
was rapidly expanding and diversifying. It had been 
built up by naturalists and chemists, by microscopists and 
mathematicians, who could scarcely be expected to pick 
their way with a sure foot through the labyrinths of words 
and ideas which each had separately constructed. The 
connectedness was therefore something which demanded 
the efforts and the insight of an interpreter. And Haldane, 
within certain limits, was a very skilled interpreter. 

What were these limits? The differences between 
Pearson and Bateson, and between Bateson and Morgan, 
alike proved irreconcilable. They repeated the original 
hiatus in understanding between Mendel and the rest of 
the world. From these differences Haldane and Fisher, 
working nearly side by side, were not by any means 
exempt. Failure to understand the complications arising 
from the chromosome theory, in which they agreed, did 
not serve to unite them. For it was not wholly because of 
their inability to see chromosomes. In Haldane’s case it 
was also because of his inability to distinguish between 
deductive and inductive processes of reasoning. His 
acuity in the one perhaps impeded him in the other. He 
seemed to be induction-blind. It is a common defect. 

We thus meet the paradox of Haldane, appearing to 
have the widest interests in the whole world of science, 
but unable to grasp and use the central theory of 
his own subject. When challenged, in 1964, Haldane 
offered a defence of his own approach, the deductive 
approach, to evolutionary problems. It is a defence which 
several contributors to this book find convincing, a 
defence of what had been described as “beanbag geneties”. 
Those who want to understand how his mind worked 
should read it (Perspectives in Biology and Medicine, 
73, 343; 1964). 

Haldane’s most lasting purpose had been to explain 
evolution in terms of acceptable genetic assumptions. 
When he set out on this venture in 1924 the necessary 
assumptions seemed simple. There was Morgan’s new 
model of heredity waiting to be taken over. There were 
the billiard ball genes. They were mapped in four rows. 
Their positions had been fixed by test tube experiments 
with inbred flies which anyone could repeat and confirm. 
And with those rows of genes the chromosomes had been 
shown to correspond in size and number. Against this 














model the voices of the sceptics, some mellow like Bateson, 
others raucous, were heard on every side. There were two 
ways of testing it. One was to go ahead with the experi- 
ments and the inductive reasoning on which it was based. 
And the other was to turn back and deduce its con- 
sequences for evolution by the mathematical method for 
which the model was so well fitted. This was the method 
which Haldane naturally preferred to follow. The result 
was quickly successful; it gave plausible answers to the 
critics. But as the other method developed it became 
clear that the two methods conflicted and (as sometimes 
happens) nature proved more difficult to satisfy than the 
critics. What experiment showed was that changes in 
real genes had been mostly invisible to the early Mende- 
lians; that they interacted and recombined in ways that 
could not be deduced from the simple rules; that changes 
in the linear arrangement of the genes were universal 
means of variation in the chromosomes and had physio- 
logical and structural consequences which greatly modified 
the simple rules; that populations and species of plants 
and animals moreover had recognizably sclf-controlling 
and coordinated systems of heredity and reproduction, 
genetic systems, which evolved, or ceased to evolve, by 
rules of their own; and even that there were genes in the 
cytoplasm as well as in the nucleus. 

These discoveries put the evolutionary problem on a 
different plane, or, more precisely, on several different 
planes. For the experimental geneticists who were 
beginning to understand the variety of reproductive 
mechanisms and of chromosome behaviour it was no longer 
a question of whether Mendelian inheritance and natural 
selection would account for past evolution. They could 
see evolution taking place and they knew more and more 
of how it was working. It was now a question of relating 
what was happening in experiment with what had 
happened and was happening in nature; of finding out 
how complex genetic systems existing in nature were 
built up out of processes which must be separately 
simple. For the experimenter, therefore, Mendelian 
inheritance from being a natural law had become an 
artificial simplification; mutation rates from being 
independent constants had become controlled variables; 
and natural selection from being a grand hypothesis had 
beeome an obvious truism. In a word, the experimenter, 
as experimenters always will, wanted induction before 
deduction. And, as it now appears, he was getting what 
he wanted and getting it very fast. 

Haldane’s contribution to evolutionary theory thus 
proved to be less creative than he had hoped. And it 
also gave a misleading impression of the methods needed 
in genetic research. But there can be no doubt of his 
gift for passing on genetic ideas from a worker in one field 
to a worker in another field who could usefully apply 
them. This is something that biologists need to know 
about. It is best seen from his discussion in 1949 of 
“Disease and Evolution” to which Allison refers. 

Differences in resistance to infection were already in 
1813 the basis of Wells’s explanation of the evolution of 
races in man. “Of the accidental varieties of man,” Wells 
wrote, “whieh would occur among the first few and 
seattered inhabitants of the middle regions of Africa, 
some one would be better fitted than the others to bear 
the diseases of the country. This race would consequently 
multiply while the others would decrease... .” This was 
the first modern statement of the theory of natural 
selection. Its significance for human evolution was rightly 
accepted by Darwin in 1861 and 1871 and notably 
developed by Archdall Reid in 1910. 

These genetic arguments, however, first led to practical 
results not with man but with agricultural crops. When 
the parasite and the host could be seen to evolve together 
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the resulting processes of mutual selection and the lock- 
and-key principle became the basis of the theory and 
practice of plant breeding and were soon governing the 
main food supplies of mankind. These connexions 
sprang from Bateson’s suggestions to two of his pupils, 
Biffen in 1907 and Vavilov in 1913. Their exploitation, 
first in the United States, where inbred wheat, oats and 
barley were so neatly contrasted with outbred maize, 
provided, together with his own geographical studies, the 
material for Vavilov’s culminating generalizations in 
1935 and 1940. 

The transfer of agricultural theory back to animal 
practice was due to the work of Gowen in 1948 at 
Ames, Iowa. The geneties of infection and resistance, 
however, like Garrod’s genetics of metabolism, had lain 
outside the scope of official medical teaching. What is 
more surprising is that it had also been overlooked by the 
mathematical evolutionist. When Haldane wrote, in 
1949, “I have no more than attempted to suggest some 
lines of thought” on this problem, it seems therefore to 
have been a new problem both to him and to his medical 
readers. Neither party knew how long were those lines of 
thought leading from one field of apphed genetics to 
another. And what a great body of hypothesis, experi- 
ment and experience lay behind them. Nevertheless, we 
now know that it was by way of Haldane that the message 
eame through in the end. 

All in all, it is clear that there is good sense in writing 
about “Haldane and Modern Biology”. For the result 
shows that his contribution lay in quick effects and in 
unusual connexions. For this reason, the collection from 
colleagues who knew him of opinions that are still 
fresh in their minds may well be of lasting interest. These 
opinions will remain to be tested by experience. They will 
also remain as a record, to be studied along with Ronald 
Clark’s recent biography, of what happened when a mind, 
always exact, very often conservative, but generally 
reasonable, was attached to a science expanding beyond 
all reasonable expectation. For making this record the 
editor, Dr Dronamraju, has earned our thanks. 

C. D. DARLINGTON 





NOVEL PROTEINS 


Single-Cell Proteins 

Edited by R. I. Mateles and 8. R. Tannenbaum. Pp. 
ix+480. (MIT Press: Cambridge, Mass., and London, 
February 1969.) 149s. 


“SINGLE-CELL proteins” is a euphemism for yeasts, 
bacteria and other microorganisms either intact or after 
subjection to some pretreatment. The euphemism was 
adopted because, although the yeasts are traditionally 
acceptable in foods in most countries, it was feared that 
the popular association of bacteria with disease would 
militate against the acceptance of any food containing 
them. At one time, this difficulty was circumvented by 
calling the product “biomass”. Neither approach is 
altogether logical or satisfactory. A steak is indubitably 
“biomass”, and the more valuable proteins in it are 
present in single cells. Having chosen the title for the 
symposium of which this book is the record, the organizers 
were broadminded in choosing the thirty-six papers to 
include in it. One paper deals with many-celled funguses 
and concludes, a little unfairly, that they grow so slowly, 
and so little is known about their nutritional value, that 
they need not be seriously considered as a food source. 
The author overlooks the fact that many of them will 
grow on substrates, such as lignified cellulose, that are of 
little use to other organisms. Two authors discuss leaf 
protein, and several authors are concerned almost ex- 
clusively with improved methods for using the seed 
proteins of higher plants. These papers were included in 
the symposium to show what difficulties had been en- 
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countered, and what successes achieved, in the use of 
several novel proteins that have been under consideration 
for many years. About a third of the book is devoted 
to these papers. 

Adininistrators tend to act as if everything necessary 
has been done when a method for making a novelty is 
worked out and a method for making it palatable devised. 
The case-studies presented here will, it is hoped, disillusion 
them. A speaker from the Harvard School of Business 
Administration gives a graphic account of the level of 
apathy, mistrust and prejudice in rural Panama. Though 
many of his stories could be matched in a rural pub in 
Britain (and possibly Massachusetts), the technical level 
in the community is so low that mistrust and prejudice 
are more obstructive in Panama. As a partial solution he 
suggests an extension of the cooperative movement. I 
agree: but Harvard should remember that that was how 
the change of management in China and Cuba started. 
The actual steps that should be taken to popularize a 
novelty are discussed by Bacigalupo from Peru. He 
stresses the importance of thorough and sustained pre- 
liminary work in private before any attempt is made to 
introduce the novelty in public. In this way, troubles 
from after-tastes, taste-fatigue, changes during storage 
and non-uniformity of texture and colour should be 
avoided. He also stresses the folly of starting a novelty 
among the least privileged members of a community. 
Without prestige, no new food can sueceed. The continu- 
ing success of the Quaker Oats Company in making and 
marketing ‘Incaparina’ in Colombia is described by 
Dimino. He argues that “feasibility studies” on paper 
are of little use—the experiment has to be made in the 
field. Some of the prerequisites for success are: a local 
source of the raw material (cottonseed, soya and maize), a 
cooperative government and an enthusiastic local staff. 
He concludes: “the investment in plant and equipment is 
substantially less significant than the outlay required for 
the marketing function”. 

Little consideration is given to the use of bacteria as 
human food. Hydrogenomonas has been suggested as 
part of the recycling system in a space station because 
it ean use exhaled carbon dioxide, excreted nitrogen 
compounds, and the hydrogen produced when oxygen 
is made electrolytically. Its amino-acid composition is 
satisfactory, but it contains a hazardous amount of nucleic 
acid and causes acute nausea in some people. DeZeeuw 
argues that work on bacterial food is important because 
it is possible by genetic manipulation to produce strains 
in which a single protein can make up 25 per cent of the 
total. This makes it more likely than in other organisms 
that a strain will be found with a particularly favourable 
amino-acid composition. 

Ten papers deal primarily, or exclusively, with yeasts; 
they concentrate on their growth on hydrocarbons and 
predict that production will reach 2 million tons in 1970. 
There is some repetition here. The state of the 
art in Britain, France, Czechoslovakia, Soviet Union, 
Japan, United States, India and Taiwan is described 
and its state in China is mentioned. Bressani gives 
a comprehensive survey of nutritional studies in 
animals and people and reprints some very interesting 
graphs showing mutual supplementation between Torula 
and maize, cottonseed and sesame, but not soya. Only 
one paper deals with the growth of yeasts on the by- 
products of agriculture and forestry. This paper is useful, 
but it would have been even better if it had made a more 
comprehensive survey of the total amount of material 
that is now going to waste. Important as the cultivation 
of yeasts on hydrocarbons may ultimately become, the 
technique is difficult, and production will probably only 
be feasible in technically highly developed countries. 
Oil-derived yeast will therefore probably not reach those 
who most need new protein sources. They will be able to 
buy a little and will be given more as aid. But if more 
emphasis were placed on the much simpler process of 
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production on carbohydrate wastes there would be in- 
creased local production of yeast from locally available 
material. Thus the only paper from India, where there 
is much unused molasses, is devoted entirely to hydro- 
carbons. 

Enthusiasm for algal foods seems to be waning, but 
belated interest is now being shown in the blue-green 
alga, Spirulina, which is a traditional food in several 
regions. One paper deals with the use of algae for photo- 
synthetic recycling in space stations. The conclusion is 
essentially that come to at an Institute of Biology sym- 
posium in 1960: there will be no advantage in recycling 
carbon dioxide unless the station is being occupied for 
several months, and the practice of trying to feed astro- 
nauts on unfractionated algae is misguided. The paper 
by Oswald and Golueke is of more mundane interest. 
They rely on bacteria to break down the organic matter 
in sewage and make carbon dioxide; the photosynthetic 
algae use this and at the same time supply the oxygen 
that the bacteria need. The mixture of algae and bacteria 
is used as fodder. This is excellent. In sunny regions 
algae will grow in nutrient-rich water in any event, and 
it is much better to have them growing in a tank from 
which they can be collected, and from which purified 
water can be drawn off for re-use, rather than having them 
fouling the waterways as they now do. The paper is 
marred by some false comparisons between carefully 
tended algae in California and the yields got by average 
farming in regions with a harsh winter. N. W. PIRIE 











POP DNA 
DNA: at the Core of Life Itself 


By Lawrence Lessing and the Editors of Fortune. Pp. 85. 
(Macmillan: New York; Collier-Macmillan: London, 
March 1969.) 228 6d. 

THE awe-inspiring discoveries of the past few decades in 
ecular biology have, rightly, begun to hit the popular 
press. Lots of books, in different sizes and shades, are 
cramming the booksellers’ windows. The Double Helix, 
with its racy style, is now joined by this slim, glossy, pop 
book peering at the core of life itself-DNA. Just as 
The Double Helix presented us with a new set of standards 
in scientific research, so now the editors of Fortune 
magazine, led by Mr Lawrence Lessing, have provided a 
new language for the arena in which the mysteries of the 
versatile DNA molecule have been pierced. 

Mr Lessing starts on a well paved—-and well trodden— 
road, “the Master Key to Life”. After a series of big 
“waves of discovery’’, including a dig at the Russians, we 
arrive at a “model in scrap tin” of DNA with its 
*5,000,000,000 ‘bits’ of DNA = Man”. Racing along in top 
gear, Crick, Nirenberg and Khorana solved the genetic 
code, Rich worked out how a protein is manufactured, 
Holley worked out “the exact positions of the 2.500 or 
more atoms” in transfer RNA, and then we slow down for 
“the traffic directors”. During this panoramic trip we see 
how "life puts on individual tissue and integument, flesh 
and blood”. At “the traffic directors”, we find that “the 
varieties of proteins are almost as infinite in number as 
stars in the sky”. A little “genetic engineering’, and 
someone is “reported to be grooming” a virus for the “risky 
experiment” of correcting mutations in man. Already, we 
gather that scientists at Columbia—Presbyterian Medical 
Center in New York have joined with Aveo Corp. in the 
first stages of computer scanning of human chromo- 
somes. 

Having learnt how the engine works, we then come to 
the controls. The first glimmer of how a ‘“computer- 
operated chemical plant” is controlled comes from “the 
rebels at the Pasteur Institute’, “‘ex-Free French and 
Resistance Fighters throughout World War H”. After 
France’s first scientific Nobel prize for thirty years, we see 
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“Monod seizing the occasion to launch a blistering attack 
on a rigid, minister-dominated educational system, laid 
down by Napoleon, which ... was experiencing no im- 
provement under another rigid military man, de Gaulle”. 
Leaving the General behind, we discover ‘“‘Seeing-eve-dog 
RNA” around the corner, an RNA tag which Bonner 
thinks might draw its chain of histones to shut off a 
structural gene on the “gelatinous strands”. Moving on, 
with “hands on the genetic throttle”, we fly past hormones 
and “how a plant decides to flower’, to “ereative 
federalism in the cell” and “molecular medicine”. After 
antibodies in the shape of “lock and key in the body's 
defenses”, we come round the corner again to intervene 
in human heredity and “I would like to have four hands” 
by Bonner. 

Mr Lessing’s book, which received the Albert Lasker 
Medical Journalism Award, can only hope to get faint- 
hearted approval from scientists. 

The scientific content, though not particularly in- 
accurate, is very limited in its scope. Not even a table 
of the genetic code is included. But it may be asking too 
much of a reader who is really interested in understanding 
recent developments in molecular biology to find the 
message hidden in this book, overburdened as it is with 
a style which is too sensational and a political slant 
which is not scientific. M. S. BRETSCHER 


CANCER AND AGEING 
Biological Aspects of Cancer and Aging 


Studies in Pure Line Mice. By L. C. Strong. (Inter- 
national Series of Monographs in Pure and Applied 
Biology, Vol. 31.) Pp. xv+221. (Pergamon: Oxford, 
London and New York, December 1968.) 75s. 

Srrone seeks to discuss the contributions of predisposing 
genes and somatic mutations to ageing and carcinogenesis 
in mice. Attitudes towards genetic factors in disease— 
especially in man—do not always derive exclusively from 
the evidence. The following quotation from Gutierrez 
and Wiliams! illuminates this point: “In an era when 
‘environmental determinism’ (as Aldous Huxley called it) 
prevails in people’s thinking, the medical profession has 
been loath to consider the role that inborn traits can play 
in disease. For many years it was contrary to the policy 
of leaders in the American Cancer Society, for example, to 
let the public know that some individuals are innately 
vulnerable and others are not. It was feared, we presume, 
that members of the public, thinking heredity to be 
vastly simpler than it is, might draw erroneous and damag- 
ing conclusions with respect to themselves”. 

During this century, many oncologists have been 
preoccupied with extrinsic carcinogens including ultra- 
violet and ionizing radiations, chemical carcinogens and 
co-carcinogens, and oncogenic viruses. By contrast, 
intrinsic factors have been relatively neglected, although 
the recent resurgence of interest in the immunology of 
cancer is an important move in the biological direction. 
An up to date and comprehensive treatise on the biology 
of cancer is therefore overdue, and it could help to establish 
a balanced outlook. In spite of the promise of its title, the 
book under review does not fulfil this need. 

Mastery of language, and the ability to organize his 
material, cannot be included among Strong’s accomplish- 
ments. An author, I imagine, generally lavishes extra 
care on the first paragraph of his foreword. Strong begins 
characteristically: “ Biological Aspects of Cancer and Aging 
considers the two problems enumerated in relation to 
Genetics. There is no attempt to consider other aspects 
of Biology. The analysis of the several biological 
characteristics has only been discussed in the text by 
reference to the aging process (Gerontology)”. Many 
passages in the text achieve complete opacity, and rapeti- 
tiveness arises because five of the seven chapters are 
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reprints of occasional lectures. Extensive editing could 
halve the length and clarify the meaning. 

Much of the book describes the effects of inbreeding, and 
different selection régimes, on the incidence of lung and 
mammary gland cancers, and on longevity. Selection was 
often based on the age of the mother at first litter. 
Equilibrium with respect to cancer incidence or longevity 
was attained much more quickly when offspring were 
selected from mothers whose age at first litter fell in the 
intermediate range of 201 to 300 days. When the maternal 
age at first litter was under 100 days, the percentage 
incidence of mammary cancers was still rising after 
forty-five generations of brother-sister inbreeding. In 
another experiment, selection was based on resistance 
towards chemically induced tumours and eventually a 
strain was obtained that showed complete resistance to a 
large dose of 20-methylcholanthrene. 

I found the connexion between developmental abnor- 
malities and cancer incidence interesting. Numerous and 
complicated pleiotropic effects are connected with the 
LST gene, including polydactylia, early age at first litter, 
a high cancer incidence and average life span. Neverthe- 
less, even after fifty-five generations of inbreeding from 





parents both of whom had polydactylia, the penetrance of 


this abnormality in the offspring stays at about 80 per cent. 

The other principal topic concerns the effects of certain 
liver extracts on the growth rate of spontaneous tumours 
in the C3H/St strain of mouse. Some striking reductions 
in the rate of growth of tumours have been obtained, up to 
and including complete arrest. Strong makes out a case 
for the further investigation and characterization of these 
cancerostatic extracts. 

The final chapter touches on the connexions between 
somatic mutations, histocompatibility and tissue-specific 
antigens, and tumour transplantability. This area is ripe 
for illuminating discussion, but it suffers the fate of other 
topics in this book and fades off into incomprehensibility. 
Reading this book has been an agonizing experience. 

P. R. J. BURCH 


Gutierrez, R. M., and Williams, R. W., Proc. US Nat. Acad. Sei., 59, 938 
(1068). 


CYBERNETICS IN MATURITY 


Neurological Control Systems 
Studies in Bioengineering. By Lawrence Stark. 
xx +428, (Plenum Press: New York, 1968.) n.p. 


THE term bioengineering may bear various nuances, but 
it is increasingly accepted that engineering retains two 
characteristic aspects when applied to biology and medi- 
cine. The first aspect, that of providing instrumentation, 
has been readily accepted, but the second, that of applying 
engineering theory to the study of biological systems, 
is only now beginning to find similar recognition. Pro- 
fessor Stark has made resort to both aspects of engineering 
in his work, but the feature that acts as a unifying focus 
for the book is the application of engineering control 
and information theory to neurological control systems. 
This, according to Weiner’s original definition of 1948, 
identifies the work as cybernetics. 

The promise of Weiner’s ideas was evident at the out- 
set, but it was soon realized that, because of the awesome 
complexity of biological systems, the subject of cyber- 
netics was far easier to formulate than fulfil. Contrary 
to the dictates of ease, and fortunate for the scientific 
survival of cybernetics, a few workers refused the easy 
path of speculation and persevered with more realistic 
mathematical and experimental approaches. The author 
was stimulated to join the ranks of these workers in 
pursuit of a quantitative explanation for disorders of 
motor coordination, but he soon realized the efficacy of 
concurrent interest. in other neurological systems, the 
lesser complexity of which made them more amenable to 
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the techniques available. Considerable persistence over 
a period of many years is required to accumulate an 
amount of original work worthy of publication as an entire 
volume, and it seems particularly fitting that, in the year 
cybernetics reaches its majority, the occasion is heralded 
by the present evidence that the subject has survived an 
adolescence that has not been without frivolity and has 
acquired a substantive maturity. 

The style of presentation adopted throughout the book 
reflects that. it is in reality the author’s self-edited collected 
works. The book makes little deviation towards that of a 
formal didactic text, but the order in which the material 
is presented does invoke a progression from relatively 
simple towards more complex systems. This progression 
is revealed in the five sections into which the book is 
divided: the crayfish, the pupil, the lens, the eve and the 
hand. 

The first section illustrates some basie cybernetic ideas 
with reference to the “random walk” system of the eray- 
fish. This system allows the animal to pursue a suitably 
dark environment on a trial-and-error basis and makes 
use of an illumination sensor situated towards the tail. 
After determining the transfer function of this sensor, 
other aspects of the system, such as the walking response 
to light stimulation, are discussed and followed by a 
description of conventional neurophysiological procedures 
which provide data for a discussion of the nerve impulse 
code by which information is transferred between systern 
elements. 

Stark is perhaps most widely known for his studies on 
the pupillary servomechanism using elegant optical and 
electronic techniques to effectively open and otherwise 
modify the control loop operation. In the second section 
on the pupil, these techniques are described and their 
application is illustrated in a number of situations which 
include an investigation of the noise arising in the pupillary 
system. Based on the results obtained, a heuristic 
model of the pupillary system is proposed that includes 
both noise generation and the gross system non-linearities 
that are observed. These non-linearities are invoked as 
an illustration of the mathematical approaches that 
may be made to non-linear systerns in general and includes 
an interesting example of the use of Weiner G-functions. 

Control of the refractive power of the eye lens involves 
a more complex system than that controlling the pupil, 
as witnessed by the voluntary control that may be exer- 
cised over its operation. In the section on the lens, the 
author returns to the question of system non-linearity and 
from elegantly obtained experimental data establishes a 
model for the lens control system that includes both 
linear and non-linear elements. The system has a particu- 
lar interest in the apparent absence of means by which 
the sign of the error signal (retinal blur) may be determ- 
ined, and the section includes the author’s experiments 
which strongly suggest that the absence of sign informa- 
tion is normally compensated by the participation of 
higher nervous centres. 

In passing to the section on the eye, the involvement 
of higher centres in eye positioning necessitates discrimina- 
tion between predictive and non-predictive responses. 
The difference between these two situations is investi- 
gated in some depth, together with the two types of 
evoked eye movement, that is, the saccadic jump and the 
smooth pursuit movement. These investigations provide 
evidence for discrete data sampling within the system. 
and the author proposes a model of the system, a simplified 
and linearized version of which is compared with experi- 
mental data. Finally, the system is re-examined by 
including an adjustable transfer function in the experi- 
mental loop and the results obtained are presented as 
further support for the model which is nevertheless, as 
the author admits, a much simplified representation of 
the real system. 

The voluntary control of skeletal muscles obviously 
invokes systems of considerably greater complexity than 
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those previously discussed. One such system, wrist rota- 
tion, is arrived at in the final section on the hand, where 
the error signal is generated as the visual separation 
between controlled and target pointers. The dynamics 
of muscular control are seen by the author to arise from 
the basic interaction of the proprioceptively closed pos- 
tural control loop and the proprioceptively open voluntary 
control loop. After a discussion of the system elements 
involved, the frequency and phase responses of the 
overall system are obtained and compared with particular 
eases of clinical interest where Parkinson’s syndrome 1s 
present. Further interesting experiments, which demon- 
strate the relatively minor part played by eye positioning 
in coordinated control, are reported and lead to a proposed 
model for the wrist-rotation system. 

This book is a welcome amalgamation of the cybernetic 
studies in which Stark has been involved over a period of 
many years. His work, as judged by those interested in 
the future of cybernetics, can be regarded as no less than 
exemplary in confronting the physiologist with tangible 
and relevant examples which embrace the challenging 
ideas of cybernetics. As with any interdisciplinary sub- 
ject, particular care is needed in addressing readers of 
different disciplines and his book would perhaps be 
appreciated by a wider section of life scientists if a more 
gentle troduction to the necessary mathematics had been 
included. Nevertheless, the book amply illustrates the 
enhancement of quantitative neurophysiological studies 
that results from the use of control theory, information 
theory, mathematical models and the computer used in 
various roles. Perhaps the point of greatest single 
portent is, however, to illustrate that the application of 
engineering science may extend the bounds of conven- 
tional neurophysiology towards functional studies of the 
animal and human brain that involve neither surgical nor 
pharmacological artefact. W. J. PERKINS 

B. J. HAMMOND 






BARTRAM’S DRAWINGS 





William Bartram of Philadelphia (1739-1823) was the first 


native-born American artist-naturalist. From 1766 to 1779, 
he was engaged by Dr John Fothergill of London, a Quaker 
physician very interested in American natural history, to 
collect plants and seeds for Fothergill’s botanical garden in 
Surrey. On three journeys through Florida, Georgia, 
Alabama, South Carolina and North Carolina, Bartram not 
only collected specimens but also made numerous illus- 
trations of plants and animals for Fothergill, the Duchess of 
Portland, and other English enthusiasts. Those made for 
Fothergill, bound together in an album, finally came into the 
keeping of the Botanical Library of the British Museum 
(Natural History). The American Philosophical Society, to 
which both Bartram and Fothergill belonged, has now 
published the drawings in their original size and colour with 
an introduction and commentary by Joseph Ewan (William 
Bartram: Botanical and Zoological Drawings, 1756-1788. 
American Philosophical Society: Philadelphia, 1968, $35). 
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MARINE STUDIES 


Advances in Marine Biology 

Vol. 6. Edited by Sir Frederick S. Russell and Sir Maurice 
Yonge. (Academic Press: London and New York, 
December 1968.) 126s; $17.50. 


1969 


THE combination Russell and Yonge has been familiar to 
all marine biologists since the appearance of The Seas in 
1928; to one who was privileged to be a junior bottle- 
washer to both of them, it is good to see Sir Frederick and 
Sir Maurice collaborating, forty years later, as editors of 
this admirable series of Advances in Marine Biology. 

This, the sixth in the series, contains three large articles 
(one, on mangroves, being of book length). The first is a 
sombre, even depressing account of the need for Manage- 
ment of Fishery Resources” by Gulland and Carroz of the 
FAO. Near the beginning is a world map showing 
twenty-seven fish stocks in the high seas which in 1949 
were believed to be underfished; twelve of these (six in the 
North Atlantic alone) are now in danger of over-exploita- 
tion. The final sentence reads: “Without some funda- 
mentally new approach it is doubtful if the fisheries of the 
world can maintain their recent record of increasing pro- 
duction faster than the increase in world population”. 
In between, there are discussions on the need for manage- 
ment, on methods of regulation, on international law, and 
on problems and prospects for future progress. There is 
an informative comparison of the striking success of 
management of the Pacific fur seal, the partial success with 
the Pacifie halibut, and the dismal failure in whaling. 
An appendix lists the international bodies concerned with 
fisheries management; these are now numerous, and 
seem to overlap a good deal. One ean only hope that this 
important paper receives, and holds, the attention of 
fisheries administrators throughout the world. 

The middle and longest section of the volume is an 
exhaustive account by W. Maecnae of the mangrove 
forests in the Indo-West-Pacific and their inhabitants— 
fascinating reading to anyone who has been inside a 
mangrove swamp. These swamps comprise a unique 
environment, where several species of trees are invading 
the sea, many different crabs have more or less become 
land animals, marine gastropods climb trees, mud-skipping 
gobies spend much of their time out of the water, and 
mosquitoes not only breed in salt water but even suck the 
blood of the gobies. The author deals in great detail with 
the plants of the mangrove swamps and their zonation 
and suecessions, with the land and marine animals and 
their habits, and with the mutual ecological relationships 
of them all; attention is called, too, to point after point 
which needs further investigation. The final section is an 
interesting one on the products made by man from 
mangroves, which include ships’ masts, charcoal, and even, 
in Queensland, honey. There is a huge bibliography of 
some 30 pages, from which there is one curious omission: 
the author refers, as such, to “the Island Reefs” of the 
Queensland coast, and includes several reeent illustrations 
of Low Isles, but makes no mention of the classical 
deseription of these reefs by Spender in the Geographical 
Journal of 1930. 

The final paper is by E. Ghirardelli on that still enig- 
matie little phylum, the chaetognaths or arrow worms. 
For once, members of this group are treated not as plank- 
ton or as “indicator” species, but as animals in their own 
right; classical zoology. in fact. There is a useful general 
introduction to their morphology, and this is followed by 
the main section, on reproduction—male and female 
genital apparatus, gametogenesis, fertilization (a fascinat- 
ing section, this), egg-laying, and sexual cycles. It is 
good to learn that various scientists can now keep several 
planktonic species alive long enough to make critical 
observations in vivo. There is a learned discussion on 
affinities and systematic position, but even Ghirardelli is 
unable to link the chaetognaths to any other phylum. 
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In their early development they resemble echinoderms 


and chordates, but in other ways they show many 
dissimilarities. 
Finally, there are excellent author, taxonomic and 


subject. indexes. Jonn 8. COLMAN 


INSECTS FOR NATURE-LOVERS 





An attractive ant-lion fly, Callistoleon erythrocephalus (Myrme- 


lionidae, Neuroptera) found in Australia. The shape and 
structure of the wings—well formed, venous, transparent, 
and each of about the same size—are diagnostic characters 
of these insects. While the life of the larvae is closely 
associated with ants, hence the name ant-lion, the group has 
no evolutionary connexions with the ant family. From Harry 
Frauca’s Book of Insects (Jacaranda Press: Brisbane, 1968, 
$4.50). 


HELMINTHS IN MARINE MAMMALS 


Helminthofauna of Marine Mammals 

(Ecology and Phylogeny.) By 8. L. Delyamure. Edited 
by K. I. Skrjabin. Translated from the Russian. Pp. 
ix+ 522, (Israel Program for Scientific Translations: 
Jerusalem. Distributed by H. A. Humphrey: London, 
January 1969.) 160s. 


THis is a translation of a Russian monograph originally 
published in 1955, and one of a series on the helminthology 
of the Soviet Union. The author’s objective, however, 
extends beyond this field and analyses all available data 
on helminths of marine mammals, excluding the Sirenia, 
published before 1952. After the aims of the book have 
been, outlined and research on helminths of marine 
mammals inhabiting Soviet waters has been reviewed, 
the text is divided into two parts. The first, occupying 
about two-thirds of the volume, is devoted to the taxon- 
omy of the helminths, and keys for the differentiation of 
families and genera are provided. Of 168 species men- 
tioned, original observations are made on 48, including 


4 new cestodes, while the remainder are dealt with in a 





61 


compilatory manner, each species having its host, habitat, 
geographical distribution and bibliography indicated, 
and many with figures. A number of typographical errors 
of scientific names in the Russian version are repeated, 
including the constant use of “Tetrabothrium” for Tetra- 
bothrius and “macrocephalus” for macrophallus. 

The second part of the book, entitled ‘““Helminthofauna 
and Zoogeography”, begins with a comparison of the 
kelminths and their geographical distribution for each 
host family. This is followed by stimulating discussions 
in which the author endeavours to elucidate some problems 
of helminth dispersal by the application of Dogel’s con- 
cepts on the distribution ‘of parasitic worms and a modifica- 
tion of the ‘““Ekman~Pusanov scheme” of zoogeographical 
regions, with the result that the helminths of marine 
mammals are disposed in regional groups. An analysis 
of the composition of each of these groups induces the 
author, despite the paucity of helminthological examina- 
tion of hosts, particularly in the southern hemisphere, 
to suggest ‘““General rules governing the distribution of 
helminths of pinnipeds and cetaceans’. These rules are, 
however, mainly derived from the fact that helminth 
distribution is ultimately limited by the availability of 
suitable environments for the intermediate hosts. Further 
interesting discussions include the ecological and phylo- 
genetic relationships of the helminths. In his delibera- 
tions the author embraces doubtful records and obviously 
accidental occurrences of helminths in marine mammals, 
thus introducing a lot of unnecessary discussion and some 
surprising conclusions, such as the nematodes Contracae- 
cum rectangulum and C. radiatum being “common to 
pinnipeds and marine birds”, as well as the implication 
that a species of Fasciola is specific to whales. Moreover, 
by using helminths as indicators of the relationships of 
mammalian groups, the author considers that the oceur- 
rence of pseudaliid nematodes in delphinid cetaceans 
and mustelid carnivores may be “viewed as proof of the 
phylogenetic relationship between” these mammals. 

There is an account of the pathogenicity of the hel- 
minths and their possible effects on the economics of the 
hosts. In view of the widespread use of cetaceans for 
research and publie exhibition, this chapter should interest 
many, other than helminthologists. Finally, there is a 
host~parasite list, indices to helminth genera and species, 
and a list of about 400 references, including many origin- 
ally printed in the cyrillic alphabet. 

The original book was clearly intended only for Russian 
students, but non-Russian helminthologists will welcome 
the present translation as a valuable work of reference 
and, even if not agreeing with some of Delyamure’s 
opinions, will be given much to think about. 

S. PRUDHOE 





CREEPY CRAWLIES 


Spiders, Scorpions, Centipedes and Mites 

By J. L. Cloudsley-Thompson. (The Commonwealth and 
International Library of Science, Technology, Engineering 
and Liberal Studies: Biology Division.) Pp. xv+278+17 
plates. (Pergamon: Oxford, London and New York, 
February 1969.) 25s ; $4.50. 


WHEN this book appeared in 1958 the reviewer in Nature 
pointed out that it differed from the majority of books 
about animals because, in the first place, it dealt with 
classes that are seldom described as attractive and, in the 
second, it was written by a professor of repute who had 
no intention of decorating his science for popular con- 
sumption. The question was asked: Was not the author 
too optimistic, the publisher too confident ? The question 
has been answered by the demand for a second edition. 
Tt follows closely the lines of its pred 
the classes or orders with which it deals is given a separate 
chapter, and the design of each chapter is the same, with 








or. Each of e 
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paragraphs devoted to distribution, behaviour, enemies, 
reproductive methods, and so on. To the mind of a 
systematic zoologist this is undoubtedly z preferable to 
taking these topics in turn and deae the parts they 
play in the lives of the different taxa; and it may act as a 
welcome deterrent to a growing practice which threatens to 
undermine the scientific structure of invertebrate zoology. 
One can perceive in every one of Cloudsley-Thompson’s 
chapters the clear mind of the professional, expressing its 
thoughts in lucid, unambiguous language, and making 
attractive reading from what might seem to be un- 
promising material. This is no mean achievement, 

The illustrations are adequate if not over-plentifiul, and 
the text is always likely to be lightened by reference to 
some myth or legend that has grown round the really 
remarkable animals with which the book is eoncerned. 
This is wholly legitimate zoology, for it reminds us that 
the earliest civilized races were far more personally con- 
cerned with the irritations of small animals like centipedes 
and scorpions than they were with the more spectacular 
lions, elephants or eagles. 

There are additions to the bibliographies that close each 
chapter, bringing these up to date, but corresponding 
additions to the text are in general limited to a few lines 
or a paragraph in the appropriate places. This seems 
regrettable. Invertebrate zoology has not stood still 
during the past decade, and the author has been respons- 
ible for a great share in its advances. There may have been 
reasons for not expanding the book much beyond its 
former limits, and, in any case, it is very welcome. 

THEODORE SAVORY 




















STUDIES OF BEES 





Metamorphosis of a worker honeybee. 
graphs by Stephen Dalton in Honeybees from Close Up by 


One of many photo- 


Arthur M. Dines (Cassell: London, March 1969, 35s). 
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SLIME MOULDS 


Biology of the Myxomycetes 
By William D. Gray and Constantine J. Alexopoulos. 
Pp. viil+ 288. (R onald Press: New York, 1968.) n-p. 


1969 


Here is a book that, while not contributing much in the 
way of new ideas, provides a very convenient and useful 
source of information, much of which has been difficult 
to find by an independent search of the literature. It is 
a large and comprehensive review of the biology of the 
Myxomycetes, and includes, up to 1967, ultrastructural, 
biochemical and physiological material. 

Students of the Mycetozoa generally are rather rare, 
their publications being outweighed by those of workers 
using organisms in the group as research materials in 
investigations of different biological relevance, the stri 
being on a particular aspect only of their material. Such 
work, however, has contributed to the general understand- 
ing of these creatures, and has also drawn them within the 
view of a wider audience. The Acrasiales have become 
better known from their morphogenetic interest, and are 
now better appreciated because of Bonner’s book (The 
Cellular Slime Molds, second edition, 1967). The Myxo- 
mycetes are the only other order of the Mycetozoa to 
have received any widespread attention. This has been 
chiefly because of their remarkable motility and their 
dramatic cytoplasmic streaming. These aspects, which 
have intrigued generations of observers, are still of con- 
siderable interest and relevance for biology. Their nuclear 
behaviour is another feature of topical concern. For 
workers dealing primarily with such aspects, and who 
have less interest in the organisms themselves, it has 
commonly been difficult to trace the relevant literature. 
One of the functions of this book, and which it performs 
excellently, is to assemble this literature in a single source. 
Additionally, it should enlarge the appreciation of biolo- 
gists for the Myxomycetes. 

The chapters of the book follow the course of the life 
eycle from spore germination through to sporulation, 
dealing with morphology and physiology side by side 
where appropriate, although some chapters (for example, 
“Sporulation”) are chiefly physiological, while others (for 























example, “The Sporophore’’) are chiefly morphological. 
The book makes an attempt at critical assessments, 


though the extent to which this is done is variable. and 
I got the impression that some whole sections were written 
chiefly by one or the other author, which may account for 
the patchiness. The morphological accounts are very we sl 
done. So is the chapter on plasmodial locomotion and 
protoplasmic streaming. These last topics are difficult to 
review critically, and the appraisal given is good. Other 
physiological aspects, particularly chemical physiology, 
cem to me to be much weaker. I was most unsatisfied 
by the chapter on sporulation, despite the fact that one 
of the authors (Gray) is known for work on light and 
sporulation. This section is diffuse and uneritical. Some 
data are mentioned several times on different pages 
without their significance being made clear. Table 16 
has no value in itself or in conjunction with the text. 
The description of wavelength effeets has no discussion of 
the probability of phytochrome action. There is specula- 
tion regarding the possible photoreceptor without an 
action spectrum being known. There is a failure to dhis- 
tinguish between results obtained from axenic cultures 
and from those that included other organisms (even though 
the book elsewhere warns against this failing). Some of 
the conflicting patterns and nonsense data in this chapter 
might derive from this point. 

A very useful feature of ne book is the chapter on 
laboratory culture. It must be discouraging to myxo- 
mycetologists that the ubiquitous Physarum polycephalum 
attracts such disproportionate attention. With better 
publicized methods the situation might improve; 














however, 
most species can still be regarded as obligate parasites. 
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The book is very readable, well produced and free from 
spelling errors (I learned a new word: deigma). There 
are first rate indexes. Despite my criticisms, students 
of the group will want to possess the book, and those who 
use Myxomycetes as research tools, while less likely to 
want to buy it, will want it available in easy reach. 

Davip Park 


WELSH FERNS 


Royal fern (Osmunda regalis) found in bogs, marshy ground, 
marshy copses and borders of damp woods, and recorded 
from every county in Wales, although now rare and extinct 
in many of its former localities. From the fifth edition of 
Welsh Ferns, Clubmosses, Quillworts and Horsetails: A 
Descriptive Handbook, by H. A. Hyde and A. E. Wade, revised 
and expanded by S. G. Harrison (National Museum of Wales: 
Cardiff, 1969, 25s). 


EUROPEAN BOTANY 


Flora Europaea 

Vol. 2: Rosaceae to Umbelliferae. Edited by T. G. 
Tutin, V. H. Heywood, N. A. Burges, D. M. Moore, D. H. 
Valentine, S. M. Walters and D. A. Webb. Pp. xxvii+ 
455. (Cambridge University Press: London, December 
1968.) 147s; $23.50. 

Nor only politically and economically is Britain anxious 
to get into Europe; it appears that British botanists 
show a similar desire, and their efforts have met with 
much greater success. The tangible result of this venture 
to date is two volumes of the projected four volume 
Flora Europaea produced by a predominantly British 
editorial committee. The first volume appeared in 1964, 
and little more than four years later we have the second 
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which deals with the Rosaceae, Leguminosae and Umbelli- 
ferae, as well as forty-seven smaller families. 

One cannot but admire the consistency of production 
in a work to which more than fifty botanists from all 
over Europe have contributed. The layout, scope and 
terminology show a uniformity throughout for which the 
editors must be congratulated. In taxonomic treatment, 
an unavoidable unevenness is apparent in the first volume, 
but in the second, whether by chance or design, a fairly 
consistently conservative view of most genera seems to 
have been taken. Cornus sensu lato and Epilobium sensu 
lato are reinstated, undoubtedly to many people’s satis- 
faction. In the Genisteae, however, many of us will have 
to adjust our generic concepts to some extent, although 
the new scheme has much to recommend it. I was sorry 
to see Retama Boiss. disappear in favour of the unfamiliar 
Lygos Adans. 

One particularly interesting feature of this volume is 
the treatment of apomictic genera in the Rosaceae. There 
can be no really satisfactory solution for dealing with such 
multiplex groups as Rubus, Sorbus and Alchemilla. 
The method used here has been to deseribe and key a 
selection of usually more widespread species which repre- 
sent the range in variation--seventy-five species in Rubus, 
eighteen in Sorbus and one hundred and eighteen in 
Alchemilla—and after each of these circle-species to list 
the other related species mentioned in the standard 
national floras, giving their distributions. 

The past treatments of these genera in different parts 
of Europe have been uneven, and this unevenness is inevit- 
ably reflected in the accounts in this volume. The results 
seem clear and concise, which is perhaps misleading, and 
my attempts at the Rubus key, while surprisingly success- 
ful in places, showed that it is of chiefly theoretical interest 
rather than of practical value as a means of identification. 
In Alchemilla, where apomixis poses fewer intractable 
problems, the key seemed more successful. 

Nevertheless, these accounts represent a very real 
contribution to a general understanding of these genera, 
and should encourage more effort in their identification. 
By attempting to describe the distribution and variation. 
of parts of the wood, in spite of the trees, the authors make 
it possible to gain a greater insight of the group as a whole, 
outside the requirements of conventional taxonomy. 

To British botanists, the account of Rosa will seem 
unfamiliar, as it assigns to Britain various species which 
few will have heard of, and one might be tempted to 
question their validity. But here, as everywhere else, 
the account needs testing thoroughly before any judgment 
can be made. 

The Umbelliferae, with which the volume closes, present 
rather different problems. To the uninitiated, the genera 
all seem to be rather similar and most keys rely heavily on 
fruit characters. To name an unfamiliar umbellifer 
without ripe fruit can often prove very difficult, and 
therefore the present key, in which non-fruiting characters 
have been used wherever possible, should be particularly 
valuable. 

There appear to be very few small errors in the text, 
and only a few larger ones drew my attention. Rhamnus 
pumilus Turra and Buxus balearica Lam. are incorrectly 
described as endemics, both being reported from North 
Africa, as is Potentilla alchimilloides Lapeyr. In this 
instance, however, one is left wondering whether this is 
because of omission or taxonomic decision. 

Floras seem to fall into three categories. On the one 
hand are those which are little more than catalogues 
giving distribution and, on the other hand, are those 
which are exhaustive in concept and usually are published 
in small parts. Those in the latter category are rarely 
completed, as botanists’ interests change and their 
enthusiasm wanes after the initial burst of energy. 

Taxonomists, however, have a duty to provide com- 
plete taxonomic accounts of an area, in which emphasis 
is on utility to others such as ecologists, agriculturists 
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and zoologists. Flora Europaea, which is in essence com- 
pilatory, does this very well, and by applying a beneficial 
taxonomic uniformity within its area will inevitably 
broaden the horizons of all those who use it. It should 
lead to a new phase in European botany, and will certainly 
provide a firm basis for further taxonomic research for 
many years to come. 

One also hopes that a less tangible but no less real pro- 
duet of the Flora Europaea project will be the foundation 
of fuller and more meaningful European botanical co- 
operation in the future. R. M. HARLEY 





HISTORY OF BRITISH VEGETATION 


The History of British Vegetation 





By Winifred Pennington. (Modern Biology.) Pp. viii + 
1524+30 plates. (English Universities Press London, 


February 1969.) 45s boards; 28s paper. 


THE studies of vegetation and of its history are mutually 
dependent. An understanding of present-day vegetation 
is as necessary for the interpretation of historical processes 
as is a knowledge of the history of vegetation for the 
interpretation of its present structure. Since the publica- 
tion of Professor Godwin’s encyclopaedic work The History 
of the British Flora in 1956 there has been an obvious need 
for an introductory textbook suitable for university 
undergraduates, and Winifred Pennington’s book has been 
designed with this objective. 

Dr Pennington traces the history of British vegetation 
from the close of the Tertiary period through the alterna- 
tion of glacial and interglacial episodes of the Quaternary 
ice age to the subsequent Late- and Post-glacial periods. 
Obviously, to cover such a long and complicated period the 
book must be very selective if it is to avoid the common 
fault of so many “paperbacks”, which provide only a 
superficial account of a subject unsupported by any 
presentation or assessment. of factual evidence. 

Throughout the book particular sites and actual pollen 
diagrams are presented so that loose generalizations and 
simplified schemes are avoided. As a result, problems are 
examined in a way that should make undergraduates 
recognize the remarkably detailed nature of the evidence 
and sense something of the enthusiasm in attempting its 
interpretation. The success of this technique of presenta- 
tion is particularly well illustrated in chapters seven and 
eight where possible causes for the Post-glacial decline of 
elm and lime are discussed and the complicated interplay 
of climatic changes and the effects of prehistorie human 
clearance are described. 

In spite of the use of detailed evidence, the book 
remains very readable and space is found to include those 
small fragments of information that bring the subject to 
life: Allered is not just a place in Denmark, it is the 
clay pit of a tile-works, and one can feel a vicarious 
excitement at finding the fossilized leaves of Dryas 
octopetala in such an improbable place. 

Obviously a book of this type contains statements 
which are open to criticism but this is in the nature of the 
subject. Is the absence of Cirsium oleraceum from 
Britain really because it failed to cross the channel? 
After all, Eryngium campestre is abundant on road verges 
and pastures in the Pas de Calais but this species is long 
established in southern England and yet remains very rare 
even in Kent, There are some inaccuracies of fact which 
suggest parts of the book were written some time ago. 
For example, there is now clear evidence that Tilia 
cordata was not the only lime in Britain during Zone VII 
(page 56) and T. platyphyllos was also present at least 
in East Anglia and the Midlands. 

The book is illustrated by a set of excellent photo- 
graphs and the final chapter includes several maps of the 
distribution of various species. In both photographs and 
maps there is a clear predilection for Arctic—Alpine species 
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and perhaps the illustrations would be more valuable had 
species of contrasting geographical affinities been selected. 
C. D. Pieorr 


NORTHERN FLORA 


Flora of the Queen Charlotte Islands 

Part 1: Systematics of the Vascular Plants. 
A. Calder and Roy L. Taylor. Pp. xii+ 659. $12.50. 
Part 2: Cytological Aspects of the Vascular Plants. By 
Roy L. Taylor and Gerald A. Mulligan. Pp. ix+ 148. 
$7-50. (Canada Department of Agriculture Monograph, 
No. 4, Parts ] and 2.) (Queen’s Printer: Ottawa, 1968.) 


THE Queen Charlotte Islands lie off the north coast of 
British Columbia and comprise about 150 islands making 
up a triangular-shaped archipelago. Because there was 
evidence from earlier studies, both botanical and zoo- 
logical, that the islands represented an important ice-age 
refugium, a full-scale survey was organized by the Plant 
Research Institute of the Canada Department of Agri- 
culture starting in 1957. The results of two summers’ 
work, together with several minor visits, form the basis of 
this flora, two volumes of which are reviewed here; a 
third, covering the non-vascular plants, is to follow later. 

The first volume consists of a botanical history of the 
region, and sections on the physiography, geology, 
climate, economic botany, plant communities and phyto- 
geography, well ilustrated by nearly 100 figures and 
plates, some of the latter in colour. The greater part 
of the book is made up of a systematic treatment of the 
594 vascular plant taxa found in the islands. 

Keys to the families, genera and species are provided, 
but no descriptions. Instead, the authors have concen- 
trated on the study of the relationships and variation of 
the species represented in the flora. 

The taxonomic treatment is meticulous and detailed; 
places of publication, synonyms and specimen citations 
are given. The detailed discussions on the species are 
somewhat discursive and cover taxonomic, distributional 
and ecological features; they contain much useful 
information and are usually up to date, although there 
are some curious lapses. 

The second volume can best be described as a glorified 
chromosome list. It repeats the enumeration of all the 
taxa that appear in the first volume whether or not 
chromosome counts are reported. Although this will 
“facilitate the annotations of other counts when they 
become available” it seems an unnecessary luxury. 

Voncher specimens are cited together with chromosome 
numbers which have been determined from somatic and 
gametic tissues. The symbol n indicates a gametie count 
while 2n may refer to a count obtained either from meiosis 
or mitosis; the former is distinguished by a subseript (for 
example, 27-1011). The citations are followed by dis- 
cussion on the significance and relevance of the Queen 
Charlotte counts in relation to counts known from else- 
where. Because these discussions extend to taxonomic and 
even nomenclatural considerations, it is necessary to refer 
constantly from one volume to the other to correlate the 
information given under particular species in each of them. 
Full details of materials and methods are given and there is 
an illustration of a cytological collecting vest and a carton 
used for shipping cytological specimens. 

The separation of the flora into these two parts is my 
major criticism of the work, even allowing that the 
authorship is different, although with Taylor a joint 
author of each part. I cannot see how a divorce between 
the floristie-taxonomie and the cytological aspects can be 
justified and, indeed, the overlapping discussions show 
how difficult it has proved to maintain. the distinction. 
The information given in part two could have been 
included in the first part by adding about 70 pages. 

The presentation of the volumes requires some comment. 


By James 
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Evidently cost has not been a major consideration, 
because the whole work is printed on heavy art paper 
(offset enamel), presumably because of the extensive 
illustrations in part one. It weighs over four and a half 
pounds. The printing is excellent, the reproduction of the 
colour plates generally successful, and there are few 
printing errors. 


Applied 


HYDROLOGY FOR ENGINEERS 


Engineering Hydrology 

By E. M. Wilson. (Macmillan Civil Engineering Hydraul- 
ies.) Pp. ix+182. (Macmillan: London, January 1969.) 
55s. 


A RECENT article by W. E. Price and L. A. Heindl (Trans- 
actions of the American Geophysical Union, 49, 529) posed 
the question “What is hydrology ?”’. Those authors 
examined thirty-one definitions selected from literature 
covering the past 100 years, but were unable to suggest 
one sufficiently comprehensive to cover all aspects of the 
subject. Hydrologists tend to take a highly personal view 
of their professional activities. 

As his title suggests, the author has approached the 
subject from the position of a chartered engineer, and has 
written this book with the needs of final-year civil engin- 
eering undergraduates in mind. A certain imbalance is 
apparent on reading the book. Nearly half the text is 
contained in chapters six to eight, which deal essentially 
with the analysis of rainfall and streamflow records. 
The problems involved in acquiring the necessary data, an 
awareness of which is surely as important to the inter- 
pretation of results as an understanding of analytical 
techniques, are sketchily treated by comparison. Chapter 
two, “Meteorological Data’, therefore shows some sur- 
prising omissions. For example, the section dealing with 
rainfall intensity/duration/frequency relationships does 
not contain any reference to the work of Bilham, and is 
illustrated by data from the United States. Chapter 
three, “Evaporation and Transpiration”, contains what 
for undergraduates is a much too detailed derivation of 
the Penman formula, which does not incorporate the 
adjustments to the equations for incoming solar radiation 
and back radiation recommended in Ministry of Agricul- 
ture, Fisheries and Food Technical Bulletin No. 16. The 
practice of calculating evapotranspiration from open-water 
evaporation using seasonal factors, described in section 
3.4, has also been discontinued. 

The treatment of the subject matter from chapter five 
onwards is much more comprehensive. The groundwater 
chapter is reasonably well balanced for an undergraduate 
readership. In contrast with the first fifty pages, chapter 
seven covers classical unit hydrograph theory very 
thoroughly, but beyond the requirements of a first degree 
course. The more recent “instantaneous unit hydrograph” 
is introduced, but its use is not developed. Chapter nine 
contains a brief introduction to hydrometeorology, but is 
devoted chiefly to frequency analysis. The principal 
distributions are outlined, but the thorny problem of 
plotting positions is mentioned only briefly; the student 
is entitled to an explanation of why Hazen’s formula 
gives twice the return period of the California formula. 

In general, the author has made a welcome attempt to 
find data from the British Isles to illustrate some of his 
material. The lecturer concerned with the teaching of 
hydrology to undergraduates will find the framework for 
his course in this book, although I wonder whether a 
student with a limited book allowance will be quite so 
enthusiastic. M. J. HALL 
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What market this expensively produced local flora will 
have is difficult to say. It is clearly intended to be a 
prestige publication, and while it is a delightful flora to 
possess, I suspect that most potential uscrs will hope that 
they will be fortunate enough to receive a complimentary 
copy and not have to expend twenty Canadian dollars 
for it. V. H. Heywoop 


Sciences 
MACHINE TOOLS 


Automatic Machine Tools 
By H.C. Town. Pp. viii +346. (Iliffe: London, December 
1968.) 758. 


THE author needs no introduction in the field of machine 
tools, and one of the notable features about. his book is the 
comprehensive nature of its content. It is, however, in 
this very feature that the weakness of this work lies, 
because it turns out to be a hotch-poteh of lecture-type 
notes on the various devices for machine control and the 
variety of ways in which a particular effect may be 
achieved. One feels that there is a lack of the funda- 
mental approach to the understanding of the various 
mechanisms mentioned. 

In spite of this, however, it is a book that can be used 
as a reference for initial ideas by people engaged in machine 
tool design. It would have been more useful as a source 
of information if more references had been given. Never- 
theless, the presentation is clean and lively, and it is 
possible to glean an enormous amount of information 
from a quick appraisal. 

Turning to detail, the chapter on control systems and 
electrical control gear could have been omitted because 
ample information is available elsewhere in much more 
comprehensive form. The same remarks could well apply 
to the chapter on programming and numerical controlled 
machining. The remaining chapters giving details of 
unit construction of machine tools, the development of 
automatic lines and the linking of machining operations 
form an important part of the book and the information is 
presented in a clear, logical manner. 

The chapter on the design and construction of linear 
and radial transfer machines explains the basic require- 
ments and outlines methods of overcoming some of the 
traditional problems. Unaccountably, there appears 
half-way through the book a chapter on the preparation 
of shafts and billets which explains this process quite 
well enough. The remaining chapters on hopper feeding 
and automatic work loading and on the mechanisms of 
machine tools are informative, although they are very 
limited in scope. 

In essence, the book appears to be a useful document 
to neweomers to the field of automatic machines and its 
chief merit lies in the presentation of a sufficiently broad 
outline picture to enable the newcomer to get into the 
subject. M. F. MADIGAN 


ELECTRONIC DEVICES 


Applied Electronics 
By J. F. Young. Pp. 346. 


y (Iliffe: 
65s boards; 37s 6d paper. 


London, 1968.) 


Tms book is written as an introductory text for practising 
engineers and students in the second and final years of 
electrica] engineering courses. The author deliberately 
restricts himself to “linear” aspects of device applications, 
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and he is very much aware of the difficulties that beset 
students, especially as regards symbols and the intricacy 
of algebraic expressions, particularly in the early stages 
of study. 

Many books on this subject at this level have now been 
published, and any new book must offer either new 
material or a new approach if it is to make any impact. 
Young’s contribution is to show that both thermionic 
valves and field effect transistors are field controlled 
devices and that consequently the circuitry previously 
only associated with the valve has taken on a new relevance 
with the development of the field effect transistor. ‘The 
first reaction of one whose undergraduate and early 
industrial work was concerned with the valve is that of 
relief, Modern technological development does not 
necessarily condemn all the efforts of the past to the 
museum or the cellars of overcrowded libraries. 

Two related but different methods of approach to the 
physieal behaviour of electronic devices seem to be current 
at the time of writing; one bases its explanations firmly 
on the potential energy diagram, band structure, Fermi 
levels, and the like, while the other concentrates on carrier 
densities and the all important diffusion process and the 
continuity equations. Perhaps because this book tries 
to deal with field controlled devices as well as the june- 
tion transistor the author tends to the first method of 
approach. 

While the sections dealing with the field devices certainly 
shed new light on the art, especially for students, the 
junction transistor seetions are a little disappointing. 
Modern students are far more aware of the network 
approach to cireuits than students in the fifties. and I 
view with some apprehension the non-standard-——though 
carefully explained---attempts to rationalize the symbols 
relevant to the i parameters. In particular the use of 
Z instead of hie and 1/Zie instead of hye will cause 
some groans in academic quarters. It might also have 
been wiser to stick to the conventional inward direction 
of current flow when setting up A parameter equations, 
It may be that now most new developments are in the field 
of integrated circuits a more definitive approach to the 
junction transistor will soon emerge. In the long term, 
a book concentrating on the field devices might have 
served better the needs of the student community. 

A particular highlight of this book is its excellent 
bibliography, and it is a pleasure to see books of this type 
published at the outset in paperback at a reasonable 
price. R. G. NORMAN 




















HELP FOR PROGRAMMERS 


Programming Languages 

NATO Advanced Study Institute. 
Pp. x +395, (Academic Press: 
December 1968.) 100s; S15. 


Edited by F. Genuys. 
London and New York. 





Tus book is a collection of five monographs which 
contain a mass of information, much of which is so special- 
ized and detailed that one could only discuss the contents 
at the level of the detail by working with the book. rather 
than after the necessarily cursory examination which 
T have had time to give. The five parts are of very differ- 
ing lengths from 40 to 160 pages. 

The first section, by C. C. Elgot, stands somewhat apart. 
All the other authors demonstrate their points with 
ALGOL-like programmed examples, but the notation 
and terminology used by Elgot make this first section 
very hard to read. 

The second section, by E. W. Dijkstra, is full of ideas 
and examples for the “executive program’ writer. 
Dijkstra has a masterly knack in all his writings of finding 
just those apt but lighthearted examples which make his 
points clear. This is the most readable part of the book, 
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though he is conscious of his lack of rigour and several 
times mentions his disinclination from it. 

L. Bolliet’s monograph on “Compiler Writing Tech- 
niques” is the largest in the book. It could easily stand 
alone as a book dedicated to the task of helping pro- 
grammers in this field. It is not easy going and one feels 
that the author is compelled to plunge into detail even 
in his introductory paragraphs. 

“Record Handling’, by ©. A. R. Hoare, would have 
benefited by having a little more space. Section eight. 
in which the author tries to summarize five languages, 
including LISP and PL/I. in twelve pages. is particularly 
sketchy. There is much of value here, but one is less 
aware of the authoritative assertions of the two previous 
sections. It is a pity that this was written before the 
publication of the ALGOL 68 report, for it gives the 
impression of much less ALGOL development than has 
transpired. Much of the ALGOL 68 report includes many 
of the things in this seetion, such as references and over- 
loading. 

Although Ole-Johan Dahl's deseription of simulation 
languages is a short section of only 50 pages it nevertheless 
is an important one. This is one of the most important 
and least developed areas of software. It is disappointing 
that the author, like others, dismisses analogue computer 
aspects in the first few words. Analogue computer special- 
ists are sadly lacking the software strength of their digital 
colleagues, and many of the ideas given here would 
be of direct value to them if slanted towards their 
problems. 

Tt is a pity that time overtakes everyone associated 
with the introduction of a valuable book, even the humble 
reviewer. The original lectures on which the book is 
based were given in the summer of 1966, and the book 
took more than two years to publish. If this review helps 
to further an important and valuable book. it does so 
after an even longer time. R. J. ÖRD-SMITH 

















HISTORY OF IRON AND STEEL 





Four modern blast furnaces, the “Iron Queens” —Queen Mary, 
Queen Bess, Queen Anne and Queen Victoria—at the 
Scunthorpe works of the Appleby-Frodingham Steel Company. 
From Iron and Steel, by W. K. V. Gale (Longmans: London, 
1969, 45s), one of the first three titles in Longmans new 
“Industrial Archaeology” series. Aimed at the general reader, 
the book sets out to describe, without too much technicality, 
what iron and steel are, how they were and are made and 
used, why the many techniques and products of the industry 
developed as they did, why some processes succeeded while 
others failed, what the furnaces, mills and other machinery 
were like and how they worked and so on, not forgetting 
some of the inventors and pioneers who contributed to the 
development of the industry. 
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. An International Series Applied Physics and Engineering 





Volume 5 Rapoport: Dynamics of Elastic 
Containers Partially Filled with Liquid 


VIII, 368 pages. 1969. Cloth DM 59,20 








Volume 6 Moiseyev/Rumyantsev: Dynamic 
Stability of Bodies Containing Fluid 


With 47 figures. XVI, 345 pages. 1969. Cloth DM 66,40 





Volume 7 Jet, Rocket, Nuclear, lon and Electric 
Propulsion, Theory & Design 


Edited by W. H. T. Loh. With 203 figures 
XVI, 765 pages. 1969. Cloth DM 99,20 





























Volume 8 Hoyaux: Arc Physics 

| With 59 figures. XIII, 305 pages. 1968. Cloth DM 58,— 

| Earlier volumes: Volume 2, 3 Volume 4 
Re-entry and Planetary Vakman: 

| Entry: Physics and Sophisticated Signals and 
Technology the Uncertainty Principle 
Edited by W. H. T. Loh in Radar 

5 | Volume 1 I. Dynamics, Physics, Translated from the Russian 

| Stupochenko/Losev/ Radiation, Heat Transfer by K. N. Trirogoff. Edited by 

: Osipov: and Ablation Ernest Jacobs. With 46 figures 

| Relaxation in Shock Waves With 252 figures. XII, 487 pages XII, 253 pages. 1968 

| Translation Editor: 1968. Cloth DM 79,20 Cloth DM 59,20 

i Richard Shao-lin Lee. Il. Advanced Concepts 

Translated from the Russian Experiments, Guidance- 

| by Scripta Technica, Inc. Control and Technology. 

| With 137 figures. XII, 394 pages With 219 figures. X, 292 pages 

| 1967. Cloth DM 72,— 1968. Cloth DM 49,60 m Prospectus on request 
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Springer-Verlag Berlin - Heidelberg - New York | 
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Guyton: FUNCTION OF THE HUMAN BODY (Third Edition) 


This sound textbook of Human Physiology has had two previous exceptionally successful editions 
and the third has been thoroughly revised with all chapters having been brought up to date. 


By Arthur C. Guyton, M.D., University of Mississippi Medical Center 


475 pages. 


van Tienhoven: 


Illustrated £3 12s. Od. 


REPRODUCTIVE PHYSIOLOGY OF THE VERTEBRATES 


“It is the result of a lecture course and ıt will prove valuable in the reproductive physiology courses 
which are currently being started in British Universities . . . the work ıs certainly to be recommended.” 


Illustrated. 


By An van Tienhoven. 


498 pages. 


Masoro : 


PHYSIOLOGICAL CHEMISTRY OF LIPIDS 
IN MAMMALS 


By Edward J. Masoro, Ph.D. 
304 pages Illustrated 


Barnes: 
INVERTEBRATE ZOOLOGY (Second Edition) 
By Robert D. Barnes, Gettysburg College 
743 pages. Illustrated. 


£4 9s. Od. 


Science Journal. 
£7 17s. Od. 


Giese : 
CELL PHYSIOLOGY (Third Edition) 
By Arthur C. Giese, Stanford University 


671 pages. Illustrated. £5 Os. Od. 


Villee, Walker and Smith : 
GENERAL ZOOLOGY (Third Edition) 


By Claude A. Villee, Warren F. Walker, and 
Frederick E. Smith 


844 pages. Illustrated. £4 3s. Od. 
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Ethology of Mammals 


R. F. Ewer 
Lecturer in Zoology, University of Ghana 
418 pages Illustrated Indices 130s net 


Advances in Reproductive 
Physiology Volume 4 


edited by Anne McLaren 
Institute of Animal Genetics, Edinburgh 
256 pages Illustrated 70s net 


Introduction to the 
Principles of Quantum 


Mechanics 

S. Simons Lecturer in Mathematics 

Queen Mary College, University of London 
126 pages Index Problems Paper 25s net 
Cloth 42s net 


The Electromagnetic Field 
N 


. Anderson 
Lecturer in Mathematics, University of York 
124 pages Index Problems 45s net 


Advances in Free-Radical 
Chemistry Volume 3 


edited by Professor G. H. Williams 
Department of Chemistry, Bedford College, 
University of London 

320 pages Index 120s net 

Logos Press Ltd 
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THE FARADAY SOCIETY 


GENERAL DISCUSSION ON 


Motions in Molecular 
Crystals 


OXFORD UNIVERSITY 
September 16-18, 1969 


Sessions will cover: harmonic motions in perfect 
and in imperfect lattices, effects of anharmonisity, 
effects of coupling to intramolecular motions, 
rotational motions. Pure electronic and vibrational 
spectroscopy will be excluded, as will motions 
governed solely by diffusion. 

It is hoped to bring together theoretical and 
experimental workers studying such problems, 
through the application of a variety of methods 
including neutron and x-ray crystallography, 
inelastic scattering, far-infra-red spectroscopy, 
Raman and Brillouin scattering, dielectric measure- 
ments, n.o.r. and quadrupole resonance. 


Requests for programmes should be sent to The 
Secretary, The Faraday Society, 6 Gray’s Inn 
Square, London, W.C.1. 
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Meidelberg Science Library 


Published in association with Springer Verlag, New York and Heidelberg. 







A library of books which provides both texts and background reading at all levels from sixth form 
to post graduate studies. Most volumes have not been previously obtainable in English translations. 







Coming soon: 


THE NEW COSMOS a Unsold Translated by W. H. McCrea 


R. Bruce Lindsay, Hazard Professor of Physics at Brown University, has said of the German 
edition. ‘By an ingenious combination of history, descriptive astronomy and modern astrophysics, 
the author has been able to make the reader appreciate the most recent theories of the structure 


and possible fate of the universe . . . the style is clear and the emphasis on history is particularly 
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PHYSICS IN MY GENERATION Max Bom 
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AND THESE RELATED TITLES @ 


REWARD AND PUNISHMENT 
IN HUMAN LEARNING 


ELEMENTS OF A BEHAVIOR THEORY 

by JOSEPH NUTTIN, 

Department of Psychology, University of Louvain, Louvain, 
glum 


in collaboration with ANTHONY G. GREEN- 
WALD, Department of Psychology, Ohio State University, 
Columbus, Ohio 

A psychological interpretation of the opera- 
tlon of reward and punishment in the shaping 
of memory and behavior. The research 
focuses particularly on the role of the learner’s 
task orientation when recelving reward or 
punishment, the effects of varying the ratlo of 
reward to punishment In the structure of a 
task, and the determinants of memory for 
reward and punishment. Discussions of 
methodological problems associated with 
research on reward and punishment are also 
presented. 


1968, 205 pp., 79s. 6d. ($8.50) 


MECHANISMS OF MEMORY 


by E. ROY JOHN, 
New York Medical College 


Presents findings from varlous areas of brain 
research and Integrates them to provide an 
overview of our present understanding of the 
mechanisms Involved In storage and retrieval 
of Information by the brain. Speclal emphasis 
is placed upon evidence related to changes In 
the speed of consolidation, the phenomena of 
state-dependent learning, the possible role of 
macromolecules in Information storage, the 
consequences of stlmulus contiguity, the 
relationship between diverse electrical pheno- 
mena In the brain, and the possible functional 
significance of temporal patterns and wave 
shapes of electrical processes in the brain. 


1967, 468 pp., 135s. ($14.50) 
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ADVANGES IN THE STUDY 
OF BEHAVIOR 


Volume 2 


edited by DANIEL LEHRMAN, 


Institute of Animal Behavior, Rutgers University, Newark, 
New Jersey 


CONTENTS : 


HARRY F. HARLOW, Age-Mate Peer Affec- 
tional System. R. A. HINDE and J. G. 
STEVENSON, Sequences of Behavior. KARL 
H. PRIBRAM, The Neurobehavioral Analysis 
of Limbric Forebrain Mechanisms—Revision 
and Progress Report. WILLIAM C. YOUNG, 
Psychoblology of Sexual Behavior in the 
Guinea Pig. V. G. DETHIER, Feeding 
Behavior of the Blowfly. Author Index. 
Subject Index. 






June 1969, about 375 pp. 


Volume 2 

THE PSYCHOLOGY OF 
LEARNING AND MOTIVATION 
ADVANCES IN RESEARCH AND THEORY 


edited by the late KENNETH W. SPENCE 
and JANET TAYLOR SPENCE, 
Department of Psychology, University of Texas, Austin, 
Texas 

Continues the systematic and integrated 
presentation of research in learning and 
motivation for the experimental psychologist. 
Discussions cover not only simple learning 
processes, but also complex learning, the 
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Harvey Cushing 


Selected Papers on 
Neurosurgery 


Edited by D. D. Matson, 

W. J. German, and a Committee 
of the American Association of 
Neurological Surgeons 


The development of neurosurgery 
from an unknown, almost forbidden 
field to a science and an art was 
accomplished by Harvey Cushing, 
who shaped the practice and led it 
during his later career. This volume 
contains twenty-four of Cushing’s 
most Important papers, and Is well 
illustrated with photographs and 
drawings, including some of 
Cushing’s exquisite anatomical 
sketches. Forthcoming. 704 pages, 
110 illustrations, 135s. net. 
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Medical Practice in 
Modern England 


The Impact of Specialization and 
State Medicine 


by Rosemary Stevens 


. an academic achievement.’ 
—British Hospital Journal. 

. a timely and thought-provoking book.’ 
—Economist. 

. packed full of fascinating statistics.’ 
—The Practitioner. 

. a remarkable source book.’ 
—Britlsh Medical Journal. 
‘This important and scholarly book... .’ 
—Journal of the Royal College of General 
Practitioners. 
1966. 401 pages. 90s. net. 
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The Physiology and Treatment of Immersion 
Hypothermia and of Drowning 
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If you use 


TRIS 
Ask yourself: 
How pure is “ULTRA PURE”? 


No doubt you have seen the intensive publicity from another 
dealer warning you to avoid Tris, Ammonium Sulfate, etc., 
from competitive suppliers whose products are loaded with 
trace metals. Na y, we saw it, too, and immediately got 
concerned lest users of Sigma’s TRIS would think that Sigma 
TRIS was the “Competitive Product” that was “loaded” with 
those awful trace metals] While we have not gone around 
the world ballyhooing our purity, with those terribly impres- 
sive spectrophotometer curves, we have always known that 
Sigma TRIZMA® was a pretty nice, clean product, and we 
would hate to think that any other dealers icularly 
those that are not exactly the paragons of analytic perfection) 
—had scooped us with a significantly better Tagant Un- 
fortunately, we were so busy running routine ayes on all 
of our products, we could not ch out the “Ultra Pure” 
stuff immediately. We trust our delay has enabled our 
esteemed competitors to “cash in” on the gullibility of 
scientists. However, we have finally gotten around to the 
comparison between one of those “Ultra Pure” preps and 
the Si “Trizma® Base”, As we expected, our 
TRIZMA® can still claim to be the best darned Tris you 
can buy! For those who like pretty figures, here is our 
analysis of a random lot of our Trizma®. These values were 
obtained on our own Perkin Elmer Atomic Absorption 
Instrument. 


TRIZMA” BASE 
Lot No. 28B-5390 


Element 
Calcium 0.2 ppm 
Cobalt not detected (<1 ppm) 
Chromium not detected on ppm) 
Copper not detected (<0.02 ppm) 
Iron 0.6 ppm* 
Mercury not detected (<10 ppm) 
Potassium 0.8 ppm 
Lithium not detected (<0.1 ppm) 
Magnesium 0.6 ppm 

ese not detected (<0.005 ppm) 
Sodium 1.1 ppm 
Nickel not detected (<2 ppm) 
Lead 5.6 ppm 
Zinc 0.7 ppm 


Now compare this actual assay to the promises of other 
dealers | 

*Although the competitive “Ultra Pure” Tris is advertised 
as containing only 0.2 ppm Fe, an actual shipment contained 
0.5 ppm. 

Frankly, we get slightly nauseated every time we read the 
pious claims many dealers make for their “Scrupulous adher- 
ence to the highest standards of purity,” when it is an open 
secret that they do very little (if any), analytical work on the 
products they sell. Someday, perhaps, the professional 
societies will organize inspection teams which will visit all 
dealers and observe first-hand just how honest their claims 
for analytic control really are. 

They would be welcomed at Sigma. 


You are welcome, too. 
TELEGRAM: SIGMACHEM, St. Louis, Missouri. 


The Research Laboratories of 


SIENA oreuon. COMPANY 


3500 DE KALB ST. e ST. LOUIS, MO. 63118 « U 
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Distributed in the United Kmgdom through 
SIGMA LONDON Chem. Co. Ltd., 12, Lettice St., 


London, S.W.6, England 
Phone : RENown 5823 (Reverse Charges) 
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RESEARCH & PRODUCTION CHEMISTS: if you 
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chrysoldin, Methyl red, Nitrazine yellow, Pinscryptol green, etc. 
Industrial Research Establishments 
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consultants on the selection and use of dyes as research 
and production tools. 
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42 Upper Richmond Road West, London, 8.W.14 
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The plastic vials are recommended for mixing powders or preparing mulls with mineral oil. For hard materials 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


New OH Radio Emission Sources 


in Cygnus 

At radio observational work on OH has so far been con- 
centrated on previously known astronomical objects. 
Initially the OH microwave radiation was found absorbed 
in the spectra of strong continuum sources', but in the 
search for more OH absorption lines weaker and weaker 
continuum sources were investigated. The guide in this 
search was the source catalogue made by Westerhout?, 
which contains sources around the galactic plane measured 
at the frequency 1,390 MHz. Many of these sources have 
a thermal spectrum and therefore are associated with 
H I regions. Because the first OH emission sources 
were found in or near some of these H II regions*-*, the 
search for more OH emission was carried out chiefly on 
thermal radio sources. Many new OH emission sources 
were found in this way and theories of maser action in 
OH associated with H II regions were produced’. 

The discovery by Raimond and Eliasson’ that the 
position of the OH source in the Orion Nebula coincides 
with an mfrared point source? must be considered as a 
turning point. Mezger ef al.* found evidence for an 
identification of certain OH emission sources with a new 
class of compact H II regions which they believed to be 
the ionized remnants around recently formed stars. The 
theory of these so-called “cocoon-stars” is proposed by 
Reddish”, 

The idea, that the OH microwave emission should be 
associated with extremely young stellar objects in- 
spired Wilson and Barrett! to look for OH emission from 
infrared stars and four out of twenty of these stars were 
found to have OH emission. One of them (NML Cygni) 
radiates the strongest radio emission line so far detected 
and, because this OH emission source is not associated 
with any radio continuum emission, we thought it worth 
while to make a survey over a limited region of the sky 
and try to find other OH sources not connected with 
continuum emission. Considering the very strong 1,612 
MHz radiation from NML Cyg, we also decided that this 
survey should be carried out on all OH frequencies. 

Our equipment consists of an 84 foot (25-6 m) radio 
telescope, a travelling-wave maser, a 100-channel fre- 
quency switched receiver and a small on-line computer’. 
The efficiency of the antenna system is 53 per cent at 
18 om wavelength and the half-power beamwidth is 32’ 
and 27’ in the E and H-plane, respectively. The travel- 
ling-wave maser brings the total system noise temperature 
down to about 40° K. Two sete of filter-banks are used, 
one with a 10 kHz bandwidth and the other with a 1 kHz 
bandwidth. We use the 10 kHz filtera for the search, 
because this bank covers the possible OH velocity range 
completely. When a source is found, however, we swi 
over to the 1 kHz filters for more detailed studies. The 
computer performs the sampling of the channels and 
integration of the signal as well as stormg and plotting 
the data. The channel voltages are graphically displayed 
on a cathode ray tube controlled by the computer. In 
this way we can immediately detect a line signel during 
the observation. 
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Wo started the search in a narrow strip within approxi- 
mately +1-5° from the galactic equator. As the initial 
longitude interval we chose the Cygnus direction because 
1t is tangential to the local spiral arm and thus we nught 
have a better chance to detect more nearby sources in 
this area of the sky than in other directions. Ño far we 
have investigated a strip between the galactic longitudes 
68° and 92°. The points of observation within the area 
are separated by 0:5° m both right ascension and dechna- 
tion. We observe the difference between the spectrum in 
the current point and the spectrum im another arbitrary 
point, thus eliminating any off-set ın the channels. With 
a difference between the signal and reference frequencies 
of 100 kHz a true lme signal is revealed through tho 
appearance on the cathode ray tube display of one positive- 
going line and one negative-going line separated by 100 
kKz (ten channels). We integrate the signal for about 2 
min (twelve samples) ın each point, which makes ıt 
possible to detect sources with an antenna temperature of 
about 0-5° K (averaged over the 10 kHz filter width). 

We have scanned the area at the frequencies 1,665 and 
1,612 MHz, in both cases with a right circular polarized 
feed only. We plan to complete the survey by observing 
at the other OH frequencies and by usng both senses of 
ciroular polarization. It is also planned to extend the 
survey primarily in galactic latitude and later in longitude 
towards the galactic centre. 

We have detected four OH emission sources which, we 
believe, have not been observed before. Their coordinates 
(as measured with our antenna) are summarized in Table 1, 
which also gives approximate distances estimated from 
the differential galactic rotation model given by M. 
Schmidt. 


Table 1 
Adopted 
Equatorial Galactic mean Dist- Possible 
No. (1950-0) coord. velocity ance identi- 
(km/s) (kpo) fication 
1 a=20h 08 m 08s +108 l= 69-58° +145 1-8/5-2 — 
m31’ 22’ + 2 b= — 0-96° 
2 a=20h10m57s+108 l= 75-75° -05 57 W 64? 
é=87° 19 + 2 b= 085° 
8 a=10h59m518+158 l= 7037 —170 82 W58 
6=88° 25’ + 8 b= 1:60° 
4 a=20h 26m 645 + 15’ l= 77-98° —388°5 81 DRO? 
6=88° 56’ + 3 b= 0-17° 


The spectra of the four sources are shown in Fig. la-o 
at 1,612, 1,665, 1,667 and 1,720 MHz with both right- 
hand (solid line) and left-hand (dashed lme) circular 
polarization. Spectra of source No. 4 have been 
omitted because of space limitations. 

Around the position of source No. 1 there is no trace 
of any H II region or other conspicuous object on the 
Palomar Sky Survey plates. Nor did we find any 1,666 
MHz continuum radiation. The detection limit of these 
measurements was 0-2° K antenna temperature. Within 
a circle of radius 2’ centred on the position of source 
No. 1 as given in Table 1 we have found five weak 
stars which can only be seen on the red-sensitive Palomar 
plate. The whole area seems to be much obscured, 
however, and therefore these objects might be ordinary 
but highly reddened stars. 

Source No. 2 is situated approximately 7’ north-cast 
of a small galactic star cluster. The area seems to have 
an even higher absorption than the area around source 
No. 1. Consequently there are a few stars around source 
No. 2 which can only be seen on the red-sensitive plate. 
The nearest of these stars lies about 3’ from the measured 
OH position. There is a small maximum of continuum 
radiation (7'4~38-5° K) at the source position which is 
close to the position of W 64. Source No. 3 is unusual 
because it is strongest at the 1,720 MHz line. Very few 
of the known OH sources have this property (W 28, 
W 44, W 81) (ref. 16). The source is probably associated 
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with the thermal continuum source W 58 (T ~2:6° K) 
which has the coordinates? 

«(1950-0) = 20h 00-lm +1:2m 

3(1950-0) = 33° 23’ + 12’ 
The optical counterpart of W 58 consists of two small 
HI regions approximately 11’ apart and connected by 
weakly visible ionized gas. The OH source is situated 
approximately 2’ north of the eastern H Il region. Because 
of the high field density of stars in this area we have not 
been able to find any suspiciously red stars in the vicinity 
of the OH source. 

Source No. 4 18 of special interest because it radiates 
strongest ın the 1,612 MHz line. It has two peaks at 
—49 and —28 km/s equally strong on both polarizations. 
This is similar to the OH spectral distribution of NML 
Cyg, NML Tau and CIT-3 (ref. 11). On the Palomar 
plate an extended weak H II region with central obscuring 
dust clouds can be seen. The OH source lies ın the eastern 
part of this weak nebule about 8’ south-east of the 
star BD +38° 4100. Approximately 1-5’ from the position 
given for source No. 4 in Table 1 a weak star is seen on 
the red-sensitive plate with no counterpart on the blue- 
sensitive plate. The estimated coordinates of the star 
are 


«(1950-0) = 20 h 26m 51484048 


3(1950-0) = 38° 55:5’ +01’ 
+8 +4 
[ex 
aD BANA NESS 


1720.527 MHs 


1667.358 MHz 
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1665 401 MHz 
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1612. 231 Mix 
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Fig. 1. 
the dashed Imes left ciroular 
and the bottom scale for 1612 Mx. The in 






The OH line profiles of (a) source No. 1, (b) source No. 2, (c) source No.8. The solid lines depict 
ton (LO). The diagrams have 1 kHz markers and radial velocity 
tegration and 1° K of antenna tampotatore is indicated for each line profile, The observations 
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There are many other stars, however, with the same 
property lymg farther away from the OH position. The 
nearest continuum radiation maximum is the source 
DR 9 (ref. 17) (T4 ~2:0° K) with the position 


«(1950-0) = 20 h 27 m 508 
8(1950-0) = 38° 53’ 


It is teresting to note that the discovered sources are 
usually strongest at the frequency and polarization used 
when they were found. We might therefore expect to 
detect a few more sources when continuing the survey at 
the other OH frequencies and polarizations. This also 
might give a hint of the statistics of OH sources. Until 
now, the search for OH sources has often been guided 
by already detected H II regions or by the Westerhout 
catalogue, but we think that a search of an arbitrarily 
chosen area of the sky would give important information 
about the properties of OH emitting regions. From all 
available observations of OH sources it is evident that 
most sources are strongest at the 1,665 MHz line. Is this 
a reality or is it an apparent effect caused by an intense 
search at 1,665 MHz? The strong radiation of NML Cyg 
at 1,612 MHz, recently discovered, motivates this question. 
There are reasons to believe that all anomalous OH 
microwave emission originates from processes connected 
with the formation of stars. It would therefore be inter- 


-4 km/s -6 -10 -14 -18 km/s 


RC: 10.0 min 
LC. 10.0 min 


2 
a7 


Bie 


1667.358 MHx 





sA YI SANAY Du 
RC. 9.2 min 
LC: 9.2 min 
1 it 
4 km/s 


ht circular polarisation and 
scales: top velocity seale for 1,720 MHz 


were made in October 1968. 


fon 


NATURE, VOL. 222, APRIL 5, 1969 


esting to make infrared observations of all known OH 
emission sources. 
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Relation between the Visibility of 
Jupiter’s Red Spot and Solar 

Activity 

Tux visibility of Jupiter’s red spot in relation to solar 
activity has recently been widely discussed in a series 
of letters. The origmal claim of dependence of the red 
spot on ultraviolet radiation from the Sun noted by Graf, 
Smith and McDevitt! for the period 1892-1947 was dis- 
carded by Argyle? on the basis of very low value of corre- 
lation coefficient (r=0-27) between the visibility (V) 
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and Zurich relative sunspot number (Rz). The inclusion 
of recent observations of Jupiter by Reese in the analysis 
of Solberg and Chapman? extends the data to 1967 and 
shows even a lower value of the coefficient of correlation 
(r=0-16). The use of some other aspect of solar activity 
instead of sunspot numbers—such as solar particles, sug- 
gested by Scott Smith*—is not suitable, for necessary data 
are not available as far back as 1892. Because tho sunspot 
is known as the index of both wave as well as particle 
radiations from the Sun, however, a re-investigation of 
the relationship with the only available sunspot data was 
considered worthwhile. 

Examination of the curves for the visibility of Jupiter’s 
red spot and the solar cycle given by Graf et al.1 shows no 
apparent correlation because of the presence of some 
irregular fluctuations in the visibility function. In the 
analysis here the irregular fluctuations have been removed 
by evaluating 5 yr moving averages of the values of V. 
To achieve uniformity in data the values of R: were 
also subjected to the 5 yr moving average. The modified 
curves for the entire period 1894-1965 are shown in Fig. 1. 

A striking feature of the curves ıs the close correspon- 
dence between the two phenomena from 1894 to 1945. 
For this period the correlation coefficient (with moving 
average values) 13 r=0-5714 and the standard error for 
the 52 values compared is or=0-14, which shows that r 
is more than four times the value of or. This correlation 
is clearly significant’ and indicates that the variation of 
the visibility of Jupiter’s red spot does have a component 
dependent on solar activity. 

It is interesting, however, that subsequent values of 
V exhibit a completely different correspondence which 
does not fit into the previous period and consequently the 
correlation coefficient for the whole period 1894-1985 is 
reduced to r=0-2433. Nevertheless, considering the 
behaviour of the red spot from 1894 to 1945, as revealed 
by the present analysis, ıt is difficult to conclude that 
there is no correlation between Jovian and solar activities. 

The apparent discontinuity around 1947 in the cyclic 
variation of the 5 yr moving averages of V raises a second 
problem. Because the values of V provided by Peek* 
(1892-1947) and Reese (1948-67) (see ref. 3) have been 
scaled by the same criteria, it must be admutted that 
Jupiter’s red spot begins to show a clear inconsistency 
around 1947. It 1s interesting to note in this connexion 
that this is also the time when the Sun shows an un- 
expected large enhancement in sunspot numbers. It is 
perhaps worth investigating whether the two might have 
& common cause external to both, such as local variation 
in density of interstellar medium. 
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Fig. 1. Plots showing the 5 yr moving averages of: © --- O, the visibility of Jupiter’s red spot (V), and x—x , the yearly 
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Undeformed Sediments in Oceanic 
Trenches with Sea Floor Spreading 


Tua study of magnetic anomalies associated with mid- 
ocean ridges indicates that sea floor spreading 1s active in 
the vicinity of these ridges!. Mid-ocean ridges are thought 
likely to be the sites of upwelling convection currents 
and oceanic trenches to be the sites of descending cur- 
rents?. Most trenches are associated with intense seismic 
activity?*. The hypocentres of earthquakes ocour along 
almost planar zones (Benioff zones) which may be the 
result of movement of the sea floor under continents or 
island arcs. Seismic refraction studies of oceanic trenches, 
however, indicate that the sediments within the trenches 
are essentially undeformed and that there is no large 
accumulation of deformed sediments with a low seismic 
velocity associated with these trenches’-!°. The absence 
of deformed low velocity sediments has been cited as 
evidence that the sea floor 1s not descending in the vicinity 
of these trenches™*»1°, Scholl et al.1° assume that deformed 
pelagic sediments would be expected within the trenches 
if the sea floor is actively underthrusting a continent or 
island arc. The centre of the Benioff zone, however, typic- 
ally ıntersects the ocean floor landward of the axes of 
oceanic trenches‘-*. This indicates that downward move- 
ment of the sediments occurs landward of the axes of the 
trenches rather than directly under the axes of the 
trenches. 

It seems likely that the pelagic sediments and turbidites 
deposited in trenches would be folded, faulted and 
thickened as they are carried beneath a continent or 
island arc (Fig. 1). This would lead to dewatering and 
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Fig. 1. Hypothetical cross-sectlon through the Peru-Chile trench at 
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perhaps even low grade metamorphism of the sediments 
converting them into shale, graywacke, slate and meta- 
greywacke. Landward of many trenches, a thin layer of 
low velocity sediments overlies a layer with a seismic 
velocity ranging from 4:4-5-0 km/s (refs. 10-13). The layer 
with a velocity of 4-4-5-0 km/s may be composed of 
deformed sedimentary and metamorphic rocks which are 
In part equivalent to, and continuous with, the unde- 
formed sediments in the adjacent trench. Balakrishna 
and Ramana report compressional wave velocities 
(measured in the laboratory) for shale from 
4-2-5:0 km/s, for slate ranging from 4:2-5-6 km/s and 
for sandstone ranging from 4-1—-6:2 km/s. 

Seismic reflexion profiling of the Peru-Chile trench by 
Scholl et al.1° shows that there is a very sharp contact 
between the undeformed sediments within the trench and 
the higher seismic velocity layer which underlies the lower 
part of the continental slope. If the hypothesis proposed 
here is correct, this would indicate that the transition 
from undeformed sediments to deformed sedimentary and 
metamorphic rocks is rather abrupt. This contact may be 
a tectonic form similar to the Allegheny front in the 
Appalachian Mounteins’*. Seismic reflexion profiling of 
the Allegheny front in Pennsylvania indicates that the 
transition from relatively undeformed Palaeozoic sedi- 
mentary rocks to highly deformed sedimentary rocks 
occurs in less than a quarter of a mile (R. A. Radulski, 
personal communication). Significantly, no reflexions 
were received from the steeply dipping beds east of the 
front. A possible reason that no reflexions have been 
received from the sedimentary rocks which underlie the 
lower part of the continental slope in areas such as east 
of the Peru-Chile trench may be that, as a result of 
folding, these beds are dippmg too steeply to produce 
reflexions, or that they lack coherent reflectors. The 
lack of deformation of the sediments within the trench 
itself may simply indicute that the sediments are not 
capable of transmitting a compressive stress for large 
distances. 

It is proposed that the reason for the absence of large 
thicknesses of deformed sediment associated with oceanic 
trenches is that these sediments have been thickened and 
converted into sedimentary and metamorphic rocks 
underlying the continental slope as a result of deformation 
along Benioff zones. If this is so, the absence of deformed. 
sediments associated with oceanic trenches is not a valid 
argument against movement of the sea floor under con- 
tinents and island arcs in the vicinity of these trenches. 
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Recovery of Deep Seawater at 
Constant Pressure 


WE wish to report here a significant stage in the develop- 
ment of equipment which will recover deep sea animals at 
constant pressure and temperature. Organisms in the 
deep sea live at hydrostatic pressures which are lethal to 
ordinary surface living forms. Pressure mecreases by 
1 atmosphere (14-7 pounds/inch*) for each 10 m depth 
and rises to 1,000 atmospheres in the deep trenches. 
Pressures in the range 0-1,000 atmospheres affect the 
dissociation and hydration of iong''*, and alter the col- 
loidal structure of cytoplasm, inhibiting cell division and 
similar phenomena?-5. Pressure may accelerate or retard 
the rates of many biological reactions*-*, and affect the 
normal functioning of muscle and nerve®1° and various 
complex cellular structureg!".!*, The variety of organisms 
found at depth? shows that pressure adaptation is com- 
mon, but there have been all too few experiments carried 
out on deep sea organisms“. We are proposing to filter 
planktonic animals at various depths and recover them 
without loss of pressure in a pressure vessel fitted to the 
cod end of a plankton net. On recovery the plankton 
suspension will be transferred to an experimental pressure 
vessel without serious pressure fluctuation. Optical and 
polarographic techniques are already available for the 
measurement of respiration, activity and survival of 
plankton suspensions at pressure. 

The experimental pressure vessel is a stainless steel 
cylinder of 7:62 em (3 ich) bore and 17-78 cm (7 inch) 
internal length (Fig. 1). It is mounted with its long axıs 
horizontal and 1s fitted with conical end windows of 3-8 cm 
(1-6 inch) effective diameter. A Meopta DM23 stereo- 
bmocular microscope 1s used to view the interior. The 
maximum working pressure is 1,000 atmospheres. The 
vessel 1s also fitted with two stirring shafts, inlet and outlet 
pressure tubing, a side arm for mstruments at present 





Fig 1. Diagram of pressure equipment. a, Observational pressure 

vessel, b, zerovery pressure rary 

plug; e, pressure fittings, f, turret; g, high pressure pump; A, 560 

atmosphere gauge; +, hydraulic acoumulator; 3, low pressure ‘burs 

disk; k, high pressure bursting disk; J, pressure transducer; m, 1,30 

atmosphere pressure gauge; n, filter, o, capillary reduction valve, 
crosses represent valves. 
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Fig. 2. Reco 


very apparatus. a, Globe valve; b, recovery 
vessel, c, fiame; d, plug; øo, depth recorder; f, hydraulic accumulator; 
9, pressure transducer housing. 


pressure 


under construction, electrical feed-throughs, and a radial 
2-54 cm (1 inch) bore pipe to which the recovery veasel 
couples. Pressure is generated by an Olin—Matthieson air 
powered pump which connecte to tho hydraulic cirewt 
shown in Fig. 1. Seawater 1s circulated through the vessel 
at constant high pressure by applying the eppropriate 
air pressure to the pump which passes the water from the 
vessel through a fine capillary reduction valve to the 
outside. A Greer Mercier hydraulic accumulator in the 
hydraulic circuit 13 used at present to smooth the pump’s 
pulsations to +1 atmosphere in the range 40-300 atmo- 
spheres at flow rates in the order of 100 ml./min. The 
recovery vessel has to contain organisms, close at depth 
and retain pressure during recovery. It must then couple 
to the experimental vessel and open without causing a 
fluctuation in pressure. These requirements are met by a 
stainless steel vessel of 5-08 em (2 inch) bore, 55:8 em 
(22 inch) mternal length, with a globe valve fitted at one 
end (Fig. 2). The vessel will operate up to a pressure of 
1,000 atmospheres. When the globe valve is open it 
affords a 1 mch bore entry to the vessel and when the valve 
18 rotated through 90° to the closed position it gives a 
rigid seal. The valve is deseribed moro fully ın ref. 15. 
The performance of a globe valve was studied using a 
large pressure vessel to simulate deep water. Results were 
satisfactory and tests at sea have been undertaken. 

We were fortunate in bemg given ship time on the survey 
ship HMS Hydra on passage from Britam to Gubraltar 
in November 1968. A Prototype recovery apparatus was 
used (Fig. 2) which comprises a recovery vessel, additional 
pressure fittings, a valve closing mechanism and a frame 
to facilitate handhng and coupling. A Benthos 6,000 m 
depth recorder and an Ether BP6 1,300 atmosphere pres- 
sure transducer connect to the interior of the vessel. Both 
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Table 1 
Pressure Pressure 
change fluctuation 
Cast Depth of recovery apparatus from at which Recovery pressure during 
No. wire paid out and caloulated pressure globe valve closed Depth recorder Transducer recovery _. transfer 
(per cent) ` (per cent) 
8 1,400 m 140 atmospheres 144 atmospheres 144 atmospheres -— 0 — 
. (2,058 pounds/inch*) (2,116 pounds/inch?) (2,116 pounds/inch*) 
4 1,400 m 140 atmospheres 144 atmospheres 144”atmospheres 144 atmospheres 0 +28 
(2,058 pounds/inch*) (2,116 pounds/ınoh?) (2,116 pounds/inch?) (2,116 pounds/inch*) 
5 2,000 m 200 atmospheres 200:6 atinospliores 211 atmospheres — +55 — 
(2,040 pounds/inch?) (2,949 p /inoh*) (8,101 pounds/inch?) 
6 2,000 m 200 atmospheres 200-6 atmospheres 211 atmospheres 215 atmospheres +65 +20 
(2,940 pounds/inch?) (2,949 po jinch®) (8,101 pounds/inch*) (3,160 pounds/inch”) 


instruments are mounted in pressure-housings. A Greer— 
Mercier hydraulic accumulator (0-330 atmosphere range) 
was connected to the vessel for the relatively shallow 
water tests planned. 

Fig. 2 shows the globe valve mounted at the top of the 
vessel with a provisional plug and fittmgs at the lower 
end. An extension spring coupled to the valve spindle was 
used to close the valve. The apparatus weighs 180 kg 
(400 pounds) and is mounted in a frame built to withstand 
considerable impact. It was lowered to the selected depth 
on @ coring wire with the wire angle kept vertical by 
manoeuvring the ship. The globe valve was closed at 
depth by means of a messenger actuated device. Once 
on board the recovery apparatus was mounted on & trolley 
which fitted a pair of inclined tracks on the rig support- 
ing the experimental vessel (Fig. 1). The apparatus was 
hauled up the tracks and coupled to the experimental 
pressure vessel by hand tightening one large gland nut. 
Additional safety supports and pressure couplings were 
also fitted, the whole operation taking between 10-15 
min. The transfer procedure consisted of measuring the 
pressure inside the recovery vessel and then circulating 
seawater from recovery vessel to imental vessel. 
Pressure measurements were obtained from the depth 
recorder and pressure transducer which were routinely 
calibrated against a 560 atmosphere gauge in the main 
hydraulic circuit. Calibration shifts were neghgible and 
all pressure measurements are accurate to +33 atmo- 
spheres (Table 1). The depth recorder showed the pressure 
at which the globe valve was closed and any subsequent 
pressure change, while the transducer was used to record 
pressure fluctuation occurring during the transfer opera- 
tion. Having established the pressure within the recovery 
vessel, the same pressure was gradually built up in the 
experimental vessel with seawater circulating from the 
pump through the reduction valve to the outside. When 
a steady matching pressure was obtained the globe valve 
was opened by hand. (Ifa significant pressure difference 
exists across the valve it cannot be opened.) Valve A was 
subsequently opened and valve B closed causing water to 
pass through the recovery vessel to the expermental 
vessel and the outside (Fig. 1). 

Six casts were made from HMS Hydra. The first 
merely tested the valve closing device and the second 
revealed a minor fault which was soon rectified. Casts 
3-6 were successful. After casts 3 and 5 the pressure in 
the recovery vessel was read from the depth recorder but 
transfer was not carried out. The results show that the 
apparatus is reliable under sea conditions, and can recover 
deep seawater with negligible pressure change. The small 
pressure rise seen in caste 5 and 6 occurred at a late stage 
in the recovery and ıs presumed to be caused by the 
apparatus warming up. The effect did not surprise us and 
we are now completing the thermal insulation which we 
had hoped to have ready for the cruise. 

We thank the Hydrographer of the Navy for ship time 
aboard HMS Hydra, and the Captain and ship’s company 
for their help. We also thank Professor J. A. Kitching and 
Professor B. Crossland for their encouragement and sup- 
port, the staff of the Mechanical Engineering Workshop 
(QUB), who made the principal pressure components, and 
Mr M. Biggs (UEA) for assistance in the workshop and at 
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Possible Edge Effect to explain 
Magnetic Anomalies off the Eastern 
Seaboard of the US 


Magnaerio anomalies occur at several continental margins; 
for example, north-east of Newfoundland?, off the eastern 
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Fig. 1. Smoothed magnetio anomaly field. 100 gamma contour 

interval. Ordinates, latitude N and longitude W Limit of 


degrees. 
ner hed data to the east shown by jagged line. Dashed line on right, 
4,000 m depth. contour. Line of squares on left, 2,000 m depth contour. 
Inset, area of pilot study in relation to east coast of USA. 
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-~ Fig. 2. Magnetic anomaly profiles. Bottom: ori l anomaly along 
' west-east line of Inset diagram. Middle: smoo anomaly along 
same line. Top: results of stacking east-west smoothed profiles, after 
alignment (see text). Inset, area of pilot study, with 200, 2,000 and 
4,000 m depth contours, 


seaboard of the US? and off south-western Africa?. Such 
anomalies are found over the outer parts of the continental 
shelves and over the continental slopes. They can be 
traced for many hundreds of kilometres, and have ampli- 
tudes of several hundreds of gamma. Studies from this 
laboratory showed that the anomalies north-east of New- 
foundland could be caused by an edge-effect?. A magnetic 
continental crust has a common boundary with a magnetic 
oceanic crust and non-magnetic oceanic mantle. A pilot 
study suggests that such an edge-effect could also account 
for asubstantial part of the magnetic anomalies at the conti- 
nental margin off the eastern United States. 
The US Oceanographic Office magnetic 
survey of the area extends from Florida to 
northern Maine, south-west to north-east, ` 
and from the continental rise to the con- 
tinent, east to west®, The area chosen for 
a pilot study is off Cape Hatteras, the area 
within the limits of the survey between 
32° N and 36° N, 73° W and 79° W (Fig. 1). 
Values of the total field were digitized from 
the large scale maps‘. The date interval, 
uniform over the pilot study region, is 
0-1° of latitude, which is approximately 
11 km and is comparable with the flight lne 
spacing. The mai field of the Earth was 
removed from the observed values using 
the spherical harmonic expansion of Cam 
et al.5, with the coofficients GSFC (7/65)*. 5 
No correction was made for the height of 
the survey above sea level. It ıs evident 
from the original total field maps, or from 
the anomaly map published by Taylor 
et al.2, that any regional study of the 
anomaly field is complicated by the 
presence of anomalies with small linear 
dimensions. This is not surprising, because 
of the Palaeozoic and Pre-Cambrian rocks 
exposed to the west on the continent. 
Consequently, the anomaly map of the 
area of the pilot study was smoothed. A 
normal two-dimensional smoothing func- 


smoothed computed field (dots). 
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tion was used, with a seven-by-seven grid of data points’, 
the weights chosen to attenuate wavelengths of 70 km 
or less more than 25 per cent. The smoothed field is 
shown in Fig. 1. 

The chief feature of the smoothed field is the steep 
gradient along the continental margin to the east of the 
2,000 m depth contour in Fig. 1 (BB). This can also be 
seen on the original anomaly maps‘, and the 900 gamma 
contour of Taylor (relative to an arbitrary datum) can 
be traced along the whole margin from Maine to the 
Blake Plateau. Anomalies associated with the shelf and 
upper slope seldom cross the continental margin. An 
attempt was made to find the average anomaly over shelf 
and slope, parallel to the margin, by stacking. East—west 
lines of smoothed values were aligned using the zero- 
gamma, contour of the eastern part of the area as reference 
point (between BB of Fig. 1), and the mean values of the 
aligned profiles caloulated. The successive results are 
shown in Fig. 2. 

The bottom trace is the original anomaly field along 
the east-west line which 1s shown inset in Fig. 2. This 
clearly shows the anomalies with smaller east-west linear 
dimensions of the western part of the area. The centre 
trace 1s the smoothed anomaly field along the same line. 
The upper trace is the result of stacking all east—west 
lines after alignment. This should enhance anomalies 
with the same direction as the trend of the steep gradient 
along the margin. It seems likely that, if this or a similar 
smoothing procedure were adopted over a larger area, 
the depression A in the smoothed and stacked anomaly 
field (upper trace, Fig. 2) would be attenuated even more 
than ıt has been. 

A number of reasonable models of geological structure 
can produce the smoothed and stacked anomaly field, 
and three are shown in Fig. 3. The magnetization 1s 
assumed to be in the direction of the Earth’s present field 
and the computed flelds were amoothed with the appro- 
priate one-dimensional normal smoothing function. 
Models 1 and 2 are variants on an “‘edge-effect’’ model. 
A thick magnetic continental crust abuts a thin magnetic 
oceanic crust and a non-magnetic oceanic mantle. The 
less magnetic prisms would not be necessary if the depres- 
sion A in the field were smaller. Model 3 is based on one 
proposed for the area of the Chukchi Cap’, and attempts 





Fig. 3. Three model structures, with smoothed and stacked anomaly field (squares) and 
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to explain the anomalies wholly in terms of topography. 
This model certainly cannot be discounted, because of 
the seismic resulta for the eastern seaboard’. 

It seems likely that at least three types of structures 
can account for the magnetic anomalies observed off some 
continental margins; intrusions of igneous rock?, topo- 
graphy of the top of magnetic rocks? and the edge-effect. 
If the edge-effect accounts for the anomalies observed at 
some continental margins the oceanic mantle is leas mag- 
netic than the continental crust. This would arise 1f, for 
example, the oceanic mantle is hotter than the continental 
crust at the same depth, or if it contains a smaller propor- 
tion of the same magnetic minerals. The presence or 
absence of such anomalies at different margins becomes 
important. A study of the spatial relationship between 
the peak in the free air gravity anomaly and the peak in 
the magnetic anomaly at margins may help distinguish 
between the three possible origins for the anomalies. The 
gravity anomaly is caused by the change from continental 
to oceanic structure, and if the magnetic edge-effect is 
real we might expect to observe a systematic spatial 
relationship between the positions of the peaks of the 
gravity and magnetic anomalies. 

I thank the US Oceanographic Office for the results 
of their survey, and the National Research Council of 
Canada for a senior research fellowship. I also thank 
the Department of Geodesy and Geophysics, University 
of Cambridge, for hospitality. 
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Tidal Currents and Sand Wave Profiles 
in the North-eastern Irish Sea 


For some time it has been apparent that the direction of 
bed-load transport in tidal seas ıs largely determined by 
an asymmetry in the current ellipse, such that the peak 
velocity reached in one direction is greater than that 
reached in the reverse direction. The degree of tidal 
asymmetry need not be very great to assure sand transport 
in the direction of strongest flow, as the ability of a current 
to move sand increases steeply with increasing velocity. 
The asymmetry of near-surface tidal currents! has been 
used together with the asymmetry shown in the cross- 
sectional profile of sand waves to delineate bed-load 
transport paths around southern Britain? and the Imsh 
Sea’, in spite of the lack of data on the movement of the 
near-bottom water. This shortcoming has now been 
removed by means of measurements of currents at between 
4 and 5 m off the bottom made by the Lowestoft Fisheries 
Laboratory (Ramster, personal communication) m the 
north-eastern Imsh Ses (Fig. 1). It can now be clearly 
demonstrated that there 1s a regional congruence between 
the directions of sand-wave asymmetry and near-bottom 
(as well as near-surface) tidal current asymmetry m this 
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Fig. l The peak Plat bo (in cm s-") of the near-bottom, ebb and flood 
tidal currents at een: des (neap values at one station N) observed by 
J. Ramster ın the north-eastern Irish Sea. At each station the direction 
of set of the weaker current is shown by a small arrow, while that for the 
stronger current 18 emyliaslzed by a large arrow. The oo ndn: 
direction of advance of the sand waves along the ship's tracks (dotted 
is shown by arrowheads. The mset summarizes the new an 
existing’ data on bed-transport paths and the approximate limits of the 
sand wave and mud zones, 


area. The sand waves are situated within a zone analogous 
to those occurring elsewhere‘, although ın this case the zone 
is somewhat discontinuous because of paucity of sand, 
which in some parts allows only small trains and isolated 
crests to be present. The sand may be derived from as far 
afield as North Channel or the bed-load parting in St 
George’s Channel; ıt eventually travels into the Solway 
Firth and Liverpool Bay, together with some deposition 
west of a patch of muddy sediment between the sand 
wave zone and the Lancashire and Westmorland coasts 
(Fig. 1 inset; for further details of the sediments, see 
ref. 5). 

These muddy sediments seem to be swept by stronger 
tidal currents than are associated with the mud floor 
west of the Isle of Man or at other localities around the 
British Isles. This apparent anomaly arose from the 
need to supplement existing tidal current observations 
with theoretical predictions*. It has now been at least 
partly removed by the new observations for the middle 
of the mud patch which revealed a value at spring tides 
reaching only 44 om s- (less than 1 knot). This is more in 
keeping with mud accretion there at the present time, 
rather than sand, as was previously suggested. 

We thank Mr J. W. Ramster for his tidal current 
measurements and for an echo-sounding trace taken in 
1965. Other echograms were provided by Mr W. L. 
Templeton of the UKAEA for 1965 and the British and: 
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Insh Steamships Packet Co. Ltd for 1964. The remaining 
profiles were taken in 1957 by RRS Discovery II. 
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Trend Surface Mapping of Cirque 
Floor Levels 


Tue spatial distribution of the height of cirques might 
be regarded as indicating areal variations ın the climatic 
conditions required for their formationt. Contemporary 
cirques, especially small cirques peripheral to glaciated 
areas, have been observed close to the level of the snow- 
line, but the level of cirque excavation in any one area 18 
related more to a composite Pleistocene regional snowline 
than to a snowlme at any specific glacial age**. Thus 
although the altitude of cirque floors 1s governed broadly 
by the height of the regional or climatic snowline, con- 
trolled entirely by the climatic gradient®.’, local variations 
in altitude will reflect other locally operative factors 
favouring enlargement, survival or destruction of cirques. 

It has been indicated? that the initiation of a cirque 
glacier depends largely on the orientation and pre-glacial 
form of the higher relief features. Ridges aligned across 
the direction of the prevailing snow bearing winds become 
natural snow fences, and snow concentrates by back eddy 
deposition in the lee of the mdge*. Net annual snow 
accumulation and ice formation would be most often 
achieved where lee-side benches or gully-heads that are 
not too steep occur at suitable elevations below the snow 
fence. A further topographic influence on the budget of 
lee-side ice bodies, and therefore a possible determinant 
of the formation of a cirque glacier, 1s the shade afforded, 
ım the southern hemisphere, by the long shadows of 
south-east facing valleys of suitable form. In a maritime 
environment the necessary bulk of snow and 1ce to ensure 
net annual accumulation and 1ce formation is only achieved 
m topographically favoured locations. Ice persists only 
because of an absence of sufficient heat influx to make up 
the latent heat of fusion and it ıs only ın such locations 
that cirque glaciers can be initiated and cirques formed. 

Because of such local influences, the altatude of the 
floors of unoccupied cirques 1s no more precise an indicator 
of the chmatic snowline of glacial times than is the oro- 
graphic snowline today an indicator of the clhmatic snow- 
line and gradient. Flint recorded that the orographic 
snowline, defined by the level of cirque floors, can vary 
by as much as 1 km altitude on a single highland’. 
He added, however, that the climatic snowline can be 
derived from cirque floor altitudes by smoothing out 
local differences over a wide region. 

Linton smoothed out local differences for Scotland by 
dividing the country mto four east-west belts and fitting 
a straight line to a graph of the altitude of the cirques in 
each belt!*41, Cirque floor levels rise, usually parallel 
to the precipitation gradient, m the direction of di i 
rainfall, at an approximate rate of 17 feet/miule. Linton 
did not comment on the level of the snowlime associated 
with the cirques’ formation, except to point out that it 
also must have ascended strongly from west to east?°. 
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For Tasmania, Davies has briefly summarized the 
distribution pattern of the lowest altitudes at which ico 
seems to have formed'*. From the lowest altitudes of 
cirque floors he derrved a rise in the glacial snowlme from 
west-south-west to east-north-east, in sympathy with the 
present precipitation gradient, and the results are con- 
sistent with the analysis by Derbyshire of the altitude of 
the highest cirque floors in one narrow area lying between 
the west coast and the central plateau of Tasmania!3, 

These analyses were similar to Lmton’s m that they 
concerned cirques formed in a maritime environment!. 
In contrast, both Tasmanian surveys were of selected 
cirques, whereas Linton’s included all the cirques of 
Scotland. His derivation of a well defined gradient was, 
however, along an arbitrarily chosen direction, and 
McCann and Chorley have pomted out, m a different 
context, that “two-dimensional representations of height 
data which have areal distribution . . . provide a partial 
picture and allow only limited analysis’. The fittmg 
of low order trend surfaces'*-17 seemed an appropriate 
method of spatially generalizing the altitudes of the 
Tasmanian cirques. In this way 1t was hoped to produce 
an improved estimate of the amount and direction of the 
gradient which can be regarded as the regional trend 
approximating the gradient of a composite glacial snow- 
hne. Further, the method ıs designed to measure the 
extent to which regional factors domimate over local 
factors in spatial distributions. Although techniques 
developed for continuously distributed spatial variables 
might seem unsuitable for the analysis of discretely located 
phenomena, thew usefulness in such situations has been 
demonstrated elsewhere"*:1*, In the case of cirques, their 
location and elevation represent the coincidence on a 
continuous ground surface of responses to process factors 
operating on a broad regional scale and on a mora 
restricted local scale. : 

To resolve the contributions of these two sets of factors, 
best-fit partial trend surfaces of lmear, quadratic and 
cubic form™! were fitted to the floor elevations of the 379 
cirques with definable floor levels. Fig. 1 shows their 
locations with some individuals omitted as a result of 
scale lmitations. The computer program for calculating 
and drawing the surfaces and residuals, usmg non-ortho- 
gonal polynomials, was developed for a CDC 3200 from 
that described by Whitten". 

The best-fit lmear surface accounts for 50-5 per cent of 
the observed variation ın altitude, the quadratic surface 
raises the level of explanation to 56:3 per cent, and the 
cubic surface raises 1b to 57-1 per cent. All explanation 
levels, ındıcatmg the extent to which regional com- 
ponents of variability account for the overall variability 
of the data, are appreciably higher than those suggested 
by Howarth as the lower limits for non-random distribu- 
tions**. Although the clustering of the distribution might 
introduce distortion to the surface, such distortion will 
be small m comparison with the overall trends, especially 
of the linear and quadratic surfaces. The significance of 
each of the three sources of variation, lmear, quadratic 
and cubic, was tested by an informal analysis of variance, 
based on the method of Anderson and Bancroft™ as 
discussed by Krumbein™. Both lmear and quadratic 
terms, when added mto the polynomial function, exceeded 
the 99-99 per cent confidence level m cumulative-F 
tables, while the comparable level for the cubic terms was 
75 per cent. The surface most suitable for further analysis 
was therefore the quadratic, being the strongest trend 
that was still highly significant. The linear trend, however, 
gives a reasonable first approximation of the regional 
generalization; it has a maximum gradient of almost 
26 feet per mile, rising from the south-west along a grid 
bearing of 56°. Both linear and quadratic surfaces are 
shown in Fig. 1. 

The best-fit quadratic surface is of upwards convex 
form but curves only gently away from an inchned plane 
rising towards the east-north-east. This generalization 
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of a climatic gradient therefore rises more steeply in the 
western part of the island and progressively less steeply 
to a near plateau level in the eastern part of Tasmania. 
Trend surface mapping of the distribution of cirque floors 
in Tasmania thus strongly supports the deductions of 
Davies!? regarding the effect of climatic gradient on the 
glaciation limit and the analogy drawn between the rise of 
his regional snowline and the modern precipitation gradi- 
ent. Although there is not an exact parallel, the directions 
of these glacial and climatic gradients are close enough to 
indicate that Pleistocene precipitation totals must have 
decreased towards the east. This would have been the 
chief factor influencing the general increase in cirque floor 
levels towards the eastern half of the island. There is, 
however, a strong similarity between the regional trend 
in cirque floor levels, as indicated by the quadratic surface, 
aaa ale broad scale variation in relief and gross topo- 
graphic form ın Tasmania. This similarity leads to con- 
siderations of factors other than climate, such as lithology 
and structure, that might contribute to the regional 
trend in the altitudinal location of the cirques. 

Perhaps the most important result of the analysis 80 
far is that in spite of the significant regional component 
of variability in the elevations of cirque floors, at least 
for the lower maritime environment as represented by 
Pleistocene Tasmania, local factors play a more important 
part in determining the location and effects of cirque 
glaciers than has been previously generally acknowledged. 
Nearly half the observed variation is left unexplained by 
the regional trend and the extent of this deviation would 
not be disclosed by less formal methods of curve-fitting. 

We thank Monash University for supporting this work, 
Dr J. L. Davies of the University of Tasmania for helpful 
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Annual and Biennial Modulations in 
the Tropical Hadley Cell Circulation 


Tus temperature in the vicinity of the tropical tropopause 
is lower in January than in July (ref. 1 and our unpublished 
results), the difference ranging to about 10° C in the 100-50 
mbar layer (about 16-21 km). The low temperature 
depends on the calendar year rather than on mean zenith 
angle of the Sun, because it occurs in either January or 
February at tropical stations in both hemispheres (our 
unpublished results). Concomitantly the tropopause 
itself is higher at these times. The air near the tropopause 
18 kept cold chiefly by the adiabatic cooling produced by 
rising motions 1n the tropical Hadley cell circulation’, the 
contribution by horizontal motions carrying heat away 
from tropical regions being relatively small?. The 
adiabatic cooling 1s balanced by radiative heating, and 
Kennedy‘ has shown that the main component here is a 
convergence of radiative flux in the 15 micron carbon 
dioxide band. At the tropopause itself this infrared com- 
ponent produces heating because the carbon dioxide both 
above and below is warmer. From either Kennedy’s 
work or more recent radiative heating calculations by 
Rodgers’ the heating rate is about 0-25° C/day which, 
together with an observed horizontal heat flux divergence 
of about 0:05° C/day, leads to a rising motion necessary for 
balance? of about 0-02 cm st. Similar conclusions about 
the physical factors governing the tropopause temperature 
have recently been reached from a numerical model study 
by Manabe and Hunt’. An important point from Rodgers’s 
results is that the total heating rate at the tropopause is 
essentially the same ın January and July within the limite 
of accuracy of the calculations. 

The situation m the 70-50 mbar layer at about 20 km 
is not quite the same. There is no longer an infrared 
radiative flux convergence resulting from carbon dioxide; 
instead this term in the-radiation budget gives cooling of 
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about 0-60° C/day. It is almost exactly offset by the 
infrared flux convergence of the 9-6 micron band of ozone. 
The ere difference between January and July near 
10° Ñ is in the additional absorption of solar energy by 
ozone and other minor constituents. According to both 
Kennedy and Rodgers the total heatıng rates are about 
0 01° C/day in January, and in July estimates range from 
0-06-0-14° C/day. At 25 km there is net radiative heating 
m both months amounting to about 0-2°-0-3° C/day. So 
far there are no correspondmg estumates based on con- 
centrations of minor constituents for the southern hem- 
sphere. 

The biggest changes between January and July in the 
radiational heat budget appear to occur in the 70-50 mbar 
layer. Cooling caused by adiabatic expansion—simply 
given by the product of the vertical velocity and the 
difference between the observed and dry adiabatic 
temperature lapse rates—is also large in the 70-50 mbar 
layer where the latter quantity exceeds 13°/km. Tempera- 
ture changes in this region are therefore a very sensitive 
indicator of radiative and dynamic effects. 

A study of temperature and wind variations in the 
tropics has recently been completed based on data for 
the period 1957-1964 from almost 300 sounding balloon 
stations between 40° N and 30° S. Monthly zonal average 
results, based on objective map analysis from the surface 
up to 100 mbar (about 16 km) and on latitude band means 
above, are used m this communication. Details of the 
techniques are described elsewhere*. A meridional cross- 
section of a specimen six month temperature change is 
shown ın Fig. 1. The discrete levels used near and above 
the tropopause are 150, 100, 70, 50, 80, 20 and 10 mbar. 
The maximum annual change is between 70 and 50 mbar 
and 1s typically 8°-10° C, corresponding to a rate of change 
of about 0°05° C/day. . 

A plot of the temperature at 50 mbar at 10° N (where 
there is better station coverage than in the 0° belt) is 
shown in Fig. 2. Similar plots for 100 mbar at 10° N and 
10° S, also included, show the same phase as did that for 
50 mbar at 10° S. Highest temperatures at all four points 
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occur in August of each year and in addition there is a 
marked biennial variation at 50 mbar with highest 
temperatures in August of odd numbered years. These 
variations, occurring simultaneously in both hemispheres, 
obviously cannot be the result of solar zenith angle 
changes. Neither can they be the result of changes in the 
principal infrared absorber common to 100 and 50 mbar, 
namely carbon dioxide; an increase in its concentration 
would lead to an enhanced heating rate at the tropopause 
and an enhanced cooling rate at 50 mbar, thus producing 
an out of phase temperature variation. The temperature 
changes thus seem to be a result of a modulation of the 
rising motion in the tropical Hadley cells and consequent 
changes ın the adiabatic cooling. We have presented 
elsewhere? meridional cross-sections of the mean mass 
flux in the tropical Hadley cells based on the data sample 
noted above and find the rising motion centred at about 
5° § in December—February, at the equator in March—-May, 
at 5°N in June-August and at 6°N in September- 
November, but our technique cannot resolve the detailed 
structure. The present network of stations is too coarse 
to resolve the small difference ın cell strength that would 
be required to produce the observed temperature varia- 
tions. The cen 
mean vertical velocities at 500 mbar of 0-4 em s~, whereas 
the mean motion inferred at the tropopause is about 0-02 


l core of rising motion typically contains 
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em s~! and it 18 changes in this latter quantity that are of 
interest here. 

To determine if there is any direct evidence that the 
global Hadley cell circulation is stronger ın January— 
February than in July-August, and stronger ın August of 
even numbered years (to offset radiational heatmg) than 
m odd numbered years, a parameter 1s needed that is 
related to the strength of the cell and that is easy to 
measure. Our unpublished observational study of the 
heat budget of the tropics suggests that release of latent 
heat ın the rising portions of the tropospheric Hadley 
circulation is the energy source for the circulation rather 
than direct radiative processes, in agreement with the 
numerical models of Manabeand Smagorinsky’ and Charney 
(unpublished results). Thus tropospheric temperature, 
precipitation and cloudiness in the region of ascent can 
be regarded as possible monitors of the strength of the 
circulation. The maximum tropospheric temperatures 
obtained from our study for the 10° latitude band centred 
on 10°S are observed toward the end of the southern 
summer (see Fig. 2 for 300 mbar 10° 8) and the maximum 
for the band centred at 10° N tends to occur in the northern 
spring. The tropical troposphere is therefore warmer on 
the average throughout the earlier months of the year, and 
on this basis we could expect a stronger Hadley circulation 
durmg this period with a corresponding reduction in the 
temperature of the lower stratosphere. 

The observed biennial temperature modulation evident 
in Fig. 2 suggests that the rising motion penetrating into 
the stratosphere is greater ın August of even numbered 
years. Twelve month running means of temperature at 
tropospheric levels are shown in Fig. 3 for the 10° latitude 
band centred on the equator. With the annual cycle 
removed, the biennial variation shows clearly at all levels 
with the highest temperatures occurring toward the end of 
the even years. The biennial variation in tropospheric 
temperature ıs consequently ın the opposite sense to that 
observed ın the tropical lower stratosphere and is associ- 
ated with a higher tropical tropopause’. We will not 
relate this biennial temperature change to the other well 
known characteristics of the biennial oscillation’, but the 
wind changes in the lower stratosphere near 10°N 
accompanying the temperature changes also fit with the 
concept of a modulated Hadley circulation. The biennial 
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wind change at latitudes a few degrees away from the 
equator 1s composed of two separate changes, one in the 
100-50 mbar layer and the other between about 30 and 
10 mbar as emphasized by Belmont and Dartt*. That 
in the lower layer appears to be related to a modulated 
Hadley circulation; previous work with observations 
showed that modulations of horizontal eddy momentum 
fluxes were a prime factor in producing the wind changes 
between 30 and 10 mbar". The two mechanisms appear 
to be logically related as 1s suggested by recent observa- 
tional studies to be discussed elsewhere. The ultimate 
source of the Hadley cell modulation is not known. 
Bjerknes’? has suggested that sea surface temperature 
changes may be responsible for producing changes in the 
cell intensity. 

The temperature variations described here were recently 
discussed with colleagues at the NASA Goddard Space 
Flight Center, Greenbelt, Maryland, who informed us of a 
search they are conducting for month to month vamations 
of global cloudiness and its possible relation to month to 
month modulations ın the strength of the Hadley circula- 
tion. On the same occasion Professor R. J. Reed informed 
us of his independent suggestion of an annual Hadley cell 
modulation}, 
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Anisotropy of Diffusion in Rutile 


Dvurine the determination of diffusion parameters in the 
system Fe,O,~TiO,, marked anisotropy was found in the 
diffusion of Fe (III) into a rutile single crystal. Single 
erystals of rutile and haematite were cut and polished to 
one micron on successive diamond laps. The polishing 
treatment did not result in perfectly plane surfaces but 
in convex surfaces which gave contact between the 
erystals over only a relatively small area when they were 
brought into contact to form diffusion couples (Fig. 1). 
Annealing was carried out in a flowing oxygen atmosphere 
at 1,100° C for 20 h. 
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Fig. 1. Diffusion couple assembly. 
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Fig. 2. Diffusion front characteristics in a and c-axis rutile crystals. 


Shaded area is diffused region. 


The couples were then sectioned parallel to the direc- 
tion of diffusion and polished for electron microprobe 
analysis. This showed that the diffusion front had a 
characteristic form dependent on the orientation of the 
rutile erystal in relation to the haematite crystal. The 
effect is shown schematically in Fig. 2 in which the edge 
curvature has been exaggerated for clarity. The presence 
of concentrations of iron in the rutile as low as 0-4 per 
cent produces a deep red colour so that the diffusion front 
shows up as a very sharp colour boundary. When the 
c-axis of the rutile crystal is normal to the interface, the 
diffusion is confined to a sharply defined region of the 
same cross-section as the contact area. There is very 
little ‘fanning out” of the iron; diffusion seems to be 
unidimensional. When the a-axis of the rutile is normal 
to the interface, however, diffusion still occurs preferen- 
tially in the e-direction. Diffusion in the a-direction 
seemed to be negligible until the layer parallel to the 
interface had been saturated. All the evidence thus 
indicates a much higher rate of diffusion along the c-axis 
than along the a-axis. 

There are reports of similar behaviour during the dif- 
fusion of other ions. Lithium was found?! to diffuse along 
the c-axis of a rutile crystal by a factor of up to 10° times 
faster than along the a-axis. A higher rate of diffusion 
along the c-axis was also reported for Ba (ref. 2) although 
the magnitude of the difference was not reported. In 
contrast, diffusion of O was found? to be faster along the 
a-axis than the c-axis. It would seem that this behaviour 
is related to the erystal structure. Rutile has channels 
of low electron densities lying along the centres of squares 
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made up of Ti ions along the c-axis and it might be 
expected that cations could move more easily along this 
“open” direction than along the more restricted a-direc- 
tion. These considerations apply strictly to interstitial 
diffusion, but there is some evidence! to suggest that this 
is in fact the diffusion mechanism for transition metal 
ions in rutile. 
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Growth of Single Crystals of Cuprous 
Oxide in Silica Gels at Near Ambient 
Temperatures 


CrystaL growth in gels is becoming increasingly recog- 
nized as a promising technique for the preparation of 
single crystals of substances which are slightly soluble in 
water and which cannot be conveniently grown from the 
melt or from the vapour’. The growth of single crystals 
of many metal oxides is of considerable interest, particu- 
larly for basic studies of their electronic properties and 
other pertinent characteristics. Single crystal growth in 
gels at near ambient temperatures offers a possibility of 
obtaining specimens free from thermal strains and the 
impurities frequently associated with high temperature 
preparative methods. The preparation of single crystals 
of metal oxides in gels at low temperatures has not 
previously been successfully achieved, probably because 
of a strong tendency of metal oxides to form hydrated 
polyerystalline or amorphous precipitates in such media. 
We report the growth of single crystals of cuprous oxide 
in silica gels at near ambient temperatures by the con- 
trolled reduction of cupric sulphate with selected mild 
reducing agents such as hydroxylamine hydrochloride and 
hypophosphorous acid. 

Silica gels for use in growing single crystals of cuprous 
oxide were prepared by mixing equal volumes of sodium 
silicate solution of specific gravity 1-06 (Fisher certified 
reagent) and acetic acid (1-6 N). Approximately 1 ml. of 
a 1 N solution of cupric sulphate was added for each 10 ml. 
of this mixture. The resulting pH ranged from 47-48. 
This solution was poured into standard 25 mm diameter 
test tubes and allowed to gel at 35° C—a process which 
required 24-86 h. An additional amount of the gel form- 
ing mixture, similarly made by mixing equal volumes of 
1-06 specific gravity sodium silicate solution and 1-6 N 
acetic acid but containing no cupric sulphate, was placed 
on this gel and in turn allowed to gel at 35° C. The ratio 
of the original gel volume to this second top gel volume 
was approximately 1:1. 

The resulting two layer gel system was covered with a 
1 per cent solution of a reducing agent such as hydroxyl- 
amine hydrochloride or hypophosphorous acid. The 
amounts of reducing agent solutions used to cover the 
gels were approximately 10 ml. on 75 ml. of total gel. 
Cubie crystals of cuprous oxide grew slowly with equilib- 
rium established after about 2 weeks, the size of the 
crystals being about 0-5 mm on edge. When crystals 
were kept in the gels for 4-6 weeks, copper films began to 
form on the surface of the cuprous oxide crystals. 

The use of hypophosphorous acid as the reducing agent 
gave better uniformity and generally larger crystal size 
than did hydroxylamine hydrochloride. Using this pro- 
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cedure, approximately five to ten erystals were obtained/ 
10 ml. of gel. Chemical analysis showed typical crystals 
collected after attainment of equilibrium to contain 86-91 
per cent copper (theoretical value 88 per cent). X-ray 
studies indicated about 99 per cent cuprous oxide and 
1b per cent ec stals collected from the gels 
before equilibrium were found to be almost pure cuprous 
oxide. 

We are attempting to optimize growth conditions par- 
ticularly regarding reduction in the nucleation step and 
the establishment of experunental conditions which will 
suppress formation of copper metal in this system. 
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Particle Association in Compacted 
Kaolinite 


THE compaction behaviour of clay soils seems to be 
largely controlled by the nature of the clay particles, the 
structures they form and the water and electrolyte content 
of the system. The structures were initially inferred from 
the colloid chemical properties of the clay particles’, and 
the electron microscope was applied to the problem in the 
late nineteen-fifties? and has subsequently been widely 
used. At first a transmission optical system and a replica 
specimen were used but recently the scanning clectron 
microscope has been successfully applied (N. K. Tovey, 
paper presented at Conference on Scanning Electron 
Microscopy, Cambridge, 1968). 
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Sloane and Kell? have suggested that, regardless of the 
method of compaction, the fabric formed in kaolin clay 
consists of arrangements of packets of orientated clay 
particles. They observed very little individual particle 
fabric in any of their specimens but rather a packet. or 
book fabric which led them to suggest the term “book- 
house” structure for random arrangement of packets. 

The scanning electron microscope allows direct exam- 
ination of clay specimens. These were prepared at water 
contents above and below that required for optimurn 
compaction. Sodium hydroxide was added to some 
specimens before compaction to ensure complete de- 
flocculation. All specimens were compacted in cylindrical 
moulds by uniaxial compaction, dried and then broken 
by application of a compressive stress along a diameter 
as in the Brazilian test’. This gave a tensile fracture 
surface suitable for examination by the scanning electron 
microscope. The microscope specimens were given a 
200 A thick silver coating to render them conducting and 
were then examined at magnifications up to x 18,000, 
Fig. 1 shows typical structures produced in the compacted 
clay. 

The characteristic particle association can be deseribed 
as stepped face-to-face. The Sloane and Kell bookhouse 
structure did not feature prominently in any of the 
photographs obtained, but their general conelusion-— 
which was also that of Smart®—that the clay structures 
consist of regions of orientated particles is supported. 
Instead of the particles being neatly arranged in “books”, 
however, they are in stepped clusters. If the charge 
distribution on the kaolinite plates takes the form of 
positive {110} and {010} edges and negative {001} cleavage 
faces’, then the stepped face-to-face arrangement is much 
more likely to be stable, having some opposite charges in 
proximity, than the book structure in which like charges 
come together. 

The edge-to-face cardhouse structure is in theory even 
more likely, having only unlike charges coming together. 
There is no real observational evidence that this structure 
exists in clay-water systems of the soil type and it was 
certainly not observed in the compacted specimens 
examined., 

















Fig.l. Particle arrangement in compacted kaolinite. A, Low water content, NaOH added, electro 
no additives, electronic magnification x 12,600. 





ic magnification x 11,500. B, Low water, 
Seale length in each case is 1 micron, 
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Determination of the Firing 
Temperature of Ancient Ceramics 
by Measurement of Thermal Expansion 


Tue thermal expansion method for determining firing 
temperatures!’ is based on the assumption that, when 
clays are fired, shrinkage occurs as a result of various 
sintering processes such as vitrification. Consequently 
when a clay ceramic is heated up from room temperature 
(see Fig. 1) it typically exhibits a reversible expansion, 
characteristic of its mineralogical composition, until 
temperatures comparable with the original firing tempera- 
ture are reached. With continued increase in temperature 
the ceramic begins to contract because superimposed on 
the reversible expansion there is an irreversible shrinkage 
associated with resumption of sintering (that is, the 
firing of the ceramic is being continued beyond the point 
reached during the original firing). The temperature 
(Ta) at which a net shrinkage is first observed should 
therefore provide an indication of the original firing 
temperature (Te) of the ceramic. 

Firing temperature determinations were undertaken on 
a selection of ceramics with a wide range of provenance 
and age (Table 1). Specimens (2-5 x 1-0 x 1-0 em) were cut 
from the pottery sherds and the shrinkage temperature, 
Ta, was measured using extension rod dilatometers?:*, 
The specimen was then refired for 1 h at temperature, 
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Fig. 1. Thermal expansion curves during heating and cooling for a 


typical ancient ceramic specimen (Pottersbury ware). 
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Table 1. FIRING TEMPERATURE OF ANCIENT CERAMICS 


Archaeological Sata Firing tem- 


Provenance Periodjage ype perature (Te °C) 
Turkey c. 5000 Bo — 750- 820 
Trag c. 4500 BC Halaf ware 970-1,050F 
Iraq e. 3500 BC Ubaid ware 1,140-1,180 
Cyprus c. 3000 Be — -5i 700 
Cyprus c. 1300 BO Mycenaean ware 940-1,000 t 
Cyprus c. 1300 BO Mycenaean copy 1,030-1,070 t 
Turkey e. 500 BC Greek Attic ware 00-1,100 
Nigeria —_ Clay figurine < 500 
China c. 1100 AD Porcelain 1,070-1,140* 
China e. 1100 aD Celadon 1,070-1,190* 
China e. 1700 AD Porcelain 960—-1,050* 
England Iron Age Calcite gritted ware < 800 
England Roman Black burnished ware 500— 700 
England Roman Grey ware 900- 9960F 
England Roman Colour coated ware 910- 980 
England Roman Mortarium 930- 990 
England Roman Samian ware 1,100-1,150 
England Saxon — 500- 700 
England Saxon Thetford ware 920- 960T 
England Mediaeval Laverstock ware 750- 820 
England Mediaeval Cowick ware 940- 990T 
England c. 1650 AD Pottersbury ware 910- 950 


* Presence of low viscosity liquid phase—Te possibly too low. 
+ Bloating—Te possibly too high. 


Té, and the new shrinkage temperature, 
measured. 

The values obtained for Ta ranged from 620°-1,230° C. 
When Ta was less than 700°C, the thermal expansion 
data provided no precise information on the firing temper- 
ature and it was only possible to suggest that T, was 
either less than 500° C or in the 500-700° C range, depend- 
ing on whether or not hydrated clay minerals were 
present in the ceramics’, Similarly when the ceramic 
contained calcite, T, was probably less than 800° C; the 
value for Ta being invalid because this mineral produced. 
a complex pattern of expansion and contraction. For the 
remainder of the ceramics, Te was calculated using the 
relationship 


Ta’, was 


(Te—-Ta)=(Te’ — Ta’) 

Measurements on clay specimens, prefired at known 
temperatures, indicated that this relationship was valid 
for a wide range of firing temperatures provided vitrifica- 
tion occurred during the original firing and T; was 
selected such that (Te —Te) equalled approximately 
20-30° C. Even in these circumstances, however, the 
value obtained for Te may be too high as a result of 
bloating caused by the expansion of gases trapped in the 
liquid phase of the clay body. Alternatively Te may be 
too low because shrinkage, resulting from the pressure 
exerted on the specimen by the dilatometer components, 
can occur when the viscosity of the liquid phase decreases 
at high temperatures. 

The values estimated for T'e (Table 1) show that firing 
temperatures ranging from 500°-1,200° © were used in 
the manufacture of ancient ceramics and that low or high 
firing temperatures were not confined to particular 
periods or parts of the world. The data provide valuable 
information on the performance of ancient pottery kilns 
and on the technological capability of the potters. A 
knowledge of the firing temperature can also be valuable 
in other scientific investigations of ancient ceramics and 
kilns such as thermoluminescent and magnetic dating. 
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BIOLOGICAL SCIENCES 


Intracellular Concentration of 
Electrolytes in the Housefly 


Tue concentrations of blood Na and K in the adult 
housefly, Musca domestica, fed a normal diet of milk and 
sugar are fairly constant. The usual amounts are Na, 
109-140 mequiv./l., O-11-0-14 M (24-32 ug/ul.); K, 
0-0-4 mequiv./l., 00-0-004 M (00-016 ug/ul.). Blood 
cells contain very small quantities of these ions. 

The total amount of intracellular K in nerve and muscle 
tissue is easy to determine because it accounts for all K 
in the head and thorax respectively. I have determined 
the total amount of intracellular Na in the following way, 
using the ion exchange method previously described for 
the determination of blood volume!. Fifteen or more 
beads of JR-120(H) mesh 30 were inoculated into the 
abdomen, and after 1-2 min the resin was removed and 
ashed. Jn vitro experiments, in which a similar number 
of beads are equilibrated with up to 5 pl. of blood, have 
shown that this quantity of resin exchanges with at least 
90 per cent of blood Na. No intracellular Na has been 
found to diffuse into the blood in these circumstances’. 
The fly was then frozen on a slab of cardice and the head, 
thorax and abdomen were separated and ashed separately. 
The Na content of the different parts of the body repre- 
sents the respective intracellular amounts. A male fly 
weighing 12 mg gave the following results: head, 1-5 yg 
Na, 4 ug K; thorax, 28 ug Na, 19 ug K. 

To determine the volume of haemolymph in any of the 
three parts of the body, a control fly of the same weight 
and age, reared in the same conditions, was deep frozen 
and separated into head, thorax and abdomen. These 
parts were ashed separately and assayed for Na. The 
results are given in Table 1. The difference in the Na 
content between control and treated flies is the result of 
blood Na which has been exchanged by the resin. 


Table 1. SODIUM CONTENT (4G) IN FLIES WEIGHING 12 MG 


Resin Head Thorax Abdomen 
Control fly 1:95 5-55 2-65 
Inoculated fly 45 1-50 2-90 0-75 
Caleulated blood Na O45 + 265 + 19 =d5ng 


The concentration of blood Na averaged 2-9 ug/ul., 
from which it follows that the volumes of haemolymph 
in head, thorax and abdomen were 0-15, 0-92 and 0-66 ul. 
respectively (9, 53 and 38 per cent of the total blood 
vohurie of 1-73 ul.). The amount of Na in the resin 
(4-5 ug as compared with a difference in the Na content 
of 5 ug) can be used to check the degree of accuracy of the 
results. 

The blood volume of houseflies is related to body weight, 
and a volume of 0-17 + 0-02 ul./mg body weight has already 
been found!, The volume of haemolymph (V) in any of 
the three parts of the body can therefore be determined 
from the equation 

V = (0-17 x weight of fly (W) x 
corresponding percentage volume) 

There are two constants in this equation, which can be 
simplified to V=W x0. The value of the constant C 
will be 0-015, 0-09 and 0-064 for head, thorax and abdomen 
respectively. 

Because the total blood volume is related to body 
weight, it is natural to expect that the blood volume 
in any part of the body is also related to the weight of 
that part. This seems to be the case, in view of the 
striking identity of the percentage blood volume of 9, 53 
and 38 per cent for head, thorax and abdomen, obtained 
by the ion exchange method, and their respective weights 
of 11-740-17 per cent, 47-5+1-4 per cent and 39-9+ 0-9 
per cent. 

The moisture content of the head, thorax and abdomen 
of houseflies 4-6 days old is 60+ 1 per cent; that of blood 
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is 8040-5 per cent, specific gravity 1-016 g. These data 
can be used in calculating the volume of intracellular 
water ((H,O);) in any part of the body. For example, 
(H,O) in brain = total water in head — moisture content of 
head haemolymph 
=[W x 0-1 x 0-65] — [08 x W x 0-1 x 0-17) 
= Wx Ç, (ul) a) 

C, is constant and equals 0-0515 for housefly heads and 
five times that value (0-2575) for thorax. I have not 
attempted to carry out similar calculations for the abdo- 
men because of its structural diversity. The calculations 
here are based on the fact that heads and thoraces are 
composed very largely of brain and muscle tissue respec- 
tively. 

The intracellular concentration of K in nerve and 
muscle will be 

K 
oe e 2 
Wx, (g/l.) (2) 

K is the total amount (ug) of potassium in the head or 
thorax, which accounts for all intracellular K because the 
amount of K in the blood is negligible. 

The intracellular concentration of Na is obtained in a 
similar way except that the amount of blood Na must be 
subtracted from the total amount. 


(K): = 


(Na); in the head = 





Wx, 
1 [Na 7 
3 T es 0-04 
C, LW 043] 
_ Na 0-049 
~ Wx, C, 


0-049 | : ; 
—-—- is constant and is equal to 0-951, so the equation 


i 
can be simplified to 

Na i 
iWxe (3) 

x Cy 

The value of 0-951 is based on an average of 2-9 ug 
of Na/ul. of blood. If the amount of Na is X yg/pl., 
however, then its value becomes 0-951 x X/2-9, using 
equations 2 and 3. The results presented earlier gave the 
following internal concentrations: Na= 96, 36-9 mequiv./ 
l; K=161, 153 mequiv./l. for brain and muscle, respec- 
tively. These results are as good as can be expected 
except that the internal concentration of Na in the brain 
is high as compared with that of the haemolymph, which 
may imply that not all brain Na is exchangeable. 

T have assumed in these calculations that both internal 
electrolytes and water are entirely free to exchange. 
This may be true for the electrolytes, but it is not the 
case for water because cell proteins will be solvated to an 
extent partially governed by the surrounding electrolyte 
concentration’. Attempts are now being made to determ- 
ine indirectly the amount of bound water in excitable 
tissues by determining either the resting or action poten- 
tial from which the internal K or Na concentration can 
be deduced from the Nernst electrode potential equation. 
If the concentrations of any of the ions are X and X,, as 
determined by the Nernst equation and equations 2 and 
3 respectively, then the volume of bound water will be 

71 
= x W xC, (wb). 
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Primary Anti-protein Antibody 
Synthesis elicited in vitro 


ELICITATION of the primary antibody response after in 
vitro stimulation with particulate antigens? or after 
transfer of RNA or RNA protein complexes extracted 
from macrophages previously exposed to the antigen? has 
recently been consistently demonstrated. Direct elicita- 
tion of the primary anti -protein antibody in vitro has been 
accomplished only inconsistently, however’. We describe 
here a simple and reliable system for the elicitation and 
study of the de novo antibody response after in vitro 
stimulation of fragment cultures with a protein antigen. 

Keyhole limpet haemocyanin (KLH) in the associated 
form was used as the antigen. Eagle’s minimal essential 
medium, pH 7-2, with non-essential amino-acids, vitamins, 
sodium pyruvate and glutamate, was used as the tissue 
culture medium. This basal medium was supplemented 
with either 10 per cent autologous or pooled normal rabbit 
serum or with 0-1 ug/ml. of hydrocortisone hemisuccinates. 
Penicillin and streptomycin (100 units and 100 ug/ml. 
final concentration, respectively) and 4C glycine (1 uCi/ml. 
final concentration) were also routinely added to the 
medium, 

Normal, unprimed rabbit lymph node and splenic 
tissues were excised, minced into fragments of 1-2 mm 
and placed in complete medium, with or without KLH 
(10 ug/ml.) for 2 h at 37°C. Excess antigen was removed 
by washing with balanced salt solution and the stimulated 
and unstimulated (control) fragments were placed on 
3x18 mm disks of 0-5 per cent Noble agar. Plates with 
two tissue supports, each containing approximately 
eight-sixteen fragments (approximately 50-100 mg of 
tissue), were incubated at 37° C in a moist atmosphere 
with 5 per cent CO, and 95 per cent air. Culture fluids 
were changed every 2 or 3 days. These fluids were 


164 SPLEEN, RABBIT 4 SPLEENy : 
RAB.5 À / 
\ 
1\ 1 
i \ 1 
IA F 
E 
i \/ 
i \/ 





z 
ke} 
O 
m 


Titre, reciprocal of dilution 


we 


to 





Days after stimulation 


Fig. 1. Passive haemagglutination titres of anti-haemocyanin antibodies 

synthesized de novo after primary stimulation of lymph node or splenic 

fragment cultures supplemented with medium containing either normal 
rabbit serum (~~~) or hydrocortisone (----) 
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Fig. 2. Radioactive count rates of culture fluids after C-14 (glycine) 

incorporation by splenic and lymph node cultures after nonspecific 

(----) and specific (—--—-—) (homologous) coprecipitation with 
antigen-antibody complexes. 


clarified by centrifugation, dialysed against buffer to 
remove non-bound radioactivity and tested for antibody 
either singly or after pooling and concentration by vacuum 
dialysis or pervaporation. Fluids were tested by passive 
haemagglutination, radioimmunoelectrophoresis and speci- 
fic coprecipitation. 

Typical passive haemagglutinin (HA) titres® of un- 
concentrated culture fluids from two rabbits are shown 
(Fig. 1). These and comparable data from other experi- 
ments indicated a bi-phasic haemagglutinin response with 
peaks of synthesis early and late in the response. After 15 
days, haemagglutinin synthesis diminished but low levels 
of anti-KLH haemagglutinins were detected in some 
culture fluids for the longest period (21 days) for which 
primary cultures have been studied. 

Relative haemagglutinin levels were similar in the fluids 
from either hydrocortisone supplemented or serum 
supplemented cultures. Cultures supplemented with 
hydrocortisone often had a more pronounced late peak of 
haemagglutinin synthesis, however. The haemagglutinin 
levels of splenic and lymph node culture fluids were 
similar. 

Numerous controls were performed to ensure the 
specificity of the results of the HA assay. Routine 
titrations were made to establish the sensitivity and 
specificity of each lot of sensitized erythrocytes. In 
addition, inhibition of the HA reaction with homologous 
but not heterologous antigen, the lack of agglutination 
by either the serologic diluent alone, tissue culture medium 
alone, or the fluids from cultures not stimulated with KLH 
were also used to confirm the specificity of the HA 
titration. Absorption of culture fluids with an excess of 
normal unsensitized erythrocytes did not prevent the 
subsequent agglutination of cells passively sensitized with 
KLH. 

Specific coprecipitation tests? confirmed the results of 
the passive HA method, and indicated the synthesis of 
de novo labelled material which was specifically coprecipit- 
able with a homologous (KLH, anti-KLH immune 
complex) but not with a heterologous (ovalbumin, anti- 
ovalbumin immune complex) (Fig. 2). The synthesis and 
release of total labelled proteins rose to a peak between 
the ninth and twelfth days of culture and fell to back- 
ground level by day 17. Material specifically coprecipit- 
able with homologous immune complex rose at similar 
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times and at the peak of the response was frequently 
several-fold greater than the nonspecific material. The 
relative level of synthesis by splenie and lymph node 
cultures was not significantly different. In the absence 
of significant activity in the control culture not stimulated 
by KLH, a ratio greater than 2 was considered to be 
significant and indicative of the de novo synthesis of 
specifie antibody. 

The explanation for the differences in the times at which 
peak synthesis was detected by HA and coprecipitation 
assays is not entirely clear. It is likely, however, that the 
early peak of haemagglutinin activity may have been 
largely due to IgM antibody. The bias of the HA assay 
for the detection of IgM is, of course, well known’. The 
apparent biphasic character of the response may therefore 
have been only an artefact of the HA test. The failure to 
observe IgM antibodies clearly by radio-immunoelectro- 
phoresis (RIEP), when IgM haemagglutinins were 
present, indicated that IgM. antibody was present in only 
relatively low amounts. 

Some qualitative features of the haemagglutinin 
response were also studied’. In general, haemagglutinins 
formed early in the response were predominantly sensitive 
to reduction by 2-mereaptoethanol. Haemagglutinins 
sensitive to mercaptoethanol also often persisted or 
reappeared at about the mid-portion of the response. 

Sedimentation profiles obtained by gradient ultra- 
centrifugation generally confirmed the presence of both 
slowly, presumably 75, and rapidly, pr ssumably 198, 
sedimenting haemagglutinins. 

Culture fluids were also studied by the radioimmuno- 
electrophoretic’ method to confirm the results of 
other methods and to obtain further indications of the 
qualitative nature of the response. Definite binding of 
my KLH by IgG, and perhaps IgM, antibodies was 
observed by RIEP for fluids concentrated five to ten-fold 
from both serum and hydrocortisone supplemented 
cultures. Binding was generally more pronounced for the 
cultures supplemented with serum. The absence of 
binding in control tests using normal serum. or normal 
tissue culture medium and the specific diminution of the 
intensity of antigen binding by treatment with KLH 
indicated the specificity of the binding (Fig. 3). 

Specific binding was first detected 3 days after stimula- 
tion and was detected in some fluids for up to 20 days. 
Peak levels of antigen binding were detected by RIEP at 
the same time (6-12 days) as the peak levels of antibody, 
detected by other methods. 

The results of this work indicate that exposure of 
rabbit spleen and lymph node fragments to a protein 
antigen in vitro can induce synthesis of specific antibody. 
Either serum supplemented or chemically defined medium 
was effective for the support of antibody synthesis by 
either lymph node or splenic fragment cultures. 











Fig. 3. Autoradiographic localization of +] haemocyanin by IgG after 
immunoelectrophoretic separation of concentrated, antibody-containing 
culture uids (upper well). Addition of haemoeyanin to the fluids before 
electrophoresis resulted in specific diminution of the subsequent binding 


of the label antigen (lower well). The anode is to the right. 
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Model for the Electric Field generated 
by Unidirectional Sodium Transport 
in the Amphibian Embryo 


Tue mechanism by which cells are redistributed through 
the series of movements known as gastrulation is an 
intriguing problem of embryonic development. It 
involves migration of the surface cells of the animal 
hemisphere and the invagination of these cells to line the 
roof of the internal cavity, or blastocoel!. 

Studies at this laboratory have shown that sodium. is 
actively transported from the surrounding cells and exter- 
nal medium into the amphibian blastocoel*, and that as a 
result the blastocoel is 30-40 mV positive relative to cells 
and external medium’. The existence of sodium transport- 
ing membranes surrounding the blastocoel could explain 
the potential gradients at the blastula surface which were 
first reported by Burr‘. 

We have formulated a mathematical model of these 
gradients, on the assumption that an electrostatic field 
is generated in the volume conductor by two dipole layers, 
each a spherical cap lining the blastocoel; and we have 
calculated the potentials and tangential electric fields at 
the surface of the late blastula (Shumway stage 94), using 
solutions of Laplace’s equation in zonal harmonics. 
Specific assumptions of the model (Fig. 1) are: (a) The 
blastula is a perfect sphere and all variables are sym- 
metrical about the animal-vegetal pole axis, that is, 
they are functions only of R (distance from centre of 
sphere) and 0 (colatitude angle). (b) The dipole layers 
are embedded in an infinite homogeneous conducting 
medium. (c) Each dipole layer consists of a pair of 
oppositely charged caps of a ppropriate orientation (Fig. 1), 
having equal uniform charge density (o) and separated by 
distance d. Applying the dipole approximation to the 
equations for potentials due to a single layer spherical 
cap, we have derived equations for potentials produced 
by a dipole cap 
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Fig. 1. Model of late amphibian blastula (stage 94) and the surface electric field produced by dipole layers which are equivalent to active mem- 

branes. Left diagram: cross-section of blastula passing through animal-vegetal pole. Left hemisphere shows cellular morphology. Right 

hemisphere shows geometrical model (blastula radius = R), with dipole layers (1) and (2) of indicated polarity, and the following values of para- 

meters: layer 1: @,=0-8R; a,=90°; layer 2: a@,=1-5a,; a,=41-8°, Vectors: tangential electric fields: Hg (1) due to layer (1) at O= 90°; 

Eg (2) due to layer (2) at 6=101-6°. The relative magnitudes of the two vectors are drawn on the assumption of equal dipole moment densities 

for the two layers: |o(1)i =|e(2)|. Right diagram: calculated tangential electric fields at blastula surface (left, field due to layer (1); right, 
field due to layer (2)) expressed as percentage of maximum field for each distribution. 


re = 

Vig) = Ke [a — cos g) + E Cn (cos a) Pr (cos 2) | (3) 
(a=r, o> a) n=l 

where V(r,) is the potential (referred to V = 0 at infinity) 
at each point of a latitude circle (r,ọ) in the coordinate 
system of the generating layer (radius of spherical cap=a; 
semi-vertical angle=«); P,a(cos g)= Legendre polynomial 
of order n; K=constant dependent on the system of 
units and the conductivity; p=od=dipole moment per 
unit area (its sign positive for positive charge density on 
convex surface of layer). 

These functions were evaluated numerically (n=0 to 
n=9) to give the potentials produced by each layer at 
points (2,6) on the blastula surface, using the parameters 
and geometrical relations appropriate for the layer; and 
further, the tangential electric field at the surface 


(E= -5 AS was approximated by the relation E% — 


As Fig. 1 shows, layer (1) at the upper blastocoel sur- 
face generates a tangential electric field directed from 
vegetal to animal pole which is symmetrical around its 
maximum value at 0=90°; while layer (2) at the lower 
blastocoel surface generates a field of opposite polarity, 
which is asymmetrical around its maximum value at 
101-6°. 

The composite tangential field (Fig. 2) is the sum of the 
fields produced by each dipole layer and is shown for three 
relative dipole strengths of the two layers. In all cases, 
the superposition of the fields due to the two sources results 
in a triphasic pattern of field reversal near the equator, 
with maximum field directed towards the vegetal pole 
occurring at 0= 100°. 

If we restate these results in terms of potential gradient, 
we find agreement with the experimental data*-*’. As 
position is shifted from animal pole towards equator, 
the potential difference between each point and the 
animal pole becomes more positive, with maximum positi- 
vity occurring near the equator; but then beyond the 
equator the gradient reverses and the potential difference 
becomes more negative. 


The surface fields, which have been calculated for the 
embryonic stage just preceding gastrulation, might be 
expected to induce movement of surface cells in the 
direction which is actually observed. In general, at 
neutral pH the electrophoretic migration of cells is 
toward regions of positive potential (anode)*:*; therefore, 
according to our model of the late blastula stage, the 
surface cells of the animal hemisphere would tend to move 
towards the region of greatest positivity near the equator, 
but would then tend to be repelled as the field reversed 
near 100°. 

It is of special interest that this zone of field reversal 
is the region of the grey crescent where an infolding 
called the dorsal lip appears. This infolding continues to 
a lesser extent around the embryo to form the ventral 
and lateral lips. The involution and internal migration of 
cells in the dorsal lip region may be related to the strong 
field existing in this zone, which might act to decrease 
cell adhesion, perhaps through action on calcium ion, 
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Fig. 2. Composite tangential electric field at blastula surface (field due to 
layer (1) plus field due to layer (2)) for different relative dipole densities 
i o(1)/o(2) | of the two layers. Field polarity is shown as positive if it is 
in the direction of increasing @ (from animal to vegetal pole), The 
irregularities in the curves are due to rounding-off in the calculations. 
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which is required for cell adhesion. The fact that the 
invagination does not take place over all the zone, but 
rather at a particular longitude (the grey crescent area), 
suggests, however, that the observed higher metabolic 
activity of cells in the grey crescent? may produce an 
asyrometry of dipole strength as a function of longitude. 
This is consistent with the observed potential difference 
between grey crescent and opposite equatorial region’. 
The latter observation suggests that the present prelimin- 
ary model may be extended to describe the surface poten- 
tial distribution in two dimensions (latitude and longi- 
tude). 

In summary, the model presented here describes the 
electric field generated by unidirectional sodium ion 
transport and is generally consistent with the limited 
experimental measurements which have been reported. 
The model also describes patterns of field strength as well 
as field reversal (in the region of the developing dorsal 
lip) which are such as might promote and direct the cell 
movements of gastrulation. 

This work was supported in part by grants from the 
National Institute of Neurological Diseases and Blindness 
and the National Institute of General Medical Sciences, 
US Public Health Service. M. I. C. was a career scientist 
of the Health Research Council of the City of New York. 


M. I. COREN 
G. A. MORRILL 


Department of Physiology, 
Albert Einstein College of Medicine, 
New York, NY 10461. 
Received November 18; revised December 30, 1968. 
‘ Ebert, J. D., in Interacting Systems in Development, 36 (Holt, Rinehart and 
Winston, New York, 1965). 
* Kostellow, A. B., and Morrill, G. A., Exp. Cell Res., 50, 639 (1968). 
3 Morrill, G. A., Kostellow, A. B., and Watson, D. E., Life Sei., 5, 705 (1966). 
* Burr, H. 5., Proe. US Nat, Acad. Sei.,27, 276 (1941), 
$ Jeans, J., in The Mathematical Theory of Electricity and Magnetism, fifth 
ed., 225 (Cambridge Univ. Press, 1925). 
* Burr, H. S., and Bullock, T, H., Yale J. Biol. Med.,14, 51 (1941-42). 
? Flickinger, R. A., and Blount, R. W., J. Cell. Comp. Physiol., 50, 403 (1957). 


* Brinton, jun., ©. C., and Lauffer, M. A., in Electrophoresis (edit. by Bier, M.), 
427 (Academic Press, New York, 1959), 


* Elul, R., Nature, 210, 1127 (1966). 


“De Haan, R. L., in Phe Chemical Basis of Development (edit. by McElroy, 
W. D., and Glass, B.), 339 (The Johns Hopkins Press, 1958). 


Nuclear Transplantation Studies of the 
Action of Dimidium Bromide 
on Amoebae 


Dimipiom bromide (2: 7-diamino-9-phenyl-10-methy] 
phenanthridinium bromide) is a trypanocidal phenan- 
thridinium compound which has been shown to effect 
nucleic acid synthesis in various organisms; for example, 
flagellate protozoa, bacteria, yeasts and tissue culture 
cells'. Growth of the free-living amoebae, Amoeba proteus 
and Amoeba discoides, is inhibited by this drug, the cells 
showing a characteristic response which depends on the 
concentration of drug used®. In concentrations of di- 
midium bromide below 1 ug/ml., cells of both strains of 
amoebae divide three times before inhibition and death. 
In concentrations of dimidium bromide between 4 and 
8 ug/ml., both strains divide only twice before death. 
There is a difference in the response of the two strains in 
concentrations of drug between 2 and 4 ug/ml; A. 
proteus divides twice while A. discoides undergoes an 
additional cycle of division before inhibition and death. 
This difference is thought to be associated with the 
presence in the cytoplasm of our strain of A. discoides 
of “bodies” containing DNA and RNA?-4, Similar results 
have been obtained using the 10-ethyl analogue ethidium 
bromide. 


NATURE, VOL. 222, APRIL 5, 1969 


To investigate the site of action of dimidium bromide 
in amoebae, nuclear transfers have been made between 
drug-treated, inhibited cells and normal cells. A. proteus 
and A. discoides (taken from wheat grain cultures®) were 
grown as singles’ in Chalkley’s medium containing 2-5 
ug/ml. of dimidium bromide (Burroughs Wellcome) and 
food organisms (500 Colpidia/ml. of Chalkley’s medium) 
for 10 days. Colpidia are considerably less sensitive to 
dimidium bromide than are either strain of amoebae. 
After 10 days each original A. proteus had divided twice, 
while each original A. discoides had divided three times, 
and these cells remained without further division until 
death approximately 20 days later. 

Nuclear transfers (homotransfers) with drug-treated, 
inhibited nuclei and normal, untreated cytoplasm and 
vice versa were obtained for both strains of amoebae, 
using a de Fonbrune micromanipulator and techniques 
described earlier*. After nuclear transfer, the cells were 
maintained as singles in Chalkley’s medium containing 
food organisms until they either divided and formed 
clones or died without division. To ensure that division 
had been completely inhibited by 10 days of growth in 
the drug, some treated cells were maintained as controls. 
The results obtained from these transfer experiments are 
given in Table 1. 


Table 1. RESULTS OF TRANSFER EXPERIMENTS 
. No, of 
Strain Type of transfer No.of No. divid- clones 
trausfers ingonce obtained 
Pa mP 
A. proteus Tl dn Tie 48 36 36 
(TP) 
= 
T? Tn TP ac 64 0 6 
> 
A. discoides Ty TP ae 51 30 30 
aP 
—_—> 
nP TiPanTPe 49 o o 


Control homotransfers give 90 per cent clones. 

n, Nucleus; c, cytoplasm; dn, nucleus from a cell exposed to 2-5 ugil 
of dimidium bromide; de, cytoplasm from a cell exposed to 2-5 xg/ml. of 
dimidium bromide. 


These results suggest that once the cytoplasm of either 
A. proteus or A. discoides had been exposed to dimidium 
bromide, it was unable to recover on receiving a homo- 
logous, untreated nucleus. In contrast, an apparently 
inhibited nucleus of either strain may be able to initiate 
division in a homologous, untreated cytoplasm. Approxi- 
mately 60 per cent of the nuclei from drug-treated A. 
discoides and 75 per cent of the nuclei from drug-treated 
A. proteus were able to form clones. The target of the 
lethal effect of dimidium bromide in amoebae seemed to 
be cytoplasmic rather than nuclear constituents. 

To determine whether previous exposure of nuclei to 
dimidium bromide had any effect on the subsequent 
response of the clones obtained in these transplantation 
experiments, cells from surviving clones of A. proteus 
(that is, drug-treated nuclei in untreated cytoplasm) were 
grown in 2-5 ug/ml. of dimidium bromide. These cells 
divided twice before inhibition and death; the charac- 
teristic response had not altered. 

Dimidium bromide is thought to exert its effects by 
intercalation of the drug molecules between adjacent 
base pairs of the DNA double helix’, and thus to inhibit 
the action of both DNA-dependent and DNA-dependent 
RNA polymerases. Inhibition of both enzymes has been 
obtained using cell-free extracts of FE. coli in vitro®:*. In 
Crithidia oncopelti DNA synthesis has been shown to be 
rapidly inhibited, while RNA and protein synthesis are 
inhibited more slowly?*. In view of the proposed action 
of this drug it was surprising to find that, in amoebae, 
the lethal effect was apparently cytoplasmic, at least 
60 per cent of the transplanted, drug-inhibited nuclei 
being able to form clones when transferred to new cyto- 
plasms. This may be a result of dissociation of drug 
molecules from nucleic acids in the presence of unbound 
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nucleic acid in the cytoplasm of untreated cells. Exchange 
of drug between drug-bound and unbound nucleic acid 
molecules is known to occur én vitron. The amount of 
drug released in the cytoplasm in this way was evidently 
not lethal in at least 60 per cent of the transfers. 

Ormerod’ suggested that dimidium bromide, in com- 
mon with several other trypanocidal drugs, for example 
antrycide and suramin, led to the formation of basophilic 
inclusion bodies in the cytoplasm of trypanosomes. These 
inclusion bodies were shown to contain drug, RNA and 
protein, and were fluorescent. Further investigations by 
Ormerod and Shaw", however, have shown that dimidium 
bromide does not stimulate the production of inclusion 
bodies. Examination of drug-treated, inhibited cells of 
both our strains of amoebae also failed to reveal any 
fluorescent inclusion bodies. 

In dimidium bromide, A. proteus stops dividing after 5 
days, while A. discoides is inhibited after 8 days, so that 
these cells might be considered enucleate for 5 and 2 
days, respectively, before the transplantation experi- 
ments, Enucleate cytoplasms have been shown to be 
viable until at least 8 days after enucleation™, so that a 
proportion of these cytoplasms would usually be capable 
of forming clones on the receipt of nuclei. It is presumed 
that the inhibited cytoplasms used in the transplantation 
experiments were lacking components required in the 
replication of the untreated transplanted nuclei. But a 
proportion of G, nuclei would be expected to be transferred 
in a random sample from any culture. Thus a few of these 
transplants (new nucleus in drug-treated cytoplasm) might 
be expected to divide at least once, but no divisions were 
observed in over 100 cells. It may be that the “cyto- 
nucleoproteins’’-—either the rapidly migrating (RMP) or 
slow turnover (STP) proteins—which migrate back and 
forth between nucleus and cytoplasm in A. proteus™:16 are 
involved. 
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Paramyosin Muscle in the Notochord 
of Amphioxus 


As is evident from every textbook of zoology, the internal 
skeleton or notochord of amphioxus (Branchiostoma 
lanceolatum) has been considered as a passive supporting 
organ by all but a very few investigators. Our examina- 
tion, using modern techniques, however, supports the view 
of Ebner? and Joseph®, who proposed a muscular nature of 
the notochord (Fig. 1). 

Under polarized light, anisotropic and isotropic bands 
are Clearly visible in the notochordal lamellae. The repeat 
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period of this striation is about 33 microns as compared 
with 1-3 microns in most striated muscles. Similar 
sarcomere lengths have, however, been described in the 
proboscis muscle of certain polychaetes*. 

Electron micrographs of the notochordal lamellae show 
thick and thin filaments. The thin filaments are about 
50 A in diameter and without striation*°, The thick 
filaments vary in diameter from 100-1500 A and reveal a 
periodic cross-striation. These thicker filaments resemble 
the paramyosin filaments of molluscan catch muscles in 
their 145 A periodicity‘; moreover, the protein in the 
filaments resembles paramyosin in solubility and in the 
structure of the precipitate. One can thus conclude that 
the notochordal lamellae reveal a typical muscular 
structure. 

This muscular organ appears to receive motor innerva- 
tion. Side branches of longitudinal nerve fibres in the 
spinal cord end in triangular expansions just above the 
notochordal processes. Acetylcholinesterase has been 
histochemically shown in the synaptic gap. Under the 
electron microscope. this ‘‘neuro-notochordal” junction 
shows a number of features in common with neuro- 
muscular junctions of other animals’, with synaptic 
vesicles and post-junctional membrane folds (Fig. 26). 
Although the notochordal processes may contain prolonga- 
tions of the dorsal Miiller’s tissue®, more direct connexions 
between the synaptic junction and the notochordal 
larnellae can be seen’. 

Functional studies on the notochord showed that when 
it was stimulated electrically it became stiffer. Pieces 
about 1 cm long were carefully cleaned of adherent 
muscle, and arranged so that they could be flexed at one 
end using a force transducer (see Fig. 3a). The tension rose 
to an active maximum of 100 mg at 4 Hz. The optimum 
pulse duration was 4 ms. If the active and passive 
tensions are measured at different amounts of flexion in 
the natural plane of bending (Fig. 3b), it can be seen that 
the contribution of active elements is greatest at moderate 
flexion. Small increases in stiffness were also produced 
with solutions of acetylcholine (0-005 per cent) and 
potassium chloride (1 per cent). To demonstrate that 





Fig. 1. A sketch illustrating the main structural features of the noto- 

chord of amphioxus and its relation to the spinal cord. The horizontal 

fibres composing the lamellae are shown. Each fibre has cross-atriations 
which can be seen most clearly in polarized light. 
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only muscles inside the notochord were responsible for 
the contractions observed, cinéphotemicrography was 
used to obtain pictures of the lamellae during contraction. 
Active movements of the lamellae were clearly visible. 

The fact that contractions of the horizontal myo- 
filaments did not cause marked lateral compression of the 
notochord suggested the existence of an outward fluid 
pressure. Progressive compression of the lateral areas of 
the notochord with a probe during electrical stimulation 
showed clearly that outward pressures of 70 mg could be 
actively developed. If, however, the walls of the noto- 
chord are drawn outwards with a hook inserted into the 
myocommata, the effect of the outward pressure in 
limiting shortening of the myofilaments declines, and 
inwardly directed contractions of the lamellae occur. 
Attempts to produce the very prolonged tonus of the kind 
associated with other paramyosin muscles by repeated 
d.e. pulses of 1-2 s duration slowed relaxation to 1-25 min, 
from the more usual 10-30 s. Summation was very 
marked as it is in the anterior byssus retractor muscle of 
Mytilus. The long relaxation times suggest that noto- 
chordal contractions cannot be synchronized with individ- 
ual contractions of the somitic musculature during 
swimming. 

Although the outward pressure observed helps to 
explain the way in which the notochord resists a tendency 
to flatten when it contracts, it can only do this successfully 
if the lateral notochordal wall is unusually compliant. 
This was found to be the case. At a depression of 120 


microns the ventrolateral wall was two or three times more 
compliant than other areas. 





Fig. 2. a, Electron micrograph of longitudinally sectioned filaments from 

the lateral part of an anisotrope band. A 145 A periodicity is seen in the 

thick filaments. 140,000. ò, Electron micrograph of the neuro- 

notochordal” junction, V, Synaptic vesicles; M, mitochondria; 
arrows, post-junetional folds. x 20,000. 
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Fig. 3. a, Mechanica! responses of a piece of notochord set up as shown 
in the inset to stimulus frequencies of 0-5, 1-0, 2-0, 4-0and 8 Hz. Time 
marker in seconds. b, Active (©) and passive ( @) tension curves obtained 
from a series of records like that shown in the inset above. Steps of forced 
flexion are followed by responses to electrical stimulation. 


From these observations we conclude that the notochord 
of amphioxus is a highly specialized hydroskeleton, with 
a unique muscular mechanism capable of varying its 
stiffness. Similar specializations are not found in any 
other chordate (or achordate) animal. Nevertheless, the 
specialized notochord seems compatible with the classifica- 
tion of amphioxus as a typical chordate. As already 
shown by Hatschek‘, the organ originates from the primary 
entoderm just medial to the myogenic somitic diverticles. 

P. R, Froop 
Institute of Anatomy, 
University of Bergen, 
Bergen, Norway. 
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The answer 


to your figure work problems 
adds up to MONROE 


We've calculated twelve answers to your figuring 
problems, here are just six of them, 1969 machines for 
your 1969 mathematics. Examine our proofs. Now. 
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m square root are done in milliseconds. things you want a calculator to do. Addi- giving you the ability to perform every 
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are automatically set up in the memory. 
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electronic calculator automatically storage (2 accumulators, 1 memory, 4 Monroe not only adds and subtracts 
adjusts to any decimal that is used. Dis- automatic keyboard constant). Negative but multiplies and has credit balance. 
plays individual products and holds their answers are clearly identified as such Following the normal accounting pro- 
total. Has a separate memory. Can show and an overflow light warns when cedures, subtracted amounts and credit 
multiplication answers up to 30 digits. capacity is exceeded. totals are printed in red. 
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Cambridge Monographs on Physics M. W. THOMPSON 
Defects and This book discusses the basic atomic mechanisms involved in the radiation 


damage of metals. It provides a general introduction for senior under- 


R adiation graduates in physics, metallurgy and materials science, and offers a good 
starting point for new research graduates. It will also give engineers and 

D am age in metallurgists the necessary background theory for solving practical 
problems. £6 net 


M etals To be published at the end of April. 











Society for General Microbiology Edited by P. M. MEADOW and S. J. PIRT 


Symposium 19 A discussion of the mechanism of growth—both of populations and single 
Microbi al cells—and of the regulation of the growth process at the molecular level. 
Many of the approaches described are new, and have been made possible 
G rowth by the development of such techniques as the stirred fermenter and con- 
tinuous cultures of micro-organisms. £5 net 





W. P. ELDERTON and N. L. JOHNSON 


A major revision of Sir William Elderton’s classic, Frequency Curves and 


Systems of 


Frequency Correlation. Professor Johnson has omitted the material on correlations 
and in its place has included a discussion of curves other than those in the 
Curves Pearson system. He has also taken the opportunity to amend the original 


material on frequency curves in the light of modern developments. bos. net 
To be publisned at the end of April. 


Kalambo Falls °:°!™ov® tan« 


Kalambo Falls Prehistoric Site gives an account of one of the few known 


Prehisto ric Site early living sites of man. Successive human occupation levels cover the 


last 60,000 vears, from the close of the Acheulian culture stage to the 
Volume | present day. 

Volume I gives a detailed description of the stratigraphy and geomorphology 

of the Kalambo Falls local basin as well as of the Pleistocene vegetational 

changes and the detailed stratigraphy of the excavation. gos, nel 

To be published at the end of April. 


Archaeometry Edited by E. T. HALL and M. J. AITKEN 


Archaeometry, the bulletin of the Oxford University Research Laboratory 
for Archaeology and the History of Art, publishes research into the appli- 
cations of the natural sciences to archaeology. Although based in Oxford, 
its contributors come from all parts of the world. Subscription 40s, net 
Published annually. 
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Spectrum of Contraction Times of 
Different Fibre Bundles in the 
Brachial Biceps and Triceps 
Muscles of Man 


Musc.e fibres differ histochemically and these differences 
are reflected in the susceptibility of the fibres to disease'. 
In animals, histochemical types have been related to the 
speed of contraction?*. Hitherto this has not been pos- 
sible for the different fibre types within a human muscle. 

The development of semiconductor strain gauges has 
made it possible to construct a transducer by which 
twitch responses of a small group of fibres can be recorded. 
This strain gauge has high sensitivity and is so small that it 
ean be mounted in a cannula 0-6 mm in diameter. 

The tip of the cannula was inserted into the tendon 
of different muscles and the strain gauge recorded the 
displacement of the tendon during near-isometric twitches. 
The suitability of the method was tested by recording 
twitches evoked in the adductor pollicis brevis muscle by 
stimulating the ulnar nerve. The responses shown by 
the strain gauge and by conventional procedures? were 
recorded simultaneously. Whether the stimulus activated 
5 per cent or all of the muscle fibres, the time to the peak 
of the twitch (contraction time) by the two procedures 
usually did not differ more than 2 ms. The static sensi- 
tivity and the frequeney response of the strain gauge 
allowed the foree during a twitch to be reproduced with 
negligible distortion. 

To activate different fibre groups within a muscle a 
stimulating cathode was placed in different regions of 
the end-plate zone. Twitches of two fibre groups in the 
brachial triceps and biceps muscles are shown in Fig. 1. 
Contraction times exceeding 60 ms occurred in 30 per 
cent of fibre bundles of the brachial biceps and in 2 per 
cent of the bundles of the brachial triceps (P > 0-001, 
Fig. 2). This corresponds to the histochemical and 
electronmicroscopical findings (unpublished work of H. 8.) 
that 25+3 per cent of the fibres in the long head of the 
brachial biceps were rich in mitochondria and were 
stained intensely by sudan black B, whereas this type of 
fibre was rare in the lateral head of the brachial triceps 
muscle (2 + 1 per cent, fourteen subjects, 7-79 yr old). 

Twitch responses in single motor units activated during 
weak voluntary effort have been recorded in the brachial 
biceps muscle of three subjects by electronic averaging. 
The motor units recruited first had long contraction times 
within the range of the histogram of Fig. 2. Fasciculations 
of normal muscle were faster and had a higher amplitude 
than the twitch responses of weak effort. 


_m.triceps br. m. biceps br. 





Fig. 1. Twitches with different contraction times in two fibre bundles of 

brachial triceps (left, subject S. H., 18 yr old) and brachial biceps (right, 

subject ©. M., 16 yr old; intramuscular temperatures 36-5° C). The 
four responses were recorded with the same sensitivity. 
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m.triceps br. 


Per cent 


m. biceps br. 


Per cent 





20 2$ 36 44 52 60 68 
ms 
Fig. 2. Histogram of contraction times in 154 fibre bundles of the 


brachial biceps and in 148 fibre bundles of the brachial triceps (36°5° C, 
sixteen subjects, 16-63 yr old). 


The spectrum of contraction times in other normal 
muscles and in neuromuscular disease will be described 
elsewhere. 

We thank Mr Emme for mounting the semiconductor 
strain gauges in the cannula, and both he and Mr 
Ousager Andersen for advice. This work was supported 
by grants from the Muscular Dystrophy Associations of 
America, the Danish National Association for Infantile 
Paralysis and the Ernst Poensgen-Stiftung Dusseldorf. 
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Virus-like Particles in Penicillin 
producing Strains of Penicillium 
chrysogenum 


UNTIL quite recently the edible mushroom viruses! were 
the only viruses known to infect fungi. During the past 
2 yr, however, virus-like particles with interferon stimulat- 
ing properties have been described in strains of Penicillium 
stoloniferum? and Penicillium funiculosum'. We have 
screened various fungi for possible viral content as part of 
our research programme relating to fungal viruses and 
interferon stimulation. Following reports of anti-viral 
and interferon stimulating agents isolated from Penicillium 
chrysogenum (ref. 6 and personal communication from 
P. Van Dijck, E. De Clercq, C. Cocito and P. De Somer), 
we have examined various strains of this fungus for virus 
content. Virus-like particles have been found in seven 
penicillin producing strains of P. chrysogenum: NRRL 
1951, NRRL 1951 B.25, X.1612, Q.176, Wis. 48-701, 


. 
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Wis. 51-20 C and BRL 700. (With the exception of 
strain BRL 700, these strains are all available from the 
American Type Culture Collection; results using strain 
BRL 700, a high yielding industrial strain, were obtained 
through collaboration with Beecham Research Laborator- 
ies, Brockham Park, Betchworth, Surrey, who also 
supplied this strain.) These penicillin producing strains 
are interrelated and are all derived from strain NRRL 
1951 by mutation and strain selection procedures. 
The relationships between the various strains are illus- 
trated diagrammatically in Fig. 1. 






NRRL 1951 (ATCC 9480) 
NRRL 1951 B.25 (ATCC 10,238) 
X 
N.1612 (ATCO 10,002) 
UV 


Wis. Q.176 (ATCC 10,002) 
; UV and s 


Wis, 48-701 (ATCC 11.707) 






) NM and S 


Wis. 51-20 C (ATCC 13,79) 





BRL 700 





Simplified diagraramatic represe 
strains of P. chrysogenum. S ind ection 
without mutation; X, UV and means of 
X-irradiation, ultraviolet irradiation and nitregen mustards, respec- 
tively. Single-step deriv: 








Strains of P, chrysogenum were grown in submerged 
culture in shaken flasks at 24° Č for approximately 
48-60 h, when maximum growth of the fungi was recorded; 
the medium used was a simple one containing +0 per 
cent maltose, 1-0 per cent bacteriological peptone and 
2-4 per cent malt extract, adjusted to pH 7-0. Particle 
preparations were obtained by disrupting the mycelia 
{approximately 10 g wet weight) in a Pascall Triple Roll 
Mul No. | and extracting with ten times this weight of 
9-03 M phosphate buffer pH 7-0 containing 0-1 per cent 
thioglycollic acid. Cell debris was removed by centri- 
fugation at 15,000g for 30 min and the particles sedi- 
mented from the clarified extract by ultracentrifugation at 
78,4809 for 90 min. The pellets were re-suspended in 
1-0 ml. each of 0-03 M phosphate buffer pH 7-0 (without 
thioglycollic acid) and debris again removed by low speed 
centrifugation at 7,000g for 20 min. The resultant crude 
preparations were examined by electron mueroscopy 
(J.E.M. Model 7) and shown to contain polyhedral virus- 
like particles approximately 35 mmicrons in diameter. 
The particles obtained from the seven different strains of 
P. chrysogenum were morphologically indistinguishable by 
the techniques used. An electron micrograph of a particle 
preparation from strain BRL 700 is shown in Fig. 2. 
The crude particle preparation could be further purified 
by density gradient ultracentrifugation, a well defined, 
blue-grey, light-scattering zone being formed in a sucrose 
gradient column (10-50 per cent) after centrifugation at 
69,0009 for 120 min, at a level corresponding to 20-22 per 
cent sucrose; the formation of such a zone is a character- 
istic of virus particles. 

Investigations into the composition, structure, sero- 
logical and possible interferon stimulating properties of 
these virus-like particles are continuing. 

An interesting feature of this work is that the seven 
strains of P. chrysogenum found by us to contain virus- 
like particles are penicillin producing strains from which 
all modern high vieldmg industrial strains are derived. 
Because the presumed virus has survived treatment with 
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Fig. 2. Electron micregraph of virus-like particle preparation from 


P. chrysogenum, stvain BRL 700. x 110,006, 





Various mutagenic agents (see Fig, 1), it is possible that 
many industrial strains are similarly infected. The 
presence of virus might be expected to influence profoundly 
host metabolism and hence the biosynthesis of penicillin. 
The effeet of any confirmed virus infection upon penicillin 
biosynthesis will be examined. 
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Susceptibility of Scrapie Agent to 
lonizing Radiation 


THE infective agent of scrapie, a progressive encephalo- 
pathy endemic in sheep, has recently been the subject 
of much speculation. Its remarkable stability in a variety 
of physical and chemical conditions and in particular its 
resistance to ionizing radiation have given rise to a number 
of heterodox ideas as to the nature and mode of action 
of the agent!-*. The resistance of the scrapie agent to 
both ionizing and ultraviolet irradiation has led Alper 
and her colleagues‘ to state that “it does not depend on a 
nucleic acid for its ability to replicate’. Here we present 
independent confirmation of Alper’s results but also 
discuss the difficulties in accepting her far-reaching 
conclusions. 

Brains were removed from animals 6 months after 
intracerebral inoculation of mouse adapted scrapie (sixth 
passage); these animals showed typical advanced clinical 
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Fig. 1. Finactivation of the scrapie agent. Relation between radjation 
dose and loss of biological activity. @, Experiment 1; ©, experiment 2. 


scrapie with the characteristic histopathology of the 
disease. The brains were homogenized in distilled water 
to give a 10 per cent (w/v) suspension, which was centri- 
fuged twice at 1,800g for 10 min and the supernate freeze 
dried. For irradiation 10 mg amounts of dried scrapie 
brain were weighed into open thin wall ampoules of 
10 mm diameter, tamped down with a flattened glass rod 
and placed over a 4,000 Ci Co source. Oxygen saturation 
was maintained by passing a stream of dry oxygen over 
the material through a capillary. Samples were irradiated 
at a dose rate of 43,000 rad/min for 116-582 min to give 
total doses ranging from 5-25 Mrad. The powdered 
samples were then homogenized with saline to give a 
10~ dilution and further ten-fold dilutions prepared down 
to 10-7 using fresh disposable pipettes for each dilution. 
For each series a similar powdered but unirradiated sample 
was prepared and diluted in the same manner to determine 
the initial scrapie activity. Biological activity was 
assayed by injecting 0-05 ml. of each dilution intra- 
cerebrally into groups of six mice and observing these 
animals for 8 months in the first experiment and 12 months 
in the second, after which the animals were examined 
histologically 

The relation between the residual scrapie activity after 
irradiation and the total dose is shown in Fig 1. The 
LD values were computed by the Spearman—Karber 
method (Table 1)> and standard errors by the method of 
Irwin and Cheezeman*. There is excellent agreement 
between the duplicate experiments (Fig. 1), and the mean 
dose D, required to reduce the initial activity by a factor 
of e~! (36-8 per cent) was 4:6 Mrad. 

The result of duplicate experiments fully confirms the 
observations of Alper? and gives the same value of the 
mean inactivating dose (Do). Irradiation was carried out 
in an atmosphere of oxygen, as anoxia has been shown to 
exert a protective effect on materials similarly irradiated 
in the dry state*. A recent study by Alper and Haig® to 
determine the oxygen enhancement ratio for scrapie 
agent compared with more conventional “viral”? agents 
gave values similar to those for herpes simplex and u2 


Table 1, ELECTRON INACTIVATION OF SORAPIE AGENT 


Dilution of injected suspension LDsy 
Electron dose 10-7 10 10 10 10> 102? Ot standard 
(Mrad) Cases of scrapie/No. of mice in group error 
25 — 0/6 j8 2/6 4/8 68/8 6/6 4:49 + 0-30 
16 0/6 0/6 0/6 4/6 6/6 6/6 6/6 
10 0/6 08 3/6 5/6 6/6 6/6 6/6 
5 0/8 0/6 4/6 6/6 6/6 6/6 6/6 
0 1/6 1/ 5/6 6/6 8/6 6/6 6/6 





Raw data from experiment 1. 
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bacteriophage and therefore failed to contribute any new 
information on the chemical nature of scrapie. 

Interpretation of these results on the basis of conven- 
tional target theory leads to the conclusion that the agent 
is small, with a molecular weight of about 1-5 x 105 
assuming no anomalies. Even if a deviation of the same 
order as that described by Alper and Haig’ for T1 and T3 
bacteriophage had occurred the molecular weight would 
still be exceptionally small for a conventional virus 
(about 4-5x 105). In a nucleic acid virus Alper et al. 
suggest this would entail an improbably small nucleotide 
code, although it would be adequate for large peptides 
or small proteins. The rejection of nucleic acids solely 
on the basis of the length of possible message must, how- 
ever, be treated with caution. Small circular DNA 
(08x 10° molecular weight) has been demonstrated in 
M. lysodeikticus although its biological function is uncer- 
tain. 

Moreover, a number of factors may invalidate classical 
target theory in this case. The purity of materials has a 
marked effect on irradiation inactivation’ and scrapie 
agent may indeed be a special case. So far it has not been 
detached from subcellular components (membranes)** 
and this firm combination may exert a greater protective 
effect than the mere presence of contaminating subcellular 
particles’. Finally, irradiation in the dry state may 
hinder radicals combining on steric grounds!® and lead to 
high inactivation dose, Even failure to obtain inactiva- 
tion of scrapie agent with ultraviolet irradiation does 
not provide absolute proof that nucleic acids are not 
involved. 

There have been a number of speculations on the nature 
of the agent; it might be polysaccharide’, a basic pro- 
tein}®, a small conventional virus stabilized with a poly- 
saccharide coat!®, and there are also the membrane 
hypotheses of Gibbons and Hunter” and Adams and 
E. J. Fo’, 

If the irradiation technique provides a true measure of 
stability and size of a biological agent, the choice of 
structure and nature of the scrapie agent remains between. 
a rather primitive small virus, retaining full informational 
sequence in a short polynucleotide chain, and a non- 
nucleic replicating material probably inducing its own 
replication by conformational changes in the cell mem- 
brane. 

We thank Professor P. Alexander, Chester Beatty 
Research Institute, for advice in presenting this report. 
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Viral Subunits for Rabies Vaccination 


Recent work with adenovirus!, Sindbis virus? and the 
viruses causing influenza’, measles’, vesicular stomatitis® 
and German measles* has shown that subunits of the 
viruses can stimulate the production of neutralizing 
antibodies, and in some cases can be used as vaccines. 
Subunits are usually present in unfractionated virus 
preparations and in the case of the lipid-containing viruses 
can also be produced from complete virus particles by 
treating with “I'ween’-ether or a detergent, for example, 
sodium deoxycholate or sodium dodecyl sulphate. The 
use of subunits for immunization has the important 
advantage that it avoids the side effects from other com- 
ponents of the virus. We report here preliminary experi- 
ments with rabies virus in which subunits separated from 
virus suspensions were shown to be potentially useful 
for protection against the disease. 

The Flury (LEP) strain of virus was used for all the 
experiments. Both the virus and the mice used in the 
tests were free from lymphocytic choriomeningitis virus. 
A suspension prepared from the brains of suckling mice 
infected with Flury virus was inactivated by ineubating 
with 0-05 per cent acetylethyleneimine at 37° C for 7 h. 
Virus inactivated by this method was innocuous for 7 
days old mice when inoculated intracerebrally. Samples 
of 1 ml. of serial five-fold dilutions were then inoculated 
intraperitoneally into 8 weeks old mice. The level of 
neutralizing antibody in the sera at various intervals 
after a single inoculation was determined by measuring 
the reduction in titre in suckling mice produced by mixing 
serial ten-fold dilutions of rabies virus with an equal volume 
of inactivated 1/10 serum. The neutralizing antibody 
titre reached a plateau 14 days after inoculation and was 
roughly proportional to the amount of antigen in the 
inoculum up to the dose containing the equivalent of 
10° ID... With larger doses the response did not in- 
crease (Table 1). By titrating the virus in groups of 
8 weeks old mice which had received serial dilutions of 
inactivated virus we also found a correlation between the 
neutralizing antibody level of the serum and resistance 
to infection (Table 1). These results indicate that the 
neutralization test provides a sensitive and valid measure 
of immunogenicity. Consequently, we have used this 
test in preference to the Habel’ test for measuring 
the potency of our preparations. Our method has the 
advantage that only a single inoculation is necessary to 
give a measurable response whereas in the Habel test 
multiple doses of the vaccines are inoculated before the 
animals are challenged with live virus, 





Table 1. RELATION BETWEEN DOSE OF RABIES CINE, NEUTRALIZING 
ANTIBODY LEVEL AND RESISTANCE TO CHALLENGE IN ADULT MICE 


Titre of Titre of 
Dilution inoculum before Antibody titre in individual challenge 
of inactivation mice 23 days after inoculation virus 
vaccine (log TDgo/ml.) (log [D5o/0-015 ml. 1/10 serum) (log 1D 9/ml.) 
Yi 7-0 3-5 3-9 3-9 35 2-8 
1/5 6-3 39 3-9 PT 4-0 2-5 
1/25 5-6 17 25 2-7 3-1 3-5 
1/125 +9 0-5 05 L7 2:7 3-5 
1/825 42 07 03 05 1:3 4:8 
Control — 02 On 0-4 — 4-8 


To determine whether viral subunits would elicit an 
immune response, a virus suspension prepared from 
suckling mouse brains was centrifuged for 2 h at 15,000 
r.p.m. in the 40 rotor of the Spinco model L centrifuge. 
The top 9 ml. was first removed, then the bottom 2 ml., 
taking care not to disturb the pellet. The resuspended 
pellet and each fraction were diluted to the original 
volume of 11 ml. Aliquots of the unfractionated virus and 
of each fraction were inactivated with acetylethyleneimine 
and serial dilutions were inoculated intraperitoneally 
into 8 weeks old mice. The virus neutralizing activities 
of the sera of the mice after 21 days (Table 2) showed that 
the immunizing activity in the supernatant fractions of 
the virus was considerably greater than would be expected 
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from the amount of virus they contained. Van den Ende, 
Polson and Turner’ also found that the 15,000 r.p.m. 
supernatant from mouse brain suspensions elicited the 
formation of neutralizing antibodies in mice, but they 
attributed this immunogenie activity to residual infective 
virus. 


Table 2. PRODUCTION OF NEUTRALIZING ANTIBODY IN ADULT MICE BY 


INOCULATING FRACTIONS OF INACTIVATED RABIES VIRUS 


Unfractionated 15,000 rev/ Top 9 ml. of Bottom 2 ml, 
Dilution virus min. deposit supernatant of supernatant 
of (1088 10" (ose (105+ 
inoculum ID, iml.) ID,,/ml,) TD,,/ral.) ID,,/ml.) 
1/1 3-7 3-6 17 34 
1/5 3:3 3:8 1-6 25 
1/26 35 3-2 a9 0-3 
1/125 15 2:1 0-6 0-6 


The figures in parentheses refer to the infectivity of the virus and fractions 
before inactivation with 0-05 per cent acetylethylencimine. ‘The neutralizing 
activity is the average of 4 sera in each group and is expressed as the activity 
in 0-015 ml. of 1/10 serum. 


Fractionation of virus suspensions by centrifugation in 
sucrose gradients provided evidence that material smaller 
than the complete virus particle protected mice against 
challenge. In addition, suspensions which had been 
treated with “I'ween’-ether and the residual infectivity 
inactivated with acetylethyleneimine produced neutraliz- 
ing antibody levels in mice which were much higher than 
could be accounted for by the residual virus. 

These experiments provide evidence that material 
smaller than the complete virus particle may be potentially 
useful in rabies vaccination. 

We thank Dr A. C. Allison for virus seed and Mr H. H. 
Skinner for mice free from lymphocytic choriomeningitis 
virus and for showing that our rabies virus was also free 
from this agent. 
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Spontaneous ‘“‘Secondary” Disease 
in Germfree AKR Mice 


Diseases which develop in gnotobiotic (germfree) mice 
reflect defects in the nutritional, genetic or microbial 
status of the host. Three viral agents have been detected 
so far in germfree mice, and these appear to be passed to 
their progeny by congenital route(s). All mouse strains 
carry leukaemia virusi, some strains carry mammary 
tumour virus? and one strain carries lymphocytic chorio- 
meningitis (LCM) virus. Except for these, germfree mice 
are free of bacteria, fungi and parasites. They are referred 
to here as germfree, on the understanding that they are 
not free of virus. Spontaneous lymphatic leukaemia 
develops only in the AKR strain: in other strains (Balb/e, 
ICR, CEW, C3H, Swiss-Webster and (57 BL) lymphatie 
leukaemia must be elicited by whole body exposure to 
X-rays. Germfree mice of the AKR strain develop 
the same type and incidence of spontaneous lymphatie 
leukaemia as the conventional stock from which they were 
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derived. In addition, an unusual syndrome which has 
been referred to as “puny” disease? has been observed in 
germfree AKR mice; the mice are hunched and have 
rough hair and dermatitis with depilation around the anus 
and base of the tail. Diarrhoea was difficult to assess 
because the faeces of germfree mice are usually semisolid 
in consistency. ‘“Puny” disease has been observed in 
twenty-eight germfree AKR mice of average age 14 weeks. 
At autopsy the mice had large lymph nodes and spleens 
and small, almost imperceptible, thymus glands. The 
lymph nodes were swollen with extensive perivascular 
cords of lymphocytes and plasma-like cells in the medullary 
areas, but the prominent cortical follicles were free of 
germinal zones. Germinal zones were not observed in the 
white pulps of the spleens, but the red pulps were con- 
gested with lymphoid and plasma-like cells. The thymic 
cortices were depleted of thymocytes; however, in several 
of them, segments of the cortex contained aggregations of 
large reticulum cells, many in mitosis. The latter changes 
were suggestive of early stage thymic lymphoma, which 
may have been coincident with, or a sequel to, the thymic 
depletion. 

Continued observations on tissue changes in “puny” 
mice suggest that they were manifesting spontaneously 
some lesions of secondary, runting or graft versus host 
(GVH) disease’*. White spots, punctate to diffuse, were 
observed in the livers from thirteen of twenty-eight “puny” 
mice. In twelve of them microscopic examinations 
revealed local to extensive areas of coagulative, homo- 
geneous necrosis of the liver parenchymatous cells, but the 
normal pattern of the stroma was preserved (Figs. 1 and 
2). Intact Kupffer cells were observed in the sinusoids, 











Fig, 1. Note 


. Liver from germfree AKR mouse with “puny” disease. 
extensive necrosis of parenchymatous cells. Haematoxylin and eosin 
x525, 


Fig. 2. Higher magnification of liver from germfree AKR mouse with 

“puny” disease. Note lack of inflammatory response, survival of Kupffer 

cells, and preservation of stroma patteri: Haematoxylin and eosin 
x 300. 
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including the areas of necrosis. There was no distinct 
lobular pattern of necrosis: it ranged in extent from 
single cells in the perivascular areas to areas covering 
several lobules. Most of the necrotic lesions were peri- 
vascular and devoid of inflammatory cell response. The 
skin in the perianal region was wrinkled and hairless. 
The epidermis was reduced to two or three layers of cells, 
and there was no evidence of an inflammatory reaction 
in the dermis. The epidermis was covered by a thick 
layer of keratinous material which extended into the 
otherwise empty hair follicles. Spontaneous symptoms 
and lesions of this type have not been observed in six 
other strains of germfree mice in the course of examina- 
tions on at least 1,000 mice during the past 6 yr. Nor 
has “puny” disease been observed in conventional mice 
of the AKR strain. 

Graft versus host disease has been induced in germfree 
mice by intravenous injections of immunologically com- 
petent alien cells into newborn mice®”, but the symptoms 
and lesions induced in them were not as severe as in con- 
ventional mice. Graft versus host reactions, as noted 
in conventional mice, were characterized by loss of weight, 
a wasting appearance, diarrhoea, dermatitis, cell depletion 
of lymphatic organs (lymph nodes, spleens and thymuses) 
and necrotic areas in the livers. “Puny”? AKR mice 
have manifested some facets of this GWH syndrome: 
loss of weight, hunched-up appearance, dermatitis, 
depletion of thymic cortex and hepatic necrosis. The 
lymph nodes and spleens of “puny” mice were not de- 
pleted of cells, there was little evidence of inflammatory 
reaction around the lesions in the liver and skin, and there 
was no marked evidence of enteritis, all of which may be 
reflexions of their bacteria-free status. It is conceivable 
that with the syndromes observed in conventional mice, 
cell depletion of lymph nodes and spleens may be the 
result of microbial action on a mouse which was immuno- 
logically impaired, with the resulting combination of 
the “wasting” and/or “secondary” syndromes’, There 
are some more inconsistencies in comparisons of “puny” 
disease with GVH reactions, as observed in conventional 
mice; “puny” disease occurs only in bacteria-free AKR 
mice. The diarrhoea and wasting symptoms in conven- 
tional mice were ameliorated by treatments with anti- 
biotic agents’. Observations on segments of small and 
large intestines did not reveal evidence of disease other 
than the thin walls and attenuated villi which are charac- 
teristic of germfree animals. The liver necrosis observed 
in conventional mice was associated with inflammatory 
changes, which were exceptional in “puny” mice (Figs. 
land 2). Most significant in this context was the observa- 
tion that mice with “puny” disease had received no 
previous injection of cells. 

The lesions observed in mice with immunological im- 
pairment may be masked or distorted by the effects of 
the microbial flora which they carry. This has been 
observed in mice with changes resulting from neonatal 
thymectomy!*, radiation disease (unpublished results of 
Bealmear) and GVH reaction’. It is therefore impera- 
tive that the experimental protocol include the use of 
gnotobiotic experimental animals, in which the basic lesion 
and related disease can be observed. 

The association of GVH reaction with spontaneous 
leukaemia is as yet speculative. Some relationship has. 
been noted between the appearance of lymphoreticular 
neoplasms and antecedent distortion or suppression of 
immunological mechanisms'4-!§, Thymic depletion pre- 
ceded the development of lymphatic leukaemia in X- 
irradiated mice!?)8 and of myeloma-like lesions in mice 
infected congenitally with LCM virus!*. Perhaps AKR 
mice compensate for the effects of the “puny’’-associated 
depleted thymus by hyperplasia of the thymic cortex, 
which becomes irreversible and leukaemic. Recovery 
from or an abortive form of “puny” disease may thus 
result in thymie lymphoma. Although the cause and/or 
mechanism of “puny” disease has not yet been determ- 
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ined, it may actually be another facet in the pathogenesis 
of virus-induced mouse leukaemia. It is significant 
that this syndrome has been observed only in germfree 
AKR mice, and not in conventional counterpart mice, 
and that among the seven strains of germfree mice exam- 
ined, only the AKR strain developed spontaneous leuk- 
aemia. The relationship of this unusual “puny” disease 
to the mechanisms responsible for one or more of the 
complex “secondary”, GVH runting, spontaneous wasting 
or autoimmune diseases is, as yet, only suggestive. 

This work was supported by funds from the US Publie 
Health Service and the US Office of Naval Research. 
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Synergistic Action of HL-A Isoantibodies 


Human HL-A transplantation antigens are controlled by 
a large number of closely linked genes} So far only 
dominant HL-A genes have been deseribed, but some 
of the sera containing complement fixing (C’F) platelet 
isoantibodies used for HL-A typing in this laboratory 
oecasionally react as if they were active against antigens 
controlled by recessive genes or genes with incomplete 
penetrance. 

One such serum-—EH—was tested against platelets 
from 218 unrelated individuals and fifty-nine families. 
Eleven of the families were Italian?; the remaining sub- 
jects were Scandinavians. The techniques used for 
lymphocytotoxicity, C’F with platelets, absorptions and 
titrations have been deseribed before? *, and so have the 
HL-A antigens detected’. 

Serum EH contained multispecifie lymphocytotoxic 
antibodies, one of which could be identified as anti- 
KN-T12 (=anti-CP-11) after appropriate absorptions. 
In the CF technique with platelets, serum EH was used 
unabsorbed and diluted 1 : 8 with veronal buffer‘ to define 
the EH (=KN-T20) antigen which was found in about 
31 per cent of unrelated individuals. EH antigen was 
associated with the KN-T12 and DM (=KN-T19) antigens 
as Table 1 shows. Serum DM was later shown by absorp- 
tions to contain anti-HL-A5, anti-BB® and a further 
antibody of unknown specificity. A considerable propor- 
tion of KN-T12-positive individuals lacked the EH 
antigen (Table 1), indicating that the cytotoxie anti- 
KN-T12 in serum EH was not always strong enough to 
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Table 1. ASSOCIATION OF EH, DM, AND KN-T12 ANTIGENS IN UNRELATED 
INDIVIDUALS 
No. inves- EH-positives 
tigated Observed Expected x F 
DM+ Ti2+ 37 35 11-37 49-10 0:0005 
DM+ T12- 7 30 23-97 1-62 n.8. 
DM- T124 25 2 7-68 4:20 0-05 
DM- T12- 7 ü 23:97 23-97 0-0005 
Total 218 67 (307%) 78-79 0-0005 


The expected numbers of EH-positives were calculated from the general 
frequency of the EH antigen (30-7 per cent). 


ensure a positive reaction in the C’F technique, which is 
less sensitive than the cytotoxic test®, 

In most families studied the EH antigen behaved as an 
ordinary HL-A character, showing no recombination 
with other HL-A factors. In five families, however, some 
children were EH-positive in spite of the lack of EH 
antigen in both parents. HL-A and red cell typings 
revealed no (other) evidence suggesting that these children 
were extramarital. The HL-A groups, segregation and 
genotypes of two of these families are shown in Table 2. 


Table 2, HL-A GROUPS, GENOTYPES AND SEGREGATION IN TWO FAMILIES 
Family 107 (Torino) 


HL- HL- KN- Chromo- 
AL A2 T12 DM EH somes Genotypes 
Father + _ = + - alb ADM 
Mother - + + ~ ~- cjd 2/T12 
Children 
First - ~ + + + bid = DM/T12 
Second = — + - + — bje DM2 
Third - - + + + bid = DM/T12 
Fourth + - + _ - ajd 1/712 
Family N-009 (Denmark) 
HL- HL- KN- 
A2 St R AS T2 DM EH 
Father i ae = + ~ + = ajib St, DM/8 
Mother + = + ~ + - - cid 2, T12/2, R 
Children 
First + + ~ _ + + + aje St, DM/2, T12 
Second + = + + ~ = - bid 8/2, R 
Third * + = = + + oh aje St, ‘DM/2, Ti2 
Fourth + p + + - ~- bld 8/3, R 
T EKN informative HL-A groups are shown. The family 107 was typed 
indiy 


Within each of the two families, the EH-positive children 
all seem to be positive for both the KN-T12 and the DM 
antigens, and they all seem to have inherited one of these 
antigens from one parent and the other antigen from the 
other parent. The same observations were made in the 
other three families with EH-positive children and EH- 
negative parents. 

When platelets from some of the EH-negative parents 
were tested with serum EH diluted 1:4, weakly positive 
reactions were observed. The explanation of the apparent. 
recessivity of the EH character may be that the serum 
EH contains at least two C’F platelet isoantibodies 
(anti- KN-T12 and anti-DM ?), both too weak when diluted 
1:8 to ensure a positive reaction when only one of the 
corresponding antigens is present on the platelets. A 
synergistic action of anti-IXN-T12 and anti-DM could 
explain the positive results obtained with platelets carry- 
ing both antigens (compare Table 1). Synergistic actions 
of this sort have been deseribed for human red cell iso- 
antibodies’, and for iso and heteroantibodies against rat 
and rabbit leucocytes®. 

Unfortunately, no C’F anti-KN-T12 was available to 
test the theory of synergism of this antibody with anti- 
DM. Instead, we investigated several other C’F HL-A 
isoantibodies in this respect by testing mixtures of sera 
against fixed concentrations of platelets carrying both the 
corresponding antigens. The two sera were titrated 
separately, and part of each dilution from one serum was 
mixed with an equal part of a corresponding dilution of 
the other serum. All the dilutions were tested against 
platelets carrying both of the corresponding antigens. 
The results of one experiment are shown in Fig. 1; when 
present alone, anti-HL-A2 and anti-HL-A7 gave virt ually 
negative reactions when diluted to 1:64 and 1:32 
respectively. In contrast, a clearly positive reaction 
was obtained using a mixture with the same final dilutions 
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Fig. 1. Titration of anti-HL-A2 (x), anti-HL-A7 (@), and a mixture 

of these two antibodies (O) agamst the same HI-A2+, 7+ platelets. 

The ordinates represent the degrees of haemolysis of indicator sensitized 
sheep red-blood cells. 


of the two sera. The titre of a serum was defined as the 
reciprocal of the serum dilution corresponding to 50 per 
cent haemolysis. This dilution was said to contain one 
antibody unit. In Fig. 1 the anti-HL-A2 serum has 6 
titre of 40. The dilution of this serum in the mixture 
corresponding to 50 per cent haemolysis is 1 : 60, and so it 
contams 40/60=0-67 antibody unite. By analogy, it 
can be calculated that this mixture contains 0-70 anti- 
HL-A7 units. Thus, when present together, less than 
one unit of each of the two sera is needed to fix a sufficient 
amount of C’ to reduce the degree of haemolysis to 50 
per cent. Consequently, the two antibodies must have 
acted synergistically in the complement fixation reaction. 
Table 3 shows the antibody units present in mixtures 
corresponding to 50 per cent haemolysis for various 
combinations of different sera. Results obtained by 
mixing two different sera containing anti-HL-A2 are also 
shown, and at the bottom of the table are some control 
experiments with platelets carrying only one of the 
antigens in question. No “synergistic” effect was observed 
in these controls. In the remaining e iments, however, 
the mixtures corresponding to 50 per cent haemolysis 
always contained considerably less than one unit of each 
of the two antibodies investigated. 

The last column of Table 3 shows the sum of the antibody 
unite and it can be seen that for the combination of anti- 
HL-A2 with anti-HL-A7 more than one antibody unit 
is needed in the mixtures to reduce the degree of haemo- 
lysis to 50 per cent. This suggests that the synergism 


Table 8. SYNMRGISTIO MFFROTS OF HI-A ISOANTIBODIAS 


Antibody unite tn the 
Antibodies Antigens mbxture corresponding 
First Second on 60% haemolysis 
serum. serum platelets First Second 
serum serum Total 
Anti-HL-A2 Anta-HI-A7 HL-A2, 7 0-67 0 70 1:87 
0-68 074 1:87 
0-57 0-79 1:36 
0-78 0-61 1:89 
Anti-HL-A2 Anti-BB HL-A2, BB 0-64 031 0 95 
0-75 0:28 0-08 
0-69 0-75 1-44 
Anti-HI-A2 Anti-HL-A2 HLA 0-52 0-42 0-04 
0 65 0-45 1:00 
0-59 0-41 1:00 
Anta-HI-A2 Anti-HL-A7 HL-A2 0-98 0-00 
Anti-HI-A2 Anti-BB HL-A2 ro is 
Anti-HL-A2 Anti-HI-A7 HL-A? 0-00 1-00 
0-00 0-96 
Antl-HL-A2 Ant!-BB BB 0-00 1:00 
0-00 1-00 


Further explanation is given in the text. 
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of these two antibodies is less than a “‘simple additive” 
effect, which may indicate that the corresponding anti- 
genic binding sites are closely spaced on the platelet 
surface. 

Tt can thus be concluded that some HL-A isoantibodies 
behave synergistically, and it seems reasonable to explain 
the apparent recessivity or mcomplete penetrance of the 
EH character as a result of the synergistic action of two 
weak antibodies present in serum EH. These observations 
are pertinent to histocompatability testing carried out by 
means of HL-A typing, particularly because synergism 
may also be detected by the lymphocytotoxic test (per- 
sonal communication from P. Ivanyi). A similar pheno- 
menon may be found in other complex immunogenetic 
systems, and in this connexion 1t is interesting that a 
human red cell character, Ho, which is occasionally trans- 
mitted by people not expressing ıt, has recently been 
shown to be part of a rather complex system’. Phenotypic 
interaction, however, is also possible in these cases. 
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Stochastic Model for the Production 
of Antibody-forming Cells 


For some time it has been thought that the generation of 
antibody-forming cells (AFC) may involve an interaction 
between cell types'*. We present here a stochastic 
model, based on a two-cell interaction system, for the pro- 
duction of AFC. The assumptions on which the model 1s 
based have chiefly come from an interpretation of two 
types of experimental data, each of which can yield 
information concernmng the number of cells involved. The 
first is limiting dilution analysis, which is based on the 
Poisson. probability distribution. The second is dose— 
response analysis, showing the relationship between 
lymphoid cell dose and the number of AFC generated. 
These types of experiments involve either the transfer of 
lymphoid cells to irradiated, compatible recipients or the 
growth of lymphoid cells in diffusion chamber cultures. 
Limiting dilution analysis ıs an all-or-none type of 
assay, conducted with a range of lymphoid cell dose 
where there is a finite probability that a sample will not 
contain the species necessary for a response. Replicate 
samples of different doses are scored as either responders 
or non-responders. All limiting dilution experiments 
reported‘~’ indicate that the presence of only a single cell 
of a specific type is sufficient for a positive response. This 
conclusion, however, may be erroneous: it can be shown 
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for a multicellular interaction system that if all but one 
species are in great excess, the date would indicate that 
only a single cell of that species was required for a response. 
That is, limiting dilution analysis is capable of detecting 
only cells which are limitmg im the process, so it is not 
possible to decide whether one, two or more cells are 
involved on this basis alone. But it can be stated that 
only one cell is limiting; thus a sample must contain at 
least one of these cells. 

Dose-response data yield information on the magnitude 
of the response as a function of lymphoid cell dose. A 
linear relationship between the maximum number of 
AFC (or titre) and dose has been commonly observed!-!3; 
this 1s consistent with the idea that a single cell is respons- 
ible for the generation of AFC. Several investigators, 
however, have recently demonstrated a relationship 
which approximates a parabolic function when the range 
of lymphoid cell dose is lmmiting4-15, A parabolic relation- 
ship is consistent with the interpretation that the number 
of AFC produced is dependent on the interaction of two 
cells. 

Reports demonstrating both linear and parabolic 
relationships are rare because of the narrow range of cell 
doses used. The data of Bosma et al.14, involving a cell- 
transfer system, are an exception. A hypothetical 
logarithmic plot representing their data is shown in 
Fig. 1. The first leg of the curve is a parabolic function 
and the second leg is a linear function. The parabolic 
portion of the curve shows that for a ten-fold increase 
in the dose there is a hundred-fold increase in the 
maximum number of AFC generated. The transition 
from the parabolic to the linear function has been inter- 
preted to mean that there is an upper limit to the degree 
of interaction between the two cells. That is, at higher 
doses, saturated interaction complexes represent the 
chief class of immunologically competent units. 

Considering the lmiting dilution data and the dose— 
response data together, 1t appears that one cell may be 
limiting in terms of whether or not & response occurs, but 
that two cells may be limiting in terms of the magnitude of 
the response (that 18, the number of interactions). 

In view of the interpretations presented, it seems that a 
model involving interaction in the production of AFC is 
reasonable. The model must explain and reproduce the 
biphasic dose-response curve shown in Fig. 1. Before 
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discussing the model, it might be well to state explicitly 
the chief assumptions on which the model is based and to 
introduce some terminology. (a) Two cells interact in 
the generation of AFC, as indicated by the dose-response 
data. (b) One of these cells must greatly exceed the other 
in number, as revealed by limiting dilution analysis. 
(c) The cell detected by limiting dilution analysis deter- 
mines whether or not a response occurs, but does not 
determine the magnitude of the response. Because the 
magnitude must be determined by the number of progeni- 
tor cells activated, the cells detected by limiting dilution 
analysis are not the progenitors of AFC. These cells will 
be referred to as antigen-reactive cells (ARC). (d) An 
ARO interacts with progenitor cells (PC) which become 
transformed into AFC. The PC occur more frequently 
than do ARC. (e) Because there is a saturation effect 
indicated by the linear portion of the dose-response 
curve, the number of PC which can interact with an 
individual ARC is assumed to have an upper limit. Thus 
an ARO must have a multiple but finite number of inter- 
action sites. The PC are assumed to have a single site. 
(f) The mean number of divisions which a newly formed 
AFC undergoes is considered to be fixed. 

Important probability considerations for the interaction 
of PO s with ARO will be considered elsewhere. It must 
suffice to say that the mean number of PC interacting 
with an individual ARC is a function of cell dose only and 
this function is linear. 

The basic concept of the model should be clarifled by 
the qualitative description presented in Fig. 2. The 
rectangles represent the volume containing the dose of 
lymphoid cells. At unit dose, X, there is a mean of one 
ARC/semple. This ARC has four interaction sites. At 
dose X, there is a mean of one PO bound/ARC. This 
bound PC becomes transformed into an AFO which 
divides y times, giving a total of 2,AFC. When the dose is 
doubled, to 2X, there is mean of two ARC/sample; 
because the mean number of PC bound/ARC is a linear 
function of the dose, these ARC would be expected to 
bind two PC each. A total of four PC, on the average, 
would thus become transformed into AFC at dose 2X. 


Menn No 


PO bound PO 
ARO perARC transformed 





1 1 1 
Bx 2 2 4 
4x 4 4 16 
8x 8 á 82 





Pg 2 A diagrammatic representation of the interaction model. 
; O unbound PO; ©, hound, (or transformed) PC. Bee text for 
e 
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Each of these dividing y times produces a total of (4)2” 
AFC. The same reasonmg apples to a dose of 4X. It 
will be noted that the mean number of PC transformed 
and the total number of AFC produced have followed a 
parabolic relationship with the dose. That is, for every 
doubling of the dose, there is a four-fold increase ın the 
total number of PC bound or the number of AFC produced. 

The situation changes at doses between 4X and 8X, 
because at the former dose all the sites on an ARC are 
occupied by PC. Thus while the cell dose and the mean 
number of ARC are doubled in gomg to a dose of 8X, the 
number of PC transformed is not quadrupled because 
the ARC are saturated with PC. Only a two-fold increase 
in the mean number of PC transformed occurs ın gomg 
from 4X to 8X. For doses of 4X and above, the number 
of AFC produced is a linear function of the dose. 

From this qualitative description it 18 seen that the 
model will explam the shape of the curve in Fig. 1. A 
more rigorous development of the model has been made 
in terms of deriving a probability distribution function for 
the number of PC transformed and an expression for the 
expected number of AFC generated, but this will be 
presented elsewhere. A general equation describing 
curves of the type shown in Fig. 1 and giving the expected 
number of AFC produced at a given dose is 


E(A)=Spo No Y 


where H(A) is the expected number of AFC produced at 
cell dose No, S 18 the number of interaction sites/ARC, p 13 
the probability of a site on an ARC interacting with a PC 
at dose No, p is the frequency of occurrence of ARC in the 
population and y is the mean number of divisions of a 
transformed PC. The mean number of ARC/sample of 
dose No is ọNo. When all the sites/ARC have not 
interacted with PC, as is the case for doses below the 
inflexion point in the curve, p is less than 1 and H(A) 1a 
parabolic function of Ny. This is because p 1s a lmear 
function of dose below the inflexion pomt. For doses 
above the inflexion point, p is 1 and the relationship 1s 
linear. 

An important prediction, which this model permits, 
concerns the concomitant relationship between the number 
of haemolytic fooi/spleen and the maximum number of 
AFC produced/spleen as functions of lymphoid cell dose. 
Based on this model, the site of a haemolytic focus in the 
spleen of an irradiated recipient would be determined 
by the position at which an ARC lodges. Because the 
number of ARC is related in a linear manner to the dose, 
the number of foci/spleen would also be expected to be a 
linear function. Because of the necessity of conducting 
focus assays with relatively small doses of lymphoid cells, 
however, the accompanying increase in the number of 
AFC per spleen would be expected to follow a parabolic 
relationship with the dose. These predictions are con- 
firmed by experiments of Gregory and Lajthat in which 
it was observed that the number of haemolytic foci/spleen 
was linearly related to dose, while the number of AFC/ 
spleen was a parabolic function of dose. The features of 
the model which account for these predictions are that 
an individual ARC is able to interact with and cause the 
transformation of multiple PC, and that the number of 
PC transformed/ARC is a linear function of lymphoid 
cell dose. This being the case, if the PC differ from one 
another, it is possible that an individual focus may be 
composed of a heterogeneous population of progeny 
cells. That this may occur is indicated by the recent 
findings of Luzzati et al.1*. 

Although the model presented here is most probably an 
oversimplification of the actual cellular events leading to 
the formation of AFC, 1t may be useful in stimulating 
new ideas concerning the significance of cellular interaction 
in the immune response and other differentiating systems. 

This work was supported by the US Atomic Energy 
Commission under contract with the Union Carbide 
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immunogens and Non-Immunogens 
in the Induction of Tolerance 


THERE are few reports ın the hterature of immunological 
tolerance induced by non-ımmunogenic substances. In 
1965 Maurer et al.1 studied the effecte of neonatal injection. 
of synthetic polymers on the subsequent immune response 
of adult rabbits against related cross-reacting polymers. 
They found that the injection of poly-1-glutamic acid 
caused a depression in antibody response when animals 
wore immunized with a co-polymer of glutamic acid and 
alanine ın spite of the fact that the poly-L-glutamic acid 
was not of itself capable of immunizing rabbits. Baumun- 
ger et al.? subsequently showed that newborn rabbits 
treated with the non-mmmunogenie multichain poly-DL- 
alanyl-poly-L-lysme made no antibody specific for the 
poly-pL-alanyl determinants when subsequently mmmun- 
ized with poly-pi-alanyl protem conjugates. They con- 
cluded that ‘there is no correlation between the immuno- 
genicity of a substance and its capacity to induce toler-, 
ance”. It should be noted, however, that in a re-test of 
the ability of the multichain polymer to elicit an immune 
response, they found a measurable antibody level in one 
rabbit and concluded that this material was a poor 
immunogen in rabbits. 

In our studies on the specificity of delayed hypersensi- 
tivity we have found that arsanilic acid conjugates of N- 
acetyltyrosine induce a delayed hypersensitavity which 1s 
essentially hapten specific’. This delayed reactivity can 
be elicited by conjugates of arsanilic acid and a wide range 
of unrelated carriers. Subsequently we showed that only 
carriers which are in themselves immunogenic can sensitize 
for this type of reactivity or elicit such reactions in sensi- 
tized animals‘. Because of the possibility of synthesizmg 
a range of compounds in which diazotized arsanilic acid 
(ABA) 1s conjugated to carriers of various physicochemical 
composition, ıt became of mterest to examine these 
materials for their mmmunogenicity, and to compare 
this with their ability to induce ABA specific tolerance. 
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The compounds studied were prepared as previously 
described? by diazotizing arsanilic acid in cold nitrous acid 
and coupling the requisite molar quantities to the carrers 
dissolved in cold carbonate buffer pH 8-9. Conjugation 
was allowed to go to completion by stirring overnight ın 
the cold. Conjugates of macromolecular polymers were 
purified by several precipitations with acid and re-solution 
with alkali followed by exhaustive dialysis against borate 
buffer pH 8-5. The mono and di-ABA conjugates of 
N-acetyltyrosine were made by coupling one or two moles 
of diazotized arsanilic acid with one mole of N-acetyltyro- 
sine in the cold. Purification was achieved by fractiona- 
tion on a ‘Biogel-P-2’ column using borate buffer pH 8-5 
as eluant. Final analysis was by ultraviolet spectrophoto- 
metry in 0:1 N NaOH using 490 my as the absorption 
maximum for the ABA-N-acetyl ine and 645 my 
for the di-ABA-N-acetyltyrosine’, Poly-ABA-poly-t- 
tyrosine was made by the attempted coupling of one 
mole of arsanilic acid/tyrosine group. Spectral analysis 
showed only about 70 per cent of the theoretical maximum 
conjugation. The R18 dye, a conjugate of three moles 
of p-azophenyl-p-azophenylarsonic acid to one mole of 
resorcinol, was a gift from Dr Dan Campbell and was used 
without further purification. 

As a test of immunogenicity, random bred white male 
guinea-pigs (400 g) were injected with 100 ug of material 
in 0-1 ml. of complete Freund adjuvant in the four foot 
pads. Three weeks later they were tested for the presence 
of hapten-specific delayed hypersensitivity by skin tests 
with 40 ug of ABA-egg albumin conjugate. At the same 
time skin tests with a 1: 200 dilution of old tuberculin 
(O.T.) were performed as a non-specific control of sensitiza- 
tion. Reactions were recorded at 24 h. 


Table 1. ABILITY OF ABA-OONJUGATES TO SHNSETIZE GUINMA-PIGS 


Average delayed 
Conjugate used. No. reaction in mm to 
for tmmunization tested ABA-Es O.T. 
(100 ug) (40 ug) (1:200) 

ABA-N-acetyl 18 15 
di-ABA-N-acetyltyrosine 9 14* 14 
R13 1 0 15 
ABA-poly-1-tyrosine 8 16 15 
ABA- -D-tyrosine 6 0 16 
poly-. -poly-L-tyrosine 11 ot 17 


* Mostly erythema, little induration. 
+ One guinea-pig had an erythematous reaction. 


The resulta shown in Table 1 indicate that R13, ABA- 
poly-p-tyrosme and poly- ABA-poly-L-tyrosine are non- 
immunogens in the sense that they fail to sensitize guinea- 
pigs to the ABA-group in the dose tested. ABA-N-acetyl- 
tyrosine and ABA-poly-u-tyrosine are both excellent 
immunogens and provoke a high degree of hapten speorfic 
delayed sensitivity to ABA-conjugates in all animals 
tested. The di-ABA-oconjugate of N-acetyltyrosine 
occupies a peculiar intermediate position in that all animals 
tested showed some hapten-specific reaction to ABA-Ea 
(egg albumin) at 24 h, but this reaction usually consisted 
of erythema only with little or no induration. All animals 
in the experiment were highly sensitive to old tuberculin, 
indicating that an effective immunizing stimulus had been 
given whether or not they responded to the ABA-conju- 

te. 

To teat the ability of these compounds to induce toler- 
ance they were dissolved in saline in a concentration of 
2 mg/ml. Groups of guinea-pigs were given 1 ml. of 
conjugate distributed among the four foot pads, and also 
intraperitoneally 1 week before immunization. A second 
injection of the small molecular weight compounds 
ABA-N-acetyltyrosine, di-ABA-N-acetyltyrosine and R'3 
as well as the poly-ABA-poly-L-tyrosine were given 6 
days before immunization. All animals in addition to a 
group of uninjected controls were immunized with 100 
ug of ABA-N-acetyltyrosine emulsified in 0-1 ml. complete 
Freund adjuvant and distributed among the four foot 
pads. Three weeks later they were skin tested with 
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40 ug of ABA-conjugate of egg albumin (ABA-Ea) and 
1 : 200 O.T. 

The resulta in Table 2 show that a pronounced suppres- 
sion of delayed sensitivity occurred in only two groups of 
animals. The group given ABA-poly-L-tyrosine showed 
an almost total absence of hapten-specific delayed hyper- 
sensitivity while the group treated with ABA-N- 
acetyltyrosine showed marked suppression to the pomt 
that reactions consisted almost entirely of erythema 
with little or no induration. In both cases, the specificity 
of the unresponsiveness was seen in the presence of normal 
reactivity to O.T. All other groups showed essentially 
undiminished ABA specific reactivity. 


Table 2. ABILITY OF ABA-OONJUGATHS TO SUPPRESS SENSITIZATION OF 
QGQUINEA-PIGS WITH ABA-N-AORTYLTYROSING 
Average delayed 
te used No. reaction in mm to 
for pre-treatment tested ABA-Ba O.T. 
(40 ug) (1:200) 
ABA-N-acetyltyrosine (4 mg) 6 10* 17 
di-ABA-N-acetyltyrosine (4 mg) 7 14 16 
Bi8 (4 mg) 4 16 15 
ABA-poly-L-tyrosine (2 mg) 6 0 14 
ABA- -D-tyrosine (2 ) 5 14 15 
poly-. “paly-1-tyrosine (4 mg) 6 11 18 


* Mostly erythema, little induration. 


These expermments show that a significant degree of 
unresponsiveness in respect to delayed hypersensitivity 
was produced only by treatment of the animals with 
compounds shown to be immunogenic. The one border- 
line compound di-ABA-N-acetyltyrosine, which produced 
some slight degree of sensitization, was unable to induce 
an unresponsiveness in the dose used. 

It is of some interest that all these compounds contain 
the azobenzenearsonate group coupled to a benzene ring, 
which is presumably the specific determinant to which 
sensitivity is produced. It would therefore seem plaus- 
ible that tolerance or unresponsiveness is not solely the 
result of the passive interaction between an antibody-lke 
receptor and an antigenic determinant. Rather it would 
seem that as proposed for the elicitation of delayed 
reactions*:*, tolerance too requires an active stimulatory 
event involving immunogenic materials. 

One possible interpretation of immunogenicity is that 
there is a requirement for cellular processing or digestion 
of the material in question’»* before ita involvement in 
sensitization, elicitation or tolerance induction. In this 
light, we suggest that the non-immunogeniaity of di- 
ABA-N-acetyltyrosine, R13 and poly-ABA-poly-.-tyro- 
sine lies in the steric inhibition produced by the crowding 
of ABA groups, while the non-rmmunogenicity of the 
ABA-poly-p-tyrosine is related to the resistance of 
polymers of D-amino-acids to enzymatic processing’. 

We thank Mrs Ann Michaels for her assistance. This 
research was supported by a grant from the US National 
Institutes of Health. 
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Prolonged Clot Lysis Time and 
Absence of Platelet ~M-globulin in 
Patients with Thrombasthenia 


THE presence of fibrinogen, yM-globulin, ~G-globulin, 
albumin and plasminogen on or m normal washed platelets 
has been demonstrated by the use of specific antisera’, 
Taylor and Miiller-Eberhard‘ observed that blocking either 
fibrinogen or yM-globulin with specific antibody prevented 
normal retraction and lysis of dilute whole-blood clots 
prepared by the technique of Fearnley et al.5. Because 
platelets are also n for a normal response‘, their 
studies suggested that the fibrinogen and yM-globulin 
adsorbed onto the platelets play an essential part in the 
process. 

The finding of a prolonged dilute clot lysis time m a 
patient with thrombasthenia (M. M.)* lent support to the 
view. In this rare congenital disorder, the platelets fail 
to promote elot retraction or to aggregate with adenosine 
diphosphate (ADP) or thrombin’, and most patients have 
a low platelet fibrinogen level’:*.10-11, The dilute whole- 
blood clot lysis test was performed on samples from M. M. 
and two other thrombasthenic patients’. The platelets of 
the three patients were also tested to determme whether 
they contained normal amounts of yM-globulm. Previous 
studies’#* on these patients had shown that platelet 
counts on whole blood were between 180,000 and 225,000/ 
mm’, plasma fibrinogen concentrations were normal, and 
platelet fibrmogen levels were low. 

Twenty millilitres of blood was drawn from a non- 
fasting patient and from a normal subject used as a 
control. For clot lysis studies, 2 ml. of blood was im- 
mediately diluted 1:10 in ıce cold phosphate buffer 
(0-034 M, u 0:072, pH 7:4). Ahquote, 2 ml. of the diluted 
blood, were placed in tubes and clotted at 4° C with one 
unit of bovine thrombin (Topical Thrombin, Parke Davis 
and Co., Detroit, Michigan). The tubes were transferred 
to a 37° C water bath after 30 min and observed for clot 
retraction and complete lysis'. 

The remaming 18 ml. of the patient’s original blood 
sample provided platelets for identification of yM-globulm 
and other proteins by platelet agglutmation. All pro- 
cedures were carried out at room erature. The 
blood, with 2 ml. of 3-2 per cent (0-11 M) sodium citrate 
added, was centrifuged slowly to prepare platelet-rich 
plasma (PRP). The PRP, with 1/25th volume of 5 per 
cent (0-185 M) EDTA added, was centrifuged to sediment 
the platelets. The supernatant was decanted, and the 
platelet button was resuspended in 7-10 ml. of 0-15 
M NaCl. This centrifugation ing procedure was 
repeated twice with saline, and the final Platelet button 
was Tesuspended in 1-2 ml. of phosphate buffer. The 
platelets were counted and the volume of the suspension 
adjusted to 500,000-600,000 platelets/mm*. Approxi- 
mately 0-05 ml. of the platelet suspension, was added to 
0-05 ml. of rabbit antiserum or normal rabbit serum in 
each well of a haemagglutination plate which was placed 
on a shaker. Observers unaware of the composition of the 
samples assessed the degree of agglutination after 30 mm 
with the aid of a phase microscope. Anti yM and G- 
globulin were obtained from Behringwerke, Marburg/Lahn, 
Germany, and anti-fibrmogen and albumin from Hyland 
Laboratories, Los Angeles, California. 

The results in Table 1 confirm the preliminary finding of 
abnormal clot lysis in a thrombasthenic patient, and 
demonstrate that platelets in such patients do not 
agglutinate nearly as strongly with anti-yM-globulin and 
anti-fibrmogen as do normal platelets. Platelets from two 
of the three patients also showed less agglutination with 
anti-yG-globulm. The platelete of all threo patients, 
unlike normal platelets, agglutmate with anti-albumin. 
The studies (1) reveal new abnormalities in the surface 
proteins of thrombasthenic platelets; (2) suggest that 
these platelets are unable to adsorb normal amounts of 
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plasma proteins of high molecular weight; (3) introduce 
new evidence of the mediating role of platelet-bound yM- 
globuhn and fibrinogen ın the retraction and lysis of 
dilute whole-blood clots; and (4) raise the question of 
possible involvement of yM-globulm m ADP-induced 
aggregation of normal platelets. 


Table 1. oLor RETRAOTION, OLOT LYSIS AND AGGLUTINATION OF PLATELETS 
WITH VARIOUS ANTISHRA IN CONTROL SUBJECTS AND PATIENTS WITH THROMB- 
ASTHENTIA 


Olot Platelet agglutination with antisera 
Tetraction Clot lysis (0-4+) 
Subject at 2h time* Anti- Anti- Anti- Anti- 
(0-4+) (h) yM fbg. yQ alb. 
Pt. (M. M.) 1+ >6 1+ 0 0 1+ 
Normal 1 4+ 3 4+ 8+ 1+ 0 
Pt. (L W) 1+ >6 0 0 1+ 2+ 
Normal 2 4+ 3 8+ 4+ 1+ 0 
Pt. Mf. O.) 0 6 1+ 1+ 0 2+ 
Normal 8 4+ 3 4+ 8+ 1+ 0 


* Normal values: $4 h. 
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Lateral Inhibition Explanation of 
Geometrical Illusions 


Ganz’ has suggested that figural distortions found with 
geometrical illusions are produced by lateral inhibition 
which resulta whenever the visual system signals informa- 
tion about spatially adjacent contours’, In explaining 
why two lines appear out of alignment when a further 
figure is next to one of the lines (Fig. 1) Ganz has assumed 
that apparent location is determined by the mean of the 
spatially distributed ridge of excitation which is the 
neural correlate of a contour. When one figure 1s near 
another the distribution of excitation from each figure is 
modified through lateral mhibition. Excitation 18 not, 
however, uniformly reduced; the sections of a distribution 
which are closer to the peak of the excitatory ridge of the 
other figure are inhibited more than sections farther away. 
The mean of each distribution will thus be shifted, and 
the figures will appear displaced from each other. 
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Gregory? has claimed the lateral inhibition explanation 
can be assessed by establishing whether perceptual error 
occurs when an illusion figure is seen binocularly but some 
parts are viewed by one eye and other parte by the other 
eye. This method has been used for a similar purpose 
by other expermmenters*-’. Like Gregory? they have found 
illusions are diminished when the possibility of interaction 
at the retinal level between adjacent contours 1s elimmated. 
Such data do not, however, indicate that geometrical 
illusions are dependent, even partly, on retinal inhibi- 
tion; the marked depth effects, binocular rivalry and 
contour suppression found when different spatial informa- 
tion is presented to the two eyes may be responsible for 
reduction ın ilusion®*. If this is so, diminution in 
illusion should occur for figures for which there is con- 
siderable retinal rivalry (for example, Zollner’s illusion) 
but not for figures for which there is little or no rivalry 
(for example, Ponzo’s illusion). These expectations are 
not generally consistent with Gregory’s results’. They are, 
however, entirely consistent with data reported by Schiller 
and Wiener’, who studied perception in exposure condi- 
tions generating different degrees of rivalry, and measured 
the amount of illusion rather than merely its presence 
or absence. Ther results indicate that interaction 
between contour information st the retinal level is not 
a necessary condition for illusion. 





Fig. 1. Alignment illusion. 


There are further reasons for suggesting that geometrical 
illusions are not dependent on neural inhibition. The 
largest error (1:25 mimutes of arc) found with the align- 
ment illusion (Fig. 1) ocours when the separation between. 
the nearest borders of the adjacent contours is minimal; 
no illusion is found when contour separation is greater 
than 30 mmute of arc!. Much larger distortions are 
obtained, however, with other illusion figures, and these 
distortions occur between contours separated by a distance 
greater than that over which inhibition is considered to 
have effect". With the Delboeuf figure (Fig. 2), for 
example, an illusion of 15 minutes of aro is found when 
the two circles are separated by 1-5 degrees’; considerably 
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less illusion is obtamed for smaller separations’. In 
addition contour attraction (assimilation) occurs with this 
figure, yet contour repulsion (contrast) would be expected 
if the illusion is dependent on inhibition. Lateral inhibi- 
tion cannot underlie both the ahgnment and the Delboeuf 
illusions in that inhibition would need to operate over & 
restricted distance in one case but over a much greater 
distance, and in a different way, in the other case. An 
alternative 1s that different neural mechanisms are 
responsible for different classes of illusions; to mamtain 
this position it is necessary to show that the stimulus 
features which trigger a particular mechanism are pos- 
sessed only by 1llusons of a given class. 


OO 


Fig. 2. Delboeuf lusion. 


An addıtional diffculty for neural explanatıons is that 
the amount of illusion is controlled by experiential vari- 
ables, such as instructions and repeated trials, and not 
only by stimulus variables. Less illusion is found when 
observers adopt a “partistic” rather than a “wholistic’’ 
judgment criterion, and illusions diminish over repeated 
trials even though contour separation within the figure has 
remained un As practice decrements transfer 
between visual and haptio (tactile-kmaesthetic) judgment 
of an illusion figure’, the influence of repeated trials on 
Ilusion cannot be in terms of modification of lateral 
inhibitaon. 

Demonstration that an analysis of wlusions in terms of 
neural inhibition is inadequate does not automatically 
provide support for explanations offered in terms of 
attention!*, inappropriate constancy scaling or other 
central mechanisms. ‘These accounts have difficulties 
of their own. Attentional theories have tended to specify 
error-inducing operations in terms of their consequences", 
while the position that illusions occur when, perspective 
features in stimulation wrongly imtiate the size-constancy 
scaling process cannot explain why equivalent errors are 
obtained with visual and haptic judgment of illusion 
figures when there is no haptic counterpart of visual 
perspective". 


Ray OVER 


Department of Psychology, 
Dalhousie University. 
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Obituaries 
Dr A. D. Wadsley 


Ox January 6, 1969, Arthur David Wadsley died suddenly 
in Canberra while chairing the openmg seasion of an 
international symposium on phase transformations and 
the Harth’s interior. 

Born in Hobart in 1918, Wadsley studied metallurgy 
and chemistry at the University of Tasmania (BSo, 1940; 
MSc, 1942; DSc, 1956). An mterest m chemical 
erystallography—to become the dominant feature of his 
career—arose from early research on manganese dioxide in 
the Minerals Utilization Section of the Division of In- 
dustrial Ch , Council for Scientific and Industrial 
Research. Intrigued by his failure to develop a suitable 
manganese dioxide for dry cells from an anode “mud” 
produced in the Tasmanian plant of the Electrolytic Zinc 
Company of Australasia, Wadsley spent five years study- 
ing the structure and reactivity of the oxides of manganese 
and related compounds. 

His reporting of this work, comprising brief notes m 
Nature (170, 973; 1952: 172, 1103; 1953) and lengthier 
papers in specialist journals (Acta Oryst., 6, 433; 1953: 
8, 165; 1955: J. Ohem. Phys., 22, 346; 1954) set a character- 
istic pattern for his subsequent publications. At this 
tıme, as he laid the foundation for his work on non- 
stoichiometric compounds, his thinking was influenced by 
the results of Scandinavian research. This was particu- 
larly noticeable in his first paper on the concept of crystal- 
lographic shear (Rev. Pure and Appl. Chem., 5, 165; 1955). 

When, in 1959, the Minerals Utilization Section was 
constituted as the Drvision of Mineral Chemistry, Common- 
wealth Scientific and Industrial Research Organization, 
Wadsley became the centre of a widespread programme of 
collaboration with both Australan and international 
research workers. Some of this activity was reflected in 
a series of communications to Nature. Simultaneously he 
accepted an increasingly heavy administrative load and 
was appomted Chief Research Scientist in 1964 and 
Assistant Chief of the Division in 1967. 

Throughout his scientific career, one of Wadsley’s 
chief driving forces was the desire to bring order into work 
associated with “defects” in the non-stoichiometric 
oxides and related compounds of titanium, vanadium, 
niobium, tantalum, molybdenum and tungsten. Hoe 
constantly referred to the time when morganic chemists 
would be able to design new structures in the solid state 
at will, and sought the principles which would make this 
possible. During the Werner centenary celebrations he 
summarized his work on compounds of the transition 
metals by claiming that a polyhedron, centred around a 
transition metal ion m its maximum valency state, 18 
attracted towards similar polyhedra, and unites with them 
so as to have the maximum. edge or face-s com- 
patible with the stoichiometry of the phase in which it 
occurs (Helv. Ohim. Acta. Fasctoulus extraordinarwe 
Alfred Werner, 207; 1967). On this postulate of stable 
polyhedral groups, Wadsley based his many contributions 
to the “block” theory of structure, and an extensive 
review of this work is scheduled to appear ın Perspectives 
tn Ohemistry. 

Just before his death he was delighted to hear that one 
of the three principal mterests of the new Journal of 
Solid State Chemistry was to be solid state synthesis and 
characterization, and he accepted an appointment on the 
editorial board. His posthumous publications on the 
nature of defects revealed by electron microscope fringe 
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patterns will appear in that journal and in Acta Orystal- 
lographica. They will provide a reminder of @ career 
which was tragically terminated in its prime. 


Dr Ellen Gleditsch 


Tum rapid development of the nuclear sciences in the past 
few decades has tended to obscure the memory of the 
pioneers who laid the foundations and were instrumental 
in the early development of the subject. Ellen Gleditsch, 
who died in Oslo during the summer of 1968, was one of 
those pioneers. She was the first student of Madame 
Curie, from 1907 to 1912. 

Great confusion confronted scientists at that time, 
before the concept of isotopy had been recognized. It 
was easy to place the newly discovered polonium in the 
periodic system, and also actinium, but what was to be 
done with ionium (Th-230), radiothorium (Th-228) and 
radioactinium (Th-227), the active deposits? To bring 
some kind of order into this chaos ıt was necessary to 
know the physical and chemical properties of these 
elements, their relationships with other elements and 
their abundance in nature. The origin of actinium and 
its ratio to uranium im different minerals was Ellen 
Gleditsch’s special interest. She found a 5 per cent ratio of 
actinium to uranium, instead of 0-15 per cent ın the two 
Norwegian minerals broggerite and cleveite. She deter- 
mmed the ratio of radium to uranium to almost the value 
accepted today. The same goes for the half life of radium 
and the age of minerals; she realized the value of the 
radioactive property of potassium in geophysics. Soon 
after the discovery of isotopy her interest was directed 
towards the determination of the atomic weight of lead 
and chlorine isotopes separated from uranium minerals. 
These were the results of her early work during the time 
which is often called the “heroic” period of the nuclear 
sciences. 

Ellen Gleditsch was Licenciée en Sciences at the Sor- 
bonne in 1912, doctor honoris causa from Yale University 
im 1913-14, and honorary doctor of the University of 
Strasbourg. She was associate professor of chemistry at 
the University of Oslo from 1916 to 1929, professor from 
1929 to 1946 and professor emeritus from 1946. 

After her retirement, Ellen Gleditach was busy lecturing 
and writing biographical essays of the Curies, Lavoisier, 
Gay Lussac and Saint DeVille. France was her second 
home, to which she returned regularly, and where she was 
the first woman to receive an honorary doctorate from 
the Sorbonne. She was also honoured with the Legion 
d’Honneur. 


Correspondence 


Coalfield Exploration 


Sm,—While agreeing with Spink that an suthoritative 
study of the extremely interesting and varied coalfields 
of Leicestershire and South Derbyshire would be most 
desirable, I would that his article published in 
Nature (220, 129; 1968) is perhaps somewhat lacking in 
objectivity, with generalities not always fully supported 
by facts. 

No exception is taken to much of the factual informa- 
tion published in the article, but I must draw attention to 
some statements which seem to require more detailed 
examination and discussion. It is, for example, very much 
doubted whether there is, in fact, a paucity of marme or 
“mussel”? bands in this area and I also believe many 
geologists would agree that there is an over-emphasis on 
earth movements deduced from sedimentological informa- 
tion, indicating that insufficient weight has been given to 
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the normal deltaic processes. The observations on the 
grade of the Coal Measures rocks of the area are also, in 
my opinion, too sweeping and need to be more precisely 
stated. 

Despite these criticisms I feel that Spink has made a 
useful contribution to our knowledge of the geology of 
these coalfields and wish to make it clear that the National 
Coal Board is only too willing to make the geological 
information obtained from its deep mining activities freely 
available to serious researchers of the subject. 


Yours faithfully, 


G. ARMSTRONG 
National Coal Board, 
Hobart House, 
Grosvenor Place, 
London SWI. 


What will Happen to Geology ? 


Sin,—It is not my intention to comment on the main 
theme of the mteresting and provocative article entitled 
‘What will Happen to Geology ?” published in your issue 
of March 8 (221, 903; 1969) but to correct a misunder- 
standing in the article on the usage of this council’s 
research vessel John Murray. This ship was provided 
specifically for university departments to carry out marme 
research; the needs of the IGS to study the geology of 
the continental shelf are met by hiring suitable ships and 
equipping them for the purpose. The limitations imphed 
by your article have therefore not occurred. 


Yours faithfully, 
R. L. J. WRAIGET 


Natural Environment Research Council, 
Alhambra House, 

27-383 Charing Cross Road, 

London WC2. 


Demise of a Department 

8imm,—My attention has been drawn to your discussion of 
the proposal to close the Department of the History and 
Philosophy of Science at University College London 
(Nature, 221, 995; 1969). You show that this would 
reduce the establishment of the college by four, and add 
that “eventually a second readership would lapse”. In 
case the chairman of the University Granta Committee 
reads your article and thinks that this further reduction 
in the number of senior poste is imminent, I wish to pomt 
out that the readership in question is mine, and that it is 
due to lapse when I retire, about 1990. 

You should know that Professor P. K. Feyerabend is 
on the staff of this department, not the Philosophy 
Department; that at least thirteen of our former students 
are lecturers, readers or professors at other universities, 
not a handful; that we have about twenty MSc students, 
not a dozen; and that we also have nearly twenty PhD 
candidates, and not just “‘the occasional” one. 


Yours faithfully, 


W. A. SMBATON 
Department of the History and 
Philosophy of Science, 
University College London, 
Gower Street, 
London WCl. 


University News 


Professor G. V. Raynor, dean of the faculty of science 
and engineering, has been appointed deputy principal at 
the University of Birmingham. 
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Professor A. R. Battersby, University of Liverpool, 
has been elected professor of organic chemistry at the 
University of Cambridge. 


Professor G. W. Mackey has been elected to the new 
Landon T. Clay professorship of mathematics and theo- 
retical science at Harvard University. 


Four new professorships in aspects of urban life, provided. 
by a grant from the Ford Foundation, have been estab- 
lished at Harvard University. Dr J. F. Kain has been 
elected professor m economics, Dr L. Ramwater professor 
m sociology, Dr N. Glazer professor m education and 
social structure, and Dr F. E. Smith professor in advanced 
environmental studies in resources and ecology. 


Dr E. A. Friedman, Chicago Medical School, has been 
appointed professor of obstetrics and gynaecology at 
Harvard University. 


Dr C. M. Pierce has been appointed professor of education 
and psychiatry at Harvard University. 


The title of professor of medicine has been conferred on 
Dr T. R. E. Pilkington, St George’s Hospital Medical 
School, University of London. 


The title of professor of histopathology has been con- 
ferred on Dr G. B. D. Scott, Royal Free Hospital School 
of Medicine. 


The title of professor of pharmacognosy has been con- 
ferred on Dr E. J. Shellard, Chelsea College of Science 
and Technology. 


Appointments 


Mr C. W. Mallinson, County Treasurer, West Sussex 
County Council, has been appointed deputy chairman 
of the National Computing Centre. 


Mr S. Spain has been appointed head of the Electrical, 
Chemical and Shipbuilding Industries Division of the 
Ministry of Technology. 


Dr J. has been elected president of the Royal 
Irish Academy; Dr V. C. Barry has been elected 
treasurer. 


Announcements 


Alfred North Whitehead Fellowships for advanced 
study in education at Harvard University have been 
awarded to Mr R. H. de Lone, Professor T. F. Green, 
Mr J. W. Guthrie, Mr 8. Halperm, Mr K. Haskns, Mr 
T. E. Nelson, Mr K. R. Plath and Mr M. Trammel. They 
will use the university’s resources and those of the Cam- 
bridge—Boston community for a year of independent 
study. 


The Bertner Foundation Award of the University of 
Texas M. D. Anderson Hospital and Tumor Institute at 
Houston will be awarded to Professor Boris Ephrussi, 
director of the Centre de Genetique Moleculaire, Centre 
Nationale de la Recherche Scientifique of France, for his 
contribution to cancer research; Dr T. S. Painter, 
professor emeritus of zoology at the University of Texas, 
will receive the first Anderson Award for scientific 
creativity and teaching. 

The American Institute of Physics and the United 
States Steel Foundation have instituted a new science 
writing prize for physicists and astronomers. Material 
submitted must have appeared in newspapers, magazines 
or books mtended for the general public between June 1, 
1968, and May 31, 1969. Further information may be 
obtamed from the Public Relations Drvision, American 
Institute of Physics, 335 East 45th Street, New York, 
NY 10017, USA. 
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International Meetings 


April 7-10, Chemistry of Interfaces, Lunteren (Mr 
J. W. Th. Lichtenbelt, Van’t Hoff Laboratory, Sterrenbos 
19, Utrecht, Netherlands). 

April 8-10, Computer Processing in Communications, 
New York (Polytechnic Institute of Brooklyn, 333 Jay 
Street, Brooklyn, NY 11201, USA). 

April 18-21, Medicine, Pharmacy and Population in 
the 18th Century, Nottmgham (British Society for 
History of Pharmacy). 

April 19, British Society for Social Responsibility in 
Science, London (Royal Society, 6 Carlton House Ter- 
race, London SW1). 

July 21-24, Clustering Phenomena in Nuclei, Bochum 
(H. v. Buittlar, Physics Department, Ruhr-Universität 
Bochum, D463 Bochum, Federal Republic of Germany). 
August 4-15, NATO Advance Study Institute in Verte- 
brate Evolution : Mechanism and Process, Istanbul 
(M. K. Hecht, Department of Biology, Queens College, 
Flushing, New York, NY 11367, USA). 

September 11-12, Sulphur in Nutrition, Oregon (J. E. 
Oldfield, Chairman, Symposium on Sulphur in Nutrition, 
Oregon State Univeraity, Withycombe Hall, Corvallis, 
Oregon 97331, USA). 

September 15-18, Internal Medicine, Warsaw (Profes- 
sor Marian Tulozynski, ul. Lekarska 11, Warszawa 22, 
Poland). 

September 23-25, Microcinematography as a Research 
Method in Cytology, Hradec Kralove (Secretariat of the 
Organizational Committee, Biological Department, Faculty 
of Medicine, Charles University, Simkova 870, Hradeo 
Kralove, Czechoslovakia). 

September 24-27, Amorphous and Liquid Semi- 
conductors, Cambridge (Professor Sir Nevill Mott, 
Cavendish Laboratory, Cambridge, UK). 

September 29-October 2, International Orbiting 
Laboratory and Space Sciences, New Mexico (Dr 
E. A. Steinhoff, Department of Aeronautics and Astro- 
nautics, School of eering, Massachusetts Institute 


of Technology, Cambridge, Massachusetts 02139, USA). 






Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective, 


WANTED: Furnished one-room plus bath and 
kutchenette flat for three months from October for 
single professor of genetics at American medical 
college. Easy access to Univeraty College London 
important. Please contact Walter Landauer, 
Animal Genetics, University College London, 4 
Peterson Way, London NWI. 


WANTED: Furnished room or flat with cooking 
facilities for American medical student and wife 
for July and August, withm reach of the Royal 
Army Medical College, Chelsea, London. Please 
contact R. D. Swartz, 1008 Island Drive Court, 
Apartment 101, Ann Arbor, Michigan 48105, USA. 


VACANT: Furnished house, four bedrooms, in 
Highgate, 5 miles from the centre of London. 
Available from early July to mid-September 1969. 
Please contact L. V. Crawford, Imperial Cancer 
Research Fund, Lincoln’s Inn Fields, London WC2. 
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BRITISH DIARY 


Tuesday, April 8 


INSTITUTION OF ELECTROKIO AND RADIO HNGIVMERS, Basr ANGLIN 

SECTION (joint meeting with the IRE, at the Civico Centre, Duke ede 

guelasfo ), at 7 p.m.—Mr P. J. Oott: ' ivers for Satellite G: 
ans”. 


Wednesday, April 9 


Teens OF R ETRIGREATION Gotnt meeting gih e ce of good 
Science and Techno! a versity o: , Birmingham’ 
meeting on “The Cold Ohau. 7 

INSTITUTION OF ELEOTRIOAL ENGINEERS (at tho Royal Aeronautical 
on meeting on 


Soclety, 4 Hamilton Place, London, W1), at 6 p.m.—Discussi 
“Safety Analyms of the of Complex Systems” by Mr 0. M 
Copage, Mr E. Lloyd, Mr T. A. MoMullin and G. Southcombe. 


INSTHTUTION OF ELEOTRONIO AND RADIO ENGINEWRS, NORTH EA9TERN 
SHOTION (at the Institute of and Mechanical eers, Neville Hall, 
T estgato Eoad, Newcastle upon e), at 6 pam—Mr J. É. F. Jowett: 
“Satellite Communica! tate of the Art”. 

PLASTIOS INSTITUTE, SOUTH WALES AND MONMOUTHSIORA SEOTION (at 
the University of Wales Institute of Science and Technology, Cardiff), at 
7.15 p.m.—Mr G. H. Arnold: “Ohlorinated PVC”, 

PLASTICS INSTITUTE, SOUTHERN SECTION hy the Polygon Hotel, Southamp- 

fon), at 7.80 p.m.—aMr P. W. Milner: “Getting the Best from Polymer 


Wednesday, April 9—Friday, April 11 


INSTITUTION OF MECHANICAL ENGINERRS (at the University of Warwick) 
—S8ymposium on ‘Technical Advances in Gas Turbine Degn”. 


Thursday, April 10 


INSTITUTION OF ELROTRONIO AND RADIO ENGINEERS, JOINT TERE, 
COMPUTHE GROUPS (at 9 Bedford are, London, WO1), at 6 p.m. - 
quium on “Modern ds in Magno Storage”. 

INSTITUTION OF MEOHANIOAL ENGINEHRS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdoage Walk, London, SW1), at 6 p.m.—Discuasion on “The 
Practical Importance of Transient in Fluid Power Oirouita”. 

NORTH Hast METALLURGICAL SOCIETY (at the Cleveland Scientific Insti- 
tat Corporation Road, Middlesbrough), at 7.80 p.m.—Mr E. W. Voice: 
“The Role of Research in Ironmaking”. 


Thursday, April 10—Friday, April 11 


UNIVERSITY OF BRADFORD, in association with the Faraday Soctety (at 
the University)—Informal discussion on “Developments in Polymerisation”. 


Friday, April 1 
HOSPITAL PHYSIOISTS’ ASSO0LATION; and the INSTITUTE OF UROLOGY (at 
the Royal of 8 Lincoln’s Inn Fields, London, W.O0.2), at 
10.80 a.m.—Mee on “‘Scfence and Technology in Renal Dialysis”. 


INSTTFUTION OF ELEcTRIGAL ENGOTHARS (at Bavo pae London WOD, 
at 5.30 p.m.—Mr A. W. Stennett, Mr A. J. Lambeth, Mr D. J. Parr, Mr R. 
Scarish: R. G. Kingston’ ‘“Resin-bonded Glass 


Mr A. Wilson and 
hy Insulators”. 


SOCIETY OF COSMETIO CHEMISTS OF GREAT BRITAIN (at the Ro Boolety 
of Arts, John Adam Street, London, WC2), at 7.80 Pp.m.—Dr I, Sarkany: 
“Organ Culture of Skin”. 

Monday, April 14 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2), 
at 5.80 p.m.—Discussion meeting on “Bwitchgear Arcs” opened by Dr W. 


Monday, April |4—Tuesday, April 15 


LINNEAN SOOIRTY oF LONDON (at the University of Sheffield)—Sympostum 
on “Biosystematics and Taxonomy of Higher Plants”. 


Monday, April 14—Wednesday, April 16 
AGRICULTURAL RESHAROH COUNCIL (at the Meat Research Institute, 
Langford, Bristol\—Symposium on “The Production of Meat from Male 
y F ELEOTRIOAL ENGINEERS, in association with the Ro 
Institute ot Phyeloe ad the Pini Seay Ca nem Engineers; and 
08 e 
SW7)—Conference on “Influence of Electric and Magnetic Fields on open 


Monday, April 14—Friday, April 18 


Cmmooar Soormry; and THs ROYAL INSTITUTR or CHEMISTRY (at the 
University of Nottingham)—Joint Annual Meetings. 


INTHENATIONAL CONGRESS ON FRACTURE (at the Metropole Hotel, Brighton) 
—Second International Conference on “Fracture”, 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Radiation Protection. IORP Publication 12: General Principles of 
Monitoring for Radiation Proteotion of Workers—a by Committees 4 
of the Ini onal Commission on Radiological Pro jon, Pp, v+24, 
Oxford, London and New York: Pe on Pross, 

ternational Commission on Radiol 
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( LK by] IN THE SERVICE OF SCIENCE 


Ampholine Electrofocusing equipment, 

including Power Supply, 

Uvicord ultraviolet Monitor and Recorder, 
ready for protein separation 


LKB INSTRUMENTS LTD @LKB HOUSE 232 ADDINGTON ROAD @$ CAOYDON, SURREY CR2 SYD @TEL 681-557-8246 
SALES AND SERVICE THROUGHOUT THE WORLD STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 


Separation 


PROTEIN 





A separation 
of chicken haemoglobin. 





Purification 


| Characterization 


Research establishments, hospitals, 
and industry throughout the world 
have used LKB Ampholine Electro- 
focusing to successfully separate the 
following kinds of protein. 


Endotoxins from bacteria 
(lipopolysaccharides) 

Capsular polysaccharide from H. Influenza 
Urine gonadotrophins of pregnancy (human) 
Pituitary hormones 

Amonuim Sulfate preparations of human 
serum 

Blood coagulation proteins, namely FXII 
Whole serum 

Gamma globulin 

Steroid binding y-globulin 

Transcortin cortisol binding B, globulin 
y-globulin, transferrins 

Cytochrome c from beef heart 
Biliverdin-protein ın eel serum 

Rat fetal protein from albumin 
Immunoglobulins 

Bovine serum 

Albumm 

Ovaibumin 

Intact platelet mebranes 

E coli nucleases 

Enzymes catalyzing sulphydryl 
—disulfide interchanges 
Enzymes-cellulases (some proteases) 
Butyrylcholinesterases from human brain 
Pancreatic enzymes 


Bromelain+acid phosphatase from 
ananas comosus 


Arylsulphatases of aspergillus oryzae 
Mitochondrail transaminases 

D-aspartic oxidase 

Glycosidases from fungal or bacterial source 
Lactoperoxidase 

Invertase from yeast 


Ribosomal 

Catalase 

Acid phosphotases 

DNA polymerase 

Enzymes of carbohydrate metabolism 
Neurospora crassa invertase 

Alkaline phosphatase in eel intestinal 
mucosa 

For myltetrahydrofolate syntetase from 
clostridium thermoaceticum 
Haemoglobin 

Isoenzymes of alcohol dehydrogenase 
Soluble grape proteins 

Influenza virus and adenovirus 

Herpes simplex virus proteins 

Renin (ovine, human) 

Insulin 

Glycopeptides of fibrinogen and platelets 
Chondroitin sulfate glycoproteins 
Myoglobin 

Ferritin 

Chemically modified myoglobin 
Interferon samples from chicken eggs 
High and low molecular weight 
glycosidases. Detergent-soluble 
glycosyltransferases (membrane bound) 
Extracellular enzymes and toxins from 
staphylococcus aureus e.g. hyaluronate 
lyase 

Have YOU a research problem that 
can be solved by LKB 


Ampholine? 











Classified Advertisem ents 


All copy ıs subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at thelr discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any adverusement 
to appear from any cause whatever, nor do 
they accept Ilability for printers’ errors, 
glthough every care is taken to avoid mistakes. 
Sem: isplayod £6 per single column inch, 
Minimum £3, each sdatione 1/12th of an inch 
lOs. Full page £158, Half a across £80. 
Colour (orange) £20 extra. 6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Ina, Strand, London, W.C.2. Telephone: 
wean Telegrams. Textualist, London, 















APPOINTMENTS VACANT 


UNIVERSITY OF LIVERPOOL 


BIOCHEMIST/ 
IMMUNOLOGIST 


Applcattons are invited for the post of 
RESEARCH FELLOW or CH 
ASSISTANT Immunology Cancer 
Research Unit. Postgraduate research ex- 
perience and/or higher degree desirable, 
bat not essential. Experience in fmmuno- 
logical, protein, nucleic acid, and/or cot 
zepareilon techniques an advantage. 

The successful candidate will be a mem- 
ber of a team researching into fondamental 
as of cancer in anmmals and man. Ex- 

t research opportunities in we- 
equipped new laboratories. range 
£1,100 to £1,700 per annum (plus F.S.S.U.), 
according to qualifications and experience. 

Appheations, with a curriculum vitae and 
the names of three referees, should be sent 
to the Registrar, The University, P O. Box 
147, Liverpool L69 3BX. Please quote 
Ref. RV/999/N. 

Closmg date April 15, 1969. 

a11 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF PHYSIOLOGY 
Apphcations are invited from suxably qualified 
candidates for the post of LECTURER in 
PHYSIOLOGY, tenable from October 1, 1969. 
Candidates should preferably have a mettical 
quabfication and/or a good Honours Degree in 

Phynology 


of appomtment and apphceation 
forms are obtainable from the Regwtrar, Kmg’s 





ANIMAL VIRUS RESEARCH 
INSTITUTE 
PIRBRIGHT 


The Institute invites applications for the post 
of Head of Department of Eprdemiology. Ap- 
Dicants should have considerable experience in 


research on the probleme of antagentc difference, 
Projects on the epidemiology of the disease are 
currently in progress in various countries over- 
scas. In Britain, the Department co-operates 
with the M.A.F F. in diagnosig and research on 

fleld outbreaks. 
It w envisaged that future studies in the De- 
partment wal mclude viruses other than F.M.D. 
Appointment ın P.S.O. grade (£2,475 to 
£3,425); entry point dependent on qualifications 
and expenence. Superannuation under F380. 
Applications should be received by April 30. 
Ammal! Virus 
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Studies in 


Nutrition 
Suffolk 


Biological studies in the development and manufacture of 
foods for human and animal consumption are carried out at 
the company’s Nutrition Research Centre at Kennett near 
Newmarket. Two new appointments are to be made which 
will involve the evaluation of the nutritive quality of foods for 
different animal species as well as the assessment of their 
nutritional needs. 

Applicants should be up to 30 years of age and hold a degree 
In nutritional biochemistry, agricultura! chemistry or related 
subjects. They must have had experience (possibly obtained 
during postgraduate research) of conducting such studies In 
the fields of energy and protein nutrition. 

Salaries will be negotiated. Contributory pension scheme. 
Please write in confidence quoting reference U.119 to 
Dr. L G. Chubb, Nutritional Research Centre, Berry Road, 
Kennett, near Newmarket, Suffolk. 


Spillers 





(1348) 


Salary up to $17,000 


Research A Research Hydrologist is required by the Hydro- 
logic Sciences Division of the d aters 
Branch to initiate a research program on flood 
forecasting methods. The incumbent will become 
y TO 0 responsible for the development and implementa- 
tion of programs involving the „application of 
modern mathematical and statistical techniques 

Inland Waters B } used in flood and flow forecasting. 


Qualifications include universıty graduation at the 
Department of octorate level ın hydrology, mathematics or a 
En closely related physical science: a minimum of 
ergy, Mines and five years experience in hydrology ; familiarity 
Resources with modern concepts in stochastic and parametric 
hydrol and modern instrumentation in these 
OTTAWA, fields; demonstrated capacity in scientific research 
PARRER Bai y. in both fficial lan hile not 
ciency in o guages, while no 
CANADA. essential, is a desirable quahfication for this 
position. 


Tor further details and application forms, write 
to the 

BIO-PHYSICAL SCIENCES PROGRAM 
PUBLIC SERVICE COMMISSION OF 
CANADA, OTTAWA 4, ONTARIO, CANADA. 


Please quote circular number 69-110-07. aay 
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opportunities with Fisons 


Within our organization the following positions offer excellent prospects. 


Head of Drug Metabolism 


We wish to make the appointment of Head of the Drug Metabolism Section of our Biochemistry Department. 
The Company is currently marketing a range of highly successful products, some of which represent radical 
developments for the Industry, and the new man will be responsible for directing the work of a team studying 
the metabolism of these compounds. 

We seek a talented research blochemist/chemist in his 30's, whose post-graduate experience has been in 
this field. He must be able to manage and direct a team whlch will soon be considerably expanded. 

The Section forms part of the Biochemistry Department of our newly constructed Research and Development 
Laboratories In Loughborough. These have excellent research facilites and equipment, and represent the 
first phase of development to support a continually expanding research programme. 

Piease write for an application form quoting job reference 413 to: The Divisional Personnel 
Manager (10), Fisons Pharmaceuticals Limited, 12 Derby Road, Loughborough, Loelcs. 


Assistant Information Officer 


This is a new appointment with duties primanly concerned with the compilation of Information for the home 
and overseas registration of the Company’s products. This includes work on the submissions to the Committee 
on Safety of Drugs, the Macgregor Committee, and to the Food and Drug Administration in the United States, etc. 
The person required for this post, preferably male, aged 25-35, should be educated to degree level, probably 
in a Biological Sclence with some knowledge of Medical subjects. Although not an essential requirement 
it will prove an advantage to candidates to have had some experience in the Pharmaceutical Industry, and a 
working knowledge of another language. 

Please write for an application form to: The Research Personnel Assistant (10), Fisons Pharma- 
ceuticals Limited, Bakewell Road, Loughborough, Lelcs. 


Terms of service are first-class and Include good commencing 
salaries, assistance with removal expenses where applicable, 
pension and sickness scheme. 
(1331) 





ue 

P 

Ki D ¢ F 
RESEARCH 5.000, 


BACKGROUND: J. Bibby Food Products Ltd. ls a member of the J. Bibby & Sons group which has recently 
acquired Princes Foods Ltd. The combined turnover of the two companies Is of the order of £26m., of which 


approximately £15m is in food products packed for the retail trade. 

THE JOB: As a consequence of a reorganisation a research department, which has hitherto been a group 
responsibility, 18 being transferred to J. Bibby Food Products Ltd. and the Head of Research to be appointed 
will be responsible to the Managing Director of that company. About two-thirds of the food research budget 
Is devoted to relatively short-term applied researoh and the remainder to longer-term research Including 
methodological studies in support of the applied research. 

It ls intended that the emphasis of the present food research effort on oils and fats and foods based on them 
should be widened to embraces protein based foods and convenience foods generally. 

THE MAN: Weexpectthesuccessful candidate to be In the age range 35-45 and to be able to produce evidence 
of top class scientific attainment. He should have had at least seven years experience of food research, of which 
fre years will have been as head of a small research department or as a section manager in a large one. 
Expenence in food manufacture and in a research department closely linked to the manufacture of consumer 
goods would also be advantageous. 

Above all we want a man who sees research as an integral part of the commercial effort of his company and 
appreciates both the discipline and rewards which this entails. 

CONDITIONS: Usual fringe benefits including contnbution to re-location expenses. 

APPLY: Personnel Director, J. Bibby & Sons, Ltd., King Edward Street, Liverpool. L3 7AD. 


J. D PRODUCTS LTD. 


: oa ae METLA, PTAA 
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NEW ZEALAND 
DEPARTMENT OF AGRICULTURE 


Applications are invited for the under- 
mentioned vacancy ` 


VACANCY : B 13/2/140/818 


Salary’ Salary and maximum at any 
point wp to $NZ.6,380, according to quali- 
fications and experience. 


Dotes. Conduct research into 
beef: 


body 


Quakfications: Degree in Science or 
Agocultural Science to Masterate or prefer- 
ably PhD. standard ss required. Experi 
ence in meat technology would be an 
advantage. 

Passages: Fares for appointee and his 
wife and family, £ marzied, wil be paid 


Incidental expenses: Up to £35 for a 
single man end 6100 for a marmed man can 
be claimed to cover the cost of taking per- 
sonal effets to New Zealand, 

Application forms and general informa- 
tion are availiable from the High Commis 
sioner (or New Zealand, New Zealand 
House, Haymarket, London, 6.W.1, wkh 
Troni applicaans, wil eee eee 
1969. 

Please quote Reference B 13/2/140/818 
when inquiring. (1277) 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


RESEARCH ASSISTANT 
IN 
MICROBIAL GENETICS 


A Brochemmmry graduate is required in 
the Microbial Gencthos research 


tons apd experience 
by £50 to £1,200 per anoum. 


Applbeation forms should be obtained as 
soon as possibile from the Gecretary of 


University of Sussex, Fakmer, 
BNI 9QH, quoting Ref No. 148/1 


(1289) 





WESTERN REGIONAL HOSPITAL 
BOARD 


REGIONAL DEPARTMENT OF CLINICAL 
PHYSICS AND BIO-ENGINEERING 


SENIOR PHYSICIST 
There are two vacancies for physicists, senior 
this large departme 


grade, an nt witch includes 
some shty graduates and fifty technical staff. It 
15 ue ks range entio and technical 


days. 
Apphcations should be sent before Apcil 19, 
1969, to Dr. J. M. A. Lenihan, Regional Physi- 
cut, 11 West Graham Street, Glasgow, C4. 
(1294) 













CSIRO 


AUSTRALIA 


three topics :— 


marine surveys. 













activities will also be considered. 





















determined by ment. 


Applications, (quoting Appointment No: 


Mr. R. F. Turnbull, 

Chlef Scientific Lialson Officer, 
Australian Scientific Lialson Offioe, 
64-78, Kingsway, 

LONDON, W.C.2. 


UNIVERSITY OF CAMBRIDGE 
Applications are invited for tbe office of 


UNIVERSITY DEMONSTRATOR IN THE 
DEPARTMENT OF PHYSIOLOGY 


The initial appointment will be for three years 
from October 1, 1969. Tbe pensionable stipend 
k on a scale £1,355 by £115 to £1,815 a year 
with inital placmg above the minmum where 
appropmate. There fs a grant towards removal 
expenses 


Ten copies of application, together with the 
names of not more than three referees, should 
be sent to G. R. ANDERSON, The Old Schools, 
Cambridge, CB2 ITT, to not later than 
May 12, 1969. (1215) 


RESEARCH 
SCIENTISTS 


DIVISION OF COMPUTING RESEARCH 


GENERAL The Commonwealth Scientific 
a computing network consisting of a central 
Control Data 3600 machine, including large capacity drum and disc storage units. 
The peripheral equipment associated with the 3600 Includes a wide range of input 
and output devices, and in particular, graph plotters and several cathode ray display 
units are available. In addition there ts a graphical display system and a picture scanner. 
The remainder of the network consists of Control Data 3200 machines located In 
Adelaide, Melbourne and Sydney, and two PDP-computer in other centres. The Research 
Scientists positions are tenable in Canberra. 

The Division’s research activities, located In Canberra are concerned mainly with 


(1) Numerical taxonomy or classification The aim is to use computers to find some 
of the intrinsic patterns which lie concealed in complex situations, è g., land and 


(2) The organization and development of efficient computer monitor systems specific 
to current requirements, with the aim of extending the power of the hardware. 
Specifically Included are the development of interactive display facilities tn the 
environment of the operating system. 

(3) The use of syntactic methods in several artificial Intelligence problems Including 
Picture Interpretation; Graphics and Question Answerlng. 

The Division invites applications from Computing Scientists wishing to work in these 

or related fields. Candidates whose Interests Ile in areas unrelated to current research 


QUALIFICATIONS Applicants should possess a Ph.D. degree in an appropriate 
field or have had suitable postgraduate research expenence of equivalent standard and 
duration, supported by satisfactory evidence of research ability. They should indicate 
the fields of research which they wish to pursue. 


SALARY Depending upon qualifications and experience, the appointments will be made 
within the salary range of Research Scientists, $A5,321— $A6,693 p.a., or Senlor Research 
Scientists, $A6,963—8A8,045 p.a. In the case of a senior applicant having had very 
wide research expenence, appointment would be considered within the range of 
Principal Research Scientists, 8A8,313-6A9,561 p.a. 
$A428 p.a less than the corresponding rates for men. 


CONDITIONS The appointments, which carry with them Commonwealth Super- 
annuation Fund or Provident Account privileges, will be conditional upon passing a 
medical examination. An initial probationary period of twelve months may be specified. 
Fares to Australia, including those of wife and dependent family, will be provided by 
the Organization. Fixed term appointments (normally 3 years) which include a return 
fare and assistance with housing are also available to qualified applicants 


900/119), and stating full name, place, date 
present employment, details of qualifications 
of not more than four persons acquainted 


and year of birth, nationality, marital status, 
and experience, together with the names 
with the applicant’s academio and professional standing, should reach .— 


Interviews will be arranged shortly after the closing date 






and Industnal Research Organization has 
I laboratory in Canberra, equipped with a 


Salary rates for women are 
Promotion within CSIRO is 


by the 10th May, 1969 


(1316) 


LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 


GRADUATE ASSISTANTSHIF AND 
POSTDOCTORAL FELLOWSHIPS IN 
PHYSICS 


The Department of Physscs offers asstantshi 
for students working towards M Sc. degree fa 
Phymcs Postdoctoral fellowships are also avail- 
able. Fields of research {interest meclude Theo- 
retical Solid State and Plasma . Physics 
and Atomic Collusion pheno- 


menon. 
Enquiries should be addressed to Professor J 
Hart, Dean of Science. (1148) 
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CSIRO 


CHEMICAL 
ENGINEER 


DIVISION OF 
CHEMICAL 
ENGINEERING 


GENERAL The Division of Chemical Engineering located at Fishermen's 
Bend, Melbourne, Victoria, Is a component of the Chemical Research Labora- 
tories of the Commonwealth Scientific and Industrial Research Organization, 
and undertakes fundamental studies of selected unit operations and their 
application to the chemical and process Industries, In addition to general 
process development. Subjects covered include various aspects of particle 
mechanics; pyrometallurgical operations; rheology and mixing; chemical 
reaction engineering; heat and mass transfer operations; process design 
and evaluation; and process control and automation. Computing facilities 
are available. The Division ts due to move to new laboratories In 1969/70 
at Clayton, Victoria, adjacent to Monash University. 


DUTIES The appointee will be assigned initially to the Heat and Mass 
Transfer Group, and will be required to undertake experimental and related 
theoretical work in fields of heat and mass transfer of interest to the Division. 
These include at present boiling heat transfer, related particularly to water 
desalination and heat transfer to two-phase oil-water mixtures, related to 
food processing. The successful applicant will be encouraged to work in 
these fields, or in related fields according to his specific interests. The 
results of the work will be used In the development of improved design and 
processing methods. 


QUALIFICATIONS Applicants should have a degree ın chemical 
engineering together with a Ph.D. degree or postgraduate research experience 
of equivalent standard and duration, supported by satisfactory evidence of 
research ability. 


AUSTRALIA 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321— 
$A6,693 p.a. Salary rates for women are $A428 p.a. less than the corres- 
ponding rates for men. Promotion within CSIRO to a higher classification 
1s determined by merit. 


CONDITIONS The appointment may be made erther on an Indefinite or 
Fellowship basis. The Fellowship may be for a duration of three years 
and overseas appointees to Fellowships are entitled to return fares. The 
appointment will be conditional upon passing a medical examination and 
an Initial probationary period of twelve months may be specified. An 
indefinite appointment cares with It Commonwealth Superannuation Fund 
or Provident Account privileges. Fares pald for the appointee and his 
dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No. 608/94), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not 
more than four persons acquainted with the applicant's academic and 
professional standing, should reach : 


Mr. R. F. Turnbull, 

Chief Sctentiflc Llalson Officer, 

Australian Sclentific Llalson Office, 

64-78, Kingsway, London, W.C.2, by the 2nd May, 1969 


(1317) 
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UNIVERSITY COLLEGE DUBLIN 
PROFESSORSHIP OF AGRICULTURAL 
ZOOLOGY 


Appheatons are invked by the Governing 
Body of the College for the above statutory 
appoumment. 

Appheations (three copes), shouki reach the 
undersigned, from whom further particulars can 
be obtained, not later than Apal 30, 1969. 

J. P. MACHALE, 
end Bursar. 
(1279) 


UNIVERSITY COLLEGE DUBLIN 


PROFESSORSHIP OF CIVIL ENGINEERING 

Applicauons are invited by the Governing 
Body of the College for the above statutory 
appoimment. 

Applications (three copecs), should reach the 
undersigned, from whom further particulars can 
be obtained, not later than April 30, 1969. 

J. P MACHAL&, 
Secretary end Bursar. 
(1280) 


UNIVERSITY COLLEGE 
CARDIFF 


Lecturer in Mechanical Engineering 
Applications are invited for the post of 
to partionme in 


fiaid of interest or expertiee is 
specified, but preference will be given to 


range £1,240 by £115 to £2,735 per annum, 
maoa to to a promotion bar at £2,390. 

urther particulars may be obtamed from 

ty Cottege, Cathays 

to When applications (2 

the namep of three 


(1290) 





BATH UNIVERSITY OF TECHNOLOGY 
School of Chemstry and Chemical 
Engineering 


EXPERIMENTAL OFFICER 
IN ELECTRONICS 


Applications are invited for the ebore 


siruction of cone 
equipment for cesearch projects an 
maintenance of electro equipment 


PDP8/K70 computer and ft is intended to 
use this in conjuncuon with undergraduate 
teaching and postgraduate research pro- 
jects. Although candidates should have an 
interest in computer systems, previous ex- 

vath comput is not 


ance Equipment and Chromatography. 


Expeneoce in solid state electronics and 
modern construction and wiring techniques 
is cssential. 


Starng salary will be within the range 
£1,435 to £1,715 per annum, for suitably 
qualified candidates. 


Apphcauon forms from Remstrar (S), 


ARTHUR D. LITTLE RESEARCH 
INSTITUTE 


coquice a YOUNG GRADUATE CHEMIST, pre- 
feradiy with a bias towarde physical chemustry 


lence, 
Arthur D Little Research Insntute, Inveresk 
Gate, Musselburgh, Midlothian, Se ig 


UNIVERSITY OF ALBERTA 


CHAIRMANSHIP DEPARTMENT OF 
GEOLOGY 


A Chairman will be appointed shortly in the 
Department of Geology. Department has 
an academic staff of 13, mciuding six professors. 
and is well equipped both for teaching and re- 
search. The appoftment will be at the rank 
of Professor and the salary will not be less 
than $20,000. 

Persons interested in the position should ad- 
dress inquines before May 15 to the Dean of 
the Faculty of Science, Unlversity of Alberta, 
Edmonton 7, Alberta, Canada. (1271) 





LIV 


LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


RESEARCH 
ASSISTANT 


Research Assistant required for 
promising work on convection in 
fluids supported by a Meteorologi- 
cal Office grant. Good degres in 
mathematics, physics or engineer- 
ing with mathematical bias. 

Write to Dr. John Richards, De- 
partment of Electrical Engineering, 

or further details. 





LOUGHBOROUGH LEICESTERSHIRE 


(1334) 
LSS aa 






THE BIOCHEMICAL JOURNAL 
A vacancy for an EDITORIAL ASSIST- 
vacancy 


ANT has arisen and another wil 
created soon. Degree science ensen- 
ual, preferably in or chem- 


appoinamem ; the second might suk a 
recent or potential graduate. 
Commencing salary according to qualifi- 
cations and experience on incremental 
scales similar to academic ranges. 


Write giving full detas and names of 





Court, London W.C.1. 


UNIVERSITY OF BRISTOL 
applications are inyked for a Lecture- 


or ‘ANT LECTURER 
grade. [oitlal salary within the scale £1,585 
by £115 to £2,275 per annum, for a Lec- 
£1,240 by £115 to £1,470 per 

Lecturer. 


(1323) 


UNIVERSITY OF BERN 


Apnirations are invsted for a position as 


ASSOCIATE PROFESSOR IN 
GENERAL MICROBIOLOGY 
(Microbial Physiology or Biochemistry) 


effective October 1, 1969, at the Institute 
General Microbiology (Professor U. 
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CSIRO 


APPOINTMENT 
OF CHIEF 


DIVISION OF 
TEXTILE 
PHYSICS 


AUSTRALIA 


The position of Chief of the Division of Textile Physics has become vacant 
as a result of the present Chief, Mr. V. D. Burgmann, becoming an associate 
member of the Executive of CSIRO. The Division is one of the three CSIRO 
Wool Research Laboratories—the Division of Textile Industry, Geelong: 
the Division of Protein Chemistry, Melbourne: and the Division of Textile 
Physics, Sydney. 


Although these Divisions operate as Independent laboratories they collaborate 
freely to achieve a closely integrated and comprehensive programme of 
wool utilization research and it is intended that this collaboration should 
continue. The current budget for wool textile research amounts to Australian 
dollars 34 million divided approximately equally among the three divisions. 
The sum and an even larger amount provided for wool production research 
in other divisions of CSIRO reflects the Importance that the Government, 
Woolgrowers and the Executive of the CSIRO attaches to research for the 
wool industry. 


The appointee will be responsible to the Executive of CSIRO for the direction 
of the research activities of the division. He will be expected to make 
recommendations on future areas of research and to establish close re- 
latlonships between the division and national and international technical 
groups associated with the wool Industry. He should have a suitable back- 
ground In the physical sciences or engineering with a record of personal 
achievement in research and research leadership. 


The ressarch programme of the Division of Textile Physics which has made 
significant contributions to the overall objectives of the wool research labora- 
tories, at present Includes: Fibre Physics: the Physics of Textile processes: 
the Physics of Textile Products: and raw wool preparation and measurements. 


The Staff of the Division numbers 132 of which one-third are graduates 
{mainly physicists, engineers, chemists and textile scientists). The Division 
is well equipped for physical research and equipment development. In 
additlon to laboratory instruments and computing facilitles essential for the 
programme there are adequate workshops for construction of speclal equip- 
ment. There is also textile processing plant for manufacture of small quantities 
of tops, yarn and cloth for experimental purposes. The laboratory buildings 
are modern and located on a pleasant site of about five acres in a residential 
area separate from, but within a few miles of, other CSIRO divisions and 
Macquarie University. The salary of the appointee will be the subject of 
negotiations dependent on the experience and achievement of the successful 
applicant, but will be not less than dollars Australian 12,600 P.A. The position 
carries with rt superannuation priviliges, subject to a medical examination. 
Scientists Interested in this position should write in the first instance to: 


Mr. R. F. Turnbull, 

Chief Solenttlc Liaison Officer, 
Australian Sclentific Lialson Office, 
64-78, Kingsway, 


LONDON, W.C.2. by the 2nd May, 1969 


(1315) 





UNITED OXFORD HOSPITALS 


‘PHYSICIST Tor appointment in August/ 
Semtenber an Department of Radiation 


eai infra-red thermogra: and ultrasomcs 
techniques and uw surtable for candidate gradu- 
atung or completing M.Sc. or Ph.D this summer. 
Salary in the range £1,030 to £1,295 (under re- 
new), according to qualifications and experience. 
Applications, $ giving full details of educaton 
and training, and names of two referees, to Mr. 
R. Oliver, Chief Physicist, Churchi Hosputal, 
Oxford. (1308) 


WHAT’S YOUR LINE? 
are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicmt, Metalinrgist, Micro- 
biolog, Pharmacist, Informauon Scientut or 


Whatever it is Please Note ! 
G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 
—Whnite or telephone 

Miss J. R. Hortin, G.K. Brrean, 


NO FEES TO PAY. —_ (441) 
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The 5 GeV Electron Synchrotron, NINA, housed at Daresbury Laboratory in north-west 
Cheshire is being used for research into high energy physics by university and resident groups. An 


EXPERIMENTAL PHYSICIST 


1s required to join the Experimental Physics Group as a RESEARCH ASSOCIATE in a resident 

team which wil be doing experiments in high energy phyaics using e Track Chamber: This comprises 

streamer chambers inside the gap of a large magnet and wiil be used initiall 
The 


experiments with a tagged photon beam. 


Track Chamber will produce 


for photoproduction 
ta in a similar form 


to Bubble Chambers and so the work will involve film analysis and deta reduction and interpretation. 
Bene ot of research in this field is desirable. 
re will 


photosmenhy. 


be opportunities for some work on high voKage systems, gas analysis, triggering and 


salary will be within the range £1,310 to £3,425 and will depend on age, qualifications and 
experience. Applicants must possess at least a second class honours degree. 
Contributory superannuation under F.S.S.U. 
Advice and assistance to obtain house loans is available. 


Write for application form, quoting reference DL/296/T to: 


Science 
Research 


Council 


Personnel Officer, 

g Daresbury Nuclear Physics 
g Laboratory, 

i Daresbury, 

Near Warrington. 


Closing Date: April 21, 1969. 





(1282) 





NEW ZEALAND 


Department of Agriculture 


Apolications are mvited for the undermentioned 
vacancy : 
VAOANCY B 13/2/141/1045 
SCIENTIST (CHEMIST) 
RUAKURA ANIMAL RESEARCH STATION 


Salary: Peyable up to ee sonam 
according to qualifications and experience. 
Duties : Control of a Service Section 


analytical programmes 
these, and in the devedopment of new analytical 
methods. 


Qualifications desired: B.Sc. in Chemistry, 
ARLC. or equivalent. At least five yeare’ rele- 
vam experience, and to have demonstrated ability 
to direct and control technical staff. 

Passages : Farcs fot appirntee zad he wie and 
family, wf manned, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 fora man can be claimed 
to cover the cost of taking personal effects to 
New Zealand 


Application forme and general information ere 
available from the High Commassioner for Epa 
Zealand, New Zealand House, Haymarket, 
gon, SWD ut whom epplikatons wil an 

ieas pies uas B 13/2/141/1045 when 
ingutring. (1305) 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF ZOOLOGY 


Appheations ere invited for the post a 
ASSISTANT LECTURER IN ZOOLOGY 
able from gaonet 1, 1969 Candidates shouid 


Assistant 
FSS.U. benefits will be payabk. 

Application forms and conditions of appoint- 
ment may be obtamed from the Registrar, King’s 
College London, Strand, London, W.C.2; and 
should be returned tn him by May 1, rs 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF BIOCHEMISTRY 


Appheations are invited for appomiment as 
IN BIOCHEMISTRY from Septem- 
thereafter. 


partment: Professor K 
for undergraduate teaching of the subject within 
the Facuity of Science. The Medical Research 


the Department. 
at an epproprate point on the Lecturers’ scale, 
£1,240 to £2,735, according to age, qualifications 
and expersncs. Membership for F.S S.U. re- 
quired. 

Further partrculars may be obtamed from the 
Regstrar, The Unrvermty, Newcastle upon Tyne 
NEI 7RU, with whom aepHcations (three copies), 
together with the names and addresses of three 
persons to whom reference may be made, should 
be ĉfodged mot later than Apnl 30, 1969. Please 
quote N. (130D 





HERBICIDE RESEARCH 


A young graduate om botany, agricut- 


pre testing 
pounds, Previous experience in this 
an advantage. 


We are one of the leadmg Companies 
in the pestecide , and @ member of 
the Glaxo Group 


Salary will depend on age and qualifica-~ 
tions 


Please apply, quoting reference U 18, to 
the Personnel A Murphy Chem- 
cal Company Limited, Wheathampstead, 
St Albans, Herts, 

(1300) 





GRADUATE BIOCHENTST REQUIRED IN 


the Secretary, 
Medical School, London Bridge, S.E.1. 


NEW ZEALAND 
DBPARTMENT OF AGRICULTURE 


Applications are invited for the undecmen- 
toned vacancy: 


VACANCY: B 13/2/139/869 


SCIENTIST 
(PLANT QUARANTINE) 
LEVIN HORTICULTURAL RESEARCH 
CENTRE 


SN7Z4,450 according to 


Sahry' Payable up to 
Further promotion 


qualificatrons and experience. 
available on scientific merit. 

Duties: Asst with scientific servicing of the 
Department’s plant quarantine and mspectional 
secvices. Opportunity for independent research 
and surveying the status of pests and ducase, 
both m New Zealand and overseas. 

Qualdications required: Degree ın Agricultural 
Science or Science with advanced units in Plant 
Pathology, Entomology, Botany and Zoology. 

Passages: Fares for or appointee and Ins wife aad 
famuy, x£ married, wil be paid 

Incidentai expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of takang personal effects to 
New Zealand. 

Application forms and general informaton are 
ayallabie from the High Commasionct for New 
Zealand, New Zealand House, Haymarket, 
S.W 1, Boe whom applcations will 
close on Apl 17, 
quote nae B Beene ae 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 
Applications are invited for the ons of 
SENIOR RESEARCH ASSOCIATE under- 
take dies of the paries of convection In he 
Berth’s mantle especial determine the 


heat flow and scismobmeal 

pointment to be made es ge a 
to be for appcozimatdy two Sahıry will 
be in the range of £1,585 by £ Iis to £2,735, 


plus FSS U. 

Apphbcations (three copies), together with 
names end addresses of three referees, should be 
lodged with the Head of School of Physics, The 
University, Newcastle upon Tyne NEI 7RU, by 
Fnday, Apal 25, 1969. (1362) 


"a 


LVI 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


RESEARCH ASSISTANT/TECHNICAL 
OFFICER 


ENGINEERING PHYSICS 
Applcatrons are invited for tbe above- 


The successful apphcant, at whichever level he 
be to te 


instrumentation, and the pr 
digital form. 

In addition the appointee, # at technical officer 
level, will be ger to assist with cryogenic 


A 
i 
5 
i 
z 


level of research assistant, will be expected to 
assist in research and design projects where an 
interest ın mathematics and a knowledge of cam- 

puter programming would be of benefit. 
Technical Officer—General education to 
:a 


ng. 

A ts must state the level of position for 
which they are applying. 

Salary will be within one of the following 
ranges: Technical Officer Grade I, SAATIS] 
$A4,285 per annum ; Technical Officer Grade II. 
$A4,283/$A4,553 per annum. In addition a 
salary loading at the rate of S$A200 per annum 
is ble to technical officers for an approved 
University degree or $A100 per annum for cer- 
tain recognised Technical CoMege diplomas 


by the Uolversity. Research Assistant Grade IJ, 
$A3,815/SA4,837 per annum (limits only). 
Assistance with passages and accommodation will 


University, P.O. Box 4, Canberra, A.C.T. 2600, 
AnustraHa, with whom applications close on Apzdil 
28, 1969. (1235) 





UNIVERSITY OF BRISTOL COMPUTER 
UNIT 


Applcatlons are invited for the post of 


COMPUTER MANAGER 


in the University Computer Uait from June 1, 
1969, or such dater date as may be arranged. 
The salary attached to che post mw £3,640 per 
annom. 


Applications, together with the names of 
two referees, shoukli be sent aot izter than 
April 21, 1969, to ¢be Registrar, University 
Senate Hovec, Bristol BS8 1TH, from whom fur- 
ther particulars may be obtained. 

(1322) 


UNIVERSITY OF READING 
PROFESSORSHIP OF AGRICULTURAL 
SYSTEMS 





Applications are invited for a Professorship of 
Agricultural Gystems, to be catablshed m the 


synthesis of biological, 
production systems The pewon appoanted ought 


; forecast- 
ing in the btolomcal agdcoitural flelkis ; bio- 
to: ; the production of 


products 

Further information may be obtained from the 
Wakckoights House), The 
ts, Reading RG6 2AH, by 
whom applications should be received oot later 
than May 17, 1969. (1327) 








© sor © 
SCIENTISTS 


Studies of the behaviour in soils of novel agricultural chemicals are 
now being expanded at I.C.l. Agricultural Division’s Research Station 
at Jealott’s Hill, near Bracknell in Berkshire. This expansion has led to 
vacancies for the appointment of graduate chemists who are interested 
in the physics and chemistry of soils. Preference will be given to 
applicants who have post graduate experience in soils research, 
but applications will also be considered from sustably qualified recent 
graduates or from physical chemists who have research experience 
in the field of surface chemistry. 


The appointments are permanent and there are good prospects for 
advancement 


A realistic and progressive salary will be offered, together with mem- 
bership of the 1.C.!. Pension Fund and Profit-sharing Schemes. 


Removal and housing assistance will be given to married men, if 
necessary. 


APPLICANTS should apply to:— 


J. M. Round 
Personnel Officer, 
1.C.1. Ltd., 
Fernhurst, Haslemere, Surrey. 


(1330) 





VIROLOGIST 


We are seeking to recruit a Ph.D. in Virology (ora 
B.Sc. with relevant research experience) to join a 
small and enthusiastic Department of Pathology in 
our Research and Development division at Welwyn 


Garden City, where he or she will test and develop 
new antiviral compounds. 


Conditions of service are good, and salary will be 
commensurate with qualifications and experience. 


Please write or telephone for an application form to: 
Administration Manager, Riker Laboratories, 
Riker} 44 Tewin Road, Welwyn Garden City, Herts. 
Telephone—Welwyn Garden 25001 


(1295) 
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CZ ausmaa 


SENIOR 
RESEARCH 
PHARMACOLOGIST 


Applications are invited from experienced Pharmacologists for a senior position in the 
Research Drvision of Riker Laboratories Australia Pty. Ltd. 


DUTIES The successful applicant will be responsible for the Initiation and supervision 
of basic pharmacological research programmes, directed towards the development 
of new therapeutic agents In the current research programme special emphasis 1s 
centred on pharmacodynamic studies related to hypothalamic function. 


QUALIFICATIONS Applicants should have a PhD degree and considerable 
research experience In a wide range of pharmacological experimentation General 
experience and interest in the pharmacology of the autonomic and central nervous 
systems would be a distinct advantage. 


SALARY This ranges between $A7,000 and $A8,500 but the actual salary will be 
Negotiated on the basis of qualificatlons and experience Superannuation and other 
benefits are avallable and financial assistance in transferring to Australia will be 
provided. 


GENERAL The Research Division of Riker Laboratorias Aust alia Pty Ltd was 
established in 1968. The laboratories are equipped with a most comprehensive range 
of chemical and biological instrumentation A unique opportunity exists for close 
association with senior research workers in the associated fields of medicinal chemistry, 
chemical pharmacology and pharmaceutical development 


Written applications giving personal information and full details of current employment, 
qualifications and expenence, together with the names of not more than four persons 
acquainted with the applicant's academic and professional standing, should be sent to 


The Director of Research, 
Riker Laboratories Australia Pty. Ltd., 


P.O. Box 122, 


Hornsby, N.S.W., 2077, 


Australia. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


n 

m ieat and biochemical techniques par- 
ticularly as pater to agriculture. Interest 
in management and organmation Is essen- 


a 
Semor Experimental Officer 
salary wiil be in the scale £2,220 to £2,720. 
F.S.S U. 

Apply on forms obtainable from the 
Secretary, IRD., Shinfield, Readmg, 
RG2 9AT. Quote reference 69/11. 





biochemistry, endocnnology 
physiology a deswable (May 15, 1969). 





UNIVERSITY OF ADELAIDE 


Applications are iwıited for the folomag ap- 
pointment, the dosmg date for applications being 
stated in brackets after the post: 


IN ANIMAL PHYSIOLOGY at 
TURAL CH 


SALARY SCALES: Lecturer $A5,400 by 
$4290 (1) by $A270 (6) to $A7,300, wah super- 
eoouation on the FSS U bams, 


FURTHER PARTICULARS about each post 


Pall Mall, London, S.W.1. 

APPLIOATIONS should be sent in duplicate 
and giving the information listed in the statement 
that will be supplied to the Registrar, The Unt- 
versity of Adelaide, North Terrace, “are i 





LVII 


UNIVERSITY OF LONDON 
KING’S COLLEGE 


DEPARTMENT OF ELECTRONIC 
AND BLECTRICAL ENGINEERING 


Applications are invited for the post of 
LECTURER in 


Salary scale : £1,240 to £2,275 and then, 
subject to rewew, to £2,735 per annum, 
Petal chee Gia Ge according 4 to qualifica- 
tion and experience. FSS U. benefits wH 


May 16, 1969 





METABOLIC REACTIONS RESEARCH 
UNIT 


SENIOR ANIMAL 
TECHNICIAN 


the Inutwte of Animal Techniuans, to- 
gether wah some laborator, experience, 
would be an advamage. 


chemistry 
lege, London, S.W.7. 





ROYAL NATIONAL 


ORTHOPAEDIC HOSPITAL 
INSTITUTE OF ORTHOPAEDICS 
BROCKLEY HILL, STANMORE, MIDDLESEX 


Applications are Mmvited for the post of 
SENIOR TECHNICIAN I/I to work in the 
Drvsion of Cell Science of the Professonal Cimi- 
cal Unit. Previous expenence ın Histology 
essemteat Salary within the Medecal Laboratory 
Techmcma Scale (Senior I/ID dep2nding upon 
experience. 

Applicattons should be made to Professor 
R. G. Burwell at the above address. (1303) 





ST. LOUIS UNIVERSITY 


Opportunity for PhD studies in Plant Physlo- 
rochemustry. Teaching asastantships $2,500 


Wnite to Dr. M. L. Jan, Department of Bio- 
BE. SE Louis University, St. Lous, Mo aaa 


DEPARTMENT OF 
PHYSIOLOGY 
UNIVERSITY OF OTTAWA 


FACULTY OF MEDICINE 
OTTAWA, CANADA 


Phymodogist with PhD. or Medical 
ree and research experience in the fieki 

central nervous system ohysiology. 
Sonlami should be capable of teaching, 
independent research, and supervision of 
gradnate students. Salary aod rank accord- 
ing to expernence wah peasion pian, hos- 
Patel anc ife insurance. 

Applications, with curricolum vitae, List 
of gubdcations, reprime, and the names of 
«wo referees, should be seat to Professor 
M Beznak (1343) 
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SECTION LEADER 


CHEMICAL OR 
METALLURGICAL 


ENGINEER 
AUSTRALIA 


DIVISION OF CHEMICAL ENGINEERING 


GENERAL The Division of Chemical Engineering located at Fishermen's 
Bend, Melbourne, Victona, is a component of the Chemical Research Labora- 
torles of the Commonwealth Scientific and Industrial Research Organization, 
and undertakes fundamental studies of selected unit operations and their 
application to the chemical and process Industrles, In addition to general process 
development. Subjects covered Include various aspects of particle mechanics; 
pyro-metallurgical operations; rheology and mixing; chemical reaction 
engineering; heat and mass transfer operations; process design and evaluation; 
and process control and automation. Computing facilitles are available. The 
Division is due to move to new laboratories in 1969/70 at Clayton, Victoria, 
adjacent to Monash University. 


DUTIES The appointee will be required to supervise the work of a number 
of Groups within the Division working on interrelated subjects, and to lead a 
team carrying out research In his own particular area of interest. He will be 
expected to provide guidance to Groups in the selection and implementation 
of thelr research programmes, as well as to assist In the general administration 
of the Division. 


The interest of the appointee could cover any of a wide range of fields, but 
experience in high temperature unit operations and their application to pyro- 
metallurgical processes would be of particular value. 


QUALIFICATIONS Applicants should have an honours degree in chemical 
or metallurgical engineering or in science and a Ph.D. degree, or postgraduate 
research experience of equivalent standard and duration, supported by satis- 
factory evidence of research abllity. Applicants should also have an outstanding 
reputation In their own field of interest, supported by extensive publications. 
Experience In Industry at some stage of their career would be of value, but 1s 
not essential. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Principal Research Scientist, $A8,313— 
$A9,561 p.a. or Senlor Principal Research Scientist, $A9,989-$A10,301 p.a. 
Promotion within CSIRO ıs by merit and may ultimately go beyond the upper 
limit of the scale within which the orlginal appointment is made. 


CONDITIONS The duration of the appointment will be determined ın con- 
sultation with the successful candidate; some applicants may prefer a fixed 
term appointment for three years The appointment will be conditional upqn 
passing a medical examination and an intal probationary period of twelve 
months may be specified. An indefinite appointment carries with it Common- 
wealth Superannuation Fund or Provident Account privileges. Fares paid for 
the appointee and his dependent family. Further particulars supplied on 
application. 


Applications (quoting Appointment No. 608/95), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details 
of qualifications and experlence, together with the names of not more than four 
persons acquainted with the applicant's academic and professional standing, 
should reach : 


Mr. R. F. Turnbull, Chlef Scientific Liaison Officer, 
Australlan Scientific Llalson Office, 64-78, Kingsway, 
London, W.C.2, by the 9th May, 1969. (1318) 











TECHNICIAN REQUIRED FOR WORK 
on hormone research én Pharmacology Depart- 
Red Cross Memorial Hospital, Taplow., Near ment, Royal Free Hospital Medical School 

Salary scale £890 to £1,130, plus £90 London 
aspects of the cheumatc discases. Previous cx- 
perience in serological and/or histological tech- weaghting. Good holidays —Apply School Sec- 
niques an advantage.—Applicauons, naming two Tolary, 8 Hunter Street, London, W.C.1. 
referees, to the Director. (1301) (1286) 


UNIVERSITY OF 
SOUTHAMPTON 


Applications are invited for two RE- 
ASSISTANTSHIPS to be 


of work will be as follows: 

Pom (a): A general study of the epl- 
demology of wheat mildew Some train- 
ang in plam pathology an advantage, 

Post @) The ddentification of spore 
trap spora, with specal reference to fluor- 

techniques. 


Further parteculars may be obtained from 
the Deputy Secretary, The University, 
Southampton, SO9 SNH (closmg date for 
applications April 30, 1969), quoting refer- 
ence N (1285) 


THE 
UNIVERSITY OF 
LEEDS - 





Applications ere invited for the post of 
CYTO-GENETICIST, with previous 
experience, for human and animal 
tumour research work in the DEPART- 
MENT OF CANCER RESEARCH. One 
year In the first instance, renewable for 
three years. Salary within the range 
£1,600-—£2,300 according to experience, 
together with F S.S U. 


Applications and enquiries to Professor 
E. H Cooper, Department of Experi- 
mental Pathology and Cancer Research, 
School of Medicine, Uniwersity of 
Leeds, Leeds, LS2 SJT. 


(1338) 





KING’S COLLEGE HOSPITAL 
MEDICAL SCHOOL 


RESEARCH ASSISTANT IN IMMUNOLOGY 


Applications ere invited for the above appoint- 
ment dn tho Liver Research Uns in the Depart- 


Applicanons by Apdl 26, 1969, with currica- 
three referees, to the 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF GEOGRAPHY 

Applications are invited for the post of 
ASSISTANT LECTURER in GEOGRAPHY, 
tenable from October 1, 1969. Salary scale: 
£1,240 by £115 to £2,275 and then subject to 
review by £115 to £2,735 per annum. (This is a 
combined Assistant Lecturer/Lecturer scale). 
F.8 8.U. benefits will be payable. 


available from the Registrar, King's College 
London, Strand, W.C 2, and should be returned 
to hım by May 16, 1969. (1335) 
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AUSTRALIA 


Council of Advanced Education—TASMANIA 


PRI N C I PAL -saiary $A13,000 


Applications are invited for appointment as Principal of the Tasmanian 
College of Advanced Education (T.C A.E ) which 18 to be establisned 
in completely new facilities at a magnificent site on Mount Nelson, 
three miles by freeway from the centre of Hobart. 


The Principal will be required to particlpate In determining the 
academic organization of the College, educational policy and equip- 
ment and layout of buildings, in selecting and training staff and in 
developing teaching methods using the latest techniques and 
equipment 


Subject to the directions of the Council, he will be responsible for 
the management of the College in accordance with the Advanced 
Education Act, 1968 


He will also act as Educational Adviser to the Council of Advanced 


Education regarding the system of advanced education throughout 
Tasmania, 


per annum 


The Principal ts required to take up his duties as soon as convenient 
(and tn any case not later than early 1970) to ensure fullest possible 
involvement in decisions made tn planning. 


The salary Is $(Aust )13,000 pa. Provision will be made for super- 
annuation and leave. Fares for the successful applicant and his 
family and reasonable removal costs will be paid. The Principal 
will have access to a car for official purposes or will be paid an 
appropriate allowance if he uses his own car. 


Inquiries may be directed to the Secretary of the Council of Advanced 
Education at the address given below. (Tel 30 3863) Applicants 
may, on request, receive a copy of a statement of the guiding pnnciples 
and objectives of T.C_A.E, of planning to date and of the Advanced 
Education Act, 1968. 


Applications should grve personal details, qualifications, experience, previous appointments and present position and names and 


es of three referees They should be delivered Not later than 30th June, 1969, to . 


The Secretary, Council of Advanced Education, 
G.P.O. Box 169B, Hobart, Tasmania, 7001. 
Australla. 


The Council reserves the right to fill the position by invitation. (1313) 


THE 
UNIVERSITY OF 


ORGANIC 
GEOCHEMIST 


A vacancy exists in Exploration and Production Research Division, 
BP Research Centre, Sunbury-on-Thames, Middlesex, for an Organic 
Geochemist to work on problems connected with the Origin of 
Petroleum. Candidates, preferably aged not over 30, should possess 
a good honours degree in chemistry or equivalent qualification. Post- 
graduate research experience, either academic or industrial would be 
an advantage. The position is suitable for an organic chemist with 
experience of natural product chemistry and/or physical analytical 
techniques. 


Applications are invited for posts in 
the following Departments 


ZOOLOGY 


Reference No. 26/2/D 
One post of 


DEMONSTRATOR 


Reference No. 26/3/D 


ORGANIC CHEMISTRY 


to 


LABORATORY INSTRUCTOR 


Aoplicams should bave a degree or 
equivalent qualification in Chemmry 
and preferably some igi experi- 


SCALES: Asestant Lecturer 
or Lecturer £1,240 by £115 to 
£2,735 (efficiency bar £2,275), 

Demonstrator £795 to £1,235. 

Laboratory Unstructor (under re- 
view) 

Grade I £1,575 to £2,050, 

Grade II £1,260 to £1,575 

Grade IM £915 to £1,260 


may s 
fater than April 21, 1969 Please quote 
reference numbers, (1291) 





Write, giving brief details of qualifications and experience to M. J. 
Telfer, External Recruitment, The British Petroleum Company 
Limited, Britannic House, Moor Lane, London, E.C.2., quoting 


reference R.10221/9N. 


TWYFORD SEEDS LIMITED, WHO ARE 


have outstanding knowledge, theoretical and prac- 
ucal, and considerabie experience of cereal 
breeding A salary commensurate with this im- 
portant positon will be offered to the successful 
applicant.—Apphcations in stmct confidence 
direct to: The General Manager, Twyford Seeds 
Limred, Adderbury, Banbury, Oxfordshire. 





BRITISH HONDURAS. APPLICATIONS 
are Invited for a RESEARCH ASSISTANTSHIP 
to study methods of controlling the Mexican 
Frut Fly in Brith Honduras. in the 
range £1,200 by £60 to £1,740.—Applications 
should be submitted before May 1, 1969, to 
Head, Citrus Research, University of the West 
Inches, St. Augustine, Trinidad, West Indies, 
from whom further parucolars can be TT i 


(1307) 





CELL PHYSIOLOGY— 
BIOPHYSICS 


Opportunity for graduate training and research 
on membrane transport in plant cells, kading to 
Ph.D. degree at McGill University. Income of 
approx. $3,000 available from research and 
demonstrating funds. 

Wnte to Dr. R J. Poole, Botany 
McGHl University, Montreal, Canada. (1344) 





Novel work on High-temperature fluids for 
EXPERIMENTAL OFFICER 

Salary range £1,455 to £1,865. Applications 
in writing giving particulars of qualifications 
in Chemistry, Physics or Engineering, with pre- 
vious salary and expermence to Professor A. R. 
Udbelohde, C.B.E., F.R.S., Imperial College, 
London, S.W 7. (1273 
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and/or phymology would bo an advantage 


Qualifications: Is or 2nd clase honon 
a 
SG.O. ponmally 26 to 31. 


diucases would be an advantage. 


E.O. £1,514 to £1,910. 


subjects at “A” level 
26 to 30. 


Department of 
House, Edinburgh, 1. 


FRESHWATER FISHERIES LABORATORY 
Pitlochry, Perthshire 


FISH BIOLOGIST (graded 68 0./S 0) to take charge of work now 
the rearing of salmon Experience of this 


type of work or of 

Salary : S.O. £1,020 to £1,740; &S.O. £1,925 to £2,372. 
degree 

nd, for SSO, et icast three years’ Post-graduate experience. Age: S.O. under 29; 


Prospect of permanent pensionable appointment. 


AGRICULTURAL SCIENTIFIC SERVICES 
East Craigs, Edinburgh 
AGRONOMIST (graded E O /A B.O ) required for work on the production of healthy 
potato Mocke, Previous experience with this crop and a knowedge of varieties and 
Salary: AE O. £650 (at 19) to £895 (at 22) to £1,150 Gt 26 or over) to £1,385 ; 


Qualifications : Degree, HN.C, or equivalent in Botany or Agriculture. 
mimm n ds G.C E. in five sobjects, including two 
or equivalent level. Ago: AE.O. 18 to 27, 


Prospect of pecmanent pensionabie appointment. 
APPLICATION FORMS and further information from the Establlsiment Officer, 

Agricultore amd Fisheries for Scotland, Room 172(Q), St. Andrew's 
Closing date April 25, 1969. 





in progress on 
work on fish behaviour 







in zoology or equivalent qualification 










Under 22, 
Sclenufic/Mathematical 









Biologist 


We seek a Graduate in agriculture or natural sciences to 
work on laboratory and fleld evaluation of new seed dress- 


ings to final development sta 


ge. Some experience in agri- 


cultural field trials preferred particularly with seed dressings 


but not essential. 
and experience. 


Car provided. Salary according to age 


We are a member of the Glaxo Group and can offer good 
conditions of service cluding generous pension scheme with 
life assurance and annual bonus. 


Please apply, quoting reference U.19, to the Personnel 
Officer, 


The Murphy Chemical Co Ltd 
Mur phy Wheathampstead, St. Albans, Herta 


337) 





ENTOMOLOGISTS 


There ere vacances for two 


£1,020 to £1,740 per annum. don. 
Further information and appiicauon forme (to 

be completed by Ape 26, 1969) obtainable from 

Secretary. (1283) 


The Hatfield Polytechnic 


RESEARCH ASSISTANT IN 
ASTRONOMY 


Aopttcations are invied from Honours Gradu- 
ates with a first- or upper second-class degree m 
mathematics or physics having a special interest 
in any of the foklowang tap.cs. 

@ Star Formatoa and Stelar Evolution. 
GD Mukibody Orbit Probleme. 
Git) Imersteliac Gas Dynamics 

details from the Georetary end 
Academic Regutear, The Hatfield Polytechaic, 
Hatfield, Hertfordshire. Quote Ref. 144/N. 
(1324) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF SLECTRIOAL 
ENGINEERING AND ELECTRONICS 
EXPBRIMENTAL/SENIOR EXPERIMENTAL 
OFFICERS 
POWER SYSTEMS AND HIGH VOLTAGE 
LABORATORIES 
Apolications are inked from suitebly qualified 


e Department. new building és almost 
compicted; the High Vokage Laboratory wall 
have instekled t includes a 2.4 


voltage direct current sumuators. 
The first of the owo poste as for an EXPERI 
MENTAL /SENIOR EXP. OFFI- 


degree or an cquyaient professional qualification, 
and for appoimmem at Experimental Officer level 
an appropriate professional tion, Galary 


salary scalis at present under review). Super- 
annoation under FS S.U. 
Application form and appoint- 
be from the Resistrar, 
UMIS.T., Sackville Manchester M60 
forms to be returned by Apri 
30, 1969 (1325) 





UNIVERSITY OF SURREY 


mcating or tutorial work per week ss expected 
but the rest of the Demonstrators time will be 
devoted to research work, and remisaion of fees 
for bagber degree study a given. 
Application forms and farther particulars 

the Registrar, The University, Keele, Staffs, STS 
SBG, to whom they should bs ceturned by April 
26, 1969. (1287) 





INSTITUTE OF ORTHOPAEDICS, ROYAL 
National Orthopaedec B Hin, 
Stanmore, Mi 


Scale 
(Sensor D dependent upon expertence.—A prfica- 
tuons should be made to Professor R. G. Burwell 
at the above address (1278) 
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UNIVERSITY OF LEICESTER 
DEPARTMENT OF GEOLOGY 
CHIEF OR SENIOR TECHNICIAN 


Applications are invited for an immediate ap- 
pointment to take charge of the technical, re- 
search and teachmg laboratories, which include 
a machine workshop and specialist facilities in 
geophysics, economic geology, geochemistry and 
mucropalacontology. Salary’ Chief Technician I, 
ILDA to £1,475 Senior Technicmn, £957 to 


Applications, giving age, qualifications and ex- 


The University, Leicester, not later than April 
19 (1333) 





GRANTS & SCHOLARSHIPS 





ARTHUR GUINNESS SON & CO. 
(DUBLIN) LTD. 
GUINNESS RESEARCH SCHOLARSHIPS 


related problema), and the Scholar will be expcc- 
ted to hold a good honours degree 

The Scholar will be appoimed for a penod of 
up to three years and ıt 1s expected that it will 
be possible for the Scholar to present his work 
for a higher degree. 

The value of the Scholarship wi not be less 
than £800 per annum 

Applications, whkh full details of academic 
career and the names of two referees, should be 
sent before May 16, 1969, to The Chief Chemist, 
The Research Laboratory, St James’s Gate, 
Dublin 8. (1341) 





LECTURES AND COURSES 


THE 
UNIVERSITY OF 
LEEDS 


De ent of Chemical 
Pathology 

Division of Steroid 
Endocrinology 

M.Sc. in Steroid Endocrinology 


A coume of advanced study covermg 
one calendar year will be held in the 
Divwion of Steroid Endocrmology 
@.rector: Dr S. R Sutch) from 
OCTOBER 1969 to September 1970 
leading to the degree of Master of 


Science in Steroid Endocnnology The 


course 1s amended for graduates in 
chemistry, biochemustry, and the bio- 
logical sciences including medicine, and 
will provide theoretical and practical 
knowledge of steroid endocrinology as 
a basis for cloral biochemistry, and 
Medical, pharmaceutical and agricul- 
tural research. The course consists of 
lectures, tutorials, demonstrations and 
practical laboratory work, and a re- 
search exerc.se on which a dissertation 
will be presented Examinations will 
be held in September The Medical 
Research Council may consider appli- 
cations for support of suitable students 
for this course. g 
Applications, givng the names of two 
referees, should be made as soon as 
possible, and in any case not later than 
May 21, 1969 Application forms and 
partaculars cen be obtained from Pro- 
fessor G H Lathe, Department of 
Chemical Pathology, The Medical 
School, Leeds, LS2 9NL (1296) 








UNIVERSITY OF WARWICK 


GRADUATE WORK 
in the 
SCHOOL OF ENGINEERING 
SCIENCE 
Excellent opportunsties exist for research 
and mudy for higher degrees m several 
branches of eng.meering and applied mathe- 


matics, Research m ın progress in the 
following fields 


AUTOMATIC CONTROL 
AUTOMOBILE ENGINEERING 
BIO ENGINEERING 
COMPUTER-AIDED DESIGN 


NOISE AND VIBRATION 
STRUCTURES 

TRANSPORT ENGINEERING 
ULTRASONICS 


Two «vwelve-months graduate instruc- 
tional courses for the MSc. degree weil 
commence in October 1969. 


ENGINEERING CONTROL 
VIBRATION AND FATIGUE 


Tho course in Engineering Control 1s 
operated in collaboration with the Uarver- 
mty College of North Wales, Bangor, and 
the University of Sussex, and the Vibration 
and Fatigue course in collaboration with 
the Uneverauy of Sheeld Five-week shore 
courses in Vibratton and Fatigue topics are 
also offered 


Well-qualifled candidates will be con- 
dered for mdustrially supported awards 
and SR C. studentships. 


Further particulars and application forms 
may be obtained from che Registrar 
versity of Warwick, Covemry CV4 FAL 


(1288) 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 


M SC. COURSE IN MICROBIAL 
BIOCHEMISTRY AND FERMENTATION 
TECHNOLOGY 


The course will be beld from October 1969 
to June 1970, and is intended for the traming 
of students an this specialised field, ın order that 
they can work im the fermentation, pharma- 
ceutical, food and allied industnes, or in 
institutes or univecasies interested in this arca 
of biochemustry 

The ‘syllabus includes Microbiology, with par- 
ucular reference to orgamsms of industnal sig- 
nificance ; Microbsal Biochemistry, especially bio- 
synthess of microbial metabolites, and Fermen- 
tation Technology, for which this department 1s 
uniquely equipped with pilot plant facilites, 10- 
Cluding fermenters up to 3,000 Inres capacity. 
Empbasıs m laid throughout the course on prac- 
tical work, with the use of advanced modem 
techmques, both in the laboratory and in the 
pilot plant 

The course 1 intended for students with a 
good first degree which includes . 

The Science Research Council has accepted 
this course, end has given it a priority category 
Grants are available for suitable students. The 
S.R C. also awards Industrial Studentsmps for 
students seconded from industry, in which the 
normal student grant may be supplemented by 
the employer. 

Inquiries should be made to Professor E. B. 
Chain, F.R.S., Department of Biochemustry, 
Imperml College, London, S W.7. (1312) 


FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon Park Farm Rd., 

Folkestone, 
TeL: Folkestone 57421. 


ofer top s for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HOMANTITES 











UNIVERSITY OF SURREY 


ELECTRICAL AND CONTROL 
ENGINEERING DEPARTMENT 


Postgraduate Course in Systems Enghcerlag 


MAIN LECTURE COURSES 
Control theory (linear and nonlineegr) and 
us applcaton to electrical/mechankal 
systems, Use of digital, analogue, and 
hybad computers In syxems study. 
Combinational and sequemial logic and 
electronics, 
Circuit synthesis. 
Random processes 


STRUCTURE OF COURSE: 
6 months (October-March), followed by 


quakfying exam for MSc., then. 

@ MSc students: 3 months course, 
exam and project, ending in September. 
Project may be done in mdusiry 

ae Diploma studems: project ending in 
une, 


ENTRY QUALIFICATIONS ' 
Degree, or equivalent, ın relevant sub- 
JEt 


FINANCE : 
The course is approved for the tenure of 
SR C. Advanced Course Studentships. 


Farther information and application forms 
cam be obtained from the Head of De- 
partment, University of Surrey, Guild 
ford, Surrey. (1272) 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
MSC IN BIOCHEMISTRY 


The Department of Biochemistry offers a post- 
graduate course in Biochemical Mechanisms. 
Enzymology and Biochemical Techniques as a 
method of entry into biochemistry, alternative to 
an honours course in this subset, and ss pom- 
arly intended for honours graduates m chem- 
istry, phymcs, biology, mucrobiology and 
medicine. 

The course, which can kad to the M.Sc. de- 
gree and/or a D.IC. is designed to give partc- 
pants a broad theoretical and practical blochem- 
cal trang which will enable them afterwards 
to specialise in the area of brochemncal research 
for which their basic undergraduate training bas 
made them most qualified. Students successfully 
completing the course may be allowed to pro- 
ceed to study for a Ph.D. degree within the De- 
partment. 

The course extends from early September to 
the end of July and includes. Enzymes, co- 
enzymes and ther functons. Biological energy 
transfer. Metabolic pathways and control 
mechanisms. Bhosynthesw. Tracer methodology, 
biochemical separations and instrumentation 

Students will gain direct practical experience 
in using the most modern biochemical instrumen- 
tation 

Both SRC. and MRC grants are available 
for suitable candidates 

APPLICATIONS. Inquiries should be made 
to’ Professor E. B Chain, F R.S., Department 
of Biochemistry, Imperial College of Science and 
Technology, Imperial Institute Road, London, 
S W.7. (1311) 


M.SC. COURSE IN SOLID 
STATE PHYSICS 


CHELSEA COLLEGE 
BEDFORD COLLEGE 
WESTFIELD COLLEGE 
(University of London) 
Session 1969-70 


An tnter-collegiate course in Solid State 


Physics, leadmg to the MSc degree of the 
Unrvernty of London, will begin in Octo- 
ber 1969 The coume may be taken ekher 
full-time (one year) or part-time (one day 
a week for two years), and grams may be 
available to suitable applicams 


For further detars and application form 
apply to: The Secretary, Department of 
Physics, Chelsea College of Science and 
Technology, Manresa Road, London, 
S.W.3. (1332) 








FELLOWSHIPS AND 
STUDENTSHIPS 





University of Salford 
Fluid Mechanics 
Computation Centre 


Applications are invited for two 


RESEARCH 
FELLOWSHIPS 


ın the Fluid Mechanics Computation 
Centre, which has been estabhshed by the 
Untversity with the support of the Science 
Research Council. The Centre ts based m 
the Mathematscs Department and members 
of the Ceatre have access to the computmg 
facilities of the Unorvermty. The actvities 
of the Centre inchude—development of a 
Programme of research m co-operation 
with engineers and theoreticmns in indus- 
try, government research cstabliahments 
and groups working in other universities ; 
the development of industnally onentated 
postgraduate work. 


In the first place the appomrments will 
be for a further period of two years with 
the possibility of extensions for a further 
penod. Applicants will be considered 
from eather mathematimans or engineers. 
For these posinons a salary from £1,585 
up to £2,505 per annum is offered. 
F.S.S.U. superannuation arrangements will 
apply. 


Applications, statng age, qualifications 
and expenence, and namimg two referees, 
must be received not later than Apdcil 14, 
1969, by the Registrar, University of Sal- 
ford, Salford M5 4WT, from whom further 
particulars and forms of applicanon may 
be obtained. Please quote reference MA/ 
73/N. (1321) 


LORD RANK RESEARCH 
FELLOW 


Ph bose can are invited from nntdtionssts 
and bsochemists with research 


The appomtment will be for one year in 
the first instance, with possible renewal for 
a further two years. 

Salary aot less than £1,500 per annum. 

Aoply « 

Professor John Yudkin, 
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THE 
UNIVERSITY OF 


Applications are invited for a Post- 
Doctoral Research Fellowship ın the 
DEPARTMENT OF PHYSICAL 
CHEMISTRY. The mital appointment 
will be for one year woh the possubalty 
of extension 

The succeseful applicant wall be expec- 
ted to work m the fleld of gas phase 
reactions of atoms and free radicals, 
and to take part in a project on evalua- 
tion of reaction rate data. 


Ths project 1s supported by a grant 
and Ti 


Baulch, who will gladly supply further 

partculars 

Salary scale £1,240 by £115 to £2,160 

Applications (three copies), statmg age, 
experience 





UNIVERSITY OF SHEFFIELD 


RESEARCH ON CERAMIC 
MATERIALS 


Applications are invited from recent or pros- 


chemistry, ceramucs 
glass techno! , or metallurgy for research ap- 
poantment to the degrees of MSc Tech. 
and Ph D. The terms and conditons would nor- 
to those of an S R.C. re 


fellowship ıs also available. 
topics 18 under investigation within the Depart- 
men, which has recently been rehoused and 
extensively re-equipped. There is prple one scope 
for the application of knowledge of 
to problems of considerable importance in a 
developing field, knowledge of ich a is mcTeas- 
ingly in demand, 

Further details can be obteauned fa ith, Reto 


St. 
Square, Sheffield $1 3ID. Quote Ref. egies 





UNIVERSITY OF SURREY 

A vacancy ensus for a 
POSTGRADUATE STUDENT 
in the newly formed Measurement Science Divi 
sion of the Department of Chemical Phymcs to 
undertake research into radio frequency coamal 
techniques for the measurement of the 2-port 
parameters of power uansistom up to 100 MHz 
including the interface problem. will 
be placed on wideband te techniques surtable for 
automaton. 

The Post w supported by a three year Minus 
of Technology grant incinding a salary of £60 
per annum. Applicants must have an appropri 
ate honours degree. There -ıs ths posnibility: that 
the research may kad to a higher degree. 

Applications giving the fullest 
of age, educanon and expenence shona, be for- 


Guddtord, Surrey. 





UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


RESEARCH STUDENTSHIP IN 
THE DEPARTMENT OF 
BIOCHEMISTRY AND SOIL 
SCIENCE 


Applicauons are myited from prospec- 
uve Honours graduates, m biochemstry or 


related subjects, for a Studentship for re- 
search into the pharmacological effect of 


exogenous nuckic acid derivauves on 
mammahan endocrine systems. The value 
of the award (basic £530 plus fees) and 
conditions of service will generally follow 
those for S R.C. Studeatships. 
Applicants should write to the Regutrar, 
parents Cofege of North Wales, 
Caernarvonshire, not later than 
ren “30, 1969, stating age, academic 
qualifications and the names and addresses 
of two referees (1304) 


UNIVERSITY OF READING 
DEPARTMENT OF AGRICULTURE 
POSTGRADUATE STUDENTSHIP 


Applicatons are invted for a Postgraduate 
Studentship of £750 per annum plus certain fees 
This award w supported by the Brush Friesan 
dentship is tenable 
ʻ 1969, iniually for a period of 
two years and subject to satisfactory progress 
wit extended for a further year. The holder 


One typed copy of a letter of application en- 
closing curriculum vrae and including the namer 
of two academr referees to be sent by Apel 30, 
1969, to Professor J C. Bowman, Department 
of Agnculture, 
Gate, Reading, 
partculars may be obtained 


GRANTS & SCHOLARSHIPS 


UNIVERSITY OF LEICESTER 
RESEARCH SCHOLARSHIPS 
Applications are invited for a number of 
SCHOLARSHIPS ın ARTS, 


SCIENCE (inctnding Engineering) and the 
SOCIAL SCIENCES (inckidmg Law and Social 


articulars and application forms may be 
obtamed from the Regmtrar, to whom completed 





appucations must be sem by May 7. (1346) 
MISCELLANEOUS 
INVENTORS, SCIENTISTS EIC.; WHO 


partments, ctc ; for development of their ideas 
are advised to contact—MACROTECH, Ferny 
Park, Tintagel, Cornwall. (1342) 


SPORES - FERNS - MICROSCOPIC ILLUSIONS ANALYZED 


Volume | 


C. S. HIRES 


An exceptional book for nature lovers, artists and scientists in many fields. 


Living ferns beautifully illustrated, cel] structure. 


Development—spore to maturity. 


Unique, 3-dimensional studies with models, line drawings and photomicrographs clarify basic spore structures; 


their wall arrangements organized for easy reference. 


Simple, accurate terms. 


672 pages, 1,150 Illustrations, 14 in colour. 


MISTAIRE LABORATORIES 


152 Glen Avenue, Millburn, N.J. 07041 U.S.A. 


New approaches to details and microscopic illusions. 


Price: $22.50 
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precise - predictable - practical- _- 
ELER) — PEARSE CRYOSTATS 


APPLICATIONS ... 

Diagnostic Biopsies - Routine Histology 

Enzyme Cytochemistry + Autopsies 
Immunohistochemistry (Fluorescent Antibody Methods) 
Auto Radiography - Fluorescent Microscopy 
Analytical Histochemistry 

Undecalcified Bone Sectioning 


ALSO... 
Botanical Research. Technological Materials 


PERFORMANCE DATA... 
Section sizes up to 120x90 mm. 
Section thickness down to 0.2 micron 
Automatic or manual operation 








2: os ASK for demonstration 
Type HRM 


SLEE MEDICAL EQUIPMENT Ltd. 


LANIER WORKS, HITHER GREEN LANE, LONDON, S.E.13, ENGLAND. Tel 01-852 4814 Telex 262686 


SLEE INTERNATIONAL INC. S.LE.E. G.m.b.H., 65 MAINZ GONSENHEIM 
PENNSAUKEN, NJ. U.S.A. Tel 609-663-3848 WEST GERMANY Tel. 06131-41806 
























‘200mm. or 8: STAINLESS; STEEL-or: BRASS 
BRITISH ee 
JOURNAL OF 


PHARMACOLOGY em auros 


@NO BLIND SPOTS 





” Pears r- 


The chief vehicle for publication ın pharma- 
cology in Britain, which also includes Ẹ s.s. 410 62 
regular accounts of proceedings of the US. and other 
British Pharmacological Society. The journal National Standards 
publishes original research in pharmacology 





from all countries. 


3 Vols. (9 numbers) £15 15s. Od. per ann. Ideal for the sep- | The wire mesh used in every 


Overseas: £16 10s. Od. aration of powder ENDECOTT TEST SIEVE 
U.S.A. $46.60; Canada $50.60 and aggregates, is now tested on our 


single numbers £1 18s. Od. partial analysis 
and micro-sieving IMAG E ANALYSI NG 


Subscription orders and enquiries should be problems. COMPUTER to ensure 
addressed to accuracy. 


MACMILLAN (JOURNALS) LTD., E N.D E C O TT S 


Subscription Dept. (N.), 
Brunel Road, Basingstoke, 
Hants, England. 


(TEST SIEVES) LTD. 


LOMBARD ROAD : MORDEN FACTORY ESTATE - LONDON S.W.19 
PHONE 01-542 8121/2/3 > GRAMS ENDTESIV LONDON S W 19 











Printed in Great Briain by FisHer, Knicut & Co. LTD , St. Albans, and published by MACMILLAN (JOURNALS) LIMITED, 
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automated ~ 
lipid analysis a 


-cholesterol from one plasma extract 


Seen + ¢ 


Bringing a 








ve, 


to the laboratory 
will giye you ` ) 
some `.. = 
startling results: j 


Not the least of which is the gratitude 
of your technologist for eliminating 

the tedium usually associated with 
manual methods of lipid analysis. 
The Technicon® AutoAnalyzer® simul- 
taneously quantitates triglycerides and 


at the rate of 40 samples per hour 
(80 determinations). The system Is 
fast, versatile and fully automatic. It 
provides the means for performing 
a great number of analyses rapidly and 
accurately with a minimal amount of 
effort. Of course, if you already have an 
AutoAnalyzer, this capability is avail- 
able through a modest addition of 
equipment. For more information, 
write Department 56, 

Technicon Corporation, 

Tarrytown, New York 10591 


== 


COPYMAHTO toes BY TECHN CON CORPORATION 










Labelled 
Carbohydrates 


CH2OH 












H 
The Radtochemical Centre offers a wide range of labelled 
carbohydrates of high purity, high specific activity and at 
competitive pnces 


The range includes material specially prepared and 
packaged for specific applicationse g for pharmaceutical 
use or for enzyme assay 


Compounds of interest recently added to our list include 
Carbon-14 labelled 

D-Glucose-C14 (U)-1-phosphate, potassium sa!t 
D-Glucosaminé-1-C14 hydrochlonde high specific activity 
(Hydroxymethyl-C1 4)-inulin 

Inulin-(carboxylie acid-C14) 

Xylito-C14(U) 

on’ Trehalose-C1 4(U) 

q Tritum labelled 

D-Glucose-1-T 

myo-Inositob2-T 

Sorbitol-1-T 


Ask for free batch analysis sheets on any compound in 

which you’ are interested They provide details of puny, 
pa 

notes on preparation and recommendations for storage 








The Radiochemical Centre Amersham England 


v9 
ROI 


OH 














Meteors in colour 
Solar green flash : 


RNA phage- 
replication’ 


Pulsar distances 
Surface of Mars ` 
Seafloor spreading 


Mitochondrial 
ribosomes 


Bone calcium — 
turnover 
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Edwards |... 


—for the only 
U HV S stem S lower baking temperatures, shorter cycles and 
y big economiesin heating. Edwards have produced 
three “off-the-peg” UHV pumping groups based 


m 
with on vacuum brazed components. These groups, 
though standard, can readily be modified to suit 
a particular application. Edwards can also supply 
you with complete custom-built plant with the 


vacu u m b razed pumps best suited to your application and budget. 


Edwards have no axe to grind because they have 
a uniquely wide range from which to choose — 


components : ge from wi se- 
sputter-ion and radial electric field pumps, liquid 


That means their previous manufacturing helium cryopumps, sublimation pumps, properly 
andsurfacetreatment‘history hasbeencompletely trapped vapour pumps and rotary pumps, and 
obliterated by a degassing bake at 1050°C. sorption pumps. Flanges can be either Conflat® 
So, system for system, you get higher vacua with compatible or ISO type. 
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12 page summary: 







Send for your copy of VACUUM 
Edwards new publication i 







of potted information 
on the wide range 
of Edwards UHV 






No. 13780-12 pages f ` 
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Edwards 121n table top system, 3types of workchamber are available 
F Coofiat is a registered trace name of 
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Yarian Associates 


Edwards Vacuum Components Limited 
A member of the BOC group 


Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley ir 
P2570 
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Zeiss opens 
the doors of knowledge 


This photomicrograph of a No other optics can provide Full details from Carl Zelss at 
diatom was taken througha such clarity and definition. ee se Ltd., Cari Zeiss 
regular Zeiss research London WIP RAP Street, 
microscope with built-in Zeiss constantly opens doors of 01-636 8050 (16 lines) 
automatic camera and Nomarski knowledge in every fleld...in Telex No. 24300 
interference contrast sclence, research, and Industry. 

-~ attachment. 


Doesn't your work justify the 
ultimate in optical performance? 


H®egenhardt 


ZEISS Es 











NATURE. APRIL 12, 1969 








worth noting 


These three instruments from Thorn Bendix 
are worthy of a closer appraisal. 
Laboratory and field tested, they represent another 
notable achievement in purpose built equipment 
from Thorn Bendix. 
World leaders in research and instrumentation. 


The Automatic Saccharimeter/Type 143. 

The Bendix Automatic Saccharimeter is an all-electronic Saccharimeter which 
enables sugar concentrations to be measured quickly, easily and accurately 
in normal room light. The precision of the instrument is such that 

repeatable readings of + 0.02°s are easily obtained. 


The Automatic Polarimeter Saccharimeter|Type 700. 
The Bendix Automatic Polarimeter, Type 700, is an all-electronic 
Saccharimeter designed specifically to meet the requirements 

’ for Cane Juice Analysis according to the Australian Standard K157. 


The Spectropolarimeter/Polarmatic 62. 

Polarmatic 6 is an Automatic Spectropolarmeter for optical rotary dispersion studies and 
circular dichroism. It is based on an original design by the National Physical Laboratory and 
developed to meet the exacting requirements of the research chemists and physicists, 


. Thorn Bendix - 


Industrial Electronics Division, High Church Street, New Basford, Nottingham, England, 
Telephone. 75115. Telex: 37142 
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US f se Ordinary Pipets: 
THE 
ERROR ELIMINATORS! 


-L/k automatic REPIPETS® and Dilutors eliminate the 
many sources of error inherent in manual techniques. 
These unique instruments pipet, dilute and dispense 

with a guaranteed accuracy of 1% 
and a reproducibility of 0.1%. With 
the LAMBDA-DIAL® accessory for any 
1 ml Repipet or Dilutor, accuracy 
soars to a phenomenal 1% at 10 
lambdas! 
As shown, L/| instruments fit directly 
on your reagent bottles, %-ounce 
and larger. (L/I will supply bottle if 
desired.) To operate, simply set vol- 
ume with knife-edge pointer, lift 
plunger to aspirate, and depress 
plunger to deliver. In effect, you've | L71 Dilutor 
< automated your reagent bottle! You 
r not only save valuable analysis time, 
aN AMR i you get more results and more de- 
(Pane pendable results. 
PYREX L/I instruments handle any reagent, including 
concentrated acids, concentrated alkalies, chlorinated 
hydrocarbons, etc. Integral air filters keep reagents pure. 
All-amber instruments are supplied for labile reagents. 
L/\l stocks REPIPETS and Dilutors in v2, 1, 5, 10, 20 
and 50 mi sizes. Each instrument is adjustable and 
accurate over its entire scale. Micro and macro Teflon 
tips included. Prices: REPIPETS $52.50; Dilutors 
$99.50; LAMBDA-DIALS $49.50. Write to L/I at 
1804E Second Street, Berkeley, California 94710, or 
contact your distributor. L/1 Phone: (415) 843-0220. 
Cable: GATE-MERC, Los Angeles. 


4 LABINDUSTRIES 


The Error Eliminators 


L/1 REPIPET 
















Big physicists 
from little accelerators grow 


instrument 
printouts. String 
nectors, What hast 


O 


Plenty. It's the doing of physics 
to the knowing of physics. This gre 
will confirm for himself the basic dis 
buit modern physics. And he will earn the 


to move up to larger accelerators where further H HIGH VOLTAGE ENGINEERING 
original work is waiting. 





. 
The complete line of Van de Graaff acc 


Writa Hinh Valtane Fndaineasrina Cornnratinn Riurlinninn Maccarhisette ar Amersinort The Metheriande 


ed in our General Catalog 
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Worthington 
provides 198 enzymes 
for research 


and keeps genealogical records 
on every one of them 





Unlike other suppliers of enzymes 


who are merely re-sellers, we at 
Worthington Biochemical Corpora- 
tion make all our own enzyme prod- 
ucts. We keep absolute control and 
detailed records of each step of 
their preparation. 


Our raw materials, except for... 
some fireflies supplied by children, — 


are collected for us by specialists 
who understand and respond to the 
sometimes unusual needs of the 
biochemist. 

We use specialized analytical 
techniques, including chromatogra- 
phy and electrophoresis, in the rou- 
tine production of high purity 
enzyme products. Many of our en- 
zymes have purity and activity 
levels far exceeding that of any 
other supplier.. 

The preparation of an enzyme is 
followed, from raw material through 
multiple purifications steps to final 
packaging, by the one person at 
Worthington who best understands 
the particular procedure. His rec- 
ords provide the complete history 
of each batch. They can be used 
to trace it back to its source, if 
necessary. 

Our strict control and rigorous in- 
sistence on preparing all our own 
products is your guarantee of en- 
zyme quality. Use the attached cou- 
pon to obtain your copy of our 
complete list of products. 


Freehold, New Jersey 07728 > 

O Send WORTHINGTON | 
ENZYMES FOR RESEARC 
booklet. ee NS 

{1 Send. the complete Worthington 
Enzyme. Manual. J. ama new 
customer. 9” Peaks 


Name 
Title 


Institution, 


Address age: 


wit. 








Wil 
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Tubing for 
Peristaltic 
Pumps 


FROM 


Esco (Rubber) Ltd 


Silicone Rubber, non toxic, over 30 standard 


e 
S l lescol sizes from 0.5mm i.d., elastic, excellent resistance 


to many chemicals, sterilizable either by steam at 
120°C. or by dry heat at 180°C., will not deterior- 


Tran sl u ce n t ate either in storage or in tropical climate. 


e Black fluorinated synthetic rubber resistant to con- 
Vi nescol 23 centrated sulphuric acid 98%, phosphoric acid 
80%, petrol, crude oil, perchloroethylene, etc. Will 

withstand temperatures up to 200°C. 


Esco (Rubber) Ltd. 


Walsingham House, 35 Seething Lane, London EC3 
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It’s not difficult to fill these protective 
shoes worn by all of us at the Cyclo- 
tron and Isotope Laboratories, in 
Petten, The Netherlands. Just step in! 
Walk over to our modern Philips 
Universal Cyclotron, Take a stroll 
through our new Isotope Laboratories, 
including the hot lab and tracer lab. 
Take a look at the 30 MW High-Flux 
Reactor located just across the road. 
And then, if you like, make your- 
self at home. All this equipment is 
available - on a time-rental basis - for 
any experimental or pilot project you 
may have in mind. The cyclotron is 
remarkably versatile and powerful, 


Ix 





save money! 


providing a choice of accelerated 
protons, deuterons, He3 particles or 
alpha particles... a variety of beam 
currents and energies... and internal, 
separated or external beams, at your 
option! 

Now, we don’t claim that these 
shoes are “magic” or anything like 
that, but they are unusual. Do you 
know a better way to conjure up a 
fully equipped isotope laboratory and 
cyclotron at a day’s or week’s notice? 
So, if you are engaged in isotope 
research, radiation chemistry, activa- 
tion analysis, materials research, or 
radiobiology, step right up and see for 








yourself how much time and money 
these shoes can save you. The- full 
story isin our brochure, entitled “How 
to put more energy into your research 
programme”. 

Ask for your free copy now. 


Cyclotron 
and Isotope 
Laboratories 


puphan 


N.V. Philips-Duphar, 
Cyclotron and Isotope Laboratories, 
Petten, The Netherlands. 











} PUBLISHING CORPORATION 





Readers are requested to 
contact the publishers for further 
information : 


Plenum Publishing Co., Ltd., 


Donington House, 
30 Norfolk Street, 
London, W.C.2. (Tel, 01-836 5238) 
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NEW AND 
FORTHCOMING TITLES 


bd . 
Analytical Calorimetry 
Proceedings of the American Chemica! Society Symposium on Analytical C. alorimetry held 
in San Francisco, California, April 2-5, 1968. 
Edited by Roger S. Porter, Polymer Science and Engineering Program, University of 
Massachusetts, Amherst, Massachusetts and Julian F. Johnson, University of Connecticut, 
Storrs, Connecticut. 
This volume contains a comprehensive coverage of advanced areas in analytical calori" 
metry and thermal analysis. Contributions from the principal investigators in this field 
deal with subjects ranging from fundamental thermodynamic studies based on precise 
adiabatic calorimetry to analytical uses of differential thermal analysis for the identi- 
fication and characterization of materials. Techniques described in this book have a 
wide scope of applicability including the determination of specific heat, transition enthal- 
pies, and temperatures, and related characteristic features of percent crystallinity and 
order in materials. 
322 pages PP 1968 $10.00/£4 14s. 


Electron Spin Resonance of Metal Complexes 

Symposium on ESR of Metal Chelates at the Pittsburgh Conference on Analytical Chemistry 
and Applied Spectroscopy, held in Cleveland, Ohio, March 4-8, 1968. 

Edited by Teh Fu Yen, Department of Chemistry, California State College at Los Angeles. 
Hlustrating the advantages of interdisciplinary research, this monograph considers the 
main problems in ESR of metal complexes—the structure and bonding of the transition 
metals and their ions; the charge transfer, symmetry reduction, and ligand type of their 
chelates; computer synthesis of spectra; and high resolution techniques. Also discussed 
are organometallic chemistry, solid state physics, biomedical science instrumentation, 
geoscience, and computer programming. 

Approx. 235 pages PP July 1969 $17.50/£8 4s. 


Organosilicon Heteropolymers and Heterocompounds 
By S. N. Borisov, Director, Laboratory of Elastomer Synthesis, All-Union Synthetic Rubber 
Research Institute, Leningrad, M. G. Voronkov, Director, Laboratery of Heteroorganic 
Compounds, Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, 
Riga, and E. Ya. Lukevits, Group Leader, Laboratory of Heteroorganic Compounds, 
Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. 

A volume in Monographs in Inorganic Chemistry 

Edited by Eugene G. Rochow, Harvard University. 

Translated from Russian by C. Nigel Turton and Tatiana I. Turton. 

This unique volume presents a systematic review of organosilicon compounds and poly- 
mers that contain silicon-heteratom bonds. The synthesis of a specific class of compounds, 
their physical and chemical properties, recommended analysis, and potential applications 
are described in each chapter. Of particular interest are discussions of high-temperature 
polymers used in surface coatings and special materials currently valuable to advanced 
technology in the electronics and aerospace industries. An extensive bibliography containing 
nearly 1750 references to patents, books, reviews, and technical papers is provided, 


Approx. 600 pages PP June 1969 $35.00/£16 7s. 


Semiconducting II-VI, IV-VI, V-VI Compounds 


By N. Kh. Abrikosov, V. F. Bankina, L. V. Poretskaya, L. E. Shelimova, E. V. Skudnova, 
A. A. Baikov Institute of Metallurgy, Academy of Sciences of the USSR. 

Translated by Albin Tybulewicz, Editor, “Soviet Physies-Semiconductors” 

A volume in Monographs in Semiconductor Physics 

This is the first monograph to deal with the semiconducting chalcogenides of groups II 
IV, and V elements. Phase diagrams for binary, ternary, and more complex systems are 
included. Subjects also considered are crystal structure, chemical binding, principle 
methods of synthesis, and thermodynamic and physico-chemical properties. 


Approx. 246 pages PP May 1969 $19.50/£9 2s. 


Crystallization from Solutions 

Edited by Eugenii Vladimirovich Khamskii, Head, Laboratory for Physioeachemical Investi- 
gations, Institute of Chemistry and Technology of Rare Elements and Minerals, Kola Branch, 
Academy of Sciences of the USSR. 

Translated from Russian by Albin Tybulewicz, Editor, “Soviet Physices-Semiconductors” 
Stressing large-scale crystallization from solutions, primarily from aqueous solutions 
below 100° C, this book reviews the major theories of the formation and properties of 
supersaturated solutions, the formation of growth nuclei and the growth of crystals, 
the kinetics of crystallization, and the coprecipitation of impurities and their influence 
on the habit and on physical properties of crystals. The monograph also discusses problems 
of the stability of supersaturated solutions, the mestastability unit, the equation of mass 
balance, and the role of impurities in the various stages of the crystallization process. 
Approx. 106 pages CB Special Research Report ‘April 1969 $22.50/£10 10s. 
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Why you should not be kept 
in the dark about the 

new chromatograph from 
Pye Unicam 





| 


-because the Pye Model R Chromatograph fills the gap ~-because Model R features a unique “total-loss” cooling 
between routine and research instruments—incorporating eat based on an extra-large oven with facilities 
many of the important features from both categories, or “auto-cooling”. 


its built-in flexibili k alee, —-because there are many other design features and 
because its built-in flexibility makes Model R the ideal accessories which you should know about, Contact Pye 


instrument for a wide variety of projects involving different  Unicam Ltd today and ask us to throw more light on this 
analytical techniques. exciting new chromatograph. 

















Pye Unicam Ltd 


ee York Street Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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Microbiological 
reagents 
and media 





é ® delivered P 
to your bench 








fa 9 Hundreds of different products in the complete Difco range are 
kept in stock ready to be on your bench without delay. We shall 

always be pleased to obtain other items specially to order. 
s] Speed, convenience, reliability . . . and remember that Difco 
offer the only complete line of culture media available in U.K. 
Please send for the latest literature concerning your special 
interests. 













complete 
taboratory 
service 
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BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester, Birmingham and Glasgow 


Member of Tarmac Derby Limited. oer 


CROFT PARALLEL GRINDING MACHINE (MOTOR DRIVEN) 


For precision grinding of thin sections and fossils 





The travelling carriage of the machine moves in 
a circular track over the grinding plate controlled 
by steel balls running in precision machined 
tracks. Mounted in the centre of the carriage is 
a metric micrometer which houses the specimen 
holder. When the carriage is in the grinding 
position as illustrated, the micrometer can be 
adjusted until the specimen is in contact with 
the grinding plate, at this point the reading 
should be taken and then the amount to be ground 
off should be set on the micrometer. The 
specimen holder will lift by this amount and as the machine grinds the holder will return to its setting 
position, which once reached will stop any further grinding of the specimen even if the machine continues 
to run. 

Grinding plates can be supplied in zinc, copper, cast iron, glass or lead. 


CUTROCK ENGINEERING CO., LTD. 


Telephone: 01-346-5978/9 35 BALLARDS LANE LONDON N3 
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Who Wants to be a Student? 


Tue British educational system is about to be engulfed 
by one of its most characteristic and self-destructive 
features—the annual bout of examination fever 
which occupies students between 15 and 21 and most 
of the academic profession. For the younger people, 
there will be the so-called Ordinary-level examinations, 
intended to mark the orderly passage of academically 
inclined students from the hard grind of the lower 
school to the harder and still more specialized grind of 
the sixth form. Many talented people will devote their 
summer to the provision of some sense of respectability 
to this system which has never been quite the same 
since Sir Alec Clegg, the puekish Chief Education 
Officer of the West Riding of Yorkshire, played the 
practical joke of putting in some of his pupils for 
O-level examinations set by two of the supposedly 
objective examinations boards which administer them. 
For other people of the same age, there will be CSE 
examinations—a device originally intended to be a 
liberal alternative to O-level or a means by which 
schools could set their own examinations, have them 
externally calibrated and then give their successful 
students a piece of paper which would carry some of 
the prestige of the O-level certificates. Practice, un- 
fortunately, seems to have demonstrated what should 
in any case have been predicted—that it takes a great 
deal of trouble for busy teachers to set intelligent 
examinations, with the result that CSE is well on the 
way to becoming a shabby version of O-level. In the 
academic calendar, however, both of these are mere 
foothills compared with the towering peaks of the 
Advanced-level examinations by means of which intend- 
ing university entrants compete for grade points in 
two or three specialized subjects, and on the results of 
which places at the universities are awarded. It is 
no wonder that a great many students who find them- 
selves at universities profess themselves to be surprised 
at being examined yet again, and this time still more 
fiercely, a mere three years later, at the end of their 
undergraduate course. Britain, which long since ceased 
to be a nation of shopkeepers, has become a nation of 
examinees, 

If the zeal which is fed into the examination system 
were a token of pleasure shared equally between exam- 
iners and examined, the worst that could be said of 
these arrangements would be that they amount to a 
kind of national perversion, like masochism. Un- 
fortunately, however, nobody seems to get much 
pleasure from them. Worst still, they are arbitrary in 
their implicit judgments of the intellectual qualities 
of the examined masses. Universities which take their 
responsibilities seriously are always looking for correla- 


tions between the performance of young students i 
the examinations by means of which they are admitte 
and their performance in the degree examination 
three or four years later, and it is not surprising tha 
many universities claim that people who do well in the: 
first examination are likely to do well in the second. 
As bad luck will have it, however, the correlation 
between the success rates at the two levels is not so 
great that the fairness of the A-level examinations is 
plainly attested. One difficulty, of course, is that there 
is no means of finding out how those denied places at 
the universities would perform in the kinds of examina- 
tions to which their luckier colleagues are subjected. 
No doubt, both examinations also measure not merely 
attainment but what may be called ‘“examinability”’. 
And there is a disturbing variability in the performances 
of the public examinations boards—or of some of them 
—from one year to another. For these and many other 
reasons, there is some reason to believe that the British 
national sport of ordeal by examination could often 
profitably be simplified by the use of rudimentary 
random number generators—dice, for example. 

This, unfortunately, is no joke, as the 20,000 or so 
young people likely to be denied places at the universi- 
ties this summer will be ready to proclaim. And this, 
of course, is one of the reasons why there has recently 
been some timid experiment with variants on the 
present educational system. Thus the Schools Council 
and the Standing Conference on University Entrance 
have been dickering for the past two years with a 
British version of what is known elsewhere as a scholas- 
tic aptitude test, but there is as yet no plan for using 
this as an aid in selecting candidates for entry to the 
universities. At the same time, those who administer 
undergraduate courses are reflecting on the possible 
advantages of a system of grading by means of con- 
tinuous assessment rather than by one short and 
extremely sharp examination at the end of the course. 
There are obvious arguments in favour of some method 
for ridding the present system of some of its arbitrari- 
ness, but it may also be unfair to young people to expect 
of them a continuously high standard of performance. 
And what, in any case, is to be said of the danger of 
nepotism in any system which relies on the opinions 
of teachers ? The way the argument is going, nothing 
much is likely to happen for a very long time. 

If those who lavish their attention on the examina- 
tion system only knew it, this is a fearful irony. One 
way and another, there is now a great wealth of 
evidence that the outside interests to whom the various 
examination systems are intended to be useful are 
increasingly indifferent to the results. Potential 













° 


106 


employers are certainly much more anxious to make 
their own judgments of people than to rely on the 
fine print which says whether a person has been awarded 
a first, a second or a third-class degree. In the same 
way, the universities themselves are not willing to 
leave their selection of entrants entirely to the award 
of grades by the public examinations boards, even 
though they have gone much further in this direction 
than is good for them or for intending students. In 
short, if the examination system were abolished to- 
morrow by Act of Parliament, no serious damage would 
be done. Plainly the examinations have become, in 
one way or another, rituals. 

Outright abolition is not likely, but there are several 
steps in this direction which could be taken. The most 
urgent need for change is at the transition between the 
schools and the universities, and in the system of 
A-level examinations. For practical purposes, the 
present arrangements are hardly more than a device 
by means of which the universities shed responsibility 
for deciding who shall be students. The eight public 
examinations boards which independently provide 
Advanced-level examinations are independent of both 
the universities and the schools, although they wisely 
rely on academics from both camps for the detailed 
planning and preparation of examinations. In the 
past they have been slow to change, although some of 
them have recently won a welcome measure of freedom 
-—the Joint Matriculation Board, based on the northern 
universities, has introduced a great many innovations, 
partly as a result of the efforts of the recently retired 
secretary, Mr J. A. Petch. But, however good the 
examination boards may be, it is surely mistaken that. 
the universities should wash their hands of this re- 
sponsibility, and at the same time permit the A-level 
examinations to continue to distort the sixth-form 
curriculum. The real need is for a simple qualifying 
examination to pick out the very large numbers of 


The Foundering Ark 


Tue arrival of a herd of brindled gnu, the birth of a 
crab-eating fox litter and the purchase of a 21-foot 
reticulated python made up part of daily life at the 
London and Whipsnade Zoos last year. The sacred 
ibises had a successful breeding season, a small termite 
colony was established in the Insect House and a 
blesbok came through two operations for severe chest 
injury. Despite these happy events the Zoological 
Society, which administers the two zoos, had a poor 
enough year to accumulate a deficit of some £30,000. 

Judged by commercial standards, a concern whose 
assets ‘included 36 acres of land in central London 
should be hard put to it not to earn a handsome profit. 
The zoo’s last year of surplus, however, was 1964, 
since when it has consistently made a small loss which 
in 1967 amounted to some £2,500. The principal 
factors contributing to this year’s deficit seem to have 


. 
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people who at present realistically seek places at 
universities, and then devices by means of which indivi- 
dual universities can select their people. In the nature 
of things, this procedure should be run directly by the 
universities, and should be based not on the academic 
attainment of students but on something akin to apti- 
tude. To pretend otherwise is.to condone not just 
the inequities of the present system but its absurdity. 
If A-level examinations should then wither away, 
that would be a gain and not a loss. 

If universities steeled themselves for a sensible line 
on what is, in effect, the entrance examination, they 
might also be able to behave more sensibly towards 
their own internal examinations. The object here, of 
course, should be to decide what examinations or 
alternative devices for grading people are really meant 
to accomplish. The old pretence that employers look 
to universities to put their graduates in categories can 
no longer be sustained. If, as many students and some 
teachers say, examinations are a necessary spur to 
make students work, there are probably good reasons 
for replacing the present system of one crucial examina- 
tion at the end of three years with some more frequent 
assessment. Most probably there are a great many 
more intelligent devices to be found for doing this 
than the crude devices now in use. Whatever the best 
procedure, however, there is no doubt that any varia- 
tion on the principle that assessment must come at the 
end of the course must necessarily throw up a much 
more detailed profile of a student’s performance than 
the classifications systems now in use in the degree 
examinations. In other words, any change must almost 
certainly include arrangements which ensure that all 
but the bone-idle students will receive a degree of 
some kind when their three years are up. This pros- 
pect, it is true, will keep many academics awake in 
their beds at night, but they should recognize that it 
would not be a step back but a step forward. 


been a 10 per cent increase in the wages bill and a 
15 per cent decrease in the revenue from Whipsnade 
Zoo, largely as a result of bad weather at weekends. 
Despite the extensive rebuilding programme and a 
doubling of last year’s advertising budget, attendance 
at the London Zoo was less than 1965’s record of 
2-126 million, although still past the 2 million mark. 

Being registered as a charity, the Zoological Society 
is careful to talk in terms of surplus and deficit, not of 
profit and loss. In any case the display of animals to 
humans for a fee is not its only concern. The society 
organizes scientific and educational meetings, produces 
several publications, including the International Zoo 
Yearbook, and carries out an extensive research pro- 
gramme. But even with its mind fixed on higher things, 
the council of the Zoological Society seems to be feel- 
ing the strain of its hand to mouth existence. In the 
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annual report it admits to the difficulty of finding 
capital to continue the rebuilding of the Regent’s 
Park zoo. As there is no hope of meeting this from 
revenue, the money will have to come from gifts and 
donations even more generous than those that have 
assisted the rebuilding done so far and made possible 
the regeneration of the society’s scientific activities. 

A temporary relief from this parlous financial situa- 
tion has been afforded by the government loan of 
£375,000 which was announced last month. The Zoo- 
logical Society has stated that it intends to draw on 
the loan only as a last resort but, be that as it may, 
the hiring of management consultants seems to have 
been part of the deal. The consultants have not yet 
been appointed, but in the way of their trade they are 
more likely to regard the zoos’ affairs in terms of profit 
and loss than the society’s preferred nomenclature of 
surplus and deficit. Once this change of attitude 
begins, where will it stop? Or why should it stop at 
all? There is much to be said, on the face of things, 
for turning the zoos into a public company, which 
would be supervised by a board of trustees provided 
by the Zoological Society. Under an arrangement like 
this the society would retain complete control over the 
academic affairs connected with the zoo, yet at the 
same time would have a considerably freer hand in 
tackling its financial problems—for example, by raising 
loans on the stock market and by gaining a hard and 
fast criterion for setting the admission prices. Hitherto 
the society has laudably tried to keep these as low as 
is consistent with some acceptable but presumably 
fairly arbitrary rate of deficit (the admission price for 
adults visiting Regent’s Park was last raised in 1966 
from 5s to the present price of 7s 6d). Yet there seems 
no good reason why the society should not follow the 
example of the railways, the post office and other public 
utilities in bending to the strictly economic demands 
of the market. The public pays for its bread; why 
should it not also pay for its circuses ? 


DATA PROCESSING 


Computer Bureaux Report 


In the eyes of the private computer services bureaux, 
the National Data Processing Service run by the British 
Post Office is now a fait accompli, but the snail’s pace 
of its development means that it is not giving much 
cause for alarm. The trade association of the computer 
services bureaux, set up just over a year ago, has come 
up with the suggestion that the Post Office’s bureau 
ought to become a member. Called the Computer 
Services Bureaux Association (Cosba), the trade asso- 
ciation has already had a success with its code of 
conduct for members, published last year (Nature, 219, 
995; 1968), which protects customers from fly-by- 
night firms, as well as guarding the bureaux them- 
selves from a situation like that in the United States 
where 35 per cent of bureaux collapse during their first 
year. The question of the National Data Processing 
Service (NDPS) becoming a member is raised in the 
association’s first annual report, but has been shelved 
until the autumn, by which time the Bill to turn the 
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Post Office into a public corporation, at present going 
through Parliament, ought to be law. But a spokesman 
for Cosba said that the Post Office is “not keen” on 
the idea. According to the Post Office, however, 
NDPS membership of Cosba has already been rejected 
after careful consideration, on the grounds that, as a 
government department and as part of the Post Office, 
the NDPS could find itself in an embarrassing position 
during Cosba negotiations with government bodies. 
The situation is not expected to become any different. 
after the Post Office Bill has been passed, when the — 
NDPS will still be part of the Post Office. It looks 
if Cosba will have to be satisfied with the good relatio 
which, according to the report, have been established 
with the NDPS, and with the regular meetings insti- 

tuted between the two bodies. es 

How long the good relations will last is another 
matter. Cosba is at present squaring up for the first 
real test of its ability to protect its members from what 
it considers to be unfair competition from the NDPS. 
According to Cosba, the National Computing Centre 
has directed the National Federation of Builders’ and 
Plumbers’ Merchants to use the NDPS for a major 
computing project which is planned. Cosba is claim- 
ing that its members were given scant information on 
tendering for the project by the National Computing 
Centre, and that its members were denied access to the 
officers of the federation. Cosba’s first step has been 
to send a telegram to the Minister of Technology asking 
for an early investigation into the affair, which could 
be the first example of the sort of discrimination that 
Cosba has been fearing. 

At least Cosba should be pleased by last week’s 
decision by the Economic Development Committee of 
the Post Office to set up an advisory group on data 
transmission. There have already been a series of 
meetings between Cosba and the Post Office to discuss 
problems in data transmission and the planning of 
future data networks. Last year the Post Office 
initiated four surveys into various kinds of data trans. 
mission networks (Nature, 219, 1097; 1968), including 
a market survey of the expected demands over the 
next fifteen years, on which the advisory group will be 
able to base its deliberations. It is unfortunate that 
the results of this crucial market survey, which are 
expected to be available in May, are not likely to be 
made public, 





NATURAL GAS 


More Gasbuggies 


THE success of Operation Gasbuggy, the first US 
experiment in the use of underground nuclear explo- 
sions to increase the recovery of natural gas from rock 
formations of low permeability, seems to have caused 
private power companies to beat a path to the US 
Atomic Energy Commission’s door. Two new experi- 
mental projects have been announced recently. No 
sooner had the AEC reached agreement with the 
Austral Oil Company of Texas over project Rusilon, 
the explosion of a 40 kiloton device 8,400 feet below 
the surface at a site 12 miles from Rifle in Colorado, 
than plans for a third test were announced. This one, 
in the Green River Basin in Wyoming, has been 
prospected by a consortium of oil companies known 
as the Wyoming Atomic Stimulation Project (WASP) 


. 
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which was organized in 1967. The AEC and WASP 
are to explode a nuclear device in the 50 kiloton range 
at a depth of 11,500 feet in the sandstones of the 
Merna region of south-western Wyoming. 

Both project Rusilon, which is scheduled to be 
exploded at the end of May, and the Wyoming project, 
which is still in the early stages of planning, are modelled 
on Gasbuggy: their aim is to produce a chimney 
reservoir and fractures in the gas bearing but relatively 
impervious rock, which should make it more porous. 
These new projects are more ambitious than Gas- 
buggy, which was jointly financed by the AEC and the 
El Paso Natural Gas Company and which involved 
exploding a 26 kiloton device at a depth of 4,240 feet 
in north-western New Mexico. 

Project Gasbuggy itself seems so far to have gone 
off without a hitch and to have fulfilled all the predic- 
tions made for it. The project has now reached the 
stage of six month production tests, and the results 
of a series of three 30 day production tests, which the 
AEC announced recently, are most encouraging. So 
far the Gasbuggy project has yielded 167 million cubic 
feet of gas, 109 million cubic feet of which were 
obtained during the three 30 day tests. By comparison 
a conventional well only 400 feet from the site of the 
Gasbuggy explosion has produced only 85 million 
cubic feet during nine months continuous operation. 

Equally important, the quality of the gas has im- 
proved. During the 30 day tests, the hydrocarbon 
content of the gas increased by a third to 82 per cent, 
while the carbon dioxide content fell by a half to 12 
per cent, as the reservoir of carbon dioxide produced 
when rocks were vaporized in the explosion was 
depleted. Hydrogen and other gases account for the 
other six per cent. The AEC also reported that the 





PLANNING 


Trust Battle Won 





The British Government recently refused to give the Bath 
City Council permission to compulsorily purchase Rainbow 
Wood Farm from the National Trust. The Trust is delighted 
with the decision, but Bath University of Technology has 
suffered. The council is now withholding part of the land it 
promised the university, so delaying its development. 
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gas does not contain hazardous amounts of radioactive 
debris. But the commission says that the results so 
far, though encouraging, are too preliminary to allow 
a final assessment of the commercial feasibility of the 
technique and the crucial six month production tests 
have yet to be started, but the fact that two more 
private groups have decided to risk the cost of projects 
like Gasbuggy are straws showing which way the wind 
is blowing. 


NUTRITION 


Americans and Englishmen 


Tur American Institute of Nutrition has honoured 
the work of two men of British extraction at its annual 
meeting in Atlantic City. Professor Hamish N. Munro 
of MIT received the 1969 Osborne and Mendel award, 
which is worth $1,000. Professor Munro is distin- 
guished for his work on protein metabolism. At the 
same meeting, Dr S. K. Kon of Reading University 
was nominated a fellow of the American Institute of 
Nutrition. He was one of the first to recognize the part 
played by vitamin A in the visual process. 


ARCHITECTURE 


Watch on High Buildings 


Tue Royal Fine Art Commission, the watchdog of 
public amenity in England and Wales, would like to 
see a firm policy for the control of high buildings in 
London. The commissioners, who include Mr John 
Betjeman, Sir Hugh Casson, Lord Llewelyn-Davies 
and Sir Basil Spence, say in their latest progress report 
(HMSO, 3s 6d) that there are increasing pressures on the 
loeal authorities in London for planning consent for 
buildings above what used to be considered normal 
height limits, and there has been a failure so far to 
establish any firm policy for Greater London on such 
consents. But they believe that there is an opportunity 
to do so, now that there is one authority (the Greater 
London Council) covering almost the whole area, They 
hope that definite guidelines will soon be agreed between 
the GLC and the borough councils. In some areas, 
the commissioners recommend that buildings above a 
certain height should be banned altogether. “They 
should indeed have been banned already in such areas 
as the surroundings of the central parks, St Paul’s 
and Westminster Abbey, and the river bank between 
them.” They regret the building of the three tall 
buildings around Hyde Park—at Marble Arch, in 
Park Lane, and at Lancaster Gate—and they say that 
unless there is a stronger expression of public opinion 
on this issue, there may be more. ‘“This will result in a 
gradual hemming in of parks by a wall of high buildings 
such as can be seen around Central Park, New York, 
which consequently looks half the size it really is.” 
Along the front of the River Thames, the commis- 
sioners suggest that development be kept not only low, 
but also small enough in scale not to diminish the sense 
of space provided by the river, and they criticize the 
decision of the governors of St Thomas’s Hospital 
to build an immense ward block immediately across 
the river from the Palace of Westminster. Although 
they say they were not in a position to dispute the 
technical reasons for rebuilding London Bridge at the 
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time the plans were released, they are disappointed 
that a decision was made by the City Corporation to 
demolish and replace the bridge without regard to 
the future planning of the roads in central London. 
They also imply criticism of the design of the new 
bridge, and of the failure to provide weather protection 
for commuters who cross the bridge on foot each day 
to and from London Bridge Station. They complain 
that “the machinery for consultation on a prime matter 
of national interest has not been properly used”. 


RESEARCH ASSOCIATIONS 


Uniting for Survival 


AFTER twenty-five years in the shadows, the Committee 
of Directors of Industrial Research Associations (CDRA) 
will at last be able to represent officially the research 
associations and their parent industries. In conjune- 
tion with the Confederation of British Industries, 
CDRA has set up a Conference of Industrial Research 
Associations (CERA) with the joint aims of providing a 
forum for the industrial research associations and 
similar organizations and of creating an effective lobby 
for the views of the research associations as a whole. 

Research associations are sponsored jointly by 
industry and the Government, and are cooperative 
bodies tackling problems not ordinarily dealt with by 
individual industries. CDRA has in the past provided 
the common ground for discussion between directors 
of research of the member associations. But this 
purely informal body could not speak officially for the 
research associations or the industries they repre- 
sented; it could express only the personal views of the 
directors. 

The need for a more effective voice in industry and 
government has been underlined by a considerable 
hardening in the Government’s attitude towards 
research associations in recent years. The Government's 
new policy seems to be that more research should be 
Sponsored or undertaken by industrial companies 
themselves, and that research groups should be self- 
supporting as far as possible. Research centres and 
industrial liaison offices have recently been established 
in universities in line with this policy and the research 
associations have only themselves to blame if they are 
left out of the picture. The director-general of one 
of the more productive associations said he felt that 
they had been for too long concerned with research 
for its own sake; they had enjoyed the security of a 
guaranteed income without being sufficiently tied 
to the needs of the industry they were supposed to 
serve. 

The role of the research associations seems certain to 
change in the next few years and in some cases this 
process has already started. The British Coal Utiliza- 
tion Research Association (BCURA) will cease to have 
Government support in two years time and will then 
be run by the National Coal Board as a wholly owned 
subsidiary, undertaking contracts for industry at large 
in addition to its own research. This may well 
become the model for many of the larger research 
associations. Dr L. ©. FE. Blackman, BCURA’s 
director-general, said that his staff are now enthusiastic 
about the new challenge; they have passed the initial 
stage of apprehension. Many associations already 
receive commissions from industry, and this will be 
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encouraged; the Electrical Research Association, for 
example, is supported by the GPO and the BBC in 
its work on wind pressure and high buildings. 
Further evidence of rationalization within the associa- 
tions is demonstrated by the merging of associations 
with similar research interests, such as the Flour 
Milling and Baking Research Association. 

Dr R. Weck of the British Welders Research Associa- 
tion, which has declined to join CIRA, was pessimistic 
about the future of the research associations in view 
of declining industrial and governmental interest, | 
but felt there was a real need for research in areas t 
would not show an immediate return in profit 
innovation. It is possible that sponsorship: will so 
be available only to those engaged in research which a 
commercial organization would feel no need to under- 
take: the work being done by the British Launderers’ 
Research Association on effluent control and water 
conservation is an example. With the future full of 
uncertainty most of the research associations seem to 
welcome CIRA as a valuable and much needed innova- 
tion. It may be more than that; it may be their last 
chance to stay in business. 







FOREIGN STUDENTS 


Less by Definition 


WuEN the British Government decided to charge over- 
seas students discriminatory higher fees at the start of 
the academic year for 1967-68, it redefined what con- 
stitutes an overseas student. As a result, it upset the 
book-keeping of the Association of Commonwealth 
Universities, for the new definition, which the associa- 
tion will adopt exclusively in the future, differs from 
that which the association has customarily used when 
drawing up returns for overseas students. According to 
the latest statistics, covering 1967-68, the new defini- 
tion reduced the tally. By the legal definition, there 
were 16,045 full-time students (13,582 men and 2,463 
women) of whom 8,558 came from the Commonwealth. 
By the old definition, there were 17 835 students com- 
pared with 17,659 in 1966-67. But the league tables of 
countries sending the largest contingents and’ the 
distribution of students among the various disciplines 
were not significantly altered by legal niceties. 

Of the legally defined overseas students, 8,108 held 
awards of one sort or another and 9,052 were studying 
at the postgraduate level. The postgraduates and 
undergraduates were more or less equally distributed 
among the various disciplines. Only 5,037 of the 16,045, 
however, managed to find accommodation in colleges 
or halls of residence—the rest were in lodgings or with 
friends or relatives. Apart from London University, 
which had 5,210 overseas students, the most popular 


Table 1, COUNTRIES SENDING THE LARGEST NUMBER OF 
OVERSEAS FULL-TIME STUDENTS 


Number of full- 
time students 


2,018 
1,429 
899 
784 
678 
641 


Country 


USA 
India 
Pakistan 
Canada 
Norway 
Nigeria 
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CHIEF FIELDS OF STUDY OF OVERSEAS FULL- 
TIME STUDENTS 


Table 2. 


Number of 
students 


4,371 


Discipline 


Engineering and technology 

Social, administrative and 
business studies 

Biological and physical sciences 

Medicme and dentistry 


3,048 
2,717 
1,727 





universities were Oxford with 1,066, Cambridge with 
949, Manchester with 941 and Leeds with 674 overseas 
students. 

In addition to full-time students, there were 1,411 
overseas students (945 men and 466 women) enrolled 
for part-time study or research. French and German 
students formed a far higher proportion of the part- 
time student population (167 and 158 out of 1,411) than 
of the full-time student population (72 and 225 out of 
16,045). 


EXPEDITIONS 


Libya Revisited 


A DETAILED study of the south-east region of Libya, 
one of the most, arid and remote in the world and still 
largely unexplored, is to be made by a British team of 
fifteen civilians and servicemen in 1970. The expedi- 
tion, led by Major D. N. Hall of the Royal Engineers, 
will spend about four months in the country, travelling 
around by Land Rover and camel and on foot, starting 
first in north-eastern Tibesti and then going east to 
make a base at Gebel Archenu. There will be three 
principal projects. One on landforms, led by a geo- 
morphologist, Mr M. A. J. Williams of the Australian 
National University, will inclide, studies of erosion with 
reference to past and present climatic changes in this 
part of the Sahara. The formation and behaviour of 
sand dunes will be investigated by Dr A. Warren of the 
University of London, while Mr Jean Maley, of the 
Muséum National d’Histoire Naturelle at Montpellier, 
will carry out complementary studies on geology and 
he will also make pollen analyses. In conjunction 
with Mr Williams’s and Mr Maley’s geomorphological 
and palynological studies, Professor J. Desmond 
Clark, of the University of California, will look for 
signs of prehistoric settlements in the area, and particu- 
larly for sites of Upper Acheulian (c. 100,000-60,000 
years BP) and Aterian (c. 35,000-12,000 years BP). 
Selected Neolithic sites will also be excavated. It is 
also hoped to carry out some detailed mapping. 


DEPARTMENT OF EDUCATION 


Growth all Round 


ALTHOUGH the planned rate of growth of British educa- 
tion was slowed down in 1968, when resources were 
diverted from home consumption to overseas trade and 
industrial investment, the report Education and Sctence 
in 1968, from the Department of Education and 
Science (HMSO, 14s 6d), has quite a cheerful tale to 
tell. The £2,012 million spent on education in Great 
Britain in 1967-68 was 5-5 per cent of the national 
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resources, compared with-3-5 per cent ten years ago 
when the figure was £733 million. 

The number of qualified teachers in maintained 
schools in England and Wales reached 316,000 at 
the beginning of 1968, an increase of 10,500 in one year, 
and the ratio of pupils to teachers decreased from 
24-0 to 23-8 between February 1967 and February 1968 
—four years earlier it was 24-5 pupils per teacher. 
This was in spite ef an increase in the population of 
schoolchildren in England and Wales from 7:99 
million to 819 million. Recruitment to teacher 
training is well up to expectations, and with some 
105,000 students training outside the universities in 
England and Wales, the Robbins Committce’s estimate 
of 111,000 places by 1973-74 will be exceeded several 
years early. An investigation of employment taken 
up by the 4,266 graduates who qualified as teachers 
in 1967 showed that 86 per cent were teaching in 
England and Wales, 3-7 per cent were engaged in 
voluntary work overseas or on further study, 5-8 per cent 
were teaching elsewhere and only 3-2 per cent were in 
other types of employment. 

Since 1961 there has been an increase of 31 per cent 
in the number of students in all kinds of further educa- 
tion; there were 3-2 million of them at the beginning 
of 1968. This growth includes an all-round trend 
towards more full-time and sandwich courses, although 
within further education the fastest growing sector is 
full-time advanced work. Numbers of mature students 
also continued to increase, partly because of the opening 
of another eight college outposts for mature students, 
bringing the total up to thirty. 

The report says that the Department of Education 
and Science gave special priority to the Natural 
Environment Research Council and to the Office for 
Scientific and Technical Information. The latter 
completed its initial period of rapid growth during 
1968, and its annual vote for supported external 
projects is being increased from £370,000 in 1967-68 
to £502,000 in 1968-69. The Social Science Research 
Council, which does not yet conduct its own research, 
awarded fifty per cent more fellowships and student- 
ships in 1968 than in 1967. The Science Research 
Council, which receives more than half of the total 
science votes, had to devote a disproportionately large 
part of its grant to international organizations last 
year as a result of devaluation. 

There was also more money for the National Central 
Library, which acts as a clearing house for inter-library 
loans. A grant of £201,000 has been made for 1968-69, 
an increase of £38,000 over the previous year. The 
money is needed partly to meet increasing requests 
for books from abroad, particularly from the United 
States. 


CANCER RESEARCH 


A New Broom 


Dr MICHAEL Stoker has not been director of the 
Imperial Cancer Research Fund’s laboratories long 
enough to effect obvious changes, but the brief state- 
ment of the fund’s chairman and Dr Stoker’s own 
report in the fund’s latest annual report leave no rocm 
for doubt about the way the laboratory is going to 
move. A reasonable proportion of its resources will 
now be devoted to the molecular biology of cancer. 
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The ery of cancer research, as a glance at the fund’s 
accounts. will show,.is a. great fund raiser, Income 
during the year ending September 30, 1968, was just 
over £2-5 million. In the year, £860,000 was spent on 
research and maintenance of the laboratory, another 
£116,000 went on administration and on fund raising, 
and £1-5 million was held in reserve. The fund is 
rightly proud that less than a shilling out of every £1 
of its income goes on appeals and administration. 
But for the research worker, the slogan cancer research 
is not so much a signal to start writing a will as an 
umbrella which customarily covers almost any bio- 
medical research. As Dr Stoker says in the report, 
different approaches to the problem of curing cancer 
are fashionable in different places and at different 
times, but “we remain profoundly ignorant of the real 
nature of the abnormality and lack any general synthe- 
sis which would provide a logical path to the solution 
of the cancer problem as a whole”. 

The fund’s laboratories have, of course, for too long 
been open to the criticism that they have not placed 
enough emphasis on the long-term search for the 
fundamental basis of cancer and have not devoted a 
sufficient proportion of their resources to tumour virus 
research and investigation of the molecular biology of 
individual cancer cells. It will be entirely out of 
character if Dr Stoker does not now redress the balance 
in the next few years. He will have his work cut out 
—it will not be easy to change the character of a very 
large laboratory, with a budget of nearly £1 million a 
year and a correspondingly large and for the most part 
well settled staff, especially when the change demands 
a sacrifice of space from the incumbents. 

In any case, as Dr Stoker says in his report, it would 
not make sense to abandon all the essentially short- 
term research on the endocrinological, immunological 
and chemotherapeutic approaches to the problem. 
There is obviously room for a great diversity of interest 
in such a large and well endowed laboratory; but the 
four new departments that Dr Stoker created in his 
first few weeks at Lincoln’s Inn Fields from the nucleus 
of colleagues he brought with him from Glasgow— 
Cell Genetics under Dr G. Pontecorvo, Molecular 
Virology under Dr L. V. Crawford, Tumour Virology 
under Dr I. A. Macpherson and his own Transformation 
Studies Department—will no doubt come into their 
own once the new laboratory is built. La Jolla in 
Lincoln’s Inn Fields is the battle ery. 


HORSE DOPING * 


Pharmacology and the Punter 


One and a half grams of heroin, 24 grams of strychnine, 
2 minims of nitroglycerine, 5 minims of tincture of 
digitalis (a myocardial stimulant) and 2 ounces cola 
nut—administer half thirty minutes before the race 
and half ten minutes later. This is one of the fearsome 
potions used by dishonest trainers when horse doping 
was rife during the days of mob rule in America in the 
thirties. It has been estimated that more than half 
the horses then running were doped and the stables 
of the so-called drug store trainers are said to have 
resembled well equipped pharmacies. Horse doping 
is now much less common, especially in Britain, where 
only about two cases a year are discovered, but the 
art has become much more sophisticated. Gone 
are the days of Imperial Rome when the commonest 
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horse dope was an innocuous honey and water mixture, 
but, even so, the poisoning of chariot horses was a 
crime punishable by crucifixion. The drugs used today 
are more complex and subtle in their action although 
the penalties for their use are less severe. There are 
essentially two ways of doping horses—doping to win 
and doping to lose, or nobbling. A survey of present 
practices was provided recently by Professor E. G. C. 
Clarke of the Royal Veterinary College in a lecture 
on the doping of racing animals. 

Doping to lose is the easier procedure, but is much 
less commonly practised. Sedatives such as pheno- 
barbitone or chloral are the drugs usually used; these 
can be administered 24 hours or more before the race. 
A bucket of water shortly before the race also consider- 
ably impedes the performance of a racehorse. This 
kind of doping is most likely to occur in races between, 
only a few horses, for the dopers with a knowledge 
of what horse will not win still have to guess which 
will be the winner. Sometimes, however, there are 
other motives for wishing a horse to lose. One of the 
notorious doping cases in recent years was the nobbling 
of Pinturishchio, the favourite in the Derby in 1961, 
This horse had been héavily backed at long odds 
before the race, but. when it became hot favourite the 
bookmakers stood -to lose a great deal of money. 
Just before the start óf the race, it was found that the 
horse had been sedated and it was withdrawn. 

It is in doping to win, however, that the real pharma- 
cology is involved. Both the timing of administration 
and the dosage are critical. A small dose of chlorpromaga 
ine (a mild tranquillizer) may improve the performance 
of a spirited flat racer by making it more controllable, 
but may impair that of a steeplechaser by disturbing 
its sense of balance—a large dose would be a sedative 
for any horse. The local anaesthetic procaine, 
NH,C,H,CO.OCH,N(C,H;)., is the drug used most 
often in doping horses to win and it functions by 
masking pain or the effects of lameness. Amphetamines 
which delay the onset of fatigue, and caffeine which 
makes an animal brighter and more alert, are also 
commonly used. Other compounds which have been 
found in racehorses doped to win include phenylbuta- 
zone—an analgesic—theobromine, morphine, ephe- 
drine, thiamine and cocaine. It has also been reported 
that vitamin B}, increases the glycogen reserves and 
that vitamin E improves the stamina of older animals. . 
Whatever compound is used, however, it must be given 
within an hour or two of the race if it is to exert its 
maximum effect during the short period of the race. 
For this reason, doping to’ win is usually assumed to 
be an “inside job”. Drugs can be given either orally 
(using sugar or apples) or parenterally (by injection). 
But sometimes only a thin line divides doping and 
veterinary therapeutics. For example, corticosteroids 
may be given to alleviate rheumatic conditions and even 
procaine can be administered accidentally: in protein 
penicillin given as an antibiotic. In the same way, 
anabolic steroids and male sex hormones, which are 
sometimes given to geldings as a.tonic, cannot really 
be classified as dopes. 

Urine and saliva are the two body fluids used for 
testing for drugs, and samples are taken from four 
or five horses at every race meeting in Britain. Tech- 
niques of analysis include chromatography of various 
kinds, ultraviolet and infrared spectroscopy, as well as 
classical crystal and colour tests. 
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NATIONAL PHYSICAL LABORATORY 


Open Days Divided 


Tur National Physical Laboratory at Teddington 
has found that the way to organize its annual open days 
is to show only a third of the laboratory each year. 
This way, the advances made by each of the three 
groups into which the laboratory has been divided is 
measured on a three-year time scale, often more flatter- 
ing than an annual inspection. This year, it is the turn 
of the materials group, which will be judged by whether 
it is fulfilling its aim of providing the technical back- 
ground to industrial innovation. This year’s open days 
will be on May 14 and 15. 

Like much of what the NPL does, the work of the 
materials group is necessary and worthwhile but only 
rarely stirring. Its functions include the provision of 
chemical standards, the applications of materials 
(chiefly iron alloys and high temperature materials), the 
investigation of the relation between microstructure 
and the physical properties of inorganic materials, and 
the properties of polymers of high molecular weight 
(molecular science). 

The way in which a technique for the study of 
surfaces has been applied to biology, only a footnote to 
the work of the materials group, has turned out to be 
one of its successes. In collaboration with the Royal 
Postgraduate Medical School, Hammersmith, the 
laboratory is using radio frequency sputtering equip- 


ment to etch human red blood cells (S. M. Lewis, J. S. 
Osborn and P. R. Stuart, Nature, 2990, 614: 1968). 
Under the scanning electron microscope, the etching 
gives new information on the structure of the cells. 





An abnormal human red blood ceil after etching ( x 10,000). 
The cell has the haemoglobin abnormality Hb-Köln, and shows 
haemoglobin aggregates known as Heinz bodies. 


This seems to be the only way of looking beneath the 
superficial layers of the cell membrane. Just now, the 
intention is to see to what extent the topography of the 
etched cell reflects the structure of the membrane, and 
to extend to other biological materials what is proving 
to be a versatile technique which is attracting a deal 
of attention. 

On the carbon fibres front, an ultrasonic method for 


NATURE. VOL. 222. APRIL 12, 1969 


measuring the elastic constants of reinforced compo- 
sites is being developed. The problem seems to be to 
measure rapidly the properties of materials designed to 
have great strength in only selected directions, and the 
method is to propagate an ultrasonic pulse at an angle 
through the specimen. Both longitudinal and shear 
waves can be transmitted, and the constants are 
salculated from measurements of the wave velocities 
in several directions. 


CONFERENCES 


Country Life 


Tue Gordon Conferences have been a familiar feature 
of the American academic scene for many years now: 
they are week-long summer meetings devoted to some 
fairly general research topic— catalysis? or Umem- 
branes”, for example-—with attendance limited to a 
hundred or so active research workers. They seem to 
be an effective way of generating and communicating 
ideas, and they have certainly flourished numerically, 
from a single meeting in 1931 to about 60 meetings 
each year now. 

Britain’s introduction to this style of conference 
will come in September when the Biochemical Society 
holds its first Harden Conference at Wye College, 
Ashford, Kent. The Biochemical Society has chosen 
a mammoth subject, “The Structure and Biological 
2ole of Proteins”, and topics will range from enzyme 
kinetics to antibody structure, from metabolic cont rol 
to peptide synthesis. 

The essence of such conferences is that productive 
research scientists at all levels of attainment should live 
cheek by jowl for a few days in. pastoral and relaxed sur- 
roundings. Some scientists of proven stature are paid 
to come, while the rest pay. Grants from the Royal 
Society, the Wellcome Trust and the Biological Council 
have, however, made it possible for the Biochemical 
Society to charge its paying guests no more than a 
fully inclusive £30 for the week-long meeting. A dis- 
tinguished roster of British speakers has been booked, 
and they will be joined by such luminaries from over- 
seas as Ü. B. Anfinsen from Bethesda, R. B. Merrifield, 
fresh from making ribonuclease, and Benno Hess from 
Dortmund. Professor D. C. Phillips will act as chair- 
man for the week. 

A hundred paying applicants can be accepted, but 
the Biochemical Society is waiting for the applications 
to start coming in before it decides just what eriteria 
to use in making its selection, It is also waiting to see 
how the conference turns out before promising a repeat 
performance next year. In the United States, each 
Gordon Conference behaves something like a plastid, 
passing from year to year in autonomous descent. 
The final act of a Gordon Conference each year is to 
elect a chairman to supervise its own re-emergence in 
the following year. But the Biochemical Society is 
not yet committing itself to this mode of propagation. 

It will be interesting to see if the Harden Conference 
its name commemorates a pioneer investigator of 
fermentation——can carve a niche for itself in the teem- 
ing world of scientific gatherings. New meetings face 
stiff competition these days. They have to contend 
with gatherings like those at Cold Spring Harbor in 
terms of prestige, and all those summer schools on 
Greek islands or half way up Swiss alps in terms of 
hedonism. 
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UNIVERSITIES 


Student Participation 


THE University of Manchester seems to have been the 
first to react officially to the joint statement on student 
participation in academic affairs issued last October 
by the Committee of Vice-Chancellors and. Principals 
and the National Union of Students, The report of a 
working party consisting of twelve members of staff 
appointed by Senate and thirteen students appointed 
by the University Union has been adopted by the 
University Senate. 

The Manchester working party endorses the joint 
statement of the vice-chancellors and the NUS which 
said that student participation in academic affairs and 
decision making is not only desirable but essential to 
the smooth functioning of the university as a com- 
munity. The working party recommends that there 
should be active staff-student committees at depart- 
ment, faculty and Senate levels. Student discussion, 
however, should be restricted to matters concerning 
content and structure of courses, efficiency of teaching 
methods and methods of assessment; certain subjects, 
including admissions, appointments, promotions and 
examination results, must be reserved for the academic 
staff. 

The most important step forward is the suggestion 
for a Committee of Senate consisting of equal numbers 
of staff and students which would be able to report 
directly to Senate. Furthermore, it is suggested that 
some of the student members of the committee should 
be present at appropriate Senate meetings. This is 
certainly the biggest advance yet towards getting 
student representation on a Senate. Whether it will 
satisfy the radicals is doubtful, but it is to be hoped 
that other universities will follow Manchester’s lead. 


ADULT EDUCATION 


Extramural Studies 


THE extramural departments of British universities 
continue to expand at a rate of more than six per cent 
a year according to the annual report of the Universi- 
ties Council for Adult Education. There was a grand 
total of more than 7,000 courses and 170,000 students 
last year. But the supply of tutorial classes still trails 
behind: there were 710 in 1967-68, and more than half 
came from just four centres—London, Leeds, Durham 
and Hull. 

The newest universities are, however, beginning to 
stake out areas for themselves within adult education. 
Bath and Strathclyde, for example, started i 
courses a year ago, while Surrey is preparing to offer 
& wide programme. It is encouraging to see that 
extramural education is not being restricted to print 
culture. Bristol University has organized a course in 
archaeological air photography which involves flight, 
camera work and subsequent earthbound interpreta- 
tion. Leicester has provided a course in making teach- 
ing films, while several universities run courses in 
television techniques. Other extramural departments 
have been experimenting with courses on local radio: 
this is most advanced at Nottingham, where arrange- 
ments have been made for pupils to meet their radio 
tutors. 

The report makes much of the contribution of the 
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small corps of full time extramural tutors. They are 
a breed unique to Britain: university budgets are 
much ampler in the United States, but the lack of 
teachers fully committed to adult education sometimes 
means that evening extension courses are modelled too 
closely on daytime degree courses. Although the 
report does not make this point, it is remarkable how 
much we owe our present understanding of mass 
culture and social communication to a small group of 
men, Raymond Williams and Richard Hoggart among 
them, who have been full time extramural tutors. 

The Open University is, of course, a big question- 
mark hanging over adult education. The radio and 
television university might compete with traditional 
extramural studies, it might collaborate with them, but 
it is unlikely to replace them. Solitary communings 
with a television screen are unlikely ever totally to 
replace the campus. As the report says: “One may 
look forward, perhaps, to the eventual time when it is 
generally accepted that men and women, from whatever 
walk of life, ought to spend at least an occasional few 
weeks as adult students on a university campus.” 


LIBRARIES 


Success at Boston Spa 


IN 1968, the number of requests for loans received at 
the National Lending Library for Science and Tech. 
nology at Boston Spa was 715,700, and the total 
number of requests received since the library started 
lending passed the three million mark (Report of the 
Department of Education and Scrence, 1968. ‘HMSO, 
14s 6d). The demand for photocopies of articles is 
also increasing; 63,300 were requested in 1968, an 
increase of 9,240 since 1967, and 19,700 went overseas. 
The director of the library, Dr J. Urquhart (Library 
Association Record 71, 77; March 1969), is, however, 
disappointed that requests for photocopies have not 
increased still more now that the true cost of a loan 
for many libraries exceeds the true cost of a photocopy 
of less than ten pages. 

The library carries nearly 32,000 current periodicals, 
but these are no longer all scientific or technological. 
As an experiment in 1966, the library began taking 
social science periodicals and the experiment seems to 
be working; it now has more than 4,000 current titles. 
A survey carried out last year by D. N. Wood and 
C. A. Bower of the library (Library Association Record, 
71, 39; February 1969) showed that the library was 
meeting about 80 per cent of the requests for social 
science periodicals. 

While the NLLST is widely known and used for 
loans of periodicals and photocopies, it is anxious to 
enlarge its holdings of books. In 1968 it lent 42,300 
books, compared with 29,000 in the previous year and 
22,234 in 1966, and it is adding some 30,000 books to 
its stock each year. As a lendi library ‘conducting 
all its business through the post, the NLIST can 
streamline its library routines. For example, the 
library does not catalogue its English language books 
even in the simplest way. On receipt, the books are 
bookplated and the first effective word of the title is 
underlined in pencil. The book is then put on the 
shelves according to its title, and the staff find it, if 
requested, without any reference indexes. Such a 
shorthand approach only works, of course, with a 
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collection that is predominantly modern, and in fields 
like science and technology where users tend to 
remember titles of books rather than the suthor’s 
names. 

Tt is difficult to get meaningful statistics of inter- 
library cooperation in the UK because so much is done 
informally at the local level, and it would be mis- 
leading to set up a league table for those libraries 
which do the most lending. But a recent survey carried 
out by the ‘Office for Scientific and Technical Informa- 
tion (OSTI) suggests the part played by the NLLST in 
satisfying requests for loans (Gemanta: D. W., Journal 
of Librarianship, 1, 107; April 1969). Out of a total 
of 3,861 requests for loans in eight local areas in the 
UK, 1,216 (55:2 per cent) were satisfied at the NLLST, 
and for 95 per cent of these this library was the first 
location tried. 78 per cent of the requests met by the 
library were received by the applicants within a week, 
and 93 per cent within two weeks. There were 209 
unsuccessful requests to the NLLST, representing an 
average failure of about 15 per cent. It is not surprising 
that the NLLST comes out well in this survey; 85 per 
cent of loan requests in the survey were in the scientific 
and technological fields, 62 per cent of the total 
requests were for periodicals, and where the date of 
the publication was recorded, 63 per cent of the 
periodicals required had been published after 1960; 
this is just the literature in which the NLLST 
specializes. 


SCIENCE MUSEUM 


Push Button Science 


Tra Science Museum in London has a bright and. 
spacious new children’s gallery and, although it is not 
yet completed, most of it has been opened. in time for 
the school holidays. Because a special effort had been 
made to open before Easter, several exhibits are still 
in various stages of installation and are not yet working 
or have no explanatory labels. Nevertheless, the 
children are turning handles and pressing buttons on 
familiar as well as new exhibits now housed in the 
basement of the museum’s new extension. 

The aspiring Mr Universe can still try his strength 
on the weights and pulleys and see how different 
systems require more or less effort. The self-opening 
door is there too, although it must be much less of a 
wonder now that public buildings often have this 
system. The dioramas of lighting and transport 
through the ages now have their own small darkened 
galleries with seats for tired adults. 

New exhibits include cut-away working models 
showing how various engines—steam, two-stroke, 
four-stroke, diesel, Wankel—work, and how electricity 
is generated. Another new and popular acquisition 
is the periscope from HM submarine Tiptoe through 
which can be seen, after patient queuing, the galleries 
above the basement. A hole in the wall reveals a dark 
universe with a brightly coloured Earth spinning on 
its axis, with the Moon speeding round it. The plane 
of the Moon’s orbit continually changes, 80 that 
eclipses can be seen frequently. And among all this, 
looking as if it might have strayed in from the Victoria 
and Albert Museum nearby, is the highly decorated 
aeolian organ that Queen Victoria used to play at 
Balmoral Castle. This gift from the Queen is to be 
demonstrated every afternoon. 
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Parliament in Britain 


Vivisection 


Rucomm=npations made by the Littlewood Com- 
mittee about the setting up of special breeding units 
outside laboratories for the supply of animals to be 
used in experiments are under consideration. Mr 
Merlyn Rees, for the Home Department, said that the 
expansion of the biological sciences and the mandatory 
testing of biological substances were the main reasons 
for the 1-5 million increase in the number of experi- 
ments on live animals between 1965 and 1967. In 
1967, there were 4,755,680 experiments, of which 
14,962 were on dogs, 14,531 on cats and 471 on horses. 
(Written answer, March 31.) 


Academic Salaries 

Tum machinery for negotiating salaries for university 
lecturers is being discussed by the Department of 
Education and Science, the Committee of Vice-Chancel- 
lors and the Association of University Teachers. Mr 
Eric Moonman (Billericay) claimed that many univer- 
sity teachers felt that they had had a raw deal in 
comparison with the awards made to doctors in the 
tenth report on salaries for doctors and dentists. Mr 
Harold Walker, for the Department of Employment 
and Productivity, said the Prices and Incomes Board. 
would institute a review of university teachers’ pay 
at the appropriate time. (Oral answer, March 31.) 


Metrication of Maps 


Mr KennetH Rossow, Minister for Planning and 
Land, said the conversion of Ordnance Survey maps 
to the metric system will cost £3 million and. will be 
spread over the next fifteen years. On new and revised 
Ordnance Survey maps at the 1/1,250 and 1/2,500 
scales, heights will be shown in metres and areas of 
parcels of land in hectares as well as acres. The six- 
inch map will be replaced. by a 1/10,000 scale map with 
metric contours. So far there are no proposals for 
the conversion of the smaller scale maps. (Written 
answer, April 1.) 


Social Science Research Council 


Mrs Suretey WILLAMS, for the Department of Educa- 
tion and Science, said the expenditure of the Social 
Science Research Council and the staff complements, 
for the years ending in March 1966, 1967, 1968 and 
1969 were £22,000 and 15; £590,000 and 29; £870,000 
and 43; and £1,470,000 (estimated) and 84 respectively. 
(Written answer, April 2.) 


Parllamentary Inquiries 


Artze the Easter recess, the Select Committee on 
Science and Technology will split into two subcom- 
mittees for the remainder of the session to carry out 
two short investigations, one on the Natural Environ- 
ment Research Council (NERC) and the other on the 
reorganization of the British nuclear power industry. 
Both investigations are e to take only a few 
months. Subcommittee E, which is to deal with 
NERC, starts work on April 16, and subcommittee 
D, on the nuclear power industry, on the following 
day. The examination of NERC, the first research 
council to be investigated by the Select Committee, 
is expected to be the first of a series of inquiries into 
the workings of the research councils. 
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NEWS AND VIEWS 


AT the end of March, earthquakes were much in the 
news—and this may well cause future embarrassment 
for the United States Atomic Energy Commission. A 
strange coincidence of events, which some newspapers 
obligingly put together in the same columns, could 
lead to a long legal wrangle and increasing problems in, 
the American nuclear test programme which is now 
expected to have to accommodate trials of the two 
megaton Spartan missile warhead. 

First, the Middle East suffered several tragic earth- 
quakes. One in West Turkey on March 28 killed fifty- 
three and rendered 10,000 homeless. One in Ethiopia 
on March 29 flattened the town of Serdo, killing twenty- 
three. And on March 31 activity at the north end of 
the Red Sea caused damage in Egypt. A further severe 
tremor was reported along the south coast of Turkey 
on the same day. Not surprisingly they were reported 
by the Press as being “part of a pattern of earthquakes 
which have hit parts of the Mediterranean and eastern 
Africa”. With our incomplete knowledge of what 
triggers off an earthquake, nobody is likely to contra- 
dict absolutely the hint at a common factor. 

Second, the Director of the US Geological Survey, 
Dr W. T. Pecora, told a Senate committee considering 
the budget for earthquake prediction that the survey 
predicted another massive earthquake in San Francisco 
certainly within the next thirty years and probably in 
the next decade. By the time that reached the headlines 
it was “Major San Francisco Quake Inevitable Within 
10 Years”. Whichever version you choose it is certainly 
true that the San Andreas Fault, which in some areas 
releases strain regularly in small earthquakes, is 
ominously silent in certain regions—one of them San 
Francisco. In these quict areas a vast amount of 
strain energy has accumulated. 

Third, the multi-millionaire Mr Howard Hughes told 
the US Atomic Energy Commission that he would 
consider court action to stop any future underground. 
nuclear tests he considered unsafe. Mr Hughes is not 
normally a pacifist. His concern is not primarily with 
the arms race—although he could put a severe brake 
on American military plans if he were successful. But 
he does own a large amount of the Nevada desert and 
happens to be next-door neighbour to the Pahute 
Mesa portion of the test site. Like most neighbours 
he is not very keen that the activities next door should 
spill over into his terrain, and this is what he fears at 
the moment. The US Atomic Energy Commission 
has had a tricky time finding suitable test sites for its 
larger weapons. It is bound by treaty not to allow any 
fallout to cross a national frontier, and so has had to 
avoid any region liable to fissuring. The effects of most 
underground weapons vary as the cube root of the 
yield, and so safety required that once megaton tests 
were needed, as opposed to the previous ceiling of 
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about 100 kilotons, the holes had to be twice as deep— 
that is, 5,000 feet. One of the advantages of the 
Nevada test site so far has been alluvium and tuff (a 
volcanic ash). Both are easy to drill through and act 
as very effective mufflers of the explosion. This is 
not true of the harder rocks deep in the Pahute Mesa. 
Prediction of explosion effects is much more difficult 
and, according to Mr Hughes’s experts, safety limits 
may now have been exceeded. 

Other organizations have in the past warned the 
US Atomic Energy Commission of the dangers of test- 
ing but have been fairly easily dismissed. So far the 
documentary evidence presented by the Hughes Organ- 
ization has not been impressive. But there can be no 
doubt that Mr Hughes means business and if necessary 
will set up his own research team to advise on test 
dangers. Such is the waywardness of the behaviour 
of rocks under stress that it will soon become evident 
that there is no such thing as 100 per cent certainty. 
Already it is known that larger explosions on the test 
site are causing local earthquakes. Not many of the 
details are publicized, but last December a large test 
set off a score of sizable earthquakes, and no doubt 
many hundreds more were only detected by instru- 
mentation close to the site. There is no reason to 
believe that this is the first time this has happened. 

So far all the triggered activity (which is spread 
over several days) has been very near the site itself— 
the Nevada test site is prone to uninduced earthquakes 
as it is, and the explosions doubtless act as strain 
relievers in some as yet unknown way. It will not 
take long, however, for the American public to become 
more than a little alarmed at the prospect of the San 
Andreas Fault being triggered (it is a good 300 km 
away). Seismologists would not take this suggestion 
very seriously—certainly less seriously than the pos- 
sibilities of natural earthquakes triggering others, 
which is known to happen sometimes. There does 
not seem to be much evidence that this triggering 
occurs on a scale approaching that in the Middle East, 
but if the newspapers regarded the Middle East events 
as part of a pattern, so may San Franciscans, and start 
looking in horror at the goings-on in Nevada. Perhaps 
Mr Hughes will have started something. Eventually 
it seems inevitable that the US Atomic Energy Com- 
mission must develop its test site on Amchitka Island, 
far out in the Aleutians. One shot only has been fired 
there so far, but American iegal wrangles, especially 
with someone as determined as Mr Hughes, are noted 
for their length, cost and inconclusiveness. The first 
Aleutian test cost $11 million, but subsequent tests 
might cost less than half this figure, and the US Atomic 
Energy Commission may feel that the higher price is 
worth paying to keep the neighbours happy. 

Doves and students of the arms race will wryly 
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note that no amount of reason seems to have had the 
same eloquent effect on the nation as the 6,000 poisoned 
sheep in Utah, the missile sites lowering the tone of 
suburbie and (perhaps) Mr Hughes’s earthquake- 
threatened real estate. 


PARTICLE PHYSICS 


All Types of Interactions 


from a Correspondent 


Tre Institute of Physics and the Physical Society held 
a conference on elementary particle physics at Cam- 
bridge on March 26-28. Discussing experimental 
aspects of strong interaction physics at high energies, 
Dr D. R. O. Morrison (CERN) presented results of the 
first total cross-section measurements made at the 70 
GeV proton synchrotron at Serpukhov (USSR). These 
data can be used to predict the results of future 
experiments using 200 or 300 GeV accelerators. At 
lower energies, where differential cross-sections for 
elastic scattering have been measured with great 
accuracy, a quark model seems to be the easiest way to 
explain the results, although other theories can be 
modified to fit the data. In many-body reactions, 
some results, such as the finding that transverse 
momenta are always small, have been known for some 
time, but more detailed analyses of the experimental 
data have been prevented by an inability to separate 
kinematical effects from the real physics. The multi- 
peripheral Reggeized model has at last made it possible 
to carry out realistio calculations of the kinematical 
effects and to remove them before plotting the experi- 
mental results. 

Strong interactions at lower energies were discussed 
by Dr J. J. Thresher (Rutherford Laboratory), talking 
about meson and baryon resonances. Reviewing the 
evidence for baryon resonances with positive strange- 
ness (the so-called Z*s), he concluded that there is no 
strong case for the existence of these objects, which are 
difficult to fit into the quark model or SU(3) symmetry 
schemes. ‘The latest phase-shift analyses of pion— 
nucleon scattering contain evidence for some twenty 
resonant states, some of which might, however, be due 
to systematic errors in the comparatively few experi- 
ments on which the analyses are based. Triple-scatter- 
ing experiments should be carried out to confirm the 
present solutions. It will also be necessary soon to 
decide whether discovery of new resonances should 
continue to be given priority over establishing the 
detailed properties of those already known to exist. 

The most important concept in theoretical strong 
interactions during the past year has been “duality”. 
For some time, high energy scattering has been under- 
stood in terms of the exchange of Regge poles (particles 
the spin of which varies with energy). The duality hypo- 
thesis states that if the Regge amplitude obtained 
from high energy scattering is extrapolated to lower 
energies it will represent some kind of average over the 
resonant cross-section which exists there. Professor 
D. Amati (Orsay, France) and Dr R. J. Eden (Univer- 
sity of Cambridge) both considered duality at some 
length and concluded that, while a great deal of theoreti- 
cal work has been stimulated by the idea, it is still 
very difficult to make sufficiently precise predictions 
for meaningful comparison with experiment. 
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Professor E. Lohrmann (Deutsches Elektronen- 
Synchrotron, Hamburg) discussed electromagnetic 
interactions. ‘The vector dominance model assumes 
that in photoproduction the incoming photon turns 
into a vector meson. before interacting with the target 
via the strong interaction. Relations can be obtained 
connecting photoproduction cross-sections with those 
for similar reactions induced by vector mesons (which 
can only be inferred indirectly because of the short 
vector-meson lifetimes), and these relations are well 
satisfied by recent results from Hamburg, Cambridge 
(Massachusetts) and Stanford. Photoproduction cross- 
sections for pseudoscalar mesons fall off with increasing 
incident energy, in a similar way to those for two-body 
reactions involving strong interactions. 

Dr G. L. Manning (Rutherford Laboratory) pre- 
sented evidence that CP violation is definitely estab- 
lished by the n*a- and m?n’ decay modes of the long- 
lived K® meson, although the strength of the violation 
in the latter decay mode remains in some doubt. The 
superweak theory made definite predictions, some of 
which agreed with experiment, while the position of 
others was less clear. Dr P. K. Kabir (Rutherford 
Laboratory) discussed the question of time-reversal 
invariance in K? decays. Present experimental uncer- 
tainties meant that invariance could not be quite ruled 
out, though violation was very probable. 


COSMIC RADIATION 


Origin of Gamma Rays 


from our Astronomy Correspondent 


Lasr year’s report of high energy gamma rays associa- 
ted with the Galaxy and of some surprisingly strong 
far-infrared radiation are linked by two papers in 
Physical Review Letters. The papers, by R. Cowsik and 
Yash Pal of the Tata Institute of Fundamental Re- 
search, Bombay (22, 550; 1969), and by C. S. Shen of 
Purdue University, Indiana (22, 568; 1969), say that 
the infrared radiation may be the cause of the gamma 
rays. The mechanism is the inverse Compton effect, by 
which collisions with electrons increase the energy of 
photons, turning infrared photons into gamma rays. 
Thus much of the energy of the gamma rays comes from 
electrons, which must originally have been high energy 
cosmio rays. 

Both the discoveries which the two papers link were 
published last year, the high energy gamma rays by 
G. W. Clark, G. P. Garmire and W. L. Kreaushaar in 
Astrophysical Journal Letters (158, 203; 1968) and the 
far-infrared radiation by Kandiah Shivanandan, James 
R. Houck and Martin O. Harwit in Physical Review 
Letters (21, 1460; 1968). The gamma rays were dis- 
covered by the OSO 3 satellite, launched in 1967 and 

ing a detector sensitive to energies greater than 
about 70 MeV. According to results compiled during 
thirty-six weeks of 1967, there was a large increase in 
counting rate corresponding to the plane of the Galaxy, 
and a maximum in the direction of the galactic centre. 
Clark and his colleagues obviously found it hard to 
account for the observed intensity, which according to 
rough calculations is twenty-five times what might be 
expected through interactions between cosmic rays and 
the interstellar medium. 

If anything, the report of the far-infrared radiation is 
less definite, although Shivanandan et al. say they have 
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greater confidence in the detected signal than in the 
nature of its source. Based on a single firing of an 
Aerobee rocket just over a year ago carrying a 17 om 
telescope to a height of 170 km, the result was an infra- 
red flux in the range 0-4 to 1:3 mm, nearly a hundred 
times that expected. 

Tho two new papers in Physical Review Letters say 
that if the excess of far-infrared radiation is genuine 
then it neatly accounts for the gamma ray observa- 
tions, through the action of high energy electrons on 
the far-infrared radiation in the inverse Compton 
effect. Shen also writes that the gamma ray maximum 
in the direction of the galactic centre may reflect the 
presence there of an intense infrared source, or alter- 
natively that the galactic centre is a strong source of 
cosmic rays. 

But neither the Indian team nor Shen at Purdue 
attempts to answer the question of the origin of the 
far-infrared radiation, which corresponds to a black- 
body temperature of 8-3° K, embarrassingly larger than 
the well-known 3° K radiation which permeates 7 
Another way of looking at the measurements is that the 
radiation is a factor of 30 greater than the total radia- 
tion expected in a 3° K cosmic flux. Clearly the 
authors of the report are baffled—they say there are 
arguments against atmospheric, solar system and. 
cosmic origins for their result. Nevertheless, it is 
gratifying that two recent problems in astronomy may 
now have been condensed into one. 


CRETACEOUS REVERSALS 


Long Normal Period 


from our Geomagnetism Correspondent 


ComBrxED palaeomagnetic evidence from continental 
rocks and deep ocean sediments, together with analyses 
of ocean magnetic anomalies, shows that during the 
Tertiary the geomagnetic field spent approximately 
equal periods in the normal and reversed states. But 
the average length of each period of constant polarity 
seems to vary with time. During the past ten million 
years, the average time between reversals has been 
about 0:22 m.y., @ decrease from about 1-0 m.y. for the 
older Tertiary. It is well known, too, that geological 
time includes at least one very long period of constant 
polarity—the normal Kiaman interval which covers 
the Permian and part of the Carboniferous. 

Reversals in the Tertiary are now fairly well docu- 
mented; and the Kiaman interval is conspicuous by 
its length. The pattern of reversals in other geological 
periods is less well known. New continental palaeo- 
magnotic data for the Cretaceous, obtained by Helsley 
and Steiner (Earth and Planet. Sct. Lett., 5, 325; 1969), 
have been combined with all previous date for this 
period in an analysis which suggests that the reversal 
pattern in the Cretaceous was very different from that 
in the Tertiary. Eighty per cent of continental 
Cretaceous rocks are found to be magnetized normally, 
which, means that the geomagnetic field was normal for 
80 per cent of the Cretaceous epoch if palacomagnetic 
sampling is random in time. Furthermore, the 
reversed specimens discovered thus far are confined to 
the Lower Cretaceous and the upper part of the Upper 
Cretaceous, leaving a long normal period of at least 
25 m.y. lying between about 80 m.y. and 105 m.y. 

According to Helsley and Steiner, further evidence 
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for the existence of this long normal period can be 
obtained from ocean magnetic anomalies. Heirtzler e 
al. (J. Geophys. Res., 73, 2199; 1968), using ocean 
magnetic surveys, have postulated a reversal pattern 
which, assuming a constant ocean floor spreading rate, 
extends backwards in time to about 80 m.y. Other 
surveys indicate a long normal interval of at least 20 m.y. 
(based on reasonable assumptions of spreading rate) 
extending backwards from Heirtzler’s anomaly number 
32 at 78m.y. Helsley and Steiner thus argue that this 
long interval correlates with their long normal Creta- 
ceous period. If this is the case, then the ages assigned 
in this range by Heirtzler et al. are about 15 m.y. too 
great, though this is not too largo an error bearing in 
mind the limitations on the constant spreading rate 
assumption. The important point is that the long 
normal period observed in continental rocks may also 
be detected in magnetic surveys in approximately the 
correct position and lasting about the same time. 

The inherent danger in this type of analysis is the 
possibility that polarity epochs and events may yet 
remain undetected in continental rocks. Continental 
igneous rocks are not formed continuously; and thus æ 
continuous time sequence may not be obtained by 
sampling, however thorough. For this reason the 
number of reversals observed within a given period 
may only be regarded as a minimum. Short, difficult- 
to-resolve polarity events are still being discovered 
even within the comparatively well-established pattern 
of the past 3-5 m.y. 


SOLID STATE PHYSICS 


Interacting Excitations 


from a Correspondent 


Wirra the aim of bringing together solid state theorists 
to discuss the theoretical methods available in different 
physical situations, the Institute of Physics and the 
Physical Society organized a conference on interactions 
among elementary excitations in solids and liquids at 
the University of Nottingham on March 25-27. The 
response to this experiment was disappointing: fifteen 
papers were presented, eight of which were invited, 
and there were fewer than fifty participants. 

A highlight of the conference was the introductory 
talk by S. F. Edwards (University of Manchester), 
who emphasized the non-linearity of the equations 
satisfied by one-particle Green functions in many-body 
systems, and the limitations of perturbation theory. 
He illustrated the difficulties by discussing the simpler 
case of the one-electron theory of an alloy, or liquid 
metal. It was pointed out that, even when the poten- 
tial due to the disordered ions is very weak, there is 
always a strong-coupling regime at the bottom of the 
low-energy tail in the density of states curve. This is 
quite analogous to the critical region near 4 phase 
transition in the true many-body system. Professor 
Edwards produced the remarkable result that in this 
strong-coupling regime the kinetic energy is not repre- 
sented by h?k?/2m but is proportional to k43, Non- 
linearity was also emphasized by K. W. H. Stevens 
(University of Nottingham) in his discussion of strongly 
coupled spin-photon and spin-phonon systems. He 
described how a two-level spin system, under the 
influence of a travelling electromagnetio wave, oycles 
periodically between the two levels. Thus energy is 
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fed from one part of the wave to another and, when 
passing through an assembly of spins, a correctly 
shaped pulse may propagate without change of shape, 
but with a changed velocity. This pulse can be viewed 
as a collective mode of the system, but Professor Stevens 
questioned whether it could be investigated by a 
Green function method. 

Another recurrent theme in the conference was the 
question of the utility and range of validity of Fermi 
liquid theory, and of the quasiparticle concept in 
general. A. J. Leggett (University of Sussex) stressed 
the non-trivial nature of Landau’s theory with reference 
to spin-echo experiments in liquid He. He also men- 
tioned the possibility of combining the theory with the 
BCS theory to give an account of weak coupling super- 
conductors. G. Rickayzen (University of Kent) 
pointed out the breakdown of the quasiparticle con- 
cept in superconductors with strong electron-phonon 
coupling. S. Engelsberg (Imperial College, London) 
discussed the deviations from simple Fermi liquid 
theory which arise in nearly ferromagnetic systems 
owing to the effect of persistent spin fluctuations. In 
the case of a ferromagnetic metal, D. M. Edwards 
(Imperial College, London) pointed out that spin 
waves cannot be treated rigorously as a collective mode 
in phenomenological Fermi liquid theory. 


CELL PHYSIOLOGY 


Essential Element 


from a Correspondent 


CaLoruM and cellular function was the subject of a 
symposium arranged by the Biological Council Co- 
ordinating Committee for Symposia on Drug Action 
at Imperial College, London, on March 24 and 25. It 
covered some seemingly unrelated topics—conduction 
in nerve and muscle, release and action of hormones— 
all of which share a common need for calcium at the 
molecular level. 

During the first day there was much discussion on the 
calcium pump. W. Hasselbach (Max-Planck Institut, 
Heidelberg) and H. J. Schatzmann (University of Bern) 
showed how both sarcoplasmic vesicles and resealed 
red cells can transport calcium ions against a concen- 
tration gradient. A magnesium activated ATPase 
is required, and the pump transports two calcium ions 
per ATP hydrolysed in muscle, and one calcium per 
ATP in red cells. 

Calcium is critical in the release of hormone from 
secretory granules. Describing excitation-secretion 
coupling in chromaffin cells, P. Banks (University of 
Sheffield) explained how inhibition of the sodium pump 
can evoke a secretory response. The rise in internal 
sodium is thought to have a direct effect on calcium 
permeability, causing a rapid influx of calcium. This 
then promotes secretion. E. K. Matthews (University 
of Cambridge) described another type of excitation— 
secretion coupling in pancreas and adenohypophysis. 
Here the signal to secrete is no longer neuronal as in 
the medulla or ene hon by but is relayed by a 
change in concentration of key compounds in the 
surrounding medium. An increase in the concentra- 
tion of glucose will promote electrical activity and 
insulin secretion in isolated f-cells and here, as in the 
adenohypophysis, the secretory response is increased 
by calcium and blocked by magnesium. The site of 
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calcium action is still speculative, but any ion that 
lowers the viscosity of the cell sap would promote 
Brownian motion of the hormone-containing granules, 
and this could hasten their journey to the cell surface. 
Here a divalent cation could be of further help in 
exocytosis, by lowering the zeta potentials of the two 
membranes. A. M. Woodin (University of Oxford) 
introduced leucocidin-treated leucocytes as a simplified 
system in which to study protein secretion. The toxin 
stimulates two interrelated processes, extrusion of 
granular protein and uptake of calcium and phosphate 
ions. Hoe suggested that the toxin acts on the sodium/ 
potassium pump at the cell surface, and that uptake of 
calcium phosphate takes place directly into vesicles 
vacated. by the protein during exocytosis. 'Triphos- 
phoinositide may be the membrane component re- 
sponsible for trapping calcium ions during this process. 

Calcium is equally important at the other end of the 
hormone story—the reaction with target organs. H. 
Rasmussen (University of Pennsylvania, Philadelphia) 
expanded on the thesis that calcium, as well as cyclic 
AMP, is a universal second messenger. In two quite 
different systems, the action of adrenalin on heart 
muscle and parathyroid hormone on renal tubules, the 
hormone promotes calcium permeability and adenyl 
cyclase activity. This raises the cellular level of both 
calcium and cyclic AMP. In the resulting chain of 
events, gluconeogenesis is promoted by activation of 
two enzymes, phosphorylase b kinase kinase (by cyclic 
AMP) and phosphorylase b kinase (by calcium). 
The calcium-activated step comes later, and so this is 
@ key control point, and without calcium neither 
hormone can provoke the normal physiological response. 


GAS CHROMATOGRAPHY 


Analytical Advances 


from a Correspondent 


Wun the Gas Chromatography Discussion Group of 
the Institute of Petroleum held an informal symposium 
at the Royal Institution, London, on March 28, C. E. R. 
Jones (Vinyl Products Ltd) reported the first results 
of a pyrolysis correlation programme which clearly 
demonstrates the need for standardization in this rather 
brutal method of analysis of polymers. ‘The full 
results of this first programme should give valuable 
indications of where standardization is most needed, 
and it has already demonstrated that we are a very 
long way from being able to publish reproducible 
pyrograms. ae, : 

D. R. Deans (ICI, Billingham) discussed the design 
and testing of gas chromatographs from the customers’ 
point of view. His principal contention on design was 
that a chromatograph is better if it is designed for one 
particular purpose. The many so-called “research 
chromatographs” are necessarily compromises which 
perform none of their numerous different functions 
completely efficiently and some very inefficiently. 
He also described briefly two methods of testing flame 
ionization detectors for linearity. No detector tested 
gave a linear response over much of its range. Plotted 
88 response against weight being burnt per unit time, 
even the best detectors gave an undulating line instead 
of one parallel to the weight axis. 

P. 5. H. Kuppens of the Technische Hogeskool, 
Eindhoven, described practical devices developed for 
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splitless injection of microgram or submicrogram 
samples into capillary columns. Briefly, volatile 
solvent is separated on a small packed precolumn 
and then the less volatile sample is transferred by 
heating the precolumn into a cooled section of the 
capillary column. Heating this section produces sharp 
peaks without tailing. A modification enabled a solid 
deposited on a wire spiral to be transferred to the 
capillary column in a similar way. The cooling device 
for the section of the column was very ingenious and 
the problem of injecting small steroid samples on to 
capillary columns seems to be solved. 

N. G. McTaggart (British Petroleum Research) 
described the use of molecular sieves 10X and 13X 
for the type separation of hydrocarbons. Total aroma- 
tics and each carbon number separated into paraffins 
and naphthenes could be determined on feedstocks 
boiling up to 185° C. This paper was a fascinating 
account of the development from the initial idea of a 
method of analysis of enormous importance to the 
petroleum industry. 

C. R. L. Harbourn (British Petroleum Chemicals 
Research) described a method of expressing retention 
data used in his laboratory and suggested (diffidently) 
that it might have a wider use. Briefly he gave each 
norma! paraffin an “index” of NX100 (as in the Kovats 
system) but interposed the retention times between 
each pair of adjacent paraffins on a linear instead of a 
log scale. This meant that although the resulting 
index was useless for thermodynamical calculations, 
or derivation of functional group characteristic incre- 
ments (which is possible with the Kovats index), 


nevertheless a straight line could be drawn on the - 


chromatogram itself and the position of any peak, 
the index of which was known, could be instantly 
read off. 


HAEMOGLOBIN 


A Ghost Laid 


from our Molecular Biology Correspondent 


Somm ten years ago Takashima and Lumry reported a 
curious observation on the oxygenation of haemoglobin 
which has since had its share in bedevilling research 
in this area. What they reported was the existence 
of two maxima in the curve of dielectric increment 
against degree of oxygenation. These occurred at 25 
and 75 per cent saturation, and amounted to a four- 
fold increase in the magnitude of the parameter. 
These results were always puzzling, not least because, 
with the sigmoidal oxygen uptake curve, the deoxy- 
genated and fully saturated forms must preponderate 
in a partially oxygenated mixture. 

More than a year ago Hanss and Banerjee attempted 
to repeat this work, but could find no change of dielec- 
tric increment with oxygenation, and suggested possible 
sources of artefacts in the earlier work. A further 
reinvestigation of the problem has now been published 
(Schlecht, Vogel and Mayer, Biopolymers, 6, 1717; 
1968), which concurs with the principal result of Hanss 
and Banerjee that there are no maxima in the dielectric 
increment-oxygenation profile. Using improved appara- 
tus, capable of higher precision than previously achieved 
in such measurements, Schlecht et al. found that the 
dielectric increment of oxyhaemoglobin is some 10 per 
cent larger than that of deoxyhaemoglobin (a difference 
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too small to be detected by the others), and that the 
value changes linearly as oxygenation proceeds. Simi- 
lar behaviour is found in all three species which have 
been investigated, namely equine and human adult 
and foetal haemoglobins. Schlecht et al. have also, in 
an attempt to trace the origins of the phantom maxima, 
repeated the measurements with the original apparatus 
of Takashima and Lumry. The precision was an order 
of magnitude or more lower, and gave the dielectric 
increment only with an error of 30 per cent, but within 
these limits no maxima were again observed. Thus, 
while the explanation of the original observations 
remains obscure, it is satisfactory that this irksome 
ghost has at last been finally laid. 

In a companion paper from the same laboratory, 
von Casimir et al. (sbid., 1705) have measured the 
dielectric properties of oxy and deoxyhaemoglobin in 
various conditions. The dielectric dispersion of a 
protein is sensitive to the magnitude of the hydration 
shell of immobilized water on each molecule; a small 
difference in relaxation frequency of the two deriva- 
tives is found, but this can be explained in terms of the 
hydration of the oxygenation-linked protons which are 
released, and the new ionized groups which they leave 
behind. 

A remote consequence of these dielectric data is 
pointed out by Minton and Libby (Proc. US Nat. 
Acad. Kci., 61, 1191; 1968), under a title which refers 
to the possibility of direct interaction between the 
haem groups of haemoglobin. The anxious reader 
fumbling with trembling fingers for the right page may 
be reassured, however: the authors find for no inter- 
action. The skittle which they erect and resoundingly 
hurl down on the very same page is the possibility of 
a dispersion interaction, resulting from an unpreceden- 
tedly high polarizability in the haem plane, which they 
calculate would have a substantial effect on the dielec- 
tric constant. Their own results and the more precise 
ones of von Casimir et al. dispose of this possibility. 


PHOTOBIOLOGY 


Plants Respond to Light 


from a Correspondent 


Errxorts of light on the behaviour of plants, and some 
of the associated techniques were the basis of a meeting 
of the Photobiology Group held at the Department of 
Horticulture, University of Reading, on March 27 
and 28. 

The importance of the pigment phytochrome, which 
mediates many of the morphogenetic responses of plants 
to light, was stressed in several papers. Responses 
promoted by phytochrome are usually stimulated by 
short doses of red light and reversed by far-red; 
however, the relationship between the amount of the 
active form of phytochrome as measured by spectro- 
photometry and the response of the plant are fre- 
quently obscure, and such “phytochrome paradoxes” 
were discussed by D. T. Clarkson (Agricultural Re- 
search Council, Letcombe). Furthermore, with pro- 
longed exposures to high intensity light, far-red may 
also elicit morphogenetic responses and is, then, 
frequently more effective than red light; blue light 
may also be highly effective in such conditions. The 
photoreceptors involved in these responses were dis- 
cussed by R. E. M. Grill and M. R. Turner (University 
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of Reading). From experiments on anthocyanin 
synthesis in etiolated turnip seedlings with light of 
different wavelengths given in varying sequence, Grill 
concluded that the response to far-red light may not be 
entirely due to phytochrome action. Turner’s results 
suggested that, despite the two-peak action spectrum 
for the suppression of hypocotyl elongation in etiolated 
lettuce seedlings, several differences in the responses 
to far-red and blue light indicate that more than one 
photoreceptor is involved. 

The role of phytochrome in the control of flowering 
was discussed by D. Vince (University of Reading) 
and evidence was presented that, in many long-day 
plants, there is a change in sensitivity to the presence 
of the active form of phytochrome during one day. 
Photoperiodic effects on vegetative growth were con- 
sidered by A. P. Hughes and K. E. Cockshull (ARC, 
Reading); leaf expansion in Callistephus was shown 
to be promoted by a night-break with light giving a 
lower concentration of active phytochrome than is 
needed to effect flowering; Vince showed that, in 
Fuchsia, anthocyanin production in leaves and sup- 
pression of stem elongation is also affected by the 
presence during the night of phytochrome at a level 
lower than required for flowering. 

H. Meidner (University of Reading) presented 
absolute measurements of net intake and net evolution 
of CO, in the light, above and below the CO, compensa- 
tion point. These measurements make possible an 
assessment of the true rate of photosynthesis. If the 
amount of reassimilation of CO, produced in the light 
is equal to that released into CO,-free air, the true 
rates of photosynthesis in tobacco and wheat seem 
to be 10-15 per cent greater than the net rates. This 
estimate assumes that CO, production in the light and 
ordinary air is the same as in CO,-free air, an assump- 
tion which has yet to be justified. 

A photometric method for estimating phytochrome 
in plant material was described by C. J. P. Spruit 
(Wageningen). The apparatus measures extremely 
small changes in absorbence due to phytochrome, 
despite the presence of light scattering cellular material 
which can give an apparent absorption of four units. 
The “dual wavelength” method is used in which the 
apparent absorbence at the wavelength of maximum 
absorption by phytochrome is compared with that at a 
longer wavelength, where the degree of scatter is 
similar. But the pigment does not absorb. 


OIL PALMS 


Dangerous Plant 


from our Botany Correspondent 


FoLLowme the report from Alvim and Seeschaft 
that a new species of the tree Acanthosyris causes die- 
back and death of cacao trees in Brazil, Dr A. C. 
Zeeven of the Institute of Plant Breeding, Wageningen, 
reports what may be a similar situation in Nigeria. 
The people of the Ibibio district of eastern Nigeria 
believe that the shrub Millettia aboensis Baker, of the 
family Papilionaceae, induces and promotes trunk rot 
in oil palms, especially semi-wild palms growing on 
mbri soils. (These soils have developed from com- 
pound soils and are rich in organic matter.) Natives 
say “That plant kills the oil palm”, because one or 
two years before an epidemic outbreak of trunk rot 
(mostly caused by a species of the fungus Ganoderma) 
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among the palms in a dense grove, many saplings of 
Millettia aboensis were found growing under the palms. 
So far Dr Zeeven has seen no fungal sporophores on the 
stems or roots of the shrub, and does not know whether 
Milleitia aboensis promotes the’ growth of the fungus, 
whether it weakens the palm, or whether the proximity 
of shrub and diseased palm is purely accidental. 

Trunk rot is the most common cause of ‘death in 
West African groves of oil palms. The trees are so 
weakened by fungal attack that they are easily blown 
down, and the stem may sometimes crack as it hits 
the ground. 


PHYLOGENY 


Chemical Aids to Taxonomy 


from a Correspondent 


Tua Phytochemical Society held a sym osium on 
phytochemical phylogeny in Bristol from March 30 to 
April 2. Dealing with fossil evidence for the origin of 
life and early periods of plant evolution, G. Shaw 
(University of Bradford) provided impressive chemical 
evidence that the hydrolysis-resistant surface deposit 
of pollen grains and spo ropollenin—is formed 
as a polymerization product of carotenes. He demon- 
strated the synthesis of the polymer from -carotene in 
the laboratory in the presence of oxygen and a boron 
trifluoride catalyst, and gave evidence that much of the 
insoluble organic kerragen from Pre-Cambrian deposits 
may be a form of sporopollenin. 

The question of finding phytochemical support for 
the major taxonomic groupings in the plant kingdom 
was considered in papers dealing with the distribution 
of cell wall polymers in fungi, and with lipids, diter- 
penes and triterpenes in other plant groups. D. 
Boulter (University of Durham) gave a preliminary 
report of the use of amino-acid sequences in proteins, 
with particular reference to cytochrome c, in tackling 
problems of angiosperm phylogeny. 

Another group of papers dealt with the contribution 
of phytochemistry in understanding evolutionary 
processes and taxonomic problems in contemporary 
plant groups. Professor J. McClure (University of 
Miami) proposed a re-alignment of species in the 
Spirodela-Lemna complex on phytochemical evidence. 
Professor W. Turner (University of Texas) illustrated 
well the value of phytochemical analysis by using gas 
chromatographic data of diterpene content to disprove 
earlier reports of introgressive hybridization between 
Juniperus ashii and Juniperus virginiana in Texas. 

The symposium aroused lively discussions of many 
subjects including problems of contamination in the 
geochemical analysis of early fossils and extra-terrestial 
objects, the assembling and computer analysis of 
phytochemical data for taxonomic purposes, the 
origins of cellular organelles and the philosophy of 
hierarchical phylogenetic arrangements of the major 
groups of plants. It is increasingly clear that the 
alliance between modern analytical techniques of 
organic chemistry and the use of computers for the 
evaluation of the data can greatly accelerate routine 
descriptions and taxonomic decisions involving geo- 
chemical and phytochemical analyses. What is less 
evident, but increasingly important, is that this deluge 
of information should not blind scientists to the need to 
ask those questions which may really deepen our 
understanding. 
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Mechanism of Synthesis of Bacteriophage RNA 


by 
J. THOMAS AUGUST 


Department of Molecular Biology, 
Divislon of Biological Sciences, 
Albert Elnstein College of Medicine, 
Bronx, New York 1046} 


In recent years the in vitro synthesis of bacteriophage 
RNA has become a useful reaction for studying the 
replication of genetic material. The enzyme which 
catalyses this reaction has been variously described as 
a replicase}, synthetase’ or polymerase*. Extensive studies 
have been carried out with the phage QB RNA polymerase, 
for this enzyme can be extensively purified’ and, as 
Spiegelman et al. have shown, catalyses the synthesis of 
infectious QB RNA’. This reaction, shown schematically 
in Fig. 1, 13 now known to involve several components, 
including the enzyme, Q8 RNA template, host cell factors, 
and the strand complementary to QB RNA. 


Q$ RNA Polymerase 

Only one fraction with phage-specific RNA polymerase 
activity has been detected in extracts of QB infected 
cells. This enzyme has been purified 4,000 to 5,000-fold 
and 1s not known to have any catalytic activity other 
than that of RNA-dependent RNA synthesis‘. The 
molecular weight of the protein is approximately 150,000. 
It is probably made up of smaller subunits because it 
does not seem likely that the phage genome would code 
for a molecule larger than about 50,000 daltons when 
allowance is made for the phage proteins. Lodish and 
Zinder, from studies of a temperature sensitive mutant of 
f2, have suggested that there might be two enzymes or 
non-identical subunits, one utilizing phage RNA as 
template and the other the complementary strand’. A 
correlation of discrete catalytic units with specific steps 
in the QB in vitro reaction has not been demonstrated, 
however. Hikhom and Spiegelman® and Eikhom ef œl.’ 
have described the separation of the enzyme into light 
and heavy components. Although this description imphes 
the presence of non-identical subunits in this laboratory, 
our interpretation is that the components correspond to 
polymerase and certain factors that are required in the 
reaction. We have no evidence that the factors comprise 
subunits of the polymerase. 

One of the properties of the enzyme is its specificity for 
template RNA. Only intact QB RNA”, the strand com- 





Several steps in the In vitro synthesis of infectious bacterlophage 
RNA and the properties of some components of the system can 
now be described. The mechanism of this reaction seems to be 
considerably more complex than was proposed In earlier models. 


plementary to Q8 RNA", RNA molecules described as 
“variants” of QB RNA2%, and the 68 RNA present in QB 
infected F. coli! are known to undergo replication m the 
reaction catalysed by this enzyme. Synthetic mbopoly- 
mers also have template activity provided they contain 
cytidylate as one of the bases, but only the complement 
of the template polymer is synthesized. The reason why 
the enzyme is so highly specific for the Q8-related types of 
RNA when it also recognizes a wide variety of synthetic 
ribopolymers is not known. 


Termin! of the RNA Templates 


QB RNA15.16, as well as the RNA of every other phage 
that has been exammed—R17 (ref. 17), R23 (ref. 16), 
MS2 (refs. 18 and 19) and f2 (ref. 20)—contains GTP at 
the 5’-termmus. Further analyses of the 5’-end of QB 
RNA by DeWachter and Fiers?! showed unexpectedly 
that there are two beginning sequences, pppGGGGAAC 
and pppGGGGGAAC, both found in nearly equal amounts 
from phage preparations derived from single plaques. The 
sequence pppGGGGAAC was also reported by Bishop et 
al. for the “variant” QB RNA". M82 RNA contains either 
pppGGGU?s or pppGGU™. At the hydroxyl end of Q8 
RNA, Dahlberg found the sequence GCCCUCUCUCUC- 
CCCA-OH (personal communication); f2 (ref. 23), M82 
(ref. 24) and R17 (ref. 20) contain GUUACCACCCA-OH. 
The hydroxy] terminus of QB RNA is heterogeneous, how- 
ever, for about 20 per cent of the molecules end m cytidine 
(unpublished results of U. Rensing). This heterogeneity 
at both the 5’ and 8’-termini of QB RNA suggests a 
surprisingly high frequency of “error” in the overall 
replication process. 

A feature common to all RNA templates is that the site 
recognized by the enzyme for the initiation of synthesis 
must contain at least one cytidylate, for all RNA products 
contain GTP at the 5’-terminus, including those directed 
by ribopolymer templates of widely varying base com- 
position (Table 1). The RNA initiation site is presumably 
within the 3’-hydroxyl terminal region but the precise 
relationship of the site to the terminus is not known. 


Table 1. TERIMINI OF RNA TEMPLATES AND THEIR REACTION PRODUCTS 
Templates Product 
Type 6’-Terminus 8’-Terminus Type 5’-Terminus 8’-Terminus 
Qs RNA ppGGGGaac™ GCCCUCUCUCUCCOCA-OH* Qé minus strand ppp GUUCCCC-OH)* 
Q£ minus strand brea ges Gaga" (auuocco Ohy QB RNA papas í vuccooc oR) 
UB B PPPUP 
Pp? (GUUCCCCC-OH)* C-OH 
“Variant” Q8 RNA pppGGGGAAco — “Variant” minus pppGa*? (G@UUCCCC-OH)* 
8 
68 RNA A-OH¢ B 68 ENAJ ppG' A-OH# 
QP ppp! on Q P on 
Synthetic ribopolymers'* 

poly-C (po): (C-OH) poly-@ pppG (G-OH) 

AUGO ft He Sous Sa 7 = _ AUGO (1'8 1 8 PPPE — 

AUGO (1 wey — = ree ee pppa — 

AUGO (1:1:1:7) _ _ AUGO (1: 70) pppG _ 


« The sequence shown is that of the RNA RA to its function as template, wıthout reference to Aa modification in the tn vitro reaction. 


+ Personal communication from J. E D 


e roximately 20 per cent of QB RNA is fonnd to contain a C-OH terminus (unpublished observations of U Rensing) 
aTh he b -segnence of the complementary strand cannot be assumed from the 8’-sequence of QS RNA because the ite of initiation of synthesis is 


‘ Aed tn from the ire ope of Q8 BNA 
J Unpublished observations of R. Roblin and J. T. A. 
s f Unpublished observations of U. Rensing. 
à Asenmed from the 5’-sequence of the “variant” Q8 RNA. 
í Unpublished observations of A. K Banerjee. 


J An intermediate in the reaction utflizmg Q8 68 RNA template has not been identified. 


* Assumed by analogy to poly-U. 
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In vitro Synthesis of QB RNA 


An early step in the replication of QB RNA is the asso- 
ciation of the RNA and the polymerase. The enzyme— 
RNA complex has been detected both by zone centrifuga- 
tion and by retention of the complex by a nitrocellulose 
filter. Binding of enzyme and RNA takes place without 
the addition of any of the other components required for 
RNA synthesis, that is without Mgt+, the ribonucleoside 
triphosphates, or factors**. There seems to be one RNA 
binding site to each molecule of enzyme, and the affinity 
of this site ıs for a single region near the 3’-end of the 
RNA. The association constant 1s about 10-* 1./mole, 
corresponding to the concentration of RNA required for 
maximum velocity in the synthesis reaction. Specificity 
of the enzyme for template ıs demonstrated in this 
association reaction: in studies of the competition be- 
tween QB RNA and other phage and E. coli preparations, 
the relative affinity of the enzyme for QB RNA was found 
to be, on the average, about ten times greater than for 
the other types of RNA. 

The steps leading to mitiation of synthesis seem to be 
far more complex than those proposed in earlier models of 
phage RNA replication. In addition to enzyme, RNA, 
Mgt', and the ribonucleoside triphosphates, two macro- 
molecular factors are required for synthesis'.?.37. Both 
factors are present in extracts of uninfected as well as 
infected F. cols. One (factor I) is heat stable and partially 
resistant to proteases and the second (factor I) is heat 
and pepsin sensitive. Factor I is thought to be some type 
of substituted protein, perhaps a ribonucleoprotein, and 
factor II an enzyme (unpublished observations of M. T. 
Franze de Fernandez and L. Shapiro). 

The factors seem to be involved at some step following 
the association of enzyme and QB RNA. The factors do 
not affect either the kinetics or the extent of formation 
of the enzyme-RNA complex, but in their absence syn- 
thesis is not detected when QB RNA is the template. They 
are not required for reactions utilizing other RNA tem- 
plates, such as the strand complementary to QB RNA, 
synthetic poly-C or copolymers containing cytidylate, or 
the QB 69 RNA. Results suggest that the factors do not 
react directly with the enzyme but are m some way 
related to the template function of QB RNA. Our current 
hypothesis 1s that they modify the hydroxyl terminus in 
a manner required for the initiation of synthesis. The role 
of the factors in the host cell is completely unknown. 


Complementary Strand 


When QB RNA is synthesized the first product of the 
reaction is the strand complementary to QB RNA1.1,38, 
GTP (pppGp---) is present at the terminus and chain 
growth proceeds in the direction from the 5’-triphosphate 
to the 3’-hydroxyl****, We assumed that the orientation 
of the template and product RNA is anti-parallel. 

The hydroxyl terminus of QB RNA is predominantly 
adenosine, not cytidine, and so the fact that the comple- 
mentary strand contains GTP at the 5’-terminus shows 
that the copying of Q8 RNA does not start precisely at 
the 3’-hydroxyl end. Available evidence suggests that 
initiation of synthesis of the complementary strand occurs 
at the cytidme penultimate to the 3’-hydroxyl terminus of 
QB RNA. Kamen” has observed that the 3’-terminal 
adenylate of R17 RNA can be removed without destroying 
the infectivity of the RNA, whereas the penultimate 
cytidylate is required. Moreover, with QB RNA, removal 
of the terminal adenylate to yield a cytidme 3’-hydroxyl 
terminus does not reduce the template activity or infec- 
tivity, whereas the penultimate cytidine 1s required for 
both (unpublished observations of U. Rensing). Thus 
either the 8’-terminal adenosine is not required for trans- 
lation and replication or there is a mechanism for the 
repair of the chemically modified RNA. The addition of 
the terminal adenosine may occur at some stage in the 
replicative process, for QB RNA synthesized tn vitro con- 
tains 3’-adenosine and cytidine in spite of the fact that the 
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5’-terminus of the complementary strand is only GTP 
(unpublished observations of U. Rensing). This suggests 
that the addition of adenylate is a property of the Qf 
RNA polymerase reaction per se. 

So far there is no unequivocal model for the structure 
of the replicative enzyme-RNA complex that gives rise 
to QB RNA. For example, the secondary structure of the 
molecules, the number of nascent strands per template, 
and the mechanism of displacement of QB RNA are 
unknown. Double stranded and partially double stranded 
forms of RNA can be isolated from the reaction mixture, 
but it is not yet clear whether any of these are the actual 
replicative structure, or if they represent intermediates in 
the reaction or artefacts of the isolation procedures. One 
completely unexplamed observation ıs that very little 
RNase resistant RNA is found unless the reaction mixture 
is first treated with phenol*?,. It is not known if there is a 
ribonuclease capable of attacking double stranded RNA?!, 
or if some component of the reaction mixture denatures 
double stranded RNA or keeps the strands separated. 
Weissmann, however, has proposed that the replicative 
template is not a double stranded structure, but rather 
the free complementary strand base-paired with nascent 
QB RNA over a relatively small region’. 

A serious stumbling block in establishing the role of the 
“replicative form’*4 or “replicative intermediate”?! is 
that it has not been possible to reconstruct an active 
complex with enzyme and the double stranded RNA 
structures**3?, The enzyme does not seem capable either 
of initiatang synthesis with these double stranded molecules 
or of utilizing the nascent strand as primer for the con- 
tinuation of synthesis; only after heat denaturation does 
the RNA act as template. We have also observed that 
once synthesis of the complementary strand begins the 
enzyme seems to remain complexed with the origmal Qß 
RNA template and is not displaced by free QB RNA 
(unpublished observations of K. Hori and 8. Hasegawa). 
Our interpretation of these findings is that during synthesis 
the kinetics of the reaction favour procession of the enzyme 
along the template, not dissociation—reassociation of the 
enzyme and template as separate entities (compare refs. 
38—40). If the enzyme does become displaced from the 
nascent strand-template complex, it will re-initiate syn- 
thesis only at the 3’-hydroxyl termimus of QB RNA or the 
complementary strand. How then is synthesis terminated 
and re-initiated ? Is the enzyme ever released from the 
replicative structure ? 


Complementary Strand as Template 


A. significant advance in studies of phage RNA syn- 
thesis was the isolation of the intact complementary 
strand‘!.43, and the demonstration that this RNA served 
as template for synthesis of infectious QB RNA2*5, This 
reaction requires Mgt, the ribonucleoside triphosphates, 
and enzyme, but neither of the host factors**. Feix et al.™ 
initially suggested that the properties of this reaction 
provided an explanation for the preferential synthesis of 
QB RNA because the maximum velocity of RNA syn- 
thesis seemed to be greater when the complementary 
strand, rather than Q8 RNA, served as template. But we 
could confirm this finding only in a factor deficient system. 
Both reactions were found to proceed at a similar rate 
when assayed in optimum conditions; that is, with a 
saturating concentration of factors in the presence of 
Q8 RNA*. A possibility suggested by these observa- 
tions is that the factors play a regulatory part in the 
reaction. 

A great deal of attention has been devoted recently to 
the direction of chain growth in the reaction. Contrary 
to the report of Bishop e al.*®, we have found that both the 
complementary strand and QB RNA are synthesized from 
the 6’-triphosphate to 3’-hydroxyl terminus. We 
therefore predict (1) that synthesis of QB RNA would not 
begin until the strand complementary to this RNA is com- 
pleted, and (2) that mcomplete strands of Q8 RNA would 
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contain the 5’-terminus of the molecule. Indeed, the term- 
inus of nascent f2 RNA has been identified as the 5’-end*?. 


The Future 

The reaction yielding a biologically competent RNA has 
served to confirm several of the basic concepts of nucleic 
acid biosynthesis. The use of ribonucleoside triphosphates 
as substrates, the reliance on complementary base pairmg 
of the Watson—Crick type, and the synthesis in the 
direction of 5’-phosphate to 8’-hydroxyl] are all in accord 
with results obtained with the DNA-directed systems. 
Some new features have been discovered: host cell factors 
are and there is non-complementarity between 
the 3’-terminus of QB RNA and the 6’-terminus of the 
complementary strand. A great deal remains for future 
work and the next steps ın this story will probably be 
a detailed correlation of primary structure of QB RNA to 
enzyme activity, an analysis of enzyme subunit structure, 
further characterization of different steps in the reaction, 
purification and characterization of the accessory factors 
required for synthesis, and an elucidation of the structure 
and function of the replicative complex. 

I thank Dr John Cairns and Lillian Eoyang, R. Stavis, 
P. Silverman and Lucille Shapiro for reading this manu- 
script. I am a career scientist of the Health Research 
Council of the City of New York. 


1 ac i Nozu, K , and Spiegelman, 8., Proo. US Nat. Acad. Sci., 50, 905 
(1968). 
t Weissmann, O , Simon, L., and Ochoa, 8., Proc. US Nat. Acad. Scr., 49, 407 


(1968). 
A t, J. T., Cooper, S., Shapiro, L., and Zinder, N. D., Gold Spring 
arbor Symp. Quani. Biol., 28, 95 (1063) 


L., and August, J.T ,im Meihods n Enzymology (edit. by Colowiok, 
and Kaplan, N. O ),12B, 580 (Academilo Prees, New York, 1968), 


N. B., Haruna, I., and Spi 8., in Methods in Enzymology 
(edit. by Golowick,'S. P., and Kaplan, N. 0.), 128, 540 (Academie Press, 
New York, 1968). 
* Spiegelman, 8., Haruna, I., Holland, I. B., Beaudreau, G., and Mill, D., 
Proc. US N . Acad Ser., 54, 949 (1985). 
1 Lodish, H. F., and Zinder, N. D., Seience, 152, 372 (1066). 
* Eikhom, T. 8., and Spiegelman, 8., Proo. US Nat. Acad. Sci., 57, 1888 


(1987). 
ead D. J., and Spiegelman, 8., Proc. US Nat. Acad. 


ie 


* Pace 


* Bikhom, T.8,8 
Soi., 59, 506 (1968) 
10 Haruna, I., and Spiegelman, S., Proc. US Nat. Acad. Sci., 84, 579 (1965). 


BNA is usually adenosine, the 5’-terminus of the complementary strand i 
1 terminus. We assumed that the tat iai 
at the penulttmate nucleotide, for this cytidine 1s re 


lex are unknown. Synthesis of 
tri te to 8’-hydroxy] terminus. 
Completion of the 8’-hydroxy 
reaction because Qf RNA synthesized in vi 


e first preduct of the reacticn {s the ccmplementary strand. 
8 - Cham growth is in 
orfentaticn of tre template end prcduct strand 
d fcr template activity whereas the terminal 
Teplicatitve cnzyme-E NA ccrplex is cnly eckcmatie, fcr the structure 
B RNA is algo initiated by fhe jncorroraticn of GIP and the direc- 
ae tho fre compiementary raa template, factors are 
nus secme to ke a of the olymerase 

ro contains the 8’-terminal adenosine. FP 


ae Fere Ge Pollet, R., and Weissmann, C., Proc. US Nat. Acad. Sei., 59, 145 


1 Mills, D , Peterson, R. L, and Spiegelman, S., Proc. J 
58 2y Ga piege. US Nat. Acad, Sei., 
a ee, A. K., Rensing, U., and August, J. T., Pros. US Nat. Acad. Sci. 
(m the press). 
1 Hor, K., Eoyang, L., Banerjee, A. K., and August, J. T., Proe. 
Acad. Sor., 57, 1700 (1967). ene 
1 Banerjee, A. K., Eoyang, L., Hori, K., and August, J. T., Proso. US k 
Acad. Sei , 57, 088 (1987). ay 


1t Watanabe, M., and August, J. T., Proc. US Nat. Acad. Sci., 59, 518 (1968). 
* Roblin, B., J. Mol. Biol., 31, 51 (1968). 

** DeWachter, R , Verhassel, J-P., and Hers, W., FEBS Lett.,1, 98 (1968). 
1° Glitz, D., Brochemtsiry, 7, 927 (1968). 

»* Dahlberg, J. B., Nature, 220, 548 (1988). 

™ DeWachter, R , and Fiers, W., Nature, 221, 288 (1969). 

Weare D. H. L., Mills, D. R., and Spiegelman, 8., Biochemistry, 7, 8744 


» Weith, H. L, and Gilham, P. T., J. Amer. Chem. Soe., 88, 5478 (1967), 
™ DeWachter, R., and Fiers, W., J. Mol. Biol., 30, 507 (1967). 


oT ae Bnet eek satan, Ue sod Shae ond 

u Peta RE Aar Qani ete at Enea J. T., Nature, 219, 
588 (1988) 

ampo D y eal de Fernandez, M. T., and August, J. T., Nature, 220, 


= Weissmann, C., and Feix, G., Proc. US Nat. Acad. Sei., 85, 1264 (1966). 

* Bishop, D. H. L, Pace, N. B., and Spiegelman, 8., Proe. US Nat. Acad. 
Soi., 58, 1790 (1987). 

3° Kamen, B., Nature, 281, 821 (19689). 

s. Ton fy Slor, H., and Welesmann, O., Proc. US Nat. Acad. Soi., 57, 1401 


* Robertson, H. D , Webster, R. E., and Zinder, N. D., J. Biol. Okem., 248, 


82 (1988) 
» Weissmann, C , Fetr, G., Slor, H., and Pollet, B., Proc. US Nat. Acad. Sci., 
57, 1870 (1987). 


"i Franoke, B , and Hofschnelder, P. H., J. Mol. Bol., 16, 544 (1966). 
3 Franklin, R. AL, Proc. US Nat. Acad. Sci., 55, 1604 (1066). 
ae Fone G Pollet, R , and Weissmann, O., Proc. US Nat. Acad. Sei., 59, 145 


ar eT YET A N. B., and Spiegelman, 8., Proc. US Nat. Acad. Soi., 58, 
I A 

3t Klea, C B , and Singer, M. F , J. Biol. Ohem., 243, 928 (1068). 

** Nossal, N. G , and Singer, M. F., J. Btol. Chem., 248, 918 (1988). 

t Lazarus, H. ML, Sporn, M B, and Bradley, D F., Proc. US Nat. Acad. 

Ser, 60, 1508 (1968). 

a ‘cee W. T., and Franklin, R. M, Proc. US Nat. Acad, Sei., 58, 1018 
(1987) 

“ Pollet, R., Knolle, P , and Weissmann, O., Proc. US Nat, Acad. Soh, 58, 
766 (1067). 

a Robertson, H. D., and Zinder, N. D., Nature, 220, 69 (1968). 


124 


cy 


NATURE, VOL. 222, APRIL 12, 1969 


Evolution of the Appalachian/Caledonian Orogen 


by 
J. F. DEWEY 
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University of Cambridge, 
Cambridge 


Tam Appalachian and Caledonian orogens form a con- 
tinuous belt! when the North Atlantic is reconstructed by 
fitting the 500 fathom lne of the present continental 
margins?. On this reconstruction, the forelands cousist 
of Pre-Cambrian basement complexes and the orogen 
appears to be ensialic, that 18, cutting an older basement, 
like the Variscan orogen of the Urals. There is a remark- 
able correspondence, however, between the orogen and the 
subsequent axis of Atlantic rifting?.*. This led Wilson’ to 
propose the hypothesis of a Proto-Atlantic Ocean, and 
recently (my unpublished results) a model for the evolu- 
tion of orogenic belts based on an oceanic expansion- 
vontraction cycle has been suggested, following earlier 
views*:? that orogens are sited on collapsed continental 
rises. In this article the structure of the Appalachian/ 
Caledonian orogen is outlined and a possible model for 
its evolution presented. 


Structural Zones of the Orogen 


It has long been recognized that the British Caledonides 
consist of two greatly contrasting zones, previously re- 
ferred to as the northern metamorphic and southern, 
non-metamorphic, Caledonides*. The northern zone (zone 
A, Fig. 1) includes the Moine and Dalradian Series and 
consists of a thick sedimentary sequence of late Pre- 
Cambrian, Cambrian and probably Lower Ordovician’ 
age. Zone A is characterized by large scale recumbent 
folding and high-grade metamorphism. Various ages 
have been suggested for the age of climactic deformation 
and metamorphism in zone A, referred to here as the 
Grampian event (Fig. 1), moluding Pre-Cambrian’, pre- 
Arenigian’*, Arenigian™ and pre-Caradocian!*, The details 
of these arguments will not be discussed here, but the 
greater part of the deformation and metamorphism 
occurred durmg early Ordovician times. In Norway, 
early Ordovician movements have long been known! and 
increasing recognition is bemg given to such movements 
in the northern Appalachians“. It is suggested that zone 
A continues throughout the north-west side of the Appal- 
achians (Fig. 1) and includes the following: the Fleur-de- 
Lys and Grand Lake Schist Groups of Newfoundland"; 
the Shickshock and Macquerau complexes of the Gaspe 
Peninsula; the Sillery Belt of Quebeo; the pre-Beauce- 
ville Group rocks of the Eastern Townships; the Grand 
Pitch Formation of Maine'*; the pre-Silurian rocks of, 
and west of, the Oliverian Belt‘; the New York City 
Group; the pre-Silurian rocks of Pennsylvania and Mary- 
land; and probably most of the Piedmont'*. In Scotland, 
the rooks of zone A are thrust north-westwards across a 
shelf sequence of Cambrian and Lower Ordovician!’ 
carbonates. In the Appalachians, relationships with the 
Laurentian Foreland are more complex. Sedimentation 
in the miogeocline’, although interrupted by post-Beek- 
mantown pre-Chazy non-sequence and disconformity, 
persisted until late Ordovician times when Taconian 
deformation'’® accompanied and followed!’ the emplace- 
ment of klippen. 

The position and nature of the south-eastern margin of 
zone A are difficult to define, except in Newfoundland 
where the Luke Arm Fault?! (Fig. 1) forms the southern 
boundary of a complex of spilites and tholeites (Lushs 


The structure of the Appalachtan/Caledonian orogen is described 
and a new model for its evolution proposed. 


Bight Complex). The ophiolite suite of the Ballantrae 
Complex in Scotland (Fig. 1) is characterized locally by 
glaucophane-schists and is unconformably overlain by 
Caradocian conglomerates. It is suggested that the 
Ballantrae Complex representa the southern margin of 
zone A, and continues westwards into the Tyrone Volcanic 
Complex in Ireland and thence south-westwards along & 
major magnetic anomaly at Strokestown™ to the Dingle 
Peninsula (personal communication with N. Rast). In 
Scandinavia the south-eastern margin of zone A is prob- 
ably represented by a belt of deformed basic volcanics 
(Fig. 1) including the Støren Group™. 

After the Ordovician climactic deformation in zone A, 
graben such as the South Mayo Trough (Fig. 1) developed, 
and marine transgression progressed generally north- 
wards". The molasse of the Ordovician deformation on 
the south-eastern margin of zone A is represented by the 
Caradocian conglomerates of the Girvan region and thick 
Ordovician argille scagliosa and flysch deposits south of 
the Luke Arm Fault in Newfoundland™. Zone A molasse 
on the north-western margin of the Appalachians is seen 
in the miogeoclinal Ordovician klippen, clastic wedges 
such as the greywackes of the Austin Glen Group and the 
Richmond—Juniata red-bed sequences, with a south- 
easterly provenance. 

Pre-Appalachian/Caledonian basement is known in 
many areas of the north-western parta of zone A. In 
Scotland and Ireland™, inliers of Lewisian rocks lie within 
the Moine outcrop (Fig. 1). Grenville rocks (Fig. 1) 
occur in the Great Northern Peninsula of Newfoundland, 
and in the Green Mountain (Berkshire Highlands-Hudson 
Highlands) Blue Ridge axis of the north-western Appal- 
achians, where they form a basement to autochthonous 
Cambro—Ordovician muogeoclinal sequences. Grenville 
rocks also form a rejuvenated basement (Baltimore 
Gneiss of Maryland, Fordham Gneiss of New York) to the 
thicker, heavily deformed clastic sequences of the 
Piedmont. 

The southern non-metamorphic Caledonides are divisible 
into a region (zone B) between the southern margin of 
zone A and the northern, fault-bounded margin of the 
Cambro—Ordoviéian Irish Sea Horst, and a second region 
(zone C) to the south of this line (Fig. 1). Zone B, consist- 
ing of Cambrian, Ordovician and Silurian strate, is also 
recognized in Newfoundland™, New Brunswick** and New 

landi“. Zone B was climactically deformed during 
the late Silurian or Devonian period. Fairly simple 
structures associated with steep slaty, and flat strain-slip, 
cleavages were produced with little or no regional meta- 
morphism. In New England, however, more complex 
recumbent structures and high-grade regional meta- 
morphism were developed. Vulcanism was important in 
zone B in which three Ordovician volcanic lmeamente 
(Fig. 1) were developed. The oldest fossiliferous strata 
in zone B are Middle Cambrian? and the age of the base 
of the sequence and the nature of the underlying base- 
ment are unknown. 

Zone C is characterized by widespread deformation 
just before the Cambrian period (Fig. 1). The rocks in- 
volved in this deformation are the Mona Complex and 
Cullenstown Group™, the Uriconian, and the Long- 
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myndian in Britain, the Brioverian in Brittany, and late 
Hadrynian strata’? in south-east Newfoundland, Cape 
Breton and New Brunswick. Zone C glaucophane-schists 
are known only in the Mona Complex of Anglesey. 

During Lower Palaeozoic times, zone O was a plat- 
form for thin widespread deposition. There were, however, 
several regions of greater subsidence and vulcanism, such 
as the Meguma Trough, the Trinity Trough, the Welsh 
Basin and the Brabant Trough (Fig. 1). The Lower 
Palaeozoic sequences of these mobile areas were strongly 
deformed in late Silurian or Devonian times. Pre-Had- 
rynian basement is unknown in zone C in the Appalachians, 
but occurs locally m northern France (Pentevrian), 
England (Malvernian) and south-east Ireland (Rosslare 
Complex**). 

The timing of the late Silurian/Devonian climactic 
deformation, dominant in zone B, but also important 
locally m zones A and C, is reflected in the age of Devonian 
molasse sediments**. The main directions of molasse 
transport were away from zone B to produce, for example, 
the fluviatile fans of the Anglo-Welsh Cuvette and the 
Catskill region of the Appalachians. 


Evolution of the Orogen 


It is suggested that the evolution of the Appalachian/ 
Caledonian orogen was related to a cycle of oceanic 
expansion and contraction schematically illustrated in 
Fig. 2. During the spreading-expanding phase (Fig. 24, 
B) wedges of sediment (Torridonian and Longmyndian) 
accumulated on the continental terraces and continental 
rises (Momne—Dalradian and sediments of the Mona Com- 
plex) were built out onto the ocean floor. The development 


of Benioff Zones associated with lithosphere descent, and 
frictional melting of basalt, in late Pre-Cambrian (Fig. 
2B) and Upper Cambrian times (Fig. 20) produced the 
Gwna Voleanics and Ballantrae—Tayvallich Volcanics 
respectively. The orthotectonic orogens of zones C and A 
were produced by progressive deformation of the con- 
tinental rises (unpublished resulta). Subsequently, during 
Caradocian times (Fig. 2D), flysch wedges were built out 
from the oceanic side of zones C and A and thin pelagic 
sequences (for example, Moffat Shales in the Southern 
Uplands) were laid down on oceanic crust. 

Silurian times, the flysch wedges completely swamped 
zone B (Fig. 22). j- Finally, in late Silurian/Devonian tumes, 
zone B sequences were compressed and deformed during 
the last stages of Proto-Atlantic contraction (Fig. 2F). 
Trough and basin sequences which post-date the ortho- 
tectonic deformation in zones A and O were also deformed 
at this time, and in Scandinavia (Fig. 2G) intense contrac- 
tion and suturing caused the overspilling of zone A and B 
sequences to produce great thrust sheets across the Baltic 
Foreland (Fig. 1). An outlme section across the Hima- 
layas” is shown in Fig. 2H to ulustrate that continued 
contraction in a paratectonic orogen may produce con- 
tinental underthrusting and the development of a malic 
root. 

One of the most remarkable and significant features of 
zope A is the long thermal history, evidenced by the 
emplacement of post-tectonic granite plutons ın Scotland 
up to 100 m.y. after Ordovician metamorphiam*!, the local 
development of a Devonian metamorphism*? and the 
great spread of isotopic ages**. It has been argued (my 
unpublished results) that the long thermal histories, 
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characterizing orthotectonic orogens, are related to the 
rise of magmas and volatiles from an underlying Benioff 
Zone progressively later on the continental side. 

_ The age of volcanics is of great significance in estab- 
lishing the time of initiation of the spreading-expanding 
and spreading—contracting phases of ocean development 
(my unpublished results). Throughout the Appalachians 
and Caledonides there is evidence of vulcanism at, or 
near, the base of the miogeochnal sequences of zones A 
and ©. In Appalachian zone A the Catotcin Volcanics, 
the Tibbit Hill Volcanıcs and the Labrador Basalts prob- 
ably developed at the onset of Proto-Atlantic expansion. 
The Uriconian Volcanics in Caledoman zone C probably 
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bear a similar relatzaonship. Lower Palaeozoic faunas are 
of great potential value for elucidating the timing of 
oceanic expansion and contraction. Trilobite’! and 
graptolite®* faunas show varying degrees of provinciality 
but were particularly different in zones A and C during 
Lower Ordovician times, supporting the contention that 
this was the approximate tıme of maximum separation. 


Evolution of Zone A 

Figs. 3 and 4 illustrate, schematically, the suggested 
sequence of events leading to the development of the 
zone A orthotectonic orogen in Britain and Newfound- 
land respectively. In both cases early oceanward palaeo- 
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slopes progressively changed to continentward slopes as 
deformation of the continental rise progressed above & 
growing basaltic root (my unpublished results). High 
gravity values characterize zone A in Newfoundland and 
the suggested crustal structure includes a Taconian 
basaltic root**. A basaltic substructure has been sug- 
gested for the Caledonides in Finmark*’, similar to the 
Alpine Ivrea Zone, and for the Caledonides of the Kola 
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Peninsula®*. In the Appalachians, the sedimentary and 
tectonic history of the miogeocline is longer than in the 
Caledonides, and Durness sedimentation persisted in 
Scotland into Llanvirnian times’, while deformation was 
occurring in Zone A to the south-east (unpublished results 
of J. F. D. and J. M. Bird) and was finally obliterated by 
the emplacement of the Moine Nappe (Fig. 3). In 
Appalachian zone A of Newfoundland (Fig. 4), the 
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Taconic region, and Pennsylvania there is a clear record 
of gradual relief inversion well nto late Ordovician times. 
The pre-Taconian transition from continental shelf to 
continental rise can be traced almost continuously from 
Newfoundland to Pennsylvania and is represented by a 
rapid facies change from carbonates to clastics. A distinc- 
tive lmestone-breccia facies (Cow Head of Newfoundland 
(Fig. 4), Conestoga Limestone of Pennsylvania) often 
marks the transition. It 18 suggested that relief inversion 
progressed from the oceanic side of zone A towards the 
continent. Taconian movements in late Ordovician times, 
finally obliterating the miogeocline, were the last stages 
of a progressive deformation begun with Penobscot move- 
ments’* on the oceanic side. 

It is thus suggested that the landmass of Appalachia!’ 
was developed by deformation of an Ordovician con- 
tinental rise and does not imply the existence of a major 
continental mass on the site of the present-day Atlantic 
Ocean. Criticisms** of Wilson’s® Proto-Atlantic theory 
are based on the assumption that the Appalachian/ 
Caledonian orogen is founded on a Pre-Cambrian base- 
ment. An alternative view of North Atlantic history has 
been proposed‘ in which mobile zones were progressively 
stabilized, eventually leading to oceanic ing and 
expansion in Mesozoic times. I believe this to be incorrect 
for the following reasons. Furst, it involves the former 
existence of linear ensialic zones of mobility in which no 
mechanism is provided for the large contractions evidenced 
by structural analysis? and by the faunal evidence. 
Second, the intermittent and distinctive nature of the 
thermal history is not considered. Vulcanicity occurred 
in zone A only during the initial and final stages of Pre- 
Cambrian/Cambrian/early Ordovician sedimentation, and 
the pattern of zone A sedimentation 18 asymmetrical and 
extremely similar to the present Atlantic margin of North 
America‘, 

I thank Professor Marshall Kay and Professor Charles 
Drake for their help and encouragement. I also thank 
Dr P. F. Friend, Mr D. J. W. Piper and Dr A. Gilbert 
Smith for critically reading the manuscript. 
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PuLsszs are uniquely suited as probes of the interstellar 
medium. The dispersion in arrival time of pulses at 
different frequencies measures the integrated density of 
the ionized component of the gas, while absorption of the 
pulsar continuum. at 21 cm provides information on the 
neutral hydrogen between the pulsar and the observer. 
A lower limit of the distance to the pulsar may be derived 
from the absorption velocity profile together with a galac- 
tic-rotation model. Recently, de Jager et al.1, using this 
method, found the distance of OP 0328 to be at least four, 
and possibly more than six, kpc. A measurement by 
Guélin et al.* did not confirm this work, deriving instead a 
distance of approximately 0-8 kpc. We have repeated 


An attempt to measure the distance to several pulsars. The esti- 
mates of de Jager for CP 0328 are not confirmed. 


the absorption measurement on OP 0328 and have 
obtained absorption data on as many other pulsars as 
possible. 

Our observations were made with the 140 foot telescope 
of the National Radio Astronomy Observatory on Decem- 
ber 9-11, 1968, and January 3-9, 1969. The nature of 
pulsars permits on-off difference measurements without 
moving the telescope from the position of the source. 
The 21 cm measurements were made with the NRAO 
413-channel autocorrelation receiver, its switching cycle 
being driven by a frequency synthesizer at a rate inversely 
proportional to the period of the pulsar. The duration of 
the on portion of the cycle could be adjusted in steps of 
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approximately 2 ms. The off observations were obtained 
between pulses, for typically 10-40 tımes the length of 
the on measurements. The synchronization of the pulsar 
and receiver cycles was monitored on an oscilloscope by 
noting the position of the pulsar signal relative to a noise 
tube signal which was injected only during the off portion 
of the cycle. Table 1 shows the five pulsars for which we 
obtained useful data, their galactic longitude and latitude, 
average energy per pulse at 1,420 MHz, and typical on- 
time settings. The average energy over an interval of 
days often fluctuates by more than a factor of two, as 
can be seen, by comparing our resulta with those of Guéhn 
et al. We also observed OP 0808, OP0834, HP 1507, 
JP 1933, AP 2015+28, PSR 2045—16, and PSR 2218+ 
47 at frequencies of 234, 256 and/or 405 MHz, but they 
were too weak at 1,420 MHz during our observations to 
provide useful data. 

The observations were made using a total bandwidth 
of 25 MHz, with individual channels separated by 1-4 
km s-1. An on-line computer integrated the signal for 
times ranging from 40 to 800 pulsar periods. The data 
were then weighted according to the square of the pulsar 
signal, and a difference spectrum of on-time minus off- 
time was computed. The spectra contained a small, 
spurious, sinusoidal signal with a period equal to 2-5 
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Table 1. THA FIVE PULSARS OBSERVED 

Typical 

Average energy on-time 
Source m put 10-*J m-* Hz" ms 
CP 0328 145 -1 80 16 
AP 0828 + 26 197 +82 25 10 
OP 0950 229 +44 15 10 
OP 1183 242 +69 25 15 
PSR 1749-28 2 -1 30 17 


channels. A tmangular weighting function of half-width 
equal to this period was then passed over the data. This 
removed the effect of the spurious signal and improved 
the signal-to-noise ratio, while reducing the velocity 
resolution from 1-7 to 3-8 kms-!. An overall check on the 
system was provided by observing & section of sky near 
PSR 1749 — 28 as if a pulsar were there. No signals larger 
than the expected noise level were found. The baselines 
obtained on the cold sky observations and at wavelengths 
to either side of the 21-cm lme on the pulsar observations 
showed small overall slopes, and undulations over 40 to 
50 channels, so that the s=0 pomt on the absorption 
spectra is accurate to about +0:1 in optical depth. 

Our results for OP 0328 do not confirm the results of 
de Jager et al. The absorption corresponding to the local 
arm is present although roughly 20 per cent weaker than 
they reported, but both the Perseus arm absorption from 
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Fig. 1. CP 0828 and PSR 1749-28. The upper gral h in each set shows the neutral hydrogen emission in the line of sight 
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lower graph shows the neutral hydrogen absorption, with a velocity 
No attempt has been made to remove baseline slopes. 
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—30 to —60 km s- and the outer arm absorption around 
—15 km s- are absent (see Fig. 1). When the difference 
in velocity resolution is taken mto account, our results 
agree with those of Guélin e al. To mterpret the results, 
we used the Schmidt? galactic-rotation model. The lower 
limit to the distance of OP 0328 ıs just under 1 kpo, a 
distance corresponding to the far side of our own spiral 
arm. If the small and questionably significant feature 
at —30 km s- should prove to be real after further 
observation, the lower distance limit would be 2 kpe. 

It is important to stress that absorption measurements 
provide a lower limit to the distance, and that the true 
value for an mdividual pulsar may be much larger. As 
may be seen by the work of Shuter and Verschuur‘ and 
Clark’, absorption features rarely mimic emission features 
in velocity half-width and intensity. By combining results 
on many pulsars, however, one may arrive at meaningful 
average distances. 

Our results on PSR 1749— 28 (see Fig. 1) show a narrow 
absorption feature at 9 km s~ with an optical depth 











0 +40 
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Fig. 2. AP 0823+26, OP 0950 and OP 1188. The emission spectra (upper graph of each set) and absorption spectra (lower graph). 


<~0-8. The slight depression in baseline over —40 to 
+60 km s- cannot be considered real in view of the small 
baseline drifts noted earlier. The sharp absorption 
feature 1s of particular interest because it occurs at the 
same velocity as a narrow dip in the emission profile. 
Heeschen® noted that this dip occurs over a region of large 
angular extent and suggested absorption by & cold mter- 
arm cloud as one possible cause. Recently, Riegel and 
Jennings’ have estimated that the cloud causing this 
absorption lies within 1 kpc. PSR 1749 — 28 has a lower 
distance limit equal to the distance of the cold cloud. A 
distance of several kiloparsecs is ruled out, as noted by 
Guélin et al., because of the extremely low probability 
that the lme of sight to the pulsar could traverse such a 
long distance near the galactic plene without encountermg 
other absorbing clouds. It is reasonable that Guéhn et al. 
did not detect this particular absorption feature; their 
velocity resolution of 12-7 km s- and higher noise level 
place the feature below their limit of detectability. 

The number of hydrogen atoms per cm* column in the 
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line of sight to the pulsar is given by Ng= 1-82 x 1018 Tif 
Tt dor, for v in km s-t. Numencal integration of the 
absorption profiles of OP 0328 and PSR 1749—28, 
together with an assumed Tg=100° K, yields 2-8 x 10% 
om-? and 0-7 x 1031 cm~, respectively. 

In Fig 2, we present the results of AP 0823 + 26, 
OP 0950 and CP 1133. None of them shows absorption ; 
on a 2o basis, the upper lımits for the optical depth are 
0-4, 0-3 and 0:3, respectively. Because these three pulsars 
are at high galactic latitudes, they do not contribute any 
conclusive distance mformation. 

We thank Dr W. E. Howard for ing these obser- 
vations and the staff of NRAO for making them possible. 
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Tam composition of surface materials on Mars cannot 
easily be inferred from spectral measurements for several 
reasons. The most serious problem is that atmospheric 
effects on the Earth and on Mars limit the available 
wavelength range, and attenuate and distort spectral 
information. Second, the composition and grain size of 
the surface material may not be homogeneous over an 
area as large as the spatial resolution of the mstrumente 
used in remote sensing. And, third, the energy available 
for ic experimente is limited by the solar 
constant, the relative position of the Earth and Mars, and 
the Martian interaction with solar energy. 

Because of this the literature on Martian spectral 
behaviour includes diverse and often diametrically 
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Fig. 1. Visible Martian spectra recorded by various authors? +’, 


The visible and Infrared spectra of Mars have been compared,with 
the laboratory spectra of certain minerals. The results allow some 
tentative conclusions to be drawn about the nature of the surface 
of the red planet. 


opposed views, but much of the conflict in interpretation 
of Martian spectral data is the result of not having 
available the results of adequate laboratory spectroscopic 
studies. The purpose of this article is to evaluate Martian 
spectral data on the basis of our laboratory studies. We 
believe we can establish limits for the composition of the 
Martian surface materials, and indicate ways in which 
further diagnostic information may be obtained. 


Spectral Observations of Mars 


The vimble region (0-4-0-7 microns) has recerved con- 
siderable attention from astronomers because the ter- 
restrial atmospheric effects are minimal, and the reflected 
solar energy 18 relatively high. Fig. 1 illustrates typical 
published Martian spectra, all but one of which? represent 
the behaviour of the entire disk. Fig. 1 does not mclude 
the spectrum of Younkin? recorded from the entire disk, 
which 1s almost identical with that of Tull‘, as is the 
spectrum of Loomis? of the bright areas on Mars. Loomis’s 
spectrum of the dark areas lies slightly below that of 
Tikhov?. 

Apart from the spectrum of Opik’ the resulta of dif- 
ferent authors agree well, considering that they used 
different techniques and instrumentation. All of these 
measurements, however, suffer from common drawbacks. 
Even where efforts were made to record from either the 
light or the dark areas, the spectra are to some (unknown) 
extent a composite of both, and no attempt was made in 
these measurements to account for Martian atmospheric 
effects, which vary with wavelength in a manner that 1s 
both unknown and variable with time’. 

Opik* attempted to remove Martian atmospheric ab- 
sorption and scattermg effects from his spectrum, and go it 
lies well above the others in Fig. 1, but retains a similar 
slope. Because there is a lack of detailed knowledge of 
Martian atmospheric effects, the general slope of the 
visible curve is probably the most reliable piece of informa- 
tion available in this spectral region. The only other item 
of available information is that the dark areas have a 
lower albedo than the light areas throughout most of the 
visible range’. 
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Fig. 2. Near-infrared spectra of Mars recorded by various authors. u., 


In the near-infrared region (0-7-2-5 microns) measure- 
ments are both fewer and more restricted than m the 
visible, because ground based observations are severely 
affected by terrestrial atmospheric absorption bands, 
principally due to H,O and CO,. Fig. 2 summarizes the 
available spectra. The first measurements, made by 
Kuiper’, were pubbshed as the ratio of the monochromatic 
intensities of Mars and the Moon. These data were used 
by Tull‘ to extrapolate his curve from 1-2 to 1-56 microns. 
Draper et al.1°, in comparing the spectrum of a mixture 
of 70 per cent geothite and 30 per cent haematite with 
Kurper’s results, have misplotted his data by showing his 
(arbitrary) chart readings as percentage reflectance. 
Kurper’s spectra, and those more recently acquired by 
other authors, with certam exceptions, are in farly good 
agreement. The only spectrum which deviates greatly 
from the others is that of Moroz}, and his measurements 
have been criticized by several authors * primarily 
because his assumed planetary surface temperature was 
too high. One curve not shown here is that of Sinton, 
who, like Younkin, detected a flat spectral response of the 
Martian surface between 0-7 and 1-1 microns. Con- 
sequently, the broad shallow band shown in Tull’s curve 
centred at 1-1 micron 1s a doubtful spectral feature. 

There are relatively few mid-infrared spectra (from 
2-6 to 500 microns) of the Martian surface, because of 
significant terrestrial atmospheric absorption, and because 
of the low energy available ın this spectral region. An 
early attempt by Sinton and Strong! to obtam spectral 
information through the 8-14 micron atmospheric window 
was unsuccessful. Subsequent attempts at shorter wave- 
lengths by Moroz!! and inton! indicate a strong band 
centred near 3 microns. Smton’s spectrum is shown in 
Fig. 3. 
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Laboratory Spectra 


The spectral behaviour of likely Martian surface 
materials was mvestigated in the laboratory, using & 
Cary 14 and a Perkin-Elmer 521 spectrometer, each 
fitted with specially constructed bi-directional reflectance 
attachments", These permit bi-directional measure- 
ments to be made of various grain sized natural materials, 
thus simulating remote sensing observations. 

The visible region provides httle diagnostic information 
concerning the gross composition of inorgamic solids. 
Electronic transitions cause spectral features which are 
usually very broad and diffuse. When sharp features do 
occur, they result from discrete electronic transitions in 
the composite 1ons (such as the manganese ion in rhodo- 
chrosite), or from low concentration impurity ions. Sharp 
bands thus provide information concerning the presence 
of that particular ion, rather than about the bulk com- 
position of the material. 


Classification of the Mineral Samples 


The behaviour of spectral features as a function of the 
particle size of rock and mineral samples, however, can 
provide very useful information; it allows them to be 
classified as transparent, opaque or trans-opaque. This 
broad classification 1s made on the basis of whether the 
absorption coefficient and/or index of refraction is large 
over none, all, or part of the visible region. 

Although silicate minerals are often coloured in hand 
specimens, they are almost colourless when finely ground. 
We refer to this as transparent behaviour. For such 
minerals a decrease in gram mzoe will characterstically 
result in an increase in albedo as shown for labradorite in 
Fig. 44. Other minerals, such as metal sulphides, are 
black or very dark, and exhibit opaque behaviour through- 
out this spectral region. With them, a decrease ın grain. 
Sze 18 accompanied by a decrease in the spectral albedo 
as shown for pyrite in Fig. 4B. For minerals we class as 
trans-opaque, a decrease in grain size results in an increase 
in spectral albedo m one region of the visible (trans- 
behaviour) and an albedo decrease in another range 
(opaque behaviour). 

One result of trans-opaque behaviour 1s that the spectra 
of such materials have a relatively steep slope m the 
visible. Consequently, their R/B ratio is large, as is that 
of the Martian spectrum. Thus it appears from the slope 
of ite visible spectrum that the Martian surface material 
contains a trans-opaque mineral. The most familiar 
trans-opaque minerals are the iron oxides, lmonite, 
goethite and haematite. Trans-opaque behaviour 18 not 
confined, however, to the ferric oxides. The same effect 
can be seen in the spectra of minerals such as cinnabar, 
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realgar and cuprite. The trans-opaque slope of the Mar- 
tian spectral curve 1s therefore not necessarily diagnostic 
of the presence of the ferric ion. But, because of the 
probable low concentration of these other materials in 
the crust of a terrestrial planet, 1b is reasonable to assume 
that the ubiquitous iron ion is the most likely cause of the 
steep slope of the Martian curve. 

Although the slope of the Martian spectrum indicates 
the presence of a trans-opaque material, which we assume 
to be a ferric oxide, it does not directly indicate the 
amount of ferric material present, nor the mineral form ın 
which 1t exists. Fig. 5 shows that a very small amount of 
ferric oxide mechanically mixed with a transparent 
mineral will provide the observed slope. Even if ıt were 
known with certainty, the height of the Martian spectrum 
would not indicate the amount of ferric oxide present from 
a comparison with the spectra in Fig. 5, because the 
height of these curves can be adjusted downwards by the 
addition of opaque material to the mixtures. 

It is interesting that many natural terrestrial soils and 
windblown dusts display Martian spectra, as shown in 
Fig. 6. The Binder and Cruikshank?’ soil 1s an Arizona 
desert soil developed on granite gneiss and the African 
dune sand and windblown dust are quartz lightly stained 
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Fig. 5. ‘Visible reflexion spectra of var1ous quantiles of 0—5 micron 
limonite or 0-5 micron haematite mired with 0-74 micron quartz 


with ferric oxide. The brown obsidian spectra illustrate 
that a ferrc oxide impurity withm, rather than on, 
transparent soil grains will also produce 4 “Martian” curve. 

Visible spectroscopic data show that: (l) a trans- 
opaque material, presumably some form of ferric oxide, 
is present in the Martian soil; (2) this material may be 
present in large or small amounts; and (3) it could be 
present independently in the soil, or as a coating or stain 
on the surfaces of other mineral grains, or as an impurity 
within transparent mineral grains. 


The “‘Limonite Band” 


The near-infrared region is more promising than the 
visible for purposes of identification. Both electronic 
transitions (notably due to iron ions) and overtones and 
combinations of vibrational fundamental transitions 
(notably due to water or OH groups in some form) produce 
features ın this region. Some minerals, such as carbon- 
ates, offer considerable diagnostic information here, while 
others, such as iron-poor pyroxene, offer none. 

One important aspect of the bands in reflexion spectra 
here is that reduction of grain size can enhance the 
features'*. Whether or not a spectral feature is enhanced 
as grain size is reduced was shown to depend on the values 
of the optical constants’. Because many minerals have 
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occurring soils and a windblown dust (loess) which display typical 
Martian slope. B, Visible spectra of brown obsidian of various gram 


near-infrared bands that are enhanced for fine grain sizes, 
this region is promising for the remote sensing of Mars. 
Such is indeed the case for lmmonite, which has a strong 
band near 0-9 micron. Previous authors bave pointed 
out (for example, Younkin”?) that the position of the 
minimum of this reflexion band varies from about 0-87- 
0-95 micron, because limonite is & mineralogical term used 
for a poorly identified mixture. This mixture usually 
consists primarily of goethite (FeO-OH), but often con- 
tains haematite (Fe,O,) and small amounts of silica, 
phosphates and clay minerals, accounting for the shift of 
the band minimum. 

Whatever its exact position, the so-called “limonite 
band” is present in all samples of limonite (goethite, 
haematite) studied. Consequently, this region has re- 
ceived considerable observational attention. Younkin* 
and Sinton! have searched this region ın Martian spectra, 
but find no evidence for ita presence. The hmit of detec- 
tion of their observations means that such a band can only 
be present if its maximum intensity does not exceed 2 
or 3 per cent. Sinton’ pointed out this intensity does 
not approach the 20 per cent and 30 per cent found for 
powdered limonite (goethite, haematite) samples. In fact, 
as we show in Fig. 7, even l per cent of free limonite or 
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haematite by weight ın a soil composed of quartz or 
granodiorite will produce a detectable 0-9 micron band. 
Thus observations near 0-9 micron neatly complement 
those in the visible by proving that, although free ferrio 
oxides may be present in sufficient amounts to colour the 
Mars surface red, they cannot be a principal soil con- 
stituent. 

Siheates stained with ferric oxdes can, however, be 
present on Mars without displaying a strong bend near 
0-9 micron, as reported by Binder and Cruikshank?’, 
Fig. 8 shows that the Cruikshank soil exhibits only a 
barely discernible spectral feature in this region, ın spite 
of its strong reddish-brown coloration in the visible. 
The Harmattan dust has no detectable ferric oxide band, 
whereas the dune sand from Chad displays a strong band 
in this region. This shows that natural terrestrial soils 
stained with ferric oxide may or may not display the 
0-9 micron band, depending on the thickness of the stain 
on individual grains, while more than 1 per cent of free 
ferric oxide will always do go. 
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Fig 8. Near-infrared reflexion oan of naturally occurmng dusts 
and soils. 


The | Micron Band 


The doubtful spectral feature centred at 1-1 microns 
found by Tull‘ m the Martian spectrum has received 
recent attention from Adams*!, who shows that a band 
near 1 micron 1s characteristic of the ferrous ion, commonly 
found in mafic silicate minerals, and in the iron carbonate, 
siderite (see Fig. 9). He does not consider siderite because 
of the absence of the CO, vibration bands near 2-35 
microns in the Mars spectrum, and magnetite because it is 
opaque and shows no structure in ite reflectance spectrum. 
He concludes that the Martian surface material is com- 
posed primarily of mafic silicates contammg olivine or 
pyroxene, which have prominent ferrous 10on bands. 

A basic or ultra-basic surface layer such as Adams has 
hypothesized is geologically likely on Mars. Our labora- 
tory studies indicate, however, that iron carbonate should 
not be discarded as @ possible source of a 1 micron band, 
because the vibration bands near 2-35 microns are weak 
compared with the electronic transition band near 1 
micron. In a soil composed of a mixture of minerals, a 
relatively small amount of iron carbonate would produce 
the desired spectral curve (see Fig. 9). O’Connor*® has 
argued that the interaction of the Martian crust with a 
pre-existing hydrosphere would tend to produce carbon- 
ates and therefore such a soil is not entirely unlikely on 
Mars. 
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Fig. 9. Near-ınfrared reflexion spectra of carbonate minerals and of 
various quantities of siderite mixed with granodiorite. Individual 
Percentage reflexion scales are shown for each muneral or mixture, 


Other metal ions, besides iron, can display a band near 
l micron. Fig. 9 shows that manganese and zinc carbon- 
ates exhibit such a band. Although these nunerals by 
themselves do not display a Martian slope in the visible, 
or m the near-infrared, the possibility of mixtures which 
could do so must be considered. 

In the study of natural mineral mixtures, spectra of 
different terrestrial rocks are useful. We have found that, 
although Adams is correct in concluding that basic rocks 
typically display a 1 mioron band, this is not always the 
case. Fig. 10 shows spectra of acidic rocks that also have 
a band near 1 micron. Pumice and obsidian do not always 
display such a band, but because they may do so doubt is 
thrown on Adams’s* conclusion that much of the surface 
of Mars is composed of basio or ultra-bagic rocks contam- 
ing olivine or iron and calcium-bearing pyroxene, or 
both. We do not argue that the surface of Mars 18 com- 
posed of acidic rocks, but that the 1 micron band, if real, 
does not eliminate them from consideration. 

The mid-infrared molecular vibration bands of silicates 
typically lose spectral contrast as the grain size of the 
silicates becomes small**.**. Consequently, it 1s not sur- 
prising that Sinton and Strong™ did not detect silicate 
bands m Martian mid-infrared emission in the 8 to 14 
micron region. 
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The depth of the 3-micron band of milky quartz 1s greatly reduced 
after its high-temperature bake, which caused most of the fluid melusions 
within the mineral grains to burst. The obsidian and Harmattan dust 
also bear fluid inclusions, which are the chief contributors to the mini- 
mum near 3 microns. The Harmattan dust also contains organic 
material, which contributes additional bands in this region. 


The strong band at 3 microns detected by Moroz" and 
Sinton™ has been mterpreted by them as indicating the 
presence of hydrated minerals on the Martian surface. 
It is true that a broad band centred near 3 microns 1s 
diagnostic of water, but it does not have to be water of 
hydration. Most minerals contain microscopic water- 
bearing fluid inclusions that are a non-essential part of 
the crystal lattice and such flud inclusions typically 
produce a strong band centred at about 2-95 microns in 

arent minerals ground to a fine gram size (see 
Fig. 11). Molecular water physiadsorbed on the surfaces 
of soil particles, that are themselves completely an- 
hydrous, will also produce a band centred near 2-95 
microns. We are uncertain whether physiadsorbed water 
could persist on Martian soil particles, but the point here 
is that either physiadsorbed water or water in flud 
inclusions will produce a band that is very difficult to 
distinguish from that produced by water of hydration. 
Because the 3 micron band in the Martian spectral curve 
is incompletely defined we cannot draw an unambiguous 
conclusion concerning where the water lies, and the 
Martian soil may or may not contam hydrated minerals. 


Mars—the Red Planet 


The ocherous colour of the Martian bright areas sug- 
gested the presence of ferric oxide to the first observers of 
Mars. Early polarimetric studies suggested that the soil 
was composed in large part of the partially hydrated ferric 
oxide, limonite*®, Consequently, a limonite soil on Mars 
has been virtually an astronomical tradition. Wan Tassel 
and Salisbury** suggested that the evidence for abundant 
limonite on Mars was not conclusive, and proposed that 
ferric oxide was more likely to be present as an impurity 
in, or coating on, silicate grains. Binder and Cruikshank?’ 
also advanced a coating hypothesis. Other authors***7 
continued to advocate a limomtic soil, and those argu- 
ments are reviewed elsewhere’. 

Our laboratory spectroscopic studies have demon- 
strated that the presence of abundant limonite in the 
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Martian soil 1s not compatible with the theory that the 
albedo difference between the dark and light areas is a 
function of soil particle size**. We thik it 1s possible to 
settle the question of a hmonitic soil on Mars. We have 
shown in preceding sections of this article that the slope 
of the Martian spectrum in the visible indicates the 
presence of a trans-opaque material, which 1s presumably 
some form of ferric oxide. We have also shown that this 
spectral curve does not imply large amounts of ferric 
oxide in the soil, and is consistent with the spectra dis- 
played by natural terrestrial soils, in which the soi 
particles are lightly stained with ferric oxide. 

The near-infrared spectrum of Mars strongly supports 
the view that ferric oxide is a very minor (<1 per cent) 
soul constituent, because the spectrum lacks a strong band 
near 0-9 micron. Again the spectrum 1s consistent with 
those of some naturally occurnng, ferric oxide-stained 
terrestrial soils. We have shown that the band near 1 
micron in the Martian spectrum, if real, is not an un- 
ambiguous indicator of basic composition for the soul, as 
advocated by Adams*!, but that such a band can also 
result from an 1ron-carbonate-bearing soul, or even a soil 
derived from acidic rocks. Finally, we have shown that 
the 3 micron band ın the mid-mfrared spectrum of Mars 
does not demonstrate the presence of limonite, nor even 
necessary of hydrated minerals. Such a band can also 
arise from adsorbed water on the surfaces of soil grains or 
(perhaps more hkely on Mars) from water-bearing flud 
inclusions within these grains. 

The currently available visible, near-mnfrared and mid- 
infrared spectra of Mars can be used to set limita on the 
composition of the Martian surface layer. These data 
suggest that the Martian surface materials have undergone 
sufficient weathering to acquire a ferric oxide stain, but 
show that the soil is not composed in significant part of 
free ferric oxide. When more detailed and higher quality 
spectra are obtained, particularly in the near and mid- 
infrared, 1t will be possible to draw more specific conclu- 
sions concerning composition. 

We thank D. G. Moore of the University of Denver for 
grinding and sizing most of the samples used in this 
study; Dr J. Green for supplying the dune sand from 
Chad; Dr D. P. Cruikshank for supplying the samples of 
desert sol; and Mr J. B. Wright for supplymg the 
Harmattan dust from Nigeria. 
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Magnetic Anomalies and Sea Floor Spreading 

on the Chile Rise 

by Magnetic anomalies and the pattern of seismicity suggest that the 


W. JASON MORGAN* 
PETER R. VOGT 
DARRELL F. FALLSt 


US Naval Oceanographic Office, 
Washington, DC 


present Chile Rise has been 
axis. Older oceanic crust (25-55 m.y. 9 near the coast of Chile 
was generated at about 4-6 cm/yr. T 

the anomalies implies either a gradual counter clockwise rotation 
of the crustal block north of the Chile Rise or a recent change In 


spreading at 2-7 cm/yr along a NNE 


e NNW orientation of 


the spreading pattern. 


SEa floor spreading rates have been computed at various 
points along the Mid-Oceanic Ridge}, and the general 
pattern of crustal plate movements is gradually being 
deciphered*4. One of the few remainmg branches of the 
ridge on which spreading rates are so far unknown ıs the 
Chile Rise. This mdge has long been known as a topo- 
graphic high extending from the East Pacific Rise, south 
of Easter Island, to the coast of Chile near 46° §, and 1s 
interpreted’ as a composite of long fracture zones, oriented 
ESE, and several short ridge segments approximately per- 
pendicular to this trend. The tectonic axis has been more 
sharply located by the accurately computed. positions of 
earthquake epicentres*, and the structure of the entire 
Chile Rise may be as shown in Fig. 1. . 

Identification of the ESE trending belts of epicentres 
as fracture zones and of the more irregular and seismically 
less active transverse belts as ridge segments (Fig. 1) 
is based on the observation’ that earthquakes occur 
relatively infrequently along the crests of spreading ridge 
segments. Although the ESE trend of the Chile Rise 
fracture zones is evident (Fig. 1), the trend of the relatively 
short ridge segments cannot be firmly established from the 
available earthquake epicentres and bathymetry. Fracture 
zones do, however, tend to be nearly perpendicular to 
ridge segments’ and we therefore suppose that the NNE 
strike shown for the ridge segmente‘ is valid This conclu- 
sion will be somewhat less certain if the Chile Rise 18 a 
youthful feature, for Morgan? has suggested that youthful 
ridges (or ridges in the process of adjusting their configura- 
tion to accommodate a new pole of rotation) may trend 
obliquely to the fracture zones An oblique system will ın 
time adjust itself to a set of perpendicular segments, 
because this presumably represents a lower energy con- 
figuration. 

This interpretation can, be tested by the examination of 
the magnetic anomalies associated with it. In particular, 
the Vine-Matthews technique! should reveal the relative 
rate (Sc) of movement of the oceanic crustal plates border- 
ing the Chile Rise. In order for new crust to be generated 
along the Chile Rise in the manner desorbed, it is evident 
that the spreading rates on the East Pacific Rise must be 
higher just north of the Chile Rise junction than immedi- 
ately to the south, on the Pacific—Antarctic Ridge. If 
these two rates are Sa and S, respectively, then S,= 
(Ss—Ss) as long as the movement of the three crustal 
blocks is locally parallel to the ESE fracture zones. 

Two observations support the hypothesis that the ocean 
floor north of the Chile Rise is moving toward South 
America faster than the ocean floor south of the Rise. 
First, there is intense seismic activity under the Andes 
Mountains and Peru-Chile Trench north of the intersection 
between the Chile Rise and the trench (Fig. 1). Earth- 
quakes are infrequent south of this intersection where 
the relative movement between South America and the 
oceanic crust is presumably less. Second, Scholl et al.® 
have shown from seismic reflexion profiles across the Peru— 
Chile Trench that the northern part of the trench 18 
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almost bare of sediment, whereas the trench off southern 
Chile is filled with more than 1 km of stratified and appar- 
ently undisturbed sediment. This seems inconsistent 
with the view that oceanic crust 18 being actively destroyed 
along the trench’, and the difference in sediment fill 1s 
readily explamed if crust is being destroyed faster ın the 
north. 

We propose the names “Paisano” and “Kiwi” for the 
two largest fracture zones on the Chile Rise (Fig. 1) after 
the names of the ærcraft which have flown surveys for 
Project Magnet of the US Naval Oceanographic Office. 
(The aircraft Kiwi flew the close-spaced magnetic survey 
over the crest of Reykjanes Ridge south-west of Iceland 
and thus provided the first detailed charting of magnetic 
anomalies over a ridge crest and, in the process, convincing 
observational support for the Vine—Matthews hypothesis.) 


Magnetic Data—Location and Reduction 


The US Naval Oceanographic Office has conducted 
three long survey flights ın this area: number 434 (January 
5, 1960); 455 (January 31, 1964); and 456 (February 4, 
1964). These tracks (Fig. 1) are divided into north (N), 
south (S) and west (W) segments for convenience. The 
average flight elevations were: 434 N, 1-9 km; 434 §, 
5-2 km; 455 N and 455 S, 1:8 km; 456 N, 2-4 km; and 
456 S, 2-6 km. Total magnetic intensity was measured 
by the VAM (Vector Airborne Magnetometer), a fluxgate 
system accurate to about +25 gammas absolute. The 
absolute navigational uncertainty was of the order of 
+ 20 km or better. 

The analogue traces were digitized at one pomt per 
30 s flight time, which corresponds to approximately 
3 km. The regional field defined by Cain et al.’ was 
removed from the data. The anomaly profiles were then 
projected onto latitude circles, with the data points 
equi-spaced in longitude (Fig. 2). 

Small regional gradients, not exceeding 0-5 gamma km-!, 
remain ın the profiles. These are a result of the combined 
effect of navigation errors and inadequate representation. 
of the regional field by its mathematical approximation 
in this area. The northern flight, 484, had less reliable 
data than the two more recent southern flights. Several 
discontinuities of about 100 gamma magnitude occurred 
along the 434 residual profile. These “jumps”, probably 
reflecting magnetometer calibration errors, have been 
removed by subtracting visually fitted ramp functions 
from portions of this profile. 


Previous Magnetic Data 

Magnetic profiles are almost non-existent in this area. 
Widely spaced shipborne profiles indicate that spreading 
rates for the past 10 m.y. have been in the range 4-7-5-1 
cm/yr between approximately 58° § and 32° S on the 
Pacific—Antarctic Ridge'!°, and an isolated value of 6-0 
om/yr has been reported for the East Pacific Rise at 15° 81. 
The Eltanin 21 profile, which yields a spreading rate of 
5-1 cmfyr across the Pacific—Antarotic Ridge. at 40° 8, 
nearly comcides with 456 N between 102° W and 97° W 
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(Fig. 1). The anomalies east of 105° W were not identified 
on this profile!*. If this profile!" 1s interpreted correctly, the 
oldest dated anomaly (number “5” ım the worldwide 
nomenclature)! is at 105° W, or roughly 330 km west of the 
western terminus of 456 N (Fig. 1). Unless complications 
such as fracture zones intervene, the western end of profile 
456 N would be about 11 m.y. old if the results of Pitman 
et al. are extrapolated eastward beyond anomaly 5, 
and if the Chile Rise 1s only a few m.y. old. 

A recent profile described by Keller and Peter?’ crosses 
the area of interest at 33° S (Fig. 1), comoiding for much 
of its eastern end with 434 S and therefore serving 88 & 
control for the latter. 


Sea Floor Spreading Rates on the Chile Rise 


Consider first those portions of the aeromagnetic profiles 
which cross the short ridge segments on the Chile Rise 
(Fig. 1). All the east-west profiles are displayed as they 
appear when projected onto east-west lines (Fig. 2). 
Portions of those profiles interpreted as crossing the young 
crustal ‘“‘windows” of the Chile Rise ridge segments are 
identified with the help of Figs. 1 and 2. Only 455 8 
and 456 N cross the axis of spreading. The 456 § crossing, 
revealed by the pronounced positive anomaly, is very 
near the intersection with the Paisano fracture zone. 
Immediately east of the axis this profile crosses ın- 
to older crust. Profile 456 N crosses both flanks of a 
ridge segment and hence ıs most suitable for & spread- 
ing rate calculation. The central anomaly, representing 
the tectonic axis, appears 300 km farther west on 455 8 
than on 456 N (Fig. 2), in spite of the 015° trend the ridge 
segments must have if they are perpendicular to the fras- 
ture zones. For this reason we postulate the small inter- 
mediate fracture zone shown in Fig. 1. 456 § seems to 
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cross a small south-eastern corner of the younger Chile 
Rise “window”, but evidently intersects the Kiwi fracture 
zone at 90° W, east of the mdge crest (Fig. 2). Alterna- 
tively the short-wavelength anomalies appearmg on the 
profile at this pomt are associated with the fracture zone 
itself. 

The portion of 456 N crossing the Chile Rise axis 18 
shown together with a model profile m Fig. 4. The ridge 
segments are assumed to strike 015°, that is, normal to 
the fracture zones. Other model parameters are plotted 
on Fig. 2 or listed ın its caption. The reversal history of 
Vine)? was used in the model, with the spreading rate 
vaned until a good fit was obtamed. A spreading rate of 
2-7 om/yr results in an excellent fit out to + 100 km from 
the axis, or about 3-5 m.y. Correlation between model 
and observed profiles becomes difficult east of + 100 km. 
Perhaps a small fracture zone was crossed there. 

The west flank of the observed profile suggests spreading 
rates higher than 27 cm/yr before 3-5 m.y. BP, uf the 
reversal time scales?! are assumed valid for times pre- 
ceding the oldest absolutely dated events. If we correctly 
identified anomaly 5 on the east and west flanks of 456 N 
and the west flank of 455 S, average spreading rates were 
about 4-8 cm/yr between 9-5 m.y. BP (the time of anomaly 
5 (ref. 1)) and 3-6 m.y. BP. Anomaly 5 has also been 
tentatively identified on 456 S, where ıt appears just 
south of the Kiwi fracture zone. 

Certain limits can be set on the age of the present 
Chile Rise. A hypothetical profile crossing both the 
Paorfic-Antarctic Ridge and the Chile Rise, and located 
just south of and parallel to the Paisano fracture zone, 
would reveal anomalies increasing m age eastward from 
the axis of the Pacific-Antarctic Ridge and then decreas- 
ing again toward the segment of the Chile Rise located at 
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93° W. The distance from one ridge crest to the other is 
increasing at a rate equal to the sum of their spreading 
rates. The distance is now about 1,500 km. If the East 
Pacific Rise has been spreading here at 6:1 cm/yr at least 
since the time of anomaly 5 (refs. 1 and 10), the distance 
between the ridges (measured just south of the Paisano 
fracture zone) was only 700 km at that time. A combined 
spreading rate of about 10 cm/yr implies that the Chile 
Rise cannot be more than 7 m.y. older than anomaly ð, 
Giving an upper lımit of about 16 m.y. BP for the origin 
of this portion of the Chile Rise. 


Older Anomaly Patterns 


A conspicuous system of north-west trending anomalies 
exists immediately west of central Chile (Figs. 1, 2 and 5). 
These anomalies are easily identified as numbers 7 to 21 
in the published nomenclature! by comparison with pub- 
lished profiles from various parts of the mid-oceanio 
ridge!°, The pattern can be traced from 456 S all the 
way to 434 N, where the oldest identified anomaly is 
No. 21 (Figs. 2 and 5). A relatrvely minor fracture zone 
has been postulated to explain the one observed offset 
of the pattern (Figs. 1 and 2). A time scale of magnetic 
reversals has been published!, relative to the Mid-Oceanic 
Ridge m the South Atlantic Ocean, which 18 absolute if 
the spreading rates for the last 4 m.y. have been going on 
since 75 m.y. in the South Atlantic. We used this time 
scale to calculate model profiles for the linear pattern west 
of Chile (Fig. 5). 

Evidently anomalies 7 to 13, which are easily correlated 
between model and observed profiles, were generated at 
a rate of about 6 am/yr relative to the South Atlantic 
standard. Model profiles were calculated for elevations 
of 0 km, 1-83 km and 5-2 km above sea level. Despite this 
great range in observation heights, anomalies are easily 
traced from one profile to another. The shipborne profile? 
nearly coincides with the highest flight, 434 S, m this 
area (Fig. 1). The close correspondence between these 
profiles (Fig. 5) attests to the goodness of positioning of 
the aeromagnetic track. The difference between the 
observed shipborne profile and 434 $S is largely due to a 
5-2 km difference in observation height, as the correspond- 
ing model profiles at the bottom of Fig. 5 suggest. 


105°W 
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Correlations between observed anomalies and the 5 om/ 
yr model (Fig. 5) suggest that the spreading rate was 
actually somewhat less than this value. More precise 
estimates of the actual relative spreading rate were ob- 
tamed by comparing the model and each observed profile 
in the followmg way. A conspicuous feature was picked 
as the origin on all profiles, and the distances to a number 
of identafiable features (spaced about 75 km apart) were 
measured along both an observed profile and the 5-0 om/yr 
model. For each such point the difference m distance 
(observed-model) was computed, the distances to the left 
of the origin bemg negative. These differences (m km) 
were then plotted against the model! time scale. If the 
spreading rate were exactly 5 cm/yr, the pomts would 
le along the X axis in this plot. 

Hach of the resulting plots could be approximated by 
straight lines for much of the correlation interval, 44 to 
24 m.y. BP. For 455 N (east of the fracture zone), 455 8, 
456 N and 456 S the slopes of these straight lines ranged 
from —0-30 to — 0-40 om/yr, suggesting spreading rates 
between 4-7 and 4:6 cm/yr. The differences among the 
profiles did not seem significant, and the plots were 
therefore combined into the single plot shown in Fig. 6. 
Almost all points lie within 5 km of the line — 0-39 em/yr. 
The scatter m the data points probably reflects small 
relative errors in aircraft navigation. We conclude that at 
least between 24 and 44 m.y. BP the crust in this area was 
generated at a constant spreading rate of 4:6 cm/yr 
(+0-1 cm/yr or better) relative to the South Atlantic 
time scale?. 

The plots for the northern two profiles show greater 
scatter, but the spreading rate there was probably within 
0-2 em/yr of 4-6 cm/yr. The northernmost profile yields 
an average rate of 4-4 com/yr if the separation between 
anomalies 10 and 21 (1,150 km) is divided by the difference 
in ages (26 m.y.). 

If the South Atlantic time scale! is valid, the age of the 
oldest oceanic crust, soon to disappear beneath the Peru~ 
Chile Trench, ranges from about 40 m.y. at 40°S to 
55 m.y. at 30° 8. In this sequence the youngest anomaly 
which can be identified with any assurance (anomaly “7”’) 
is about 27 m.y. old (Fig. 2). 

The two surprising features of the old anomaly pattern 
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are its youthful age and ite north-westerly trend, oblique 
to present ridge segments and fracture zones, which sug- 
gests a major change in spreading direction since 25 
my. BP. Anomaly 7 (27 m.y. BP) is at present some 3,000 
km from the axis of the East Pacific Rise. Unless the 
latter ridge has recently shifted its axis westward, the old 
crust west of Chile has been carried eastward at an average 
rate of more than 10 cm/yr since the time of anomaly 7. 
This surprisingly high spreading rate for the East Pacific 
Rise north of ite intersection with the Chile Rise is 
approximately consistent with the spreadmg rate of 
6-1 om/yr (S.) south of the intersection!:!° and the value 
of 27 om/yr (Se) obtained for the Chile Rise (Fig. 2), 80 
that Sa equals 7-8 cm/yr. Because the oldest anomalies 
associated with the Chile Rise are 10-15 m.y. old, we may 
conclude that at some time between 25 and 10 or 15 
m.y. BP the large oceanic crustal block west of the Andes 
broke off from the Antarctic block along the Chile Rise. 
At that time spreading rates on the East Pacific Rise 
north of the break increased from around 5 to 8 em/yr. The 
present north-westerly trend of the old anomalies west of 
Chile may be partly the result of a counter clockwise 
rotation of the crustal block north of the Chile Rise. 

An alternative hypothesis 13 suggested by the observa- 
tion that spreading rates on the Chile Rise seem to have 
been about 4:8 om/yr between 10 and 3-5 m.y. BP. Because 
this value is close to the 4-6+0-1 cm/yr for the older 
crust between 24 and 44 m.y. BP, it is possible that there 
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isa continuous anomaly sequence from the Chile Rise to 
anomaly 7, with the pattern between 10 and 24 m.y. BP 
not identifiable from a small number of widely spaced 
profiles. In this case the present Chile Rise (Se= 2-7 cm/yr) 
established itself within an older north-west trending 
ridge about 3-5 m.y. BP. 

Recent spreading on the Chile Rise (2-7 om/yr) requires 
that the crests of the East Pacific and Pacific—-Antarctic 
Ridges, connected by the Paisano fracture zone, are 
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migrating away from each other at 2-7 om/yr. The present 
offset, though uncertain on account of the paucity of 
earthquake epicentres along the northern Pacific—Antarctic 
Ridge (Fig. 1), appears to be left-lateral. In the future 
the offset will decrease to zero and then become right 
lateral. If crustal spreading along NNE orientated Chile 
Rise axes of spreadmg began only 3-5 m.y. BP, the offset 
between the crest of the East Pacific and Pacific—-Antarctic 
ridges was only about 90 km greater than it is now. If, 





6 7 8 9 10 bR 13 15 16 17 18 19 20 21 22 24 
i NORTH PACIFIC PROFILE 
i SEA LEVEL 
1 
t 
i 
1 
i 
' 
\ 
t 
i} 
1 
i i 
, i 434N 
1 i| 19KM 
OCEANOGRAPHER 
i SEA LEVEL 
I 
A i 5 2KM 
i | i 
i en 500 
455N 9 
1 1.8KM Al s0 
h I < 
A I o 
i : i i ‘| 455S 
i A 1 8KM 
š ' 
i] f 1 J 
t AR l | 
ae, a ae 
1 I 5 i i i 
Y i i 4 456N 
i l l 2.4 KM 
aoe : 
TEE a 
vy dot i H 
1 t 1 1 456S 
1 1 ¥ i 
\ WV } 2.6KM 
‘ 
i 
1 
' 
t 
o| 
' 
l 
t i 
7 
i | 
‘ 
A A ; | MODEL PROFILE 
52KM 
ABOVE SEA LEVEL 
A | | MODEL PROFILE 
183 KM 
ABOVE SEA LEVEL 
MODEL PROFILE 
AT SEA LEVEL 
SOUTH ATLANTIC MODEL AGE IN MYBP 
10 20 30 50 
500 1000 1500 2000 2500 


KILOMETERS FROM MODEL AXIS 


Telative South Atlantic 


Fig. 5. Clearly identifiable older anomaly pattern pconriing wonk of Chile (Fig. 1), projected normal to the anomaly strike. Topmoet profile, 
North o, and bottom 


from 
. Model layer was assum 


rofiles were computen at three elevations 
horizontal, 6 km 

borne profile obtained by R.V. Oceanogra; 
eter2!, Convincing correlations are shown with solid lines, and others are dashed. 


parallel to the ambient flel 


reproduced with permission of Keller 
odel spreading rate was 5-0 em/yr. 


ow sea lev 


142 


however, anomaly 5 trends NNE on either side of the 
Chile Rise, the offset must have been about 400 km 
greater at the time of anomaly 6 than now. 
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FROM 5.0CM/YR PROFILE 


45 MYBP 








Fig. 6. A more PS estimate of relative sprea Tate for old 
anomalies west of Ohile 1s obtained from Fig. 5 by plotting against 
Telative time! the difference between actual anomaly separations and 
those measured on 5:0 cm/yr model profiles. Plot suggests the spread- 
ing rate was about 4:60 cm/yr at least in the interval 25-65 m.y. BP. 
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The basic unsolved problem therefore concerns the time 
at which the present Chile Rise was created. Neither this 
work nor that of Herron and Hayes" answers this ques- 
tion. The moat significant contribution to this end would 
be a close-spaced magnetic survey between the crest of 
the Chile Rise and anomaly 7 in the old pattern to the 
east. 

Data presented in this article were collected by Project 
MAGNET of the US Naval Oceanographic Office. We 
thank Henry Stockard, Arnold Young, Ronald Lorentzen, 
Jerry Byrnes, Norbert O’Neill and Frank Waites for their 
cooperation. 
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Evipencn has accumulated ın the past 2 yr that mito- 
chondria are semi-autonomous organelles with a bac- 
terium-hke protem synthesizing apparatus. Mitochondria 
from Neurospora crassa have been shown to contain 
73S mbosomes which can be separated from cytoplasmic 
77S ribosomest. Mitochondrial ribosomes dissociate at 
0-1 mM magnesium and cytoplasmic ribosomes at 0-001 
mM magnestum*. The mitochondrial subunits sediment* 
with 509 and 37S, the cytoplasmic subunits with 60S 
and 379°. 

Two bacterum-like mbosomal RNA molecules (23S 
and 16,8) have been detected in mitochondria from yeast?»*, 
Neurospora!:*.* and mammalian tissues?*. Mitochondrial 
and cytoplasmic rRNA from Neurospora also differ in 
base composition, the mitochondrial RNA having an 
unusually low CMP contentt:5. 

Mitochondrial but not cytoplasmic protein synthesis 
is inhibited in vivo®-1 and in vitro!?-1* by chloramphenicol, 
@ potent inhibitor of bacterial protein synthesis. On the 
other hand, cycloheximide, which blocks the function of 
non-bacterial ribosomes, does not affect mitochondrial 
protein synthesis!*-!7, 

The view that mitochondria may have originated from 
endosymbiontic bacteria seems to be supported not only 
by the structural and functional similarity of mitochondrial 
and bacterial ribosomes but also by the recent finding’ 
that mitochondria from yeast and rat liver contain N- 
formyl-methionyl¢RNA, a chain initiator exclusively 
found in bacteria. : 


Mitochondrial and cytoplasmic ribosomes from Neurospora crassa 
differ in almost all their proteins. The proteins of both types of 
ribosomes are synthesized by cytoplasmic ribosomes. 


In this study, it will be demonstrated that most of the 
ribosomal proteins from Neurospora mitochondria differ 
from the proteins of cytoplasmic ribosomes when analysed. 
on a carboxymethyl cellulose column. It will also be 
shown that mitochondrial but not cytoplasmic-ribosomes 
from Neurospora are resistant to cycloheximide and sen- 
sitive to chloramphenicol in cell-free systems. On the 
other hand, the in vivo biosynthesis of the proteins of 
both types of ribosomes is y inhibited by cyclo- 
heximide and unaffected by chloramphenicol. 


Isolation of Ribosomal Subunits 

Conidia of Neurospora crassa (Em 5256, wild type 
strain) were prepared!’ and stored in sterile distilled 
water at 4°C. One-litre Erlenmeyer flasks contaming 
200 ml. of a modified Vogel medium” (MgSO, was re- 
placed by MgCl,; the stock solution contained 1 mg/ml. 
Na,S0O,) and 250 Cı *H-lysine (specific activity 150 mCi/ 
mmole) or 10 uCi “C-lysine (specific activity 166 mCi/ 
mmole, both obtained from Schwartz BioResearch) were 
moculeted with 1:8 x 10? conidia and agitated for 12-5 h 
at 27-5° C in a reciprocating shaker (200 excursions/min). 
The hyphae were separated on a Buchner funnel, washed 
with 0-44 M sucrose contaming standard buffer (0-1 M 
NH,Cl, 0-01 M MgCl, 0-01 M trts-HCl, pH 7-5), homo- 
genized by grinding with the half wet weight of quartz 
sand and extracted with 0-44 M sucrose-standard buffer. 
The extract was centrifuged for 6 min at 600g. The super- 
natant was separated into a crude mitochondrial pellet 
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and a postmitochondriel supernatant by centrifugation 
at 16,000 r.p.m. for 20 min in a Servall RO2 centrifuge at 
2°C. 

The mitochondrial pellet was resuspended in 0-44 M 
sucrose-standard buffer and layered on a discontimuous 
sucrose gradient made up m standard buffer (3 ml. of 
1:95, 1-8, 1-65, 1-5, 1-35 and 1-2 M, 6 ml. of 1:05 M and 
5 ml. of 0-9 M sucrose). After centrifugation in a ‘Spinco’ 
SW25 rotor for 2 h at 25,000 r.p.m., 2° C, the mito- 
chondrial band was recovered, diluted with three volumes 
of standard buffer and centrifuged for 20 mm at 16,000 
r.p.m. The pellet was resuspended and once again sub- 
jected to sucrose gradient centrifugation. The final pellet 
of highly purified mitochondria was lysed with standard 
buffer containing 2 per cent “Triton X-100’. After removal 
of insoluble material by centrifugation at 16,000 r.p.m. 
for 16 min, the clear lysate was centrifuged for 2 h, 2° C, 
at 40,000 r.p.m. in the ‘Spinco’ R40 rotor. The yellowish 
pellet containing mitochondrial ribosomes was suspended 
in standard buffer and kept frozen at — 70° C. 
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Fig.1 Separation of ribosomal subunits from Neurospora mitochondria 


and cytoplasm. Ahtochondrial and cytoplasmic ribosomes were isolated 
as in the text. Suspensions ın standard buffer were layered 
on 27 ml, linear sucrose ents (6-20 per cent) contammg 50 mM 

Cl, ay OM ie HCI pH 75 and 01 mM MgOl, (A) or 0 001 mM 
MgCl, (B) ectively. e gradients were centrifuged for 10 h in the 
‘Spinco’ SW25-1 rotor and collected as described in the text. The 
fractions of the indicated areas were pooled. A, Mitochondrial Tibosomes, 

B, cytoplasmic mbosomes, 


The postmutochondrial supernatant was mixed with 
0-04 volumes of 20 per cent “Triton X-100’ and centrifuged 
for 3 h at 40,000 r.p.m. The colourless pellets were rnsed 
with standard buffer, suspended ın the same buffer and 
stored at — 70°C. The ribosomes were dissociated mto 
subunits by layering the ribosomal suspensions on linear 
sucrose gradients (5-20 per cent) containmg low mag- 
nesium concentrations (for details see legend to Fig. 1). 
After centrifugation for 10 h at 26,000 r.p.m., 2°C, in 
the ‘Spmco’ SW25 rotor the gradients were collected 
through an LKB flow cell and monitored contmuously 
with a Zeiss spectrophotometer and a Servogor recorder. 

A typical sedimentation profile of mitochondmal and 
cytoplasmic subunits in a linear gradient is shown in 
Fig. 1. A detailed sedimentation analysis of the ribosomal 
subunits using exponential gradients has been described 
elsewhere’. The indicated peak fractions were pooled 
and treated with 2-5 volumes of ethanol. After standing 
overnght at —20°C the precipitate was collected by 
centmfugation, washed with ethanol, with ether and dried. 


Characterization of Ribosomal Proteins 
The ribosomal subunita were treated with RNase and 
the mbosomal proteins were analysed on a carboxymethyl 
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Tig. 2. Co-chroma phy of “H-iyaime-labelled proteus from cyto- 
plasmic 87S subunits (O---0O) with C-lyaine-labelled teins from 
cytoplasmic 609 subunits (@——@) on a carboxymethyl cellulose 


column in the presence of 6 M urea. chromatography was performed 
as described by Otaka of al^: 


cellulose column in the presence of 6 M urea exactly as 
described by Otaka et al.%. These authors have shown 
that the 60S and 308 subunits of E. cols mbosomes have 
few protems which elute at the same position. 

Fig. 2 shows that this is true also for cytoplasmic 775 
mbosomes from Neurospora, which belong to the 805 
plant class of ribosomes. The “C-labelled protems of the 
large 60S subunit have been cochromatographed with 
*H-labelled protems from the small 37S subunit of cyto- 
plasmic ribosomes. There is only one position where 
major peaks of both labels elute together (fraction 76); 
some minor peaks elute together, but most of the proteins 
are different. The physical and chemical heterogeneity cf 
cytoplasmic ribosomal proteins from Neurospora has also 
been demonstrated by means of polyacrylamide gel 
electrophoresis??. 

A more important question is whether ribosomal 
proteins from mitochondria and cytoplasm are different 
from each other. ™C-labelled cytoplasmic 605 proteins 
have been analysed together with *H-labelled mitochon- 
drial 50S proteins (Fig. 3). It is obvious that both patterns 
are almost totally unrelated. They differ even more than 
the patterns of the two cytoplasmic subunits. The bulk 
of mitochondrial protein elutes earlier than most of the 
cytoplasmic proteins. 

In contrast to the large subunits, no separation of the 
two small subunits of cytoplasmic and mitochondrial 
ribosomes could be achieved with sucrose gradient tech- 
niques; both particles sediment with 37S (ref. 2). It was 
of interest to find out if this behaviour reflected the 
structural relatedness of the proteins. It can be seen from 
Fig. 4 that this is not the case. Again the *H-labelled 
mitochondrial proteins (in this case from the small 37S 
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3. Co-chro: phy of *H-lyaine-labelled proteins fram mito- 
chenartal 50S sabaia (O---O) with “C-labelled proteins from 
cytoplasmic 60.5 subunits (@——@). For details see legend to Fig. 2. 
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Co-chromatography of *H-lysine-labolled proteins from mito- 
chondrial 875 subunits epee) with “O-labelled proteins from 


Fig. 4. 


cytoplasmic 87S subunits (@——@). For details see legend to Fig. 2. 
subunit) elute earlier than most of the “C-labelled cyto- 
plasmic 375 proteins. The identity of S-values of the two 
small subunits seems therefore to be accidental, for not 
only the proteins but also the RNA components differ in 

‘their S-values* and base composition" ®. 


In vitro Differentiation of Mitochondrial and 
Cytoplasmic Protein Synthesis 

To interpret the results obtained from in vivo pulse 
labelling experiments in the presence of cycloheximide and 
chloramphenicol, it was necessary to study the influence 
of these antibiotics on in vitro systems from Neurospora 
mutochondria and cytoplasm. Mitochondria were isolated 
and purified as described here, except that only one 
gradient step was involved. The incorporation of 1C- 
leucine into intact mitochondria was measured n a 
similar to that described by Wheeldon and ingert, 
One ml. of the reaction mixture contained (uM): iris-HCl 
pH 7-5 (50), MgCl, (10), NH,Cl (150), sucrose (250), 
mercaptoethanol (5), K,HPO, (5), PEP (5), ATP (2), 
PK (20 ug), EDTA (2), nineteen amino-acids minus 
leucine (0-1 each), GTP (0-4), UTP (0-4), CTP (0-1), 
MC-leucine (1 wCi, specific activity 250 mCi/mmole) and 
mitochondrial protein (1 mg). 

The mixture (final volume 5 ml.) was incubated for 
30 min at 37° C in a metabolic shaker. The reaction was 
stopped by adding 10 mM 1*C-leucine and an equal volume 
of 20 per cent TCA. The precipitate was washed and 
suspended in 5 per cent TCA, heated at 90° C for 15 min 
and washed with ethanol : ether : chloroform (2: 2:1) and 
with ether. The dried precipitates were dissolved in 0-5 ml. 


Percentage of incorporation 


20 40 60 80 100 
ugjml. antibiotic 


Fig. 5. Influence of oheximide and chloram 

corporation of 0-leu into the proteins of intact mitochondria. 

Experimental details are déscribed in text. O——O, Incorporation 

in the presence of cycloheximide: @——@, incorporation ín the 
presence of chloramp ‘ool, 


phenicol on the m- 
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of 90 per cent forme acid, mixed with 10 ml. of Bray’s 
mixture’ and counted ın a “Tricarb’ liquid scintillation 
counter. Cyclohexmide, a strong inhibitor of non-bac- 
terial protein synthesis, does not mhibit tn vitro protem 
synthesis within intact mitochondria from rat liver! and 
yeast". The same result has been obtained with mito- 
chondria from Neurospora (Fig. 5). No significant ın- 
hibition could be observed with cycloheximide at con- 
centrations up to 100 ug/ml. (100 per cent incorporation 
was in the range of 1,800-2,000 ¢c.pm./mg protem.) 
Chloramphenicol, on the other hand, inhibits the in- 
corporation into Neurospora mitochondria up to 80 per 
cent, in agreement with the findings of Sebald et al.1?. 
Because it is posmble that cycloheximide has no effect 
as it cannot penetrate the mitochondrial membrane, 1t was 
thereforenecessary to test cycloheximide in cell-free systems 
dependent on isolated ribosomes and messenger RNA. 
Mitochondrial ribosomes were incubated together with 
® crude ribosome-free supernatant from mitochondria, 
which was prepared by sonification (4x 15 8) of a mito- 
chondrial suspension in 10 mM tris, 10 mM KCl, 1 mM 
magnesium acetate and 1 mM mercaptoethanol, and 
centrifugation for 2 h at 50,000 r.pm. Cytoplasme 
ribosomes were tested in the presence of a cytoplasmic 
ribosome-free supernatant. The reaction mixture, which 


Percentage of {incorporation 
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Fig. 6. Influence of cycloheximide on the ye hen isianine incorpora- 

ton into hot TCA insoluble material in several cell-free systems. For 

experimental details see text. O---O, E. coli; O——O, Neurospora 
mitochondria; @-~~-@, rat liver; @——e, Neurospora cytoplasm. 


was similar to the system described by Parisi et al., 
contained (uM/ml.): tris (100), KCl (50), Mg acetate (20), 
mercaptoethanol (16), glutathione (2), GTP (0-5), ATP (2), 
PEP (5), PK (20 pg), nineteen amino-acids minus phenyl- 
alanine (0-04 each), 1C-phenylalanine (0-5 uCi, specific 
activity 325 mCi/mmole), Poly U (120 pg), yeast RNA 
(600 pg), supernatant (1 mg protein), ribosomes (12 
OD,eo) and cycloheximide at various concentrations. 

The E. cols system had the same composition; ribosomes 
and supernatant enzymes were prepared according to 
Parisi et al.M, The rat liver system was that of Wettstein 
et al.3*, The mixtures (final volume 0-1 ml.) were incubated 
for 10 mm at 37°C. Fifty ul. portions were applied on 
GFA glass filters and processed according to Bollum?*, 

The effect of cycloheximide in several cell-free systems 
is shown in Fig. 6. The incorporation of amino-acids in 
the systems from H. cols and Neurospora mitochondria is 
highly resistant, whereas rat liver and Neurospora cyto- 
plasmic ribosomes are inhibited to about the same d š 
The inhibitory effect of cycloheximide in a Poly U de- 
Panor cytoplasmic cell-free system from N. 

also been observed by Lee and DeBusk”, 

The same result as that which is shown in Fig. 6 has 
been obtained with heterologous systems from N eurospora 
in which mitochondrial ribosomes have been combined 
with cytoplasmic supernatants and vice versa. ! 
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From these results it 1s clear that the cycloheximide 
resistance of mitochondrial protem synthesis 1s determined 
by the mitochondrial 73S mbosome itself. The sensitivity 
of the 80S type of ribosomes toward cycloheximide seems 
to be a property of the large 60S subunit, the resistance of 
E. coli 70S ribosomes a property of the 50S subunit. 
Chloramphenicol has been shown to bind specifically to 
the 50S moiety of bacterial ribosomes, but not to the 60S 
subunit of 80S ribosomes*®. It is therefore interesting in 
this connexion that the two Neurospora ribosomes differ 
most clearly in their large subunits, which sediment 
together with yeast 60S and E. colt 50S particles. 


In vivo Blosynthesis of Ribosomal! Proteins 


The following pulse labelling experiments were per- 
formed in the presence of antibiotics to decide whether 
the protems of mitochondrial mbosomes are synthesized 
by mitochondrial or cytoplasmic ribosomes. Neurospora 
hyphae were grown as before, except that *H-lysine was 
added later. After growth for 12 h, 0:2 mg chloramphenicol 
or 0-2 mg of cycloheximide/ml. of medium was added to 
eight Erlenmeyer flasks; the other eight flasks on the 
same shaker did not receive the antibiotic. Five minutes 
later 0-25 uOi/ml. of *H-lysme was added to all suxteen 
flasks, which were then agitated for another 30 min. The 
cells were homogenized and fractionated as described here. 
Ribosomes were dissociated on low magnesium gradients 
to release the nascent protein, and the fractions containing 
the subunits were used to determine the specific activity 
of the ribosomal proteins. 

The results are summarized in Tables 1 and 2. In the 
presence of 0:2 mg/ml. cycloheximide, the mcorporation 
of *H-lysine into ribosomal and supernatant proteins was 
inhibited to about 97 per cent; only the biosynthesis of 
mitochondrial supernatant proteins was less inhibited to 
a small but reproducible extent. This fraction probably 
contains the products of cycloheximide resistant protein 
synthesis, because most of the TCA-insoluble radioactivity 
appears ın the 100,000g supernatant when intact mito- 
chondria are incubated with C-leucme and fractionated 
in the same way (manuscript in preparation). 


Table 1. Jn mvo INCORPORATION OF *H-LYSINE INTO MITOCHONDRIAL AND 
OYTOPLASMIO PROTEINS IN PRESENCE AND ABSENCH OF OYOLOHEXIMIDE 


¢.p.m./mg Percentage 
Fraction protein inhibition 
Cytoplasmic ribosomes -CHI 67 430 
Cytoplasmio ribosomes +OHI 2 000 96 9 
tochondrial mbosomes —CHI 69 200 
Mitochondrial ribosomes +OHI 1 940 97:2 
Cytoplasmic supernatant — OHI 56 820 
Oytoplasmıo supernatant +OHI 1 250 97:8 
tochondrial supernatant — OHI 54 900 
Mitochondrial supernatant + CHI 5 920 89 2 


Table 2. In vivo INCORPORATION OF *H-LYALNH INTO MITOCHONDRIAL AND 
OYTOPLASMIO PROTBINS IN PRESHROE AND ABSENOH OF CHLORAMPHMNIOOL 


o.p.m./mg Percentage 
Fraction protein inhibition 
Oytoplasmic ribosomes —OAM 91 500 
nl +OAM 89 000 28 
tochondrial ribosomes — OAM 85 820 
Mitochondrial ribosomes +O0AM 88 790 22 
Cytoplasmic s tant — CAM 70 480 
lasmic su atant +0AM 74 250 8:1 
tochondrial supernatant — OAM 78 890 
Mitochondrial supernatant +CAM 65 450 18-0 


Another explanation would be that hypothetical pro- 
tein, synthesized by cytoplasmic ribosomes, is needed as 
a cofactor for mitochondrial protein synthesis. The 
inhibitory effect of cycloheximide would then be an 
indirect one. But this can be ruled out by the results of 
another experiment, in which cycloheximide has been 
replaced by chloramphenicol (Table 2). The biosynthesis 
of cytoplasmic but also of mitochondrial ribosomal 
proteins is only slightly affected, in contrast to the mito- 
chondrial supernatant fraction which has a distinctly 
higher specific activity. The latter observation suggests 
that chloramphenicol has penetrated the mitochondrion 
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and inhibited the synthesis of certam mitochondrial 
proteins but not the synthesis of mbosomal proteims of the 
mitochondrial ribosome. 

Mitochondrial and cytoplasmic ribosomes from Neuro- 
spora crassa differ in almost all ther protems; further- 
more, they differ sharply in their sensitivity toward 
cycloheximide and chloramphenicol. Having in mind the 
“bacterial” properties of the mitochondrial ribosome ıt 
would be tempting to assume it to be a product of the 
mitochondrial genome and to be synthesized within the 
mitochondrion by 73S ribosomes. 

From the results of the in vivo experiments described 
one cannot decide whether the protems of mitochondrial 
ribosomes are coded by mitochondrial or nuclear DNA; 
however, the biosynthesis of these protems is clearly 
inhibited by cycloheximide and unaffected by chlor- 
amphenicol, in contrast to the biosynthesis of another 
small fraction of mitochondrial proteins. This means that 
the proteins of both types of ribosomes are synthesized 
by cytoplasmic ribosomes. No 77S ribosomes can be 
detected within mitochondria (see Figs. 3 and 4), so it 
follows that the 73S proteins are produced outeide the 
mitochondrion and subsequently transported into it, as 
is the case for other mitochondrial proteins”. 

Where do the messengers for the proteins of the mito- 
chondrial ribosome origmate ? Mitochondrial DNA from 
most organisms has, like yeast mitochondrial DNA, & 
contour length of 5 microns and a molecular weight of 
10? Daltons**. Mitochondrial DNA from Neurospora is 
reported to have a molecular weight of 1-2 x 10’ Daltons**. 
This DNA should contain at least one copy of genes for 
16S and 23S mitochondrial ribosomes, although this has 
been shown only for mitochondrial DNA from yeast**:§ 
and ‘l'etrahymena®**. Assuming a molecular weight of 
1-5x 10° Daltons for both RNA molecules together, we 
have now only 0-7—0-9 x 10’ Daltons available for proteins. 
This corresponds to 1:05-1:35 x 10* base pairs or 3,500- 
4,500 triplets, which could code only twenty-three—thirty 
proteins with an average of 150 amino-acids. 

This number has to be reduced to between twenty-one 
and twenty-six proteins, because at least four different 
proteins can be identified by polyacrylamide gel electro- 
phoresis as products of +n vitro protein synthesis in intact 

mitochondria. 

On the other hand, from the elution profiles shown in 
Figs. 3 and 4 the minimum number of 37S and 505 
ribosomal proteins from Neurospora mitochondria can. be 
estimated as twelve and eighteen, respectively; H. colt 
mibosomes are to have twenty-three and thirty- 
four protems?’. Obviously it is very unlikely, if not 
impossible, that mitochondrial DNA has enough informa- 
tion for the two ribosomal RNA molecules and for the 
minimal number of thirty ribosomal proteins. It is tbere- 
fore suggested that the proteins of mitochondrial 739 
ribosomes are coded by nuclear DNA and are synthesized 
by 778 ribosomes in the cytoplasm. 

The RNA component of mitochondrial ribosomes, on 
the other hand, seems to be coded by mitochondrial DNA 
and produced within mitochondria. ‘Wintersberger has 
convincingly demonstrated that intact mitochondria from 
yeast can incorporate *H-uridine into ribosomal RNA” 
and that ribosomal RNA from yeast mitochondria 
hybridizes with about 10 per cent of mitochondrial DNA™ 
(15 per cent saturation would be the theoretical value for 
one cistron of each RNA molecule on a DNA with the 
molecular weight of 107 Daltons). 

The finding that mitochondrial RNA hybridizes also 
with nuclear DNA?! could be explained with the presence 
of mitochondrial genes in nuclear DNA; however, the 
observation?! that nuclear DNA from the cytoplasmic 
“petite” mutant, which does not contain rRNA in its 
mitochondria, hybridizes as well as wild type DNA with 
ribosomal RNA from wild type mitochondria speaks 
against the nuclear origin of this RNA. We have no 
experimental data to decide whether the assembly of 73S 


146 


ribosomes takes place within or outside the mitochon- 
drion. A transport of newly formed ribosomal RNA 
into the cytoplasm cannot be excluded, for a similar 
mechanism has been proposed by Attardi and Attardi®, 
who concluded from hybridization data that messenger 
RNA from polysomes bound on endoplasmic reticulum in 
HeLa cells 1s a product of mitochondrial DNA. 

It would be more efficient, however, if ribosomal 
proteins, rather than ribosomes, penetrated the mito- 
chondrial membrane, as has been shown for other mito- 
chondrial proteins synthesized in the cytoplasm**, It 
remains open whether the hypothetical nuclear genes for 
mitochondrial ribosomal protein are remnants of the 
procaryotic past of eucaryotic organisms, or whether they 
have been incorporated into the nuclear genome as parts 
of a once less degenerate mitochondrial DNA. The need 
for such “bacterial” ribosomes besides the “normal” ones 
may reflect the fact that the bacterial chain initiator 
fmet-tRNA is formed in mitochondria’*. The expression 
of mitochondrial genes may depend on the presence of 
both fmet-ERNA and ribosomes of the 70S type. 

I thank Professor Cramer for his interest and support, 
and Miss H. Neumann for technical assistance. 
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Livia bone undergoes a continuous proceas of remodelling 
which involves bone resorption and formation of new bone. 
As new bone is formed it mineralizes, and many attempts 
have been made to calculate the rate of mmeralization 
using radioactive calcrum tracer techniques'-*. Different 
workers have applied different calculations to their data, 
but all agree that a bone-seeking tracer is removed from 
serum: (a) by excretion; (b) by bone mineralization; 
and (c) by exchange into one or more finite calcium pools. 
Most authors have assumed that each exchangeable pool 
18 of constant size and is uniformly labelled during the 
period of observation. Both these assumptions, though 
necessary to the calculations hitherto used, are difficult 
to justify. They are incompatible with the observations of 


The rate of mineralization of new bone has been worked out on the 
basis of a continually expanding exchangeable calclum pool. A 
model is proposed in which the serum specific activity at any tlme 
is determined by the combined effects of pool expansion on the 
one hand, and excretion and mineralization on the other. 


Marshall et al.’, and Lloyd! and others, who have shown 
that labelling of interstitial bone (presumably by exchange) 
continues for weeks or months after the administration of 
the tracer. The rates of mineralzation calculated on 
the assumptions made also vary according to the times 
chosen for analysis after administration of the isotope". 
These findings clearly indicate that existing models fail 
to account adequately for the behaviour of the tracer. 
In our opinion this failure arises because long term 
exchange processes have not been adequately taken into 
consideration. 

We now suggest that analyses based on compartments 
of fixed size are inadequate, and postulate instead a 
single but continuously expanding exchangeable calcium 
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pool. We propose a model in which the serum specific 
activity at any time is determined by the combined 
effects of pool expansion on the one band, and excretion 
and mineralization on the other, and we find that this 
model adequately describes the observed serum activity 
and whole body retention data up to 14 days after admini- 
stration of the isotope. 

_ The fall in the specific activity of the serum after 
intravenous administration of radiocalcium is attributed 
to two processes: dilution of the tracer into the expanding 
pool and irreversible loss of tracer from the serum by 
mineralization and excretion. We assume that dilution 
by pool expansion predominates during the first few hours 
after injection, and during this interval we find that the 
variation of the specific activity of the serum closely 
follows a power function of time 


S xAi™ (t<15h) (1) 


where Sf is the specific activity of the serum at time t, 
and 4 and b are positive constante. An example is 
shown in Fig. 1. In these equations the term specific 
activity (St) refers to the fraction of the administered 
dose of tracer per unit weight of stable calcium. The total 
activity in the exchangeable pool (Q}) and the retained 
activity (R;) refer to the fraction of the administered dose. 


Percentage of AD g in plasma 
e ye 
; 


—ı —____1 ee | 
1 10 10? 10° 1% 
Min 
Fig. 1. Log—log representation of variation in serum specific activity with 


time in one patient after intravenous administration of radi 
The values fall linearly for about 1,000 min. 





The fraction of the administered dose in the exchange- 
able pool, Qj, can always be related to the specific activity 
of the serum by a formal expression 

Qt=M St (2) 
where M; is the mass of a notional pool of calcium 
uniformly labelled at the same specific activity as the 
serum. During the early period, before an appreciable 
amount of activity has left the serum by excretion and 
mineralization, Qj~1, and equation (2) can be re-written 

M:~1/S} (¢<15h) (3) 
Therefore 

M xM. 1 ib 
where M,=1/A. 

We have pursued the consequences of assuming that 
equation (4) remains vahd throughout the period of 
observation (14 days), and is independent of the loss of 
activity from the pool by mineralzation and excretion. 
With this assumption, equation (2) becomes 

Q:= Me St (5) 

The rate of loss of activity from this pool is equal to the 

product of the mass of stable calcium lost from the serum 


(¢< 15h) (4) 
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per unit time and its specific activity 


d o 
I (m+ 81 (8) 


where m is the mineralization rate, that is, the mass of 
calcium irreversibly incorporated into bone per unit tıme, 
and 1 is the mass of calcium lost by excretion per unit 
time. 

When we solve equations (5) and (6) for Sf, we find 


m+? m+t og 
SLS RDD eTA : [ Gb, “ ] (7) 
where Sf is the specific activity of the serum at unit time. 
This expression differa from those derived from multiple 
compartment models, but bears some similarity to the 
gamma function proposed by Anderson et al." 

When ż is small, the second exponential factor in equa- 
tion (7) 18 close to unity, and the expression becomes 


m+l 
te — |p 8 
Bt Stomp | Goa, | 8) 
This is consistent with equation (1), provided that 
A m+l 
J Pie] (9) 


The size of the exponential factor in (8) and (9) depends on 
the size of the unit of time. If the umit is made smaller, 
the exponential factor becomes closer to unity (assuming 
that b is less than 1, which ıs always found to be the case). 
The smaller the unit of time, therefore, the more closely 
does A approximate to Sf. 

In order to find the rate of bone mineralization (m), we 
assume that the fraction of the admimstered dose retained 
in the body, Rj, at time ¢ after injection, 18 the sum of the 
activity in the exchangeable pool and the activity de- 
posited in bone by mineralization’ 

t 
R= Qe+m] Sf de (10) 
0 : 
This expression can be combined with equations (5) and 
(7) to give : 
—k mA —k 

— — -b — = a es 
Ri=M, Aexp| —;# ] ses {1 exp| —; 2 Jan 
where 

m+i 
M, k 

The constants b, k and SÌ are determined by a weighted 
least-squares fit!* of the serum specific activity date to 
equation (7). An example is shown ın Fig. 2. The constant 
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Fig. 2. Log-log re tation of variation in serum specific activity 
with time to show the fit obtained i by epplying equation (7) to the data 
g. 1. 
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Fig. 8. Frequency distribution his 


of b values obtained from 
seventy-six 14 day radto-calolum sg 


dies of fifty-three patients. 


A is determined by equation (9) and M,=1/A from 
oquation (4). Equation (11) can then be used to calculate 
the mineralization rate, m, from the measured retentions 
Rp. 

The model has been applied to the data obtained from 
seventy-six 14 day studies on fifty-three patients given 
20 uCı of “Ca intravenously for diagnostic purposes. 
Serum activity was measured with a well type scintillation 
detector and whole body retention with a whole body 
counter. Serum calcium was measured with the Auto- 
Analyser“. Individual results and diagnostio details will 
be published later. The frequency distributions of the 
data as a whole are reported here. 

The frequency distributions of the caloulated values of 
b and & are shown in Figs. 8 and 4. The values of b 
ranged from 0-17 to 0-42 (mean 0-28), and the values of 
k from 0-035 to 0-35 (mean 0-15). The distribution of b 
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Fig. 4. Frequenoy distribution histogram of & values in the same studies 
as Fig. 3. 
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Mineralization rate (a) (g/day) 
Fig. 5. Frequency distribution histogram of minerallxation rates. 
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Fig. 6. Frequency distribution histogram of Af, values (pool size 24 h). 
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appears to be Gaussian whereas the distribution of ķ% is 
clearly skewed. Moreover, the values of k vary by a factor 
of 10 and those of b only by a factor of 2-5. This might 
be expected if b depended on a simple exchange process 
and k on at least three biological processes. 

Values of m ranged from 12 to 2,315 mg/day (Fig. 5). 
The distribution is again skewed, but the four values over 
1-5 g/day are all cases of osteomalacia or Paget’s disease. 
The m values tended to be somewhat lower than those 
calculated by the method of Bauer et al.! after 7 and 
14 days. 

The distribution of M, values is shown in Fig. 6. They 
ranged from 2-42 to 9-33 g. The five highest values were 
obtained in the cases of osteomalacia or Paget’s disease 
and in one case of primary hyperthyroidism. 

We have presented a model for the behaviour of a 
calcium tracer after intravenous injection, the central 
feature of which is an expanding exchangeable pool. 
The mathematical solution of this model is based on the 
whole of the serum specific activity and retention curves, 
and does not require the selection of any particular part 
of the ourves for analysis. The calculated mineralization 
rates are somewhat lower than those derived by existing 
methods, and additional information about calcium 
kinetics is obtained—the significance of which will require 
further evaluation. 


Received October 14; revised December 17, 1968. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Attempt to detect X-ray Pulses 
from the Crab Nebula 


We have tried to detect pulses of hard X-rays from the 
Crab Nebula at the same repetition rate as the radio’ and 
optical pulses*. Measurements’. of the angular diameter 
of the X-ray source do not preclude the possibility that a 
small fraction of the X-ray flux is emitted from the 
compact source required by the short length of the pulses. 

During a balloon fight of a telescope on August 22, 1968, 
the X-ray spectrum from the Crab Nebula was measured 
in the energy interval 30 keV—120 keV, and the detector 
pulses were recorded on magnetic tape together with 
1 kHz clock pulses from a crystal-controlled oscillator. 
The frequency of the oscillator was compared with the 
200 kHz frequency transmitted from Droitwich throughout 
the recording and the relative drift between the two 
signals was never greater than 10 ps. From the recorded 
data the steady flux from the Crab Nebula was measured 
and will be reported elsewhere. The spectrum agrees with 
those reported previously®*. 

The radio pulses from the Crab Nebula were detected” 
on October 20, 1968, and the repetition rate is decreasing. 
Using the data of Cocke et al.* and Richards‘, we calculate 
that the heliocentric period of the pulsar on August 22 
would have been 33, 087, 790+30 ns. Allowing for the 
Doppler shift caused by the Earth’s orbital motion, the 
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apparent frequency of the pulsar on August 22 would 
have been 30°22534 Hz. A pulse tram of this frequency 
was synthesized from the 1 kHz clock pulses; the long 
term accuracy of the frequency of the pulse train was 
three parts in 10’ and the jitter in the arrival time of 
individual pulses was less than 0-2 ms. This pulse train 
was used to synchronize a TMC 102B multichannel 
analyser, working in the multi-scaler mode, which was 
used ın the analysis of the detector pulses. Small regions 
of damage on the magnetic tape caused occasional loss of 
clock pulses. A unit to replace up to twenty missing clock 
pulses was built; umng this unit with a test tape, in which 
a 25 Hz clock pulse was recorded in place of the detector 
pulses, it was shown that the phase of the synchronizing 
pulses could be mamtained to within 1 ms over a period 
of 1h. 

Fig. 1 shows the analysis of two periods of data from 
the Crab Nebula, each approximately 20 min long. The 
arrival times of the detector pulses have been sorted into 
intervals of 1 ms. The errors shown are standard devis- 
tions calculated from a Poissonian distribution modified 
by the dead-time of the telemetry system. The largest 
peak in the distribution is a 3-1 difference from the mean, 
in the first run. The probability of a 3-lo fluctuation is 
1-9 x 10-8 and, because there are sixty-two intervals in the 
two distributions, the probability of observing such a 
fluctuation in this analysis 1s 12 per cent. 

We can regard this peak as the upper limit to the pulsed 
X-ray flux from the Crab Nebula. The peak represents 
0:17 per cent of the total flux recorded by the detector 
whereas the steady flux from the Crab Nebula amounted 
to 2-3 per cent of the total flux. Because the steady flux 
from the Crab Nebula between 30 keV and 120 keV is 1:1 
x 10— ergs cm-* s-! we may set a limit of 8-2 x 10-*° ergs 
cm- s-1 to the pulsed flux in the same energy region. This 
limit has been plotted in Fig. 2 along with the radio 
spectrum reported by Comella e al.’ and the optical 
spectrum reported by Cocke et al.*. The limit to the 
pulsed X-ray flux lies below that suggested by an extra- 
polation of the optical data; in fact, the total X-ray flux 
from the Crab Nebula lies below this extrapolation. It 
does not seem possible to interpret the spectrum in the 
form of a single power law. 

Any search for pulses of hard X-rays requires the 
analysis of long periods of data and this implies that the 
repetition rate of the pulses must be known accurately 
from other data if synchronism with the pulsar is to be 
maintamed. The gravitational red-shift at the surface of 
a neutron star may be as high as 10 per cent, and if the 
X-rays, optical and radio pulses originate at different 
heights above the surface their apparent repetition rates 
may differ. The agreement observed, to one part in 
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10%, in the repetition rates of the optical and radio pulses 
implies that the radiations are emitted from regions 
separated in height by less than 10 om, assuming the 
neutron star to have a radius of 10 km. 

We thank the many members of the Department of 
Physics at Bristol who helped in this experiment. 


R. R. HULER 
W. R. JACKSON 
A. MUBRAY 
R. M. REDFERN 
K. Q. Stanprva* 
Department of Physics, 
University of Bristol. 
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Observations of Pulsar NP 0527 


Sinoz December 20, 1968, we have observed a pulsar in 
the vicinity of the Crab Nebula with the longest period yet 
reported for any pulsar. Measurements have been made 
with the 1,000 foot diameter radio-telescope at Arecibo 
operating on frequencies of 111-5, 196-5, 320, 430 and 611 
MHz i 


. Preliminary reports of these observations have been 
made in TAU ciroulars™?. 
Table 1. PROPERTIES OF THE PULSAR NP 0627 AS OBSERVED AT AREOIBO 
Pulsar NP 0527 
Arecibo NRAO observations** 
Parameter observations (110-115 MHz) 
R. A. (1950.0) 05h25m 45s +8638 05h26 m10s +408 
Dec. (1050:0) 28° 58’ +9’ 22° 00’ +80’ 
Integrated electron 
density, Jne dl 1-578 + 0-015 x10 om-* 1-58 +0 08x10" om 
=61-1 po om = 61-3 po om 
Period 3-745491 8 + 0-000001 s 
(Heliocentric 5 <0-258 
ny 
Galactic longitude 184° 
elects latitude A aes 
Ty pi x 
Densi ofa Paulse at 
320 JM~ (Hz)! 


Results of observations at the National Radio Astronomy Observatory are 
gtven for comparison. 


On the basis of agreement between our measurements 
of dispersion and position and those of Staelin, Reifenstein 
and Brundage** (see Table 1), we identify this source as 
NP 0527. Our measurements have revealed a period of 
about 3-75 s, at variance with the National Radio Astro- 
nomy Observatory (NRAO) period of less than 0-25 s. 
The disagreement is probably a result of the double-pulse 
structure of this source. The separation of the two 
components (see Fig. 1) is less than 0-25 s at 111-5 MHz, 
so that a strong double pulse could be mistaken for two 
separate pulses with a much shorter period. 

The average pulse shapes shown in Fig. 1 were obtained 
by computer reduction of data taken at 250 samples/s. 
They exhibit a dependence of component separation on 
frequency similar to that reported for OP 1133 (ref. 5). 
Letting DP=(peak-to-peak pulse separation) and f= 
frequency (see Table 2), we find that DP œ f-11t0-09), a 
frequency dependence similar to that found for OP 1133 
(ref. 5), where DP œ f-*5, The dispersion of OP 1183 is 
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642 po om™ (ref. 6}—small compared with the value of 
51-1 po om for NP 0527, suggesting that the increase 
in component separation is taking place in or near the 
source in both cases, rather than in the interstellar 
medium. 


Table 2. COMPONENT SEPARATION VERSUS FREQUEXOY FOR NP 0527 


Peak-to- separation of 
Frequency components of the double pulse 
611 Mus 14245 ms 
480 148+5 
820 162+5 
196-5 180+5 
111 200+5 


Contrary to our previous conjecture’, the disassociation 
of NP 0627 from NP 0532 (refs. 3, 7) is not certain. The 
angular separation between the sources is small enough 
(less than 1-5°) to suggest a connexion!*, The distance to 
NP 0527, however, is very much in doubt. Estimates can 
be made from the measured dispersion, if we account for 
the contribution of the Crab to the dispersion of NP 0532. 
Let DM 53, and DM 3, be the known dispersion measures 
of NP 0682 and NP 0527, respectively, Sess and Sosar 
their distances, and N, the average interstellar electron 
density, assumed constant. Decompose DM ,ssı to DM orab 
+DMyg, where DM orab is the contribution of the Crab 
Nebula and DMjg that of the interstellar medium. We 


solve for Ne, 
N= DM os311— DM orp 
nce 
Souza 


and Sos27 
Soss? = DM earl Ne 


Assume NP 0532 to lie one pe deep in the Crab and a dis- 
tance from the Crab of 2 kpo (ref. 8). Considerza range of 


‘Mh 
ie 


+} 
40-0 ms 
Fig. 1. Average pulse shapes for NP 0527 at three frequenales. 


611 MHz 
BW =2 MHz 
t=10 ms 
181 pulses 


820 MHz 
BW=6500 KHs 
+=6'6 ms 


168 pulses 


111 MHz 
BW=100 KHz 
t=10 ms 

146 pulses 
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mean electron density for the Crab of 3-30 electrons cm-, 
corresponding to ionized masses within the 1 pc radius 
of 0:26-2-6 M (refs. 9, 10). Using DM oy3,=1-74 x 10” 
om-*= 56:5 po cm- (ref. 3), the results presented in Table 3 
are obtained. The derived distance to NP 0627 slightly 
overlaps that of NP 0532. If there is a significant con- 
tribution to DMosı by dense matter near the source, 
eg distance limits would be shifted inward toward the 
un. 


Table 8. INTERSTELLAR HLECTRON DHNEITIES AND DISTANCAS TO NP 0527 
FOR ASSUMHD HLEOFRON DENSETIES IN THN ORAB NEBULA 


Assumed DM cred Ne, Derived Seser 


average assumed average interstellar Derived 
electron density dispersion meas- electron density be- distance to 

in Orab ure of Crab tween Sun and Crab NP 0527 

8 om 8 po om 0-027 om- 1:9 Kpe 

80 30 ps om 0-018 8-9 Kpe 


Definite conclusions as to physical association between 
NP 0527 and the Crab Nebula will have to await observa- 
tions of proper motion and statistical studies of pulsar 
distribution on the sky. Although an incidental result, it is 
worth noting that the derived range of intersteller 
electron densities falls between the value of 0-006 electron 
cm obtained from 21 om absorption observations of 
OP 0328 (ref. 11) and the value of 0:1 electron om> 
assumed in the early estimates of pulsar distances. 

We thank N. Brice, D. Downes, R. V. E. Lovelace and 
J. M. Sutton for discussions. The Arecibo Ionospheric 
Observatory is operated by Cornell University with the 
support of the Advanced Research Projects Agency and 
the US National Science Foundation under contract with 
the US Air Force Office of Scientific Research. 


G. A. Zmissia 
D. W. RICHARDS 


Cornell-Sydney University Astronomy Center, 
Arecibo Ionospheric Observatory, 
Arecibo, Puerto Rico. 
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Population I! Star Models and 
Abundance of Primaeva! Helium 


Snuvom the discovery of the 3° K cosmic blackbody radia- 
tion}, the hypothesis of helium formation in a primordial 
fireball has received some support. Peebles! and Wagoner, 
Fowler and Hoyle? have deduced a value Y = 0-26 for the 
abundance of helium, by mass, synthesized in the hot 
big-bang. If this value for the abundance of helium were 
found im the oldest stars of our galaxy—that is, in the 
extreme population II stars of globular olusters—the 
big-bang cosmological model would receive further strong 
support. 

Direct spectroscopic determination of the abundance 
of helium in population II stars is quite difficult; and, 
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because of the possibility of gravitational helium depletion 
caused by inward diffusion in the atmospheres of hori- 
zontal branch blue stara‘, conclusions from spectroscopic 
determinations are unreliable. An alternative way of 
determining the abundance of primaeval helium is from 
the theory of stellar evolution. Here we shall discuss some 
problems which also seem to prevent a conclusive solution 
of the helium problem from this approach. 

One of the successes of the theory of stellar evolution 
has been the determination of the age of young open 
clusters by fitting the observed turn-off luminosities from 
the main sequence with the isochronous lines constructed 
from theoretical evolutionary tracks. Because the turn-off 
luminosity, Ino, depends both on age and chemical 
composition, it is also, in principle, of primary importance 
in any attempt to determine the age and chemical com- 
position of globular clusters. On the other hand, while 
an uncertainty of 50 per cent, or more, in the age of young 
open clusters has no critical cosmological implication, this 
is not the case for old globular clusters because their ages 
are of the same order of magnitude of the age of the 
universe as deduced from the Hubble time. The same also 
holds for the abundance of helium. 

Recently Simoda and Iben* have computed cluster 
ages for the assumed turn-off luminosities log Lro/Lo = 
0-3, 0-4 and 0-5, and with chemical composition parameters 
Z (metal abundance) and Y (helium abundance) within 
population II limite—that is, 0 < Y < 0-35, and 10°<Z< 
10. The important information contained in their results 
is summarized in Tables 1, 2 and 3. Table 1 gives, 
for the intermediate value of the turn-off luminosity 
(log Ino/Lo=0-4), the variation of the cluster age for 
three choices of the metal abundance when Y is varied 
between the population II limits, that is, Ayi=tyao— 
iY =0-35 (time in billion yr). There are indications that 
Yo 0-22, so A’yt=ty =0—tY =0-2 is also included. Table 2 
shows, for the same value of the turn-off luminosity, the 
variation of cluster age for four values of the helium 
abundance, when Z is varied between the population IT 
limits, that is, Ast=tz.19+—tz21092. Table 3 gives the 
variation of cluster age, for the various chemical compo- 
sitions within the population II limite, when the turn-off 
luminosity varies within observational errors, Ayot = 
tog! 1mo] Lo =0-8— Hog Lro] Lo=06- It must be noted, however, 
that the absolute turn-off magnitude is poorly known; 
0m-25 is certainly a low limit because of the uncertainty 
which affects the distance moduli of globular clusters. 
In Fig. 1 the turn-off luminosity is given against cluster 
age for various chemical compositions’. 

A comparison of the three tables and Fig. 1 leads to 
the conclusion that, on average, Arnot > Art> Ayt, that is: 
(i) the indeterminacy of cluster age (and turn-off lumino- 
sity) is more strongly affected by the uncertainty in the 
metal abundance than in the helium abundance; (ii) the 
indeterminacy of cluster age due to the uncertamty in 
chemical composition is smaller than the indetermmacy 
of cluster age due to the uncertainty in the observed turn- 


Table 1. VARIATION OF AGH (IN 10° YR) WITH ABUNDANOE OF HELIUM FOR 
CLUSTERS WITH LOG Lyo/LQ=04 AND GIVEN VALUES OF Z 


Zz 10> 5/8 x 10+ 10+ 
Ayt 5-9 62 8-5 
A’yt 4 4 2 


Table 2. VARIATION OF AGUS (Ly 10° YR) WITH THH ABUNDANOS OF METAL 
FOR OLUSTERS WITH LOG Leo Lo= 0'4 AND GIVHN VALUES OF Y 


Y 00 0-1 0-2 035 
Ast 48 60 6-8 T2 


Table 8. VARIATION OF AGES OF OLUSTERS (OY 10° YR) WITH TURN-OFF 
LUMINOSITIES FOR GIVEN OHHHMIOGAL OOMPOSITIONS 


Z Y 0-0 01 0-2 0 85 
10> 7-3 62 b4 44 
5/8 x10~ 8-0 74 6-7 52 
107 8-2 74 T2 78 
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Fig. 1. Turn-off luminosity against of ‘el rid for various chemical 
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off luminosity; and (iii) the age of a globular cluster 
cannot be determined better than the limits 7<t<24 
billion yr on the basis of the turn-off luminosity alone 
(see Fig. 1). 

The previous points can be formulated with regard to 
the problem of the abundance of helium as follows: 
(i) the abundance of helium in globular clusters cannot be 
determined from the turn-off luminosity unless Z is 
determined better than by the expression ‘metal-poor”’; 
(ii) for each fixed value of Z and for a given cluster age, 
the abundance of helium cannot be determined from the 
turn-off luminosity unless the uncertamty in the turn-off 
luminosity is strongly reduced; and (iii) the present 
uncertainties in the metal abundance (10*<Z<10-) and 
in the turn-off luminosity (log Iqo/Lo=0-440-1) of 
globular clusters are still too large to allow a determination 
of the abundance of helium within the limits 0< Y < 0-86, 
when fitting the turn-off luminosity alone. To this un- 
comfortable picture one should also add that the theory 
of stellar models gives log Lro—the same as any other 
luminosity—with an uncertainty up to about + 0-1, which 
is chiefly a consequence of the uncertainties in the avail- 
able opacity tables’. 

Some other parameters should be considered in the 
comparison between theory and observations’. The 
quantity log Lrr/Lro (Inn being the luminosity at the 
RR Lyrae gap) can be better determined; ita uncer- 
tainty cannot be larger than one-fourth of a magnitude 
for globular clusters such as M3, M5, M13 and M92. For 
all these clusters log Lrr/Lro= 1'4 +01. 

Iben? has recently tried to estimate the age and the 
initial abundance of helium of stars in M15 by fitting the 
position of the horizontal branch relative to the turn-off 
point and the ratio between the numbers of horizontal 
branch stars and of stars along the red giant track. The 
estimated value Y=0-27 follows, however, from the 
particular choice of the metal abundance Z=2x 104. 
The results of Simoda and Iben show that the turn-off 
luminosity depends critically on the metal abundance 
which may be, in turn, uncertain by factors of 10 (ref. 9). 
Moreover, the abundance of helium was found by inter- 
polation on the basis of evolutionary tracks computed 
with Y=0 and Y=0-35, with different assumptions for 
the horizontal branch evolution (mass loss and no mass 
loss near the red giant tip, respectively). The two cases 
are therefore not homogeneous. 

It should also be noted that any conclusion depends on 
the evolution along the horizontal branch. Unfortunately, 
some quantitative and morphological characteristics of 
horizontal branches of globular clusters still present 
problems? °, For example, the “computed” horizontal 
branches cover only a minor part of the extensions of the 
observed ones and they do not extend to the highest 
effective temperatures which have been observed. In 


NATURE, VOL. 222, APRIL 12, 1969 


addition, the “asymptotical branch” and the absence of 
a “hook” at the blue end of the horizontal branch (not 
found in NGO 6397 by Newell, Rodgers and Searle!) are 
unexplained by calculations currently available. Thus it 
is still difficult to come to firm conclusions about the 
abundance of primaeval helium. 

Asano and Sugimoto (unpublished results) have recently 

another method for the determination of the 
abundance of helium of population II stars of globular 
clusters. Because the horizontal branch luminosity de- 
pends chiefly on the mass of the helium core of the hori- 
zontal branch stars, and this quantity depends, in turn, 
on the initial abundance of helium, the initial abundance of 
helium can be determined in principle if the absolute 
luminosity of RR Lyrae stars (that is, the horizontal 
branch luminosity) of a given globular cluster is known. 
Unfortunately, the inadequacy of opacity tables seems to 
affect strongly the luminosity of horizontal branch stellar 
models. In fact, our helium burning models’, computed 
using Cox-Stewart opacities, are 0-5 fainter than the 
models of Asano and Sugimoto constructed with a dif- 
ferent opacity law. This method does not therefore seem 
to lead to any firm conclusion about the initial helium 
abundance of the oldest stars in our 

Several attempts1*13 have also been made to deduce the 
abundance of helium of population II stars from the 
position of the field subdwarfs in the theoretical H-R 
diagram. 

Because of uncertainties in (i) distance moduli, (ii) bolo- 
metric correction, (iii) blanketing correction, and (iv) 
colour—temperature relation, the mean standard deviation 
for the location of subdwarfs in the theoretical H-R 
diagram is larger than the separation between high- 
helium and low-helium theoretical main sequences (see 
Fig. 2). This means that, at present, the location of the 
field subdwarfs cannot give conclusive indications of the 
helium abundance. Furthermore, among stars poor in 
metal, not only helium-rich main sequence stars are 
“subdwarfs” but also helium-poor main sequence stars 
lie appreciably below the population I zero age main 
sequence. 
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Fig. 2. Location of some fleld subdwarfs (circles™ and squares") in the 


theoretical H— obits erg a The Hyades zero age main sequence —'—) 
the main sequence” for (¥,2)=(0-1, 1 iia and the maim sequen: 
for (Y¥,Z) = Ths, x10) &- --) are given. 
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In Fig. 2, the location of some field subdwarfs is shown 
in the H-R diagram. The theoretical main sequences for 
models with low helium content and high helium content™ 
have been drawn. The well known Hyades zero age main 
sequence 1s also given. For the low-helium main sequence 
we refer to the work of V. C. and A. R., to the 1:3 Mo 
model computed by Thomas" and to the 1:0 Mo model 
computed by H. E. Jørgensen (private communica- 
tion), which are ın quite good agreement. 

Thus neither by the turn-off lummosity, by the field 
subdwarfs, nor by the honzontal-branch luminosity, are 
we able to solve the helium problem. The three methods 
do not, however, exhaust all the observational features 
of globular clusters, and many other quantities can enter 
into the problem. The most important are listed in ref. 7. 
The best fit satisfying several quantities can therefore be 
found. This will require a large number of computations 
while, on the other hand, more accurate observations are 
needed. 
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Variations in Upper Atmosphere 
Density at Heights of 140-180 km 
between July and October 1968 


AoouRATE observational values of upper atmosphere 
density are particularly scarce at heights between 125 km 
and 175 km. At lower heights extensive data are available 
from rocket flights and other sources, and at heights from 
200 km up to 1,200 km the analysis of satellite orbits has 
provided a fairly complete picture, specified, for example’, 
in the COSPAR International Reference Atmosphere 
1965. The first values of density from analysis of satellite 
orbits at heights below 160 km, from the satellite 1968-59B 
launched on July 11, 1968, were reported some months 
ago*?; these values applied at dates between July 11 and 
the satellite’s decay on August 19, 1968. Another satellite 
launched at the same tıme, 1968-594, which had an initial 
perigee height of 160 km and apogee height of 1,800 km, 
did not decay until November 6, 1968, and we have 
analysed its orbit? to obtain values of air density at 
average intervals of 2 days between July and early 
November, chiefly at heighte of 140-180 km. 
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Fig. 1. Aur density at a height of 168 km, from the orbit of 1968-594, 
with geomagnetic and solar indices. 
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Two interesting results arise from this analysis. First, 
we find that two separate profiles of air density versus 
height are required: one apples for July-August and the 
other, which gives values of density about 10 per cent 
higher, for September—October 1968. This increase ıs 
attributed to the semi-annual variation in density, which 
1s well known (and much larger) at greater heights‘; and 
the variations in density deduced from 1968-59A have a 
pattern similar to that obtained from satellites at heights 
near 400 km. The analysis of 1968-59A shows that the 
density at the maximum of the semi-annual variation, in 
October, exceeded the minimum in July by about 20 per 
cent, for heights of 160-180 km. The second interesting 
feature emerges when the values of density are corrected 
to a fixed height, which is taken as 168 km. It 1s well 
known! that at heights above 200 km the variations in 
density are correlated with the indices of geomagnetic 
disturbance and solar radiation energy. The values of 
density from 1968-59A show that both these correlations 
are still present at heights of 160-180 km, although the 
influence of solar radiation energy is not so clear as at 
greater heights. Some of the results are illustrated ın 
Fig. 1, which shows the variations in the density at a 
fixed height (168 km) for dates between August 12 and 
October 11, 1968, together with the appropriate daily 
values of the geomagnetic index Kp, and solar radiation 
energy on a wavelength of 10-7 cm (S4o.,). Most of the 
main peaks m the geomagnetic index, marked by upward- 
pointing arrows, are matched by peaks in the values of 
density, marked by downward-pointing arrows. (The 
time resolution of the density values, about 2 days, 1s not 
fine enough to “resolve” the two peaks in Ky bracketed 
together.) It 1s also significant that the minimum density 
occurs at August 29, when both Kp and Sio- are near 
their minima. The influence of S,)., 18 clearest between this 
minimum and September 21, but the large peak in Sio. 
during August has little effect on the density. 

The resulta show that three of the major variations in 
the atmosphere above 200 km—correlation with a geo- 
magnetic index, dependence on solar radiation energy, 
and the semi-annual variation—are still present, although 
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the two latter are less important, down to heights of 
about 160 km. 
D. G. Kwe-HELE 
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Royal Aircraft Establishment, 
Farnborough, Hampshire. 
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Interstellar Dust and Diamonds 


Saslaw and Gaustad! have recently suggested that inter- 
stellar dust may consist of small diamond particles. This 
suggestion can be verified if the optical properties of such 
particles can be determined. The optical constants of bulk 
diamond have been measured by Phillipp and Taft? over 
the entire waveband of astronomical interest, ~ 2 micron— 
1000 A. The real and imaginary parta of the complex 
refractive index (n, — k) are plotted in Fig. 1 as functions 
of the wave number. Using these data the extinction 
curves for diamond particles of various radii were calcu- 
lated from the Mie theory. In Fig. 2 the extinction 
efficiency Qext is plotted as a function of 1/4 for the two 
particle radii, a=0-05 micron and a=0-10 micron. Both 
curves start off from the origin as A“, reach maxima at 
rather sharply peaked resonances and then wiggle asymp- 
totically about a value close to ~2:5. The wavelengths 
of the maxima could be shifted by varying the particle 
radius, but it 1s clear that the same general trends in the 
Qext curve persist for most sizes of mterest. 

It emerged from the present calculations that no size 
of diamond particle could give even a rough agreement 
with the interstellar extinction. The observed interstellar 
extinction curve (magnitudes versus wave number) could, 
very roughly, be approximated by two straightline seg- 
mente—one from A-!= 1-2-4 micron and another from 
-1=2-4-8-5 micron (see, for example, Fig. 3). These 
features are clearly incompatible with the general shapes 
of the extinction curves plotted in Fig. 2. 

Extinction curves were also computed for various sıze- 
distributions of diamond particles. Physically plausible 
distribution functions of the form 


n(a) x exp — (a/a,)7 
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Fig. 1. The real refractive index n and the absorptive index $ of 


diamond as a function of wave number’. 
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Fig. 2. The extinction efficiencies of diamond particles co ted from 
the Mie theory. The solid curve refers to the cle us a=0 06 


micron; the dashed curve is for a=0 10 micron. 
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Fig. 8. Normalized extinction curve for a size distribution of diamond 
particles defined hg hi a. The points are the observations of Johnson* 
gnus region, combined with the rocket observa- 

her* in the ultraviolet. The normalization is according to 
4m=0 at 4=1-22-! micron, 4m=1 at 4-12-22 micron. 


which may be expected to arise from random growth and 
destruction proceases*, did not produce any better agree- 
ment than single sizes. Distribution functions of the form 


n(a) x amn 


were also considered. As suggested by Saslaw and 
Gaustad! the case for 7=3 yielded the best approximate 
agreement with a 1/4-type law in the visible spectral 
region, but departures fram observational trends in the 
near and far infrared were very serious. A normalized 
extinction curve for this case 18 plotted in Fig. 3. The 
dote are the observations of Johnson‘, Nandy‘ and Stecher* 
in the various spectral regions, normalized in a similar 
way to the theoretical curve. The ratio of total to selective 
extinction, Ay/Hp-y, resulting from this size distribution 
is ~10-8—in marked disagreement with the generally 
accepted mean value of ~3. Our conclusion must there- 
fore be that the hypothesis of diamond grains is in serious 
conflict with the best available observational data on the 
interstellar extinction. 

Although it is true that small diamond particles (radii 
<0-06 micron) have a unit albedo and a nearly isotropic 
phase function (g < 0-2), 1t should be stressed that observa- 
tions of Witt’ in no way lead to these requirements. Van 
de Hulst and de Jong’ have recently re-interpreted Witt’s 
data in terms of a multiple scattering model of the galaxy 
and expressed the diffuse light requirement in terms of a 
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4.5A line resolutions at 200kV guaranteed 


With a guaranteed point to point resolution of 6A and a 
magnification range of 1,000-200,000 times, the JEM-200 
is sultable for nearly all crystallographic specimens And accel- 
erating voltages of 50, 100, 150 and 200kV allow a compartson 
to be made between results at 200kV and results at more 
conventional voltages 


Ane 
iimte? 
fine TE 


‘on # ae 


Increased specimen penetration 


Specimens about 1 micron thick show Properties more charac- 
teristic of bulk materlal than thosa in 100kV microscopy which 
are usually fess than 0.3 micron thick. To penetrate these 
thicker specimens an accelerating voltage of 200kV is required 
and this is available using the JEM-200. 







Two stage electron gun 


Stabifity at 200kV is achieved using a special 2 stage design 
which ensures a homogeneous potential gradient at the lower 
end of the insulator, Special treatment of the insulator 
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material ensures freedom from microdischarges. eF 

att 

Anticontaminator ra 
The anticontaminator, which is a standard feature, keeps ; ty 
contamination rate below 0.1A per minute. And it can_be est: 


Fe 


used with most of the attachments without limitations. 


Easy to operate 


Despite the increased accelerating voltage, the JEM-200 
is still as easy to use as any 100kV instrument. And tt 1s easy 
to maintaln too. 


Continuous operation 


The JEM-200 can be operated continuously throughout 
the working day. It will work Just as hard as the operator. 


Large range of accessories 


A full range of JEOL accessories 1s available for use with the 
JEM-200 and gives it wide versatility. 





The JEM-200 js only one In the range of JEOL 
electron microscopes. Other instruments include: 








JEM-1000 JEM-150 JEM-17 
FOR FULL DETAILS PLEASE CONTACT JEM-750 JEM-120 JEM:50 
i JEM-500 JEM-100B/U JEM-30B 








Shakespeare Road, 


LONDON, N.3. 
Tel: 01-346-7211/7212 


a sobsictary of UAPAN ELECTRON OPTICS LABORATORY CO.,LTD. 


JEM-7A 






JEOLCO (U.K.) Ltd. 
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Variable rate linear 
temperature 
programmer 


Better Furnace Control 


Continuously variable heating rates within range 0.5 
to 10°C/min (1-20° and 2-40°C/min models also $ 
available). Linear temperature rise or fall, or iso- 
therm selection, may be set or altered at any time i 
during run. Optional timers provide for 5 pre-set 
intermediate isotherms (suited for repetitive control § 
work). Three term control with fully variable thyristor $ 
output. Ranges 1100°, 1600° or 1740°. For Stanton f 
Redcroft or any other make of electric furnace or Ẹ 


eee Stanton Fo. 
Standard Models £220 — £240. Redcroft &/ 2 


Full details from Stanton Redcroft Ltd. Dept. No.11 
Copper Mill Lane, London SW17 01-946 7731. 








The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or inade- 
quate or forgotten. When receiver (5 litres capacity) is 
fall, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is refilled. 


Purity Electrostatically charged condenser droplets 
can pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 3}d. per gallon at 1d. per unit. 





This unique water still is in use ın a number of research establishments and r i with 
hospitals where water of the highest purity is essential. eee ee eA epee feces plied ae 
PRICE, complete with heater and all electrical supply or electrolytic effects or “burn out”. 

equipment 230 volt (a.c. only)—£ 3 8-10-09 Assembly No retort stands or clamps are required. 


The 2}-in. diameter ball joint gives a strainless set-up. 
Outlet cap on boiler for quick periodical drain-off of sedi- 


Obtainable only from ment. The still may be installed on a shelf or platform 
L. V. D. SCORAH, M.Sc. about 1 ft. above bench level near a sink and enclosed in 
(Manufacturer of the “SCORAH” Blowpipe) a transparent plastic cover to keep out dust, 
44 NORTHFIELD ROAD, KINGS NORTON, Phoenix heat-resisting glass. Interchangeable ground 
BIRMINGHAM, 30. 021-458 1883 glass joints. 
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Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d’annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs a letran- 
gər devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Elnzel- 
heiten eines in den Anzeigen 
angefihrten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
lori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilato la 
scheda qui a fianco 
riportata. Distaccatela e 
Inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Irlanda del Nord, mentre 
tutti I lettori esteri dovranno 
affrancare regolarmente. 
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Were planning a population explosion. 


When you build a better rat, the world beats a path to your door. 


To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS® rats. 

In Elbeuf, our rat production will double in early 1969. In Wilmington, we're 
just completing an expansion that will increase production substantially. 
But the important things won’t change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls. With 
pasteurized food. Sterilized bedding. Continual virus monitoring. Anda 
nucleus stock maintained in germfree isolations. 

Which are the reasons you ordered Charles River rats in the first place. 
Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 





Here we grow again, 





Charles River sx GE e 


FRANCE S.A. / 78 roae 
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Join the electron 


microscope set 
AA for under £5,000 


Now, with the introduction of the ELMISKOP 51, electron 
microscopy becomes an available technique to many 
laboratories—in hospitals, research and teaching 
establishments, production control-so far denied its benefits. 
This relatively low-cost medium-resolution instrument also 
offers invaluable back-up facilities to users of a high 
resolution microscope, releasing it from routine analyses to 
concentrate on those investigations where its potential can be 
fully exploited. ELMISKOP 51's cost may be modest but not 
its specification. Features include: o 
Point to point resolving power. With normal emulsions 35-404 
With high resolution emulsions 20-25 A 
Magnifications. 1,250 :1/2,500 :1/5,000 1/1 2,500 71 
Total magnification maximum 200,000 :1 
Acceleration voltage. 50 kV. Stability = 5.107%/min. 
Permanent magnet lenses. 
Specimen facilities. Unique specimen stage accommodates 


15 specimens at one loading. 
Vital statistics. Width 1400mm (55”). Depth 700mm (28”) 


Weight (approx.) 230kg (500 Ib) 


Elmiskop 51 


is a single unit and can be plugged directly into a domestic socket. 
pre particularly 








































As no cooling water is required, installation is theref 
simple. For fuller details, and to arrange a demonstration. 
write to Siemens (U.K.) Ltd., Scientific Instruments Division, 
Great West House, Great West Road, Brentford, Middlesex. 
Telephone 01-568 9133 Telex: 23176 





SUK. 7-269-15 
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locus of permitted values in the y-g plane. 
particles with either ice mantles? or solid hydrogen 
mantles? could meet this requirement. The latter type of 
dielectric mantle is, however, preferable for matching the 
detailed shape of the interstellar extinction curve®!°, It 
is also consistent with the recent observations of Cuda- 
back, Gaustad and Knacke!! indicating the lack of a 
3-1 micron ice band in highly reddened stars. 

It is also worth noting that the properties of diamond 
with respect to absorption features at ~ 8 micron and 
at 2300 A, referred to by Saslaw and Gaustad', have 
analogues in the graphite case as well. The former wave- 
length is close to that defined by the Debye frequency of 
graphite, and the latter wavelength is appropriate to a 
transition of x-electrons to the conduction band, as in 
the case of diamond. There is thus no reason for preferring 
diamond to graphite in these respects. Graphite particles 
with dielectric mantles (for example, solid H,) seem able 
to fit most of the modern observations, while diamond 
particles clearly do not meet these requirements. 

N. C. WICKRAMASINGHE 
Institute of Theoretical Astronomy, 
University of Cambridge. 


Graphite 


Received February 3, 1969. 
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Epicentre Determination by 
Seismic Arrays 


Lilwall and Douglas! recently described two methods 
for the determination of epicentres of seismic events, using 
data from the four UK designed seismic arrays. In their 
first method they use tables of phase velocity against 
distance, and for their second method they claim to use 
“azimuth only”. Although I admire the elegance of 
many-variable non-linear least-squares fits. I wish to draw 
attention to the fact that, contrary to the claims of the 
authors, their second method still uses d7'/d A as a function 
of distance, even though corrections for the preliminary 
dT/dA are now calculated, along with the epicentre and 
origin-time correetions, Predictably, the increased number 
of unknowns in the second method makes the solutions 
less stable. 

Knowing trom experience the frequent frustrations and 
pitfalls of measuring dT'/dA from seismic array data and 
interpreting it as a function of distance, I welcome the 
suggestion of Lilwall and Douglas for using only the 
azimuth-determining properties of seismic arrays in 
epicentre determinations. T hen, contrary to usual 
seismological practice, the use of precise arrival-time data 
and travel-time tables, together with (preliminary) 
travel-time derivatives, can be rejected. This avoids 
error contributions from the measurement of time, from 
station and source correction terms and from travel-time 
variations along different paths, and only requires belief 
in great circle. paths for seismic first arrivals. The 
equations of condition on a spherical Earth become very 
simply 
cos Bi 


eo 8  — 
Sa i sin Ay 


sin A; 
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where 8a; are corrections to be applied to event azimuths 
observed at the arrays, the A; are preliminary epicentral 
distances, 8; are the azimuths of the arrays from the 
preliminary epicentre, and 3% and èy are north and east 
corrections to be applied to the preliminary epicentre. 
Lilwall and Douglas compare their improved epicentres 
to our? errors of 300-400 km, obtained by a fully automatic 
computer search of the data from one array at Yellow- 
knife, based on the apparent direction of energy arrival of 
seismic wavefronts. Such a method necessarily relies 
on some type of averaging over the first few signal cycles 
and therefore is perceptive to small distortions of the 
signal shape across the array. If this effect is avoided, 
the arrival azimuths are often surprisingly reproducible 
and accurate. As an illustration I have chosen the same 
epicentral region (Kazakh, Central Russia) as Lilwall and 
Douglas. In Table 1 I list our “best” estimates of arrival 
azimuths for a number of Kazakh events, together with 
the best independently available great circle azimuths?, 
and an estimate of the signal-to-noise ratio. The azimuth 
estimate is the unweighted average of the least-squares 
azimuths of first peaks and of first troughs; the formal 
standard deviations of the first-peak solutions are also 
given. The mean error of 1-26° in the estimated azimuths 
is significant, but neither geologic nor geometric seismo- 
meter site corrections were applied, although they are 
known to exist. The r.m.s. scatter of the azimuth regi- 
duals of less than 1° amounts to less than 100 km at the 
epicentre, however. Using four geographically well 
located arrays, the r.m.s. error for high signal-to-noise 
ratio events in this region should be reduced by v3, 
bringing it within the limits of accuracy of USCGS-PDE 
epicentre reports. Distasteful as it may be to seismolo- 
gists, I therefore recommend to workers with convenient 
access to multi-array data our simple trigonometrical 
equation of condition for further minimization studies, 





Table 1. AZIMUTH ESTIMATES FOR SEISMIC SIGNALS FROM KAZAKH 
Great circle Approx. signal- Est. az. Az, residual 
az. (deg.) noise ratio? (deg) SD. (deg.) 
351-1 10-12 O77 63 
3511 16-30 0-6 ta 
351b1 20-30 1-0 1-9 
351-1 16-20 14 08 
351-1 10-20 0-5 0-7 
351-1 <10 O5 22 
351-1 16 OG 1-6 
35L1 10 07 2-3 
3511 10-50 08 2-3 
351-2 7-10 06 1-0 
351-4 5-10 1-0 0-7 
351-2 10-20 O4 i4 
351-2 10-21 0-4 0-6 
351-1 10-15 0-6 1-9 
351-2 10-20 11 1-2 
351-2 30 0-5 0-9 
351-1 40 0-7 19 
351-2 50 0-6 1-6 
351-2 20 0-6 08 
351-1 2 only 1-9 0-0 
Average actual azimuth residual 126° £015 


Average of formal least squares standard ` 
deviations 0-7 


T.m.8. scatter of azimuth residuals 0-66° 


* The signal-to-noise ratio usually varies between channels; only rough 
estimates are therefore given, 


It is still necessary to associate the events measured at a 
number of arrays with each other unambiguously; the 
accuracy required to do this is, however, not very high. 


D. H. WEICHERT 
Seismology Division, 
Dominion Observatory, 
Ottawa, Canada. 
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Daytime Photograph of a Group of 
Meteor Trails 

Tan photograph of a group of meteor trails with a red 
glow beneath them shown in Fig. 1 was taken by an auto- 
matic camera from an altitude of 36-6 km at’ 6 local time 
(2146 UT) at latitude 23°% 8, longit “© E, looking 
west, on November. 11, 1968. The camera + vn Olympus 
“PEN EM" half-frame 35 mm, set on //s Wwa an auto- 
matic exposure control. It was loaded -ith “Koda- 
chrome II” colour reversal film, and it took a photograph 
of the horizon every 2 min in order to study dust layers 
in the stratosphere. It was mounted on the payload of a 
“Hibal” balloon operated by the Australian Department 
of Supply for the Health and Safety Laboratories of the 
Atomie Energy Commission of the United States. 

The divergence of the trails at the top shows that they 

began at the bottom of the photograph, implying that 

“the meteors entered the atmosphere at a shallow angle 
coming almost towards the observer. The red glow below 
the ends of the trails in the photograph was therefore both 
higher and more distant than the trails. 

On the original photograph the distance between the 
points of interest and the actual horizon was measured. 
with a microscope and the measurements converted to 
angles by calibration using photographs of the Moon 
obtained on many earlier flights. More useful for calcula- 
tions are the angular distances between features on the 
photograph and the geometrical horizon of the camera, 
which are listed in Table 1. 

The brightness of the trails was compared with that 
of the Moon 2 days past full and 10° above the geometrical 
horizon, shown on a photograph taken on an earlier flight 
at the same altitude and with a similar exposure. The 
brightness of the trails was very much greater than the 
Moon’s brightness, implying that these meteors were 
very large indeed. 

Why then did they have such short paths and did not 
show the bright flares typical of large meteors? It must 
be assumed that they entered the atmosphere almost 
tangentially to a height of about 100 km, passing briefly 
through the region where the density was sufficient for 
trail formation. The two breaks in the longest (left) trail 
would then be consistent with a double passage through 
a turbulent layer'which quickly dispersed the ions formed 
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Fig. 2. 
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Table 1. ANALYSIS OF THE PHOTOGRAPH 


Departure from camera’s 


Feature geometri¢al horizon 
Lower edge of red glow — O68" 
Upper edge (in line with trails) + 06" 


Beginning of trails 1h? D05? 
End of trails 6-52-18? 
Mean of three longest trails 11? 


by the meteor; the other trails, being shorter, did not 
penetrate as deeply, only touching the turbulent region 
near their centres. The fact that turbulence had already 
destroyed parts of the trail suggests that they were already 
some seconds old, yet the absence of any great distortion 
shows that no great wind shears were encountered, This 
is only probable if the trails were at almost a constant 
altitude. 

Because the meteors were travelling almost directly 
towards the observer, simple two-dimensional geometry 
can be used to deduce the height of the red glow which 
can be seen between the horizon and the beginning of the 
luminous trails, for any assumed angle of entry of the 
meteors into the atmosphere. Its height is least if it is 
assumed that the meteors were tangential to the atmo- 
sphere at the centres of their luminous trails. If we 
suppose these points lay at an altitude of 100 km, then 
that portion of the glow in line with the trails lies between 
altitudes of 270 km and 380 km. The diffuse cloud was 
certainly genuine, for it appeared in the next frame taken 
2 min later, higher above the horizon and split into two 
sections. Although the bright trails had completely 
vanished it was recognizably the same phenomenon. 
The characteristic shape of the brightest portion below the 
trails in the photograph was still visible but now subtended 
angles of 1-5°-3-5° with the geometrical horizon of the 
camera. If we assume that it approached the camera 
along the line of entry of the meteors, then it had travelled 
along the path of the meteors with a mean velocity of 
about 10 km s+. This strongly suggests that the glow 
was not caused by recombination of ions produced by the 
meteors, but was simply back-scattered sunlight from a 
very large concentration of small particles. 

We can now reconstruct the following sequence of 
events. A large meteor consisting of four sizable pieces 
of solid material, together with a vast number of tiny dust 
particles loosely bound with volatile material, overtook 
the Earth, as shown in Fig. 2 fin which the height of the 
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Geometry of the path of the meteor. 
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Green Flash at Sunset 


Photographs showing e development eg em flash at sunset on November 19, 1968 Exposures were | 500s o r ssional, Type 
colour negative filr The 5 A's Galileo 711, flying at an altitude of 106 km and heading 347 m the azimut 
setting Sun 
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atmosphere has been grossly exaggerated). At A; molecu- 
lar bombardment was sufficient to vaporize the volatile 
components, so that a cloud of dust particles was scattered 
in its wake. By B, all the small particles had gone, leaving 


only the four large chunks, which started to form luminous... 


trails at C, where they had slightly different velocities 
because of differing drags. At D the trails ceased because 
of the lower air density. If this interpretation is correct, 
its most important consequence is that a nocturnal sighting 
or radar description of a similar event would greatly under- 
estimate the amount of material entering the Earth’s 
atmosphere, for the tiny particles would remain unde- 
tected. The rapidity with which the particles reach lower 
levels would also prevent their detection by sensors on 
rockets or satellites. 

Hodge and Wright (1968) have already concluded that 
the shedding of large amounts of dust from sizable comet- 
ary meteors is necessary to explain the discrepancy be- 
tween stratospheric or polar collections of apparently 
meteoric material and estimates based on visual, radar 
or satellite observations of meteors. 

On November 11 (when the photograph was taken) 
meteors were received from four showers, the Leonids, 
Southern Taurid—Arietids, Southern Taurids and Northern 
Taurids. The radiant of the first was well above the 
horizon, but the remaining three lay 12°-14° below the 
western horizon at the time and position of the entry. 
Because of the near collision course of the meteor it was 
undoubtedly deflected towards the Earth, so that it could 
have belonged to any of these three showers, or been a 
sporadic. 

Obtaining this photograph was, of course, an extra- 
ordinary coincidence which is unlikely to recur. Never- 
theless, the persistence and large extent of the dust 
trail suggest that a horizontally pointing television camera 
on a satellite spinning slowly about an Earth-orientated 
axis would have a reasonable chance of detecting an 
occasional event of this sort. 

We thank Mr Eric Curwood and his Hibal team for the 
many successful balloon flights bearing this camera. 


E. K. Bree 
; p W. J. THOMPSON 
División of Radiophysics, 
CSIRO, 
Sydney, Australia. 
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Green Flash from High Altitude 


AT present, there is very little information on the develop- 
ment of the green flash with time. This is largely a result 
of the fact that the phenomenon is of irregular occurrence 
and of short duration. Until now all reports have come from 
observations at or near gea level. 

On the night of November 19, 1968, we obtained, from 
an altitude of 10-6 km, a series of telescopic photographs 
with the Sun setting over the Pacific Ocean. Sunset (dis- 
appearance of the upper limb at flight altitude) occurred 
at 17 h 10 m 40 s at which time the aircraft's position was 
38° 08’ N and 121° 07’ W. A Beseler Topcon camera was 
coupled to a Questar telescope which looked first into a 
gyrostabilized mirror, which compensated for motion of 
the aircraft, and then through an optically flat window of 
borosilicate crown glass. The effective aperture of the 
system was //16 (see plate opposite). 

In these photographs the gradual development of the 
green flash is clearly discernible. From a faint beginning 
at the upper limb, it encroaches towards the centre until 
the entire segment of the Sun, fractured by atmospheric 
inhomogeneities, appears green. 

There is clear evidence for the physical reality of the 
effect, so that no physiological causes need be considered. 
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Simultaneous visual öbservations correspond elosely to 
the photographic record so that artefacts in the emulsions 
can be ruled out. Only quantitative spectroradiometric 
investigations, correlated with meteorological data, will 
reveal whether thé phenomenon can be ascribed to atmos- 
pherie refraction alone, or whether it will be necessary to 
find other mechanisms. ; 

We thank the Airborne Science Office, NASA Ames 
Research Center, Moffett Field, California, and the Air 
Force Office of Scientific Research, Arlington, Virginia, for’ 
their help. 


Joun H. TAYLOR 
Visibility Laboratory, i 
Scripps Institution of Oceanography, 
University of California, 

San Diego. 


Bernd T. MATTHIAS 
Institute for Pure and Applied 
Physical Sciences, 
University of California, 
San Diego, 
and 
Bell Telephone Laboratories, Ine., 
New Jersey. 
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Wavelength Independence of the 
Velocity of Light in Space 


BECAUSE of the great distances involved, time measure- 
ments on astronomical events afford the best possibility 
for a high precision determination of the relative velocities 
of electromagnetic radiation at different wavelengthst. 
A discussion of flare stars, observed nearly simultaneously 
at optical and radio wavelengths, resulted in a relative 
uncertainty Ac/e of 4x 10-7 over the wavelength range 
0-54 microns~1-2 m. This gives a value of the product 
p=(c/Ac) (A/a) of about 5x 10", which isa factor of 10 
greater than that which has been achieved in the labora- 
tory’. 

The detection of optical pulses from:the Crab Nebula 
pulsar®4 provides the means for making an even more 
precise measurement of Ac. Becatise the Crab Nebula is 
2 kpe distant® and lies close to the galactic plane, dis- 
persion resulting from the electron component. of the 
interstellar medium precludes the possibility of comparing 
long wavelength radio observations with those made 
optically. Observations made only in the optical region 
can, however, lead to a significant increase in the value of p. 

We have observed the Crab Nebula pulsar with. the 
82-inch Struve reflector at McDonald Observatory using 
electronic equipment previously described? An im. 
provement in the digital timing system enables us to 
synchronize with the 33 ms period of the pulsar to within 
one part in 3x 10? (that is, to within 1 ns). In order to 
remain synchronized, changes must be made to the 
instrumentally generated period at least every 30 min to 
allow for changes in (a) the pulsar period, which is slowing 
down at a rate of 1:58 ns/h; (b) the. Earth’s orbital 
velocity, which changed the apparent period by about 
1 ns/h during our observations; and (c) the velocity of the 
telescope resulting from the Earth’s rotation, which 
changes the apparent period by 42 ns from horizon to 
meridian. With our recording system, consisting of a 400 
channel multiscaler used as a synchronous detector with 
100 us per channel integration time, and a digital clock 
with a stability of better than 1 part in 10°, we have found 
that the phase drift of our system relative to the apparent 
pulsar period amounts to less than one channel over a 
period of 4 h of observation. 
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Observations of the pulsar were made in succession, in 
white light, through three filters with approximate 
central wavelengths of 0-85 microns, 0:43 microns and 
0-55 microns and bandwidths of about 0-1 microns and 
finally in white light again. At least 50,000 cycles were 
accumulated in each colour. The two white light scans 
demonstrated that the phase drift during the four hours of 
observation amounted to 70 ys, and the apparent position 
of the peak intensity of the pulsar was corrected, for each 
colour, assuming a uniform phase drift of this amount. 
Full details of the observing techniques and the light 
curves will be published later. 

No change in the arrival time of the peak intensity of 
the pulsar could be detected between any of the colours. 
Because we can determine the arrival time of peak 
intensity to within 10 us by using differential corrector 
techniques, this gives Ac/e=5-0x 10-18 over the wave- 
length range 0-35 microns to 0-55 microns and p= 3x 10", 
an improvement in precision of 6x 104 over that pre- 
viously reported!. Thus there is still no evidence for a 
wavelength dependence of the velocity of light. 

By making simultaneous synchronous observations at 
optical and millimetre wavelengths, it should be possible 
to increase the value of p to at least 102°. 


Brian WARNER 
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McDonald Observatory and 
University of Texas, 
Austin, Texas. 
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Solar Motion with Respect to the 
Galaxies, and the Hubble Constant 


Sanpace has called my attention to a passage in the 
recent paper by Peters and I on the solar motion, which 
might lead to misunderstanding. In the section “Solu- 
tions with a Hubble Constant”? the numerical values of 
H ranging between 109 and 148 are not to be construed 
as new, independent determinations possibly conflicting 
with the values of the order of 50-80 which are favoured 
by Sandage. We made it clear (or we thought we had) 
that our solutions for H are strictly relative to the distanco 
scale used in the survey of nearby groups®, This distance 
scale rests in turn entirely on the 1961 values of Sandage 
for the distances of galaxies in the local group and in 
some of the nearest groups’. Any change in this basic 
yardstick will be directly reflected in the derived values 
ef H; for example, if all distance moduli in the local 
group were increased by 0-5 magnitude, the values of H 
would be decreased by 26 per cent. Such a change is, 
perhaps, not precluded by existing data. The recent work 
of Sandage on the Virgo cluster ellipticals®.® suggests an 
apparent modulus of 31-1, or 0-6 magnitude greater than 
the value in the survey of groups. As Sandage himself 
readily admits®*, however, the absolute calibration of the 
distance scale, and therefore of H , is still uncertain by 
perhaps 50 per cent. No one should therefore be particu- 
larly surprised if different solutions placing more or less 
weight on different distance indicators lead to values of H 
ranging all the way from 50-130 km/s Mpe-. Sandage 
emphasizes that the method depending on an absolute 
calibration of the brightest elliptical galaxies in large 
clusters bypasses the difficulties introduced by the local 
anisotropy and should eventually lead to an unbiased 
solution (if statistical and evolutionary effects are not as 
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serious as some authors have claimed). According to 
Sandage*-* the dispersion of this criterion is less than 0-3 
magnitude. For comparison we should note that the 
mean error of distance moduli in the survey of nearby 
groups derived by comparison with independent determ- 
inations (by Holmberg and van den Bergh) on the same 
distance scale is only 0-15 magnitude; this is what we 
meant by “reliable estimates of relative distances” for 
the groups. The absolute calibration of the distance seale 
is an entirely different problem. 


G. DE VaucouLEuRS 
Department of Astronomy, 
University of Texas. 
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Periodic Structure in Solar Radio 
Bursts and its Relation to 
Burst Energy 


During the period November 1967—-Octcber 1968, obser- 
vations of solar radio emission were made at the Radio 
and Space Research Station, Slough, using a correlation 
type of polarimeter at a frequency of 2-8 GHz. The output 
corresponding to the left-hand component of polarization 
was recorded on paper chart at the comparatively fast 
speed of 60 cm h~, giving resolution in time of about 2 s. 
Tt was found that many bursts which looked simple in 
form when recorded at 3 inches h-t were resolved at the 
higher recording speed into complex structures, some of 
which were extremely impulsive. 

While making measurements of the large burst of June 
9, 1968, 08.39 UT (Fig. la), it was found that its four 
sharply defined peaks of intensity were spaced at intervals 
of 385+15s. This one example of a burst showing well 
defined periodie structure prompted a search among our 
own and previously published recordings for more bursts 
of this type, as a result of which a further thirteen examples 
were found. During this search certain apparently suit- 
able examples were discarded because it was felt that they 
were in the nature of multiple occurrences of simple 
bursts, rather than of complex bursts with intrinsically 
periodic structure. An example of the former is given in 
Fig. 1b, and Fig. le is included as an example of a burst 
which, although having only poorly defined periodicity, 
belongs to the class of bursts under consideration. 

In an attempt to relate the observed periodicity to 
some other property of the bursts, the periodic time was 
plotted against the burst peak intensity on logarithmic 
scales (Fig. 2). Although the points corresponding to 
individual bursts are very much scattered, there is present 
the expected tendency for long periodic times to be asso- 
ciated with bursts of large intensity. This being so, we 
investigated the possibility that there might be a more 
consistent relationship between the periodic time and the 
total burst energy. The result of plotting these quantities, 
again on logarithmic seales, is shown in Fig. 3. It is 
evident that, although the plotted points correspond to a 
wide variety of bursts, there is a clearly marked relation- 
ship between period and burst energy. It is particularly 
interesting that the rare “impulsive outburst” of J uly 6, 
1968, 07.16 UT, which had a periodic rise to maximum 
taking only 20 s, departs seriously from the general trend 
of points on the period-intensity graph, but falls into 
place very well on the period—energy graph. It is possibly 
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Fig. 1. æ, Large burst of June 9, 1968, 08.39 UT ; b, the burst of January 
15, 1988, 12.20 UT, right hand polarization; c, the burst of July 9, 1968, 
18.07 UT, left hand polarization. 
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Fig. 2. Periodic time versus peak intensity of the burst. 
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significant that such an extreme form of burst should 
behave in this way. F 
The distribution of points approximates the curve 
t = 26x 10% B28 
where ¢ is in s and E in J m- Hz. Probable errors in- 
estimating the period and energy of each burst are indi- 
cated in Fig. 3, and the bursts are identified in Table Lii 


Table 1. BURST IDENTIFICATION 


Date UT 
a July 8, 1968 17.08 
b September 11, 1957 02.40 
e June 9, 1968 08-39 
d July 6, 1968 09-42 
e September 29, 1968 09.30 
f July 9, 1968 18.07 
g January 30, 1968 04.59 
h March 24, 1968 07.45 
i May 8, 1968 14.15 
j June 11, 1968 09.35 
k January 1, 1968 03.38 
i February 14, 1968 15.34 
m July 6, 1968 07.16 
nm April 12, 1968 12,52 


This work was supported by the Ministry of Technology. 
One of us (A. H.C.) held a Science Research Council 
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“Anomalous”? Water 


CoLumNs of water and other polar liquids formed by the 
condensation of unsaturated vapours in narrow quartz 
or glass capillaries seem to have properties markedly 
different from those of the bulk liquids'. It has long been 
suspected, especially from the work of Bangham, that a 
solid surface influences the structure of a liquid over large 
distances’, but some of Derjaguin’s experiments? indicate 
that this modified liquid can exist away from the solid 
surface as if it were a distinct stable molecular entity. 

Derjaguin’s anomalous water is distinguished by the 
following properties: (1) lower vapour pressure than the 
normal form; (2) higher viscosity (up to fifteen times 
normal); (3) greater density (9=1-2-1-3); (4) different 
thermal expansion behaviour; (5) phase separation at 
low temperatures. These findings are sufficiently unusual 
and controversial to warrant an independent investiga- 
tion. 

Following Derjaguin’, we have obtained columns of 
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alous” water (this work); A, “anomalous” water (ref. 4). 
“anomalous” water in ‘Pyrex’ glass capillaries of radii 
5-50 um by exposing freshly drawn capillaries to 95 per 
cent saturated water vapour in a desiccator at room 
ternperature. Liquid columns appeared in about 5 per 
cent of the capillaries after a few days. Measurements 
of the thermal expansion of these columns were in good 
agreement with those reported by Derjaguin (Fig. 1). 
When the columns were cooled below 0° C, we observed 
phase separations similar to those reported by Derja- 
guin (Fig. 2). The inner phase disappeared at —5° C. 
We were able to transfer columns of “anomalous” water 
from one end of a sealed capillary to the other by warming 
the end containing the column, but in some cases a non- 
volatile optically anisotropic residue was observed. A 
gel-like residue has also been observed by Derjaguin® 
during evaporation experiments. 

One batch of liquid columns was allowed to grow for a 
period of months. At intervals, the desiccator was opened 
and the capillaries examined. After inspection, the 
columns were put back into the desiccator, which was 
re-evacuated. After several cycles of this treatment 
some of the columns showed the two-phase appearance 
even at room temperature. In others, what appeared to 
be small crystals were visible. 

On evacuating a vessel containing a column of anomal- 
ous” water in an unsealed capillary, the rate of evapora- 
tion of the column progressively decreased while its 
refractive index increased. Eventually there remained a 
column about one-tenth of the length of the original which 
was quite stable at a pressure of about 107 mm Hg and 
had a refractive index close to that of ‘Pyrex’ glass (1-5). 
This column was judged to have a high viscosity, for the 
sudden opening of the vacuum system to the atmosphere 
caused little or no movement along the capillary. 

We have attempted to investigate the structure of 
anomalous water using various physical techniques. An 
AEI MS 902 mass spectrometer was fitted with a glass 
inlet system in which were placed sealed capillaries con- 
taining “anomalous” water. The system was evacuated 
and kept at a pressure of 1077 torr at room temperature 
for 12h. The part of the system containing the capillaries 
was then cooled to liquid nitrogen temperature and the 
capillaries broken with a magnetic breaker. The rate of 
evaporation of the liquid columns was eontrolled by vary- 
ing the temperature. 

When the source was allowed to warm up to room 
temperature, the only peaks observed in the spectrum 
were for masses 17 and 18 as usually found for normal 
water, Subsequent examination of the broken capillaries 
revealed that several of the pieces still contained liquid 
columns, some of which had small amounts of an appar- 
ently solid material within them, This solid material 
was optically anisotropic. These pieces of broken capillary 
were then mounted on the direct insertion probe of the 
mass spectrometer and were placed into the machine 
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and the temperatures raised progressively up to 320° C. 
Again the only peaks in the spectrum were for 17 and 18 
and on removal of the probe some liquid still remained 
in the capillaries. 

The nuclear magnetic resonance (NMR) spectrum of 
“anomalous” water at 100 MHz was obtained from both 
a single capillary and from a bundle of about a hundred 
capillaries (containing, in all, about 10- ml. of liquid) by 
using a digital memory oscilloscope and external stand- 
ards. The spectrum, obtained after one thousand scans, 
consisted of a single peak the chemical shift and satura tion 
behaviour of which were, within experimental error, 
identical with those of normal water. These NMR 
results show that the electron environment of the protons, 
their participation in hydrogen bonding and their motion 
as part of a molecule are essentially the same in normal 
and “anomalous” water. Such behaviour has been 
observed for many types of gels where the “framework” 
molecules are present in concentrations less than about 
5 per cent. 

An infrared spectrum of “anomalous? water was 
obtained by injecting the contents of a capillary between 
barium fluoride windows. Because of the small amount 
of sample (about 10-5 ml.) we had to use a x 5 scale 
expansion. The spectrum obtained was of poor quality, 
but the only peaks present were those characteristic of 
normal water. 

We have been able to confirm several of Derjaguin’s 
findings but have not succeeded in identifying the entities 
responsible for the anomalous behaviour. Such identifica- 
tion is made difficult by the minute amounts of material 
which are at present available and in these cireumstances 
the possibility of contamination cannot be entirely 
eliminated. 

We conclude that the “anomalous” water we have 
obtained in ‘Pyrex’ glass is composed chiefly of normal 
water and that some of its properties are consistent with 
those of a gel. It is possible that a gel could be formed by 
the leaching of silicates from the glass. Indeed, a 
cent solution of common water glass has a high viscosity 
and refractive index, but it is difficult to reconcile this 
explanation with the observation that bulk water placed 
in similar capillaries retained its normal properties in- 
definitely. Further, Derjaguin has worked with pure 
quartz capillaries where such leaching is most unlikely. 

The existence of “anomalous” water as a stable and 
distinct molecular entity will only be established when 
it becomes available in amounts sufficient for an unequivo- 
cal characterization. 




















Fig. 2. 
capillary (r=10 zm) at -27° © (top), ~i4° © (centre) and ~5° © 
(bottom). 


Photomicrographs of “anomalous” water columns in a ‘Pyrex’ 
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Exchangeable Acidity in Unburnt 
Colliery Spoil 

‘Tus more usual methods of soil extraction and chemical 
analysis are not entirely applicable to assessment of the 
potential of unburnt colliery spoil as a medium for plant 
growth. This is particularly true for spoil heaps in the 
West Riding of Yorkshire with surface spoil pH values 
well below 4:5. Such spoil often contains FeS, which 
oxidizes to produce Fett, SO,~ and H+. It may also 
contain the carbonate mineral ankerite which is poten- 
tially capable of neutralizing the acidity. These reactions 
produce large quantities of soluble salts, chiefly sulphates. 

Three sites in the West Riding of Yorkshire have been 
investigated to obtain information on the exchangeable 
eation status in the surface spoil. These sites were Bull- 
croft (SE535098), Hound Hill (8E337046) and Maltby 
Main (8K545925), and the surface age of the spoil was 
10 yr, 50 yr and 8 yr respectively. Twelve random 
samples of surface spoil (0-10 em) were taken, each yield- 
ing about 5 kg of spoil, and each sample was air-dried 
before sieving through a 1 cm diameter riddle. The 
determinations were carried out on separate 10 g sub- 
samples of the <1 em fraction. 

Exchangeable acidity was estimated by the BaCl,- 
triethanolamine method! and total cation exchange capa- 
city by NH,* saturation®, The method described by 
Jackson’, in which the spoil is treated with 0-1 N HCl, 
was used as a measure of acid extractable cations. Where 
ankerite is present in the spoil, this procedure gives a 
measure of its potential neutralizing capacity. The pH was 
measured using a glass electrode in a 2; 1 0-1 M CaCl 
spoil suspension. 





Table 1. MEAN VALUES AND SIGNIFICANT DIFFERENCE (P =005) FOR 
CERTAIN SPOIL FACTORS FOR THREE SITES 
Total Exch. Acid extr. 
Site CLEC, acidity cation pH 
Bullcroft 12 19-75 — 0:33 2:76 
Hound Hill 10-88 0-03 46-42 3:43 
Maltby Main 10-64 6-70 99-00 3-75 
isd (P = 0-05) 0-94 2-09 35-81 1-25 


Table | shows mean values for the four sets of determina- 
tions for each site, together with the significant difference 
between means (P= 0-05). 

Fig. 1 shows the regression of the ratio of the exchange- 
able acidity to total cation exchange capacity on acid 
extractable cations and shows a consistent relationship 
between the degree of saturation of the ion exchange sites 











161 
|> 
G 
+18 
mie 
2]? 
AE 
Sls 
5S 
FA 2 
A) 
Š 

S ponn 
5 
SV ener 
cara | 
—+—__——. he me} a. ore a. nd 
0 50 100 150 200 250 
Acid extractable cations (mequiv./100 g) 
Fig. 1. The relationship between the exchangeable acidity : total cation 


exchange capacity ratio and acid extractable cations for unburnt spoil 

samples from three sites. Q, Bulleroft; +, Hound Hill; A, Maltby 

Main. Point a has been omitted in calculating the regression: y= 1-341 — 
0-0100x + 0000028827. 


with acidic ions, and the potential neutralizing capacity of 
the spoil. It also indicates that some spoil (Bulleroft) 
has no net neutralizing capacity. Field experience indi- 
cates that this site is particularly inhospitable to plant 
establishment and growth. The values recorded for the 
exchangeable acidity of spoil may include acidic ions not 
adsorbed on exchange sites, hence the values of greater 
than unity for the saturation ratio. It has been established 
(unpublished work of M. E. P.) that the detrital fraction. 
of the spoil contains significant quantities of amorphous 
aluminium hydroxides which may become a source of 
additional acidic cations in pyritic spoil. 

Confirmation of a simple relationship such as this may 
help to identify problem sites which are unlikely to 
respond to conventional amelioration treatments for 
reclamation. 
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Quenching of the Fluorescence of the 
Cerous lon in Aqueous Solution by 
some Organic Ligands 


‘Tur fluorescence of the cerous ion in aqueous solution has 
been the subject of a number of studies'~*. The emission 
maximum occurs at about 355 nm, this being excited by 
absorption at about 265 and 305 nm. The fluorescence is 
little affected by temperature in the range 10°--40° C, or 
by strong acids. Nitric acid, however, oxidizes the 
cerium to the non-fluorescent ceric state. The fluorescence 
is also affected by the presence of the ceric ion’ and of 
some other cations’. 
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I describe here the effect of a number of organic ligands 
on the fluorescence of 10-5 to 10-3 M solutions of cerous 
chloride. Complete or partial quenching of the fluores- 
cence was found to occur depending on the ligand con- 
centration and the pH of the solution. The order of the 
ability of the ligands to quench the fluorescence was 
CyDTA, EDTA > citrate > tartrate > acetylacetone > gly- 
colate > lactate > acetate > triethanolamine. This seemed 
to be in the same order as the ability of these ligands to 
complex the cerium and an attempt was made to estimate 
stability constants (K,) from the data. To do this it was 
assumed that any complexes formed were non-fluorescent. 
Free cerous ion concentrations were measured from the 
residual fluorescence as a function of pH in the presence of 
various concentrations of ligand. Correction was made 
for ultraviolet absorption due to the ligands. The spectra 
were excited at 305 nm and the results obtained are com- 
pared in Table 1 with those taken from the literature. 


Table 1 
Reagent Log K, 
Literature value* Present value 
Triethanolamine _ No apparent reaction 
Acetate 1:7 13 
Lactate 2-3 23 
Glycolate 2:3 2-6 
Acetylacetone 5-3 58 
Tartrate _ 46 
Citrate === 8-4 
EDTA 16-0 16-7 
CyDTA 16-8 17-9 
* Stability constants of metal ion complexes. Sillen, L. G., and Martell, 


A. E., Spec. Publ. No. 17, Chem. Soe., London (1964). 


The agreement between the two sets of values is 
satisfactory and confirms that coordination of the first 
organic ligand to the cerous ion is sufficient to quench 
the fluorescence completely. This can be explained as 
follows. The fluorescence of the cerous ion is believed to 
result from the 5d-4f electronic transition. Thus overlap 
of the ligand molecular orbitals with those of the cerous 
ion, which undoubtedly involve the 5d electrons, would 
provide a pathway by which the cerous complex could 
return to the ground state by radiationless loss of energy 
through the ligand. 

Work is in progress to determine whether similar 
processes occur with inorganic ligands. 
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use of laboratory facilities. 
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BIOLOGICAL SCIENCES 


Effects of Electric Current 
on Bone in vivo 


Bassett, Pawluk and Becker! reported massive production 
of endosteal bone around the cathode of insulated battery 
implants, the electrodes of which projected into the medul- 
lary cavity of one femur of dogs. The contralateral femur 
bore inactive control implants. The current delivered 
was initially 10 vA or 100 uA and was maintained for 
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14-21 days. In all twelve experiments their results were 
unequivocal. These findings prompted us to attempt to 
speed up the healing of fractures of the metatarsals of 
rabbits by means of implanted electrodes. Our results 
were completely disappointing and negative, and we 
became concerned that the findings of Bassett, Pawluk 
and Becker might prove to be unrepeatable. We there- 
fore repeated their experiments as closely as we could. 
In general, our findings confirmed theirs. 

Professor Bassett sent us detailed plans, so we were 
able to construct batteries that were near replicas of the 
originals. Our experimental design was similar to that 
deseribed, with all the battery parts delivering a nominal 
100 uA. The dogs recovered from the operation well 
and were exercised freely until they were killed 21 days 
later. 

At autopsy the wounds had healed cleanly. The 
femora were removed from the body and the battery 
packs were found to be delivering between 90 pA and 
100 uA except one which, because of an incorrect value 
of a resistor, was delivering 130 yA. 

The bones were fixed in formol calcium. Thick longi- 
tudinal sections were cut through the position of the 
electrodes and visible light and fine grain X-ray photo- 
graphs were taken. The bones were then decalcified and 
sectioned for routine histological examination. Nearly 
all the electrodes had some new bone growth around them. 
The histological examination showed that the type of 
bone around the electrically active electrodes was exactly 
similar to that around the control electrodes. 


Tabie 1 


Distal 
control 


Proximal 


Cathode Anode control 


GO A Oe UO pA t g 
apa HS Po a eG GO BO pa bt 
det RD OO bed OD et BD po OO ED 
ED fot spa CO CO ee et CO OD EO 
DO CO BS NO ht EO BO ND apa et to 


The anode and the cathode were both placed distally six times. 


Although the type of bone around all four electrodes 
was always similar the amount was often very different. 
We used a simple ranking technique to obtain a measure 
of this. Five naive observers were asked to rank the 
amount of intramedullary bone around the four electrodes 
in each dog, using the X-ray pictures. The electrode 
surrounded by the smallest amount of bone was given 
the rank of 1; that by the largest, 4. The five assigned 
ranks for each electrode were then summed and the 
electrodes placed in order as in Table 1. The agreement 
between the observers was good. Table 1 shows that in 
seven dogs there was more bone around the cathode 
than around any of the other three electrodes. In each 
dog the probability that a particular electrode chosen at 
random will have the most bone is 0-25. Because we were 
specifically considering whether the cathode had most 
bone associated with it, we used the binomial expansion 
(0-25 + 0-75)! to see whether seven out of twelve is signifi- 
cantly improbable, and found that it is (P= 0-018). This 
result, then, agrees with the findings of Bassett, Pawluk 
and Becker. 

The cathode did not always have the most bone, how- 
ever; indeed, on two occasions it had the least. Further- 
more. in only two out of seven dogs in which the cathode 
had the most bone was this bone markedly more abundant, 
than that around the electrode next in rank order. 
Although our results agree in general with those of Bassett, 
Pawluk and Becker, the differences between our findings 
and theirs emphasize the need for caution im clinical 
applications in so far as there seems to be considerable 
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biological variation in the response of bone to electric 
current even within a single species. 
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Growth Rate of the East African 
Giant Senecios 


THE most conspicuous plants of the alpine belt on the high 
East African mountains are a group of peculiar giant 
groundsels, characterized by sparsely sympodially 
branched woody stems crowned by huge leaf rosettes, 
each of which finally produces a large terminal in- 
florescence. These plants deviate so much from ordinary 
senecios that they have been allotted a separate subgenus, 
Dendrosenecio *, 

Taxonomic work on these weird plants has been 
hampered by their giant size, for herbarium specimens 
consist as a rule of small fragments only, usually at most 
one or two leaves and a small portion of an inflorescence. 
Herbarium material alone cannot therefore suffice for an 
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acceptable taxonomic treatment, the more so because the 
leaf shape may differ between young specimens, flowering 
shoots and innovation shoots emerging below an old 
inflorescence. For several years most material known of 
this subgenus was therefore referred to the species first 
described, Senecio johnstonii Oliv. Earnest attempts at a 
taxonomic revision could only be made by botanists who 
had studied the plants in the field, as shown by the funda- 
mental revisions by Fries and Fries? and by Hauman? 
(also Cotton!-?, Humbert’, Cotton and Blakelock® and 
Hedberg?). But in spite of all the work done on these 
plants their taxonomy cannot be said to be sufficiently 
known?’. 

The giant senecios have long attracted the interest of 
botanists because of their peculiar growth form™ and the 
occurrence among them of numerous vicarious taxa which 
have evidently arisen under the influence of geograph- 
ical isolation!:#°42, Perhaps even more fascinating 
are the ecological adaptations of their high altitude 
representatives to a hostile environment, with frost almost 
every night of the year. Because of the climatic conditions 
the growth of these plants has been expected to be slow’, 
but so far long term observations have not been available. 
Thanks to an invitation to teach at University College, 
Nairobi, as Nairobi City Council Fellow during the autumn 
of 1967, I am now in a position to provide some such evid- 
ence for one of the relevant species, Senecio keniodendron 
R. E. Fr. and Th. Fr. jun. During an excursion on Mt 
Kenya in November 1967, I revisited the small Teleki Tarn 
about 4,200 m high in Teleki Valley, where a few speci- 
mens of Senecio keniodendron were rephotographed from 
the same point I had photographed them in July 1948 
(Fig. 14). Detailed measurements on these photographs 
and comparison with the scale figure in the later one 
(Fig. 1B) showed that in 19 yr the tall specimen close to 
the scale figure in the latter picture had increased in 
height by about 45 cm—that is, its mean annual growth in 
length was less than 2-5 cm during the 19 yr. Most of 
the other large specimens in the background of the photo- 
graphs appear to have been growing at about the same 





Fig 1, The appearance of the same patch of afroalpine v 
the shore of Teleki Tarn, altitude 4,200 m. 


egetation in July 1948 (4) and November 1967 (B) on Mt Kenya, Teleki Valley, on 
Photographed by myself (4) and I. Grawé (B). 
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rate. Some of them have evidently passed a period of 
flowering during the intervening 19 yr, as shown by the 
marcescent inflorescence axes hanging down outside the 
dry leaf cylinder in the specimen at the scale figure and a 
few others. 

Younger specimens may grow slightly faster—the 
short-stemmed specimen to the left of that measured in 
Fig. 18 does not appear on the earlier photograph. 
Presumably it was represented in 1948 by a juvenile plant 
which was no taller than the surrounding vegetation. 
Some other “new” specimens not shown in these photo- 
graphs were even larger. But at any rate the age of a 2m 
tall specimen like the one in the foreground of Fig. 1 must 
be expected to be about a century. 

The slow growth rate of these plants may have practical 
consequences for some authorities in East Africa. The 
rapid increase in the tourist industry in this part of the 
world has implied that the number of tourists visiting the 
high mountains increases for each year. Tourists often 
like to make fires for cooking and to keep warm, and at 
high altitudes on these mountains the giant senecios 
provide the only type of firewood available. Their 
attractiveness as fuel is enhanced by the fact that their 
cylinders of marcescent leaves around the stems keep dry 
in all kinds of weather. But, as I have emphasized, these 
plants grow very slowly, so it may take more than a 
century to replace a grove once it has been destroyed. 
To preserve this “botanical big game” of the high East 
African mountains for the benefit of future generations, it 
is therefore desirable to introduce efficient protection 
measures as soon as possible, especially on such mountains 
as Kilimanjaro, where giant senecios are already scarce. 
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Effect of Humming on Vision 


I wish to comment on Rushton’s article on humming 
and vision’. If a cathode ray oscilloscope (CRO) is 
operated in a free running sweep mode with a horizontal 
speed of about 100 cm/s, an observer will see a single 
horizontal straight line, as expected. If the observer 
coughs or clears his throat he sees a transient signal. If 
he sustains a “throat clearing” vibration of about 50- 
100 Hz, he will observe a steady sinusoidal signal on the 
CRO. The amplitude of the signal depends on the 
observer and his vocal intensity, a typical value being 
5 mm at a distance of 200 cm. The amplitude increases 
with distance. Humming does not produce a detectable 
signal. 

I explained this effect by assuming that the eyeballs 
were vibrating at the driving frequency. A further 
observation was that the eyeballs vibrated in the sagittal 
plane, normally up and down, and this can be seen when 
the observer tilts his head in a lateral direction. The 
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sinusoidal signal induced by throat clearing takes on the 
characteristics of a saw-tooth as the tilt is increased and 
finally becomes an intensity modulated line after a rota- 
tion of 90°. This direction may be fixed by the way in 
which the throat. vibrations couple through the head to 
the eyes, or by some muscular constraint on the eye itself. 
The latter explanation seems more likely, for when a 
mechanical vibrator was used to shake the head in various 
modes, the resulting signals on the CRO were always seen 
as displacements in the up and down direction (with regard 
to the head), and lateral displacement could not be 
induced. 

Since reading Rushton’s article!, I have tried the throat 
clearing effect on a strobe disk and have noted that here 
also the polarization effect is clearly visible. 
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Temperature Dependence of the 
EPR Signal in Tendon Collagen 


THE hypothesis of a solid-state control system governing 
connective tissue growth! has led us to study the electron 
paramagnetic resonance spectra (EPR) of non-irradiated 
human bone and its components?-*. We now report 
further results involving chiefly human tendon collagen. 
The tendon was clinically normal peroneus longus, and 
was studied in the air-dried state. The EPR spectrum of 
tendon collagen is a single line at g= 2-007 + 0-006 having 
a width between peaks of the derivative of 10+1G. The 
line saturates homogeneously with a weak maximum at 
about 10 dB, and shows no angular dependence. A 
resonance with the same parameters is found in dog 
tendon. The intensity of absorption from human tendon 
collagen corresponds to about 4-15 x 10% spins/g. 
Magnetic field scans from 10-11,000 G at room tempera- 
ture and at 114° K revealed no other consistently present 
resonances. At 114° K, the resonance is saturated even at 
the lowest incident microwave power level. 

The trace element content of human tendon was 
examined by emission spectroscopy to determine the 
presence of iron group elements (Table 1). Most elements 
searched for were detected in sufficient amounts to 
conceivably account for the observed resonance. If it 
is due to a paramagnetic ion, the number of possibilities is 
large. 


Table 1, IRON GROUP ELEMENTS FOUND IN THE HUMAN TENDON COLLAGEN 
BY EMISSION SPECTROSCOPY 
Element Concentration 
Titanium N.D. (50) 
Vanadium 2-5 
Chromium 0-5 
Manganese 2-5 
Iron 7-0 
Cobalt N.D. (1-5) 
Nickel 2-5 
Copper 95 


Results are given in p.p.m. of air-dried tendon to an estimated accuracy of 
25 per cent. For those elements not detected, the limits of detection are 
given. Spectrographic analyses performed by Mr J. A. Spadaro. 


The temperature dependence of the EPR absorption of 
human tendon collagen was determined in the range 
21°-95° C in atmospheres of air, pure nitrogen and pure 
oxygen: the results are given in Figs. la, ¢, e. Because 
the EPR absorption signal is relatively weak, the data in 
Fig. 1 were taken by scanning through each point one 
hundred times and summing with a time averaging 
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computer. There was a strong decrease in signal in the 
vicinity of 70° C for all three atmospheres (Fig. 1) and the 
original signal intensity was not regained when the sample 
was cooled to room temperature. No change in line width 
or g value was seen over the entire temperature range. 
The same samples were examined at room temperature at 
intervals of 24 h after the heating and a small daily 
increase in signal amplitude was seen. At the end of 2 
weeks, the original amplitude was regained and the 
heating experiment was repeated. The results, given in 
Figs. 16, d, f, show that the original temperature depend- 
ence is again exhibited. The entire experiment) was 
repeated using dog tendon collagen and the results were 
identical. In none of the heating experiments did the 
collagen exhibit fibre shrinkage, as judged by visual 
observation only. 

The role of absorbed water in the phenomenon was 
studied by vacuum drying samples of human tendon 
collagen (one week, base pressure 10-6 torr) and then 
heating in a dry nitrogen atmosphere. ‘The resulting 
material showed a temperature independent EPR 
absorption, the amplitude of which was comparable with 
the air-dried samples. Two other methods of drying were 
used: (a) long term storage over anhydrous CaCl, and 
(b) immersion in dioxane for 24 h. In both cases, the 
dehydrated tendon collagen gave a temperature indepen- 
dent EPR absorption. 

The hydrothermal shrinkage phenomenon shown by 
collagen at 70°C suggested a comparison of the EPR 
intensity before and after shrinkage. Samples of human 
tendon collagen were immersed in water at 70° C for 10 
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Fig. 1. Temperature dependence of reciprocal of signal amplitude from 

tendon collagen. aand b, In air; ¢ and d, in nitrogen; gand f,in oxygen. 

‘The curves on the left were found initially, the curves on the right after 

storage for 2 weeks in the indicated atmosphere. Broken line indicates 
cooling cycle. 
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min, by which time they had obviously undergone thermal 
shrinkage. After air drying, comparisons of the amplitude 
of the absorption signal with that from the same sample 
before shrinkage showed that the resonance had decreased 
by an average of 50 per cent. Other signal parameters 
remained the same. Control experiments using water at 
room temperature showed no change. 

The temperature dependence of the collagen singlet may 
reflect a change at the molecular level which precedes the 
macroscopic effect of hydrothermal shrinkage; the partial 
loss of the free spin population thus being a necessary, but 
not sufficient, condition. The lack of a temperature 
dependence in dehydrated tendon collagen may indicate 
that water acts as an activator, lowering the amount of 
energy necessary for some process to occur, analogous to 
the role of water in the electrical conduction of proteins*. 
In any event, the relatively small initial spin concentration 
(roughly one electron/100 molecules of tropocollagen) 
seems to indicate that the paramagnetic centre is not a 
structural feature of the tropocollagen molecule. 

In summary, air-dried tendon collagen is found to 
exhibit a narrow isotropic EPR resonance at g= 2-007. 
The resonance shows an unusual temperature behaviour in 
the range 21°-90° C in the three atmospheres studied. 
Neither the species responsible for the resonance nor the 
mechanism which accounts for the observed thermal 
behaviour has been identified, although the importance 
of water and a possible correlation with the hydrothermal 
shrinkage phenomenon are indicated. 

This work was supported in part by the National 
Institutes of Health, US Public Health Service, and by 
the Veterans Administration Research Service. 
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Detection and Investigation ofa New 
Type of ESR Signal characteristic 
of Some Tumour Tissues 


Srupies of the nature and role of free radicals in normal 
and pathological processes have been shown to be very 
important!. Experiments with wet, frozen and lyophilized 
samples have shown that there is a correlation between 
changes in intensity of the electron spin resonance (ESR) 
signal and the metabolic behaviour of biological sub- 
strates?. Clearly such ESR signals are of a biological 
nature. 

Paramagnetic centres representing both free radicals 
and transition metals, as well as their complexes, have 
been detected in metabolic systerns'. The former are 
characterized by a narrow, slightly asymmetric singlet 
with a half-width of 7-8 G for a lyophilized sample and 
14-15 G for wet and frozen samples, with G values in each 
case close to that for pure spin. It is thought that these 
signals can be accounted for by free radicals of flavins, 
naphthaquinones, KoQ and other semiquinone compounds 
which are important in enzyme catalysis. 

Paramagnetic complexes of iron, copper, molybdenum 
and manganese occur in many biological systems. In the 
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oxidized or reduced state these complexes are characterized 
by rather wide ESR signals, which have a markedly 
anisotropic g factor and in several cases a hyperfine 
structure. Complexes of this kind are also important in 
cell biochemistry. Free radical centres in lyophilized 
tissues are of a rather higher intensity and have a line 
width half that of wet and frozen samples. There seem 
to be two different types of ESR signal: those due to free 
radicals in lyophilized tissue and those in wet and frozen 
tissues. There is precise correlation between both types 
of signal and the biological activity of the tissue. The 
nature of the difference between these signals has been the 
subject of several investigations®*. 
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Fig. 1. ESR spectra of tumour tissues: A, Walker carcinosarcoma 256; 








B, hepatoma 22a; C, sarcoma 45. The ESR signal with g factor of 2-15, 
accounted for standard signal (C'uCl,.2H,0), is given in this and in the 
following figures. Antiphase recording of the standard signal with 
reapect to the general spectrum is caused by the fact that the positions 
of the studied and standard samples in the resonator are not equivalent. 


ESR spectra characteristics of free radical centres in the 
different tissues are such that, if wet samples are unavail- 
able, frozen samples are preferable to lyophilized biological 
systems. Frozen samples are necessary for the study of 
some paramagnetic centres, principally those in metal 
complexes. These centres have short spin-lattice relaxa- 
tion times and at room temperature their ESR spectra 
are too wide to be recorded (in both lyophilized and wet 
samples). Paramagnetic signals from metal complexes are 
less intense for lyophilized samples even when recorded at 
the temperature of liquid nitrogen’. Lyophilized samples 
have been used for kinetic studies of the variation in the 
concentration of free radicals during the development. of 
various malignant tumours®*. 

Although reproducible results which correlated with 
the metabolic activity of the tissue were obtained, it was 
possible to record only the free radical type of signals. 
No information was obtained about paramagnetic com- 
plexes containing metals. 

The ESR spectra of lyophilized normal and tumour 
tissues were found to be identical in shape and line 
width, so that it was impossible to establish differences in 
the nature of these signals; only a quantitative comparison 
could be made. ESR spectra from normal and tumour 
tissues frozen while in a state of active metabolism have 
been compared before!?-1?, Nebert and Mason detected 
ESR signals from tumour tissues for a wide range of the 
magnetic field, but did not identify them. Changes in 
signals from microsome haemin iron were also observed. 
ESR signals at g=2-01-2-016, ascribed to metal ions, 
have also been detected", 

Triplet signals with a total width of 34 G have been 
detected from tumour tissues'?. Triplet splitting was 
thought to be caused by the presence of an unpaired 
electron on the nitrogen atom. Similar triplet signals 
were detected by Japanese scientists for tumours and for 
mitochondria treated with sodium cyanide (Okaba, 
private communication). 

We have studied ESR spectra of frozen samples of 
several transplanted tumour tissues: hepatoma 22a, 
Walker carcinosarcoma 256, sarcoma 45, ascites sarcoma 
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37 and ascites sarcoma 180, as well as the spectra from 
normal organs. 

Tissues were extracted immediately after the animals 
had been decapitated and were rapidly frozen in liquid 
nitrogen, ground and placed in 5 mm quartz ampoules. 
ESR spectra were measured with a JES-P-10 Jeol 
radiospectrometer. The principal characteristics of the 
instrument are a standard frequency of 9-400 MHz, a 
modulation frequency of 100 kHz, a modulation width of 
0-01-20 G, and a cylindrical resonator. The apparatus 
was supplied with a thermoregulator which made experi- 
ments possible at temperatures varying from — 196° C to 
+ 200° C. Measurements were made at — 165° C. Crystal 
CuCl,.2H,0 was used as a standard. 

ESR signals of a complex shape were detected for 
hepatoma 22a, sarcoma 45 and Walker carcinosarcoma 
(Fig. 1). The signals were extremely stable and their 
shape and intensity were constant for many days after 
the sample had been placed in an open ampoule at room 
temperature. 

The shape of the signal can be accounted for if there are 
two signals, one at g_, = 2-03, and one superimposed which 
has a triplet structure. From yeast and normal tissues a 
signal was detected at g,,= 2-03 due to an iron complex 
with sulphur and nitrogen-containing ligands". 

Splitting of the triplet components, the line width of the 
signal of 15-20 G and the 1: 1:1 ratio of peak heights 
seem to indicate that this structure is accounted for by a 
centre with an unshared electron on a nitrogen atom. 

When the temperature was increased from — 165° C to 
— 30°C the triplet structure became broader and so 
decreased in amplitude. This is evidence for a strong spin— 
lattice interaction, characteristic of the centre observed. 
The nitrogen radical seems to be coordinated with respect 
to the heavy metal atom and to form a complex with it. 
With thermal denaturation (boiling for 2 h) the signal with 
g— 2-03 decays, while that of the whole triplet structure 
persists (Fig. 2). 
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Fig. 2. ESR spectra of Walker carcinosarcoma: A, the initial spectrum; 
B, after thermo-denaturation, 


An ordinary singlet with a g value close to that of a free 
electron was detected from liquid containing cells of 
ascites tumours (Fig. 3). It was strongly asymmetrie 
from ascites sarcoma 180. 

ESR spectra from livers and muscles of normal mice and 
rats are shown in Fig. 4. The spectra of normal liver 
tissue in the range of magnetic field studied are character- 
ized by the presence of a great many ESR signals with 
g values such as 2-42, 2-25, 2-03, 2-003, 1-94, 1-80. The 
spectra of muscle tissues are less complicated and have the 
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g values shown in Fig. 4. Detailed data on ESR spectra 
from normal frozen tissues taken from animals such as 
mice, rats and rabbits with identification of the nature of 
their individual component are given in ref. 5. 

It is difficult to find normal tissue that corresponds 
with the tumour, but hepatoma tissue is usually compared 
with normal liver and sarcoma tissue with muscle. If it is 
valid to compare the ESR spectra of normal and tumour 
tissues (Figs. 1 and 4)5, then the signals we detected from 
tumour cells are absent in normal cells. 
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3. ESR signals of ascites sarcoma 180 (a) and ascites sarcoma 37 (b). 


Furthermore, after the appearance of a new type of 
signal the ESR spectra from other metal-containing 
complexes in tumour cells decay (Figs. 1 and 4). This is 
obviously connected with the transition of these complexes 
to a non-paramagnetic state (Fig. 1). This new signal is 
specific for certain tumour tissues. (Investigations of 
further tumours must be made on a larger scale.) Some 
new rather stable paramagnetic complex absent from 
normal tissues seems to be involved in the metabolism 
of tumour cells. 
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Fig. 4. ESR spectra of normal tissues: (a) liver; (b) muscle. 


The signal with g,,= 2-03 can be detected from normal 
tissues and from yeast. After treatment with ethylxanto- 
genate it becomes a broader signal of a resolved triplet 
structure’, A. F. Vanin has studied a model of this 
complex (personal communication) and he suggested that 
a complex of iron, sulphur and nitrogen ligands was 
responsible for this signal as well as that with g,,= 2-03, 
although, unlike the complex causing the latter signal, it 
is a monomer. 
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Further research may provide important data for 
diagnosing malignant tumours as well as for understanding 
the processes which eause cancer. 
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Iron Turnover in the Skin 


THE stratified squamous epithelium of human skin is 
constantly renewed by multiplication of the cells of the 
stratum germinativum. These cells migrate towards the 
surface, undergo keratinization and are eventually 
desquamated. It is usually assumed that the cellular 
contents, and in particular the cell iron, are lost to the 
bodyt. Our results throw doubt on this assumption. 

We have recently measured iron clearance from the 
skin of twenty-three normal subjects by the method of 
Beamish and Jacobs*. Iron, as **Fe-ferric citrate, was 
injected into the sub-epidermal tissue of the volar aspect 
of the forearm, the total amount of iron being 0-06— 
0-71 ug (Table 1). The total activity was 2 pCi or less. 
The arm was enclosed in a lead castle during counting and 
this effectively shielded the detector from activity in the 
rest of the body. In these circumstances some of the iron 
enters epidermal cells and the rest is rapidly removed 
from the site of injection through the capillary bed or the 
lymphatic circulation?*. The disappearance of iron from 
the site of injection was monitored by surface scintillation 
counting and showed the usual triphasic pattern reflecting 
these three iron pathways?. The first two phases had mean 
half lives of 13-9 min and 23-9 h respectively, and the 
iron cleared in these phases together accounted for 82-3 to 
92-0 per cent (mean 88-0 per cent) of the injected dose. 

Autoradiographie studies have shown that during the 
third phase of clearance the iron is in the epithelial cells’. 
The turnover time for these cells is 26 days‘, but the half 
life of cell iron in the present experiments ranged from 
43 days-100 days (mean, 67 days). In six subjects the 
squames were collected from the site of injection which was 
completely occluded by two-inch square pieces of ‘Micro- 
pore’ surgical tape. These were changed daily for between 


Table 1. AMOUNT OF TRON INJECTED 


Amount ofiron Number of 
ug subjects 
0-06-0-10 5 
0-11-0-19 5 
0-20 8 
0-30-0-71 5 
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Table 2. DECREASE IN SKIN IRON AND IRON DESQUAMATION IN NORMAL 
SUBJECTS 
Pe Squames Decrease in Activity 
Subject collection skin activity collected on 
(days) c.p.m. tape ¢.p.m. 
DÐ. R. 25 60-0 
A.M. 25 108-0 12-€ 
G, M. 20 79-0 5 
B. D. 25 132-0 
M.D. 20 66-0 
D.S. 25 126-0 


20 and 25 days. The activity of the **Fe collected in this 
way was counted in an IDL Gammamat, The decrease 
in activity at the site of injection during the period of 
collection is shown, together with the activity collected 
on the tape, in Table 2. During this period of collection 
the activity of skin iron decreased by 14-5 — 20-2 per cent 
but only 0-9—1-9 per cent was collected on the surgical 
tape. This amounted to between 3-6 and 17-6 pg of the 
injected iron per day (mean 7:4 pg iron per day) in the 
squames. There was a significant correlation between the 
amount of iron taken up by the skin after injection and 
the daily rate of iron desquamation (r=0-94, P<0-001). 
The total rate of clearance of iron from the skin was not 
correlated with the daily loss by desquamation. 
DNA is conserved in skin by extrusion from the 
maturing cells and reabsorption by the basal layers’. The 
long half life of iron in the skin compared with the cells 
that contain it and the lack of correlation between the 
amount of iron lost from the skin, as determined by 
external counting, and the amount actually desquamated 
suggest that a similar mechanism may occur in relation to 
iron. Approximately 90 per cent of the iron leaving the 
skin is not desquamated. It is possible that there is a 
feedback of iron from the skin to the interstitial fluid of 
the subcutaneous tissue and from there to the body pool. 
These data show that the role of the skin in iron excretion 
requires re-evaluation and that current estimates of skin 
iron loss are probably excessive. 
I. Cavinn 
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Active Sodium and Chloride Transport 
by Anal Papillae of a Salt Water 
Mosquito Larva (Aedes campestris) 


ALTHOUGH anal papillae of freshwater mosquito larvae 
have been extensively investigated and shown to absorb 
actively sodium, potassium and chloride ions from the 
external medium!~’, this organ has been assumed to have 
no function and an impermeable structure in salt water 
species®*, Considering insects in general, “in dilute exter- 
nal solutions the salt water larvae become hyperosmotic 
to the medium. Salt uptake mechanisms have yet to be 
demonstrated in these forms ...°*. We wish to report the 
first evidence for extra-renal ion transport and regulation 
in the larva of a salt water insect (A. campestris). Initial 
experiments established that the salinity tolerance 
limits and the general pattern of ionic and osmotic 
regulation in fourth instar larvae of A. campestris are very 
sirnilar to those of A. detritus, the only salt water mosquito 
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previously studied in this context®*. In previous work 
there has been uncertainty about the attainment of steady 
states? and we took these into account. When A. campes- 
tris larvae were transferred to tap water, 800 mmoles/lI. 
of sodium chloride and solutions of intermediate concentra- 
tion most change in blood ion concentrations and osmotic 
pressure occurred during the first day so that steady values 
were observed within 2 days. 

A. campestris larvae were transferred from normal 
hyperosmotic alkaline lake water (478 mequiv./l. of 
Na*, 380 mequiv./I. of CO,=, 81 mequiv./l. of Cl-, pH 10-2) 
and adapted for 2 weeks to 5 mmoles/l. of NaCl at 10° C, 
followed by 1-2 days in distilled water to lower blood ion 
concentrations. These ion-depleted larvae were then placed 
in concentrations of 0-05, 0-5 or 50 mmoles/l. of NaCl. 
During the next 2 days the concentrations of sodium and 
chloride ions in the blood and whole body increased 
substantially (Table 1) when larvae were in 50 and 0-5 
mmoles/l. of NaCl, but not when they were in 0-05 mmoles/ 
l. of NaCl. Blocking the mouth with beeswax-resin did 
not alter the net uptake of either ion, indicating that 
absorption was not a result of drinking plus renal reten- 
tion. Uptake was completely abolished, however, by 
ligaturing the anal papillae (Table 1), implicating these 
organs as the site of ion absorption. 


CHANGE IN BLOOD ION CONCENTRATIONS AFTER TRANSFER OF 
ION-DEPLETED LARVAE TO 5 MMOLES/L, Nacl 


Concentration (mmoles/I., mean + S.E., 


Table 1. 


Ton No. of observations) Treatment 
Initial Final (1 day) 
60 + 1-6 (10) Normal 
Ch 28 +13 (15) 6441-7 (10) Mouth blocked 
24 + 1-2 (10) Anal papillae ligatured 
(2 days) 
119 + 1-6 (14) Normal 
Na’ 7441-4 (14) li4+ 1-4 (15) Mouth blocked 
942-614) Anal papillae ligatured 
Table 2. CHANGE IN BLOOD CHLORIDE CONCENTRATION ON TRANSFER OF 


RINGER-ADAPTED LARVAE TO 430 MMOLES/L. OF Nacl 


Blood CI (mmoles/]., mean + S.E., No. 
of observations) 
Before After 42h 


2 (15) 129 + 2 (15) 


Control 76+ 
7641 (15) 154 +2 (15) 


Papillae destroyed 


The net rate of uptake and radioisotopic influx of both 
ions agreed with Michaelis-Menton type kinetics with Km 
values of approximately 2 mM and Vmax of 1-5 myumoles/ 
h/mg body weight. In terms of transport per mg of 
anal papillae, Vmax was estimated to be similar for A. 
campestris and A. aegyptt®.’ (a freshwater species). 

Using a modification of Stobbart’s method? we 
found that the electro-potential difference across the anal 
papillae was proportional to external concentrations of 
both sodium and potassium (suggesting sodium and 
potassium diffusion potentials) but insensitive to external 
chloride concentration. The maximum potential difference 
observed was 48+ 4 (S.H#.) mV, haemocoel negative, in 0-1 
mmole/l. of NaCl media. A potential of this magnitude 
will not support the hundred-fold concentration gradient 
against which net ion absorption occurred, and so active 
transport of both sodium and chloride must be postulated. 
This conclusion was supported by the demonstration of 
net chloride uptake from sodium-free solutions (5 mequiv./ 
l. of KC], NH,CI, LiCl, CaCl,, choline Cl) and net uptake 
of sodium from chloride-free solutions (10 mequiv./l. of 
NaNO, NaSO, Na,HPO,, Nas citrate). 

To investigate changes in transport activity during 
adaptation to dilute media we have estimated influxes and 
effluxes of chloride-36 and sodium-22 through the general 
body surface and anal papillae, and by drinking and 
excretion. Net uptake through the papillae was not 
observed in unadapted animals, but gradually developed 
during 2 weeks in 5 mmoles/l. of NaCl. Associated with 
this increase in net transport rate was a four to seven- 
fold increase in the rate of total influx of sodium-22 and 
chloride-36, all the increase being through the anal papillae. 
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Big. 1. 
cell from A, campestris larva reared in normal hyperosmotic lake water. 
Eighty per cent of the cytoplasm contains numerous distended spaces 
which arise from inpushings (I arrow) of the plasma membrane facing 


Electron micrograph (= 13,000) of an anal papillae epithelial 


the haemocoel (H). The plasma membrane facing the external media 

(E) is covered with cuticle (C) and also has extensive but shorter and 

more closely spaced infolding. Note the numerous mitochondria (M) 
packed with well developed cristae. 


These physiological experiments are supported by the 
ultrastructure of the anal papillae. Those of A. campestris 
larvae reared either in normal hyperosmotic lake water 
(Fig. 1) or in 5 mmoles/l. of NaCl are qualitatively and 
quantitatively similar to the papillae of the freshwater 
species, A. aegypti, described by Copeland’. This 
suggests some additional unknown transport activity 
(for example, NaCO, or NaCl secretion; HCO,- and Cl- 
exchange) in hyperosmotic media. Animals which had 
their anal papillae destroyed by 1 per cent AgNO, and 
control animals with intact papillae were reared in 
isosmotic Ringer solution and transferred to 430 mmoles/l1. 
of NaCl. Larvae with no papillae had significantly 
greater concentrations of blood chloride than controls 
after 42 h (Table 2). This supports the tentative hypo- 
thesis that the direction of transport across the anal 
papillae may be reversed in a manner reminiscent of 
euryhaline fish gills. 
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Role of Sodium lons in the Response 

of the Frequency of Miniature End-plate 
Potentials to Osmotic Changes in the 
Neuromuscular Junction 


Waen the osmotic pressure of the external medium is 
increased within a certain range, the frequency of the 
miniature end-plate potentials (mepps) increases'~*. 

Birks-? has provided support for his idea that the 
inereased release of acetylcholine (ACh) from sympathetic 
ganglia and frog skeletal muscle treated with cardiac 
glycosides is initiated by the accumulation of sodium 
inside the nerve endings. A modification of the internal 
sodium concentration in the nerve terminals can be 
estimated when the outside osmotic pressure is changed, 
provided that most of the sodium ions are in free solution 
inside the terminals, and so we have investigated whether 
or not changes in the internal sodium ion concentration, 
(Na+), can account for the mepp frequency response when 
the osmotic pressure of the medium is altered. 

Conventional microelectrodes filled with 3 M KCI with 
resistances between 6 and 20 MQ were used for recording 
the mepps at the neuromuscular junction of frog sartorius 
muscle (Rana pipiens). The mepps were displayed on an 
oscilloscope sereen and photographed on moving film. 
Each experiment was carried out on a single synapse 
without removing the microelectrode; when the miero- 
electrode spontaneously came out of the fibre the experi- 
ment was abandoned. 

The composition of the Ringer solution (mmoles/l.) was 
as follows: NaCl, 115; KCl, 2-5; CaCl, 1:8; Na HPO, 
2-15; NaH,PO,, 0-85 (pH 7-2). Solutions containing low 
coneentrations of Na were made by replacing NaCl by LiCl 
(Li-Ringer). In some experiments the calcium concen- 
tration of the Ringer was reduced to 0:2 mM. The 
osmotic pressure of all solutions was checked in an 
esmometer before use, and the value of the control solu- 
tions just described was taken as one (osmotic pressure, 
1-0). Hyperosmotic media (osmotic pressure, 1-50) were 
made by adding sucrose or glycerol (osmotic pressure 2°65) 
to the Ringer. 

In one group of experiments paired muscles were dissec- 
ted 14-16 h before the mepp frequencies were recorded; 
one muscle was kept in Li-Ringer while its pair, in normal 
Ringer, was used as a control. Keynes and Swan* have 
shown that lithium can replace internal sodium ions in 
frog muscle. The rate of lithium entry they reported was 
0-029-0-055 mM/kg/min. Furthermore, Yonemura and 
Sato® showed that this process could be even more rapid 
(0-809 mM/kg/min) and that the internal concentration, 
(K+); of potassium ions, is not significantly affected in 
this situation. Assuming that the nerve terminals behave 
in a way similar to muscle fibres, the time of soaking 
should have been enough to deplete the endings of sodium 
and load them with lithium. After this loading tirne the 
membrane potentials of both control and test muscles were 
not significantly different. 

Fig. la shows the effect of a hyperosmotic solution 
(sucrose of osmotic pressure 1-50) on the mepp frequency 
in a pair of muscles (A, B) treated in this way. As can be 
seen the osmotic response is absent in the muscle depleted 
of sodium (A), whereas it is present in the control musele 
(B). Furthermore, the control response does not differ 
appreciably from that obtained in a freshly dissected 
muscle undergoing the same osmotic change (C). 

The transient osmotic response (E) found in solutions 
made hypertonie with glycerol was also absent in muscles 
depleted of sodium (D). It seems relevant to emphasize 
that because glycerol is a permeant molecule for most, if 
not all, cellular membranes, the transient response 
observed when the medium was made hyperosmotic by 
adding this substance to the normal saline is not unexpec- 
ted if mepp frequency depends on the concentration of 
some solute within the nerve terminals. The fact that 
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Fig. 1. Effect of increased osmotic pressure on mepp frequency for 


various conditions. Semilog plot. Ordinate, ratio of discharge frequency, 
J, to the initial frequency, fo. Abscissa, time (min) after changing to 
hyperosmotic solutions, a, Solutions were made hyperosmotic by 
adding sucrose (osmotic pressure 1-5) in A, B and C, or by adding 
glycerol (osmotic pressure, 2-65) in D and E. A and D, muscles soaked 
overnight in Li-Ringer. Sucrose or glycerol were added to thia Li-Ringer. 
Band E, Paired muscles of A and D respectively, which underwent the 
same treatment as A and D but in normal Na-Ringer. C, Fresh muscle 
in normal Ringer. b, Two successive hyperosmotic responses of a single 
synapse in the same condition as B. 


this transient response (E), as well as the sustained 
response (B), is not present (D, A) after soaking the 
preparations in Li-Ringer, strongly suggests that the 
internal concentration of sodium ions (Nat); is an impor- 
tant factor in determining the frequency of mepps. 

Fig. 1b shows an experiment in which the reversibility 
of the osmotic response was tested. 

The possibility that the low external concentration of 
sodium ions (Nat), or the presence of lithium in the 
external medium could account for the absence of the 
osmotic response was ruled out by experiments in which 
freshly dissected muscles were bathed in Li-Ringer. For 
this condition the response at the beginning of the experi- 
ment was similar to that seen in muscles in normal Ringer 
solution. As time progressed during the experiments, 
however, the response gradually declined (Fig. 2). This 
result is consistent with the supposition that after transfer 
to Li-Ringer solution the nerve terminals become partially 
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depleted of their internal sodium, and consequently the 
response to the increased osmotic pressure becomes 
smaller. 

Caleium has an important function in the transmitter 
secretion mechanism", and so we tested the effect of a 
low concentration of calcium (0-2 mM) on the osmotic 
response. An experiment of this type is illustrated in Fig. 
3. As can be seen, lowering the concentration of calcium 
reduced significantly the osmotic response, but did not 
prevent the increase of mepp frequency in hypertonic 
solutions. 

Miledi and Thies! have shown that the increase of 
mepp frequency which follows tetanic stimulation of the 
nerve can be diminished but not abolished when calcium 
is drastically eliminated from the medium. They suggest 
that calcium could still be responsible for the secretion 
mechanism in this condition if the calcium bound to the 
membrane is enough to maintain the residual increased 
mepp frequency. In this work of Miledi and Thies, 
tetanic stimulation might have been expected to raise the 
concentration of sodium within the terminals, which in 
turn would produce the post-tetanic response. 

Baker et al.}* have reported that the influx of calcium in 
the squid axon is influenced by the concentration of both 
internal and external sodium; they find that increasing 
(Na*); or decreasing (Na+)o produces an increased calcium 
influx. Thus the osmotic response may result from an 
increased (Nat); by inereasing the calcium influx and 























Li E E 
wild te wei le WO 
` 
` 
x w 
K 
= y 
x X 
o 
H 
1 
H 
| 
nd stn i eee | CC: REE TO, ETES ens DE OE T 
9 4 10 b A g m NM 40 453 50 5a Gu 65 
Tine onin} 
Fig. 2. Hyperosmotic response in a freshly dissected muscle in the 


presence of Li-Ringer. Ordinate, ratio of mepp frequency, f. to the 

initial one in isotonic normal Ringer. Abscissa, time (min), Atf=0 Nat 

was replaced by Lit. The second response for osmotic pressure 1-5 was 
much smaller than the first response. (Compare with Fig. 1.4.) 
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Fig. 3. Effect of low external Ca** concentration on the hyperosmotic 

response, Changing (Ca‘*)o from 1-8 mM to 0-2 mM and keeping the 

osmotic pressure at 1-0 produced a decrease in mepp frequency. When 

the osmotic pressure was raised (osmotic pressure 1-5) the mepp frequency 

increased markedly although to a lesser extent than in the presence of 

the normal external concentration of calcium. Fresh muscle was used in 
sodium Ringer. Ordinate and abscissa are as in Fig. 1. 


NATURE, VOL. 222, APRIL 12, 1969 


thereby increasing the release of neurotransmitter. This 
mechanism has been suggested by Birks and Cohen*’, 

In rat diaphragm, a high (K+), is necessary for the mepp 
frequency to increase when (Nat), is reduced}. In our 
experiments, carried out in normal (Kt),, no increase in 
frequency was seen when sodium was replaced by lhthium. 

The loss of water and the increase ın (K+), in hypertonic 
media, can be ruled out as contributory factors to the 
osmotic response, because they occur in all the experi- 
ments reported here whether or not the mepp frequency 
increases. The response is produced only in preparations 
which were not depleted of sodium. In addition, any 
increase of (K+); tends to hyperpolarize the terminals; such 
a hyperpolarization would decrease the mepp frequency 
rather than mcrease 1t?*. 

Our results dicate that the internal concentration of 
sodium plays a central part in the release of neuro- 
transmitter. ; 

Neither the absence of external Na+ nor the presence of 
external lithium in the bathing solutions by themselves 
can abolish the osmotic response; imstead, the response 
seems to be suppressed only when the endings are depleted 
of sodium ions. The fact that the osmotic response 1s 
diminished when the external calcium concentration is 
reduced from 1-8 to 0-2 mM suggests that the (Nat), could 
control calcium influx and that this cation is the lnk 
between (Nat); and ACh release. 
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New Vitamin D Metabolite localized 
in Intestinal Cell Nuclei 


Rucenrt evidence suggests that protein synthesis is neces- 
sary before vitamm D can affect Ca transport m the 
intestine. Thus the vitamin D-stimulated absorption of Ca 


+71 


1s inhibited by actınomycın D (ref. 1), and further, the vita- 
min increases the incorporation in the mtestine of orotic 
acid into nuclear RNA (ref. 2 and unpublished results of 
D. E. M. L., P. W. W., E. K., and D. C. Barker). 

It has also been reported that following the administra- 
tion of both [4-C] cholecalciferol and [1,2-*H] chole- 
calciferol to vitamin D deficient animals? ?, the intestinal 
intracellular organelle with the highest concentration of 
radioactivity is the nucleus. The nature of this radio- 
activity is unknown, but from its chromatographic 
properties 1t has been tentatively identified as 25-hydroxy- 
cholecaleiferol (25-HCC)*. This substance (25-HCC) has 
been isolated from pig plasma and characterized‘, and 
shown to have biological activity’. We have investigated 
the nature of this nuclear radioactivity by the simultan- 
eous administration of [4-C] cholecaleiferol (19-2 mCi/ 
mmole) and [la-*H] cholecalciferol (141 mCi/mmole) to 
rachitio chicks. A dose of 0-5 ug of the double labelled 
vitamin ('H :“C=4-7:1) m 0-2 ml. propylene glycol 
was administered intracardially to chicks deficient in 
vitamin D and after 16 h the blood, liver, kidneys and 
intestines were collected. A homogenate of the intestinal 
mucosa was centrifuged at 800g for 10 mm to give a nuclear 
debris pellet and a supernatant fraction (SF) which con- 
tained the mitochondria, microsomes and cell sap 
of the tissue. Pure intestinal nucle: were prepared from 
the pellet (unpublished results of D. E. M. L., P. W. W., 
E. K., and D. C. Barker). All tissues and cell fractions were 
extracted with CHC],/MeOH (ref. 6) and the CHCI, extract, 
contammg 95 per cent of the total radioactivity, was 
chromatographed on a silicic acid column. By running the 
appropriate carrier material the various peaks of radio- 
activity were identified and their ratio of 7H: C was 
measured. The results are shown in Table 1. 

The chromatograms of the lipids from liver, blood, 
kidney and intestinal SF all showed four peaks of radio- 
activity with the liver lipid chromatogram showing a fifth 
peak (peak U). Three of the peaks were identified in 
order of polarity as cholecalciferol ester, cholecalciferol 
and 25-HCC. All three substances in all tissues showed a 
3H : HC ratio close to that of the origmal cholecalciferol 
(4:7: 1). But the fourth peak, peak P, from the liver, 
ladney and the intestinal SF showed a greatly decreased 
7H: C ratio, bemg particularly lowered in the latter, 
while in the case of blood the ratio was 4:7: 1. A repre- 
sentative chromatogram of the SF lipid of mtestinal 
mucosa is shown ın Fig. 1. The chromatogram of the 
intestinal nuclei showed only two radioactive peaks— 
one accounting for less than 3 per cent of the radioactivity 
was from cholecalciferol and the second was the polar 
peak P which had the lowest °H : “C ratio of all at 0-15; 1. 

The variation in the *H:“C ratio of peak P of these 
chromatograms is probably because there is in blood a 
metabolite of cholecalciferol more polar than 25-HCC 
which has not lost the °H at C-l. In the tissues, however, 
peak P is due to two metabolites which are more polar 
than 25-HCO, one of which has retamed the °H and the 
other which has lost it. In the intestinal nuclei, only the 
material which has lost the *H at C-l ıs present. The 
mereased polarity of these metabolites suggests the 
presence of at least two additional oxygen functions in 
the cholecalciferol molecule, presumably one at C-25 
and the other at C-1, to account for the logs of 3H from this 


Table 1. PROPORTION OF [0] RADIOACTIVITY AND [°H] TO [10] RATIO IX THA CHROMATOGRAMS OF THE LIPID EXTRACT OF VARIOUS TISSUKS 


Liver Kidne 
Chromatographic peak Ratio tio 
% uO H . ug % “uc 1A s: uC 
Cholecaloifero] ester 1-9 ba 3-5 56 
Cholecalciferol 14-5 44 18-6 4-7 
25-HCC 46-8 3-8 48-4 44 
Peak P 274 1-1 85-7 1-5 
Peak U 9-8 2-6 — 


position. In this study the proportion of the dose after 
Blood Intestinal SF Intestinal nuclei 
Ratio Ratio Ratio 
x% uc H ? uç % ug 3H . “uo % uO H : uo 

0-5 4-0 0-8 40 0 _ 
4-1 4-3 6-1 4-4 2-7 * 
78-9 4-5 20-7 45 0 — 
14-2 4:7 68-0 08 97-3 0-2 
0 — 0 — 0 — 


The samples were obtained 16 h after intracardial injection of 0-5 ug of double labelled cholecale:ferol and results are represented as percentage of the 


radioactivity recovered from the chromatography column. 


* Not caloulated because a statistically insignificant amount of radioactivity was present in these fractions. 
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Table 2. TIMAH OURYE OF APPHARANOR OF METABOLITES OF CHOLEOALOIFEROL IN THE MUCOSAL NUCLEAR-DEBRIS FRACTION OF CHICKS DOSED WITH [4-0] 
AND [1-*H] OHOLECALOIVEROL 


Time 
0-5 = 4 8 16 
Chromatographic peak Ratio Ratio tio tio 
% ug 3H : “ug % ug 3H : ug % “uo 3H 3 ug % uO +H s “ug % NG H = ug 
Cholecaloiferol ester 20:9 7 12-4 5:32 12-6 44 11-8 5-5 16-5 28 
Cho! erol 8-1 48 56:38 4:5 52-1 4:4 226 4-4 17-4 3-6 
25-HOC 0 — 6-5 + 46 T 4:8 t 3-7 t 
Peak P 0 — 14.5 0-9 208 0-8 54-0 0-4 514 0-5 
Legend as for Table 1. 


16 h attributable to the material which has lost *H is 
1-0 per cent in the intestine, 0-6 per cent in the liver and 
0-2 per cent ın the kidney of rachitic birds. Prelimmary 
studies have shown it to be present in bone and, at 4h 
after domng, up to 5 per cent of the total blood radio- 
activity may result from this polar metabolite. 

The proportion of these substances present at different 
times after administration of the double labelled vitamin 
was also investigated. Chicks were killed at intervals 0:5, 
2, 4, 8 and 16 h after receiving 0-5 ug of the double-labelled 
vitamin. A nuclear debris fraction (800g) of the mtestinal 
mucosa was prepared, the hpıds extracted and chromato- 
graphed and the *H : “C ratios measured (Table 2). 

The ester reached its maximum concentration at 8 h, 
but the cholecalciferol concentration was maximal between 
2and4h. Very little 25-HCC was found in these extracts. 
The proportion of the intestinal radioactivity attributable 
to cholecalciferol and its ester continually decreased 
from 30 min, and the 25-HCO decreased from the 2 h 
interval at which it was first detected. In contrast to 
these three substances the proportions of peak P con- 
tinued to increase to a maximum at 8 h when it accounted 
for more than half of the intestinal radioactivity. 

The absence of peak P m tissues where cholecalciferol 
or 25-HCC was present indicates that peak P is not a 
result of an artefact from these compounds. 

We have found therefore that following a dose of 0-5 ug 
of [4-14C] and [1a-?H] cholecalciferol to vitamin D-deficient 
chicks approximately 60 per cent of the 'C radioactivity 
in the intestime results from a polar metabolite of vitamm 
D, which is not 25-hydroxycholecaleiferol. This meta- 
bolite 1s present in varying amounts in liver, kidney, bone 
and blood and 1s localized ın intestinal nuclei. It is possible 
that this metabolite is similar to the fraction, demgnated 
“peak. 4B” by Haussler, Myrtle and Norman’. It is, 
however, difficult to compare these findings because 
different systems of chromatographic separation were 
used, and Haussler eż al. did not observe any tritium loss 
by using [1,2-3H,] cholecalciferol together with [4-10] 
cholecaloiferol. The occurrence of the tritium deficient 
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metabolite (in peak P) in all the tissues which respond to 
vitamin D oa ite localization in the intestinal cell nucle1, 
and in a nuclear debris fraction of kidney, suggest that 
this substance may be of significance in understanding 
the function of vitamin D. 

We thank Dr P. A. Bell for the preparation of [la-*H] 
cholecaleiferol and 25-HCC, and Miss A. Ludlow for tech- 
nical assistance. ' 
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isolation of Polysomes from Mouse 
Plasmacytomas 


Tue diffculty of isolating polysomes from many tissues, 
including plasma cell tumours!, has been attributed to 
the release of ribonuclease (RNase) following cellular 
disruption. Thus the quality of polysome preparations 
isolated from tissues containing high concentrations of 
RNase should be improved by procedures that decrease 
the time that polysomes are exposed to the crude cell 
lysate. 

The ultracentrifugal procedure, in a sucrose density 
gradient, described here for the preparation of L and H 
chain-bearing polysomes from mouse plasma cell tumours, 
involves the incorporation, immediately below a suspension 
of the plasma cells, of a low density sucrose zone contain- 
ing detergent and an RNase inhibitor when desired. 
The cells in the suspension, layered on top of the gradient, 
enter this detergent zone and are lysed soon after sedi- 
mentation begins. Thus cell lysis and polysome fractiona- 
tion are combined into one procedural step. In this way 
the time required for cell lysis can be varied according to 
the initial centrifuge speed. Consistently higher yields 
of undegraded polysomes have been obtained from mouse 
myeloma, tissue by this method. 

In this study, we used various plasma cell twmour lines 
and their respective secretory products: MOPC 63, K-type 
L-chain (ref. 5 and our unpublished work); MOPC 149, 
K-type L-chain (our unpublished work); and MOPC 178, 
7S yG myeloma protein. The plasma cell tumours, 
provided by Dr M. Potter, were maintained by sub- 
cutaneous transplantation in female Balb/c mice’. The 
tumours were used 13-14 days after transplantation. 

To prepare the plasma cell suspension, freshly excised. 
tumour tissue was minced and teased through a 200 mesh 
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ent pattern of polyribosomes obtatned 
from mouse myeloma MOPC 149 by a technique involving the lysis of 
cells during cen tion. A suspension of 7x10" cells (4-8 x10) 
cells/mL) was laye on & lmear gradient of 10—40 per oent Giy 

-b per 


Fig. 1 A sucrose density 


sucrose, whioh had a 6 per cent sucrose zone of 8 mL contamıng 0 
cent DOO and 0-5 per cont TX-100. The gradient was cen 
Spinco SW265-1 rotor for 8 min at 1,000 r.p.m. and then for 165 min at 
25,000 r p m. at 4° C. Effluent from dient was wıthdrawn through 
a hole pmotured ın the base of the ce uloge nitrate tube and scanned 
continuously at 260 mmucrons with a Gilford recording spectro- 
photometer. The broken line indicates the optical density of a gradient 
upon which no cells were placed. The hatoned line at the top of the 
figure shows the variation in volume of twenty drop fractions collected 
automatically with an LKB fraction collector connected to the 
spectrophotometer. 


ma 


stainless steel grid into 2 ml. (0-5 g wet weight tum- 
our/ml.) of TMK-1 buffer (10 mM tris, pH 7-3, 20 mM 
MgCl, 100 mM KCl), containing 0-01 per cent heparin 
and l per cent bovine serum albumin (‘Pentex’). Con- 
taminating erythrocytes were lysed by adding 12 ml. of 
water to the cell suspension and stirrmg for 1 min. Iso- 
tonicity was approached by transferring the cell suspension 
to 36 ml. of TMK-I buffer. The cells were collected by 
centrifugation at 1,200 r.p.m. for 12 min and then resus- 
pended in 0-3 ml. of TMK-1 buffer and diluted with 1-2 ml. 
of 10 mM iris buffer, pH 7-3, contammg 100 mM KCl. 
All operations were conducted at 2°-4° C. The use of 
irts buffers containing less than 3 mM MgCl, was unsatis- 
factory, for they failed to resuspend the cell pellet formed 
after sedimentation (Table 1). The cell pellet readily 
resuspended ın buffers containing higher concentrations 
of Mgt. 


Table 1. MFFEOT OF Ngtt ION CONCHNTRATION ON DETERGENT SOLUBILITY 
AND PLASMA OHLL RESUSPENSION 


Precipitation of detergent* 
Mg DOC+ Clumping of cells t 
DOG TX-100 
0 = - + 
1 = - + 
2 + ae t 
8 + = = 
5 + - - 
10 + - 


+ 
* Solutions of DOC (0-5 per cent) and DOO acm cent) + TX-100 (0°5 
per cent) in 10 mM tns, pH 7-8, 1 KOI an a at the concentration 
given, were allowed to stand at 4° O for 2 h; (+) precipitation; (—) clear 
solution; (+) turbeacanoe. 


+ Cell suspensions of mouse myeloma MOPC 68 prepared in the manner 
described ın the text in buffers contoinmg 10 mM t113, pH 7-3, 100 mM KOI, 
and Mg0l, at the concentrations indicated; (+) cells clumped; (—) cells 
Tesuspended; (+) parttal resuspension. 


Sodium deoxycholate (DOC) has been used routinely 
in the Lberation of membrane-bound polysomes, which are 
responsible for the synthesis of immunoglobuhn light and 
heavy chains*. But its use predicated the presence of 
only low concentrations of Mg** in the sucrose gradient to 
avoid precipitation of the magnesium deoxycholate salt 
(Table 1). Table 1 shows addition of “Triton X-100° 
(iso-octyl phenoxy-polyethoxy-ethanol, TX-100) stabil- 
ized DOC in solutions containmg up to 5 mM MgCl,. Thus 
the buffer with 3 mM Mg*+ was suitable for the stabibza- 
tion of DOC, and was used in all subsequent experiments. 
This buffer, TMK-2 (10 mM iris, pH 7-3, 3 mM MgCl, 
15 mM KCl), also served to maintain the correct relation- 
ship between concentrations of K+ and Mg++ in the deter- 
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gent-containing zone and the sucrose gradient, for the 
purposes of polysome preparation’. A lytic zone (3 ml.) 
containing 0-5 per cent DOC, 0-5 per cent TX-100, 5 
per cent sucrose (Merck) in TMK-2 buffer was freshly 
prepared and layered at the top of a linear density gradient 
of sucrose, usually 10-40 per cent (w/v), immediately 
before use. Heparin (0-01 per cent) was also added to 
inhibit RNase. 

To prepare polysomes a cell suspension (1:8-2-0 ml.) 
was layered over the lytic zone. During sedimentation, 
the cells migrated into the detergent-contaming zone and 
were lysed. The optimal concentration of cells that could 
be lysed by the detergent zone was 10° cells/ml. When 
concentrations of the order of 10° cells/ml. or more were 
used, the optical density profile of the polysomes was 
obscured by the detergent carried by the sedimenting 
cells from the lytic zone. The preparation was spun first 
ın & brief initial run at a low speed (3-5 min at 500-1,000 
r.p.m.), and then for 166 min at 25,000 r.p.m., using a 
Spinco SW265-1 rotor. After centrifugation, gradients 
were fractionated and assayed by standard methods, 
described ın Fig. 1, which also shows an optical density 
profile of polysomes, released by the lysis of cells of MOPC 
149 as they migrated through the detergent bearmg zone. 
The clear resolution of smgle ribosomes and partial resolu- 
tion of di- and tri-ribosomal aggregates suggests that cell 
lysis occurred over a relatively narrow region of the 
lytic zone. Fractions 1-17 of the gradient contained 
polysomes, which accounted for more than half the optical 
density (260 mmicrons) of the ribosome preparation. It is 
interesting that in spite of the presence of detergent in the 
lytic zone of the gradient, background optical denmty 
was not significant m the first twenty fractions, as demon- 
strated by a control (no cells) gradient; in addition, vara- 
tions in the volume of twenty drop fractions collected 
were negligible in this region of the gradient. 

Comparison of the sedimentation patterns of polysomes 
prepared, by the method described, from MOPC 178, which 
secretes a complete 79 yG myeloma protein, and MOPC 
149, an L cham secreting tumour, revealed a broad peak 
of absorbance in the heavy polysome region of the former 
gradient. The sedimentation coefficient of these poly- 
somes has been estimated to be approximately 3008, 
from the relative distances travelled by them and single 
ribosomes, the latter being an internal standard” taken as 
80S. Heavy chain polypeptide bearing polysomes are re- 
ported to have sedimentation coefficients of ~ 30051-4148, 
and so the observed difference in polysome patterns, noted. 
after the application of the polysome isolation procedure, 
suggests that the cells of MOPC 149 not only do not secrete 
heavy chains but they evidently do not synthesize them 
either. 

It might be thought that cell lysis during centrifugation 
would be an inefficient method of isolating polysomes. 
But a comparison of the yield obtained by this method 
with that achieved by the conventional method of cell 
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Fig 2. Sucrose density gradient patterns SD AeA ty of MOPC 

149 and MOPO 178. Centrifugation was perfo: in a Spinco SiV25-1 

Totor at 25,000 r.p.m. for 165 min follo an initial spin for 3 min at 
1,000 r.p.m. , MOPO 178; ---, MOPO 149. 
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lysis followed by centrifugation, umng MOPC 63 plasma 
cells (Fig. 3), shows that the new method gave a somewhat 
higher yield. 

By including an RNase-containing zone immediately 
below the lytic zone, it is possible to demonstrate the 
polysomal character of these profiles, by virtue of their 
sensitivity to RNase. The sedimentation profiles given 
m Fig. 4 show that in spite of only a brief exposure to 
the pancreatic RNase (2-5 pg/ml.) in a 1 ml. zone of 10 
per cent sucrose, just below the lytic zone, there was 
very marked degradation of the sedimenting polysomes 
to single ribosomes, as evidenced by the shift in optical 
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Fig. 3. Comparison of polysome sedimentation patterns obtained by 


lysis of cells during sedimentation (@— @) and by lysis before centrifuga- 
tion (O --- O) A suspension of 8-8 x 10° cells from mouse plasma-cell 
tumour MOPC 68 was incubated at 37° O for 80 min in the presence of 
2mCi*P 3*P (carrier free, neutralized to pH 7 with 0-15 AI NaCl) was 
obtained from les E Brosst Co. (Montreal, Canada) at a concentra- 
tlon of 0-08 mg sodium orthophosphate/ml. isotope was adminis- 
tered in vivo in a concentration of 1 mCi/0-1ml. Cells in a 
cell pt ae 1-3 x 10° cells) were lysed by 0-5 cent DOC and 0°5 
per cent TX-100 at 4° C and the lysate quickly layered on a gradient. 
An equal portion of the cell on was layered on a similar gradien 
to which the detergents had been added. The gradients were cen 

in a Spinco SW26-1 rotor for 5 min at 500 r.p.m. and 165 mm at 25,000 
r.p.m. Aliquots of 20 ul. from the fractions were spotted on Whatman 
No. 540 filter disks and batch-washed sequentially twice in 5 par cent 
trichloroacetic acid, twice in 95 per cent ethanol and once with ethyl 
ether. Radioactivity present on the dried filter disks was then deter- 
mined in an Ansitron I liquid scintillation spectrometer with the use of a 
PPO (2,5-diphenyloxazolo, 0-42 per cent), dimethyl POPOP (dimethyl 
p bis (5-phenyloxazoly!)-benzene, $ = per cent) and toluene semitillation 
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Fig. 4. Effect of ribonuclease (bovine pancreatic ribonuclease (poly- 
ribonucleotide 2-oligonucisotide transferase (cyclixing), EO27716)) on 
the sucrose See ris t of polyribosomes from mouse 
myeloma MOPO 149. gradients with a 2 ml. lytic zone were 
centrifuged in o Bpinco SW 2D- rotor at 4° ae prensa at 25,000 r.p.m. 
o g an initial 3 min at 1, r.p.m. po pattern, repre- 
sented by the broken line, was obtained when bovine o ribonu- 
Clease (2-5 ug) was Included fn a A0 per cent sucrose zons of 1 ml. immed- 
iately below lytic zone. 
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density from the polysomal region to the 80S region of 
the gradient. 
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Curve-fitting of Allosteric Binding Data 


A EEOENT theoretical mvestigation of the binding of a 
ligand to a polymerizing protein system! extends the model 
of allosteric action based on isomerization? to molude 
reversible polymerization as a basis of these effects. We 
discuss here the possibility of defining uniquely an allo- 
steric system from binding date in conjunction with other 
experimental evidence, and we consider results on the 
binding of succinate to aspartate transcarbamylase* 
(EC 2.1.3.2) and of guanosinetriphosphate (GTP) to bovine 
hver glutamate dehydrogenase* (EC 1.4.1.3). 


_ [A] PEKAS] + KASIP + X[A eK [SH+ KeS] 
[AN1 + KAS] + nX[A Y (1+KeLS]y a5 


Equation (1) relates the molar equilibrium concentra- 
tion of unbound ligand, [S], to a binding function ry 
(ref. 5). n and X are the integer and association 
constant describing the equilibrium n40; p and q are 
the numbers of equivalent sites per molecule of A and O, 
respectively; and K4 and Kc are the respective association 
equilibrium constants for the binding of ligand, [A] being 
the molar concentration of unbound acceptor A. Suitable 
extrapolation of binding data, together with an inde- 
pendent evaluation of n, should allow the determination of 
values for all but three of these parameters, namely 
gq, Ke and [A] (or p, Ka and [A]) for a polymerizing 
acceptor, X replacing [A] in the case of isomerization. 
Because the values of r and [S] determimed from each 
experiment can be substituted ın ation (1) to yield an 
expression containing three variables, it follows that 
sufficient simultaneous equations for evaluating these 
three remaining parameters are, in principle, available. 

Before discussing the application of such curve-fitting 
to experimental data, it is necessary to examine the effecte 
of a second ligand (or modifier), #, which binds reveraibly 
to acceptor: an isomerizing system is used to illustrate 
these effects. Clearly, the equilibrium constant X 
appearing in equation (1) is not relevant unless the second 
solute is absent or binds to equal extents to both isomeric 
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forms of acceptor. When the latter condition does not 
prevail, Frieden‘ has suggested that X should be replaced 
by X’, where 
_ y + LclE]) 
(1+ Lally 
for cases in which modifier # binds to the same number of 
sites (v) on both A and O, but with different intrinsic 
binding constants (La and Lc, respectively). A simplified 
equataon results when the total modifier concentration. is 
large enough so that Lc[H}>1 and Ds[W]>1, whereupon 


Z = X(Le/La)? (3) 


x (2) 


Thus a single constant X’ may suffice to describe binding 
data over a range of [S] ıf the concentration of modifier 
18 near saturating. 

In order to illustrate its use the curve-fitting procedure 
has been applied to data on the binding of succinate to 
aspartate transcarbamylase ın the presence of 4 mM 
carbsmyl phosphate?, this concentration having been 
chosen to ensure saturation of the enzyme with respect to 
modifier. These data have, of course, been interpreted 
already by Changeux and Rubin’ ın terms of the Monod 
model?: the aim of this study was to determine whether 
a unique set of parameters still pertained to these data 
when models with gp were also considered. 

The double-reciprocal plot of the binding data? is 
shown in Fig. la, the ordinate intercept and limiting slope 
of which yield estimates of 3-7 and 2:0 mM- for p and Ku, 
respectively (compare values of 3-8 and 2:0 mM- obtained’ 
by equivalent extrapolation of a Scatchard! plot). Table 1 
summarizes estimates of X’ and Kc (expressed as a pro- 
portion of K4) obtamed from three widely spaced points 
on the ryz-[S] curve. The first three lines of Table 1 
refer to the model with g=0: lmes 4—6 summarize the 
three possible combinations of the same experimental 
data for evaluating both X’ and Kc when the less active 
isomer possesses some affinity for ligand. For the model 
involving a non-binding isomer (q=0 and/or Kc=0), 
reasonable constancy of X’ is observed, its magnitude 
agreeing well with the value of 4 deduced earlier’, also 
on the basis of a non-binding isomer (q=4, Kc=0). 
Furthermore, from Table 1 it is clear that binding of 
succinate to the second isomer must be excluded, because 
there is no set of values of either X’ or Ke/Ka which 
retains physical meaning over the range of experimental 
points examined. 

On the basis of curve-fitting it would therefore appear 
that the model proposed by Changeux and Rubin’ does 
represent a unique solution to the published binding data. 
In this connexion we note the incompatibility of the 
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experimental data with the theoretical ordinate intercept 
(arrow in Fig. la) for a system with six active sites, the 
number suggested by recent gel electrophoretic? and elec- 
tron microscopic’ studies of aspartate transcarbamylase. 

We now wish to discuss the application of curve-fitting 
to data on the binding of GTP to liver glutamate dehydro- 
genase in the presence of 4x 10+ M NADH‘. In this 
instance polymerization is responsible for the allosteric 
effect, the active form of the enzyme being a monomer 
with molecular weight 310,000 (ref. 11). The exact 
nature of the polymeric oligomer ıs unknown, but for 
purposes of illustration we have interpreted the binding 
data on the basis of an mactive hexamer, for molecular 
weights in the vicinity of 1,900,000 have been obtained 
at high concentrations of the enzyme!!!. Fig. 1b presents 
the binding data reported‘ for three concentrations of 
glutamate dehydrogenase, values of rar having been 
adjusted to conform with the revised estimate" of Mua. 
The dashed line represents our estumate of the tangent 
to these data at 1/[S]}—0, from which values of 6 and 5:0 
uM- are obtained for p and Ka, respectively. The solid 
lines represent theoretical plots for a monomer—hexamer 
system with g=0 and X’=6-7x 103 M~, these values 
having been found to fit the experimental binding data 
at the lowest enzyme concentration (circles in Fig. 16). 
These estimates of g and X’ also describe adequately the 
experimental data at the second lowest enzyme concen- 
tration (triangles), but much poorer agreement between 
prediction and experiment is found when an acceptor 
concentration of 1 mg/ml. is considered (squares in Fig. 
1b): description ın terms of these parameters is com- 
pletely inadequate at higher concentrations of glutamate 
dehydrogenase. 

Inability of the same set of parameters to represent the 
binding date at all concentrations of aeceptor could be 
ascribed to effects such as the possession of some affinity 
for GIP by the hexamer, or to the presence of other 
oligomers besides monomer and hexamer. A more likely 


Table 1. OURVE-FITTING OF SIGMOIDAL BINDING DATA OBTAINED WITH THE 
ASPARTATE TRANBO. COINATH SYSTHM™ 


[S] i Ifq=0 Ifg=1 Ifg=2 
(mah ae (ra), (ru), X E |Ea X’ KojKa X’ KelKa 
010 019 4-4 

0-52 168 19 

184 2:06 16 ; 
0-10 0-52 019 1-66 09 2-0 i 1 
010 1:34 019 2-66 61 09 4 ț 
O52 1:84 1-66 2 66 = = - 0-8 


* Data are calculated from Fig. 1a of ref. 8 with the ald of the following 
additional information’ n=1; p=8-7 and Ka=2-0 mM (inferred from Fig. 
1a). In the tabulation of apparent values of parameters deduced on the 
basis of various models, a us sign indicates a negative value, while the 
tan the absence of any real roots to the simultaneous equations 
8698 $ 
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explanation, however, is that the constituent concentra- 
tion of NADH (4x 10~ M) is insufficient to saturate the 
enzyme with respect to modifier: the reported value of 
10* M~ for the modifier bmding constanti? supports this 
suggestion. Complete description of the glutamate 
dehydrogenase-GTP-NADH system would then require 
definition of additional parameters such as [Æ], La, Le, 
v and X’, as well as those describing the system in the 
absence of modzrfier. 

In summary, the results obtained with the aspartate 
transcarbamylase-succinate-carbamyl phosphate system 
illustrate the potential of curve-fitting of binding data 
as & means of evaluating the parameters responsible for 
sigmoidal binding of ligands to macromolecules. Similar 
studies of the binding of GTP to glutamate dehydrogenase 
in the presence of NADH establish the need for exten- 
sion, of the present theoretical treatment of allosteric 
effects to include models with more than one ligand, if 
the potential of curve-fitting is to be realized fully. 
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Changes in Hypothalamic Responsiveness 
to Testosterone in Male Barbary Doves 
(Streptopelia risoria) 


Evivence derived chiefly from work on rodents suggests 
that androgens influence central nervous mechanisms 
underlying behaviour in two ways: first, during pre and 
neonatal development androgens differentiate mechaniams 
underlying male sexual behaviour’; second, ın adulthood 
androgens activate mechanisms organized during develop- 
ment to induce the expression of male sexual behaviour‘. 
Because male copulatory bebaviour in rate is induced by 
the direct application of testosterone to hormone sensitive 
areas of the hypothalamus*.* the process whereby andro- 
gens activate male sexual behaviour seems to have 
ite focus in the hypothalamic areas of the brain. It 1s not 
known whether the hormone-sensitivity of hypothalamic 
mechanisms involved in the activation of male sexual 
behaviour is actively maintained by androgens or by 
other factors. i 

This problem does not seem to have been studied in 
mammals. I have found, however, that the effectiveness 
of intramuscular testosterone treatments in re-eatablishmg 
male courtship behaviour in Barbary doves declines with 
time after castration: thus the re-establishment of court- 
ship in castrates treated after 3 months required signifi- 
cantly more daily treatments than males whose treatment 
began after 1 month. Because testosterone induces court- 
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ship by direct action on hormone-gensitive areas of the 
hypothalamus’, it can be argued that the declming 
effectiveness of intramuscular treatment with testosterone 
is caused by a change in hypothalamic receptivity to 
testosterone. This is not necessarily so, because castration. 
might have affected metabolic factors associated with 
peripheral transport and protem binding of testosterone 
which, in turn, would have altered the concentrations of 
testosterone reaching the hypothalamus. In order to 
examine further the posmbility that hypothalamic 
responsiveness to testosterone changes with time after 
castration, I compared the courtship displayed by groups 
of castrated male Barbary doves with hypothalamic 
implants of testosterone propionate positioned 15, 30 and 
90 days after castration. 

The expermmental males were maintained in visual 
isolation in separate cages for 3 months and illuminated 
for 13 h/day; the temperature was mamtaimed at 18° 
23° 0. At the end of this period, each male was tested for 
3 min with one of four test females on 4 consecutive days: 
the females, known to be sexually active, were rotated so 
that each male interacted with each female. The durations 
of male courtship patterns, consisting of “chasing”, 
“bowing” and “nest soliciting’’*, were recorded; males 
which failed to show these patterns were discarded. Each 
remaining male was castrated. At the time of castration, 
illumination was reduced to 8-5 h/day: the purpose of 
shortening day length was to reduce gonadotrophin 
secretion and high plasma levels of gonadotrophin known 
to result from castration’ and thereby prevent regeneration 
of testicular tissue and any posmble effects of high con- 
centrations of gonadotrophin that might directly influence 
mechanisms controlling courtehip!*. Beginning 11 days 
after castration, all castrates were tested for courtship for 
4 consecutive days; 12 per cent showed short durations 
of chasing and were discarded. The remainder, which had 
shown no courtship, were randomly allocated to three 
groups which were to be implanted on the fifteenth, 
thirtieth and ninetieth days after castration. Each male 
was implanted stereotaxically with crystalline testosterone 
propionate fused to the end of stamless steel tubing 
(33 gauge), one intrahypothalamic implant being posi- 
tioned unilaterally in each male and left in place until the 
end of the experiment. Implanted males were tested on 
the day after the operation and on 14 successive days; on 
the sixteenth day, the males were killed. The Position 
of the implant in the brain of each male was determined 
from 25 micron transverse sections: the tips of all implante 
of 15, 30 and 90 day old males lay within an area 0-5— 
1-5 mm lateral to the mid-line encompassing the nucleus 
preopticus medialis, the nucleus preopticus lateralis and 
the nucleus hypothalamicus anterior medialis. No 
evidence for regeneration of the testes was found from an 
autopsy carried out on each male; the vasa deferentia 
were atrophic. 


Table 1. IMPLANT WHIGHTS AND PERORNTAGES OF OASTRATRS THAT RESPON- 
IMPLANTS 


DAD TO 
Group: 15 day dé 80 day dg 90 day é 
11 6 
Implant weight* (ug) 83 + 38-1 413-4 3842-7 
Chasing (per cent) 100 100 0 
B (por cent) 80 36 0 
Nest soliciting (per cent) 80 91 17 


* Expressed as + standard error of the mean 


There were notable qualitative differences ın courtship 
after implantation between the groups (Table 1). The 
90 day group gave virtually no response to implants: one 
male displayed a 20 s bout of nest soliciting, but, apart 
from this, all 90 day males were unresponsive to the test 
females. Most of the 30 day males showed chasing and 
nest soliciting, but few showed bowing. In contrast, 
nearly all 15 day males showed the three courtship 
patterns. 
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Davs after implantation 
Fig. 1. Development and decline of response to hypothalamio implants 
of testosterone propionate. The percentage of males that showed tourt. 
ship has besn Galonlated for each postoperative day. a, Nest soliciting; 
b, bowing; c, chasmg. O, 15 day males; @, 80 day males. 


The response to implants developed more rapidly in the 
15 day group than ın the 30 day group (Fig. 1): a higher 
Percentage of 15 day males showed , bowing and 
nest soliciting on the first two days after implantation. 
This difference was not maintained after the fifth day 
after implantation when the percentages of males that 
showed courtship began, to decline m both groups. 

Although there were no significant differences in 
durations of chasing, bowing and nest soliciting between 
the groups before castration, 30 day males showed 
significantly shorter peak durations of bowing than 15 
day males after implantation (Table 2). This difference 
in bowing display between the groups is also reflected in 
the results of a comparison between bowing before 
castration and after implantation: 30 day males displayed 
significantly shorter peak durations of this pattern 
(Wilcoxon matched pairs test, two-tailed, P< 0-05) after 
implantation than before castration, whereas m 15 day 
males there was no significant difference between these 
measures. A further difference between 15 day and 30 
day groups was ın the response latency: this measure was 
significantly shorter for chasing and nest soliciting m the 
16 day group (Table 2). Because only one male of the 90 
day group responded, no statistical comparison was made 
between this group and the 15 and 30 day groups. 


Table 2. OOMPARIBON THE COURTSHIP RESPONSES OF 15 DAY AND 
TRATES 


BETWEEN 
80 DAY IMPLANTED OAS 
Response t Response t 
8 lod (da: laten days) 
® Nest periost Wat Ta est 
Chas- Bow- ae Ohas- Bow- ri Ohas- Bow- solicit- 


ing ing ing ing ing ing mg 
15 day 33 
median 84 11 99 8 1 2 1 1 165 
P$ ns <0-05 ns ns ns ns <0 02 ns <0°05 
80 day sg 
median 87 0 64 4 0 2 2 1 8-5 


* The longest of the daily durations of display of a pattern, the dally 
duration for each male is the sum of the durations of bouts of display of the 
pattern within the 8 min observation period. 

Total number of days on which a pattern was displayed. 
Total number of days before the first appeararice of a pattern. 
$ Mann-Whitney U test, two-tailed; ns, not significant. 


The results indicate that a decline in hypothalamic 
responsiveness to testosterone implants ocours after 
castration: the effects on courtship of this decline are 
evident in males implanted at 30 days after castration and 
more marked in males implanted at 90 days. The failure 
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of the 90 day males to show a response to implants is not 
the result of the long period of visual isolation, because the 
experimental males were all isolated for 3 months before 
being castrated without any discernible effects on their 
courtship behaviour. 

Many factors may contribute to the change in respon- 
siveness of the hypothalamus to implants. Apart from 
the effects of the absence of gonadal hormones on the 
hypothalamus, there may be inhibitory effects caused by 
the shortening of the period of illumination, or diffuse 
functional changes in the systems controlling behaviour 
which inhibit the response of the hypothalamus to ım- 
plants. That the androgen deficit is an important con- 
tributory factor in the declme in msiveness to 
testosterone implants 1s indicated by the finding that 
successive daily treatments of testosterone propionate 
(300 pg/day), injected intramuscularly, re-established 
courtship after 6-8 days in 90 day castrates given the 
same short daylight regime as the 90 day implanted group. 
Testicular androgen, therefore, m addition to its immediate 
activating effects on receptive elements in the preoptic and 
anterior hypothalamic areas to induce courtship, maintains 
the androgenic responsiveness of the CNS of male Barbary 
doves. The declme in responsiveness to testosterone 
implants in castrates may be caused specifically by 
cellular changes ın the preoptic and anterior hypothalamic 
areas. Gonadectomy is known to cause neuronal changes 
in the hypothalamus: in rats, ovariectomy results in a 
decrease in the size of the nucleoli of supracptic, arcuate 
and mammillary neurones! and an merease m spontaneous 
discharge rates of preoptic and anterior hypothalamic 
neurones’*. Castration causes shrinkage of paraventricu- 
lar and supraoptic neuronal nuclei", No study seems to 
have been made of cellular changes in the avian brain 
after castration and the problem must remain open to 
speculation as far as doves are concerned until the testo- 
sterone-sensitive elements in the hypothalamus have been 
identified. 

I thank Professor R. A. Hinde for his comments on the 
manuscript. This work was supported by the Science 
Research Council. 

J. B. Huronison 
Sub-Department of Animal Behaviour, 
University of Cambridge, 
Madingley, 
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Facilitation of Peptide Synthesis by the 
Use of 4-Picolyl Esters: Synthesis of 
Val*—Angiotensin II 

Tas simplified procedure for peptide synthesis in which a 
basic “handle”, incorporated into the O-terminal residue, 
facilitates the extraction of the growing peptide after each 
coupling step} has now been examined in a synthesis of 
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Val®-angiotensin Il. The basic “handle” was provided 
by the 4-picolyl ester of the C-terminal phenylalanine; 
this group can conveniently be removed by catalytic 
hydrogenation or by electrolytic reduction (unpublished 
work of D. Stevenson and W. B. Watkins). An analogous 
method using p-dimethylaminoazobenzyl esters has re- 
cently been reported‘. The synthetic scheme is shown in 
Fig. 1. Coupling reactions (using 1:05-3-0 M proportions 
of acylating agent) were continued until no unchanged. 
amino-component could be detected by thin-layer chroma- 
tography (limit of detection, 0-1 per cent); the histidine 
and arginine residues were incorporated by means of 
dicyclohexylearbodiimide. The basic coupling product 
was extracted into 2 N-citric acid solution, except in the 
Val Tyr 


Asp Arg 


OBal 


Fig. 1. Scheme of synthesis of protected Val'-anglotensin 1. 
Z, Bonsyloryearbonyi: Boo, t-butoxycarbonyl; Bal, benzyl; 


figuration. 
2,4,6-trichlorophenoxy. Btage 1a 1s the first co 
protecting group (Boc) from the 


final stage, when the product was taken up on sulpho- 
ethyl-‘Sephadex’ saturated with 3-bromopyridine?. So 
effective were these simple separations that at every step 
the crude protected peptide was chromatographically pure 
(in at least four solvents) and had satisfactory elemental 
analysis. The overall yield of protected octapeptide (based 
on L-phenylalanine 4-picolyl ester dihydrobromide) was 
34 per cent. 

A sample of protected octapeptide was hydrogenated in 
80 per cent acetic acid in the presence of palladium on 
charcoal during 66 h, and the free peptide was obtained 
by trituration with ethanol and evaporation of the water- 
soluble extract. The crude Val’-angiotensin IT (86 per 
cent yield) analysed satisfactorily for the monoacetate 
pentahydrate’, and analysis of the hydrolysate gave the 
following amino-acid ratios: Asp, 1:06; Arg, 0°97; Val, 
1-86; Tyr, 0-89; Pro, 1:12; Phe, 0-99. The hydrogenation 
of protected peptides of this kind is, however, known to 
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be difficult, and high-voltage electrophoresis of the crude 
product at pH 7-2 revealed minor contaminants, possibly 
partial hydrogenation products, which moved. towards 
the cathode. At pH 5-8 and 6-36, and mn paper chromato- 
graphy in the three solvents recommended in ref. 5, one 
spot only was revealed by ninhydrin and by the Pauly 
reagent. In a rat pressor test (carried out by Dr W. F. 
Cook of the Department of Pharmacology) the crude 
product showed 73 per cent of the activity of the Inter- 
national Research Standard A, the fiducial limite of tho 
assay being 111 to 90 per cent (P = 0-95). 

The procedure illustrated here greatly simplifies peptide 
synthesis while at the same time allowing reactions to be 
carried out in mild- conditions in homogeneous solution. 
Ha Pro 


Val Phe Staps 


H-+-O0Pic 


OPi0 


Hi 3 


N] 


Bi 
1-5 


š 


8 
[s 
3 f} 


3 


$ 


? 


; 


OPis 


F 


ORo 


All the amino-acids have the L-con- 
Pio, 4-plcolyl; OCP, 

reaction, stage 1b is the rem of amıno- 
t (dipeptide) product, and go on. 


It enables the completion of reactions to be assured, and 
—most important of all—the purity of every intermediate 
to be verified. 


R. GARNER 
Q. T. Youne 


The Dyson Perrins Laboratory, 
University of Oxford. 
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Mechanism and Consequences of 
Hybridization in Sparrows Passer 


In the summer of 1967 in Wytham near Oxford, I induced 
house sparrows Passer domesticus to rear young tree 
sparrows P. montanus, and vice versa, by exchanging 
freshly laid clutches of the two species ın nestboxes. 
Details of this experiment will be discussed elsewhere. 

Young reared by foster parents were marked with 
numbered rings and allowed to fledge normally. Two of 
these, both P. domesticus fostered by P. montanus, were 
subsequently recaptured alive; one of them, a male No. 
BE 50060, was roosting m a nestbox in Wytham village 
during the winter of 1967—68. In early May 1968 a 
clutch of P. montanus eggs was laid in this nestbox; 
the young that hatched all died, one surviving to the 
ninth day (many broods failed at this time because of 
unfavourable conditions). 

In early June, a second clutch of P. montanus eggs 
appeared m the same box, all five hatchmg successfully. 
On the eleventh day the male P. domesticus BE 50060 
was trapped at the nest while feeding the young and so 
was presumably mated to the female P. monianus. On 
the fifteenth day the young were sufficiently well feathered 
for their species to be determined; of the five young, 
three appeared to be normal tree sparrows montanus 
and two to be hybrids; one of these was collected for 
skinning, after the brood had been photographed. This 
anomalous brood, with two kinds of young from one 
clutch, was followed by another m July/August when 
four of five eggs hatched, and gave rise to two presumed 
hybrids and two apparently normal montanus. The 
only parent caught feeding the young was again the male 
P. domesticus BE 50060. All these young were ringed 
and allowed to fledge normally. Four birds fledging 
from these broods have been subsequently trapped and 
their appearance and measurements have continued to 
support the conclusion that in each brood two different 
types of young hatched from a single apparently normal 
clutch of eggs laid by a female P. montanus. A brief 
summary of the evidence from weights and plumage 
characters is given in Table 1. I have detailed plumage 
notes and colour slides of the birds at all stages. Hybrids 
have been described by several authors'*, my birds 
closely resembling these, and also the only specimen m 
the British Museum (B.M.Rg. 1943.1.7.1.). 

This suggests that the female tree sparrow, which laid the 
two clutches described, succeeded in each case in getting 
her eggs fertilized by two separate males—one of these 
bemg a bird of her own species, and the other the house 
sparrow male No. BE 50060, raised in a tree sparrow nest. 

It has long been known in poultry Gallus domesticus that 
more than one cock may contribute to fertilizing a 
“glutch”—that is, after exposure to males of different 
breeds, a hen may subsequently lay eggs sired by any one 
of them’. Several matings are needed to ensure that 
fertile eggs are laid’, although such eggs may be laid up 
to 29 days after the last matmg’. Information is scarcer 
for birds that lay discrete clutches, but Berry (personal 
communication) has told of an occasion when he watched 
a male Canada Goose Brania canadensis interrupt a 
copulation between a male Whitefront/Greylag hybrid 
Anser albifrons x anser and a female Chinese Goose B. 
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chinensis, and copulate with her himself. Three young 
hatched from five eggs, one of which had obvious Canada 
parentage. Anecdotal evidence of polypaternity (more 
than one father per clutch or litter) exists for several 
species of duck kept in captivity (ref. 8 and Kear, personal 
communication). It ıs of interest that the male P. 
montanus, a member of a species where the pair bond is 
normally strong, should have allowed copulation by a 
male other than her mate. Perbaps the stumulus of display 
from a male P. montanus may have overcome her attach- 
ment to her P. domesticus mate although 1b is odd that it 
should have happened in two successive broods; she 
could have been polyandrously mated (polygyny has been 
recorded in Passer domesticus’, but I can find no reference 
to polyandry in the whole order Passeriformes’). It 1s 
perhaps more likely that she wes confused in some way 
because her true mate was not ‘“‘normal”. Both sparrows", 
but especially P. domesticus, have a display m which a 
number of males chase a female. This display sometimes 
ends in an attempted promiscuous copulation. In ducks 
Anatidae a sumilar display ıs common", and Smith™ 
suggested that the promiscuous copulation (“rape”) at 
the end of the pursuit may play an important part in 
fertilzation ın one species, the pintail Anas acuta. Success- 
ful “rape” of this kind may occur more often in sparrows 
than has been noticed hitherto. The significance of a 
breeding structure involving polypaternity superimposed 
on a pair—bond link has not been discussed in the literature. 

Although hybridization between the two sparrow species 
has been described before, my observations indicate 
how this may happen in the wild in two species that 
normally remain completely segregated. Immelmann: 
described an experiment where zebra finches Taeniopygia 
(guttata) castanotis were crossfostered with streaked 
Munias (Benghalese finch) Lonchura striata. After isola- 
tion for 2 months, sexually mature young were given the 
choice of real and foster parents. The crossfostered males 
chose foster females unequivocally, paired and copulated 
with them; they either ignored or attacked their own 
species. The females, on the other hand, were initially 
attracted by males of the foster species, but turned to 
their own species when these began to display. Tho 
crossfostered males also‘ learn the song of the foster species 
even if birds of their own species are within earshot. A 
similar type of early learning presumably happened to 
the malo BE 50060, resulting in his sexual behaviour 
being directed towards female P. montanus. House 
sparrows P. domesticus are sexually dmmorphic, the male 
being superficially similar to both sexes of P. montanus. 
which is monomorphic. Thus a P. montanus female 
would probably recognize a P. domesticus as a good approx- 
imation to a tree sparrow, though ıt is interesting that he 
should recognize as female a bird that resembles much 
more closely males of his own species. 

It appears that house sparrows are subject to smmular 
early learning effects, as the estrildine finches of Immel- 
mann. If then, in a normal wild situation, a P. domesticus 
was accidentally hatched and reared by a pair of P. 
montanus, natural hybrids could result when the nestling 
go fostered bred in the following season. Both species 
of sparrow will usurp each other’s nests (although it is 
commoner for P. domesticus to displace P. montanus) and 
by this means a natural egg transfer could occur’. 


Table 1. DETAILS OF REGAPTURED BPARROWS 


Date of fledging 
Brood Ring No. “Type” Wt. (g) on day: Date trapped later and details 
16 (first) 11 (second) 
First BH 00277 P. montanus a 4.11.68: 21 6 g, fully moulted, normal monianus 
Second BE 07896 Hybnd (11 8.68) 22.8.68° 24 g, moult beginning: hybrid plumage 
210 9.1.60: 26-5 g, fully moulted hybrid, plumage features intermediate 
97 Hybrid 24:5 18.9.68° 25-5 g, half moulted—new plumage intermediaie. 
98 P. montanus 20:5 11.12.68. 22-5 g, fully moulted, normal montanus. 
Usual range of fledging weights in domesitous 20-81 g Usual range of weight in adult domesticus 23-32 g 
Usual range of fledging weights in montanus 16-23 g Usual range of weight in adult montanus 18 5-28 5 g 


180 


It should be noted that some people have suggested to 
me that the two forms of young in the two broods were 
both hybrids, one sort intermediate and the other exactly 
resembling one parent. A. P. Gray assures me that it is 
very unlikely that hybrids would exactly resemble one 
parent, -and knows of no such cases. Silver’ states that 
aviary-bred male and female hybrids are different, 
although both are intermediate in their characters. Both 
the recaptured hybrids mm my case were male-type m 
plumage after the moult, as are the tree sparrows by 
definition. But I think it 1s much more reasonable to 
assume from my data that polypaternity occurred rather 
than that the hybrids are polymorphic, one morph 
exactly resembling one of the parental species. 

This work was done during tenure of a Natural 
Environment Research Council studentship. I thank 
Dr J. Kear, Dr J. Berry and Miss A. P. Gray for valuable 
information and advice, and the latter for providing 
poultry references. I also thank Dr D. Lack and Mr P. J. 
Jones for criticizing drafts of this communication. 
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Multiple Sex Pheromones of the 
Mealworm Beetle, Tenebrio molitor L. 


AMONG insects known to use & sex pheromone, it is most 
common for one sex to respond to the chemical signal 
produced by the opposite sex’. Yet in some species, 
apparently both sexes respond to the pheromone’, and 
recently it has been shown, ın & few cases at least, that the 
two sexes may produce distinct pheromones**. Tenebrio 
molitor has previously been regarded as a classic case: 
females excite and attract males by means of a sex 
pheromone*?. There are several pheromones which. 
mediate the reproductive behaviour and physiology of 
Tenebrio, and we have found that the males as well as 
the females produce sex pheromones. Furthermore, the 
male pheromones are of two distinct types: (1) an excitant 
which attracts females and (2) an anti-aphrodisiac which 
inhibits the response of other males to female scent. 

To demonstrate that both sexes produce attractants, 
groups of ten beetles of the same sex were confined in & 
small chamber. While unscented air passed through the 
chamber, the beetles aggregated near the air-outflow. 
When the airstream was laden with an attractive scent, 
the beetles rapidly moved to the air-mflow*. As Table 1 
shows, each sex produces an attractant, and only the 
opposite sex responds. 

When similarly bioessayed, homogenates of either sex 
yielded analogous results; for example, extracts of males 
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Table 1. RESPONSE OF MALM AND FEMALE Tenebrio TO SOBNTS OF LIVE 
BNBTLES 


Males responding* Females responding* 


Scent source (per cent) (per cent) 
Live male 5 62 
Live female 60 9 
No scent 6 


8 
led results of at least twenty replicates. 
8 weeks old. 


* Hach percentage represents 
All beetles were virgin and more 


were fifty times more potent towards the females than 
were extracts of their own sex’. But the responses to a 
mixture of male and female extracts were surprising. 
When tested on females, the mrxture was fully as attrac- 
tive as its male component, but when tested on males, 
the mixture was less than one-tenth as potent as the pure 
female extract. The male component of the mixture 
somehow seemed to mask the effectiveness of the female 
component. 

Experiments with live beetles showed that males emit 
an anti-aphrodisiac. One male and one female were used. 
as simultaneous scent sources for the bioassay. The two 
sexes were inserted into the airstream in three sequences: 
in parallel to each other; in series with the male upwind 
from the female; and in series with the female upwind. 
Each female was tested alone on four chambers of males 
and then she was tested in combination with the male on 
four more chambers. (A single female could be used as a 
source of scent for twenty consecutive tests with no loss 
of effectiveness.) Only when the female was upwind did 
the addition of male scent affect the results (Table 2). 
In such cases, the male in the influent was exposed to 
female scent; often he was observed to be extruding his 
genital segments. The male emitted the inhibitory 
pheromone only after stimulation by female scent. The 
longer his to female scent, the greater was the 
inhibitory effect of any given male. In the first, second, 
third and fourth testa with the female upwind, the male 
responses (pooled) were 62, 57, 42 and 40 per cent respec- 
tively. 


Table 2. RESPONSES OF MALE Tenebrio TO THB SOENT OF A LIVE FEMALE 
AND TO THE OOMBINED SOENTS OF A LIVE ¥UMALH AND A LIVH MALE 


Female alone* Female + male* 
Sequence (per cent) (per cent) 
In parallel 67 (not significant) 738-6 
In series 
Mile upwind 70 ee cant) 71 
Female upwind 59 (P <0-001, 7? = 19-0) 45-2 


* Pooled resulta from at least five replicates. 


A final series of experiments indicated that the male 
transfers some of his anti-aphrodisiac to the female 
during mating. Live virgin females were tested for attrac- 
tiveness in the bioassay, then allowed to mate, and were 
immediately re-tested. Before mating, 60 per cent of the 
males responded; after mating, only 47 per cent re- 
sponded, and this difference is significant by the x? test. 

The adaptive significance of the attractant produced by 
males of Tenebrio molitor is obvious: it brings the sexes 
together for mating. This pheromone may well have 
additional significance after mating. Females which 
rushed to the inflow in response to male scent often ex- 
truded their ovipositors, su that male scent 
promotes rapid oviposition. Tenebrio females mate many 
times; as many as six spermatophores may be trans- 
ferred to a single female in a few hours. Such repeated. 
matings have been reported in other tenebrionids. In one 
species, Tribolium castaneum, Schlager has used a genetic 
marker (black body colour) to compare the relative 
utilization of sperm from successive matings. In terms 
of their tendency to fertilze eggs, sperm transferred ın 
later copulations took precedence over sperm previously 
sequestered in the spermathaeca’’. A similar situation 
probably holds for Tenebrio. If so, then the excitant which 
releases oviposition behaviour and the anti-aphrodisiac 
play complementary parte; both increase the hkelihood 
that a mated female will utilize the freshly transferred 
sperm before another male chances on her. 
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Lethal Effect of Feeding Rats on 
Galactose-Ethanol 


GALACTOSE is a physiological substance which is usually 
well tolerated provided its breakdown is normal. In 
patients with galactosaemia, who lack the enzyme 
galactose-l-phosphate uridyl transferase, galactose is 
toxic, causing cataract and brain and liver damage. 
presumably because of the accumulation of galactose- l- 
phosphate!. The exact mechanism involved is not known, 
however, and extensive studies have been hampered by 
the lack of an experimental model. 

The elimination of galactose can be depressed experi- 
mentally by ethanol, which inhibits uridine diphosphate 
galactose 4-epimerase by increasing the ratio of NADH, 
to NAD?. The transferase reaction which precedes the 
epimerase step is reversible? and the phosphorylation of 
galactose is irreversible’, so that inhibition of the epimerase 
by ethanol may have the same consequences as the lack 
of transferase activity. We have investigated this ques- 
tion by giving rats a diet rich in galactose and ethanol. 

Albino rats of identical breed, weighing about 100 g. 
were kept in separate cages and received nothing but a 
liquid diet containing 1 calorie/ml. given freely. The 
body weight and the quantity of diet consumed were 
recorded daily. Four types of liquid diet (Table 1) were 
used and each was given to five male and five female rats. 
Vitamins were added to all the diets. Animals surviving 
29 days on the diet were decapitated. Liver, brain and 
eyes were removed for histological examination in all 
animals as soon after death as possible. 

Table 1 shows that animals receiving ethanol or galac- 
tose lost weight, but those on the combined ethanol- 
galactose diet lost far more weight. After a few days on 
the ethanol—galactose diet they looked sick and apathetic, 
and they all died between the tenth and the twenty- 
second day. Histological examination of liver and brain 
revealed no marked differences between groups. The 
eyes from all animals receiving galactose had cataract; the 
changes were most pronounced in the ethanol-galactose 
group. 

The results indicate a toxic effect of combined ethanol- 
galactose feeding in rats. Ethanol given in equal amounts 


Table 1. 
Diet 
Percentage of calories i Sex 
Casein Fat Sucrose Ethanol Galactose 
14 26 60 0 0 x 
14 26 30 30 0 M 
14 26 30 0 30 M 
H 26 0 30 30 M 
F 


Each group consisted of five animals. 
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Fig. 1. The effect of liquid diets on the survival of rats. For composi- 


tion of diets see Table 1. [1], Male rat; ©, female rat. 
to rats® has produced fatty infiltration in the liver during 
24 days. Rats receiving a diet containing 81 per cent 
galactose died in a week‘, and in experiments with a 50 
per cent galactose diet slight degenerative changes were 
seen in the liver after 23 days, small neeroses after 50 
days, and after 108 days degenerative, sudanophilic 
material was present in the white matter of the cere- 
bellum’. ` 

The rather acute lethal effect of combined ethanol- 
galactose feeding cannot be explained by the addition of an 
ethanol effect and a galactose effect. One of the sub- 
stances can be assumed to modify the metabolism of the 
other in a harmful way. The established inhibitory effect 
of ethanol on galactose metabolism is the most probable 
clue to the problem. If that is so, ethanol-galactose 
feeding may provide a much needed experimental model 
of the toxic effects of galactose in patients with galactos- 
aemia. 
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Australia Antigen detected in the 
Nuclei of Liver Cells of Patients with 
Viral Hepatitis by the Fluorescent 
Antibody Technique 


Our suspicion that the Australia antigen associated with 
acute and chronic hepatitis is a virus and is the cause of 
the disease has been supported by examination of material 
from affected patients. Au(1) was first detected in the 
serum of an Australian aborigine!, and the geographic 
distribution, disease association, genetics and physical 
and chemical characteristics of this unusual antigen have 
been described?*. One of the most startling findings in 


EFFECT OF LIQUID DIETS ON BODY WEIGHT AND INTAKE OF CALORIES (MEAN AND S.E.M.) OF MALE (M) AND FEMALE (F) RATS 


Body weight Average change Average intake Body weight 
d 


at start in weight of calories at en 

(g) (g/24 h) (cal/24 h) (g) 
106 (+ 1-0) 0-59 (+ 0-23) 48 (+ 3-0) 118 (6-5) 
98 (+ 2-5) 0-00 (+ 0-13) 39 (41-0) 98 (+ 4:2) 
107 (+ 2-6) — 0:49 (40-34) 36 (+1-8) 99 ( +5:3) 
103 ( + 2-6) — 0-16 (+ 0-05) 33 (+10) 93 (441) 
104 (+ 2-5) — 0-26 ( + 0-20) 51 (42-2) 96 (+ 4-4) 
98 (41-2) —0-37 (+011) 89 (+13) 86 (+35) 
102 (+ 2-6) -2-88 (+ 0-13) 30 (41-5) 67 (41:7) 
99 (41-9) — 2-37 (40-18) 25 (41-2) 58 (42-5) 
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Electron photomicrograph of purified fraction of Au(1) from 
Particles are 200 A units in 


Fig. 1. f 
serum of patient with anicteric hepatitis. 
diameter. 


the investigation of Au(1) was the appearance of purified 
fractions when viewed with the electron microscope, as 
observed by Bayer et al’. The fractions contained 
uniformly round particles measuring approximately 200 A 
in diameter with cores in some particles and what appeared 
to be surface subunits (Fig. 1). Antibody to Au(1) has 
occurred in transfused patients who have received multiple 
transfusions and was produced in rabbits by hyper- 
immunization with human sera containing Au(1). Both 
the human and rabbit antisera gave identical precipitin 
reactions’. 

We prepared anti-Au(1) antiserum by hyperimmunizing 
rabbits using the method previously described*. The 
immune globulin (IgG, 78) fraction was separated from 
5-0 ml. aliquots of absorbed rabbit antisera by passage 
through a DEAE ‘Sephadex’ column (100 x 25 cem)’. It 
has been shown that antibody to Au(1) is in the IgG 
fraction’, The purity of the IgG pool of several runs was 
confirmed by immunoelectrophoresis. The anti-Au(1) 
gamma globulin component produced a single precipitin 
line with sera which contained Au(1) and no reaction with 
normal human sera which did not contain Au(1). The 
purified IgG was conjugated with fluorescein isothioeyan- 
ate by the method of Cherry et al? using fluorescein 
isothiocyanate isomer I (Baltimore Biological Labora- 
tories), and the conjugate was purified by the procedure 
of Curtain’. The conjugated antiserum was considered 
acceptable for use when it produced a single precipitin 
band with a serum containing Au(1) and no band with 
normal serum (which did not contain Au(1)). The fluor- 
escent precipitin band showed a line of identity with the 
bands produced with unconjugated antisera (Fig. 2). 
The conjugated antiserum was used to test liver biopsy 
specimens and other tissues for the presence of Au(1). 
Liver biopsies were examined from nine patients. Seven 
of these biopsies were obtained by aspiration using a 
Menghini needle. One was obtained during surgery and 
the other during autopsy. Four of the nine patients had 
some form of viral hepatitis including two acute infectious, 
one post-transfusion, and one chronic anieteric, and all 
had Au(1) in their serum. The five control patients had 
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Table 1, CORRELATION OF HEPATITIS, SERUM AUSTRALIA ANTIGEN (av(1)), 


AND HEPATIC INTRANUCLEAR FLUORESCENT GRANULES 


Fluorescent 
No. Au+ Au~ — granules 
Paticnts with hepatitis* 4 4 0 4 
Patients without hepatitis(normalliver)+ 5 0 5 0 


* Includes: two patients with infectious hepatitis; one patient with post- 
transfusion hepatitis: one patient with chronic renal disease and chronic 
anicteric hepatitis, 

t Includes: one stillborn; one patient with aplastic anaemia; one patient 
with pancreatitis: one patient with hepatoma; and one patient with mental 
retardation. 


no detectable liver disease except for one with hepatoma 
and no Au(1) (Table 1). 

In one patient with chronic renal disease and chronic 
anicteric hepatitis with Au(1), specimens of kidney, 
jejunum and mesenteric lymph nodes were obtained in 
addition to liver. The autopsy material was frozen at 
— 30° C. All other tissues were used fresh. The specimens 
were minced aseptically in a few drops of McCoy’s 5a 
medium (Grand Island Biological Co.) and the finely 
minced tissue was then drawn into a sterile Pasteur 
pipette and one drop deposited on each of several slides. 
The drop suspensions were allowed to air dry and were 
immediately fixed in acetone for 10 min at room tempera- 
ture. 

Sternal bone marrow specimens were obtained from 
seventeen Down’s syndrome patients, fourteen of whom 
had Au(1) in their blood and chronic anicteric hepatitis. 
The remaining three had neither Au( 1) nor any evidence 
of liver disease. Thin smears of each specimen were made 
on slides which were air dried and fixed with acetone. 
The slides were flooded with conjugated anti-Au(1) which 
had been diluted to 0-5 mg/ml. of protein, and placed in 
a moist chamber for 45 min at 37°C. They were then 
washed in three separate phosphate buffered saline baths 
(pH 7-2); the first for 15 min and the second and third 
for 5 min each. The stained slides were examined with a 





Pig. 2. Micro-immunodiffusion pattern showing continuous line of. identity 

between fluorescein isothiocyanate conjugated rabbit antiserum, well 2, 

unconjugated rabbit antiserum, well 3, and human serum containing 

Au(1), centre well. Wells 1, 4, 5, and 6 contain normal rabbit sera. The 

thick band between well 2 and the centre well fluoresces. Photo taken 

under reflected ultraviolet light superimposed over one taken with 
transmitted visible light. 
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Fig. 3. a, Fluorescent granules visible within nuclei of liver cells of patient with infectious hepatitis; b, same from patient with post-transfusion 
hepatitis, 


Zeiss microscope equipped with a condenser which permits 
the examination under phase optics or darkfield without 
disturbing the field. The HBO 200 W illuminator with 
UG I exciter filter and 41 barrier filter in darkfield was 
routinely used for fluorescence. To intensify fluorescence 
for photography the BG 12 exciter filter and 53 barrier 
filter were use As a rule the UG | exciter filter was 
preferred because background autofluorescence appeared 
buff blue and never green with our reagents. 

In order to determine the specificity of a positive reac- 
tion we performed an inhibition test on all specimens 
showing fluorescence, by flooding replicate slides with 
unconjugated Au(1) antiserum, incubating and washing 
as described, before staining with the fluorescein con- 
jugated anti-Au(1) antiserum. If the unconjugated anti- 
serum is specific for Au(1) it should bind these antigenic 
sites and prevent staining with the conjugated antiserum. 

‘Table 1 summarizes the results of tests done on the 
liver tissues. The mincing technique produced well iso- 
lated hepatic parenchymal cells. When viewed under 
ultraviolet light the slides from all four patients with 
hepatitis and Au(1) in their serum had discrete fluorescent 
granules within or on the nuclei of almost every cell 
(Pig. 3a, b). The granules are round, dense and well- 
defined, ranging in number from one to as many as 
thirty per nucleus; conglomerates of granules were seen 
in some nuclei, Fluorescent granules were occasionally 
seen in the cytoplasm of cells in which the nucleus was 
disrupted. The possibility that these granules are nucleoli 
was considered unlikely because of the observation that 
many nucleoli identified under phase optics did not 
fluoresce. The inhibition test resulted in complete quench- 
ing of intranuclear fluorescence in all positive eases. The 
slides from all five patients with neither hepatitis nor 
Au(1) revealed dark nuclei and no fluorescence (Fig. 4). 
None of the other tissues tested, including bone marrows, 
showed fluorescent granules. 

The studies on Australia antigen and its relation to viral 
hepatitis have been recently reviewed‘. Australia antigen 
has been found in acute and chronic viral hepatitis and 
in carriers who have transmitted hepatitis to recipients 
of their blood?+4, Electron photomicrographs of 































purified Australia antigen from patients with viral 
hepatitis show structures which strongly resemble viruses. 
The particles are approximately 200 A in diameter and are 
composed of regular subunits in uniform packets’, 

The work described here shows that a specifie fluorescein- 
tagged antibody to Au(1) reacts with an antigen located in 
or on the surface of the nuclei of hepatic cells from patients 
with viral hepatitis. We believe this reaction to be specific 
for Au(1) because of (1) the positive inhibition test, (2) 
the failure to find fluorescence in normal liver cells, and 
(3) the specificity of our fluorescent reagent. Our data lend 
further support to previous publications on the association 
of Australia antigen with hepatitis, and specifically 








Fig. 4. 
conjugated rabbit anti Au(1) ant 
fluoresce: 


Normal liver cells from patient with pancreatitis stained with 
arum. Nuclel appear dark with no 
ent granules. 
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locate Au(1) within the nuclei of liver cells. The appear- 
ance of purified Au(1) under the electron microscope 
supports the possibility that Au(1) is a virus capable of 
causing hepatitis. We are at present evaluating the use 
of the “Au(1) fluorescent test” as a specific means of 
diagnosing viral hepatitis. 
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Susceptibility of the Domestic Pig to 
Influenza B Virus 


EarLy in 1966 we demonstrated antibodies to influenza 
B virus in stocks of swine which had been affected by an 
influenza-like disease late in 1965, during, or immediately 
after, an influenza B epidemic!. Piglets were inoculated 
intranasally with an early egg passage of an influenza B 
strain isolated from the 1965 epidemic. An inoculated 
piglet developed specific antibodies, a contact piglet gave 
an equivocal response. In the more extensive study 
reported here, experimental conditions were carefully 
controlled to give unequivocal results. 

Twenty-nine piglets, born in three litters on December 
27, 1967, were purchased from a well controlled state farm, 
free of respiratory and parasitic diseases. On February 1, 
1968, twelve piglets were inoculated with infectious 
influenza B virus. Six of these and six uninoculated 
piglets were then housed in a centrally heated room with 
closed windows, and the other six were housed with five 
uninoculated piglets in an unheated room with open 
windows. The remaining six piglets were inoculated with 
a formalin-inactivated sample of the same virus prepara- 
tion and kept in a well separated centrally heated room. 
Members of the same litter were not necessarily kept 
together. The temperature fluetuated between 9° and 
13°C in the unheated room and between 24° and 26°C 
in the heated rooms. 

The influenza B virus was the same as that used in a 
preliminary experiment (Budapest 10/65). After four 
amniotic passages, it grew very poorly in the allantoic 
sac. The amniotic fluid used as inoculum contained 10% 
amniotic ID jnl., and had a haemagglutination (HA) 
titre of 1 : 81 with chicken erythrocytes. 

A sample of the same virus preparation was inactivated 
in 0-04 per cent formaldehyde solution at 37° C for 4 h, that 
is until its infectivity was completely lost without any 
impairment of its HA titre and parenteral immunogenicity 
for guinea-pigs. 
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A sample (0-5 ml.) of the inoculum was sprayed into the 
nose and 0-5 ml. into the nasopharyngeal cavity of the 
piglets. Rectal temperatures were taken twice a day for 
2 weeks, and blood samples were taken at intervals 
(Table 1). 

Sera were inactivated at 56° C for 30 min, stored in the 
frozen state and usually treated with receptor-destroying 
enzyme (RDE). One volume of an RDE preparation, 
supplied by the World Health Organization, was diluted 
with an equal volume of Ca buffer. Of this, 0-1] ml. was 
mixed with an equal volume of serum to obtain in a smaller 
volume the ratio of RDE/seram recommended by the 
WHO. Later stages of RDE treatment were performed 
according to WHO instructions. 

For comparison, several serum samples were pretreated 
with KIO, as deseribed before’. 

In the haemagglutination inhibition (HI) test Takatsy’s 
mierotitrator method?, chicken erythrocytes and, in 
general, six HA units of virus were used. 

All the piglets remained clinically healthy, except for 
two which sneezed and had a serous nasal discharge. The 
average rectal temperature of the artificially in fected 
animals increased by 1-2° C (cold room) and 1-8° C (warm 
room), between the third and sixth days; the correspond- 
ing rises for the contact pigs were 12°C and 0-8° C 
between the fourth and eighth days. 

The piglets inoculated with infectious virus gave well 
defined HI antibody responses in both rooms—in the 
cold room (Table 1) rather greater (geometric mean = 
1 : 80) than in the warm room (geometric mean=1: 38). 
Those inoculated with non-infective virus remained 
seronegative. 





Table 1. HI TITRES TO INFLUENZA B VIRUS BUDAPEST 10/65 IN Plas 
KEPT IN THE COLD ROOM 


HI titres in serum samples taken on 


Pig No. Feb. 1 Feb. 15. Early May May 30 
Inoculated pigs* t 
15 — 60 20 480 
18 = 240 60 640 
19 = 160 15 480 
20 — 60 15 840 
22 = 80 40 640 
23 = 30 15 320 
Contacts ft 
13 =. = — 640 
14 — 15 — 640 
16 — _ 30 
17 _ 30 20 640 
21 — 80 5 640 


* Intranasal inoculation on February 1. 
+ Intramuscular booster dose on May 16. 
— = <5, 


Two contact piglets in the warm room and three in the 
cold room developed well defined titres; one in each room 
gave a doubtful response; three and one respectively 
remained negative. 

The specificity of the antibody responses was checked by 
a booster dose as soon as the HI titres were near the limit 
of detectability. 

The ten piglets that had received the inactivated virus 
or no inoculation into the respiratory tract gave primary 
responses (titres between 1:15 and 1:40 on May 30), 
whereas the response of all twelve artificially infected 
piglets and seven contact animals was of a secondary 
nature (titres between 1: 240 and 1 : 640). One contact 
piglet in the cold room gave a typical primary response 
(1:30), whereas the responses of three contacts in the 
warm room were intermediary (titres between 1: 60 and 
1: 160). 

In our preliminary experiments! sera were pretreated 
with KIO, and this raised some doubt about the specificity 
of the HI antibody responses demonstrated. For this 
reason in the work described here several serum samples 
were treated in parallel with RDE and KIO,. 

When samples treated with KIO, were tested against 
three or six HA units or less, specific and non-specific 
inhibition could not be distinguished, but in the presence 
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of twelve or more units the non-specific inhibition dis- 
appeared and the residual titres agreed well with those of 
the samples treated with RDE. > 

These results show that piglets can easily be infected 
either by spraying low egg-passage influenza B virus in 
their respiratory tract or, to a moderate degree, by 
contact. 

A successful influenza B infection in healthy piglets is 
accompanied by no, or very mild, illness. Presumably, in 
infested herds, like those we examined in 1966, the illness 
may be more severe. 

This work was supported by a grant from the Veterinary 
Public Health Division of Communicable Diseases of the 
WHO, Geneva. 
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Enhancing Effect of Interferon 
Antiserum on Viral Growth 


MAxY viruses have been shown to be sensitive to the 
inhibitory action of interferon? in tissue culture. Several 
of them are known to be potent inducers of interferon so 
that their growth is largely inhibited by their own inter- 
feron. Data concerning the neutralizing activity of inter- 
feron antisera against different interferons induced by 
viruses in the same cell system? or in the same animal 
Species*4 suggested to us that interferon antisera could be 
used to neutralize interferon in auto-inhibiting virus-cell 
systems, thereby enabling the virus to grow extensively. 

Mouse interferon antisera were prepared in rabbits 
by a slightly modified Paucker’s technique®. Inter- 
feron induced in L cells by Neweastle disease virus 
(NDV) was used for immunization’. Semliki Forest virus 


Fig. 1. 





SEV was diluted from 10-* to 10-* (left to right) and each dilution was 
‘mixed with L cells suspended in nutrient agarose in the presence of (A) 1 per cent normal 
serum, (B) 1 per cent L cell antiserum, (C) 1 per cent interferon antiserum. 
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Fig. 2. SFV plaques, (4) in L cells with normal serum, (B) in chicken 
embryo cells with normal serum, (C) in L cells with interferon antiserum, 
(D) in chicken embryo cells with interferon antiserum. 


(SFV), a potent auto-inhibiting agent, was serially 
diluted from 10-1 to 10-7. A small quantity, 0-1 ml., 
of each dilution was mixed at 37°C in a series of tubes 
with 107 L cells suspended in 2 ml. of 0-25 per cent agarose 
nutrient medium containing 1 per cent interferon anti- 
serum. Infected cell suspensions were then poured, 
according to Cooper’s technique’ into 35 mm Falcon Petri 
dishes. Two more series of dishes were prepared in the 
same way except that interferon antiserum was replaced 
by L cell antiserum or by normal rabbit serum. After 24h 
at 37° C in an atmosphere of 5 per cent CO,, 2 ml. of a 
nutrient overlay containing 1/104 neutral red was added, 
and plates were reincubated for 4 days at 37° C. 

Figs. 1 and 2 show that the size of virus plaques was 
greater in the presence of interferon antiserum than in 
controls. L cell antiserum did not enhance plaque 
formation; on the contrary it slightly reduced the size of 
plaques. The action of interferon antiserum was obvious 
at all virus dilutions. With high virus concentrations, 
auto-inhibition decreased or disappeared and suspended 
cells were fully destroyed. When virus plaques were well 
separated, they developed widely. j 

The enhancing effect of interferon anti- 
serum was species specific, as shown by the 
fact that plaque assays carried out in chiek 
embryo cells did not give similar results 
(Fig. 2). Plating efficiency was the same 
with or without mouse interferon antiserum. 

The enhancing effect of antiserum on 
growth of SFV could be demonstrated in 
cultures maintained in fluid medium. L cell 
monolayers in flasks were seeded with 0-01 
ml. SFV. One hour later, the monolayers 
were washed three times and fresh medium 
containing 1 or 5 per cent normal serum or 
interferon antiserum was added. Fluid 
samples were collected 24 h and 72 h after 
infection, and virus was titrated by plaque 
assays without addition of interferon anti- 
serum. Cytopathogenic changes appeared 
faster in cultures with interferon antiserum 
than in controls and these were accompanied 
by a rapid and quantitative increase of 
virus titre (Fig. 3). Identical experiments 
were carried out with encephalo-myocarditis 
virus (EMC) and similar results were 
obtained. 

In order to explain the enhancing effect 
of interferon antiserum on virus growth, 
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Fig. 3. SEV titre (pru/ml.) in fluid medium samples of L cel mono- 


layer cultures. Cells were previously infected by SEV in the presence 

of: A, 5 per cent normal rabbit serum; B, 4 per cent normal rabbit 

serum+1 per cent interferon antiserum: C, 5 per cent interferon 

antiserum. Samples were collected 24 h (left) and 72 h (right) after 
infection. 





it was supposed that the antiserum neutralized virus- 
induced interferon at the time interferon was released 
from infeeted cells. This neutralization allowed the virus 
to infect and develop in normal cells not yet protected by 
the inhibitor. 

In addition to the results obtained, it could be observed 
that the activity of interferon antiserum supported data 
previously reported about the close antigenic relationships 
between interferons produced by different viruses in the 
same cell systern or animal species. In fact. antiserum 
prepared in L cells against interferon induced by NDV, 
neutralized interferons induced by SFV or EMC. 

The results reported here suggest that interferon anti- 
serum could be used to study a wide range of interferon- 
sensitive viruses, and especially for auto-inhibiting viruses 
like myxoviruses and arboviruses. For example, the use 
of such antiserum would greatly increase the plating 
efficiency of several viruses, and perhaps would also allow 
some agents which are very sensitive to interferon to be 
detected by plaque assay. Furthermore, it would seem 
possible to harvest large amounts of virus by growing auto- 
inhibiting agents in cell cultures supplemented by appro- 
priate concentrations of species specific interferon anti- 
serum. The use of interferon antiscrum might also 
provide an efficient way of neutralizing interferon-lke 
substances produced by cell contaminants, for example, 
pleuropneumonia-like organisms*, bacteria’ or latent, 
viruses, and for unmasking the activity of stimulating 
substances like Stimulons’ and interferon antagonists”. 

I thank H. Castex and ©. Levassor for technical assist- 
ance. This work was supported in part by Le Groupe de 
Recherche No. 7 du Centre National de la Recherche 
Scientifique. 
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Significance of a Complement-fixing 
Antigen associated with Herpes-like 
Virus and detected in the 

Raji Cell Line 


HERPES-LIKE virus (HLV) similar to that first detected 
in cultured Burkitt lymphoma? cells was subsequently 
demonstrated in many other human leucocyte cell Jines?-*, 
Although no readily applicable bioassay is available for 
HLV, in vitro transformation of normal human leucocytes 
was demonstrated by co-cultivation with X-irradiated 
Burkitt lymphoma cells! and by inoculation of filtrates 
of leucocyte lines of leukaemic? and Burkitt lymphoma‘ 
origin, and some evidence was presented that this trans- 
formation was caused by HLV. The presence of HLV 
in a small proportion of cultured cells has usually been 
demonstrated either directly by electron micrescopy' or 
indirectly by immunofluorescence (IF) tests’, In human 
sera, complement-fixing (CF) antibody to erude antigens 
of leucocyte cell lines containing HLV is associated with 
IF antibody, suggesting some relationship between HLV 
and the CF antigen®. Virion! and soluble? components 
contributed to the activity of several CF antigens studied 
so far. 

Several leucocyte cell lines derived in this laboratory 
have reeently been studied serologically. The cultured 
Burkitt lymphoma line QIMR-GOR*™ contains HLV and 
reacted with a specific antiserum to the virus from EB3 
cel It reacted with certain human sera in the indirect 
IF test and showed a specific pattern of fluorescence 
similar to that described previously*. The QIMR-WIL 
line, of leukaemic origin and also carrying HLV', gave 
an essentially similar reaction, but surface antigen was 
detected on a high proportion of unfixed cells. In IF 
tests 91 per cent of eighty-six human sera showed a 
similar reaction against each cell line, suggesting that the 
IF antigens of the two lines were closely related, Each 
line contained CF antigen, and 158 human sera were 
examined for the presence of CF antibody as well as IF 
antibody to the line All thirty-seven sera which were 
negative in the IF test were also negative in the CF test, 
and all eighty-three sera with CF antibody also had IF 
antibody; thirty-eight sera had IF antibody but were 
negative in the CF test. These results indicate a close 
relationship between the presence of CF and IF antibody 
to QIMR-WIL and QIMR-GOR lines in man and con- 
firmed earlier work with other cell lines’, 

In studies of the specificity of this CF reaction, several 
human sera with CF antibody to the QIMR-WIL or 
QIMR-GOR lines were found to be almost uniformly 
negative against control antigens (Table 1) and it seems 
unlikely that the reaction is due to autoantibody or iso- 
antibody. There was no association of CF antibodies to 
Herpesvirus hominis and HLV (P> 0-8), indicating that 
the two are distinct. The association of CF and IF 
antigens in this and a previous study*?", and of IF antigen 
and HLV in other studies#?44, strongly suggests that the 
CF antigen also is specifically related to HLV. 

Using human sera reactive to QIMR-WIL and QIMR- 
GOR lines, HLV-related CF antigen was detected in. three 
cell lines originating from infectious mononucleosis", and 
its presence in human leucoeyte cell lines transformed by 
filtrates of the QIMR-WIL line has already been reported’. 

The Raji line of cultured Burkitt lymphoma. cells 
(supplied by Dr P. Gerber, NIH, Bethesda) was also 
studied. Electron microscopy and IF tests! and density 
gradient studies?! showed it to be free of HLV. Thirty- 
four sera reacting strongly with QIMR-WIL cells gave no 
characteristic fluorescence with fixed Raji cells; in tests 
on live cells some sera gave a weak reaction of unknown 
significance. Because the Raji cells are apparently free 
of virus it is of considerable interest that thirty-six human 
sera gave similar CF reactions with QIMR-WIL, QIMR- 
GOR and Raji lines (Table 1). This indicates that the 
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Table 1. REACTIONS OF HUMAN SERA IN CF TESTS AGAINST ANTIGENS FROM VARIOUS CELLS 


CF antibody titre against various antigens 























Human . R , Li Foetal thymus Neonatal thymus Foetal fibroblasts 
serum QIMR-WIL = QIMR-GOR Raji HE48 HE51 30,463 10.5.68 20.5.68 Hela HEp2 ‘Thymus Muscle 
5222 128 32 18 —* 8 — — — 

3001 >128 32 > 128 — — — 8 — — — — 

3005 > 128 32 >128 — — _ — wenn 

3006 8 8 8 —_ — — 

3009 8 — 8 — — -< — _ m 

3010 32 16 32 a coe —_ 

3023 16 16 ~ == 

3024 > 128 82 > 128 -= — — — 

3037 > 128 32 > 128 — —- — — 

8040 32 16 64 

4016 16 = 16 — ~ — — — _ 

4024 32 32 32 — —_ ~ 

4085 128 8 128 -~ ~~ a — — = — 

4036 > 128 64 >128 - - -= ~ 

4039 > 128 16 > 128 

4046 16 16 = — — — —- — _ _ 

5024 16 16 8 

5026 16 = 16 

5027 > 128 128 > Bt — — — — —_ 

5031 > 128 64 > ot — aa =- — _ 

5032 64 8 64 — ~ = = nied fan $ 

5040 16 —— 16 

$223 = — —— _ — -= - _ ra 

8002 _ = _ 

3007 -= 8 — 

8025 — = — — 

3026 - 16 —- ~ — —- —- — — 8 

3088 = a -— - == — 

3042 : — -= —- — 8 — — — 

4020 — _ -= — -= — — — — _ 

4021 _ — —— —- _ — 

4023 =- — —- -- -~ — — — = ~ 

4025 - —— ca a -— — — _ setts 

4029 - — — = 3 -= — = = oe 

4041 ~ — — S 2 < 

4044 —— -— a aa s a — = - 5 
* Titre <8. 


Raji line also contains an antigen specifically related to 
HLV. This conclusion is not necessarily in conflict with 
the negative results of Gerber™; the test he applied was 
for the presence of virion whereas the CF antigen we have 
studied was detected in the crude antigen and was not 
sedimented in 2 h at 60,000g in the ultracentrifuge. 
Human antibody to the Raji cell line was also detected by 
other workers using a complement-dependent cytotoxic 
test but was considered unrelated to herpes-like virus*’. 
It would, however, be of interest to investigate this con- 
elusion further by determining whether there is any 
association between cytotoxic and IF antibody in human 
sera. 

A likely explanation of our findings is that a soluble 
CF antigen specifically related to HLV is present in a 
number of human leucocyte cell lines. A soluble CF 
antigen similar to that detected in the Raji line was also 
demonstrated in the QIMR-WIL and QIMR-GOR lines; 
other lines with equivocal fluorescence (infectious mono- 
nucleosis and transformed lines) remain to be studied. 
Presumably, CF activity due to virions is superimposed 
on the soluble antigen in lines producing virus. A more 
direct investigation of the possible relationship between 
the soluble CF antigen and HLV will probably depend on 
the development of new techniques for the study of HLV 
in vitro. 

The presence in Raji cells of a soluble CF antigen, 
which is apparently related to HLY, suggests that the 
antigen is similar to the tumour (T) antigens detected in 
tumours or transformed cell lines induced by other 
viruses?!-?5, In general, CF T antigens are characterized 
by their specific relationship to the inducing virus, sub- 
viral nature and presence in cells regardless of whether 
or not virions are produced**, The general similarities 
between in vitro transformation by certain tumour 
viruses and by the HLV of the QIMR-WIL line have 
already been noted? and this comparison is now strength- 
ened by the suggestion that HLV may induce an antigen 
apparently equivalent to a T antigen, one of the most 
important criteria for identification of virus-transformed. 
cells. Failure to detect the antigen in Raji cells by IF 
tests may be simply due to a low level of antigen. 

We thank Dr R. L. Doherty for the Herpesvirus hominis 
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and Messrs W. Scott, D. J. Moss and M. R. Cremer for 
assistance. 


J. H. POPE 
M. K. HORNE 
E. J. WETTERS 


Queensland Institute of Medical Research, 
Herston Road, 
Brisbane. 


Received November 28, 1968; revised January 31, 1969. 


t Epstein, M. A., Achong, B, G., and Barr, Y. M., Lancet, i, 702 (1964). 
2 Moore, G. E., Grace, J. T., Citron, P., Gerner, R., and Burns, A., VF Std 
Med., 66, 2757 (1966). 
3 Diehl, V., Henle, G., Henle, W., and Kohn, G., J. Virol., 2, 663 (1968), 
4 Moore, G. E., Gerner, R. E., and Franklin, H. A., J. Amer, Med. Assoe., 
199, 519 (1967). 
’ Gerber, P., and Monroe, J, H., J. Nat, Cancer Inst., 40, 855 (1968). 
* Henle, W., Diehl, V., Kohn, G., zur Hausen, H., and Henle, G., Sciences 
157, 1064 (1967). 
7 Pope, J. H., Horne, M. K., and Scott, W., Intern. J. Cancer, 3, 857 (1968). 
3 Pope, J. H., Horne, M. K., and Scott, W., Intern. J. Cancer (in the press), 
* Henle, G., and Henle, W., J. Bact., 91, 1248 (1966). 
© zur Hausen, H., Henie, W., Hummeter, K, Diehl, V., and Henle, G.s 
J. Virol.,1, 830 (1967). 
11 Epstein, M. A., and Achong, B. G., J. Nat. Cancer Inst., 40, 598 (1968). 
2 Armstrong, D., Henle, G., and Henle, W., J. Bact., 91, 1257 (1968). 
13 Gerber, P., and Birch, S. M., Proc. US Nat. Acad. Sei., 58, 478 (1967), 
u Pope, J. H., Achong, B. G., Epstein, M. A., and Biddulph, F., J. Nat 
Cancer Inst., 39, 933 (1967). 
13 Epstein, M. A., and Achong, B, G., J. Nat. Cancer Inst., 40, 609 (1968). 
16 Pope, J. H., Austral. J. Exp. Biol. Med. Sci., 46, €43 (1968). 
17 Pope, J. H., Nature, 216, 810 (1967). 
18 Pulvertaft, R. J. V., J. Clin. Pathol., 18, 261 (1965). 
” Epstein, M. A., Achong, B. G., Barr, Y. M., Zajac, B., Henle, G., and 
Henle, W., J. Nat, Cancer Inst., 87, 547 (1966). 
2 Herberman, R. B., and Fahey, J. L., Proc. Soc. Exp. Biol. and Med., 12% 
938 (1968). 
*! Black, P. H., Rowe, W. P., Turner, H. C., and Huebner, R. J., Proc. Us 
Nat. Acad. Sci., 50, 1148 (1963), 
22 Habel, K., Virology, 25, 55 (1965), 
23 Huebner, R. J., Rowe, W. P., Turner, H. C., and Lane, W. T., Proc. US 
Nat. Acad. Sci., 50, 379 (1963). 
2 Huebner, R. J., Armstrong, D., Okuyan, M., Sarma, P. 8., and Turner, 
H. C., Proc. US Nat. Acad. Sei., 51, 742 (1964). 
3 Hartley, J. W., Rowe, W. P., Capps, W. I, and Huebner, R. J., Proe. US 
Nat. Acad. Sci., 53, 931 (1965). 
26 Rowe, W. P., in Cross-reacting Antigens and Neoantigens (with I mplications 
for Autoimmunity and Cancer Immunity) (edit. by Trentin, J. J.), 74(The 
Williams and Wilkins Co., Baltimore, 1967). 





188 


Renal Lesions in Young Adoptively 
Immunized NZB/BI Mice 


Tae “autoimmune” NZB/BI strain of mice is character- 
ized by the spontaneous occurrence of haemolytic 
anaemia’ and red cell autoantibodies?-+, Renal lesions 
are also present, and immunofluorescent techniques have 
shown deposits of gamma globulin in the glomerular 
tafts*, suggesting a primary autoimmune renal disorder®. 
We have used adoptive immunization to investigate 
renal lesions in NZB/BI mice in an attempt to relate the 
lesions to the oceurrence of red cell autoantibodies. 

Conventionally housed? inbred female NZB/BI mice 
were used, Variably aged females were used as donors 
and 4-5 week old syngeneic NZB/BI females were used as 
recipients. Four groups of spleen cell donors were selected 
on the basis of their red cell autoantibody status‘. 


Anti-human 


Direct Coombs cross-reacting 


Group test (DCT) red cell antibody 
(AHR} 
A + a 
B + wn 
Cc ee mma 
D a + 


Before injection of the spleen cells the recipients were 
unilaterally nephrectomized and the kidney stored for 
subsequent examination. Five days later the thirty-seven 
recipients were injected intraperitoneally with 35-40 x 
10° donor defined viable spleen cells obtained as previously 
described’. Four doses of the spleen cell suspension 
from group A (DCT+, AHR +) donors were frozen and 
thawed five times before injection. The total number of 
recipients in each donor defined group was 








Donor autoantibody 





Group DET AHR Number of recipients 
12 (viable is} 
k a a 4 (frozen/thawed cells) 
3 + ~- 8 
C ~ - a 
D - + 5 


All the NZB/BI recipients were killed at intervals after 
injection of spleen cells, and the remaining kidney—as 
at unilateral nephrectomy—was divided into two, one 
portion being fixed by the cold ethanol technique’. The 
remaining part was “snap frozen” in a solid mixture of 
CO,/ethanol and stored at — 20° © until required. 

Immunohistological examination of the resected and 
autopsy kidneys was confined to the investigation of 
gamma globulin deposits in the glomerulus. A fluorescent 
conjugated goat anti-mouse gamma, globulin (Fig. 1) 
was used after tissue absorption! to stain both unfixed 
eryostat-cut and cold ethanol-fixed sections of the kidney 
as previously described‘ and the section was then examined 
by ultraviolet microscopy. The gamma globulin deposits 
in the kidney were graded positive (+) or negative (—) 
on a double blind basis. 

Initial findings showed no apparent difference between 
the cryostat-cut unfixed tissue and the cold ethanol- 
fixed sections. Because the sections fixed with ethanol 
were superior, however, we decided only to classify these 
sections and the results are shown in Table 1. Negative 
immunofluorescence (Fig. 2) was invariably recorded in 
the kidneys removed before adoptive immunization. 

Positive fluorescence (Fig. 3) was most frequently seen 
in group A in the group of mice adoptively immunized 
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Fig. 1. [Immunoelectrophoresis of goat anti-mouse gamma globulin. 
a, Mouse serum; b, goat anti-mouse serum; c, goat anti-mouse gamma 
globulin. 





NZB/BI glomerulus; cold ethanol fixed tissue—negative 
immunoffuorescence. 


Fig. 2. 


with viable cells from donors with both red cell auto- 
antibodies. Animals in this group immunized with frozen 
and thawed spleen cells showed no change. In groups B 
and D, with only one or the other red cell autoantibody, 
fluorescence was also present, but not as frequently as 
in group A. The positive results noted at 136 days might 
well represent the normal spontaneous occurrence of 
gamma globulin glomerular deposits occurring in the 
NZB/Bl mouse. It is interesting to note the single 
exception to the negative fluorescence in group O immun- 
ized with spleen cells from donors with neither red cell 
autoantibody. 

Analysis shows a direct association between the donor 
related autoantibody state and the oceurrence of positive 
renal fluorescence. 








xa 
DCT 56 
AHR 58 
Either antibody 5-26 


Conventional histological examination was performed 
on both resected and autopsy kidneys which were again 
examined on a double blind basis, and the renal histo- 








Table 1. RENAL IMMUNOFLUORESCENCE IN ADOPTIVELY IMMUNIZED NZB/B] MICE 
Donor defined groups Days t 8 15 21 28 35 42 49 136 
as! DCT + Pre immun. (day 1) - - =- (-) ~ ee See a aes 
. : AHR + Post immun. ~ + +(-) + ade fe sis 
RB (DCT + Pre immun. (day 1) ~ -- ~ =- aR & 
(AHR ~ Post immun. ~ - - tee ~ 3 
g (ber - Pre immun, (day 1) - - - -= = 2 ak 
LAHR — Post immun. - - - -- ~ $ 
p (ber — Pre immun. (day 1) - = its as na 
i (AHR + Post immun. + pa E te 


* Tnclides animals injected with frozen and thawed spleen cells Ek 
+ Days after adoptive immunization. 
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Fig.3. NZB/BI glomerwus; cold ethanol fixed tissue—positive immuno- 
fluorescence. 





Fig. 4. Grade 2 renal change—some mesangial PAS positive thicken- 
ing. 


pathology was graded as follows: (1) Comparable with 
5 week old non-adoptive immunized NZB/BI mice. 
(2) Some mesangial PAS (periodic acid Schiff ) positive 
thickening (Fig. 4); occasional glomeruli having an area of 
MSB (Mauritius brilliant crystal scarlet 6R acid blue 93) 
positivity——fresh fibrin deposits. (3) Considerable PAS 
positivity (Fig. 5) sometimes with lobulation of the tuft, 
many glomeruli having areas of MSB positivity (Fig. 6). 
(4) More extensive changes with obliteration of glomeruli 
by PAS positive material. 

The results of the autopsy sections of kidney on various 
days after the adoptive immunization are shown in Table 
2. Here it is obvious that grade 2 and the more severe 
grade 3 changes were most common in group A (DCT+, 
AHR+). No significant change was noted in the animals 
injected with spleen cells that had been frozen and thawed. 

An oceasional grade 2 change was also recorded in 
group D (DCT ~—, AHR +) but never in group B (DCT +, 

Table 2. 


RENAL LESIONS IN ADOPTIVELY IMMUNIZED NZB/B! MICE 


Donor Days + 

defined groups 8 15 (21 28 35 42 49 136 

Ae (DCP + 1 eel 2 8411) 0). 258 g 3 2,3 
(AHR + 

B PET + 1 t.l Th 1 2 
"AHR — 

c < DET — T 1 1.4 2 3 1 
‘AHR — 

D DCT — 1 1 Ed» F 
AHR + 


* Includes animals injected with frozen and thawed spleen cells (). 
+ Days after adoptive immunization. 
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AHR-—). In group C (DCT—, AHR—) a grade 2 and a 
grade 3 change were noted in the kidneys of the animals 
killed on days 35 and 49 respectively. In no kidney 
section examined was there any evidence of a vasculitis, 
nor was there any characteristic NZB/BI perivascular 
cellular infiltration®. 

Adoptive immunization has been used here to study 
the renal lesions in the NZB/Bl mice. Mellors first sug- 
gested that renal lesions could be induced in the NZB/Bl 
by the injection of syngeneic spleen cells. No controls 
were described, however*. Here we confirm the induction of 
renal lesions and note that changes demonstrated by both 
conventional histological and immunofluorescent examina- 
tion seem to be related to the red cell autoantibody status 
of the donor. Two mice in the group adoptively immun- 
ized with spleen cells derived from donors with neither red 
cell autoantibodies surprisingly had lesions, one with 
positive immunofluorescence. These animals were later 
traced to a single donor and spontaneous transformation 
must be considered the likely explanation. 

Assessment of the significance of these induced renal 
lesions is limited by the varying age of the spleen cell 
donors necessary to provide the different autoantibody 
groups. The varying age of the donors might suggest 
other age-related factors to account for the induced renal 
lesions, and absorption and elution experiments are in 
progress to investigate this. Meanwhile, it is worthwhile 
noting that we have been unable to elute and demonstrate 
the nucleoprotein specifie factor that Lambert and Dixon 





Fig. 6. Grade 3 renal change—areas of MSB (fibrin) positivity. 
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considered of pathogenetic significance in the (NZB x 
NZW)FI bybrid®, Because viable cells seem necessary 
for transfer of the disease process, the work of Mellors and 
Huang, who induced autoantibody production in a nor- 
mal strain of mice by the injection of cell-free filtrates 
of NZB/BI tissue, is of immediate interest. Virus-like 
particles have been described in the NZB/BI strain'*" 
and the work of Mellors and Huang seems, on first 
examination, to suggest a viral aetiology for the disease of 
the NZB/Bl Our failure to transmit the lesion with 
frozen and thawed spleen cells might be related to destruc- 
tion of the virus-like particles by this process. But we 
were also unable to induce increased breakdown of red 
cells and renal lesions with viable spleen cells from 
young NZB/BI without detectable red cell autoantibodies. 
This might be considered evidence against the pathogenic 
influence of such virus-like particles, which are apparently 
present in the NZB/BI independent of age!®?. We assume 
that it is the viable spleen cell itself that has induced the 
renal lesion here, and have previously shown that such 
transfers increase the breakdown of red cells’. We con- 
sider that production of autoantibodies by the syngeneic 
spleen cells is the likely cause of the lesions. 

We thank Miss Maureen Tuffrey, Mrs Helen Davidson 
and Mr Darroch Mackay for assistance. This work was 
supported by the Joint Research Board of the Institute of 
Child Health and the Hospital for Sick Children, Great 
Ormond Street, the Camilla Samuel Trust and the Well- 
come Trust. ©. L. B. is the Gillson scholar of the Worship- 
ful Society of Apothecaries. 
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Ependymomas induced in Hamsters 
inoculated with an Avian 
Adenovirus (CELO) 


Tus chicken-embryo-lethal-orphan (CELO) virus, an 
endogenous adenovirus of chicken eggs and the aetiologic 
agent of an inapparent infection in chickens'~*, is oncogenic 
when inoculated subcutaneously in hamsters'®. Although 
a number of other viruses have also been found to be 
tumorigenic, only the highly oncogenic simian virus 
40 (8V40) and the adeno 7-SV40 hybrid have induced 
ependymomas in laboratory animals*-*. Because em- 
bryonated eggs are used in producing certain vaccines, 
the work described here was undertaken to determine the 
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effect of inoculating CELO virus into the brains of new- 
born golden Syrian hamsters. 

Two litters of newborn hamsters raised in this laboratory 
were inoculated intracerebrally with 0-02 ml. of a stock of 
CELO virus propagated in eggs that had been three times 
plaque purified in chicken embryo kidney cell cultures. 
This stock had an embryo lethal dose (2LD),, of 10 /ml. 
The animals were examined daily for signs of nervous 
dysfunction and only those that survived for at least 4 
weeks were included in the final results. Hamsters that 
developed neurological involvement were killed and 
examined. The brains were removed and fixed in Zenker's 
solution. Paraffin sections were prepared and stained by 
haematoxylin and eosin, Autopsy examination did not. 
reveal tumour formation in any of the internal organs or 
body cavities. 

AIL seventeen hamsters that survived the inoculation 
developed nervous symptoms 44-228 days after inocula- 
tion, These animals lost weight and developed muscular 
incoordination, weakness and lethargy. Microscopic 
examination of the sectioned brains revealed papillary 
ependymomas in fifteen of these hamsters. All the 








neoplasms arose from the lateral ventricles (Fig. 1) of 
the brain and were round and dull grey in appearance. 
Aecompanying bydrocephalus occurred in several cases. 








Fig. 1. Longitudinal section of a hamster brain showing an ependymoma 
in the lateral ventr induced by intracerebral inoculation of CELO 
virus, The tumour is round and dull grey in appearance. (xe. 7.) 











Fig. 2. A see 
papillary ma 


ion of an ependymoma. The tumour is composed of 
which seem to arise from the ependymal cell lining of 
the ventri he papillary pr es reveal a lining of cuboidal or 
columnar ce apported by a thin core of connective tissue containing & 
cut section of a blood capillary. Haematoxylin and eosin staining. 
{x e. 309.) 
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Histologically the tumours were composed of papillary 
processes which seemed to arise from the ependymal cell 
layer of the ventricles (Fig. 2). Each papillary structure 
was composed of a thin core of connective tissue and a 
lining of cuboidal or columnar cells. In many the con- 
nective tissue core contained a blood capillary in its 
centre. The lining cells were usually single layered but 
stratification and cells arranged in cords and in rosettes 
around a blood capillary occurred in certain undifferenti- 
ated areas of the tumours (Fig. 3). The cytoplasm of these 
cells was scant and the cell nuclei were either rounded or 
slightly elongated and densely stained. Mitoses and cells 
with bizarre nuclei were common. 





Fig. 8. A section of an ependymoma showing less differentiated portions 
of the tumour. This area is highly cellular and contains a rosette 


arrangement of tumour cells around a blood capillary. Haematoxylin 


and eosin staining. (x e. 300.) 


Epenaymomas induced by CELO conform to the earlier 
descriptions of ependymomas induced by SV40 689, 
Induction of ependymomas with CELO virus is significant. 
because most oncogenic viruses do not induce brain 
tumours. CELO virus, a latent virus of commercial 
chicken eggs and of fertile eggs used in vaccine production, 
must therefore be further studied. A culture of tumour 
cells obtained from one of the ependymomas has shown 
intranuclear CELO virus specifie “T” antigen by immuno- 
fluorescent techniques. Results from this laboratory have 
also shown that this virus can produce an in vitro malig- 
nant transformation of human amnion cells. 
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Hexokinase Activities in Normal, 
Hyperplastic and Cancerous Epidermis 
of Mice 


Ir is usually postulated that carcinogenic hydrocarbons 
convert normal cells into cancerous cells by a somatic 
mutation. Although we know much about the metabolic 
reactions of established tumours, little is known about 
the biochemistry of the onset of the tumorous state. One 
difficulty is the lack of samples large enough for standard 
biochemical procedures: transformation to malignancy 
can occur in a single cell. 

In this study, we used a sensitive fluorometric method 
to assay hexokinase activity during the progression of 
epidermal carcinogenesis in mice. We chose hexokinase 
because in certain malignant tumours its activity parallels 
glycolysis, the rate of growth or both! ?. 

One hundred and twenty C3H mice were divided into 
five groups of twenty-four each. Carcinogens were applied 
on the upper back region twice a week as follows: groups 
1 and 2, 0-14 per cent benzopyrene in decalin and 0-14 
per cent benzopyrene in 1:1 decalin—dodecane, respec- 
tively; groups 3 and 4 were solvent controls for 1 and 2; 
and group 5 was the no-treatment control. Dodecane 
acts as an accelerator. 

Three mice from each group were killed 4, 12, 21, 27 
33, 36, 42 and 49 weeks after the paintings began. Skin 
sections were removed, frozen, cut in a eryostat and 
freeze-dried?. The samples (0:1-1-0 ug) for enzyme assays 
were microdissected from the unstained frozen-dried 
sections. If tumour were present in the section, samples 
for the assays were taken from the edge of the tumour 
and from the adjacent hyperplastic epidermis. Hexo- 
kinase was assayed according to the method of Lowry 
and Passonneau! with slight modifications. 

Nearly all the mice in groups 1 and 2 developed tumours 
with average induction periods of 38-2 and 21-6 weeks, 
respectively, whereas those in groups 3 and 4 developed 
only hyperplasia. 

The results of all hexokinase assays fall into three dis- 
tinct categories: normal, hyperplastic and tumorous 
(Fig. 1). Hyperplastic epidermis, whether it had been 
treated by carcinogen or by the solvent only, had similar 
activity ranges. Although the size of the tumours varies 
from 2 mm-3 em in diameter and the morphology of the 
tumours also varied, hexokinase activities at the edge of the 
tumour cells (presumably at the invading sites) were con- 
sistently high. If “high” hexokinase activity can be 


Tumour 
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+ SLE. 
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Fig. 1. Hexokinase activities in normal and hy Tao ak and 
in skin tumours of C3H mice produced experimentally by the topical 
application of benzopyrene, The activities are expressed as moles/kg 
dry weight/h in the ordinate. Numbers of weeks in the abscissa indicate 
the duration after initiation of carcinogen paintings. The activities in 
group 1 mice are shown as - ++ ; those in group 2 as --—-O--—-; 

those in groups 3 and 4 combined because of similar values) as 
---A--->3 those in group 5as []. Each value representa an average 
of eighteen determinations (six determinations per animal x three 
animals) except the values for tumour cells (numbers in the tumour zone 

indicate that n x six determinations were made). 
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construed to be an enzymatic criterion for malignancy, 
we can therefore conclude that the cells of a recognizable 
tumour (1-5-2 mm in diameter) have already begun the 
somatic mutation from hyperplastic epidermal cells. If 
studies of tumour in man should show the same ranges 
of hexokinase activity, the microenzyme assay method 
may prove a useful tool for the early diagnosis of malig- 
nancy in man. 
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Enhanced Thymic Lymphocyte Response 
to Phytohaemagglutinin in 
Experimental Autoimmune Thymitis 


MYASTHENIA gravis, a disease characterized by progressive 
muscle weakness, is thought to be an autoimmune 
process, patients having an increased incidence of other 
autoimmune diseases!. They have autoantibodies directed 
against the A-band striations of skeletal muscle? which 
cross react with myoid cells in the thymic medulla’. 
Thymic abnormalities are consistently found. Sloan‘, 
in the first detailed account of the histopathology of the 
thymus in myasthenia gravis, found lymphoid germinal 
centres in the medulla in seven of ten cases and increased 
lymphocytes in the medulla in all cases. This latter 
finding has received little emphasis from subsequent 
investigators, perhaps because of the difficulties of detect- 
ing an increase of lymphocytes in an organ that already 
contains many of them. Besides the increased density 
and larger size of lymphoid germinal centres in the 
thymic medulla’ 10 per cent of these patients also have 
thymomas®. 

The normal thymus is a lymphoid organ, but thymic 
lymphocytes differ from peripheral lymphocytes in that 
they are less competent immunologically? and do not 
usually produce antibody? or react so well to antigens’. 
Furthermore, most mammalian thymic lymphocytes 
usually do not respond in vitro to phytohaemagglutinin 
(PHA), which, however, stimulates the proliferation of 
immunologically competent peripheral lymphocytes!-!2, 
Studies by Weber! of the pig thymus indicate that the 
small number of PHA responsive cells are usually located 
in the medulla and not the cortex. The existence of 
these two thymic lymphocyte populations clarifies the 
observed variability of the human thymic lymphocyte 
response to PHA which improves with age, and ean 
occasionally equal the response of peripheral blood 
lymphocytes“. Knight et al? have found that thymic 
lymphocytes from a young woman with myasthenia 
gravis whose thymic medulla contained many large 
germinal centres (thymitis) also responded very actively 
to PHA in vitro. 

A model of myasthenia gravis can be produced in 
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guinea-pigs by immunizing them with thymic tissue in 
Freund’s complete adjuvant (FCA), They develop a 
neuromuscular block similar to that in myasthenia gravis 
and infiltration of the thymic medulla by increased 
numbers of lymphocytes. This so-called experimental 
autoimmune thymitig causes a substance, termed 
“thymin”, to be released in excess from the inflamed 
thymus!®1, and this is thought to cause the neuromuscular 
block. We report here that the thymus of guinea-pigs 
with such an experimental autoimmune thymitis also 
contains an increased number of lymphocytes which are 
responsive to PHA in viro. 

Tissue antigens prepared from thymus, muscle, spleen, 
liver and kidney of young Hartley guinea-pigs were incor- 
porated in FCA. Each animal was injected with 5 ug 
of antigen in FCA into each hind footpad: twenty-five 
received thymus and twenty-four received muscle. The 
control group included five animals given saline, five liver, 
five spleen and six kidney tissue. The animals were killed 
2 weeks after immunization. 

One thymic lobe was fixed in 10 per cent formol saline. 
Histological sections were prepared and stained with 
haematoxylin and eosin ; they were coded and read as 
unknowns. 

Thymic lymphocyte suspensions were prepared from 
the other thymic lobe as previously described’. They 
were cultured in Eagle’s minimal essential medium 
(Spinner 2) containing 33 per cent decomplemented calf 
serum, 100 ug of penicillin and 100 ug of streptomycin/ml. 
The final cell concentration was adjusted to 5 x 10° cells/ 
ml. The cell suspension was then divided into six replicate 
samples of 3 ml. and 40 ug of PHA-X5 (supplied by Dr G. 
Hitchings, Burroughs-Wellcome and Co.) was added to 
three of the six. Each sample was incubated at 37° C 
in a tightly capped one-quarter ounce French bottle. 
After 68 h, 2 uCi of tritiated thymidine (TdR#H, specific 
activity 6-7 Ci/mM, New England Nuclear Corp.) was 
added to each sample and incubation was continued for a 
further 4 h. The uptake of isotope into acid-precipitable 
material was determined in a Packard scintillation 
counter!®, The ¢.p.m. of triplicate cultures usually did 
not vary by more than 25 per cent. 

Accumulation of medium and small lymphocytes about 
the Hassall’s corpuscles of the central medulla was 
recorded as thymitis!*. Thymitis was found in eleven of 
twenty-three guinea-pigs immunized with thymus and in 
seven of twenty given muscle, but in only two of nineteen 
among the control group (Table 1, exp. 1). 





Table 1. INCIDENCE OF HISTOLOGICAL THYMITIS IN GUINEA-PIGS 
Exp. 1 Exp. 2 Total 

No, affected/ No. affected/ No. affected/ P 
total % total % total % value* 

Control 2/19 11 2/13 15 4/32 13 a 
Musele 7:20 35 4/14 29 11/34 32 < 0-05 
Thymus 11/23 48 5/13 38 16/36 44 < 0-05 

* y: test. 


Thymic lymphocytes of guinea-pigs multiply rapidly 
in the thymus im vivo and continue to do so especially 
during the initial 24 h in culture. There is little further 
proliferation of these thymic lymphocytes by the third 
day, however, and conditions are then optimal for detect- 
ing an inerease of proliferation due to PHA-responsive 
cells!®. The proliferative response to PHA was thus used 
to differentiate the population of responsive lymphocytes 
from the larger population of predominantly unresponsive 
thymie lymphocytes. Incorporation of TdR®H by 
unstimulated thymie lymphocytes was significantly 
lower (P=0-05) in cultures obtained from guinea-pigs 
immunized with muscle and thymus than it was in the 
controls (Table 2, exp. 1). The response of the cells to 
PHA was somewhat higher in the case of animals given 
muscle in CFA, and was significantly increased above 
that of controls in guinea-pigs immunized with thymus 
(P < 0-025). 
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Table 2, DYOORPORATION OF TRITIATED THYMIDINE BY GUINEA-PIG THYMIO 
LYMPHOCYTES CULTURED FOR 72H WITH AND WITHOUT PHYTOHABMAG- 


GLUTININ 
Ratio of PHA sttmulated 
Unstimulated to unstimulated cultures 
No.of Geo 
gunea- metric Range Mean Range P$ 
pigs mean value 
Exp. 1 
Li 7 H 28 e 
ver 2 114-509 24 1-1-8-8 — 
onto By 6 
Spleen 5 
Muscle 24 184 80-450 81 065-172 N8.t 
Thymus 25 152 886—108 41 108562 <0-025 
Eyp, 2 
Liver 6 
Control Spleen 5 1,078 827-3,170t 78 2-6-28-8 — 
dney 5 
Muscle 16 1,280 282-8,528 9-6 2-8-88 0 NS. 
Thymus 16 1,206 802-2,805 188 8-8-29:9 <0-01 


mane c.p m. of triplicate cultures incubated for 68 h plus final 4 h with 

rane c p.m. of duplicate cultures incubated for 52 h Dlus final 20 h with 
t N.8.—notsignificant, 

is ee ae seek on paired comparisons of logarithmically transformed 


A second group of guinea-pigs was sensitized with 
20 mg of tissue in CFA (Table 2, exp. 2). The culture 
conditions were modified as follows: only 20 per cent calf 
serum was used, 10 per cent v/v nutrient cocktail’? was 
added daily, and the cultures were incubated in open 
10 ml. serum bottles ın an atmosphere of 5 per cent 
CO, and 95 per cent air and exposed to TdR*®H for 20 h 
before collection. Although this improved the uptake of 
TdR*H, the results were similar. Again there was an 
morease in the uptake of TARH by PHA-stimulated 
thymic lymphocytes from guinea-pigs given muscle m 
FCA, but this was not statistically significant, whereas a 
significant increase was obtained in animals sensitized 
with thymus (P<0-01). The incidence of thymitis was 
somewhat lower than it was m exp. 1, occurring mm two of 
thirteen controls, four of fourteen guinea-pigs given 
muscle and five of thirteen that received thymus (Table 1). 

The histological findmgs of thymitis and the moreased 
response to PHA could not be correlated with one another. 
It 1s likely that this was because of the technical limitations 
of detecting minor histological changes of increased 
lymphocyte density and relatively small increases ın the 
incorporation of TdR*H by PHA-responsive cells. Both 
phenomena were present to a significant degree in both 
groups of animals immunized with thymus in FCA, 
however. 

Immunization with muscle is thought to cause thymitis 
because there is an antigen common to both muscle and 
myoid cells of the thymus®. It has also been shown that 
thymus 1s more effective than muscle as an antigen in 
causing thymitis'*. This probably accounts for the 
lower response of guinea-pigs immunized with muscle 
which was intermediate between that of the controls and 
of animals immunized with thymus. 

Thus in two separate experiments, animals immunized 
with thymus had mgnificant increases m PHA-responsive 
cells in the thymus compared with control animala which 
were injected with saline, spleen, liver or lndney in FCA. 

There are three possible explanations for our findings. 
Depletion of the thymic cortical population could produce 
a relative increase in the proportions of medullary lympho- 
cytes which were capable of responding to PHA. Sucha 
depletion was not, however, apparent on the histological 
sections. It 1s also possible that we have converted some 
of the previously unresponsive thymic lymphocytes mto 
an immunologically competent and PHA-responsive form. 
But we think it most likely that, as in the case of immuno. 
logically produced thyroiditis", peripheral lymphocytes 
sensitized with antigens present in a gland infiltrate and 
cross-react with the antigens in that gland. Thus the 
appearance of lymphocyte aggregations in the thymic 
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medulla and the increased numbers of PHA-responsive 
thymic lymphocytes both probably reflect the appearance 
of increased numbers of peripherally sensitized lympho- 
cytes in the thymus in the course of an experimentally 
induced inflammation. 

The present findings, ın conjunction with those of 
Knight et al.1°, extend the analogy between experimental 
autoimmune thymitis and human myasthenia gravis: 
in both conditions there are increased numbers of lympho. 
cytes ın the thymus which are responsive to PHA 4n vitro. 
These findings support the idea that the thymic pathology 
of both consists of an infiltration of immunologically 
competent lymphocytes that ıs the cause of chronic 
inflammation or thymutis 
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Chromosomal Abnormalities resulting 
from Ethidium Bromide Treatment 


Tam phenanthridine compound ethidium bromide (EB) 
has been extensively used as a trypanocidal agent. Its 
pharmacological effectrveness must be partially based on 
its intercalation with DNA moleculeg’}?, which alters the 
structure and hence the physical properties of the nucleic 
acid and which bas recently facilitated the separation of 
molecules of mitochondrial DNA from those of nuclear 
origin**, One of us (J. B.) has recently studied the effects 
of EB on morphogenesis in Acetabularia, amphibian and 
sea urchin embryos*. In the latter it was found that the 
effects of low concentrations of EB (10 ug/ml.) are very 
similar to those of actinomycin; as recently described by 
Giudice et al.’ for actinomycin, the formation of the 
skeleton is particularly sensitive to EB. At higher con- 
centrations (20-30 ug/ml].), however, in contrast to actino- 
myom, EB quickly stops cleavage and induces mitotic 
abnormalities. We describe the abnormalities in detail here. 

Gametes of the sea urchms Paracentrotus lividus and 
Arbacia licula were used; eggs from a single female were 
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used for each experiment to ensure maximum synchrony. 
For cytological observations of itho chromosomes the cells 
were fixed in three parts ethanol: one part acetic acid, 
hydrolysed in N HCl at 60° for 10 min, washed in 45 per 
cent acetic acid and stained with 2 per cent orcem in 
45 per cent acetic acid. In certain experiments, the eggs 
were fixed with Zenker, embedded in paraffin, sectioned 
and stained with Feulgen. 

Eggs of P. lividus were exposed to 10, 20, 30 and 40 
ug/ml. of EB (Boots Pure Drug Co., Ltd, Nottingham) 
dissolved in seawater 3 mun before fertilization and fixed 
60 min after fertilization, When the control cells were 
either in metaphase or anaphase. Cells cultured in 10 
ug/ml. of EB were slightly retarded, bemg chiefly m 
prophase and metaphase. The few anaphases that were 
present showed abnormal separation of the sister chromo- 
somes: it looked as if adhesion between the sister chromo- 
somes had been increased and that separation was difficult. 
In 20 pg/ml. of EB most of the eggs were in early prophase; 
long threads of chromatin ap to be in the first stage 
of condensation. In 30 pg/ml. of EB the nuclei were 
swollen to twice their normal size and filled with randomly 
spread chromatin threads. Cells grown in 40 ug/ml. of 
EB showed no condensation of the chromatin. 

In another series of experiments, exposure to 50 and 
100 pg/ml. of EB began 5 min before fertilization, which 
occurred normally. When each of the controls had a 
fully formed mitotic apparatus and had begun to elongate 
for the first cleavage, the treated eggs were mm mid-pro- 
phase. When the controls were in the four-cell stage, 
approximately 50 per cent of the cells exposed to 50 
ug/ml. bad completed the first division. No further 
development occurred. Cytological observations of the 
undivided eggs showed that the condensation of the 
chromatin had ceased in its earliest stages. 

Eggs were fertilized in normal seawater and, starting 
5 min after fertilization, two aliquots were removed at 
intervals of 10 min. One was immediately processed for 
observation of the chromosomes and the other exposed 
to 50 ug/ml. of EB. All cultures were fixed 82 min after 
fertilization, when the controls were in prophase of the 
second cell cycle. Eggs treated between the fifth and 
eighty-second minute were divided equally between 
metaphase and anaphase of the first cell cycle. The ana- 
phase configurations were very irregular and almost all 
of the cella had chromosome bridges. Approximately 
one-half of the eggs exposed between the fifteenth and 
eighty-second minute had divided. Cells exposed to EB 
at all times between the twenty-fifth and sixty-fifth 
minute were no different from control cells. 

Condensation of the interphase chromatin of the control 
eggs could not be detected before the fortieth minute 
after insemination. In this experiment, EB was most 
disruptive to the formation of normal mitotic chromo- 
somes when exposure began between the fifth and twenty- 
fifth minute; it had little effect after the twenty-fifth 
minute even when treatment began 16 min before any 
condensation of the chromatin could be detected. 

In a similar experiment, with a higher concentration 
of EB (100 pg/ml.) all cultures were fixed 72 min after 
fertilization. The controls were all in perfect metaphases. 
Eggs exposed between the fortieth and seventy-second 
minute showed no mitotic chromosomes, but each had @ 
mass of thin, partially condensed threads of chromatin 
that were being stretched between the two poles by the 
fully formed mitotic apparatus. All these experiments 
indicate that EB interferes with the prophase condensa- 
tion of chromatin to form mitotic chromosomes. The 
experiments which we sball now describe give further 
support to this conclusion. 

The synchrony of division in sea urchin eggs is lost 
after a few divisions. By the late morula and early 
blastula stages, cells are found in all stages of the cell 
cycle. Embryos were reared for 7 h to the morula stage 
and exposed to 100 ug/ml. of EB for 3 h. After this 
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treatment, the cells appeared to be blocked in early 
prophase with only partially condensed chromatin threads 
present in swollen nuclei. Almost no mitotic chromosomes 
were found; if present, they appeared highly abnormal. 
Cells in all stages of the cell cycle were found in the control 
morulae. 

Examination of Feulgen-stained sections of eggs fixed 
after treatment for 1, 3 or 7 h with 30 pg/ml. of EB 
showed a progressive clumping of the chromatin present in 
interphase nuclei. In dividing cells, after treatment for 
3-7 h, the chromatin often elongated between the asters 
without individualization of the chromosomes and the 
nuclei were sometimes cut into two by the furrow, becom- 
ing pear shaped. All these abnormalities could be ex- 
plained by the assumption that the DNA molecules had 
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been so stabilized by bindmg with EB that they could no 
longer undergo replication. 

Similar results were obtained with onion root tip cells: 
root tips treated with 5 ug/ml. of EB showed several cells 
with condensed chromosomes in late prophase, but no 
metaphases or anaphases. Most of the cells were in 
interphase or early prophase. With concentrations above 
25 ug/ml., only enlarged interphase nuclei were found. 

From these experiments, it can be concluded that EB 
does not interfere with mitosis if treatment begins after 
prophase; but, if treatment continues, the next prophase 
condensation of the chromatin will be blocked. 

The failure of sea urchin eggs treated with EB to form 
normal mitotic chromosomes could be related to inhibi- 
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tory effects of EB on-DNA synthesis. The eggs of a single 
A. lixula, already suspendéd in the isotopic medium, 
were divided into two lots. Fertilization of both lots 
occurred simultaneously. One was used as a control 
and the other exposed to 50 pg/ml. of EB at the moment 
of msemination. The following procedures were exactly 
those of Hinegerdner et al.*. Fig. 1 shows the rate of 
incorporation of *H.-thymidine in the control as compared 
with that m the lot treated with EB. 

In the control, the first period of DNA synthesis (8 I) 
began after 25 min and lasted until 40 min after insemina- 
tion. The second S period (S I) began after 70 min. 
In the culture treated with EB there was less than half 
as much DNA synthesis durmg 8 I as compared with the 
control. S IL of the treated lot did not begin until the 
ninety-fifth minute. If the addition of the EB (50 ug/ml.) 
was delayed until the seventieth minute after fertilization, 
the result shown in Fig. 2 was obtained. In this experi- 
ment, S IL did not begin until after 85 mm, that is, 15 
min after the addition of EB; ın this case, the amount of 
DNA synthesis 1s not much lower than that of the control. 

The synthesis of proteins—as measured by the incorpor- 
ation of *H-leucine (1 wCi/ml.) ın the presence of EB— 
was determined by the same method’. Because Berg’ 
has shown that the incorporation of amino-acids in sea 
urchin eggs is linear with time only when the active trans- 
port system. of the egg 1s saturated with the amino-acid, 
the seawater m which the eggs were cultured contained 
50 pg/ml. of DL-leucine. Controls showed that this high 
concentration of exogenous leucine had no effect on 
normal development. The incorporation of tritiated 
leucine, when addition of EB occurred 0 and 70 mn 
after insemination, is shown, together with incorporation 
controls in Figs. 3 and 4 respectively: protein synthesis is 
less affected when addition of EB begins after 70 min 
than after 0 min. *- ti 

The cessation of chromatin condensation in early 
prophase could be accounted for by the unwinding and 
reversal of “handedness” of DNA molecules caused by 
EB (ref. 3), The condensation of the chromatin to form 
coiled coils, which are thought to be the basic architec- 
tural plan for eucaryotic chromosomes, might then be 
destroyed?’. 

The fact that the first period of DNA synthesis (8 I) is 
greatly inhibited by EB if the drug ıs added at fertibza- 
tion, whereas the addition of EB 15 min before the begin- 
ning of S IL has little effect on the amount of DNA 
synthesized during 8 II, suggests that there may be a 
structural difference between the nucleohistones of the 
two pronuclei of the zygote and those which are present 
during the second interphase. Attempts to determine if 
ultrastructural differences can be seen in chromatin 
treated with EB are currently in progress. 


Vroror D. VAOQUIER 
JBAN BRAOHET 


International Laboratory of Genetics and Biophysics, 
Casella Postale 3061, 
Naples 80100. 
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Gene Frequencies of ABO Blood Groups 
with Partial Sub-classification of 


One Allele 


A METHOD for calculating weighted estimates of gene 
frequencies from a population of two allelic autosomal 
genes with partial sub-classification of “dominants” 18 
avatlable+. In blood group studies, it is sometimes neces- 
sary to estimate gene frequencies from a population of 
three allelic autosomal genes with partial sub-classification 
of one allele. For example, when blood specimens are 
tested with antisera A and B, four phenotypic groups, 
O, A, B and AB, are obtained. Again, if portions of 
A and AB are examined with antiserum A,, these groups 
may further be subdivided mto A,, A, A,B and A,B 
phenotypes. I have modified Bernstem’s method to 
determine weighted estimates of gene frequencies of A,, 
A, A, B and O jomtly as follows. 


Phenotypes Observed frequency Expected frequency 
Aa a k(p:* + 2P1P: + 2p r)n 
A, b k (p+ 2pyr)n 
A o (1 —k,) (p* + 2pr)n 
A,B d Ey (2p,9") 
A,B e E,(2psgn) 
AB J (1-— k) (2pgn) 
B g (P+ 2ar)n 
o h r'n 
Total n n 
p, = Varbthh _ 4/b+bh p= Vethk _ yh 
En kin kn n 


p = Vatbtoth  4/h 
n n 


a= Vath _ yh 
n n 





and r= Ve 

a 
Where k,= oa haa represents the proportion of A pheno- 
type classified as to A, and A, phenotypes and k, = sO EE 
d+e+f 


the proportion of AB phenotype claasified as to A,B and 
A,B phenotypes. Pı, a, P, q and r are the frequencies of 
alleles A,, A,, A, B and O respectively and n is the total 
frequency. 

In an investigation of ABO blood groups of the Chinese 
in Calcutta, Chaudhuri et al.* determined the gene fre- 
quencies of A, B, O and A,, A,, B and O separately. But 
in this communication I have shown that the gene fre- 
quencies of all the alleles can be determined jointly by 
applying the above formulae to their? data given below. 


Phenotypes A, <A, A A,B AB AB B O Total 
Observed frequency 142 12 16 20 4 7 118 362 566 
Pi = 0-170, p= 0-018, p = 0-197, g=0-186 and r—0-667, 


A. K. ROYOHOUDHURY 

Bose Instıtute, 

Calcutta-9. 
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Interference between Low 

Information Verbal Output and a 
Cognitive Task 

THERE have been many experiments in which the limited 


channel capacity of the human organism has been demon- 
strated by interference between two simultaneous tagkxa!, 
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Brown? used this interference of a secondary task as a 
measure of the difficulty of a primary perceptual or control 
task; and in a recent study? he used a cognitive secondary 
task. The experiment described here was devised to 
investigate the effect of a secondary verbal task on a 
primary cognitive one. 

The cognitive task used was the extremely convenient 
sentence checking test invented by Baddeley*. This test, 
performed with pencil and paper, mvolves the under- 
standing of sentences of varying syntactic complexity. 
Tho subject has simply to tick one of two spaces (“‘true” or 
“false”) after each sentence. The task is timed (3 mon), 
and the recommended score‘ 1s simply the total number of 
items correct. 

A verbal secondary task was used, so as to use a different 
motor output system. The subject had to repeat a 
particular sentence as he carmed out the task in the 
experimental condition. The desiderata for a usable 
sentence seemed to be (1) utter famuliarity, so that the 
information content should be minimal and (ii) emotional 
neutrality, so as to obviate unwanted motivational 
side effects. The one chosen as satisfying these require- 
ments was “Mary had a little lamb”. A 
sentence was preferred to nonsense material because of its 
higher face validity m any applied context. 

Two groups, each of twelve Royal Navy ratings, whose 
ages ranged from 19 to 26 yr, acted as experimental 
subjects. The control group was given two versions of the 
test, one after the other. The experimental group was 
given the same two versions of the test in the same order, 
and also recited the given sentence while doing the 
second. Performance on the test used correlates very 
highly with intelligence, so each subject’s score on the 
AH4 intelligence test was also measured. The scores of 
the two groups are shown in Table 1. 


Table 1 
Gronp mean scores 
tence checking tests 
AH4 Firat Second 
Controls 78-8 25-5 28 3 
Experimentals 845 270 16-7 


Student’s ¢ test showed that the AH4 scores and first 
sentence checking test scores of the two groups did not 
differ significantly at the 0-065 level; but the scores of the 
experimental group for the second sentence checking test 
were inferior to those of the control group (P<0-01). 
Similarly, the scores of the experimental group for the 
second test were inferior to those for the first (P < 0:05); 
whereas the control group showed a non-significant 
improvement. 

This not unexpected result is additional confirmation 
of the limited channel capacity available to humans, and 
shows how slight a load, even in a separate output 
modality, can depress cognitive performance. It can also 
be considered in terms of the peripheral theory of cognition, 
although no result of this form could be decisive m that 
context’. It has not escaped my notice that, in an applied 
field, compelling people to chant slogans seems to be an 
excellent way of inhibiting their higher mental processes. 


M. HAMMERTON 
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Cambrıdge. 
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Book Reviews 


FLICKER IN THE DARKNESS 


Nicole Oresme and the Medieval 
Qualities and Motions 
Edited with an Introduction, English Translation and 
Commentary by Marshall Clagett. (A Treatise on the 
Uniformity and Difformity of Intensities known as 
Tractatus de Configurationibus Qualitatum et Motuum.) 
Pp. xii+713. (University of Wisconsin Press: Madison 
and London, September 1968.) $15; 143s. 


Tms volume is the latest instalment of the corpus of 
mediaeval writing on mathematics and mechanics to the 
publication of which Professor Clagett, with great 
competence and unflaggmg mdustry, has devoted his 
department in the University of Wisconsin for many years. 
It ıs no mean task to decipher the scribblings of ignorant 
scribes and transform them ito polished critical editions, 
accompanied by Enghsh translations and abundant 
commentary; it must also be a work of infinite patience to 
labour through the unspeakably tiresome arrays of 
pedantic syllogisms mto which the schoolmen diluted 
their primitive arguments. Clagett’s own commentary, 
although making use of mathematical symbols invented 
to avoid prohxity, is itself so punctilious that ıt more 
often than not carries the dilution one step further: in 
the volume under review, the Oreame text, collated from 
some fourteen manuscripts, occupies, with its translation, 
only about one third of the book; the rest consists of an 
informative introduction, an explanatory commentary, 
the reproduction and translation of a number of other 
relevant mediaeval texts, and several detaJed mdexes. 
This lavishness—no doubt of great service to the scholar— 
goes a long way to account for the enormous bulk of the 
Wisconsin mediaeval thesaurus. 

Confronted with such a display of scholarly zeal, the 
modern scientist may well wonder whether it could not 
find more rewarding objects than the barren wastes of 
long forgotten mediaeval lore. He assumes, reasonably 
enough, that the founders of the powerful methods of 
investigation he 1s still applying today were the best 
judges of the worthlessness of the scholastic tradition they 
scornfully rejected, and he is inclined to accept their 
verdict without taking much trouble to verify it. This 
summary judgment over the “dark ages” of Western 
culture, however, is just what the mediaevalists contest: 
if they so intently peer into the darkness, it is with the 
conviction that they are bringing hidden treasures to light. 
Although their own exacting studies of the sources have 
by now exposed the extravagance of Duhem’s early 
claims about mediaeval anticipations of modern scientific 
conceptions, they are still reluctant to give up the belief 
that scholastic ideas could have exerted a significant 
“influence” on Galileo and other pioneers of modern 
science. This, then, is the historical problem which at 
any rate gives the medisevalists’ efforts a valid motivation. 
Even if it turns out, on cmtical assessment, that all the 
documents they are so neatly dusting fail to evidence the 
existence of any such “influences”, their labour will not 
have been in vain: therr contribution will certainly not 
have less mportance if ıt leads us definitely to disprove 
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the improbable thesis of a continuity between mediaeval 
and modern thinking, and documents instead the occur- 
rence of a complete break between them. 

Oresme’s treatise on the “configurations of qualities 
and motions’, of which we are now given a definitive 
edition, is a key document in this respect, in view of the 
popularity it enjoyed in the schools during the fourteenth 
and all through the fifteenth century. It deals with a 
favourite exercise of the schoolmen’s: the analysis of 
qualities according to intension and extension—that is 
to say, the distribution of their intensity over a range 
determined by the nature of the subject: space, time or 
any other character. For representing a magnitude of 
any kind by a linear segment the schoolmen had Aristotle's 
authority; the mnovation Oresme introduced consisted in 
disposing the segments which represent the intensions 
perpendicularly to the line along which the degrees of 
extension were marked: the extremities of the intension 
segments thus formed a curve, which together with the 
extension line determmed the “configuration” of the 
quality. Oresme even contemplated qualities extended 
over e surface or a volume, whose configurations formed, 
respectively, a volume or (because there is no fourth 
dimension) an aggregate of volumes interpenetrating each 
other. He was quite moapable of handling effectively, 
however, any other case than what we would call a lnear 
variation of the intension, and there is in his ‘‘imagination”’ 
of qualities no shadow of anticipation of analytic geometry. 
Stil, he applies the scheme to a bewildering variety of 
examples; ıt was supposed to work equally well for 
studying a motion of variable velocity, for relating the 
medicinal virtues of plants to the form of their parta, or 
for explaining why almond-shaped eyes are more beautiful 
than round ones. 

It 1s Oreame’s application of his method to uniformly 
accelerated motion that has given rise to speculation about. 
the help Gahleo could have derived from it in his own 
investagation of the law of fall; this issue is mdeed. 
raised agam by the editor, although it would seem that 
it was settled long ago in the negative by Dijksterhuis’s. 
painstaking discussion of the case m his book Valen Worp. 
Oresme’s solution proceeds smoothly enough: the extension 
being the time and the intension the linearly increasing 
velocity, he realizes that the space is given by the area of 
the resulting triangular configuration and he thus finds 
for it the correct quadratic law. It does not occur to him, 
however, that this type of motion could have any relation 
with the fall of material bodies. On the other hand, if 
Galileo, when he had found the law of spaces by experi- 
ment, had known, or remembered, Oresme’s formal 
result, he would not, in his attempt to derive by mathe- 
matical reasoning the corresponding law of velocities, have 
made the false start of assuming the velocity to be pro- 
portional to space instead of time. Too much is made of 
the similarity between Galileo’s ultimate formulation of 
the law of accelerated motion in the Discorsi and that 
given by Oresme: both state that the accelerated body 
will travel through the same space in a given time as it 
would ın a uniform motion with half its final velocity. 
This just corresponds to the statement that the area of 
a right triangle is the same as that of a rectangle of the 
same base and half the height—a smple thumb-rule- 
familiar, no doubt, to every surveyor, but which our- 
medisevalists pompously call the “Merton theorem” 
because it happened to be a popular subject of verbal 
exercise in Merton College. Pages teemmg with erudition 
are spent by the editor conjecturing how Galileo could have- 
gained access to Oresme’s ideas: why does he neglect the 
clear evidence we have of the actual course of Galileo’s. 
studies, of his early initiation to the works of Archimedes 
and the resulting break with the scholastic tradition ? 

It 13 more to the pomt to enqwre about Oresme’s. 
position within the development of mediaeval thought; 
on this problem much light 1s thrown by Clagett’s sensitive- 
appraisal of his hero’s work and personalty. To form a. 
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fair judgment of him, we must not be put off by the 
barbarous traits he shares with his tame: belief ın the 
conformity of shapes and therapeutic properties of 
plants, or in the reality of phenomena associated with 
magic and sorcery. Disconcerting as this may seem, if he 
includes these things in his treatise on qualities, it is with 
a rationalistic intention: he fights superstition by ration- 
alizing it; he exorcises the demons by reducing their 
workings to natural causes. As to astrological predictions, 
he deprives them of any real foundation by an ingenious 
argument: because the periods of the heavenly motions 
are incommensurable, no celestial configuration will ever 
repeat itself, and the alleged regularities on which the 
astrologers base their horoscopes are therefore spurious. 

Oresme’s retionalistic turn of mind applied itself, of 
course, also to more concrete objects. His famuliarity 
with the optical writings of Robert Grosseteste and 
Witelo, to which he owed the suggestion of his graphical 
method (they represented beams of light by cones whose 
opening indicated the intensity of illumination), reveals an 
early interest for the study of natural phenomena, which 
especially Grosseteste and his disciple Roger Bacon 
endeavoured to foster among the clerics. Oreame’s later 
participation in the affairs of the realm appears indeed as a 
fulfilment (however modest) of Roger Bacon’s vision of a 
philosophy serviceable to the useful arts: we find an 
echo of this aspiration in the prologues of Oresme’s 
French writings, which were addressed directly to the 
merchants, the “mechanics”, the King’s civil servants. 
Yet it could not escape such clear-sighted men as Oresme 
and his best disciple Henry of Hesse how insufficient the 
scholastic way of thinking was to cope with real problems, 
how powerless its formal approach leaves us in front of 
practical tasks: one perceives in the parts of their writings 
dealing with natural phenomena an undertone of scepti- 
cism and disillusion. 

We are here touching on one of the most challenging 
problems of the history of science. Why did the rational- 
istic tendencies within the scholastic philosophy ultimately 
come to nothing ? Why did the fire not catch, but remain 
a mere flicker in the darkness? Clagett is certainly right 
to point to the intrinsic weakness of the scholastic method 
as a cause of the decay which set in so soon after Oreame’s 
promising start; but it is not the only one. The school- 
men’s pathetic failure must be seen in the perspective of 
the general crisis which swept away the whole social 
structure of the middle ages; both the intellectual and the 
economic aspects of the case must be taken into account. 
For such a study abundant material is at hand, but 
historians of science do not seam too keen to analyse it. 
It 18 of course more polite, and safer, to bestow praise on 
the thinkers of the past than to expose their failings; and 
polite reviewers encourage historians to believe that 
nothing else is expected of them. Thus the legend of the 
continuous progress of science is kept alive, and the 
history of the most spectacular defeat of human reason 
remains unwritten. L. ROSENFELD 


ATOMIC COLLISIONS 


The Observation of Atomic Collisions In Crystalline 
Solids 

(Defects in Crystalline Solids, Vol. 1.) By R. S. Nelson. 

Pp. x+281. (North-Holland: Amsterdam, 1968.) 117ə. 


Oxum has only to hold and turn in one’s hands a model of 
any crystal lattice to appreciate that there are certain 
“open” directions which might allow the passage of a 
particle with weak interaction with the atoms of the lat- 
tice, and there are directions in which a particle could not 
penetrate far into the lattice without suffermg a large 
deflexion through collision with a lattice atom. The 
possibility of channelling, in which a particle is confined 
within an open region of a lattice by successive deflexions 
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towards the channel axis by atoms in densely packed rows 
or planes surrounding the open region, was first suggested 
by J. Stark m 1912. His idea was forgotten and, until 
the begmning of the present decade, little serious effort 
was devoted to exploring the theoretical or practical 
implications of channelling. Recent years bave seen, 
however, a very large number of experimente, some of 
great beauty and refinement, and the development of 
theoretical models for their interpretation. The author 
of this book, who has himself made a considerable con- 
tribution in this field, has sought to provide an introduc- 
tion to the field and to present an orderly account of the 
experimental work up to the time of writing. He has 
succeeded admirably. 

After short introductory chapters on the interaction of 
radiation with matter and on some of the specially devel- 
oped experimental techniques, the main chapters cover 
channelling; the collision cascade initiated by the coll- 
sion of a primary particle with a lattice atom; and a 
discussion of sputtering which occurs when a collision 
cascade intersects æ orystal surface. There is pointed 
out the obvious relevance of channelling to the technology 
of ion implantation as a means of producing a doped region 
in a semiconductor. Moreover, a detailed examination 
of the scattermg of protons by doped semiconductor 
samples may differentiate between the occupation by the 
impurity atoms of substitutional or interstitial sites. 
The behaviour of the unchannelled or random component 
of a beam of high energy particles is also modified by the 
ordering of the lattice, which causes blocking of particles 
which undergo Rutherford scattermg into densely packed 
planes. The blocking pattern is shown to appear as a 
projection of these planes. Because of small penetration 
this is a useful method for the examination of the structure 
of epitaxial layers. The development of the theory of 
focused collision sequences will be of interest to those 
concerned. with mechanisms of radiation damage, as these 
provide a method by which separated interstitial and 
vacancy paira may be produced. 

The value of this book, the first ın a series on defects in 
crystalline solids, is enhanced by the lavish and effective 
use of illustrations. A later volume will discuss collision 
theory, which is here given rather briefly and rather too 
concisely to be easily followed by a newcomer to the field. 
The author has managed to convey something of the spirit 
of good experimental science and, for this reason, deserves 
a wider readership than the specialists for whom the book 
has been written. T. P. P. Har 


MOLECULAR MIGRATIONS 


Mechanisms of Molecular Migrations 

Vol. 1. Edited by B. 8. Thyagarajan. Pp. ix+331. 
(Interscience (Wiley): New York and London, January 
1969.) 164s. 


SKELETAL ments of organic molecules, particu- 
larly those which take place under relatively mild condi- 
tions, have intrigued chemists ever since they were first 
recognized early in the history of organic chemistry. The 
diversity of these transformations, their value in synthetic 
chemistry, and the challenges they present to unravelling 
their mechanisms, have served to stimulate considerable 
interest and research. Frequently, reviews have appeared 
on particular rearrangements, but although such re- 
views summarize knowledge at the time they are written, 
these individual efforts have appeared over a period of 
many years, thereby reducing their total effectiveness. 
From this point of view, the production of æ series, 
Molecular Rearrangements!, had much to commend it 
because a wide area of molecular transformations was 
substantially reviewed at one time. In such a relatively 
limited work it is clear, however, that many molecular 
migrations can recerve only scant attention, and detailed 
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discussion of the mechanisms of even the more important 
rearrangements has to be curtailed. The result has been 
& natural opening for this present series, Mechanisms of 
Molecular Migrations, which sets out to review principally 
the mechanistic aspects of some of the more important 
rearrangements. Six articles appear in the first volume 
and each article is written by chemists active m the field 
reviewed. The thermal and photochemical rearrangements 
of mitrones to amides and oxaziranes, and of azoxy to 
hydroxy-azo compounds, are comprehensively reviewed 
by, respectively, M. Lamchen and Erwin Buncell. In the 
article on the Ramberg—Backlund mt of 
a-halosulphones to olefins, Leo Plaquette discusses both 
the mechanism, including the likely mtermediacy of 
episulphones and thiirene dioxides, and the synthetic 
usefulness of this reaction. The extensive review by 
Glen Russell and Gerard Mikol of the Pummerer and 
Polonovski reactions confines iteelf mostly to the acid- 
catalysed transformations of sulphoxides and amine- 
oxides because the Meisenheimer rearrangement is dis- 
cussed in the second volume of the series. The articles 
on the transformations of both amidines (Dimroth 
rearrangement) and cyclohexadienones, by D. J. Brown 
and Bernard Miller, will be of added interest to the 
“natural product” chemist. 

In general, the reviews are comprehensive and readable, 
and the literature up to about the end of 1966 is well 
covered. There is obviously a gap of about two years 
between completion of the manuscripts and publication 
of the book. Such gaps are unimportant only where there 
have been no significant advances in that period, as for- 
tunately seems to be the case here. The articles are well 
written, but there are occasional abuses of the English 
language. Nevertheless, these articles serve as timely 
summaries of the chosen topics and as pointers to the areas 
where more research is needed. The volume will be a 
useful addition to most chemistry libraries. 

R. A. W. JOHNSTONE 


1 Moseidar Rearrangements (edit. by Mayo,FP. de) (Interscience (Wiley), 


NOBLE GAS COMPOUNDS 


Noble-Gas Chemistry 
By Jobn H. Holloway. Pp. viii+218. (Methuen: London, 
November 1968.) 42s. 


THE first time noble gas compounds were prepared was in 
the summer of 1962, and since that time three binary 
fluorides of xenon and one of krypton, two oxides of 
xenon, two oxyfluorides of xenon, together with adducts 
of these compounds with alkali fluorides or oxides or 
Lewis acid fluorides, have been prepared and fully 
characterized. There is evidence for a chloride of xenon 
and som: compounds of radon. Over 230 references are 
quoted on these compounds in this book by J. H. 
Holloway; this is at least the third book on the subject of 
noble gas compounds and this small body of new com- 
pounds is now mentioned in all of the standard textbooks 
m inorganic chemistry. Furthermore, xenon fluorides 
must have appeared in school examination papers more 
quickly after their first discovery than any other com- 
pounds. Certainly the noble gas compounds have 
achieved their share of publicity. 

This is & convenient time to re-assess the field of noble 
gas chemistry, as there is a noticeable decline in research 
activity in the field. Most of the major problems are 
now answered—the structure of xenon hexafluoride still 
presente difficulty—so that a clear cover of the field is 
welcome. The immense interest in the subject after 
the initial discoveries in 1962 was a reflexion of the fact 
that many laboratories were completely equipped to 
handle fluorine and fluorine compounds, and the concept 
of the application of physical methods to the study of new 
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morganıc compounds was normal to inorganic chemists. 
Although the very existence of noble gas compounds 
appeared to offend established theories of bonding, the 
basic concepts required to describe these compounds had 
been in existence for at least thirty years, and a qualitative 
description of the geometry of the molecules in terms of 
electron-pair repulsion theory can be carried out by most 
first year undergraduates. 

This book 1s therefore to be welcomed, particularly as 
it ıs written m a lively style which means that it can be 
recommended for specialist undergraduate reading. There 
1g some repetition and some slight lack of clarity when 
describing theory, but these are minor blemishes in a 
book which could serve to introduce students and teachers 
to the field of noble gas chemistry and which will, more- 
over, give much insight mto the manner in which in- 
organic chemists set out to obtein information on com- 
pounds after their initial preparation. Unfortunately, 
the book is rather expensive for student use, but is 
certainly not out of lme with comparable monographs. 

The attitudes of 1968-1969 are clearly felt in the last 
short chapter, “Applications of Noble-Gas Compounds”. 
There are possible uses for these compounds and their 
full potential has not yet been realized, but it is clear that 
neither of the initial breakthroughs in the subject, by 
Bartlett at the Univermty of British Columbia, or by 
Claassen, Selig and Malm at Argonne National Laboratory, 
were made after submission of detailed research proposals. 
Would an application for support of pure research on the 
preparation of unknown xenon fluorides submitted in 
1969, when it would be difficult to justify a short-term 
use for the compounds, be supported for equipment and 
salaries ? Certainly chemistry as a whole would be much 
poorer without these compounds and it is always possible 
that they may be of commercial importance by 1999, but 
these are matters on which it is impossible to make 
predictions in advance and perhaps it is necessary to be 
thankful that the initial investigators thought about the 
reactions first and then carried them out before attempting 
to justify their work to the purse-holders. 

D. W. A. SHARP 


POLYMER TEXTS 


Addition Polymers 

Formation and Characterization. Edited by Derek A. 
Smith. Pp. vii+492. (Butterworth: London, November 
1968.) 1108. 


Organic Semiconducting Polymers 
Edited by J. E. Katon. (Monographs in Macromolecular 
Chemistry.) Pp. x+315. (Arnold: London; Dekker: 
New York, November 1968.) 170s. 


THE subject of the book which Dr Smith has edited is 
divided into two sections. The first, on formation, 
occupies the first four chapters. The second, on charac- 
terization, is covered in six chapters, two of which, 
dealing with molecular weight determination and its 
associated subject polymer fractionation, male up nearly 
a quarter of the book’s length. 

As often happens with a team effort, the coverage is not 
uniform and depth of treatment is also variable. This, 
however, has been recognized and pointed out by the 
authors themselves. 

Although primarily directed at polymer scientists, it is 
pleasing to note that the technological aspects of polymers 
has been kept well to the fore. The first table, in fact, 
emphasizes that many industrial polymeric materials con- 
tain substantial amounts of non-polymeric additives in 
addition to the base polymer. 

The illustrations and tables are usually clear and ade- 
quate, but the plates, although fascinating, do not seem to 
be particularly well chosen. Of the eleven photographs, 
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five are of the crystal structure of polyethylene. It 
seems a pity, when plates are provided, not to meolude more 
than one example of the industrial equipment and pro- 
cesses which are so difficult to visualize from the conven- 
tional flow sheet diagrams. : 

Tt is on the whole, however, a good book and should 
certainly be of considerable use to honours students 
specializing ın polymer science and technology. 

The second book has an immense amount of informa- 
tion, and considerable credit 1s due to the editor and his 
colleagues in managing to keep the text both readable and 
interesting. 

The first chapter provides a general introduction to the 
basic physics of semiconductors, and the treatment 18 
extended in chapter two to cover such topics as the 
chemical structure and electronic behaviour of polymers 
and macromolecular solids. After this, the available data 
on the electronic behaviour of different classes of polymers 
are discussed. This chapter contains a well-documented 
section on charge transfer complexes. These low molecular 
weight donor acceptors, although not stmectly speaking 
polymers, are interesting electronic materials in their own 
right and they often contribute to polymer-like structures. 

The fourth chapter deals with semiconducting organic 
polymers containing metal groups. The book concludes 
with a chapter on an interesting class of materials—sem- 
conducting biological polymers. 

There are many indications that polymers are likely to 
make increasmg contributions towards semiconductor 
applications and this book provides a very useful source of 
references for those interested in the field. 

W. A. Hormes-WALEER 


THEORETICAL ASTRODYNAMICS 


Methods of Astrodynamics 
By P. R. Escobal. Pp. xii+ 342. (Wiley: London and 
New York, February 1969.) 140s. 


Tus trouble with this subject is that there are still no 
really satisfactory textbooks on it. This book does not 
solve the problem either; but it at least attempts to 

tize a certain amount of knowledge in the field, 
and succeeds in a degree. 

Chapter one deals with known theories of the physical 
environment of the primary planets of our solar system, 
Bode’s law, mean planetary orbital elements, approximate 
theory of lunar motion and atmospheric models. In an 
attractive form, it offers working formulae for the determ- 
ination of the ecliptac longitude of the ascending node, 
mean longitude, longitude of perihelion, orbital eccen- 
tricity, and orbital inclination of the ecliptic plane (all for 
given semi-major axes) es functions of the ecliptic argu- 
ment of perihelion, mean anomaly, time of perifocal 
passage and mean sidereal motion. 

The second chapter is called “Optimization Techniques”, 
but ıt is weak and disappointing. Its first half or so offers 
only common mathematical knowledge in maxima and 
minima, of ordinary functions; but the second half may be 
useful to beginners. 

Hohman’s transfer theory, circular velocity at a given 
point, transfer velocity required, velocity increments to 
escape to infinity and for the total manoeuvre, minimum 
cotangential velocity increment transfer, velocity require- 
ments with plane change, velocity minimization methods 
and associated problems are neatly presented in chapter 
three, and the reader will find them pleasing. 

The book (chapter four) then deals with minimum fuel, 
minimum time and minimum weight-in-orbit interplane- 
tary trajectories whose rapidly growing importance has 
recently been underlined once again by the Soviet and 
American automatic stations aimed at Mars and Venus. 
The specific problems discussed are: the method of 
patched conics, transfer processes, position and velocity 
vectors and secondary impulses, total velocity increment 
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minimization, algorithms for various transfer modes, 
velocity expenditure for Earth to Mars flyby, Earth to 
Marsa rendezvous in circular orbit, time minimization 
processes and techniques. 

Chapter five concentrates on the well known and well 
developed three-body mathematical theory, but in a 
rather condensed and certainly simplified form. The 
analysis offered by the author is of undoubted interest, but 
the non-expert reader will find it difficult in places without 
first having read earlier publications on the subject (listed 
in the references). 

Space exploration requires space flights which, ın turn, 
require a very extensive, complex and costly network of 
ground tracking-control stations. The stations cannot, 
however, be used just at any trme. Therefore one of the 
most important problems of applied astrodynamics 18 the 
determination of the earliest and latest times of trans- 
mission, of communication between the network and 
space vehicles. And this ıs the subject of chapter six, 
called ‘“Geocentric, Lunar and Interplanetary Com- 
munications”. I find the somewhat simplified but 
straightforward mathematical analyse and conclusions 
of the chapter mterestmg, instructive and useful. 

Then, in chapter seven, the author develops “special 
perturbation” techniques of trajectory integration—a 
numerical procedure used ın the determination of orbits— 
and he discusses the two most promment methods cur- 
tently used. The ‘perturbative function”, Cowell’s 
integral, effects caused by oblateness, the problem of 
small differences, algorithm for Encke’s method with 
shifting reference orbit, the first- and second-order correc- 
tions, the basic equations of motion and evaluation of the 
fundamental constants, are questions dealt with in 4 
condensed yet attractive Manner. l 

Finally, chapter eight contains a detailed description of 
the complicated selenographic coordmate transformations 
required to locate spaceships relative to the lunar surface. 
The geometric schemes and mathematical relationship of 
this chapter are not only absorbingly interesting but also 
useful, and I would recommend them to anyone engaged 
in orbits and trajectories theory and optimization. 

All in all, I conmder this book to be a valuable contri- 
bution to the printed world of theoretical astrodynamics. 

G. A. TOKATY 


ATMOSPHERIC DATA 


Daily Aerological Cross Section at Latitude 30° N during 
the International Geophysical Year Period, Decem- 
ber, 1958 

By UK Meteorological Office. (HMSO: London, 1968.) 55s. 


Tms completes a set of four publications, and gives the 
daily vertical aerological cross-sections of the atmosphere 
around the Earth at latitude 30°N for March, June, 
September and December 1958. They are published with 
excellent detail on large charts (about 30x 50cm), each 
representing a vertical section along half the latitude 
circle, east and west of the Greenwich meridian. Isopleths 
show temperature, potential temperature, humidity 
mixing ratio, and north-south wind component. West-to- 
east components are also indicated by numerical values. 
A mean cross-section for the month 1s given at the end. 
The set of four publications 1s a contribution made by 
the United Kingdom Meteorological Office to the tremend- 
ous task of processing, analysmg and publishing in chart 
form the upper air data which were collected during the 
International Geophysical Year 1958. It is a weakness of 
major international observational programmes that the 
systematic reduction and publishmg of the results are 
tasks which, taking much time and effort, are often neg- 
lected. These publications, although representing but a 
small fraction of the IGY serological data, are the result 
of several years of continuous work by a small team of 
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analysts. Without this kind of follow-up, international 
projects which capture the public imagination at the time 
become little more than grandiose and expensive scientific 
stunts. The Meteorological Office must therefore be 
congratulated on a very considerable achievement. 

The charts provide & major contribution to the study of 
the general circulation of the atmosphere or, what 1s much 
the same thmg, the climatology of the atmosphere, 
between the surface and about 30 km height (10 mbar 
pressure). The vortical section is mterestang near the 
latitude of the maximum of the sub-tropical jet stream. 
Routine daily synoptic data do not suffice to give any 
adequate idea of the constancy and meandering of this 
current centred at a height of about 12 km, a little below 
the tropopause, so that this daily series presents unique 
information. On the average December chart for 1958 
are shown five distinct jet-stream wavelengths with the 
maxima of north-south component attammng 5 to 10 m/s, 
compared with a maximum west-east current varying from 
about 15 to over 50 m/s. The smallest speed at this 
latitude 13 at longitude 120° W, the greatest at 130° E, 
the extreme east and west of the Pacific Ocean. These 
agree well with established climatic features, the speeds 
being in far agreement with the means shown on upper- 
air climatic charts, but the meanderngs seem more pro- 
nounced. The daily charts naturally show much greater 
variability. 

Apart from their intrinsic interest, the data on the charts 
can be used to compute statistics of central significance 
im general circulation theory such as the monthly mean 
fluxes and eddy fluxes of momentum, energy and water 
vapour. A paper by the compilers of these charts, 
Murray, Parker and Collison, recently appeared in the 
Quarterly Journal of the Royal Meteorological Sootety 
(p. 92; 1969) presenting some of these derived data, 
and much more of value can be extracted. It 1s interesting 
that another combined attack on the world’s atmospheric 
circulation 1s being planned for the mid-1970s, but against 
a much advanced theoretical background. The hope then 
will be to predict and not merely to record the day to day 
changes. This change in objective is a good indication 
of the progress made since the IGY, but the IGY data 
still reman the most complete collection we have. 

R. C. SUTCLIFFE 


Correspondence 


Probability and Prejudice 


Sm, —Concerning the prisoners: Matthew, Mark and Luke 
(Nature, 221, 291; 1969); 1f two execution victims were 
to be selected ın succession by a random ballot, Matthew’s 
joint probability of bemg executed with either Mark or 
Luke—in any order—is 2/3. Having survived the first 
ballot, Matthew is entitled to feel happier, for his condi- 
tional probability of execution on the second ballot is 
now 1/2. Note that this is conditional to his surviving the 
first ballot. The first diagram depicts this situation. 

These probabilities thus derived are termed “‘subjeo- 
tive”, for they are derived from a two-stage ballot which 
Matthew subjectively evaluates as equivalent to his real- 
world event: execution of two prisoners whose identities 
have been predetermined. 

One element of confusion in this problem is provided 
by the reference to a “posterior probability” after addi- 
tional information is provided by the jailer. What addı- 
tional information, relevant to his own fate, has Matthew 
received from the jailer? None! The jailer could equally 
have answered instead: ‘Luke is to be executed” without 
providing useful information to Matthew. 

When he posed the question to the jailer, Matthew had 
already reasoned that at least one victim must occur 
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TWO VICTIMS TO BE SELDCTED BY RANDOM BALLOT AT EVENT FORKS X, Y 



























- Conditional Joint Joint event 
P(X) = 1/8 . P(Y/X)=1/2 PŠY)=1/6 of tnterost 
` Mark (1/2 1/6 Matt and Mark 1/6 
Luke (1/2. 1/6 
Matt (1/8) uke (1/2) ] Matt and Luke 1/6 
Matt (1/2) 1/6 Mark and Matt 1/6 
Ag 
Luke (1/2) 1/6 
Luke (1/8) 
Matt (1/2) 1/6 Luke and Matt 1/6 
Mark (1/2) 1/6 


Sum = 2/3 


within the pair, Mark and Luke, taken together. Presum- 
ably, he must have also been indifferent as to which one 
was this victim: because the omission of a statement of 
any subjective preferences would make the problem ım- 
complete, it is assumed such subjectave factors are absent. 
He now invokes his own decision to make this victim the 
choice of the firat ballot, as shown below in the schematio 
diagram. 


MATTHEW'S SECOND “SUBJECTIVE” VIEWPOINT 


Mark (1/2) 










Matt (0) 


Luke (1/2) 


Matt (1/2) 1/2 


Mark or Luke (1) Y 


Luke or Mark (1/2) 


The question now arises whether this subjective view- 
point is equivalent to the real-world event which Matthew 
is evaluating. Because it is “subjective” by definition, 
this equivalence cannot be measured by any outsider by 
any absolute means—this 1s where the mdefiniteness of 
subjective probabilities is galling to exact scientists | 

We can, however, at least insist that Matthew’s sub- 
jective evaluation be rational and consistent. The second 

cannot rationally be reconciled with the prior 
schematic diagram as representative of the real-world by 
reason of the arbitrary order of selection introduced at X. 
Matthew may have subjective reasons for preferring the 
second diagram (such as the jailer hating Mark, who 
therefore becomes first choice), but he cannot regard both 
diagrams as reasonable and consistent. He therefore 
cannot feel happier. 

Yours faithfully, 


Purra E. NEL 
C/o Polaroid Corporation, 
Cambridge, 
Massachusetts 02139, 
USA. 


ELDO’s Future Programme 
Sir,—May I clarify a point in your paragraph on ELDO’s 
Future Programme (Nature, 221, 990; 1969). 

The undertaking which the Government has given in 
regard to Blue Streak covers supply “to ELDO, to 
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Member States of ELDO, or, in the event of the dissolution 
of ELDO, to former Members of ELDO or to any grouping 


of former Members’’. 
Yours faithfully, 


R. H. W. BULLOOK. 
Head of Space Division, 
Ministry of Technology, 
Shell Mex House, 
Strand, London WC2. 


Dissemination of Sclentific Information 


Sim,—In his letter entitled “Scientists Informed” (Nature, 
220, 1056; 1968) Mr Hyde concludes that it is necessary 
to develop a computer and associated software, specifically 
for information retrieval. 

He also concludes that present attempts (presumably 
without exception) in this field are a failure. I could cite 
a number of places where practising scientists would 
disagree with him. For example an SDI system (ASCA) 
has recently been evaluated at the National Physical 
Laboratory; in consequence it 18 being introduced more 
widely throughout that laboratory. In this system over 
2,000 of the world’s prime scientific and technological 
journals are searched on behalf of a subsomber in accord- 
ance with his personal mstructions (profile). The sub- 
scriber receives a weekly list describing articles of interest 
to him. 

If an organization appoints a man to implement an 
entirely new system for a specific purpose he will probably 
review what exista, but is hkely to be overcome by the 
exciting prospect of creating the “ideal” system. He 
will need the attributes of a scientist, business man, 
computer expert, politician, budgetary controller and fund 
raiser. 

Implementation means that the project must be treated 
as a properly costed and scheduled development pro- 
gramme, must be “sold” to, and must also be used by 
the appropriate section of the scientific community. 

It will not be a spur to efficiency if the organizers know, 
in the likely event of over-expenditure, that they will be 
able to conceal development and overhead costs. The 
users will have to pay for the service, directly or indirectly. 
To establish cost-effectiveness they should know whether 
they will be called on to subsidize the service through 
subscriptions or taxation, or whether the preparational 
costs will be amortized with the running costs. 

These problems and costs, however, may be greatly 
mitigated if a different view 1s taken. As Mr Hyde says, 
let us continue with research—hopefully to fulfill the 25 
year old prophesy of Vannevar Bush—but let it also be 
appreciated that it is perfectly feasible today to get off 
the ground quickly with an effective system at an accept- 
able cost. 

Hardware is available and a specific data base may be 
created by capitalizing on or combining (merging) existing 
files or by using an existing system as it stands. This is 
the kind of realistic approach which has been adopted 
at some places in Europe—for example at Datacentralen 
in Copenhagen and at the Teknisha Hogskolan in 
Stockholm. 

We can innovate for tomorrow, but also adapt for today. 


Yours faithfully, 


A. E. CAwKELL 
132, High Street, 
Uxbridge, 
Middlesex. 


Life in the Big Cities 


Str,—An article in Nature (221, 1085; 1969) reasonably 
questions the validity of ring roads as a remedy for jams 
of radially moving traffic. 

Should not suspicion be directed also at one-way traffic 
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schemes? Any arbitrary interference with the concept 
that the optimum road cost economy 1s achieved by the 
identity of vehicle mileage with the mmimum pomt to 
point mileage requires potent justification. 

In a word, in any circumstances where vehicles are 
attempting to move X yards from A to B and the direct 
course is denied by one-way circuitry the road/vehicle 
occupancy cost may be multiplied 2, 3 or 4 times. 

Yours faithfully, 
R. Batmey 
7 St Mary’s Road, 
Ealing W5. 





Erratum. In the article “Reversible Activation of 
Lysosomes by Dimethyl Sulphoxide” by Misch and Misch 
(Nature, 221, 862; 1969), the last sentence of paragraph 
six should have read “The data also indicate a greater 
loss of enzyme during washing ...”. 

Ereatom. In the course of editing the article “Natıve 
and Denatured DNA of Phage T3 and of FE. coli B as 
Templates for RNA Polymerase” by Cheong and Chargaff 
(221, 1144; 1969) the sense of the fourth paragraph on 
page 1145 was seriously changed. The passage inni 
with the second sentence should read: “Of course, the 
reconstruction of normal conditions cannot be complete. 
The DNA of F. coli probably exists in the cell as a much 
larger molecular species" than can be isolated, whereas 
T3 DNA (molecular weight 23 x 10°)'"13 is presumably 
nearly intact. Interpretation also is made difficult by the 
close similarity in nucleotide composition of T3 and 
E. coli DNAS,” 


Erratum. In the article “Two 3’-Terminal Sequences 
in Satellite Tobacco Necrosis Virus RNA” by Wimmer 
and Reichmann (221, 1122; 1969), the base pairing indi- 
cated in paragraph five on page 1125 is incorrect as it 
stands. It should read: 
- + GpApCpUpApCpOpCox 
- UpGpApp 

Erratum. In the artacle “Lymphocyte in vitro Cyto- 
toxicity: Specific Release of Lymphotoxin-like Materials 
from Tuberculin-sensitive Lymphoid Cells” by Granger 
et al. (221, 1155; 1969), two of the references were m- 
correctly renumbered. On page 1156, references “8” and 
“9” on lines 24 and 26 in the right-hand column should 
have been “7” and “8”, 
Erratum. In the article “Unexpected High Incidence of 
Tumours in Thymectomized Mice treated with Anti- 
lymphocytic Globulin and M: tum leprae” by 
Gaugas et al. (221, 1083; 1969), the fourth line of the 
third paragraph should have read “fed on pellet diet, 
41b”, not “4 pounds”. Only one of the authors, F. C. 

rman, is from the Division of Experimental Biology 
and Virology, Imperial Cancer Research Fund. J. M. 
Gaugas is, with tho other authors, from the National 
Institute for Medical Research. 


Eeratum. In the article “Molecular Determinants of 
Obligate Psychrophily” by Malcolm (221, 1081; 1969), 
an error was made in the legend to Table 1. The specific 
activities quoted should have been “mumoles of amino- 
acid charged/h/mg of protein”. 

Erratum. In the article “Graphite Formation from Low 
Temperature Pyrolysis of Methane over some Transition. 
Metal Surfaces” by 8. D. Robertson (221, 1044; 1969) 
the second sentence of the first paragraph should have 
read ‘These i 


paragraph should have read “The exact correspondence 
of all the observed (h,k, hFE, 0) and (h,k,h+ k, 1) reflexions 
is self-evident and thus confirms the structural equivalence 
of these carbona”. 
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Errarom. In the article “Basic Requirements for Calci- 
fication” by Joseph Samachson (221, 1247; 1969) the 
last sentence in the first paragraph should have read 
‘Because the equilibrium constant for water (Ky) is only 
10-1 (mole/l.)? at 25° C”’. 


Erratum. In the article ‘Identification of Bacteria by 
Differential Light Scattering” by Philp J. Wyatt (221, 
1257; 1969), the last line of the fourth paragraph should 
have read 180°—9 (ref. 2). 


Erratum. In the announcement which appeared in the 
issue of March 20, ıt was stated that Dr T. T. Sandel 
had been appointed chairman of the department of 
psychology at the University of Washington. In fact, 
Dr Sandel’s appointment is at Washmgton University, 
St Lows, Missouri, USA. 


International Meetings 


July 14-18, Pharmacology, Basel (Congress on Pharma- 
cology 1969, Postfach 30, 4000 Basel 4, Switzerland). 


August 11-13, Crystal Growth, Maryland (Conference 
Secretary, C. S. Sahagian, Air Force Cambridge Research 
Laboratories, L. G. Hanscom Field, Bedford, Massa- 
chusetts 01730, USA). 


September 5-10, Clay, Tokyo (1969 International Clay 
Conference, Organizing Committee, Science Council of 
Japan, Ueno Park, Tokyo 110, Japan). 


September 15-19, Tropical and Sub-Tropical Fruits, 
London (Scientific Secretariat, Tropical Products Institute, 
56-62 Gray’s Inn Road, London WC1). 


September 23-24, Vertebrate Palaeontology and Gom- 
parative Anatomy, Newcastle upon Tyne (Dr A. L. 
Panchen, Department of Zoology, University of New- 
castle upon Tyne, UK). 


September 24-26, Ultrasonics, St Louis (D. I. Bolef, 
General Chairman, 1969 IEEE Ultrasonics Symposium, 
Department of Physics, Washington University, St Louis, 
Missouri 63130, USA). 


October 2-4, Portal Hypertension, New York (Jean 
Fitzpatrick, New York Academy of Sciences, 2 East 63rd 
Street, New York, NY 10021). 


October 13-14, Psychological Aspects of Perception, 
New York (Jean Fitzpatrick, New York Academy of 
Sciences, 2 East 63rd Street, New York, NY 10021). 


October 16-18, Cancer Immunology, Montreal (Dr 
S. O. Freedman, International Symposium on Cancer 
Immunology, Suite 46, 1390 Sherbrooke Street W., 
Montreal 109, Quebec, Canada). 


October 21-23, Solvent-based Processing of Textiles, 
Manchester (Mr A. Langhorn, Shirley Institute, Man- 
chester, M20 8RX, UK). 


October 23-25, Excited-Singlet-Oxygen Molecules, 
New York (Jean Fitzpatrick, New York Academy of 
Sciences, 2 East 63rd Street, New York, NY 10021). 


October 27-30, Multiple Source Urban Diffusion 
Models, North Carolina (Professor A. O. Stern, PO Box 
630, University of North Carolina, Chapel Hill, North 
Carohna 27614, USA). 


October 30-31, Plastics and Human Protection, 
London (Secretary, Borough Polytechnic, Borough Road, 
London SE1). 


November 2-5, Atherosclerosis, Obicago (Dr R. W. 
Wissler, Orgamzing Secretary, Chicago Heart Association, 
22 West Madison, Chicago 60602, USA). 

November 4-5, Interaction of Light with Sound 


Waves, California (O. K. Mawardi, Case Western Reserve 
University, Cleveland, Ohio 44106, USA). 
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Monday, April 14 


INSTIFUTION oF ELBOTRIOAL Eingorammrs (at Savoy Place, London, WO2), 
at 5:30, Pm- Dláogssion, meeting on “Switchgear Arcs” opened by Dr 


Monday, April 14—Tuesday, April 15 


LINNEAN SOOTY oF LONDON (at the Univernty of Sheffield) —Symposium 
on “Biosystematica and Taxonomy of Higher Plants”. 


Monday, Apri! 14—Wednesday, April 16 


AGRIGULTURAL RESRAROH COUNCIL (at the Moat Research Institute, 
Langford, Bristol)—Symposium on ‘The Production of Meat from Male 
INSTITUTION OF ELECTRICAL ENGOEHRS, in association with the Royal 
Institute of Ohemistry; the Institution of Ohsmical Engineers; and the 
Institute of Physica and the Physical Society (at Imperial College, London, 
8W7)—Conference on “Influence of Electric an Magnetic Fields on Chemical 


Monday, April 14—Thursday, April 17 


INSTITUTE OF PHysIos and the PHYSICAL Soommy (at the University of 
Newcastle upon Tyne)—Conference on “Fluid Mechanics in Relation to 
Natural Phenomena”. 


Monday, April 14—Friday, April, 18 


OggamoaL SoommTy; and the ROYAL INSTITUTE OF CHHMISTRY (at the 
University of Nottingham)—Joint Annual Meetings. 


INTERNATIONAL CONGRESS ON FRAOTURE (at the Hotel Metropole, 
Brighton)—Second International Conference on “Fracture”. 


Tuesday, April 15 


INSTITUTION OF ELEOTRONIO AND RADIO ENGINEERS, AHROSPACE, MARI- 
TIME AND MILITARY BYSTHUS GROUP (at 9 Bedford , London, W01), 
at 2.80 p.m.—Symposium on “Communications and Navigational Satellites 
for Ships and Aircraft”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Institute 
of Measurement and Control, and the Automatic Control Group of the 
I.Mech.E., at Savoy Place, London, WC2), at 5.30 p.m.—Bir P. Heywood: 
“Principles of Control Software”. 

UNIVERSITY OF LIVARPOOL (in the Science Lecture Theatre Block, The 
University), at 5.30 p.m.—Professor E. Lederer: “Some Problems Concern- 
ing Biological O-Alkylation Reactions and Phy tosterol Bloaynthests” (Second 
Morton Lecture). 


INBFITUTION OF MEOHANIOAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, London, SW1), at 6 p.m.—Meeting on “Oar Interior 
Temperature Control”. 


Tuesday, April |5—Wednesday, April 16 


ASSOCIATION OF OLDAL BIoowEMIsTs (in the Rupert Becket Lecture 
Theatre, University of Leeds), at 2 p.m. on Tuesday and 9.15 a.m. on 
Woednesday—National Meeting. Programme will melude a Sympostum on 
“Quality Control”. 

BRITISH BIOPHYSICAL SOOTY (at the University of Birmingham)— 
Meeting on “Biophysical Studies of Call Membranes”. 

INSTITUTION OF CHHMICAL ENGINEERS (at the Royal Society, 6 Cariton 
House Terrace, London, SW1)—Symposium on “Industrial Crystallization’. 

MATERIALS SONOR OLUB (at the University of Lancaster)—Conference on 
“Rilectronic Materials”. 


Tuesday, April 15—Friday, Apri! 18 


BIOCHEMICAL SoommTy (at the University of Ltverpool)—408rd Meeting. 


INSTITUTION OF ELROTRIOAL ENGINEERS (at the University of South- 
ampton}—Conference on “Oomputer-Aided Design”. 


Wednesday, April 16 


HOSPITAL PHYSIOISTS’ oN; and the BIOLOGIOAL BNGINBERING 
Soamry (at St Bartholomew’s Hospital Medical School, Charterhouse 
Square, London, B01), at 10 a.m.—Meeting on “The Computer as a Tool in 
Medicine and Biology’’. 


INSTTFUTE OF NAVIGATION (at the Royal Institution of Naval Architects 
10 Upper Ng pad Street, London, SW1), at 5 p.m.—Meeting on ‘Revising 
lon ations” (open seasion of the ttee). 


the ‘echnical Commit 
m.—Professor D. F. N Harmson: ‘The Ohemotherapy of Head and Neck 
Rialignant, D ” (second of three lectures on “ Scientific Basis of 

INSTITUTION OF ELEOTRIOAL ENGINAERS (at Savoy Place, London, W02), 
at 5.80 p.m.—Discussion mee on “ Electrical Properties of Anodic 
Films’ and Mr J. Staight. 
INSTITUTION OF BLEOTRIOAL BNGDTHERS (at Savoy Plane, London, WC2), at 
6.80 p.m.—Mr D. W. G. Byatt: “Information Display Techniques”. 

INSTITUTION OF MHOHANIGAL ENGINEERS (at 1 Birdcage Walk, London, 
8W1), at 6 p.m.—Mee' on “An Opposed Piston, Rapid Compression 
Machine for Preflame Reaction Studies” 


, The 
Grasmarkat; Edinburgh), at 6 p.m.—Dr J. B. M. Coppock: “Food Protem 
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SOCIETY FOR ANALYTIOAL CHEMISTRY, MID ANGLIA SECTION Qomt meeting 
with the Royal Institute of Chemistry, at Luton Coll of Technology, Park 
Bquare, Luton), at 6.45 p.m.—Mr T. W. Packer: “ on-Dispersive X-ray 
Fluorescence Analyms”, 


Wednesday, April 16—Friday, April 18 


INgTITUTH OF PHysics and the PHYSIGAL SOCIETY (at the Univermty of 
York)—Third “Thm Films” Conference. 


Thursday, April 17 
EOYAL Soorety (at 6 Oariton House Terrace, London, SW1), at 4.80 p m.— 


Mr J. M. Fits-Gerald: “Blood Flow in Marrow Ca fllanes”, Afr N. J. 
Shackloton: “The of the Last Ice Age, and The Bearing on Theories 
of Climatic Change” 


INSTITUTION OF MINING AND METALLURGY (at the Geological sat 


Burlington House, Piccadilly, London W1), at 5 pm.—Ar Seymour 

Bernfeld: “The Mining Industry and the Continental Shelf Convention”. 
INSTITUTION OF ELEOTRIOAL ENGINEERS (at Savoy Place, London, WO2), 

at 5 30 p.m.—AMr. T. B. Constandmou: “The Effects of Internal D.: 

on the tive Life and Overvoli Withstand Behaviour of ehv Qıl- 

unpregnated Paper pushing; Dr G. le, Afr P. G. Parrott and Mr P. G 

Sendal: ‘Measurement the Magnitude of Internal Discharges in Power 
pacitors”. 

i TETUN OF MEOHANIOAL ENGINHERS, NUCLBAR ENERGY GROUP (at 


Walk, London, 8W1), at 6 p.m.— Discussion mesting on “Control 
Devices for Nuclear Reactors”. 


SOCIETY OF OHBAIOAL INDUSTRY, ROAD AND BUILDING AIATBRIALS GROUP 
at 14 Belgrave Square, Londo BW), at 6 p.m.—Annual General Meeting, 

Howed by Mr D. Cornelius and Mr D. H. Mathews. “The Use of Indirect 
Tensile Test for the Site Control of Concrete Paving”. 


WEST OUMBERLAND METALLURGIOAL SOCIETY (at the colle of Further 
gaucation, Workington), at 7.80 p.m.—AIr J. F. Stanners “Metal Protec- 
on”. 


Thursday, April 17—Friday, April 18 


BRITISH INSTITUTE OF RADIOLOGY (in the qe Department, Imperial 
College of Science and Technology, London, $ 7)—Twenty-mnth Annual 
Congress and Scientific Exhibition. 


Friday, April 18 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2), 
et 5 30 p-m.— Professor R L. Beurle and Mr W. E. Turk. “Image Orthicon 

argets”, 

BOOIBTY OF OHEMIOAL INDUSTRY, PLASTIOS AND POLYMER GROUP (at the 
Co of Technology, Plymouth), at 5.80 p.m —Mr A. Walker. “Recent 
Developments tn the Use of Plastics in Packaging”. 


SoOoInTy oF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP ft 14 Belgrave 
Square, euim, SW1), at 6 p.m.—Annual General Meeting followed by Dr 
J. K. Sutherland: “Oychzaton Reactions of Gyclodecadiene Denvatives’’. 


ROYAL INSTITUTION, LIBRARY OIROLE (at 21 Albemarle Berest, London, 
WI), at 6.15 p.m.— George Daniels: “The Astronomical Watch by 
George Margetis in the Possession of the Royal Institution”. 


SOOISTY FOR ANALYTIOAL CHHMISTRY, WESTERN SECTION (at the Geo: 
Hotel, Ohe w), at 6.30 p.m.—Discussion meeting on “El cal Metho 
of Analysis” introduced by Dr G. W O. Milner and Mr R. H Davies. 


NORTH OF ENGLAND SxOTION; 
and the NORTH LANOASHIRE SECTION of the ROYAL INSTITUTE OF OHMMISTRY, 
(at the Harms Technical Co , Preston), at 7.80 p.m.—Mr J. O’Tatton: 
“Obromatographic Methods of Pesticide Residue Analysis’. 


Friday, April 18—Saturday, April 19 


INSTITUTION OF MBOHAKIOAL ENGINEERS; and the INSTITUTION oF PRO- 
DUCTION ENGINEERS (at the University, Lelcestar)—Conference on ‘Machine 


Tools—a Dialogue between User and ufacturer”. 
Friday, April 18—Monday, April 21 


BRITISH SOOTY FOR HISTORY OF PHARAMAOY (at the University of Notting- 
)—Conference on “Medicine, Pharmacy and Population in the 18 


Saturday, April 19 


BRITISH SOCIETY FOR SOCIAL RESPONSIBILITY IN SOIBNOH (at the Royal 
Society, 6 Oariton House Terrace, London, 8W1), from 10 a.m. to 5.80 p.m.— 
Opening Discussion under the chairmanship of Professor Maurice Wilkins, 


HOW TO BUY NATURE 


Volumes start In January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week Is: 

*12 MONTHS (52 Issues and 4 indexes) 


Great Britain and Eire 


(by aw freight)... . .. 
Elsewhere overseas by surface mall 


(Charge for delivery by air mall on appilcation) 
*Shorter periods pro rate. (Minimum three months ) 
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Sunday, April 20—Friday, April 25 


OAREHRS RHSEAROH and ADVISORY CENTRE (ın association with the Man- 
chester Business School, at Owens Park, University of Mancheste:}—Course 
on “‘Scientafic Careers”, 


Monday, April 2I —Thursday, April 24 


TRON AND STEEL INSTITUTE (at the Boral Festival Hall, London, SR1; and 
Church House, Great Smith Street, London, SW1)—Anntal General Meeting 
and Centenary Celebrations. 


Monday, April 21 — Friday, April, 25 


UNIVERSITY OF SOUTHAMPTON; the CONORBTE SOOTY, and RILEM (at 
the Unrveraty)—International Conference on “Structure, Solid Mechanics 
and Engineermg Design in Cıvıl Engineering Materials”. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Theory and Practice of Industral Arohapology. 
on Industrial Archaeology, 8-5, November 1087 ) 
Pp. vi+42 (Bath Bath University Press, 1068 ) [282 
cul Chemical Approval Soheme Insecticides, cides, 
Herbicides 1989 List of Approved Products and their Uses for Farmers an 
Growers. 158 (Pinner, Middlesex’ Ministry of Agriculture, Fisheries 
and Food, 1969.) {282 
Titles of Dissertations approved for the Ph.D., ALSc., and M.Litt. pemes 
in the University of Cambridge durıng the Academical Year 1967-1068. 
Pp. 84. (Cambridge; The University, 1969. [282 
Library Association, and the Royal Statistical Soctety. Recommended 
Basic Statistical Sources for Community Use. (Joint Working Party of 
Son tooo Economic Statisticians) Pp 16. (London: Library Ama 
ciation, 1069. 
Underwater Association Report 1968. Pp 84. (Guildford: Iliffe 8orenoe 
and Technology, 1969 ) 60s. (33 
Towards Community Care: Problems and Policies in the Mental Health 
Service. By F. 3L Martin and G F Behn (PEP Broadsheet 508 ) RA 
1v 1197-284. (London: Politıcal and Economic Planning, 1969.) 10s. [ 
Northern Ireland Alinistry of Agriculture. Leaflet No. 9. mmercial 
ale Growing. Pp. 16. Leaflet No 108 Bee-Keeping. Pp.9 (Belfast: 
try of Agriculture, 1969 ) 88 


Carnegie United Kingdom Trust. 55th Annual Report 1968. Pp. M + 
8383+12 photographs. (Dunfermline: The Carnegie United Kingdom Trust, 


1969 83 

Cesmi on the Third London Airport: Short List of Sites and dito 
Information for Stage IT Local Hearings. Foulness (off-shore). Pp iff Wa 
Development of Modern 


(London H.M. Stationery Office, 1969.) 6s. net. 
(London: HAM.. 
[43 


(The Bath Conference 
ted by R. A. Buchanan. 


8chools hoe ia rondng. Paper No. Ea ale 
en econdary ools. v+25. 
paua, Omoa 068.) 48. 6d. net. 


Other Countrles 


National Museum of Canada—Natural History rapes ale, ( ai a5 
3) m Bri 


Columbia. By R. M. Dunnill and D V Elis. Pp 34. (Ottawa: Queen's 


Printer, 196 J 
da’ ent of Ener Mines and Resources Geological 
Survey of Canada. Bulletin 168: cture of the Northern Foothills and 


Eastern Mountain Ranges, Alberta and British Columbia, between latitudes 
. By E J. W. Irish. Pp. 88 (7 plates), 82. Paper 66—60: 
Sand and Gravel in t By 8 F. 


Btraıit of Geo: 
vwi+149 (8 plates). $2. Paper 67-7 
smaller Islands 


m. Kerr. -¥+16. $150 Paper 6 Occurrences of Uranium 
and Vanadium in ce Edward Island. By V K. Prest, H. B. Steavy and 
T. J. Bottrill. Pp. v+14. $075. Paper 68-24 Preliminary Account of 


Papin Ser! an 
es. 
Athabasca Formation, 

1989.) 


, S0 
. V +37 (8 plates) $1.50 Geolo 
P1000; A Seismic Reconnaissance Survey of the 
ketchewan. (Ottawa’ Queen’s Printer, 1068 ana 
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NEW PEPTIDE REAGENT 
Tert.-Butyl 2,4,5-trichlorophenyl carbonate 


has recently been shown to be a most valuable peptide reagent 





1) W Broadbent, J S Morley and B. E Stone, J Chem Soc, 2632 (1967) 
No. 15,020-7 tert.-Buty! 2,4,5-trichloropheny! carbonate 5g $6.50 25g $20. 
Write for data sheet on this ALDRICH FIRST 
Important Starting Materials for Syntheses of 
Antidepressant, Tranquilizing and Anti-emetic Drugs 













No. 14,365-0 Iminostilbene 
10g $10. 100g $65. 5Kg $395/Kg 
Write for data sheet 


For our latest Catalog write to— 





Aldrich Chemical Company, Inc. 


CRAFTBMEN IN CHEMISTRY 
2371 NORTH 30TH STREET MILWAUKEE, WISCONSIN 53210 





WHICH MICROSCOPE FOR LESS 


THAN £40 
ASA--ENBEECO 
ORES STANDARD 


Hi H MICROSCOPE 
WITH R.M.S. 
EYEPIECES AND 
OBJECTIVES 
MODEL F.l. 


Standard Microscope, in- 
clinable with centring and 
revolving stage, triple nose- 
piece, coarse and fine 









mm.diameter. The optical 
outfit consists of one 
each Sx, 10x and 40x 
El achromatic objectives, and 
one each x10 and x15 eyepleces. Magnification range x50 to x600. Complete 
In wooden cabinet. Price £39. 8s. Od. 


Also available Model F.E.E as above but Incorporating a 15 watt light source 
using mains supply. Price £46. 2s. 6d. 


For immediate despatch from : 
W. A. QUINN LTD. 
12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
Telephone: 01-405 5268 


ee 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous vanety of dyes, ready for Immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Auranta, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


are Invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MI CHIR © MIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acndine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Grinwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thiofiavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, ete. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, 8.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 
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Classified Advertisements 


All copy ıs subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept Ilability for printers’ errors, 
although every care ıs taken to avold mistakes. 
ples £6 par single column inch. 
Minimum £3, each addItional 1/12th of an inch 
10s, Full page £158, Half e across £80. 
Colour (orange) £20 extra. 6 is charged 
for the re-direction of replies to advertrse- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Inn, Strand, London, W.C.2. | Telephone: 
ine ila Telegrams: Textualist, London, 


oo 


APPOINTMENTS VACANT 


UNIVERSITY OF SURREY 
DEPARTMENT OF MATHEMATICS 


SENIOR LECTURER OR 
LECTURER IN STATISTICS 


r che post of 
with good 


also with 
Knowledge of, or interest in, Operational 
also desirable. This és a posi- 


Applications are invited for 
Lecturer in Mathema 


SALARIES: Senior Lecturer, £2,600 to 
£3,520; Lecturer, £1,240 to £2,730, with 
5 pec cent deduction for Su 


obtained 

(LEG), Unversity of Surrey, 

Surrey, to whom apphcations (no forms 
, the names of not more than 

three referees, may be sent by Apc 18, 

1969. (1365) 





NJALA UNIVERSITY COLLEGE 
UNIVERSITY OF SIERRA LBONE 


Applications are inwited for the following ap- 
in the Faculty of Basic Sciences: 


@) SENIOR 
SHIP IN 





plus sup- 


Assistant Lecturer 
Le2,400 per annum (Le1=10s. sterling), 
plementation (normally tax-free) of £275 to £450 
for under 


per annum those designated 

Brith Expatriates ton Scheme 
Superannuation Scheme or gratuty; various 
allowances; famuly passages; bicanial overseas 


leave. 
tions (sx copies), naming three 
referees, by y 12, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 
asn 





Nestle 


Switzerland 


Our Central Research Laboratories by Lake Geneva ın the 
French speaking part of Switzerland have a vacancy in their 
Milk Research Unit for a CHEMIST, who will be responsible 
for largely independent work in the field of Protein Chemistry. 


We are, therefore, looking for a young graduate with a degree 
ın Chemistry, Biochemistry or Natural Sciences who specialised 
in the study of animal or plant proteins. Ideally he will possess 
a Ph.D. degree in one of the above subjects, have several years’ 
practical experience in research or industry and be able to 
communicate with reasonable fluency in French, German and 
English. 


Attractıve career possibilities are offered to the right candidate, 
and preliminary applications with brief details only should be 
addressed to: E. F. Davies, The Nestlé Company Limited, St. 
George’s House, Croydon CR9 INR. 


Salary up to $17,000 


A Research Hydrologist is required by the Hydro- 
logic Sciences Division of the d aters 
Branch to initiate a research program on flood 

methods. The incumbent will become 
responsible for the development and implementa- 
tion of pro involving the application of 
modern mathematical and statistical techniques 
used in flood and flow forecasting. 


Research 
Hydrologist 


Inland Waters Branch 


Department of 
Energy, Mines and 
Resources 
OTTAWA, 


ONTARIO, 
CANADA. 


hydrol 

fields; dem 
programs. 
Proficiency in 
essential, 
position. 


Fore further details and application forms, write 
to 

BIO-PHYSICAL SCIENCES PROGRAM 
PUBLIC SERVICE COMMISSION OF 
CANADA, OTTAWA 4, ONTARIO, CANADA. 
Please quote circular number 69-110-07. 


both official lan; 


ges, while not 
a desirable qua this 


cation for 


(1319) 





UNIVERSITY OF LONDON 


KING’S COLLEGE 
DEPARTMENT OF ZOOLOGY 
Appheations are invited for the 
LECTURER IN ZOO: 


then subxct to review 
a combined Lecturer/Assistant Lecturer scale). 
F.S.S U. benefits will be payable. 

Application forms and conditions of appoint- 
ment may be obtained from the Registrar, King’s 
College London, Strand, London, W.C.2; and 
should be returned to him by May 1, 1969. ; 
(1284, 


UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of 


ASSISTANT LECTURER in Inorganic 
, Chemistry, 


, tenable from October 1, 1969. 


Salary scale: £1,240 by £115 to £1,470 
per annum, with F.S.S U. benefits. 


Further particulars may be obtained 
from the Regstrar, the Univeruity, Hull, to 
whom applicanons (six copies), should be 
sent by Aprl 30, 1969. (1385) 
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Council for Scientific & Industrial Research 
(Soil Research Institute) 


Applications are invited from suitably qualified persons for the following posts: 


a Senior Research Oficer 
» Research Officer 


QUALIFICATIONS: 
At least an M.Sc. degree or equivalent qualification in soil science with 
specialization in one of the following fields: 
Som, SURVEY AND CLASSIFICATION; SOIL PHYSICS; 
Soi, MICROBIOLOGY; Som FERTILITY; Som CHEMISTRY; 
Som CONSERVATION. 


Not less than 5 years (for Senior Research Officer) and 3 years (for 
Research Officer) post-graduate research experience. Aptitude for research 
in each of the above fields, adequate number of research publications and 
other scientific contributions. 






DUTIES: 
Research in the relevant field of soil science and any other duties that 
may from time to time be assigned by the Director. 


SALARIES*: 
SENIOR RESEARCH OFFICER 
N€4,500 by NC180 to N€5,580 
RESEARCH OFFICER 
N€2,720 by N€120 to N€3,560 (Bar) by NC180 to N€4,640 ; NG4,800 p.a. (*Non- 
taxable inducement allowance payable to expatriates : Senlor/Research Officer : N€720 
per annum). 





Application forms may be obtained from the Secretary, Council for 
Scientific and Industrial Research, P.O. Box M.32, Accra, to whom com- 
pleted forms should be returned not later than 31st April, 1969. A stamped 
self-addressed envelope should accompany requests for forms. 


Applicants in the Civil Service, Statutory Board and Corporations 
should submit their completed forms through their Heads of Departments. 


(1369) 
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UNIVERSITY OF WAIKATO 
Hamilton, New Zealand 


FOUR CHAIRS AND SUPPORTING STAFF 
IN THE SCHOOL OF SCIENCE 


The University of Waikato Is a new University occupying a site of about 130 acres 
in the City of Hamilton. In 1966 the University began teaching full-time courses of 
study In the Schools of Humanities, Social Sciences and Education; the Untversity 
now proposes to Institute a School of Sclence and to teach science subjects for the 
firsttime in 1970. The School of Sclenca Is expected to develop strongly in the direction 
of the blological sciences and the earth sclences, and Inter-disclplinary courses will 
be particularly encouraged, 

InItlally four Professors will be appointed, one of whom will also be appointed Dean 
of the School of Sclence, and applications for appointment to Chars in the general 
flelds of B/OLOGY, CHEMISTRY, PHYSICS, and EARTH SCIENCES are invited. 
Applications are also Invited at all non-professorial levels in these fields and tn related 
fields such as behavioural science and mathematics, Including computer science. 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 


Apphcations are invited for the following 
will be vacant on October 1, 


posts which 
1969: 
Lecturer in BIOCHEMISTRY. 
Lecturer in INORGANIC CHEMISTRY. 
Lecturer in PHYSIOLOGY. 


Initial salary in the cange £1,240 to 
£1,470. Further particulars 





HYDROGEOLOGIST 
Hunung Geology and Geophysics re- 
quires immediately a Geologist 


A few of these appointments will be made in 1969 and there will be a major increase 


In 1970. 


The development of postgraduate work and research 1s encouraged tn the University 
and conditions for study leave are favourable. 


A national revision of the salary scales will take place later this year. At present salenes 


are as follows: 


Professors: A range of salaries from 6NZ7,400 to §NZ10,500, 
Readers: A range of salaries from $NZ5,800 to $NZ7,300. 
Senior Lecturers: A scale §NZ4,700-$NZ5,500-8NZ6,600 


Lecturers: A scale $NZ3,100-8NZ4,800. 


Conditions of appointment are avaliable from the Registrar of any university 
in New Zealand and from the Secretary-General, Association of Common- 
wealth Universities (Appts.), 36, Gordon Square, London, W.C.1. 


Application close on 27 April 1969. 


a129) 





r ao 


Ph.D. 


inflammation 
Studies 


SYNTEX 


SYNTEX RESEARCH 


Syntex, an international, ethical pharma- 
ceutical company, has an unusual 
opportunity for the Ph.D. in biology, 
physiology, biochemistry or pharma- 
cology. 


in a new and intellectually stimulating 
group environment, the successful candi- 
date will be responsible for designing 
bioassays in the general areas of 
inflammation and immune response. 


Significant experience in bioassay pro- 
cedures, relevant background in inflam- 
mation, and a working knowledge of 
statistics are desirable. 


Syntex ıs located on the San Francisco 
Peninsula, adjacent to Stanford Univer- 
sity. 


Interested candidates are invited to 
submit a résumé, in complete confidence, 
to Mr. Robert P. Dilks, Employment 
Manager, Stanford Industrial Park, Palo 
Alto, California 94304, U.S.A. Syntex 
18 an equal opportunity employer. 


(1391) 








weil 
The work will mvolve the super- 
f dritiing, 


the 
Company’s Base at Boreham Wood. Terms 
of service wil be attractive to men who 
wish to work mostly ovemcas yet be based 
m U.K. 

Eesenual details only in the first in- 
stance, from suitably quakfled and experi- 
caced men, shouid be sent to: 


The Personnel Manager, 
HUNTING SURVEYS & CONSULTANTS 


LTD., 
6 Elstree Way, 
Boreham Wood, Herts. 


(1352 





MEDICAL RESEARCH COUNCIL 
METABOLIC REACTIONS UNIT 
DEPARTMENT OF BIOCHEMISTRY 
IMPERIAL COLLEGE, S.W.7 


ENZYMOLOGIST 


preferably with post-doctoral expenence, required 
to participate in studies on enzymic aspects of 
intermedeary metabolism end hormonal control. 


NEURO- 
ENDOCRINOLOGIST 


preferably with post-doctoral experience, required 
to participate en studies on the mode of action of 
ergot alkaloids and related topics 


Applkcations, with curriculum vitae and names 
of two referees, to Professor E. B Chain, F.R.S, 
at the above address (1361) 


UNIVERSITY OF 
SOUTHAMPTON 


Applications are invited for two RE- 
SEARCH ASSISTANTSHIPS to be 
financed by the Agncukural Rescarch 
Council from candidates who have a good 
Honours Degree or the equivalent 
cations from those 


Post (a): A general study of the ep 
demiology of wheat mildew. Some train- 
fog ın plant pathology an advantage 

Post (b): The ddentification of spore 


trap spora, with special reference to fluor- 


escent antibody techoiques Specialized 
waining will be given: any biologist with 
appropriate interests wiM be considered 

In both cases the Assistant will be able 
to work for a higher degree. Commencing 
salary in the range £650 to £690 per annum 
(plus fees), accordmg to experience. The 
appointment, renewable annually, will nor- 
mely be for a penod of three years 


(1285) 
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Within our organization the following postions offer excellent prospects. 


Head of Drug Metabolism 


We wish to make the appointment of Head of the D 


rug Metabollsm Section of our Blochemistry Department. 


The Company ıs currently marketing a range of highly successful products, some of which represent radical 


developments for the industry, and the new man wı 


the metabolism of these compounds. 


We seek a talented research biochemlst/chemist In hls 30 
this field. He must be able to manage and direct a team 
The Section forms part of the Blochemistry Department o 
Laboratorles in Loughborough. These have excellent researc 


Il be responsible for directing the work of a team studying 


s, whose post-graduate experience has been in 
whlch will soon be considerably expanded. 

f our newly constructed Research and Development 
h faclltties and equipment, and represent the 


first phase of development to support a continually expanding research programme. 
Please write for an application form quoting Job reference 413 to: The Divisional Personnel 
Manager (10), Fisons Pharmaceuticals Limited, 12 Derby Road, Loughborough, Lelcs. 


Assistant Information Officer 


This is a new appointment wit 
and overseas registration of the Company's pr 
on Safety of Drugs, the Macgregor Committee, 
The person required for this post, preferably male, 


h dutles primarily concerned with the compilation of Information for the home 
oducts, This includes work on the submissions to the Committee 
and to the Food and Drug Administraton In the United States, etc. 
aged 25-35, should be educated to degree level, probably 


in a Biological Sclence with some knowledge of Medical subjects. Although not an essential requirement 


it will prove an advantage to candidates to 


working knowledge of another language. 


Please write for an application form to: The Research Personne! Assistant (10), Fisons Pharma- 
ceuticals Limited, Bakewell Road, Loughborough, Lelcs. 


EN 


UNIVERSITY COLLEGE CORK 
PROFESSORSHIP OF DAIRY AND FOOD 
CHEMISTRY 





D. L. WHYTE, 
Secretary 
(1374) 


UNIVERSITY COLLEGE CORK 
LECTURESHIP IN BIOCHEMISTRY, NO. 2 


The Governing Body invites applications for 
the above vacant office. Salary’ £2,200 by £86 
(5) to £2,630 and, subject to certain conditions, 
by £86 (5) to £3,060 per ennum plus a Child 
Allowance of £65 per annum. Increments for 
special professional experieace. Non-comribu- 
tory pension. 

Before submitting applications candidates 
should first obtain from the undersigned - 
Hrs as to the requirements for the filling of the 
post Lateat date for receipt of appkcauons is 
3 pm. on Friday, May 9, 1969. 

D L. WHYTE, 


(1375) 








GLASSHOUSE CROPS RESEARCH INSTI- 
TUTE reqwures MYCOLOGIST/BOTANIST to 
join team working on epidemiology and control 
of fungal diseases of bulbs occurring in the field 
and during storage. Appoimment as Asnstant 
Expenmental Officer. Salary scale £650 (age 18) 
to £1,150 (maximum starung salary et age 26 or 
over), mung to £1,385 Optional contributory 
superannuation scheme. Candidates should hold 
a degree, HNC or qualification in 
botany/biology with an interest ın applied micro- 
biology —Further details from Secretary to the 
Institute, Worthing Road, Littlehampton, Sussex, 
to whom appbcations, with names of two 
referees, should be sent before April 30: D53; 


have had some experlence In the Pharmaceutical Industry, and a 


Terms of service are first-class and include good commencing 
salaries, assistance with removal expenses where applicable, 


pension and sickness scheme. 


DEPARTMENT OF 
PHYSIOLOGY 
UNIVERSITY OF OTTAWA 
FACULTY OF MEDICINE 
OTTAWA, CANADA 


Physiologist with PhD. or Medical 
d experience n the field 


ptal and fe ingurence. 

Applications, with curriculum vitae, lst 
of oubilcations, reprints, and she names of 
two referees, shoukd be sont to Professor 
M. Beznak. (1343) 





UNIVERSITY OF MANCHESTER 
RADIOLOGICAL PROTECTION SERVICE 


Appkcations are invited for the poet of Chief 
Technicran responsible for the day to day opcra- 
tion of the service in the University, Technscal 
Colieges, School and Teaching Hospitals in Man- 
chester The dunes include cadiation monizoring, 
contamination surveys, supervision of radioactive 
waste disposal, calibration of auckons equip- 
ment and assistance with bealth phymcs teaching. 
The Chief Technixan wii direct a small group 
of technicians Experience in radiolomcal pro- 
tection as necessary and a current driving licence 
1 essential 

Further details evailable from J C. i 
Esq.. Umversity of Manchester Jostitute of 
Soacnce and Technology, Sackville Street, Man- 
chester M60 1QD. Telephone: 061-236 3311, 
Ext. 361. 

Commencing salary according to tions 
and expenence within the scale £1,294 to £1,708 
week. Super- 
anavation Scheme. Canteen frcilities. 

Requests for application forms, quoting Refer- 
ence RP 97, should be sent to the Registrar of 
the Institute, Sackville Street, Manchester M60 
1QD Completed forms to be returned by Apel 

, 1969. a3 


KING’S COLLEGE HOSPITAL 
MEDICAL SCHOOL 


Applications are invited for the above appoint- 
meat in the Liver Research Unit in the De 
encoessful 


chromic ilver 
able for a Ph.D. thems. Salary within the scale 
£1,240 to £1,700 

‘Applications by Aprl 26, 1969, with carrion- 
tum vitae and names of three referees, to the 
Secretary of the Medical School, from whom 
further particulars may be obtained. 


UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF BOTANY 


Appheations are invited for one post of 
ASSISTANT LECTUR 
TURER 





or mycology. Salary in the 
£2,735 with F.SSU. provision. 





UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF ZOOLOGY AND 
COMPARATIVE PHYSIOLOGY 


Applications are invited” for a RESEARCH 
FELLOW m RADIOBIOLOGY for research i 
tracer work connected with a biological problem. 
Preference will be given to candidates with 
origmal training in Physecs. Salary within scale 
£1,240 to £1,470 plus F.S.S.U. 

Applications reo: namıng three RTF and 
auowog NAZ by June 2, to Assistant Registrar 
(S), P.O. Box 363, Birmingham 15, from whom 
further particulars may be obtained. (1399) 
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Wellcome 


INFORMATION 
SCIENTIST 


... for our Research Information Service at 
Beckenham. A graduate in pharmacology, 
immunology, virology or biochemistry would be 
preferred but a graduate chemist having an interest 
in the above subjects will be considered. Previous 
information experience is desirable but not essential 
as training will be given. 

The Laboratories are located in pleasant 
surroundings within easy reach of Beckenham 

and Bromley and are some 10 miles from 

London Bridge. 

General conditions of employment are excellent 
including superannuation scheme, social club and 
generous sick pay scheme. 

Please write, quoting U.114, for further details and 
an application form to the Senior Personnel Officer, 
THE WELLCOME RESEARCH LABORATORIES, 
Langley Court, Beckenham, Kent, BR3 3BS. 


(1456) 


South Australian Institute 
of Technology 
North Terrace, Adelaide, South Australia 5000 


School of Pharmacy 


Lecturer in Medical 
Technology 


Applicants should possess a Higher Degree in Science, or an equivalent 
qualification, with special interest and qualifications in one or more 
of the following areas : 

Biochemistry, Microbiology, Histology, Haematology 
Experience in a hospital or medical laboratory or in teaching of 
similar courses 1s desurable. 

Annual Salary 
Within the range $44,650 to $A7,000 according to qualifications and 
experience. 


Progression beyond a salary of $A6,150 is subject to aptitude and 
qualifications. 


Further information may be obtained from the Assistant Director 
(Administration and Finance) to whom applications, including the 
names and addresses of two referees, should be forwarded by April 30, 
1969. 


(1424) 








UNIVERSITY OF GHANA 
DEPARTMENT OF CROP SCIENCE 
Applications are invited for 


tage. 

Salary scale: N€2,720 by N€120 to NGZ3,560 
by NE180 to N@4,640 to N@4,800 per annum 
(Non-taxable inducement allowance of N(720 


N@245; one U.S. dollar=NZ1.02). Appoint- 
ment normaly four or mx years in the first in- 
ieee but a shorter period of secondment will 
e cons 





UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSICS 
Applications are invited for a research appoint- 
ment én Atomic Colision The work 
involves the contmued operation and develop- 
ment of high resoluteon electron spectrometer for 
the study of ¢ransinon probabihties in metal 
vapours. Other interests of the Group include 
and ulera-volet 
and X-ray photoelectron spectroscopy. Salary 
in range £1,200 to £1,400 per annum. 
Fonther details may obtamed from the 


of quaisfications and experience, together wich 
the names of two referees, should be sent quot- 
mg reference N. (1383) 





UNIVERSITY OF HULL 
DEPARTMENT OF ZOOLOGY 
Head of Department: Professor J. G. Philips, 


D.Sc. 
APPLICATIONS ARE INVITED FOR TWO 
POSTS 


Senior Lecturer/Lecturer to take charge of the 
Departmeat’s Electron Microscope Unit. Apri- 
cams should have an estabhshed research record 
in celular biology mvolving electron muctoscopy 
and have had experience in organizing en Elec- 
tron Microscope Unit as a service facthty in a 
biological department. 

‘Amustant Lecturer. Appheations are invited 
from suitably quahiied persons for the post of 
Assistant 


£115 to £2,735; Amsstant Lecturer, £1,240 by 


26, 1969, to the Reastrer, from whom further 
particulars may be obtained. (1386) 





TOBACCO RESEARCH COUNCIL 
LABORATORIES 


tracer 
an advantage but successful candidates without 
these would be expected to attend a suitable 
course of training. 

Please write, giving brief particulars of train- 
ing and experience to Personnel Officer, Tobacco 
Research Council Laboratories, Harlow Hri, 
Harrogate. (1389) 





properties of airborne radon daughter products 
The work entails both daboratory and environ- 
mental studies. Previous experience in the 
acrosol field would be an advantage. Good 

d. Salary according to 


Director at the above address. (1388) 
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UNIVERSITY OF LONDON 


CHAIR OF CHEMICAL 
PATHOLOGY 

AT ST. GEORGE’S HOSPITAL 
MEDICAL SCHOOL 


Senate invite applications for the 
Pathology 


person) 
the range £4,125 by £190 to £4,885; (for 


non-medically quaHfied person) not jess 


than £3,740 a year. 

Applications (ten copies), must 
ceived not later than May 8, 
Academic Registrar (N), Univers 
don, Senate House, W.C.1, 
further may be obtained. 





NEW ZEALAND 


Department of Internal Affairs 


Applications are invited for the undermen- 
tioned vacancy: 


VACANCY: B 13/25/2/936 
SCIENTIST 

WILDLIFE BRANCH, HEAD OFFICER 

Salary: In the range $2,260 to $5,300 ac- 
cording to qualifications and experience. 

Duties. The duties involve research on the 
ecology of native and introduced anmals. Head- 
quarters In Wellington but appointee will be 
required to work m any part of New Zealand. 

Quahfications desred: An Honours, Masters 
= PhD degree in Zoology or animal ecology 
desired. 


Passages: Fares for appointee and his wife 
and family, if married, wil be paid. 

Incidental expenses. Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of talang personal effects to 
New Zealand. 


Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon 
don, S.W.1, with whom applications will close 
on May 1, 1969 

Please quote reference B 13/25/2/936 when 
mquiring. (1394) 





UNIVERSITY OF 
NEW SOUTH WALES 


PROFESSOR OF ZOOLOGY 
and 
HEAD, SCHOOL OF ZOOLOGY 
Applications are invited for the above men- 
toned position from persons with high qualifica- 
uons in vertebrate biology. The University has 
developed facilries for research in many aspects 
of marsupial biology. The facthtles, which bn- 
clude fleki stations, animal houses, brochemical 
and physiological equipment, will be available for 
the appointee’s use. Preference wrll be given to 
applicants mitending to develop a programme of 
Tesearch in 


sent of the Uai Council, professors may 
undertake a Umed amount of - 
uve work The Um reserves the right to 


fill any chair by inwtatron. 


eneral, Assocraton 
of Commonwealth Univermucs (Appts), 36 
Gordon Square, London, WC1. Applications 
close m Australia and London on May i =e 
135 


UNIVERSITY OF CAMBRIDGE 
Applications are invited for the office of 


UNIVERSITY DEMONSTRATOR IN THE 
DEPARTMENT OF PHYSIOLOGY 


The intal appointment will be for three years 
from October 1, 1969. The pensionable stipend 
m on a scale £1,355 by £115 to £1,815 a year 
with {initial placing above the minmum where 
appropriate. There m a grant towards removal 
expenses. 

Ten copies of application, together with the 
names of not more than three referees, should 
be sent to G_R. ANDERSON, The Old Schools, 
Cambndge, CB2 ITT, to arrive not later than 
May 12, 1969, (1215) 





UNIVERSITY OF DUNDEE ` 
DEPARTMENT OF PHYSICS 


SENIOR LECTURESHIP IN 
THEORETICAL PHYSICS 











Salary Scale £2,710 to £3,410 with plac- 
ing according to qualifications and experi- 
ence; F.SS.U ; grant towards removal of 
household effects. 


Applications (six copies), conteining the 
names of three referees, to be lodged not 
later than May 3, 1969, with the Secretary, 
The Uativersity, Dundee DDI 4HN, from 
whom further particnlars may be obtained 


(1373) * 










AUSTRALIAN NATIONAL 
UNIVERSITY 
SENIOR LECTURER OR LECTURER IN 
APPLIED MATHEMATICS 
SENIOR TUTOR OR TUTOR IN APPLIED 
MATHEMATICS 
Applications are invited for appointment to 


the above-mentioned vacant posts m the Depart- 
ment of Applied Mathematics. The appointees 
mUl be: required to take up duty as eariy as pos- 
sible. 


The appointees wi be members of the Depart- 
ment of Apphed Mathematics which, with the 
Department of Pure Mathematics, » responsible 
for the teaching of mathematics at both pass 
and honours level. The Department supervises 
candidates for the degrees of Master of Arts, 
Master of Science and the Degree of Doctor of 
Philosophy 

Salary will be in accordance with qualifications 
and experence within the ranges! Senior Lec- 
turer, SA7,480 by $A254 to $A8,750; Lecturer, 
$AS,400_ by SA270 (6) by $A280 (1) to $A7,300;: 
Senior Tutor, $A4,725 by $A135 to SA5,265; 
Tutor, $A3,735 by $A135 to $A4,275. 

The Uaiversity provxies assistance wih hous- 
ing. Superannuation is on the FS.S.U. pattern 
with supplementary benefits. Appoimtees at tbe 
level of Senior Tutor or Tutor may ck to 
parucipate in the superannuation scheme. 

Reasonable travel and removal expenses are 
Provided for appointees at the level of lecturer 
or above. Travel expenses from the United 
Kingdom are not provided for appomtments at 
the level of semor tutor or tutor but assisted paz- 
gage can be considered for a person offered a 
Pointmeat who intends to settle permanently i 
Australia. 

Further information and the forms which 
should accompany en application may be ob- 
tained from the Secretary-General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London, W.C.1. Applications close on 
May 12, 1969. (1360) 


UNIVERSITY OF HULL 
DEPARTMENT OF ELECTRONIC 
ENGINEBRING ` 





Apphcations are invited for a Lectureship or 
Assistant Lectureship from Honours graduates in 


cal 

Candidates should have interests in 
following fields: Automatic control. 
niques. Digital computers. The successful can- 
didate will be expected to develop research in 
bis field of interest. Salary wid be at a suit- 
able point on one of the following scales: Lec- 
turer, £1,585 by £115 to £2,735 per annum ; 
Assistant , £1,240 by £115 to £1,470 per 
annum, plus F.S.S.U. benefits. 

Applications (six comes), giving details of age, 
qualifications and experience, together with the 
names of three referees, should be sent by A 
28, to the Registrar from whom further 
lars may be obtained. (1350) 


WHAT’S YOUR LINE? 
are you a Veternnary Surgeon. Geologist, Chem- 
tst, Pharmacologist, Physicsst, M Micro- 
biologist, Information Screntst or 
Technical 


Whatever rt 1 Please Note ! 
GK. Bureau employ mx scientficalty qualified 
Interviewers to select the best postions for you 
—Write or telephone 
Miss J. R. Hortin, G.K. Bureau, 

17 Shaftesbury Avesue, London W.1. 
01-437-6886 or @1-437-6779. 

NO FEES TO PAY 





UNIVERSITY OF BRISTOL 
SCHOOL OF CHEMISTRY 


Applications are invited for a Science 
Research Council Research Assustantship. 
The work involves a project for the invest- 
gation of the effect of photochemcaly- 
generated inorganic or orgamometathe cata- 
lysts on organi reactions, to be carried 
out in collaborauon with Professor M. C. 
Whiting. The salary will be within scale 
£1,240 to £1,470 per annum, according to 
experience. 

Applications should be sent directly to 
Professor M. C Whiting, School of Chem- 
istry, Cantock’s Close, Bnstol Bet ees 


—_—_—_—_—_— 1 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF METALLURGY 


ELECTROSLAG REMELTING 
Applications are mwted for a 
ASSIST. 


concentrated on the effecig of D.C. melthg on 
the hydrogen contents of ingots and on the 
distribution of other clements between slag and 
metal Facihties are available for a wide range 
of laboratory investigations and for AC and DC 
meung of ingots up to 6 in. in diameter. Can 
didates should have at least three yeans research 
experience and preferably an interest in produc- 
tion metallurgy acco: to age and ex- 
perience an the range £1,355 to £1,815 with 
F.S S.U. peovimon. 

Further informanon from the Regstrer to 
whom applications (three copies), should be sent 
by May 5, 1969. Quote Ref.: Be aes 





AUSTRALIAN NATIONAL 
UNIVERSITY 


INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF STATISTICS 


are invited for the post of 
SENIOR FELLOW m the Department of 
Staustics (Head: Professor P. A. P. Moran). The 
Department m engaged on mathematical research 
into problems of theoretical and apphed statuti- 
cal mference, into the theory of random pro- 
cesses of all knds and into the application of 


medicine and geophysics. 

The salary of a Senior Fellow is determined 
within the range $A8,750 to $A10,274. Senior 
Fellows are appointed for an intial period of 
five years, after which they are normally reap- 
pointed until retiring age. A Senior Fellow is 
entitled to one year’s study leave on full salary, 
plus R contnbution towards travel and other cx- 
penses, in every six years of service. Superan- 
nuaton m on the FS.S.U. pattern with supple- 
mentary benefits. Reasonable travel expenses are 
paid and further assistance with housing is pro- 
vided. 


Square, Lon- 
Applications close on April 30, 
(1359) 








SOUTH WALES RADIOTHERAPY 
CENTRE 
VELINDRE HOSPITAL, WHITCHURCH, 
CARDIFF 

A vacancy cuss for a "BASIC GRADE 
PHYSICIST" to work manly on the diagnostic 
gad ¢herapentic applications of radionuclides. 
This Centre offers opportunities to gain exper- 
ence in a broad range of medical phymecs, con- 
cerned also with many aspects of radiotherapy, 
electronics, radiation protection and computer 
applications. Research and development proxcts 
cust, with posmbiHues of reading for a higher 
degree. Candidates should preferably have an 
appropriate Honours degree and previous cx- 
perience would be an advantage, but inquiries 
from studems intending to graduate thm year 
will be considered. Whitley Council Conditions 
of Service apply, with a salery 
£1,080 to £1,845, depending on expenence. 


ing 
shouki be sent before May 10, 1969. (1393) 
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Salary to $17,000 


A consulting statistician is required by the Statisti- 
cal Services Division, Food and Drug Directorate 
to undertake research in two or more of the follow- 
ing areas: 

— Plan and design surveys to Fait a the quality 
of food and gs on the Can dian manet. 

— Develop experimental designs fn Taa eS 
with Research Scientists who may be: Pharma- 
bologists, Bes caries Chemists, Micro- 

lologists, emists an utritionists. 
Drug Directorate Dey op statistical quality control procedures 
and samp or use in the regulatory 
Department of - work of the iréctorate, 
National Health — Plan and conduct research in statistical theory 
and methodology. 
and Welfare Qualifications include graduation in mathematical 
OTTAWA statistics at the Master’s or Doctorate level and a 
minber of years of experience related to the above 
uties 
Proficiency in both official languages, while not 
essential, is a desirable qualification for this 
position 


For further details and application forms write to 
the 


BIO-PHYSICAL SCIENCES PROGRAM 
PUBLIC SERVICE COMMISSION OF 
CANADA, OTTAWA 4, ONTARIO. 

Please quote reference number 69-110-06. 


Consulting 
Statistician 


Food and 


THE NATURAL RUBBER PRODUCERS’ 
RESEARCH ASSOCIATION 


requires an experienced 


ELECTRON MICROSCOPE TECHNICIAN 


to take charge of the operation and maintenance of tts Slemens Elmiskop 
MK 1 and ancillary equipment which are housed in a well designed laboratory. 
The position is suitable for candidates aged between 25 and 36 with experience 
in biological and physical work and with a sound knowledge of replica, 
embedding and sectioning techniques. The startng salary may be between 
£980 and £1,470 per annum or £1,540 and £1,900 per annum, depending 
on age, experience and qualifications. Additionally, there are superannuation 
and children’s allowance schemes, and financlal help with housing may be 
granted. The working conditions are congenial. Opportunities for further 
study are given tn suitable cases. 


Please write, giving details of qualifications and experience, to: 
The Director of Research, 
The Natural Rubber Producers’ Research Association, 
56 Tewin Road, Welwyn Garden Clty, Herts. 


CITY OF BIRMINGHAM 
CITY MUSEUM AND ART GALLERY 
Director: John Lowe, M.A., F.S.A. 
ASSISTANT KEEPER (Grade IJ) 
ın the Department of Natural History 
Salary. £1,075 to £1,265 per annum 
(AP. ID 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of 
SENIOR DEMONSTRATOR ın the De- 


Applicants should be suitably qualified 
and have a sound knowledge of zoology, 
geology or botany. A University degree 
or equivalent quahficatuion or the Diploma 
of the Museums Assocation will be an 
added advantage. 

The Assistant Keeper is required to assist 
in the general organisation and administra- 
ton of the Deparment. 

For further particulars and form of ap- 
plication apply to the Director (ADMEN/ 
L), Museum and Art Galkry, Birming- 

* 3 

Closing date for applications: Monday, 
May 5, 1969 
(V3253) (1390) 


with tutomals for second and 
third year students, and to cacry out re- 
search. Preference may be given to those 
with interests in the general fleld of mech- 
anisms of reactions in solation 


The appointment will be for two years 
in the first instance, but may be renewed 
for a further year. The salary wil be on 
the scale £1,200 to £1,710 per annum with 
FSS U. benefits. 


Applications (three copies), together with 
the names and addresses of three referees, 
should be sent by Apcil 28, 1969, to the 

id Shire Hall, 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


-RESEARCH FELLOW 
RESEARCH ASSISTANT 


required for expenmemal and theoretical 
research on the stability of gas bearing 
rotors. The project, sponsored by Min- 
istry of Defence, is concemed with the de- 
velopment of precision gyros and provides 


fnerdal navigation. 


The appomtment will initlaHy be for two 
years and the successful” applicant may 
register for e higher degree. A good de- 
gree or cquivelent professional qualifica- 
tions are essential, A piaty angeup to 
£1,470 per annum with F.S S.U. 

Applications, givmg a bnef curriculum 
vitae and the names of two referees, 
ae be sent to the Deputy Secretary 

University, Southampton, SO9 SNH 
i Ape 18, 1969, quoting reference N. 
(1384) 


UNIVERSITY OF GLASGOW 
DEPARTMENTS OF EDUCATION AND 
ZOOLOGY 
TEACHING PROGRAMMES IN 
BIOLOGY 


Applications are invited from graduates 
with mterests in ental biology and 


expermm 
in educational method for a joint appoint- 
departments. 


instructional pr in 

of modern bicloay for use by junior under- 
graduates and senior school pupils. Inte- 
gration with the work of simMer groups in 
other universities will be involved. 


The appointment wil be for two years 
in the first instance and the starting salary 
will be in the range £1,800 to £2,100 per 
annum. 


Fuother iuformation can obtained 
from the Secretary of the Univerty Court, 
The Univeruty of Glasgow, Glasgow, W.2, 
to whom applications should be sent before 
May 24, 1969. 


ROBT. T. HUTCHESON, 
Secretary of the Uatveraty Court, 
3 


GRASSLAND RESEARCH 


INSTITUTE 
HURLEY, MAIDENHEAD, BERKS. 


CROP 
PHYSIOLOGIST/ 
AGRONOMIST 


Scrennfic Officer required to study the 
growth 'of grass and other forage crops 
with particular reference to the utilization 
and fate of mtrogen. 


The appointment will be in the Scientific 
Officer (£1,020 to £1,740 per annum) or 
Senior Scientific Officer grade (£1,925 to 
£2,372 per annum). Candidates should 
have a first- or upper second-class honours 
degree in an appropriate discapline ; post- 
graduate experience is desirable. 


Applications to the Secretary before 


„Apal 30, 1969. (1404) 
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AMGUEDDFA GENEDLAETHOL 
. CYMRU 


NATIONAL MUSEUM OF WALES 


additional recommendation. 
an the Natural History Departmen 
or further education estabhshment is essen 
with preference given to applicants in posecssion 
of IS.T. or Museums Association quahfications. 
There, ss a contributory pension scheme and 
generous leave allowances. Salary would depend 
upon tions and experience and for a 
suitable candidate would be within the scale for 
a Technican Grade IOI (£970 to £1,112 under 
review) Prospect for promotion 

F particulars and apphcation forms from 
the National Museum of Wales, 
Cathays Park, CARDIFF. Closing date for ap- 
pheations June 14, 1969. (1379) 


ST. JOHN’S HOSPITAL FOR 

_ DISEASES OF THE SKIN 
LISLE STREET, LEICESTER SQUARE, W.C.2 

MICROBIOLOGY OR BIOLOGY GRADU- 
ATE required m October, 1969, for Research 
Assustant/Bacteriologist post. Suitable candidate 
woukl proceed to Ph.D. degree. Salary £1,000 
to £1,200 per annum. 





Applications, givmg names and addresses of 
two referees, to the Scretary to the Board by 
Api 30. (1402) 





UNIVERSITY OF SYDNEY 
LECTURESHIP IN AGRONOMY 
Apphcations are invited for the above-men- 
tioned post. The appointee wit be required, 
under the direction of the Professor of Agro- 
{undergraduate and post- 


per annum. 
Information about superannuation, housing 
sabbatical kave, etc., and method of 





Gordon Square, London, W.C.1. Appbcations 
close on Apri 28, 1969. (1356) 
AGRICULTURAL RESEARCH 


COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 


qualrfied applicant could be registered es a cam- 
ge University. 
£1,020 to £1,470; SS.O 


Apply, with names of two refereea, to the Sec- 
retary of the Institute by May 1, 1969. (1368) 


UNIVERSITY OF 
NEW SOUTH WALES 
LECTURER 
SCHOOL OF APPLIED PHYSICS AND 
OPTOMETRY 


Appleations are invited for appointment to 
the above-mentioned positon. Salary: SA5,400 








experien 
physics Experience an iadustry or industrial 
scientific work would be advantagcous. 


obtained from the Secretary: 

of Commonwealth Universides (Appts.), 36 
Gordon Square, London, W.C.1. Applications 
close in Australla and London on April 28. 1969. 
1355 























NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


NATURE CONSERVANCY 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


Applications are invited for a Scienufic 
Officer/Senior Scientific Officer to work 
in a team dealing with woodland manage- 
mem, based at whe Nature Conservancy's 
Monks Wood Experimental Station, Abbots 
Ripton, near Hunungdon. 

Duties. The officer appointed will be ex- 
pected to advise on woodland conservation 
to prepare management and working plans, 
woodland surveys. 






be an advantage. 


Salary scales: 
Scientific Officer (under 29 yeam at 
December 31, 1969), £1,020 to 
Senior Scientific Officer (normaly at 






Initzal appointmem will normally be non- 
pensionable but there are prospects of a 
permanent and pensionable post. 

Application forma and further particulars 
from the Natural Environment Research 
Council (Œ), Alhambra House, 27-33 Char- 
ing Cross Road, London, W.C.2, quoting 
reft E 2.7.142. 


Closing Date: May 5, 1969. (1409) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF VETERINARY 
ANATOMY 


Applications are invited for the post of 

ECTURER R 
in x- 
terest ın applied anatomy would be an ad- 
vantage. 

The imitial salary will be withm the 
range £1,240 to £1,470 per annum for an 
Asmstant Lecturer or £1,585 to £2,735 
per annum for a Lecturer. 

Applications, stating age, qualficathons 
and experience, together with the names 
of three referees, should be received not 
later than May 5, 1969, by the Registrar, 
the University, P.O. Box 147, Liverpool, 
L69 3BX, from whom further particulars 
may be obtained. Please quote Ref.: 
RU/2644/N. 417) 





UNIVERSITY OF READING 
PALAEOBOTANY 

Applications are invited for the post of 
N.E.R.C. RESEARCH ASSISTANT to 
Emeritus Professor T. M. Haris, FRS, 
to assist In the iovestigation and descrip- 
tion of a collection of plant fossis from 
the Jurassic Hora of Yorkshwe. Candi- 
dates should possess an Honours degree in 
Botany and have an interest in plant chassi- 
fication and anatomy but no previous 


knowiedge of fossils will be expected. The 

ms available from May 1, 1969 and 

tenable unt September 30, 1970, but is 
Starting 


not further renewable. salary at 
the rate of £850 to £900 per annum. 





IMMUNOCHEMIST 
PATHOLOGIST 
PROTEIN CHEMIST 


Postuons are available for career investigators 
in a recently-established institute for medical re- 
search associated with a general n 
Laboratories are new and completely equipped. 
Apphcants should have Ph.D., M.D., or both 
degrees, and be capable of carryiwg on an mde- 
Onentation to- 


other appropriate activities. 
Please send 


tions, references, 
search mterests to Director, Lady Davis Institute 
for Medical Research, 3755 Cote Street, Cather- 
me Road, Montreal, Canada (1420) 


MEDICAL RESEARCH COUNCIL 


Applications are invited for a three-year ap- 
a chemist to measure the distribu- 





obtained a Ph.D. Salary within the range £1,400 
to £1,600, according to age and experience. 
Applications shoukl be sent to the Director, 
Toxicology Research Unit, M.R C. Laboratories, 
Carshalton, Surrey, from whom further partcu- 
lars can be obtained (1416) 


UNIVERSITY OF HONG KONG 
CHAIR OF PHARMACOLOGY 


Appheations are invited for the Chair of 
Pharmacology which will fall vacant on January 
1, 1970, on the retirement of Professor R. C. Y. 
Iin Annual salary (superannuable) is $HK83,200 
fixed (approximately £5,718 accordmg to present 
sterling equivalent). 

Further particulars and apphcaton forms may 
be obtained from the Secretary-General, Associa- 





Gordon Square, London, W.C.1, or the R 
trar, University of Hong Kong. Closing date for 
applications May 25, 1969. (1354) 





UNIVERSITY OF SASKATCHEWAN 
SASKATOON, CANADA 
TEACHING POSITION IN CHEMISTRY 
Applications are invited for positions as Assist- 
Chemistry reference will be 


at the M.Sc. and Ph.D. 2 
range is from $10,000 to $13,300 depending upon 
qualificauons and expenence. 

Applications, curriculum vitae and the names 
of three references should be sent to: 


Dr. K. J. McCallum, 
Department of Chemistry and Chenucal 


Engineering, 
University of Saskatchewan, 


Saskatoon, Saskatchewan. (1392) 





JUNIOR TECHNICIAN REQUIRED IN 
Blochemustry Secuon of Paediatric Research Unit, 
to assist in research on human metabolic errors, 
involving use of Ammo Acid analyser. Two 
“A” levels Gnc Chemistry) or Inter.I.M.L.T. 
or IST. an advantage —Apply m writing, to the 
Secretary, Paediatric Research Unt, Guy's Hos- 
pital Medical School, London Bridge, S.E.1. 


(1397) 
APPLICATIONS ARE INVITED FOR THE 
post of Scientific Officer m the Re- 


search Council Unit of Plant Physiology to work 
on fundamental methods of photosynthesis in 
whole plan research experience in pisas 


the first instance Salary in the range £1,020 to 
eee ai £125 London Welghting.—Please 
write to the Director, A.R.C. Unit of Plant 
Physiology, Imperial College, Prince Consort 
Road, London, S.W.7. (1497) 





A salary comm. 
portant position will be offered to the successful 
applicant A policanon in 
to: The General Manager, 
Limited, Adderbury, Banbury, 


crs 
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QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 
DEPARTMENT OF PHYSICS 


© Salary within th £1,240 £2,390 
e range £1, to i . 
Intal salary according 
and expenence. F.SS.U. 
Application forms o 





UNIVERSITY OF THE 
SOUTH PACIFIC 


Apphcations are invited for the following ap- 
pointments ; 


SCHOOL OF NATURAL RESOURCES 
SENIOR LECTURER/LECTURER IN 
ECOLOGICAL GENETICS 
Apphcants should have a geod teaching back- 


ground. Research experi 
host/parasite interactions, or other aspects of 


Salary scale ($F2.09=£1 sterling) Senior Lec- 
turer, SF5,202 by SF198 to $F6,390 per annum ; 
Lecturer, $F3,054 by $F150 to $F4,104/bar by 
SF198 to $F5,094 per annum ; Assistant Lecturer, 
SF2,394 by $F114 to SF2,622/bar by S$F150 to 
Appointments normalty on 


rental; long vacation deaye every two years 
Graturty of 10 per cest of 
basic salary for contract appointments. Passages 
on appointment, vacation leave and termination ; 
education allowances and vist Passages for ohil- 
dren at school in country of recruitment m ap- 


Detailed application («ix copes), naming three 


Counci, 90/91, Tottenham Court Road, London 
WIP ODT, from whom particulars are available. 


(1413) 
UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF CLINICAL 
BIOCHEMISTRY 
APPOINTMENT OF LECTURER IN THE 
CANCER RESEARCH UNIT 





the Lec 
Grade (£1,240 to £2,735) according to qualifica- 
tuons and experience. Membership of F.S S.U. 


dresses of ebree persons to whom reference may 
be made should be lodged aot later than A 
30, 1969. Please quote reference N, (1414, 


UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF GEOGRAPHY 





Applications are invited for the post of 
ASSISTANT LECTURER in GEOGRAPHY, 
tenable from October 1, 1969. Salary scale: 


£1,240 by £115 to £2,275 and then suobrect to 
review by £115 to £2,735 per annum (This is a 
agenda (Lecturer scale). 
available from the Regutrar, King's College 


London, Strand, W.C.2, and should be returned 
to hım by May 16, 1969. 


UNIVERSITY OF THE 
SOUTH PACIFIC 


Applications are invited for the following ap- 
pointments. 

SCHOOL OF SOCIAL DEVELOPMENT 

Professor or Reader or Senior Lecturer in Geo- 
graphy. Economic geographer or biogeographer 


or physical geographer who could collaborete 
with School of Natural Resources preferred. 
Senior Lecturer/ 


ally , 
fisheries and tansport) welcomed. 

Assistant Lecturer m Economics, preferably in 
one of the arcas listed above. 


Salary scale ($F209=£1 sterling). Profes- 
sor, SF8,400 to S$F9,204; Reader, $F7,200 
to $F,7,602 annum Lecturer, 


per i Senior 
SF5,202 by SF198 to SF6,390 per annum ; Lec- 
turer, $F3,054 by S$FI50 to $F4,104/bar by 
SF198 to $FS,094 per annum ; Asmstant Lecturer, 
pad by $F114 to $F2,622/bar by SF150 to 


salary for comeact appointments. Passages on 
appointment, vacation leave and ton ; 
education allowances and visit Passages for chil 
dren et school in country of recrastment in ap- 
propriate cases 

Detailed application (six copica), naming three 
Teferees as soon as possible to Inter-Uat 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are available. 

(1412) 


UNIVERSITY OF MALAWI 
CHANCELLOR COLLEGE 
Applications are invited for the folowing posts 





ordinary degree, usually in two mai subjects 
All posts tenable from September 1969, 


Physical Scrence s followed by separate Physics 
and Chemistry 
and fourth year courses include: Wares—elec- 


mechanics ; 
physica; X-rays, Crystallography, properties of 
prolong solid state, semi-conductors, mag- 
n # 

®©) LECTURER IN MATHEMATICS. The 
four-year course ns broadly based, using S.M.P. 
Advanced Mathematics terts in the first two 
years, with a deeper study of more fmited fields 
in the final two years. 

Salary scales (mcluding expatriate addıtion): 
Professor £2,900 to £3,700 per annum ; H 
£1,340 to £2,250 per annum. University addition 
of £500 for Professors or £360 per annum for 

ts payable or salanes supplemented m 
range £275 to £450 per anmum in appropriate 
cases under Brnsh Expatriates Supplementation 
Scheme. Gratuity ; superannuation scheme trans- 
ferable with FSS U.; family Passagzs ; various 
allowances ; biennial overseas kave. 

Detailed appheations (x copies), naming three 
referees by May 16, 1969, to Inter-University 
Counci, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are E: 
(1410) 


UNIVERSITY OF READING 
FLORA EUROPAEA 


arranged, 

Applications, giving curriculum vitae and the 
names of two referees and quoting M.35, should 
be submitted by May 5, 1969, to Assistant Bursar 
@ersonneD, the University, Whiteknights, Read- 

m farther 


UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 


Apptications are invited for (a) RESEARCH 
FELLOWSHIP or (b) JUNIOR RESEARCH 
FELLOWSHIP IN AGRONOMY in Department 
of Crop Science. Appointee required to carry 
out investigations of practice in the produc- 
tion of tropecal crops, particularly with reference 
to weed competition and the use of herbicides in 
the territories served by the University and may 
be stationed or temporanly assmned to work in 
any one of the islands. In addition the ap- 
pointee may be required to lecture in 


i; @) E1250 o Ai ee 
to £2,630 per annum ; (b) £1,250 to £1, per 
apoum. Child allowance. F.S.SU. Family pas- 
sages , triennial study leave 

Detailed applications (six comes), naming three 
referees by May 9, 1969 by persons Hving in the 
Americas and Canbbean area to Secretary, Uni 
versity of the West Indies, St. Augustine, Trini- 
dad, and by all other persons to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT. Further particulars obtamable smi- 
larty. (1411) 


S$ 
GRANTS & SCHOLARSHIPS 


ROYAL HOLLOWAY 
COLLEGE 
(UNIVERSITY OF LONDON) 
ENGLEFIBLD GREEN, SURREY 


Appheations are invited for a POST- 
GRADUATE AWARD IN VIBRA- 
TIONAL SPECTROSCOPY Travel funds 
will be available to enable the successful 
candidate, who wil be expected to rems- 
ter for a higher degree, to spend some 


Green, 
(1419) 


Surrey, as soon as possible, 





FELLOWSHIPS AND 
STUDENTSHIPS 
ca aE tae 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
CENTRE FOR SCIENCE EDUCATION 
THE EDUCATIONAL USE OF LIVING 
ORGANISMS 


A ptoxct, imtiated by the Institute of Biology/ 
Royal Society Biological Education Committee 
and financed 


It may be to arrange 
secondment, in which case an allowance may be 
considered ın addition 10 existing salary. 
Applicants should send a curnculum vitae and 
particulars of two referees, to the Administrative 
Secretary, Centre for Science Edocation, Bridges 
Place, London, S.W.6, by April 28, from whom 
further information may be obtained. (1376) 


UNIVERSITY OF BRISTOL 
SCHOOL OF CHEMISTRY 





Appkcations are invited for a JUNIOR 
FELLOWSHIP, tenable in the Organic Chem- 
istry Department. The work will {nvolve re- 


search on mechanistic and synthetical problems 
ın collaboration with Professor M. C. Whiting, 
the exact topic to be selected after discussion 
of the preferences of the successful candidate. 
Some teaching dutes are also mvolved. The 
salary will be within the scale £1,240 to £1,470 
per annum, according to experience, plus 
F.S.S.U. contnbutions. 

Applications should be sent to the Registrar, 
Unrversity Senate Howse, Bristol BS8 erie 
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NEW ZEALAND 
SENIOR AND POST-DOCTORAL 
RESEARCH FELLOWSHIPS 


The New Zealand National Research Advisory 
Council invites applications for Semor and Post- 


requirements of the New 
Zealand ummigration authorities. 

A grant equivalent to return economy class air 
fares from the Fellow’s home to the New Zea- 
land 


in connectuon wrth the research work will be 
paid. 

If reciprocal social security between the 
Fellow's country and New Zealand does not 
apply a medical insurance premium will be paid. 

All emoluments are taxable. SNZI1 is approxi- 
mately 9s. 4d. sterhng or $US1 12. 


canon or have a distinguished record of scientific 
research., The fellowships are intended for re- 
search workers who have had several years pro- 
fesaional experience and have pubhshed orginal 
matenal. FeHowships are normally for a period 
of from nine months to e year If a fellow’s 
wife accompanies him a grant equivalent to her 
return fares will be paid provided the feHowship 
is for a term of at least mne months. If apphc- 
able, the employers’ contribution to & superan- 
nuauon scheme will be paid. The emolumengs 
wil range from $NZ6,380 to $NZ8,200 a year. 


Embessy, 19 Observatory Circk, N.W., Wash- 


ington D.C. 20008, USA.; The NZ High 
Commussion, Suse 804, nwealth Buld- 
ings, 77 Metcalfe Street, Ottawa, Ontario, 


or the N.Z. Embassy, 26 Sanbancho Chiyoda-ku, 
Tokyo 102, JAPAN 

Applications must reach the Council Secretary 
by September 30, 1969. (1362) 


THE ROYAL SOCIETY 
PICKERING RESEARCH FELLOWSHIPS 
Applications are invited for three PICKERING 

RESEARCH FELLOWSHIPS for young gradu 
ates to undertake research either in chemistry 
(especially physical or inorganic) or horucaltural 
science. The appointments are tensdle for two 
years in the first instance from October 1, 1969, 
and renewable up to a total tenure of three or 
five years. Stipend range £1,370 by £100 
to £1,570 or excepwonally £1,770 (scale under 
review) with superannuation benefits. 
Applications receivable by April 30, 1969, to 
be made on forms ol le, with further de- 
taile of the appointments, from The Executive 
Secretary, The Royal » 6 Carlton House 
Terrace, London, S W.1. (879) 


THE ROYAL SOCIETY 
ROSENHEIM RESEARCH FELLOWSHIP 


Applications are invited for the ROSENHEIM 
RESEARCH FELLOWSHIP for research in 
Great Britain on the blochemistry of plants and 
the simpler forms of animal life. Preference will 
be giver to can wishing to study the bo- 
chemistry of higher plants. The appointment is 
tenable for two years in the first Instance from 
October 1, 1969, and renewable up to a total 
tenure of three or possibly five years. Stipend 
range £1,370 by £100 to £1,570 or exceptionally 
£1,770 (scale under review) wah superannuation 
benefits. 





Applicatlons receivable by April 30, 1969, to 
be made on forms obtamable, with further de- 
tals of the appointment, from The Executive 
Secretary, The Royal Society, 6 Carlton House 
Terrace, London, SW 1. (880) 





UNIVERSITY OF 
NOTTINGHAM 


WOLFSON INSTITUTE OF 
INTERFACIAL TECHNOLOGY 


ROLLS-ROYCE LIMITED 


The Wolfson Institute has recently been 
formed m order to promote new forms of 
co-operation in research between the Ual- 
versity and Industry. In conyunction with 
Rolls-Royce Led. é és the intemon to 
form a group within the Institute to carry 
out iong range appled research on Ad- 
vanced Composite Materials. The first of 
these new forms of structural materials has 
now reached the stage of engineering appli- 
cauon end the research withm the Insn- 
tute wi be of a banc nature end will be 
concerned with future concepts. 

The work of the Jostitnte covers a range 
of interdiscipHnary interests and applica- 
tions are invited from 5 A 
Chemis and Metallurguts for the follow- 
ing posts. 


(a) ROLLS-ROYCE RESEARCH 
FELLOWS 


either a Ph.D. with considerable postdoc- 
toral research experience or equivalent in- 
dustrial experience w required for these 
posts. 
(b) WOLFSON RESEARCH FELLOWS 
to work on interfacial problems Academic 
standard and experience as for (a). 

(c) EXPERIMENTAL OFFICERS 
a PhD. with 


(d) SENIOR TECHNICIANS 
Preference will be given to candidates with 
a pass degree or equivalent educational 
mandard and extensrve laboratory experi- 
ence zs required. 

Application forms can be obtained from 
the Smf Appointments Officer, University 
of Notungham, University Park, Notting- 
ham, NG7 2RD. (1415) 


UNIVERSITY OF LANCASTER 
MATHEMATICS DEPARTMENT 


Applications are invited from 
persons with Ph.D. 


Carmel College, i 
caster, to whom applications (one 
copy), should be sent by May 19, 
1969. (1206) 








NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
Applications are invited for a research student- 
ship in the Nutrition departmeat. The person 
appointed will jom a team concerned with 
various aspects of protein nutrition in animals, 
and will investigate microbiological assay proce- 
dures for assessing the nutritional quality of pro- 
tein foods. The study wil be directed 
to the development of an assay procedure for 
available lysine, using the protozoan Tetrahymena 
pyriformis as the test organum. 


register for a higher degree. r 

Applications should be addressed to the Sec- 
retary, NIR.D, Stunfield, Reading, RG2 SAT, 
quoting reference 69/12, 


UNIVERSITY OF READING 

DEPARTMENT OF AGRICULTURE 

POSTGRADUATE STUDENTSHIP 
Applications are invited for a Postgraduate 
Studentship of £750 per annum plus certain fees. 
award is supported by the Bntish Fricstan 
Cattle Society Ltd. The Studentatip is tenable 
» 1969, initially for a period of 
two years and subject to satusfactory progress 
wil be extended for a further year. The holder 


of two academuc referees to be sent by April 30, 
1969, aeo or J. C. Bowman, 

of Agnculture, University of Reading, Earley 
Gate, Reading, RG6 2AT, from whom further 
particulars may be obtained. (1340) 


THE NUFFIELD FOUNDATION 


TRAVELLING FELLOWSHIPS IN TROPICAL 
MARINE BIOLOGY 


The Nuffleld Foundation offers annually up to 
three feflowships to enable established teacher 
of biology ea U.K. unrvermties to travel overseas 
(for a period of between mx and twelve months) 
fo sain research experience in e tropical inshore 
cavironment. Consideration can also be 
given to applcations from physical scientists for 
whose teaching such experience would provide 
a speciel sumulus, and from candidates with 
teaching interests who may be working in insti- 
cuuons other than universities. The fello 
are open to men and women holders of U.K. or 





a Sr Fst 
LECTURES AND COURSES 
ee ee 


THE CITY UNIVERSITY 


DEPARTMENT OF OPHTHALMIC 
OPTICS 


TWO-YEAR PART-TIME 
POSTGRADUATE COURSE 
IN 
PHYSIOLOGICAL OPTICS 
LEADING TO THE DEGREE 
OF M.SC, 


Physiological Opucs or Visual Science 
deals with the structure and functioning ot 


The course aims at providing a post- 
graduate traning to satisfy the needs of 
industry, 


One of the two main subjects studied as 
Visual Perception Se students take a 


at = kirai 
an hysio . Or Advanced A 
Optucs, which are optional airaa 


Eatry to the course is open to Honours 

Graduates ne ergonomics, medi- 

ane, ophthalmic optics (optometry), 

physics, physiology, physiological optics or 

psychology or related subjects, and to 

pensons holding equivalent appcoved quali- 
ons. 


Attendance will be required all day on 
Mondays, and Wednesday mornings, for 
sx terms spread over two years, The 
course begins in October, 1969. 


Appkcation forms and further deta 
may be obtained from Professor R. J. 


mic Optics, The City University, Cranwood 
Annexe, Cranwood Street, London, B.C.1. 


(1380) 
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SUMMER SCHOOL IN 
IMMUNOLOGY 


SPONSORED BY THE BRITISH . 
SOCIETY FOR IMMUNOLOGY AND ` 
THE WORLD HEALTH 
ORGANIZATION 


Monday, September 8 to Friday, 
September 12, 1969 














knowledge of immunology. 


The fee for the course w £12. Accom- 
modanon fs available at a nearby Hall of 
Residence, 








ude a brief curncutom vitae and an 
indication of the apphcant’s research and/ 
or teaching interests and his background in 
immunology. (802) 







UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMICAL 
PHYSICS 






M.SC. IN 
X-RAY CRYSTALLOGRAPHY 


A postgraduate course m X-ray’ Crystal- 
lography, leadıng to the cxammnations for 
the degree of M.Sc., is held fn this De- 
partment. The entrance quahficaton is 
either a first degree m the physical 
sciences, or the Grad R I.C. or the Grad. 
Inst P 

A detailed account of the theory of the 
main branches of X-ray graphy is 
presented, and suppkmen by a scheme 
of practical work and by a study project. 
Additional lectures on compntung methods 
are available The next course begins m 
October, 1969. 

Both full-tume and day-release students 
are accommodated. The day-release 
scheme requires attendance on one full day 
per week. o 

The course has been approved by the 
Science Research CouncH for the tenure 
of #2 Advanced Course Studentahips. 

Full detalis and applicanon forms may 
be obtained from Professor V. S. Gniffiths, 
Department of Chemical Physics, Uoiver- 
















. Tels 
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LIVERPOOL REGIONAL COLLEGE OF 
TECHNOLOGY 


APRIL 21 to 25, 1969 
DETERMINATION OF 
MOLECULAR STRUCTURE 
BY 


PHYSICAL METHODS 
py, Mass Spectro- 


metry, Optical Rotatory Dispersion, Circu- 
ler Dichroism, Nuclear Magnetic Reson- 
ance Spectroscopy. 

Fee: £10 10s 

Further details can be obtained from the 


Head of Department, Department of 
Chemistry and Biology, Liverpool Regional 
College of Technology, Byrom Street, 
Liverpool L3 3AF (051-207 3581). 





ee 
FOR SALE AND WANTED 


Wanted and for Sale 
Scientific and Technleal Reviews 

SANTO VANASIA, 58 Vie M. Miscchl, 

20124 MILANO X259) 

















HARWELL 








a ee —i 


BIRKBECK COLLEGE 
(University of London) 


‘ EVENING COURSES FOR FIRST: 
AND HIGHER DEGREES FOR 
INTERNAL STUDENTS 


Birkbeck College, CoMege of the University of London, provides Unversity courses 
for persons m full-ume employment F 


EVENING COURSES FOR FIRST DEGREES a, <8 

The College offers a wide range of evening: courses for first degrees in the Faculties. of 
Arts and Science: pt 
B A. Honours (4 years) 
B.Sc. New Regulations (3-4 years; 


EVENING COURSES—ADVANCED 
The following courses are offered in the evenings: . 
M.A. Romance , German, Hstory, Manpower Studies, Philosophy. 
M.Sc. Computer Science, Crystallography, Entomology, Geography, Mathematics, 
rucle Phymecs, Statistics and Ergonomics (intercollegiate). 
M.Phil. Occupational Psychology. 
Certain advanced courses may be followed on a full-time bazis. 


RESEARCH i 
Ail Departments offer facthties for research leading to the degrees of Ph.D. and M.Phil, 
by fulltime or part-time study. 





& 


- 


Copies of the Prospectus, and application forms, which shonld be retumed mot later 
first courses in the Faculty of Science), may 
Street, London, WiC.1 


than June 1 (or May 1 in the case of degree 
be obtained from the Registrar, Birkbeck Colege, Malet $ 
41395) 


MEASUREMENT OF 
RADIOACTIVITY 


7th to 25th July, 1969 ~~ 


This course is intended for persons having elementary knowledge of radio- 
activity who need to have theoretical and practical knowledge of a wide 
variety of counting methods with special reference to their Inter-relation, ° 
scope and limitations. The lectures are given by members of the U.KAEA, 
and others with practical experience of the subjects concerned. Practical 
work involves the use of a variety of electronic apparatus and occuples 
about half the course. s, 


The fee will be £120 exclusive of accommodation. 






Further information and application forms may be obtained from the 
Post-Graduate Education Centre (MOR 1), 
Bullding 455, Harwell, Didcot, Berkshire. 


POST - GRADUATE 


education centre 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
ea eco H Park Farm Rd. 
F ent, 
Tel: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE ANTEE 


MISCELLANEOUS 


233 pages 
Copies available from the Director of 
Cen! 


NATURE 1949 TO DATE, UNBOUND. 
complete save two issues, any offers over 


£125. 
MATHEMATICAL REVIEWS 1949-68, 


bound, complete, any offers over £300. 
Wnte Libranan, D.P.M M.S, 16 Milt 


price 31s. 8d. (inc. postage) (SUSS5.95 inc. 
airmail) (1381) 





SCIENTIFIC AND 
Lane, Cambridge (Tel. 51611). (1400) 


Phone 01-839 2861 






(1378) 





CHARLES SALT RESEARCH CENTRE 
Proceedings of the Symposium 
TRANSPLANTATION ANTIGENS 

AND TISSUE TYPING 


Research, Cbarices Sak Research tre, 


TECHNICAL TYPE- 
nung Service. Confidential —Julla Pratt, B Sc., 
30 Craven Street, Suand, London, W CZ. Tele- 

(x2) 
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XLIN 





Whọ supplies an inverted 
microscope specifically 

: designed for tissue culture 
studies D 









POLARON DO... 75 


The Union 
Type MIC 


A long working distance phase Polaron have available 
objective allows up to 5.8 mm with | & Wide range of 


k hoto- 
a X40 objective. The condenser m SEER PS 


has a working distance of 25 mm. | stereo-microscopes. 
Complete still photographic facili- | Demonstration and 
ties, cine and television are available. comprehensive ear- 
Accessories include incubators and are maintalned at our 
special glassware with cover slide North London centre. 
mounted in the base. 


Full information 
sent on request 


POLARON. 





EQUIPMENT LTD. 


Head Office: Shakespeare Road, Finchley, London, N.3. 
Telephone: 01-349 9241 

France: Unioptique, 88 Gabriel Faure 92 Reuil-Malmatson, S & O, 

Belgium, Holland, Luxembourg: Contact Head Office. 
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CONTROLLED ENVIRONMENT CULTURE.APPARATUS 






































Continuous and batch 
culture of bacteria, algae, 
fungi, protozoa, viruses 
and animal and plant 
tissue cells 


Accurate auto control and strip chart record of ` 
dissolved oxygen, temperature and pH. 


Electronically ‘controlled high power stirrer. 
All glass stainless steel culture vessel. 


Pumped welr eliminates accretion of filamentous 
growth. 


All components readily accessible for operating 
and maintatning. 


And—the complete system comprising culture 
vessel, nutrient, harvest and reagent bottles and 
associated tubing Is constructed on an integral 
trolley which withdraws down a built-in ramp 
for easy autoclaving sn toto or as individual 
components. 


The fleld of use for the apparatus Includes 
development of industrial fermentations, 
brewing research, vaccine production, studies 
on water pollution and effluent disposal, 
tissue cell culture, biochemical reactions, 
enzymic digestions, fundamental research on 
cell and microbe growth. 


Ask for detalls 








Galenkamp 


LONDON P.O. Box 290 Technico House, Christopher Street, London 
E.C 2. Tel. 01-247 3211 Telex 886041 


WIDNES P O. Box 19 Victorla House, Widnes, Lancs 
Tel. 051-424 2040 


STOCKTON-ON-TEES Portrack Lane, Stockton-on-Tees, Teesside 
Tel 0642 63441 














Printed m Great Britain by FisHer, KNIGHT & Co. LTD., St. Albans, and published MACMILLAN (JOURNALS) LIMITED, 
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The Pyiamitome 
—newest of the LKB microtomes 





> P BRARS STi 
poua G 





IN THE SERVICE OF SCIENCE 


XB MSTRUMENTS LTB © LES HOUSE 62)? ADDINGTON AQAB @S CAOYDON SUAAEY CR2 SYD @TEL 61-657 6705 
DALES AND SERVICE THRSUGHAUY THE YWOALS STOCKHOLM WASHIWGTON THE MAGUE COPENHAGEN, ROME, VIERRA 





The Egyptians 
Worked Harder 
than LKB 


to produce PYRAMIDS — 
but then they did not have 


11bbons of sections, free from 
“fringed” edges, that are 


a j 
s“ Pulsizópeeds up 


Botany versus 
the Kon-Tiki 


How to find a 


the LKB Pyramıtome. easily collected from the sur- pulsar vf 
3 b face of the trough liquid. 5 
This latest addition to the Trimming feed and pyramid 


CKB Ultramicrotomy Labo- 
ratory is both Pyramid 
Maker and Histo-microtome 
in one instrument, a valuable 
design combination that is 
unique on the market today. 
The Pyramitome cuts plastic 
specimen blocks into the 
pyramidshape needed. prior 
to sectioning with a‘ micro- 
tome. The combination de- 
sign of this instrument has 
the advantage that it pro- 
vides both large pyramids 
from which survey sections 
can be cut and also the sec- 
tions. 

The Pyramitome mechani- 
cally shapes pyramids with 
positively parallel sides, per- 
pendicular to the cutting di- 
‘ection, so furnishing straight 





shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives, up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so a new knife 
can be rotated to exactly the 
same work position. The use 
of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 





<Diagrammatic representation of 


large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope 


p 


bne 


Teesdale rarities 


Haemoglobin H 
disease 


Decompression 
sickness 


Antiviral agent 


Index to 
volume 220 


| ES T00 
| WE RUN ULTRAMICROTOMY COURS 


pey 


2 Vol222 No 5190 


E UK: SUSA 
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On-target 
assay for disulfides 


Because previous methods of assay 
have suffered from- low sensitivity and 
non-specific reducing agents, a specific 
and sensitive new assay for the disul- 
fide groups has just been developed 
and is available from NBCo. It is based 
on the reduction with DTE (Dithio- 
erythritol or DTT (Dithiothreitol). The 
resulting monothiols are determined 
with 5, 5’ Dithiobts (2 Nitrobenzoic 
Acid) (DTNB) in the presence of Arse- 
nite. (1) This assay allows the deter- 
mination of disulfides over a con- 
centration range of 3 to 25 uM. The 
reduction time of about 20 minutes has 
been found to be adequate. ` 
Zahler and Cleland report that DTE or DTT 
reduce disulfides to monothiols. By addition of Ar- 
senite, which forms a tight complex with Dithiol, 
the resulting monothiols can be determined accu- 
rately with DTNB. They indicate that DTE is the 
reagent of choice because of the lower rate of reac- 
tion of its arsenite complex with DTNB. 


DITHIOERYTHRITOL D.T.E. 
M.W.: 154 §: 41.6 M.P.: 80-82° C. 


25 gm. bottle . gm. $21.00 
5 gm. bottle. ... gm. 22.00 

I gm. bottle ... . gm. 23,00 
500 mg. bottle. . .. . btl. 18.50 
100 mg. bottle. .. .. btl. 4.25 


DITHIOTHREITOL D.T.T. 
(Threo 2, 3, Dihydroxy, 1, 4 Dithiobutane) 
Cleland’s Reagent -. 
M.W.: 154.2 S: 41.6 M.P.: 40-41°C. 


25gm.bottle...... gm. $ 7.25 
5 gm. bottle. ..... gm. 8.70 
1 gm. bottle. .. . . gm. 11.25 


(1)W. L. Zahlerand W.W. Cleland, J. Biol, 

Chem. 243,40, 716 (1968). The-literature references 
should not be interpreted as either endorsement or' 
disapproval of the biochemicals by the investigator. 
To order, phone 216 662-0212 collect (USA only). 

If desired, 24-hour delivery anywhere in the continen- 
tal USA; 80-hour delivery anywhere in the world. Send 
for our free catalog containing more than 3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road • Cleveland, Ohio 44128 
Phone 216 662-0212 
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| | WINDOWLESS GASFLOW HIGH RESOLUTION 


DETECTOR 4 c.p.m. BACKGROUND. 

EXACT SYNCHRONISM OF 20x20 cm. PLATE 
AND CHART TRACE. 

AUTOMATIC MULTIPLE LANE SCANNING. 

TWO DIMENSIONAL SCANNING FACILITIES. 

POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 

PAPER SCANNING ATTACHMENT. 

INTEGRATOR WITH PRINT-OUT OPTIONAL. 

SCINTILLATION HEAD FOR GAMMA SCANNING. 


Here are four up-to-the-minute U.V. 
accessories for users of Beckman DB 
Series Spectrophotometers. 


A condenser which accommodates 
samples In standard test tubes . . . direct. 


Reference -beam attenuator with six 
interchangeable screens of differing 
transmission values. Use them singly 
or In combination. 








i Guat OED J EPEE Ien an e 












sR 
Pa 
LPT NOTE Man Ka LI 


The scanner accommodates a single 20x 20 cm. radiochromato- 
gram plate or several plates up to the same area, and uses a 
standard recorder providing perfect synchronism of. the radlo-" 









DB-RF Specular reflectance accessory useful active spot and chart trace. The very low gas consumption 
for measuring thickness of epitaxial Ë detector can be programmed to completely scan in sequence 
layers, thin films. : as many different sections of the plate as required. At the 

š end of each scan the detector automatically moves to the next 

DB-F Long pathlength, flow-through cell. | pre-determined position on the T.L.C. plate. 

SEND FOR BROCHURE P29 ; APPLICATIONS FOR OVERSEAS 


MA INVITED 
Poor puntuen DEALS 
division of Beckman RIIC Limited 


WORSLEY BRIDGE ROAD ; LONDON =: 
Telephone: 01-650 4801 


“PANAX .EQUIPMENT LIMITED 


_ Holmethorpe Industrial Estate, et Surrey. 
j Tet: Redhill -6351 





JACW IY {54 


HIA 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the mght to refuse or 
withdraw advertisemants at their discretion, 
The Publishers will not be lable for any loss 
occasioned by the failure of any advertisement 
to appear from any causa whatever, nor do 
tey accept Ilability for printers’ errors, 
though every are 1s taken to avoid mistakes. 
Seni Isp er single column inch. 
Minimum PAE additional 1/12th of an inch 
10s. Full page £158, Half page across 
Colour (orange) £20 extra. 6 is omit 
for the re-direction of ever ss to advertise- 
ments with a box numbe 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
es 4743. Telegrams. Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY OF LIVERPOOL 


ASSISTANT SECRETARY TO 
THE UNIVERSITY 
APPOINTMENTS BOARD 


Applications are invited for an addi- 
tional post of Assistant Secretary to share 
the work of edvising students of pure 
science subjects about their choice of 
career amd eaxssting them to obtain employ- 

Candidates with degrees m Life 
Sciences will be at an 


advantage, but graduates in other subjects 
including Arts and Engiscenng wall be con- 
sidered. They should also have had several 
years experience oreferably ín more than 
one field in which Science graduates are 
employed 

The salary scale. wl be £1.585 to; £2735 


Box 147, Liverpool L69 3BX, to whom 
apphcations (mx copes), together with the 
names of three referees, should be sub- 
mitted not fater than May 1, 1969. Please 
quote Ref. RV/2652/N. (1508) 





UNIVERSITY OF CAMBRIDGE 


Applicauons are invited for an office of eather 
ASSISTANT DIRECTOR OF RESEARCH OR 
SENIOR ASSISTANT IN RESEARCH IN THE 
MEDICAL STATISTICS SECTION OF THE 

DEPARTMENT OF HUMAN ECOLOGY 
the appointment is to take effect from October 
1, 1969 or earlier. 

The dutes will be to help in providing a 
statistical service and to undertake teaching and 


research and in compater programming would 
be an a annual stipend of 
Assistant Director of haere ts £1,930 by £115 
to £2,735, and the annual stipend of a Semor 
Assustant in Reacarch mw £1,585 by E115 to 
£2,275, with dortal placing above the minmum 
where approprmate Appointment and reappoint- 
ment to ether office is for up to five years at 
a time. There is a grant towards removal 
expenses 


Ten coptes of applications, together with the 
names of oot more than three referees, should 
be sent to G _ R. Anderson, The Medical School, 
Hills Road, Cambridge CB2 1QT, to arrive not 
later than ‘May 19, 1969. 1449) — 


UNIVERSITY OF BELFAST — 





The Senate of The Queen’s Unrverstty of Bel- 
fast invites applications for a m 
Electrical Engineering from October 1, 1969. 
Candidates should be graduates in Electrical En- 
gineering aod have interests in the field of Micro- 
electronics Salary range (subject to review) = 
£1,470 to £2,630 plus contributory pension nghts 
under the FSS U. Instal placing on the salary 
scak will depend on qualifications and expen- 
ence 


Applications should be received by May 12, 
1969. Further particulars may be obtained from 
The Secretary, The ’s University of Belfast, 
Belfast BT7 1NN, N. Ireland. (1450) 


Natural Environment Research Council 


Institute of Coustal Oceanography and Tides 


(formerly Liverpool Tidal Institute) 
BIDSTON OBSERVATORY, WIRRAL 


The Institute which became a component body of the Natural Environment 
Research Council on April 1, 1969, is to’ undertake an expanded programme 
of research*in coastal oceanography and tides whilst continuing its existing 
tidal computations and other service commitments. 


Applications are invited for the undermentioned posts. 
Post (1) Compater Officer 


A Scientific Officer/Sentor Scientific Officer to assist the Institute to effect the transition to 
its computer usage from extensive use of extemal computer services to the development 
of an internal computer insallaton 

Duties: 

G) co sataty phe bag en of rtie. aga tasks. of chë Inetinile -n tae inter 
mational service ıt provides in tedal enalyms, tidal prediction and mean sea level 
computauions , 

(b) to asat scientific cesearch staff in the computing problems which anise in the coume 
of char wock and in this way to provide an interface with the computer 

After a probationary period the successful applicant will have the prospect of administer- 


Post (2) Research in the field of numerical analysis 


A Scientrfic Officer/Senior Solenmfic Officer to conduct research In the fled of numencal 
analysis, with particular reference to udal and other geophysical time series The officer 
appointed wil be expected to undertake theoretical studies on the analyme and prediction 
of tidal scenes and on assoasted stochastic phenomena, and to collaborate in the analysis 
of observations acquired in the fled 
Qualifications; 

A good honours degree in numencal analysis statics or appropriate subject 


Post (3) Project to monitor the tidal environment of the 
British Isles 


A Scsentific Officer/Senbor Gcientric Officer to assıst m the development of a project 


mhich alms eo monitor the dal onvronment of the coastal waters of the British Teles. 


instruments 
numerical analysis of their res records In addithon to the contribution 110 an pane 
tug tidal knowledge which this project aims to achieve, the products of the exercise acc 
of vital concero to navigation, to restarch mto storm surges and like phenomena and to 
national plans for coastal enginecring. 


Qualifications : 
A good honours degree in sbyelcs, occanogtaphy or an associated subject . 


Post (4) Project investigating tidal phenomena in the solid earth 


An Assistam Experimental Officer/Experimentail Officer to eset in a research project 
Fiod Work ee De 


numerical analysis of records, 

Qualifications : 
General Certificate of Educatson in five subjects, two of which should be mathemauical/ 
scientific subjects at “A” terel. At age 22 shonkd have a pass degree, 
H.N.C. or cquevalent in ohysics, mathematics, electronics or an associated subject. 
Instemmental experience would be an advantage. Candidates should hold a current 
driving licence 


Post (5) Surveying and Instrumentation 


levelling aod the establishment of 
adificaslons eco as for Post (4). 


Salaries: 
Selentific Officer (under 29 years at December 31, 1969) 
£1,029 to £1,740 per auuem. 
Senor, ee ae anO 32 years at December 
31 
£1,925 to £2,372 per annum. 
Assistant Experimental Officer (18 and under 28 years on December 31, 1969) 
£650 (age 18) to £1,150 (age 26) to £1,385 per amnem. 
tal Officer (at least 26 and under 31 on December 31, 1969) 
£1,514 to £1,910 per ammam, 
Application form sad particalars from Institute of Coastal Oceanography md Tidee, 
Bidston Observatory, Birkembead, Cheshire L43 7RA. 


Applicants should state fhe number and description of the post for which they are 
applying. 


Closing date for applications May 15, 1969. (1473) 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
VETERINARY PHYSIOLOGY 


Applications are invited for the full-tme 
post of RESEA 


output functions in 

sory pathways. Computer facilitics avail- 

able include an “ on-lins * PDP 12A and 

access to the Edinburgh Regional Com- 

punog Centre. 

anane Post well nable ee years ; 

starting ry 170 per annum 

with increments of £55, plus F.S.S.U. 

Further _ particulars may be obtained 





UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 
SCHOOL OF BIOLOGICAL SCIENCES 
Applications are invited for the folowing posi- 

tons: 


READER IN BOTANY: Preference wil be 
given to the applicant whose research interests 


SENIOR. L 
ERIES BIOLOGY: The applicant have a 
Ph.D. or higher , and some years’ 


considered. 
Salaries: Reader, $A9,180 by $A240 G) to 

$A9,900 per annum; Senior Lecturer, $47,500 

by $A250 (5) to. $A8,750 per annum. (A North 


Application forms and further information may 
be obtained from The Secretary-General, Associ- 
aton of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C 1. Closing date: 
Aprl 30, 1969. (1455) 


UNIVERSITY OF MELBOURNE 
SENIOR LECTURESHIP/LECTURESHIP 
IN THE 
DEPARTMENT OF MATHEMATICS 


Applications are invited for the above- 
mentioned post 





; Lecturer, $A5 
$A7,300 per annum. (One Australien dollar= 
English » 3d, U.S. $1.10 apprommately.) 
ed according to 
qualifications and experience. Appointmem for 





Applications are invited for the abore- 
wil become vacant an 
August following the resignation of Profesor 
P. J. R. Kochendorffer for personal reasons. 
The present professorial salary is $412,000 per 
annum. 

Further particulars and = application forms 
should be obtained from the Secretary-General, 
Association of Commonwealth Universities 
(Apps), 36 Gordon Square, London, W.C.1. 
Applications close on May 19, 1969. (1451) 

















ELSEVIER PUBLISHING COMPANY, 
JAN VAN GALENSTRAAT 335, AMSTERDAM, 


Publishers of scientific books and journals, 


The present holder’ of the appointment having undertaken other 
important work within the Elsevier Group, we now have a vacancy 
fora 


BIOCHEMIST 


in the biochemical/medical department. The person appointed will 
be expected in due course to assume editorial and commercial 
Tesponsibility for this important sector of our publishing activity. 

Not only will he be expected to take charge of the existing publications 
—which are largely in the biochemical field, although about one-third 
are devoted to fundamental aspects of medical research—but will 
also be responsible for the initiation of new projects in these 
disciplines, 

The post is suitable for graduates in biochemistry or in a closely 
related field who are prepared to live and work in Amsterdam. There 
are no very definite age limits although the successful candidate is 
unlikely to be older than about 35. 


The requirements are: 
®@ Some research or teaching experience 


@ Broad intellectual horizons 
@ Organizing capability 

@ Creativity 

© Commercial insight 


@ Tact, and ability to comunicate easily at all academic and 
company levels 


@ Capacity to work independently, and with initiative 
@ Readiness to travel from time to time 


Previous editorial experience is not essential, but could certainly be 
useful. 


Applications should be handwritten, give full details of previous 
employment, salary required, and some account of the candidate’s 
interest in a position in scientific publishing. They should be sent 
to the Managing Director, Elsevier Publishing Company, P.O. Box 
211, Amsterdam, the Netherlands, 


(1447) 


D C- 
ROTTERDAM MEDICAL FACULTY 
Chair of Genetics 


The Rotterdam Medical Faculty invites applications for the post of 


PROFESSOR OF GENETICS 


The successful candidate w.ll be expected to direct teaching and research in this 
field and wid receive a basic salary not less than F 56 500,— ($15.650,— ; 
£6,550,—,—.). 7 


Applicams are requested to send full information concerning present position, 
Qualifications, publications and research interests within three weeks after appear- 
ance of this advertisement to Prof B Lejose, Ph.D, Wytemaweg 2a, Rotterdam, 
THE NETHBRLANDS (1436) 


` 


For further Classified advertisements see p. xxx. 
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Thermogravimetry 
in vacuo down to 
10-4 torr 


Stanton Massflow * Quantitative analysis 
Thermobalances are 

available witha balance * Reduction studies 
sensitivity of 1mg or 0.2mg 

per division working ina + High temperature solid 





For further details write: 
Stanton Instruments Ltd., 
Dept11, Copper Mill Lane, 
London, S.W.17., 

or ‘phone 01-946 7731 


temperature range from state reactions 
ambient to 1000°C, 1350°C 
or 1500°C. * Solid gas reactions 


Applications of this 
versatile instrument 
include:- 





= 
| * Oxidation studies 
A * High temperature kinetics 


* Gas corrosion studies 


Stanton Massflow 
thermobalances 





Tubing for 
Peristalitic Pumps 


FROM 


Esco (Rubber) Ltd 


I E CO Silicone Rubber, non toxic, over 30 standard sizes from 0.5mm i.d., elastic, excellent 
SI S L resistance to many chemicals, sterilizable either by steam at 120°C. or by dry heat at 


TRANSLUCENT 180°C., will not deteriorate either in storage or 1n tropical climate. 



















Black fluorinated synthetic rubber, resistant to concentrated sulphuric acid 98%, 


VINESCOL 23 phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C. 





Esco (Rubber) Ltd 


Walsingham House, 36 Seething Lane, London EC3 
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Character Readers and | 
| Pattern Recognition 


Edited by V. A. Kovalevsky, Institute of Cybernetics, Kiev, U.S.S.R. 
A selection of nineteen articles on recent research and developments in pattern recognition 


and automatic character reading carried out at the Institute of Cybernetics in Kiev. 
Descriptions of up-to-date Soviet equipment in this field are included. 


276 pages £6 


Game Playing with Computers 


Donald D. Spencer 








This volume presents more than 70 games, puzzles and mathematical recreations which 
may be programmed for a digital computer. Over 25 complete programmes are 
presented, many of which have never before appeared in book form. 


442 pages £6 !0s 


H. P. Luhn—Pioneer and 
Prophet of Information 
Processing 


Edited by Claire Schultz 


‘This book is a fitting tribute to a pioneer in the fleld. To read these papers, whether for the 
a first or second time, is to encounter an inventive and Nios die mind, lucid, modest, with 
a firm grasp of problems faced by documentation, and a simple practical approach to their 
solution. — Journal of Documentation. 
‘The editor and contributors to this anthology of his papers and reports have performed a 
notable service to their profession, as well as honouring their friend and colleague.’ 
—Times Literary Supplement. 









320 pages £9 7s 6d 


Progress in Biomedical 


® e 
Engineering 
Edited by Lawrence J. Fogel and Frederick W. George 


Twenty-nine papers presenting recent advances in engineering techniques producing highly 
sophisticated machinery for physiological diagnosis and therapy in the field of medicine. 


220 pages 96s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: Spartan Books, 432 Park Avenue South, New York, N.Y. 10016 
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There arenow 





over 300 





members of 





the 


..three hundred users of the Philips 
EM 300 Electron Microscope, in 24 
countries throughout the world. 
There’s nothing exclusive about this 
club. Its membership Is growing 
steadily. 

But there are some special prlvi- 
leges associated with belonging.... 
ownership of the most respected 
high-resolution electron microscope 
in the world... support of the finest 
service organisation, backed by the 
finest research and development 
team. Best of all Is the unusual pro- 
tection agalnst obsolescence. New 
improvements and accessories keep 
coming along. The latest Include a 


new TV display system with Image 
intensifler, new X-ray spectrometer 
attachment, new pre-pumped air- 
lock, and new specimen chamber 
cold trap. Each of these may be re- 
trofit to existing equipment. 

If you are already a member of 
the EM 300 Club, you should take 
full advantage of your membership 
by contacting your Philips represen- 
tative about these new improvements 
to the EM 300 - and EM 200 as well. 

If you're not already a member, 
you should look Into becoming one, 
don't you think ? 

Write for our free EM 300 brochure, 
as a first step. 


N V. Philips’ Gloellampenfabrieken 
Analytical Equipment Department, 
Eindhoven, the Netherlands. 


ANALYTICAL EQUIPMENT 
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In fact It is the spindle bearing of an MSE Super 
Speed Centrifuge. The chances of its having to be 
replaced before its rated "'life” (or even long after- 
wards) are very remote indeed—even though your 
model may have to operate for long periods at 
its full 40,000, 50,000 or 65,000 r.p.m. But if you do 
teach the point where you need a new Spindle, be 
glad you have an MSE centrifuge. The dismantling 
and replacement cost of this vital component 
will be a mere fraction of what you could be 
faced with on centrifuges in which the spindle 
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This is the 
heart of an 
MSE Super Speed 
Centrifuge 


bearing Is Integral with the motor and gear box. 


This is an essentially practical matter, well worth 
considering when you choose your next prepara- 
tive ultracentrifuge. 


Other advantages of MSE Super Speed Centri- 
fuges are more immediately obvious :—Fully auto- 
matic operation, accurate control of speed and 
temperature, exceptional rotor stability, automatic 
oil recirculation, wide choice of angle and swing- 
out rotors—plus zonal centrifuging capability. 


MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


SUPER SPEED 40 (40,000 rpm 176,000 x g) 
SUPER SPEED 50 (50,000 rpm 260,000 x g) 
SUPER SPEED 65 (65,000 rpm 407,000 x g) 


Telephone: 01-834 7373 





MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telex: 22666 


in USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 


Cables: Emesetool, Sowest, London 
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Nothing succeeds like... 

















with the SP40 Automatic Sample Changer. 
With these two accessories the SP600 
Series 2 is a system in itself. It could more 
than double your work capacity. 

Write for details today and be part of a new 
success story. 


Success. And the Unicam SP600 visible 
spectrophotometer has been demonstrably 
“successful. Many thousands are in use 
throughout the world. 

Now it gives way to its successor—the SP600 
Series 2. This instrument retains all the reliability, 
all the ruggedness of its predecessor. It retains 
the accuracy over an extended range 
(335my—1000 mu). 

But there are two very important advantages. 
You can now continuously monitor the results 
from the SP600 Series 2 with the Unicam SP22 
—a logarithmic recorder which gives a linear 
reading of absorbance units and is therefore ideal 
for kinetic measurements. You can also 
automatically measure up to 50 sample solutions 






SP40 
Automatic 
Sample Changer 





PYE UNICAM _ -=. 


Pye Unicam Ltd 
Pee York Street, Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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de la Recherche Agronomique 


ANNALES AGRONOMIQUES 
science), 6 issues annually. 
ANNALES DE L'AMELIORATION DES PLANTES (Plant 

breeding), 4 issues annually. 
ANNALES DE PHYSIOLOGIE VEGETALE (Plant physiology), 
4 issues annually. 


ANNALES DES SCIENCES FORESTIERES (Forestry,) 4 issues 
annually. 
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SERVICE DES PUBLICATIONS I.N.R.A., 
route de St-Cyr, 78-VERSAILLES, France. 


Specimen copy on request 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are Invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 

despatoh, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 

Scarlet R, BPC, Dilazonium salts, Neutral violet, Lacmold, Nike blue, 

Janus green, Brillant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 

chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 
Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


MICHROME’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lipid crimson, Matamount, 
May-Grinwald, Lelshman, Giemsa, Toluidine biue, Cresy! fast violet, 
Papanicolaou stains, Thioflavine S, Brilltant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Roed West, London, 8.W.14 
Cables: Micromlabs London SW14. Telephone: 01-878 82289 
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This instrument, in Its modern styling, still 
embodies the requirements laid down by 
Mr. Guild of the Natlonal Physical Labora- 
tory and the advice of research workers In 
varlous laboratories. 


Æ CAN BE SUPPLIED WITH A DIFFERENTIAL 
CELL COMPLETE WITH COLLIMATOR AND 
SLIT FOR MEASUREMENT OF REFRACTIVE 
INDICES OVER THE RANGE 1-26 TO 1°95. 


The interchangeable prisms, each covering a 
recommended range of refractive index, are of 
60° refracting angle and are mounted In Individual 
water Jackets. 


We now have capacity for alumin{sing certain 


types of mirrors, at short notice. 





SOLE DISTRIBUTORS IN U K. OF SCHOTT INTERFERENCE FILTERS 
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Request Stop for Airbus 


Last week had its ups and downs for the British 
aircraft industry. It began well enough with the first 
flight of the British prototype of the Concorde super- 
sonic airliner, being built as a joint effort between the 
French firm Sud-Aviation and the British Aircraft 
Corporation. The twenty-two minute flight from the 
BAC works near Bristol to a nearby RAF station was 
greeted with characteristic enthusiasm as sure evidence 
that the aircraft will be a worldbeater by the industry, 
which ought to know that the proof of the pudding is 
not in whether or not the aircraft can fly, but whether 
the airlines can operate it profitably at the supersonic 
speeds for which it is designed, and whether it will be 
acceptable to the earth-bound public. Regrettably 
the performance of Concorde in this respect will be a 
closed. book until the first supersonic trials a year from 
now. Concorde is not scheduled to receive a certificate 
of airworthiness until late 1972 or early 1973. Follow- 
ing the Concorde flight came the news that British 
aircraft firms had exported to the tune of £17 million 
in February. Although this is £6 million down on 
February 1968, it brings the total so far this year to 
£46 million, not far short of last year’s record of £52 
million for the first two months. The industry is 
optimistic that the probable delivery this year of 
BAC’s order for guided missiles to Libya will carry the 
export figures above last year’s total. 

The climax came at the end of the week. It 
was that the British Government declines to take part, 
for the time being at least, in a joint project with 
France and Germany to develop a European airbus. 
This is an aircraft designed for carrying a large number 
of passengers on short journeys between European 
cities, or between North American cities for that 
matter. The vagaries of European cooperation mean 
that the aircraft has appeared in a variety of guises— 
in its latest configuration it is called the A-300B, and 
has 250 seats. Earlier designs had 300 seats, presumably 
accounting for the name, and correspondingly more 
powerful engines. And the airlines did not get away 
scot-free last week either. Their attention has, not 
surprisingly, been drawn to the latest Board of Trade 
figures for aircraft noise at Gatwick Airport (London). 
During the fourth quarter of 1968 nearly 14 per cent 
of jet departures at night exceeded the permitted noise 
level. The comparable figure for Heathrow Airport 
(London) was 2-6 per cent. 

Although the British minister involved, Mr Anthony 
Wedgwood Benn, has not dealt a deathblow to the 
European airbus, the outlook for the British aircraft 


firm concerned, Hawker Siddeley Aviation, must be 
bleak. Hawker Siddeley was in at the beginning, when 
the project was a design study conducted with the 
French firms Breguet and Nord-Aviation for a 250-300 
seat aircraft. Two years ago the project was the subject 
of an agreement between Britain, France and Germany, 
with Britain and France staking 37-5 per cent of the 
costs and Germany the remaining 25 per cent. The 
French handed the project over to their major aircraft 
firm, Sud-Aviation, with Deutsche Airbus the German 
partner. Then the plan was to power the airbus with 
two of a new Rolls-Royce engine, the RB207, to be 
developed specially for the airbus and to be 75 per cent 
financed by Britain, 25 per cent by France and Ger- 
many. As for the airframe, Sud-Aviation was to be 
responsible for the cockpit section and the fuselage 
section joining the wings, Hawker Siddeley for the 
wings and engine nacelles, Deutsche Airbus for the rest 
of the fuselage and tail, with design leadership in the 
hands of France. But, with costs mounting up to £190 
million and the arrival of Mr H. Ziegler as president of 
Sud-Aviation, the project came under well deserved 
scrutiny, and late last year the RB207 was replaced 
by the RB211 already developed (as luck would have 
it, for the Lockheed TriStar, the American competitor 
for the airbus) with the consequence that the aircraft’s 
capacity had to be cut to 250 seats. Since then, the 
British attitude has been the sensible one of hesitation 
in the face of a project which shows little evidence of 
being a commercial success. All along it has been 
recognized that an initial order of at least twenty-five 
aircraft apiece from the three countries involved is 
the bare minimum for the project to proceed, and s0 
far it is not clear that the orders are going to be 
forthcoming. And it is not as if the airbus is another 
Concorde. Technically the A-300B is not out of the 
ordinary and there is no excuse for losing money on 
the grounds that at least something new is being 
achieved. Whether or not Hawker Siddeley will be 
able to continue in the project without government 
backing is an open question. The firm was expecting 
the airbus eventually to be around 40 per cent of its 
business. 

The reasons given for last week’s British decision 
not to join in just yet are dissatisfaction with the cost 
and prospects for the airbus, and that the consortium 
has not definitely decided to use a European engine, @ 
euphemism for the RB211. The French and German 
representatives, on the other hand, professed them- 
selves satisfied with the general outline of the project 
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Design for the European airbus. 


and intend to continue alone. This means that the 
decision on what engines to use will be made, and fairly 
soon, by the French and Germans on their own, and 
if, as seems possible, they opt for an American product, 
then the British break with the project will become 
complete. Part of the reason for the British attitude 
is of course that the British Aircraft Corporation has 
an inherently more interesting aircraft with a similar 
specification in the offing—the BAC 3-11—which offers 
a 20 to 25 per cent saving on launching costs compared 
with the airbus and a 5 to 10 per cent saving on 
production costs. 

The message of the airbus affair is that Europe is 
still a long way from learning the best way of cooperat- 
ing on aircraft projects. This is not to say that all 
attempts so far have been complete failures. There was, 
it is true, the abortive plan to build a swing-wing 
military aircraft with France, and the outlook for the 
multi-role combat aircraft to be built with Germany 


The Price of Cod 


Tua British deep sea fishing industry accepts as an 
inevitable part of its job an accident rate which no 
other industry would tolerate. Such fatalism no doubt 
fortifies the spirit against such disasters as the loss of 
three ships and fifty-eight men which happened last 
year, but it also helps to make trawling by far the 
most perilous British industry even in a year when 
no boats are lost. The cheerless statistics on injury 
and death rates among Grimsby trawlermen in 1963, 
which Dr S. R. W. Moore has just published (Brit. J. 
Indust. Med., 26, 1, 25; 1969), leave no room for argu- 
ment about that. Of less than 3,000 trawlermen who 
sailed from Grimsby in 1963, fourteen died at sea or 
soon after being put ashore, six through accidents and. 
eight through natural causes. The mortality rate for 
trawlermen, 6-7 per thousand, was twice that for all 
fishermen, four times that for coal miners and forty 
times that for the manufacturing industries. The 
number of non-fatal accidents among trawlermen was 
correspondingly high. Of 2,469 men who sailed, no 
fewer than 693 received injuries severe enough to be 
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is far from bright. But Concorde could yet be a success, 
and there is a whole spectrum of helicopters in & joint 
programme with the French. Successful European 
cooperation in aviation, however, seems to be the 
exception rather than the rule, and underlines the lack 
of success of other cooperative organizations, with 
ELDO the worst example. Part of the reason, of 
course, is the interminable wrangle over design leader- 
ship which is a frequent undesirable feature of European 
cooperation. This is probably what is holding up 
cooperation with Germany over the multi-role combat 
aircraft. Naturally enough, Germany wants to become 
an aircraft builder, and is prepared to lose some money 
to start with while cutting its teeth on joint projects. 
Presumably there is a similar reason why Germany is 
prepared to stomach the large costs involved in 
developing the upper stage of the ELDO rocket. But 
prospective partners are likely to take a dim view of 
this attitude. 

How then is Europe to cooperate on airoraft projects 
which are likely to be profitable but are beyond the 
scope of individual states ? The best answer for Britain 
and France at least seems to be for states to give 
up their all-round capabilities in aviation. Britain, 
logically, would specialize in engines, and France in 
the airframes. Naturally, thinking along these lines 
will meet with outcry from Britain’s overconfident 
aircraft industry, which if it had its way would be 
optimistically building all kinds of aircraft. The 
Society of British Aerospace Companies said as 
much in its future plan published earlier this year 
(Nature, 221, 599; 1969). But without some kind of 
agreed parcelling out of spheres of activity, the bogy 
of American competition is not going to be laid. 


recorded and these men lost 10,174 days’ work. All 
these figures are, of course, underestimates because of 
the traditionally lax records and the migrating popula- 
tion of fishermen. 

No other industry would put up with the conditions 
of the trawlermen. Most raw recruits go to sea without 
training, and living conditions are bad. As recently 
as 1947, 31 per cent of Grimsby vessels either had no 
lavatories or unusable ones. They all have lavatories 
now, to be sure, but 77 out of 106 ships in the Hull 
trawler fleet in January 1967 failed to meet the stand- 
ards of accommodation required by the International 
Labour Organization’s Accommodation of Crews Con- 
vention (1966) which says that four or more men 
should not be expected to share one cabin. And work- 
ing hours once the fishing banks have been reached are 
extremely long—I8 hours a day is commonplace. 
In addition the pay structure of the industry positively 
encourages owners and crews to underman the boats, 
to continue to fish when there is a risk of foundering 
and to continue to work when sick or injured. 
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The skippers and mates are paid wholly on a share 
of the catch basis, while the remainder of the crew 
receive a basic wage and a bonus, between 50-70 per 
cent of the total wage, based on the catch. Asa result, 
the newest boats with the most skilful or lucky captains 
are manned by the cream of the deckhands. The older 
or less skilled captains and men end up in the older 
boats. And, because wages depend on catches, men 
are reluctant to report sick or to stop working because 
of injury. The wages of their shipmates as well as 
their own money are at stake. Equally, skippers have to 
balance the risks of continued fishing in bad weather 
against loss of money if they stop fishing, and they 
may be reluctant to sail a sick crew member to port 
when they are making big catches; even 80, in 1963, 
165 of the 2,469 trawlermen were so ill that they had 
to be put ashore at the nearest port. For the skipper, 
who can earn up to £5,000 a year, the risks may seem 
worthwhile, but even with overtime rates the deck- 
hands average as little as 3s 6d an hour for their pains. 

A change in the structure and attitudes of the indus- 
try as well as Government legislation on minimum 
safety requirements are long overdue. Increasing the 
basic pay rates and reducing the catch bonus might 
Temove some, if not all, of the pressures to continue fish- 
ing at the risk of life or limb. Incentives to owners to 
introduce stern trawlers instead of the traditional 
side trawlers, which capsize much more easily, would 
reduce the risk of accidents and sinkings. The only 
way to reduce hours of work, of course, is to increase 
ships’ complements and bring them into line with 
those of other countries. Polish distant water trawlers, 
for example, have crews of twenty-eight, whereas 
comparable British vessels have only twenty men. 
And the Polish fleet has no side trawlers. 

As for statutory safety requirements, there are more 
regulations for the frying than for the catching of 
fish. Boats are required to carry life-saving and fire- 
fighting appliances and there are two recommendations 
on the use of lifelines and winches, but there is no 
system of inspection such as that which covers factories, 
mines or quarries. And, as things stand, there is 
nothing to stop unfit fishermen, even those certified 
unfit by a medical officer, from going to sea, and they 
often do so regardless of their own safety and that of 
their colleagues. Once at sea, they are at the mercy 
of The Ship Capiain’s Medical Guide and whatever is 
in the medicine chest until they can be put ashore or 
taken on board a naval fisheries protection vessel. 

Admittedly it is difficult enough to enforce safety 
regulations in factories and down mines, especially if 
there is a suspicion that they slow down production and 
cut earnings, but that is no exouse for not attempting 
to control what goes on in a small boat at sea. There 
is no reason why machinery in a boat should not be as 
adequately protected as machinery in a factory and 
inspected as often when the boats are in port. And an 
occupational health service, which was proposed by 
an ILO convention in 1959 which Britain has never 
ratified, might at least ensure that men who are unfit 
do not put to sea. In a survey of 38 Grimsby trawler- 
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men, Dr Moore found that eighteen were not registered 
with a general practitioner. An occupational health 
service is therefore especially important in an industry 
where the men apparently only seek medical advice 
ashore when injury or illness overtakes them. 


PLASTICS 


Is There a Gap? 


Tx latest report from the OECD on disparities in 
technology between member states—which of course 
boils down to differences between Europe and the 
United States—is devoted to plastica (Gaps in Tech- 
nology—Plastics, OECD, $3, 21s). It paints a less 
bleak picture than its two predecessors on scientific 
instruments (Nature, 221, 300; 1969) and electronic 
components (Nature, 221, 1182; 1969). In the field of 
bulk plastics, the report concludes, there is no general 
technological or production gap between Europe and 
the United States. This is because several European 
countries (the report cites Germany, Italy and Britain) 
have strong technological and market positions in this 
field. The brisk exchange of basic scientific information 
on plastics between countries also has a levelling 
influence. 

There is a fly in the ointment, however. The United 
States has a definite lead over Europe in the innovation 
of new plastics with specialized applications, which has 
come about chiefly as a by-product of military and 
Space research. At present the gap hardly matters 
from a commercial point of view—none of the new 
plastics has had more than a limited application and 
some of them have not yet been exploited. Neverthe- 
less, the report says, there exists a definite gap in 
technology which might at a later stage have significant 
market implications. Whether this is likely to happen 
is another matter. The plastics experts who wrote 
the report could not see the new developments replacing 
any of the popular plastics, but, all the same, they 
thought they could become very profitable. But the 
report does have a grain of comfort for countries not 
indulging in ambitious space and military research 
programmes. Research on the existing families of 
plastics is going on at more or Jess the same level in all 
the chief plastio-producing countries, and is producing 
commercially important new materials. 

On the question of the money which member states 
are making out of plastics, there is an echo of the report 
on scientific instruments. In both fields the Americans 
seem better able to profit from their efforts than do 
Europeans. There are no figures referring only to 
plastics production, but the net profits of the chemical 
industry as a whole give a guide to what is probably 
happening. Expressed as a percentage of turnover, the 
net profit of the chemical industry in the United States 
was 13-0 between 1961 and 1964, compared with 7-0 in 
Britain and even less in other European countries. 
And, the report says, the lowest return on assets shown 
by a United States company is higher than the return 
of any non-United States company. What are the 
reasons for this sobering disparity, which could develop 
into a full-blown technology gap with less profitable 
companies finding it harder to finance expansion ? The 
smaller size of the European market is one factor; 
others are tariff barriers of up to 20 per cent or more 
between European countries, the 40 per cent duties 
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which the United States levies on imported plastics, 
international differences in standards and patent 
systems, lower capital costs and larger differences 
between raw material prices and selling prices in the 
United States, and the familiar bogy of Europe’s 
inferior management. Not all these problems have 
quick solutions, but European companies can draw at 
least some cheer from the rumours that the profit rates 
of American plastics firms are falling. 

The report makes some recommendations for streng- 
thening European research and development. One of 
these is the creation of larger university departments of 
chemistry, chemical engineering and physics on the 
American pattern. The report also recognizes the need 
for closer links between academic and industrial 
research, and for government support for long-term 
programmes, 


ENGINEERING 


Pressure Vessels Research 


Tam second volume of the Report of the Committee of 
Enquiry on Pressure Vessels (HMSO, 358) contains the 
evidence behind the recommendations which were 
published earlier this year (Nature,221, 403; 1969). The 
committee was set up in 1966 when demand for pres- 
sure vessels was high but was not being met by British 
industry. The committee was charged with recom- 
mending ways of improving pressure vessel technology, 
including standards, design and manufacture, and its 
brief covered structures such as heat exchangers and 
boilers but excluded the special case of nuclear reactor 
vessels, After 1966, however, demand fell and the 
British pressure veasel industry was better able to cope, 
but nevertheless the committee believes that urgent 
action is necessary if the industry is to maintain its 
position. The committee’s most important recommen- 
dation, which the Ministry of Technology is asking the 
manufacturers to consider, is the setting up of a 
Pressure Vessel Authority to coordinate research and 
development and to keep an eye on standards and 
inspection methods. The second volume of the report 
provides the documentary evidence backing the con- 
clusions published in January. It contains compari- 
sons between British and foreign pressure vessel indus- 
tries, surveys of the raw materials which are used, and 
details of the crucial inspection procedures. 

Part of the volume is a summary of research and 
development, and the committee says the sum spent is 
satisfactory but adds that this does not imply approval 
of the way the money is used. For one thing, the com- 
mittee criticizes the duplication of research effort which 
seems to be going on, and wants a collaborative 
research organization as part of the proposed Pressure 
Vessel Authority. According to the research and develop- 
ment summary (drawn up by the Reactor Materials 
Laboratory of the UKAEA and based on a question- 
naire completed by 268 organizations), much of the 
research effort is concerned with work on current 
contracts rather than future developments. The 
impression is that research and development in the 
industry is a haphazard affair. Very few organizations 
know whether they are getting their money’s worth 
from their research expenditure, which for the industry 
as a whole averaged £3-5 million a year between 1962 
and 1966. The collaborative research organization 
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which is proposed, and which would carry out large 
scale work beyond the capabilities of individual organ- 
izations, would be along the lines of the Pressure Vessel 
Research Committee in the United States, financed by 
government and industry. But the report’s conclusion 
that hardly any firms are using the publications of the 
American Research Committee, and indeed that its 
very existence is unknown to many, does not promise 
well for the future of a British analogue. The solution 
could be to finance the British counterpart from the 
pressure vessel industry alone. In the words of a 
steelmaker quoted by the report, “the pressure vessel 
industry will take greatest cognizance of results for 
which it has had to pay”. 


LINNEAN SOCIETY 


Nearing the Target 


Tus Linnean Society seems to have met with a warm 
response to the appeal for funds to rehouse securely 
its valuable collections and modernize its rooms in 
Burlington House. A totel of £27,000 has been re- 
ceived or promised, and when the promise of a generous 
anonymous donation has been fulfilled the society will 
be near to its target of £55,000. The anonymous gift 
was promised on the understanding that the balance 
would be raised by the society’s own efforts. This 
has now been achieved, and the gift can be claimed. 
Tt is hoped that the name of the anonymous benefactor 
will be revealed at the anniversary meeting of the 
society on May 24. 

Apart from more than £8,000 from fellows, foreign 
members, honorary fellows and associates, the rest of 
the money has come largely from other scientific 
organizations, industry and commerce. The Royal 
Society has given nearly £5,000 specifically for the care 
of the Linnean collection of plant and animal speci- 
mens; a trust which is anonymous at the moment has 
given £2,500 and the International Union of Biological 
Sciences is expected to give a similar sum. British 
Petroleum Ltd has given £1,000 and the world of com- 
merce has contributed at least £1,500. There have also 
been donations from several overseas organizations 
including Sweden, the home of Linnaeus. There are 
hopes now that with continued efforts the final sum 
collected could exceed £55,000, so that much of what 
needs to be done to improve the cramped library and 
to make the Burlington House rooms a suitable meeting 
place for biological societies in general might well be 
possible. 


TECHNICIANS 


No Mood to Negotiate 


Wir wage awards that conform to the British Govern- 
ment’s Prices and Incomes Policy increasingly the 
exception rather than the rule, the Association of 
Scientific, Technical and Managerial Staffs, which 
represents university technicians, is to strike in support 
of the technicians’ latest pay claim. The union, which 
claims to have 8,000 of the 10,000-12,000 university 
technicians among its 100,000 members, has announced 
a one-day strike on April 29. The technicians, who 
received a 4-4 per cent wage rise in February 1968, are 
now asking for an interim award of £2 a week and have 
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rejected an offer of £15 to £50 a year according to 
grade—a rise of roughly 3-5 per cent which is just inside 
the Prices and Incomes Policy ceiling. 

The union seems in no mood to continue negotiations 
with the universities. It argues that since 1966 its 
members have received only 4:4 per cent more pay and 
an offer of a further 3:5 per cent to last until April 
1970. During that period the union says the average 
wage index has risen by 15-5 per cent, and people 
doing comparable work outside the universities have 
received rises of up to 14 per cent. In addition, the 
joint universities and union working party, which has 
been trying to hammer out new pay scales for all 
grades of technicians and minimum qualifications for 
the various grades, has made little headway after a 


year. 

To further its claim, the union is to lobby MPs on 
April 21 and, after the national one-day strike, will 
hold a series of longer strikes at selected universities. 
As a start it has announced that 450 technicians at 
Imperial College, London, will strike on May 6-8, 
immediately before the college’s open day. The college 
coyly says that the open day is not part of its recently 
launched appeal for £2 million, but just to keep the 
college in the public eye—which is a wise thing to do 
when trying to collect £2 million. Imperial College 
says it regrets the timing of the strike but has no 
intention of postponing the open day. Staff and 
graduate students in each department will have to do 
the best they can without their technicians. 

That may be more than members of the Association 
of University Teachers feel able to do. The AUT, 
already bitter after its pay award and the lecture from 
the Prices and Incomes Board on the false criterion of 
wage comparability, cannot have been made happier 
by seeing the doctors, the Ford car workers and BOAC 
pilots all use the principle of comparability in success- 
ful pay claims. The association has sent a letter to 
its members advising them to do nothing that could 
be construed as breaking the technicians’ strike. 
Whether the urge to teach or research will prove 
stronger than union solidarity remains to be seen, 
but it is significant that the technicians’ union is one 
of the three unions with which the AUT has been hold- 
ing exploratory talks to see if there is any benefit to 
be gained from cooperation or even merger. If AUT 
members appear as strike breakers, they will not make 
themselves popular with Mr Clive Jenkins’s empire. 


SRC REPORT 


Enzyme Chemistry 


Now that enzymes have established themselves in the 
washtub—to the surprise of many enzyme chemists— 
it is clearly time to look more deeply into the com- 
mercial possibilities of these natural catalysts. This is 
just what is done in a new Science Research Council 
report, Enzyme Chemistry and Technology, compiled 
by a distinguished panel of specialists within the enzyme 
field. 

The report is a model of its kind. It conveys in a 
vivid way the conviction that both our understanding 
of enzymes and our ability to make use of them in 
industry and medicine are due for a phase of dramatic 
growth. The near future may even see development 
beyond this, for in the words of the report: “The 
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study of the structure of enzymes and of the mechaniam 
of enzyme action is also leading to a greater under- 
standing of the basis of catalysis itself. In some ways 
enzymes provide ideal model systems for the study of 
the molecular details of catalytic reactions, and the 
rational design of specific catalysts is not nearly as 
remote as it appeared only a decade ago. A new era in 
pure and applied chemistry will be at hand when man 
can control specific catalysis.” 

Despite this promise, Britain is beginning to lag 
behind the USA, Japan and Sweden in enzyme tech- 
nology, and to some extent in academic enzyme re- 
search also. The report recommends that SRC support 
for the field should grow from its present level of 
£200,000 per annum to between £400,000 and £500,000 
per annum. The SRC has announced its acceptance 
of the proposal. It is willing to award up to £300,000 
in research grants in 1969-70, if applications of suf- 
ficient promise are received. A new committee—the 
Enzyme Chemistry and Technology Committee—wilk 
assess grant applications and allocate research student- 
ships. Professors Sir Ewart Jones, G. W. Kenner, 
H. L. Kornberg and D. C. Phillips have already agreed 
to serve on this committee. 

More specific recommendations are that a 220 MHz 
nuclear magnetic resonance machine should be avail- 
able somewhere in Britain chiefly for enzyme work, 
that facilities for isolation of enzymes on the gram 
scale should be extended and that the industrial 
potential of enzymes as catalysts should be explored 
vigorously. The report is not happy with the idea of 
a central enzyme research institute, and with good 
reason. The essence of growth in a field of this sort is 
flexibility, which is more likely to be achieved in 
changing patterns of collaboration between groups 
which a y exist than in a new hierarchic institute. 
The committee expects the number of staff concerned 
with enzymes to double in the next two or three years, 
but this presents no problem of supply. Most of the 
personnel will probably be seconded from other less 
expanding fields. 

The report does not neglect the medical promise of 
enzymes. They are already the mainstay of the clinical 
biochemistry laboratory, both as analytical reagents 
and as parameters in diagnosis. But their main 
potential is a future rational chemotherapy. It is 
hoped that detailed knowledge of the active site 
chemistry of enzymes will make possible the design 
of enzyme-specific inhibitors, tailor-made for any 
desired medical purpose. 


SRC REPORT 


More Money for Polymers 


PoLYMER science is soon to get a much needed boost. 
The Science Research Council Polymer Panel, in its 
report published last week, recommends increased 
ts for research and training and the formation 
of the new Polymer Committee. For more than a 
year now the SRC University Science and Technology 
Board has been selecting important areas of science 
and technology which it considers deserve special sup- 
port. The polymer report is the third to be published; 
the first was on organometallics (Nature, 221, 616; 
1969) and the second on enzymes (see this page). 
It is ironic that the practical importance of polymer 
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science may have caused its neglect by the academics. 
Only four British universities run substantial research 
programmes in polymer science, and although there 
are also about twelve minor schools these are insufficient 
to cover the subject fully. Polymer science is a growth 
industry, and considerable expansion in university 
polymer research is required if universities are to play 
their part in providing fundamental knowledge and 
trained manpower. The Polymer Panel estimates that 
about 100 polymer scientists are needed each year by 
the industry, and the present output from universities 
is not more than seventy a year. The SRC board 
has accepted that more money should be spent on 
training. The panel recommends an immediate 
doubling of financial support to about £0-5 m—the 
SRC has provisionally accepted that “the total funds 
granted may reach £300,000 by 1970 provided sufficient 
applications of sufficient standard are received”. 

n the basis of an enquiry into the research pro- 
grammes of the larger research teams in British 
universities, the panel has recommended various areas 
in which research should be initiated or more support 
given. These include the synthesis of new polymers 
(for example, three dimensional polymers, thermally 
stable polymers from cheap starting materials and 
studies of thermally labile linkages and inorganic 
polymers); the physical and mechanical properties of 
polymers and composites including the application of 
the concepts of metallurgy to polymers; and the 
engineering aspects of polymers including their design, 
applications and processing. The British plastics 
industry, which is lagging a little in the world stakes, 
as well as the universities should benefit from this 
shot in the arm. 


FALLOUT 


Strontium-90 Contamination Down 


THE average concentration of strontium-90 in human 
bone in Britain fell once again last year, according to 
the latest report of the Medical Research Council’s 
Committee on the Monitoring of Radioactivity from 
Fallout (HMSO, 3s). The committee says that the 
most important feature of the 1967 results is that lower 
values were recorded for all age groups (see Table); 
this decrease reflects the fall in the levels of contamina- 
tion of food over the past few years. Adult bone was 
less contaminated than expected, but it is too early to 
say whether this is a real effect rather than a sampling 
error. Only 342 bone samples were analysed at the 
Atomic Energy Authority’s Capenhurst laboratory, of 
- which 23 were from people who died in the second half 
of 1966, and the samples analysed at Glasgow were 
from 188 children who had died there in 1967. Although 








— 
MEAN STRONTIUM-90 CONCENTRATIONS IN HUMAN 
BONE, 1966 anv 1967 

Capenhurst Glasgow 
Age sample sample 
1966 1967 1966 1967 
Newborn and stillborn 2-2 l. 2-7 1-95 
6 months—2 years 6-2 4-2 8-3 5-8 
2-weeks—4 years 5-1 3-6 6-5 4-1 
5-19 years 2-6 2-1 4-8 4-8 
20 years and òver 2-2 1-6 — — 
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such small samples may not be representative of the 
whole population, the committee notes that a similar 
unexpectedly large decrease in the concentration of 
strontium-90 in adult bone has been reported recently 
in the United States. 

There were no adults in the sample analysed at 
Glasgow. In the table, the concentration of strontium- 
90 is expressed as picocuries per gram of bone. 


SPORTING REPRODUCTION 


Cloning and the Jockey Club 


THE recent in vitro fertilization of human oocytes 
brings the whole question of animal cloning a httle 
nearer in spirit if not in fact. Clones would be exact 
copies of an adult produced by a process of vegetative 
reproduction, with no act of sexual fusion intervening 
between adult and offspring. This has already been 
accomplished to some degree in amphibians, by inject- 
ing the nucleus from a tissue cell of a chosen adult into 
an egg cell from which the nucleus has been removed. 
The resulting embryos are prone to deformity, but 
sometimes they develop into viable adults. 

Speculation about cloning people is not new. Discus- 
sions usually emphasize two questions. First, what 
would a nation do if a mercantile or military rival 
equipped itself with dozens of Einsteins or Machia- 
vellis or whatever ? Second, there is the nature-nurture 
question which Haldane posed by asking what would 
have emerged from the cloning of Rimbaud—a first- 
rate poet or a third-rate empire-builder ? 

There may be fewer difficulties with highly bred 
animals. Cloning, indeed, might seem ideal for a breeder 
of show dogs. When at long last a dog turned up per- 
fect in the myriad parameters of concern to judges of 
canine quality, there would be a strong temptation to 
replicate the beast and, eventually, its descendants. 

The Kennel Club is admirably phlegmatic about 
this. It predicts that the machinery already estab- 
lished for dealing with artificial insemination would 
also handle the ambiguities of cloning. Dogs sired by 
artificial insemination are only accepted for pedigree 
registration if a veterinary certificate attests the donor. 
The Kennel Club was unsure what would happen if a 
line of clones from some utterly splendid dog began 
regularly to usurp all the awards for a particular breed. 
Perhaps there would have to be special consolation 
prizes for uncloned animals, or perhaps clone could be 
pitted against clone, making the contest one of rearing 
rather than breeding. 

Horses present a rather different situation. Horses 
attract attention when they run very fast, not when 
they approximate to some static conception of the 
ideal. here is also the feeling among horse fanciers 
that the game is the thing—that it is the uncertainties 
of racing which give it spice. The Jockey Club was 
therefore understandably cool when asked to com- 
ment on the possibility of a dozen cloned Arkles 
thundering neck and neck round the course at Epsom. 
Where horse breeding is concerned, even artificial 
insemination is forbidden. But apparently Japanese 
breeders are less fastidious—they have no objection 
to artificially inseminated racehorses. So it may yet 
be possible to see how long the Jockey Club will hold 
out if clones from some meteoric Japanese horse begin 
to sweep the board at race meetings round the world. 
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EPIDEMIOLOGY 


Enteritis in Manchester 


Tue issue of the thirty babies who have recently died 
at two Manchester hospitals has been linked with the 
apparently similar case at Teesside in 1967, when 
fifteen babies died of gastroenteritis, and the pheno- 
menon of transferable drug resistance. Discussion is 
not helped by the absence of two relevant documents, 
the report of the inquiry into the Teesside outbreak, 
which has been suppressed in spite of the Minister of 
Health’s earlier announcement that it would be pub- 
lished, and the report of the Swann committee on drug 
resistant organisms and the use of antibiotics in animal 
feeding stuffs, which is still in preparation. 

Nonetheless, fears that Pandora’s box is about to 
be re-opened and let loose a succession of drug resistant 
germs are premature, to say the least. The matter of 
drug resistance, in this particular instance, seems to be 
a red herring. What has happened is that one of the 
many apparently harmless strains of the common 
intestinal bacterium Æ. coli now seems to belong to 
the half dozen or so that cause gastroenteritis. Why 
this particular strain, designated 0114, should suddenly 
have become a pathogen is a matter for speculation, 
but an obvious possibility is that it was imported into 
Britain from elsewhere. EF, coli 0128, which infected 
the Teesside babies, belongs to the group of well 
known pathogenic strains for which standard serological 
tests are available. In common with many other 
bacteria, the hospital outbreaks of EZ. coli 0128 and 
O114 are resistant to some antibiotics. Antibiotics, 
however, are a secondary factor in the treatment of 
infantile enteritis. 

The gastroenteritis cases occurred at two Manchester 
hospitals, Booth Hall and Monsall, at each of which 
fifteen babies have so far died. Dr S. I. Jacobs, the 
bacteriologist at Booth Hall, applied the routine tests 
available at the hospital, which included screening for 
the usual pathogenic bacteria and viruses. As the 
hospital housed some older children with primary 
atypical pneumonia, the presence of mycoplasma was 
also considered and the paired sera test was used to 
check for signs of recent viral infection. 

All these standard tests proving substantially nega- 
tive, faecal samples were sent to the Central Public 
Health Laboratory at Colindale. Because of a research 
project in progress there, a full range of the hundred or 
so Æ. coli agglutinating sera was available and the 
serotype 0114 was identified in the samples. It appears 
that Æ. coli O114 is the cause of the gastroenteritis 
although by the nature of the circumstances the case 
is hard to prove. 

The bacterium is sensitive to two antibioties, which 
is fortunate but of entirely secondary importance. 
The primary method of treatment is to replace the 
body fluids which the infants have lost through diar- 
rhoea, by feeding either intravenously or with a diet. 
that is easy to absorb. 

The Swann committee, due to report later this year, 
is expected to recommend restrictions on the antibiotics 
presently used in animal feeding stuffs. Indiscriminate 
use of antibiotics can encourage the evolution of 
resistant strains of bacteria, a danger that is com- 
pounded by the ability of certain kinds of bacteria to 
transfer drug resistance factors during sexual configura- 
tion. A mechanism for the rapid spread of resistance 
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throughout a bacterial population raises obvious fears 
that new antibiotics may be rendered useless faster 
than they can be discovered. The question of drug 
resistance, however, is quite separate from that of 
the appearance of a new serotype. 





ISAAC NEWTON TELESCOPE 


Cloudy Skies in Sussex 


THE largest optical telescope in Western Europe—the 
98 inch Isaac Newton at Herstmonceux in Sussex—has 
now been operative for more than sixteen months, but 
of the 487 nights between December 1, 1967, and 
March 31, 1969, only fifty have been completely clear. 
Of the remainder, 138 were partially clear, enabling 
some observations to be made; on 298 nights the usual 
inclement British weather conditions prevailed and no 
viewing at all was possible, and on one night there was 
an instrument failure. Sixty-one per cent of the nights 
were unsuitable for viewing. Last summer was 
notoriously wet in Britain, but even in the sunniest 
of years Sussex is not the ideal site for a £1 million 
optical telescope. 

Time on the telescope—which is intended to be a 
national instrument for general use—is allocated by 
a panel of the Science Research Council, which also 
allocates time on the 74 inch Radcliffe telescope at 
Pretoria. But before September 1968, applications for 
time on the Isaac Newton were discouraged (see Nature, 
219, 1101: 1968)—between September 1968 and Sep- 
tember 1969 six university astronomy groups have or 
will have been allowed time. The Royal Observatory, 








Isaac Newton 98 inch telescope before dispatch to the Royal 
Greenwich Observatory, Herstmonceux, England, 
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Edinburgh, for example, has had two periods of seven 
nights. One of these occasions gave only two nights of 
partial viewing, the other five being cloudy. The other 
period was a little better with an average of two hours’ 
total viewing time each night for four nights; the fifth 
night afforded a mere ten minutes’ break in the cloud 
and the other two were totally overcast. This group’s 
principal interest is the recording of the spectra of 
faint stars for which at least an hour’s continuous 
viewing is necessary to obtain a reasonable spectrum. 
The best spectrum obtained by one of the Edinburgh 
astronomers after seven nights was an 81 per cent 
exposure. He did manage to obtain some other spectra 
but often with exposures as low as 26 per cent. 

The other time allocations are two nights for the 
infrared group of Queen Mary College, London, two 
periods of seven nights for Oxford University, three 
nights in May and six more nights some time during 
the summer for the Cambridge Observatory pulsar 
group, and ten nights over three months has been 
allocated to Dunsink Observatory, Dublin. This is a 
total of forty-nine nights on about twenty of which some 
viewing should be possible. At all other times the 
Royal Observatory, Greenwich, has had sole use of 
the telescope. Outside groups, however, are being 
recommended to apply for three times the amount of 
time they need and all applications were accepted. 
Not surprisingly, applications to the SRC’s Large 
Telescope Users’ Panel, which last met on April 8, are 
increasing. 

The instrumentation of the telescope is still not yet 
complete—the long awaited Coudé spectrograph has 
now taken second priority to an image-tube spectro- 
graph which it is hoped to install in early 1970. 

Under the present system of time allocation, expert 
and highly paid astronomers are taken away from their 
jobs to operate equipment which can be run equally 
well by proficient technicians. According to one 
astronomer at the Royal Observatory at Edinburgh, 
one way of making more efficient use of the large 
telescope would be to abandon the present system 
and commission the Royal Observatory at Herstmon- 
ceux to take the spectra or observations, a service 
for which the outside groups would pay. 


TECHNOLOGY 


How to Innovate 


TECHNOLOGICAL innovation and the growth of the 
national economy was the subject of a symposium at 
Churchill College, Cambridge, last weekend, attended 
by eminent industrialists, civil servants, educationalists 
and administrators from Europe, North America and 
Japan. The mecting, held under the auspices of the 
Science of Science Foundation, a body devoted to 
promoting research and discussion on the impact of 
science on people, was to discuss attitudes antipathetic 
to change in all sectors of society. The conclusion was 
that if technological innovation is to be allowed to 
occur on any worthwhile scale it must penetrate the 
whole fabric of social, cultural and educational life. 
The symposium was inspired by the awareness that 
a country like the United Kingdom can only survive 
as a trading nation through the stimulation of techno- 
logical innovation. Many ideas were put forward as 
to why the conditions necessary for innovation to 
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prosper are so elusive, but it was accepted that the 
traditional remedies of increasing scientific and tech- 
nological manpower are very wide of the mark. Such 
increases of manpower, of course, often help innova- 
tion, but the real barrier to a sustained economic 
growth through technological innovation was felt to 
embrace social and cultural ideas just as much as those 
of science and technology. 

To illustrate this view, Professor K. Oshima from the 
University of Tokyo delved into the anatomy of Japan’s 
successful economic growth since the end of the Second 
World War, and he attributed the technological boom 
at least in part to the difference in cultures represented 
by the new technical products on the Japanese market, 
such as cameras and transistor radios, and the tradi- 
tional pre-war goods. People tend to be perturbed by 
an erosion of traditional culture through innovation, 
he claimed, as has occurred in the west, but are much 
more willing to accept innovations as novelties. 

The need for innovation in social and managerial 
problems was a recurring theme throughout the sym- 
posium. Dr H. Wolff of the Medical Research Council 
claimed that what is needed is a technological Dr 
Spock, who could produce the culture for a techno- 
logical age. Dr A. Knoppers, vice-president of Merck 
and Company, stressed that management must decide 
what form innovations should take and whether a 
company should plump for totally new ideas or for 
new types of existing products. Management must 
also find out more about how research works and 
research management should have a greater say in top 
management. 

The role of environment in the total innovative 
process was mentioned, and it was pointed out that 
policies such as moving industries to development 
areas, while being clearly beneficial in some respects, 
may well inhibit innovation. A technological arena 
suited to the characteristics of a particular country or 
region should be chosen, and the Netherlands was 
cited as a successful example. Too much central 
control of the economy was also considered detrimental 
to innovation, as was any “one buyer only” market, 
because it forced industries into taking unacceptable 
risks. 

The symposium was followed on Monday by the 
fifth annual Science of Science Foundation lecture, 
given at the Royal Institution by Dr Robert A. Charpie 
of the Bell and Howell Company of America. As a 
sequel to the symposium, Dr Charpie discussed the 
role of technology in the international economy, 
and gave several examples of how the benefits of 
technology can be measured. The expansion of the 
synthetic fibre business, for example, in the United 
States had generated large savings of foreign exchange. 

Dr Charpie attempted to describe the type of man 
who will make discoveries. He will probably be anti- 
establishment, he thought, and will be happier dealing 
with things than with people. He will be more familiar 
with the product than the market. Dr Charpie con- 
sidered that a major reason for the success of the United 
States in technological innovation is that there is 
plenty of risk capital about for new projects. The US 
tax laws, whereby an investor gains considerably by 
investing in projects with a long-term rather than a 
short-term gain—~as is the pattern with new tech- 
nologies—-were considered by Dr Charpie to be crucial 
to this success. 
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NORTH AMERICA 


UNIVERSITY PROBLEMS 


Rebellion at Harvard 
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from our Special Correspondent, Cambridge, Massachusetts, April 10 


r 


Tur first student rebellion at Harvard began here at 
noon on Wednesday in an almost carnival atmosphere. 
The sun was shining more brightly than since the hard. 
winter began, with the result that people were willing 
enough to crowd into Harvard Yard to listen to the 
leaders of the Students for a Democratic Society (SDS) 
and their inadequate amplifying equipment. But some 
bright spark had also done his best to turn the pro- 
ceedings into a kind of fairground by means of a record- 
player turned up full blast. One wag said that the 
administration was annoyed because ‘it’s the only 
Bulfinch building we’ve got’. There was nothing to 
suggest that within twenty-four hours, two bus-loads 
of helmeted Boston policemen with the help of the 
old-fashioned night stick and arm-lock would have 
cleared University Hall of two hundred students 
then in occupation. The result has been to intensify 
the anxieties of those among the faculty as well as the 
students who consider that changes must now be made 
in the machinery of university government. 

The ostensible cause of the trouble has been the way 
in which Harvard, like a great many other universities, 
has traditionally given hospitality to a military training 
corps—Reserve Officers Training Corps or “Rot-see”’ 
as chanting students pronounce it. At other univer- 
sities in the past few weeks, ROTC units have come 
under fire from the SDS, but the continued existence 
of the unit at Harvard cannot have been much of a 
thorn in the activists’ flesh—the ROTC seems to have 
had very few defenders among the faculty. Indeed, 
the outburst seems to have been precipitated by a 
resolution of the faculty that ROTC attendance should 
not be counted for academic credit, and by the way in 
which the president of the university, Dr Nathan M. 
Pusey, emphasized that his acceptance of this recom- 
mendation would not imply the disappearance of the 
military unite. 

Before the arrival of the police, the occupation of the 
university’s administration building seems to have had 
very little support in the faculty and among the 
students. On Wednesday, there was a thick sprinkling 
of posters against the occupation. One well-known 
member of the faculty, himself recently an activist 
student, was holding court outside the building and 
urging the need for constitutional measures. The 
occupants of the buildings were warned on several 
occasions that their trespass would be counted a 
criminal act, which should have been a sufficient warn- 
ing of the eventual arrival of the police. 

At this stage, it is hard to see how the rebellion can 
fail to have a lasting influence on the running of the 
university. The dispute about the rights and wrongs 
of the administration’s action in calling in the police 
is likely to be submerged in larger issues about the 
machinery of government, but there is a substantial 
part of the faculty which was surprised and even 





affronted by this move. So much is evident from the 
way in which the faculty's resolution asking that 
criminal proceedings against the dissidents should be 
dropped was not accompanied by even a formal 
acknowledgment that the police should have been 
called in. At the same time, the administration’s view 
is aptly summarized by the declaration of the Dean of 
Arts and Sciences, Dr Franklin L. Ford, on Friday last 
week that “some now insist that storm troopers entered 
University Hall. This is true, but they entered it at 
noon on Wednesday, not dawn on Thursday.” 


The more serious cause of the trouble at Harvard 
seems to lie in the partial isolation of the university’s 
administration from the students and even from the 
faculty. One seience professor, fresh last Wednesday 
from an attempt to persuade the rebel students to see 
sense, asked plaintively why nobody had advised the 
president that the ROTC issue was potentially inflam- 
matory. To be sure, Dr Pusey’s outspokenness on this 
occasion is consistent with his unwillingness to knuckle 
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down to Senator Joseph McCarthy in the fifties, but it 
was tactically unwise of him not to have sought to 
share responsibility for keeping on the ROTC units. 
This has reinforced the faculty's sense of being deprived 
of sufficient influence in the running of the university, 
typified recently by disagreements with the adminis- 
tration about the use of university buildings and the 
procedure to be used for interceding with local draft 
boards for the deferment of graduate students. 

But is the faculty properly equipped to exert the 
influence it seeks? The resolution of the meeting 
which called for the abolition of academic credit for 
ROTC attendance was itself a compromise which left 
too many questions unanswered. One obvious 
difficulty is that faculty meetings, however long they 
last—Saturday’s went on for four hours—are not the 
best procedures for working out detailed recommenda- 


NATURAL HISTORY 


Centenary for Museum 
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tions on university policy. Like many such bodies, the 
faculty is also glad to delegate unpleasant duties to the 
administration. There is, however, a recognition that 
the faculty will have to organize itself for the discus- 
sion of issues like those underlying the rebellion. This 
was one theme of a speech to the students last Saturday 
by Professor George Wald, whose renowned silver 
tongue is now being used politically as well as for the 
teaching of biology, and who urged that sensible 
students should unite behind the liberal part of the 
Harvard faculty. Although there is now widespread 
doubt about the durability of the system by means of 
which ultimate authority rests with the president and a 
corporation of non-academics, it is hard to see how this 
system can be replaced until the faculty has found 
some means of sharing responsibility for decisions 
among its own members. 





from our Special Correspondent, New York, April 12 


Tue American Museum for Natural History has 
just been celebrating its centenary decorously but 
with a suitable sense of its own importance. On 
Wednesday this week there was a huge academic 
procession and a convocation at which Dr James A. 
Oliver, director of the museum, and a number of his 
colleagues addressed themselves to the solemn question 
“Can Man Survive ?”. The museum takes the view 
that it must be “an active force in the renovation of 
society, a determinant in the wide use of environmental 
resources, and a leader in the lessening of tensions 
and the promotion of understanding among men”. 
One recent sign of the museum’s concern for social 
problems was the opening at the end of last year of a 
gallery called “Man in Africa” in which the museum’s 
special skills in anthropology and ethnology are used 
to illuminate current preoccupations with racial 
problems. Next month, there will be a special exhibi- 
tion on the centenary theme “Can Man Survive ?” or, 
less dramatically, on what is called human ecology. 

For once, the congratulatory letters from the Presi- 
dent of the United States, the Governor of New York 
and the Mayor of New York rang true. The museum 
is as much a special blend of popular exhibition and of 
scholarship as any comparable institution. It was 
founded by the naturalist Albert S. Bickmore in the 
year in which the first transcontinental railway reached 
the Pacific and when General Ulysses 8. Grant became 
President of the United States. For nearly a decade, 
it was housed by the City of New York alongside a 
small menagerie in Central Park. In 1877 it was 
provided with a site on which there has since accumu- 
lated a complex of nineteen separate buildings, a 
planetarium among them. The scientific staff at the 
museum has grown to more than 100, and the pro- 
gramme of research ranges from the kind of anthro- 
pology practised by Dr Margaret Mead, one of the 
curators at the museum, to hormonal influences on 
animal behaviour and even, in a small way, radio- 
astronomy. 


The City of New York can claim much of the credit 
for the museum’s considerable success. In the financial 
year just past, the city contributed $18 million 
towards the costs of the museum’s operations—a 
considerable achievement when funds are as hard to 
come by as they have been in recent years. The 
museum’s endowment fund is, however, large enough 
to provide a comfortable cushion—the market value 
of its securities has grown to more than $70 million— 
and investment interest at present contributes nearly 
$2 million a year towards the costs of running the 
museum. : 

The museum’s special flair as a public exhibition Hes 
in preoccupation with realistic displays. Stuffed 
animals are almost invariably set in a realistic habitat, 
as are the people who appear in the particularly realistic 
displays in the new African gallery. This approach 
to the design of public exhibitions, apparently begun 
by the display of two robins in the branches of a tree, 
was given impetus by Mr Carl Akely in the twenties. 
The result is that the museum is, by the standards of 
similar institutions elsewhere. lavish in its use of space, 
but there has also been great success in recent years 
in the design of informative side-shows of various 
kinds, often based on the use of film loops and the 
like. Certainly the displays are attractive enough to 
bring between three and four million visitors to the 
museum each year. 

The Hayden Planetarium, opened in 1935, was one 
of the first of its kind. Although the exhibition collects 
more than $500,000 a year from those who pay for 
admission, the institution runs at a small deficit each 
year. Even so, there are plans to replace the present 
projection instrument by a new Mark VI device—the 
latest thing to be marketed by the Carl Zeiss company. 
At the same time, there are plans to convert one of the 
existing exhibition rooms into a “space theatre” in 
which 700 people will sit on the floor to watch the 
projection of films and slides concerned with astro- 
nomical subjects onto the inside of the domed roof. 
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The scientific work at the museum has its roots in a 
series of expeditions organized towards the end of 
the nineteenth century, the first of which was a search 
for bison in the north-west in 1887. Towards the turn 
of the century, the museum played an important part 
in the recovery of the fossil record in vertebrate palae- 
ontology from the Mesozoic and Tertiary strata of the 
west, and some of the specimens then recovered are 
still jowels in the museum’s exhibition. At the begin- 
ning of the present century, the museum sent expeditions 
to Central Asia, South America and the South Seas. 
With the decline of interest in and even usefulness of 
the big expedition, however, interest turned to the 
more sedentary forms of biological research which now 
occupy the research staff. (The search for specimens 


FAST TRANSPORT 


Uncertain Acceleration 


THE inauguration last week of the eagerly awaited fast 
rail service between Boston and New York was some- 
thing of a disappointment. The first round-trip journey 
on Tuesday, which carried a galaxy of dignitaries, was 
successful enough, even though the journey time was 
only twenty minutes less than the 4:25 hour time 
followed rather fitfully by conventional trains. The 
Penn Central Railway was, however, downcast to have 
to turn away the first farepaying p ers on Wed- 
nesday with the news that the locomotive had broken 
an oil-feed pipe on the previous evening, and that the 
first real service would be provided only on Friday. 
The manufacturers of the locomotive, which uses a gas 
turbine as a power plant, say that this failure was not 
among those which caused the introduction of the new 
equipment to be postponed from 1967. 

This disappointment apart, there seems no reason to 
doubt that the new railway service will eventually shift 
much of the passenger traffic between the great cities 
of the eastern United States back to the railways. 


MEDICINE 


Neurological Research 


Many neurological or sensory disorders can now be 
prevented or effectively treated if they are diagnosed 
early enough. The United States National Institute 
of Neurological Diseases and Blindness, in its new publi- 
cation, Research Profiles, 1968, stresses the increasing 
importance, for early diagnosis, of research in the 
perinatal period. Scientists at the institute suspect, 
from the data they have collected from about 60,000 
pregnancies, that diseases such.as cerebral palsy, 
mental retardation, epilepsy and deafness are associ- 
ated with prenatal, natal and postnatal damage to 
the nervous system. One of the most significant results 
is that a number of maternal illnesses, particularly 
diabetes and gall-bladder disease, may alter the food 
supply to the foetus and induce some mental retarda- 
tion. Other statistics indicate that there is a relation- 
ship between birth weight and intelligence—in sets 
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or for ecological evidence nevertheless remains an 
important part of what the museum does, and the 
Andes remain a favourite hunting ground.) The 
museum also maintains five field stations, two on 
Long Island and one each in Florida, Bermuda and 
Arizona. Vertebrate palaeontology at the museum, 
already distinguished enough by contributions such es 
those of Dr George Gaylord Simpson—one of five 
scientists given a medal at this week’s celebrations— 
has been further strengthened in the past few months 
by the transfer to the museum of the Childs Frick 
Collection in vertebrate palaeontology together with 
the staff of the Frick laboratory and an endowment of 
$7 million for maintenance and continued financial 
support. 


Already the new service between New York and 
Washington, introduced only ten weeks ago, seems to 
find no difficulty in attracting passengers. The first 
services were scheduled to take three hours, with five 
stops between New York and Washington, but the rail- 
way company has now also put on a non-stop service 
which has reduced the running time to 2-5 hours. 

Many of the attractions of the new services stem from 
discontent about air travel along the crowded airways 
in the east, and in particular with the time wasted at 
each end of a journey. The railway companies are also, 
however, winning customers by offering fares which 
already include a meal and some of the other side- 
benefits of air travel. The development of these fast 
trains has the backing of the Federal Government, and 
the performance of the services on the Boston—New 
York—Washington runs will eventually determine the 
future pattern of services between & great many other 
pairs of United States cities which are separated by 
200 to 300 miles. 


of identical twins, the child with the lower birth weight 
and smaller head was found to have the lower IQ. 

In the report, prepared for the 1968 Congressional 
fund-allocation hearings, the director, Edward F. 
MacNichol, referred to four other areas of “great 
national need” to which the institute intends to 
devote an increasing proportion of its funds. Four 
medical centres now have grants from the institute 
to establish centres for clinical research into head 
injuries. The institute also has a contract programme 
to study the physical forces acting on the head during 
an accident with the long-term aim of designing more 
effective safety devices. The study and control of 
epilepsy bas always been an important feature of the 
institute’s programme and, together with five other 
medical centres, it is now developing a collaborative 
study to evaluate various epileptic states and to test 
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drugs which are used to control epilepsy. A new 
programme has been launched to investigate how 
normal and neurologically paralysed people control 
movement and ond to sensations, as a step on the 
way to replacing aged organs for hearing or sight, 
or compensating for disorders in the control of volun- 
tary movement. The institute has also initiated a 


RESEARCH FOUNDATIONS 
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major research programme to study the viruses which 
have recently been implicated in brain diseases such 
as multiple sclerosis or Parkinson’s disease. 

One of the most rapidly growing programmes 
is eye research, and in 1968 the institute was supporting 
12 ‘clinical research centres and 8 outpatient clinical 
research units, as well as 350 individual research workers. 


Worcester Foundation Marks Time 


from our Special Correspondent, Shrewsbury, Massachusetts 


AFTER twenty-five years of rapid growth, the Worcester 
Foundation for Experimental Biology seems now to 
have reached a turning point in its affairs. Since the 
foundation was established in 1944 by Dr Gregory 
Pincus and Dr Hudson Hoagland, the scale of opera- 
tions has grown steadily, so that the annual income is 
now well over $4 million. The present hiatus has 
been brought about by the death two years ago of 
Dr Pinous, who gave the research programme at the 
foundation much of its characteristic flavour, and now 
the retirement of Dr Hudson Hoagland, who shared 
responsibility for the direction of the foundation with 
Dr Pincus and who will no doubt remain very much in 
evidence as president until the lines of future develop- 
ment are much clearer. 

The immediate need is the appointment of somebody 
who will be responsible for the balance of the research 
programme, and it is more than likely that a man of 
distinction great enough to maintain the momentum 
of the past decades is likely also to bring about sub- 
eee changes in the pattern of work. Uncertainty 
about the future of Federal support for scientific 
research also makes the future harder to predict, 
although the Worcester Foundation seems to be a good 
deal more cheerful on this score than a great many 
university departments where federal research grants 
make a smaller contribution to the operating budget. 

The Worcester Foundation has sprung from a pro- 
gramme of wartime research on the hormonal changes 
in aircraft pilots brought about by fatigue. The 
founders of the institution convinced themselves, and 
eventually others, that there is no reason why a city 
like Worcester, already distinguished among the 
country towns of Massachusetts for its liberal support 
of art museums and concerts, should not also act as a 
benefactor to a scientific institution. At that point, 
Drs Pincus and Hoagland were both members of the 
faculty at Clark University, another of the city’s boasts. 
The outcome was a number of large benefactions and a 
soheme by means of which individuals can become 
fee-paying members of the foundation. In the financial 
year to March 31, 1968, more than 2,000 members 
contributed $109,000 in this way. Even so, the 
foundation is a long way from reaching the ideal that 
private money should pay for the administrative costs 
which cannot be recovered as overheads on the research 
budget. 

In 1968, the foundation obtained $3:3 million in 
research grants, $2:1 million from Federal sources— 
chiefly the National Institutes of Health. It is only 
natural that the institution which took the lead in the 


development of contraceptive pills should still be able 
to devote $600,000 a year to reproductive physiology. 
The research programmes in general endocrinology, 
cancer and behaviour come next on the budget and 
also in the pattern of the work carried out. 

A good part of the energy of the staff of nearly 100 
is spent on three post-doctoral training programmes 
—in steroid chemistry, the physiology of reproduction 
and the foundation’s biochemical blend of the behavi- 
oural sciences. The training course on steroid chemis- 

, now seventeen years old, reflects the traditional 
interest of the foundation but seems also to have been 
a precedent for the variety of these courses now being 
sponsored. by the National Institutes of Health. The 
foundation also provides experience for a handful of 
graduate students from the two universities at Worces- 
ter and from Boston University, now forty minutes 
away by turnpike. The foundation is a little embar- 
rassed that it has not yet exercised its right to award 
higher degrees for fear of being subjected to the 
spartan regulations on grant overheads which apply 
to academic institutions rather than to research 
institutes. 

To outsiders, the foundation is every bit as remarkable 
as its supporters say. It is a striking embodiment of 
the old puritan virtues endemic in the hinterland of 
Boston. Equipment is simple and even austere, the 
laboratory buildings are almost indistinguishable from 
the outside from factory hutments and only the 
administration building and library, now known as 
the Pincus—Hoagland Center, is in any way grand. 
Senior members of the research staff emphasize the 
importance of insisting that the work carried out should 
be of the highest quality (which in turn emphasizes 
the need that somebody of distinction should quickly 
be appointed to take charge of the scientific pro- 

mme). ‘The question of whether all this can be 
accomplished without continued growth remains to be 
resolved and this, of course, is not an open question— 
much will depend on whether NIH really does have 
extra money to spend in the years ahead. 

The geographical isolation of the foundation, in 
many ways an asset in the past twenty years, could 
also become a disadvantage if there were too rapid a 
turnover among the distinguished people who at 
present serve as magnets for recruits. It is thus more 
vulnerable than many universities, especially now that 
university salaries can be extremely tempting. It 
may yet, however, become an interesting demonstra- 
tion of how it is possible to build from scratch a pro- 
ductive ivory tower in the wide open country. 





——— 
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NEWS AND VIEWS 


A Shrinking Neviton Star? 


An entirely unexpected result has turned up in pulsar 
astronomy. Some time toward the end of February or 
the beginning of March, one of the pulsars unaccount- 
ably increased its rate of pulsation, speeding up by 
about two parts per million (see pages 229 and 230 of 
this issue). The result is surprising because the regu- 
larity of pulsars has become almost a byword. Even 
when a close watch on tho pulsar in the Crab Nebula 
last year revealed that its beat is ranning down by 
roughly one part in 2,400 per year, the regularity of 
the rundown meant that faith in the pulsars as clocks, 
albeit clocks running slow, was unshaken. A handful 
out of the several tens of pulsars are now known to 
be running down, including the pulsar which showed 
such eccentric behaviour earlier this year. Listed as 
PSR 0833-45, it is the pulsar in the constellation Vela 
in the southern hemisphere which caused such a stir 
when it was the first pulsar to be tentatively associated 
with the remains of a supernova explosion. This was 
the first time a pulsar was linked with another cosmio 
object—in this case a roughly circular map of radio 
emission which is the evidence for the occurrence of 
a supernova. The Crab Nebula pulsar is the only other 
example of a pulsar associated with another cosmic 
object, again a supernova remnant. 

What is now reported from Australia and the United 
States is that the steady rundown of PSR 0833-45 has 
been interrupted. The interval between pulses was 
measured on December 8-9 by the Australian group as 
0-089208370 s, with an uncertainty of 4 ns, and the 
interval was lengthening by roughly 11 ns each day. 
By February 24, according to the American observa- 
tions, the period had increased to 0-089209205 s, pre- 
cisely as expected. But when they next observed the 
pulsar, on March 3, instead of the expected further 
increase the period had dropped to 0-089209071 s. 
Since then PSR 0833-45 has reverted to its normal 
behaviour and by March 17 the 11 ns per day inorease 
in the period had brought it back to the periodicity it 
had on February 24. Precisely the same result but less 
well delineated is reported from Australia. Whereas 
the Americans seem to be observing PSR 0833-45 at 
least once a week, the Australians unfortunately let 
three weeks pass after their observation of February 
20. Thus the best they can say is that whatever hap- 
pened to the pulsar took place between February 20 
and March 13. 

What is the cause of this sudden hiccup which is 
equivalent to an instantaneous decrease of about 200 ns 
in the interval between pulses? The Australians rule 
out the suggestion that the decrease could be an arte- 
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fact—the result of a sudden change in the pulsar’s 
velocity through space, for example—and talk in terms 
of a real change in the time keeping mechanism. The 
wide acceptance of Professor T. Gold’s hypothesis 
that pulsars are spinning neutron stars and that some- 
thing like a hotspot on the star surface causes a light- 
house beam of radiation means that the explanation 
ought to involve a change in the rotation of neutron 
stars. This could happen if for some reason the star 
shrank while oonserving its angular momentum. 
Assuming a neutron star of radius 10 km, a reasonable 
figure for objects which could be the most compressed 
form of matter known, the speeding up of two parts 
per million can be explained by a shrinking of 1 om in 
radius. 

The Americans are thinking along the same lines. 
They have the advantage, however, of more precise 
measurements. Their period measurement for Feb- 
ruary 24, for example, has an uncertainty of two parts 
in 100 thousand million. According to their data, 
before February 24 the rate of change of period per 
period (the roughly 11 ns by which the period increases 
each day) was 1-242619 (+2 x10) x 10-4, but after 
March 3 the rate of change had risen to 1-25264 
(+8x10-4) x 10-4. This faster rundown of the pulsar 
means that after about 6-6 years, assuming no further 
eccentric behaviour, the 200 ns period increase will 
have been wiped out. It also means that after the 
sudden change in the pulsar period the drag forces 
slowing down the rotation must have significantly 
increased. 

First reaction from the Australian group when they 
made the discovery was that for some reason the slow- 
ing down of the pulsar stopped for the three weeks 
after February 20. During that time, they conjectured, 
there was a halt to the processes such as radio emission 
which are dissipating the energy of the pulsar and 
causing the 11 ns per day loss in the pulsar clock. 
Shortly before their observation of March 13 the 
dissipation processes restarted, and the pulsations 
began again with the period they had when they left 
off. Strongly in favour of this interpretation is that 
the 200 ns which the pulsar clock gained is equivalent 
to what it would normally have lost in roughly three 
weeks. 

But at the time the Australians were unaware of the 
American series of observations, extending well into 
the interval of three weeks, which show a real speeding 
up of the pulsations which is not in the Australian 
report. This is where the real surprise lies. Until 
now the evidence has backed the prediction of Gold’s 
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hypothesis that spinning neutrons will slow down, and 
no example of a pulsar speeding up its pulsation rate 
has been found. Some theoretical astronomers have 
felt all along that Gold’s hypothesis is an oversimplifica- 
tion of what is happening in pulsars, and the new 
result might be a vindication of their doubts. Cer- 
tainly it is not obvious what causes a spinning neutron- 
star to change its configuration so as to increase its 
rate of rotation. And in any case, there is doubt that 
the Gold mechanism of the emission of radiation from 
pulsars fully accounts for what is observed. In particu- 
lar it is hard to understand how a hotspot can maintain 


New Antiviral Drug 


EXPERIMENTS which promise a new approach to the 
chemotherapy of viral diseases are reported on page 
273 of this issue by Heller and his colleagues. Their 
discovery, that the antibiotic rifampicin selectively 
inhibits the multiplication of vaccinia (pox) virus in 
cultured mouse cells, is bound to cause considerable 
excitement among animal virologists. This Israeli 
group seems to have won the race that has been develop- 
ing between several groups investigating the possi- 
bilities of using rifampicin, a semi-synthetic derivative 
of the antibiotic rifamycin which is itself isolated from 
Streptomyces mediterraneus, as a selective antiviral agent. 
It seems certain that confirmatory reports will be 
rushed to the press in the next few months. 

The first clue which suggested that rifampicin might 
be a clinically useful viricide came from work with 
bacteria which showed that the antibiotic kills bac- 
terial cells by inhibiting the synthesis of RNA off DNA 
templates. In other words, the antibiotic stops the 
expression of genes. As experiments with bacterial 
cells and preparations of the enzyme responsible for 
RNA synthesis—DNA dependent RNA synthetase— 
have proved, it does this by interacting directly with 
the bacterial RNA synthetase. On the other hand, 
comparable experiments with mammalian cells and 
mammalian RNA synthetase showed that rifampicin 
neither inhibits mammalian RNA synthesis nor inter- 
acts with mammalian RNA synthetase. This, of 
course, immediately raised the possibility that the 
drug might prove to be a selective antiviral agent. All 
depended on whether or not the viral RNA synthetase 
more closely resembled its bacterial counterpart than 
its mammalian counterpart in its sensitivity to the 
antibiotic. Usually, chemicals which inhibit viral 
multiplication in mammalian cells also strongly inhibit 
the growth of the host cells and as a result are of no 
use in medicine, but it turns out that rifampicin will 
stop vaccinia virus from multiplying without killing 
the host cell. 

Heller and his colleagues have yet to establish the 
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its position on the star’s surface for months on end to 
give the amazing regularity of the pulses. This is 
one aspect of the problem which the hypothesis of 
pulsations in a highly compressed star might better 
be able to explain. The production of radio pulses in 
strong gravitational fields such as must obtain on 
pulsars is only poorly understood, and has important 
implications for general relativity. 'The search will 
now be on for further eccentric behaviour in the other 
pulsars which are slowing down, chiefly the Crab 
Nebula pulsar which has the shortest period and the 
fastest slowdown rate of all. 


precise mechanism of this inhibition, but it seems cer- 
tain that it involves RNA synthesis. So far they have 
one experiment which supports but by no means 
confirms this notion. They find that RNA viruses are 
not inhibited by the drug. This is no surprise, because 
the RNA synthetase of RNA viruses, which copies 
RNA off an RNA instead of a DNA template, differs 
from that of DNA viruses, including vaccinia virus. 
Apparently vaccinia virus is much less sensitive to 
rifampicin than are bacteria, and much larger doses 
of the antibiotic are needed to produce inhibition, but 
the crucial] factor is that the viruses are far more 
sensitive to the drug than are mammalian cells. 


ATMOSPHERIC MEASUREMENTS 


Background Pressure Fluctuations 


Soma of the first results to have been obtained with 
the array of microbarographs operated by the Hudson 
Laboratories of Columbia University have now provided 
convincing evidence of a correlation between atmo- 
spheric pressure fluctuations and various meteorological 
phenomena, jet streams in particular. The array has 
already won attention for itself by the detection of 
pressure fluctuations from the launching of a Saturn 
rocket from Cape Kennedy last year (Science, 162, 
1116; 1968). It consists of some fifteen instruments 
strung out over several hundred kilometres covering 
most of New York State, with one station at Lebanon 
in the south and another on Long Island. The micro- 
barographs have a sensitivity of 3 microbars. Data are 
transmitted from the distant sites by means of a digital 
sampling device operating at intervals of between 1 
and 10 seconds, and the instruments are adjusted so 
as to be most sensitive to fluctuations. The array is 
big enough not merely to distinguish between local 
and large-scale fluctuations, but also to determine the 
speed and direction of movement of substantial 
disturbances of the atmosphere. An account of the 
first observations by T. J. Herron, I. Tolstoy and 
D. W. Kraft appears in the Journal of Geophysical 
Research (74, 1321; 1968). 
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The technique is to use what is known as a power- 
spectrum analysis to find the frequency distribution of 
the pressure fluctuations which have been recorded, 
and correlation analyses to look for discrepancies in the 
arrival times of the fluctuations at pairs of detectors. 
For example, a correlation analysis of the records from 
a sub-group of stations spaced within a few kilometres 
of each other near the Hudson reveals that much of the 
background noise seems to be moving from west to 
east across the array at speeds up to 60 m s+. Records 
from the US Weather Bureau show that the speeds 
and directions coincide with measurements of jet 
stream winds. Herron and his associates speculate that 
perturbations in jet streams excite gravity waves— 
waves in which gravity is the restoring force—and it is 
these which the instruments at ground level are 
detecting. 

Seasonal variations of the power spectra from 
individual stations can also be correlated with meteor- 
ological effects The level of the power spectrum, for 
periods between minutes and several hours, has a 
noticeable minimum during the summer months, for 
example, which Herron end his associates attribute to 
seasonal changes in the position of the jet stream over 
the north-eastern United States. 

What probably happens is that the pressure fluctua- 
tions are caused by the passage over the array of 
large-scale weather systems, the paths of which are 
known usually to follow the core of the jet stream. 
Evidence in favour of this interpretation is that the 
greatest pressure fluctuations seem to occur when a 
storm centre is moving over the array. Herron æ al. 
say, however, that the pressure fluctuations are not 
likely to be due to wind fluctuations, but rather to 
waves generated by the weather pattern. The reason 
is that the power spectrum of variations in the wind 
does not match the spectrum of pressure variations 
measured by the array. 


PALAEOMAGNETISM 


Thermal Alteration of Sediments 


from our Geomagnetism Correspondent 


DETERMOSTATION of the cause and nature of the natural 
magnetization in red sediments is one of the most 
intractable problems in rock magnetism, but the solu- 
tion remains elusive in spite of much laborious effort. 
In directional palacomagnetism, a phenomenological 
approach to red sediments is generally adopted in 
which details of the magnetization mechanism are 
ignored and the assumption is made that the direction 
of magnetization represents the direction of the ambient 
magnetic field at the time of deposition. Validity of 
this assumption is then assessed on the basis of direc- 
tional consistency within a set of samples and, where 
possible, by comparison with independently determined 
directions. 

Problems with this approach arise where thermal 
“cleaning” is used to remove secondary components 
of magnetization, for high temperatures are liable to 
produce unwanted chemical changes. The nature of 
these changes cannot be predicted in ignorance of the 
precise source of the magnetization. A little new light 
has been thrown on these matters by Schwarz (Barth 
and Planet. Sci. Lett., 5, 333; 1969), who has analysed 
thermomagnetically red beds from the English Pre- 
Cambrian and the Canadian Palaeozoic. He shows 
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that high temperature may convert the aFe,O, present 
in the beds to Fe,0, which may then acquire a mag- 
netic moment significant in comparison with the weak 
stable natural remanence of the unheated rock. 

All the red sediment samples investigated by Schwarz 
contained material potentially capable of producing 
Fe,0, above 400° C. But the real surprise is that the 
reaction only occurs if the heating is carried out in 
neutral conditions (nitrogen atmosphere or vacuum) 
but not if the samples are heated in air at atmospheric 
pressure. The implication is that the sediments 
produce a reducing agent above 400° C the effect of 
which is only mitigated by an oxidizing atmosphere. 
The importance of this conclusion cannot be over- 
stated if only because many workers have deliberately 
carried out heatings in neutral atmospheres in attempts 
to prevent chemical changes. Clearly the routine 
heating of sediment samples in these conditions must 
be suspect until more details of the relevant processes 
are forthcoming. This is especially the case in the 
determination of ancient geomagnetic field intensities 
where the problem of chemical change is even more 
critical than in directional investigations. 


LASERS 


Applications in Electronics 


from a Correspondent 


In one sense the laser is an electronic oscillator operat- 
ing at optical frequencies, and it might therefore be 
expected to give rise to a whole new range of electronic 
techniques. This, indeed, seems likely to be the case, 
and optical electronics, or opto-electronics to use the 
ugly term by which it is usually described, is a rapidly 
growing field of activity. The conference on lasers 
and opto-electronics held at the University of South- 
ampton from March 25 to 28 exemplified this trend 
with thirty-one papers on lasers and forty-three on 
their applications in electronics. Other applications, 
such as holography per se, metrology, machining and 
so on, were excluded from the programme. 

The conference opened with an excellent review of 
glass lasers by C. G. Young (American Optical Corpora- 
tion), who has himself done so much to advance these 
particular devices, and was followed by a desoription 
of the slab laser. This interesting idea, due to J. M. 
Burch (National Physical Laboratory), involves mul- 
tiple passes of a light pulse through different regions 
of a glass slab, but there are many experimental 
difficulties still to be overcome. Papers on spectro- 
scopic measurements in solid-state lasers produce the 
interesting and somewhat unexpected result by D. H. 
Arnold and D. C. Hanna (University of Southampton) 
that the introduction of a straight edge into the cavity 
into a laser Q-switch by a rotating mirror produces 
operation in a single transverse mode and a high degree 
of repeatability. Interest in laser devices now centres 
on mould locking, and evidence of pulses produced by 
dye solvents in the absence of dyes was presented by 
A. C. Selden (Royal Holloway College) and D. J. 
Bradley (Queen’s University, Belfast) et al., while D. J. 
Hunt and T. M. Shepherd (AWRE, Aldermaston) 
reported laser operation in a liquid laser without end 
mirrors. 

Workers at Services Electronics Research Laboratory 
followed up their recent announcement of an increase 
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in the power output per unit length of a carbon dioxide 
laser by a factor of nearly three with further papers on 
this system. The group also announced an argon ion 
laser with a remarkably improved life-time and higher 
output power. 

Several industrial groups described progress on & 
holographic memory, consisting of an array of holo- 
grams scanned by a light beam, which should be 
capable of holding 108 bits of information. Papers 
by Basov et al. (P. N. Lebedev Physical Institute, 
Moscow) gave results obtained with semi-conductor 
logio elements and various types of spatial filtering 
techniques were also covered. 

One of the more interesting possible fields opened up 
by the laser is that of optical communications. So far 
no great progress has been made in this direction, but 
the situation is gradually changing. Two papers arising 
out of the work of K. C. Kao (STL, Harlow) were 
concerned with a cladded glass fibre communications 
system consisting of fibres perhaps 100 um thick which 
could have a band width of several gigahertz. Its 
realization depends on the development of suitable 
materials with extremely low extinotion coefficients. 


IMMIGRATION 


Branching Process 


from our Mathematical Probability Correspondent 


I HAVE mentioned before that the number of individuals 
in successive generations of a branching process (& 
mathematical model of a population growth process) 
will, with probability one, eventually become either 
zero or infinity. But if immigration takes place into 
the population in each generation, it is possible that 
the population may be resoued from extinction at one 
end of the scale and from explosion at the other. It 
is then a problem to discover how much may be in- 
jected by way of immigration to keep a population 
alive without causing it to explode. 
C. R. Heathcote (J. Roy. "Statist, Soc., B, 27; 1965) 
rovided an answer to the problem for the Galton— 
atson branching process with the additional immigra- 
tion component in the case when the expected (average) 
number of offspring per individual is Jess than one. 
E. Seneta (J. Roy. Statist. Soc., B, 30; 1968) has 
recently extended the results to the case when the 
expected number of offspring per individual is equal to 
one. Heathcote argued that in this latter case explosion 
is bound to occur, while Seneta shows that Heathcote’s 
argument is false. Suppose that ¢ is the number of 
offspring per individual, that pr=Pr{f{=k}, f(s)= 
Dprs* and that E(é)=Zkpe=1. Suppose also that y 
is the number of immigrants into the population in 
one generation, that qe=Prin=h, g(s)= Zq", and 
that E(n)=Zkqr=y. Seneta’s conditions for non- 
explosion (with probability one) are 
1 1-8 
0; aaah 
u< ATOSS ds < œ 
Seneta’s proof, which is both simple and elegant, is 
perhaps worth sketching. Define Z, to be the number 
of individuals in the nth generation and /',(3)= 
EPr{Z. =k}. Then, if Za=h, Zanu = 26:4 n, 80 that 
Prug(s)=9(8)Pa(f(6)). Thus 


F,(a) = fale) I gtfule)) 


where fy(s)=8, fule)=f(e) and fass(s)=f(fals)). Now 
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Pr{Z,=0} = F,(0), and since fa(0)—>1 as n>, Fn(0)> 

a g(f0)). This limit is strictly positive if and only if 

Zi —g(fi(0))} < œ, and this happens when u< œ and 

a —f(0)}< œ, and in turn this happens if and only if 
l—s 


o f(s) — 8 
and Seneta. The fact that the population may even- 
tually become empty with positive probability, but 
may also move from the empty state to any other 
state by immigration, shows that {0, œ} are not the 
only possible states for the population to be in, in the 
long run. In fact the state oo is not a possible state (a 
deep result from the theory of Markov chains), and 
there exists a stationary distribution [z} where m:= 
limit as n>o Pr{Z,=h}, with ZII=1 and x(s)= 
g(s)x(f(s)), where x(s)=2IIzs*. The equation m=gx(f) 
is usually impossible to solve explicitly, but it may be 
used to show that the exp size of the eventual 
population (Lk) is infinite, and Seneta points out 
that an approximate solution 


1 — g(t) 
* -= 
AE epii t — f) dt} 
holds in the case when p,*1 and qoœl1. 


ds < œ, a result due to Breny, Reuter 


COMPUTING 


Centre for Calculations 


from a Correspondent 


A new European centre will open in Paris at the end of 
this year with the aim of promoting and develop- 
ing the application of large capacity high-speed com- 
puters to the solution of problems concerned with 
atomic and molecular structure and properties. It 
will be called the European Centre for Atomic and 
Molecular Calculations (CECAM). 

This centre has been founded because a number of 
European chemists and physicists feel that Europe has 
not achieved in this field a success sufficiently com- 
parable with that reached in America. There have been 
several centres on the other side of the Atlantic where 
the skill in developing programs has been enhanced 
by interactions among a considerable group of co- 
workers. It is hoped that the centre in Paris will be 
able to draw together a fairly large group, composed 
of members with varied experience, which can be more 
effective than any in Europe so far. The object is 
not to increase the range of the application of exist- 
ing programs—most of which now originate outside 
Europe—but to improve the skill in devising new 


-programs and in developing new applications to 


atomic and molecular problems. Those who attend 
the centre will then return to their own countries 
where they can disseminate the additional experience 
obtained at the centre. It is hoped, however, that they 
will return periodically to the centre and will con- 
tinue to cooperate in its work. 

CECAM will be at the University of Orsay, about 
twenty miles from Paris, in buildings provided by the 
Centre National de Ja Recherche Scientifique (CNRS). 
Time will be available on CDC 3600 (64K memory) 
and IBM 360-50-75 computers. It is hoped that 
there will be about twenty scientists at the centre at 
any time. Each scientist will be there for at least 
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three months, but most will stay for six months or 
more. Already about a dozen chemists and physicists 
—from Italy, France, Holland, Israel, Great Britain, 
the United States and the Soviet Union—are planning 
to be there when the centre opens in six or nine months’ 
time. The more senior will continue their own work 
and the more junior will either cooperate with them or 
pursue their own ideas. 


RIBOSOMES 


Putting Them Together 


from our Molecular Biology Correspondent 


Muon the most complex system that has been made 
to assemble spontaneously from its components in 
vitro is the 308 H. coli ribosome. The components are 
a long, flexible coil of RNA and some twenty proteins, 
mostly basic, and therefore possessed of a high random 
affinity for the RNA so that a quite extraordinary 
degree of precision must be involved in the recognition 
mechanisms operating in the system. From the quite 
general viewpoint of specific interactions between 
biological molecules, the latest study by Traub and 
Nomura (J. Mol. Biol., 40, 39; 1969) is of the widest 
relevance. 

They report in the first place the environmental 
requirements for the reassembly to proceed. 'The 
ionic strength is especially critical, and with potassium 
chloride as the primary electrolyte, there is a very 
sharp optimum at 0-37. This must be supposed to 
represent a balance between strong non-specific 
polyacid—polybase interactions expected at low ionic 
strengths, which would destroy the discrimination 
against incorrect associations, and the extensive 
weakening of interactions when salt concentration is 
high. The temperature is also critical: between about 
25° and 40° C there is a sharp rise in the extent of 
reconstitution, no appreciable activity being recovered 
at low temperatures. There is also an absolute require- 
ment for magnesium ions at a concentration higher 
than 10% M. The pH optimum is broad, because 
appreciable changes in ionization of groups on the 
protein and RNA do not occur between about 6 and 8. 

The most striking feature of the process is its close 
adherence to first-order kinetics, in spite of the number 
of components involved, and indeed it is unaffected 
by the total reactant concentration. Traub and 
Nomura infer that there is a rate-determining step, 
involving possibly a conformational rearrangement of 
a complex, and they have gone a long way towards 
confirming this hypothesis. When the RNA and the 
proteins are mixed at 0° C, only partial combination 
ocours, and electrophoretic analysis of the supernatant 
after centrifuging out the nucleoprotein complex shows 
that a group of proteins remains, which is identified 
with the components released from native 309 ribo- 
somes on treatment with concentrated caesium chloride 
solutions (the S-proteins). When, however, the inter- 
mediate nucleoprotein particles—which are essentially 
unfolded, sedimenting at about 219—are warmed to 
40° C, they acquire the capacity to take up the group 
of S-proteins, with formation of active 308 ribosomes. 
It seems highly likely then that the rate-determining 
step consists of activation of the first RNA-protein 
complex, which is indeed found to be a first-order 
process with rate and activation parameters identical 
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to those characterizing the overall reassembly reaction. 
The S-proteins do not interact with free RNA, and 
presumably associate with the other ribosomal proteins 
wm siu. Traub and Nomura allude to forthcoming 
evidence that the rearrangement is cooperative, and 
that only two or three binding sites on the RNA are 
involved in the reaction. 

As a satisfactory by-product of this work, Traub 
and Nomura have also solved the problem of how to 
regenerate functional icles from subunits unfolded 
by exposure to EDTA to extract the magnesium. 
This treatment leads to slowly sedimenting entities, 
which earlier workers had altogether failed to reconvert 
into folded functional subunits. The key is the tem- 
perature-dependent rearrangement: warming to 40° C 
regenerates active 308 ribosomes. Moreover, it seems 
that loss of the 8-proteins is involved, and that these 
recombine only after the internal rearrangement step. 

Traub and Nomura comment finally on the relation 
between their results and the assembly of ribosomes 
during biosynthesis: the generation time of F. colt 
shows that t vivo the assembly must be considerably 
faster. Whether the medium composition or other 
factors are responsible can only be guessed at. It is 
suggested, however, that the same pemonpies operate 
in vivo as tn vitro, and indeed the well known existence 
of precursor particles of low sedimentation coefficient 
offers good grounds for speculation. 


MITOCHONDRIA 


Were They Bacteria? 


from our Cell Blology Correspondent 


Reports of experiments supporting the notion that 
mitochondria may have evolved from endosymbiotic 
bacteria continue to appear. Last December, Smith and 
Marcker (J. Mol. Biol., 38, 241; 1968) described. a 
particularly compelling experiment. N-formyl-meth- 
ionine RNA ({RNA™*), the {RNA required to initiate 
protein synthesis in bacteria, has not been identified in 
eukaryotes, except in algae such as Euglena gracilis, 
where it occurs in chloroplasts, and in yeast. But, 
contrary to expectation, there is less (RNA™** in yeast 
cells than in bacteria; if this species of RNA was 
required for the initiation of yeast cytoplasmic protein 
synthesis yeast cells should contain more of it than do 
the smaller F. coli cells. A possible explanation for 
this discrepancy was that the tRNA in yeast was 
confined to the mitochondria, and Smith and Marcker 
convincingly showed that this is the case. Initiation 
of protein synthesis in yeast mitochondria is similar 
to that in bacteria; on the other hand, they found no 
trace of (RNAS in yeast cytoplasm. 

Kintzel, working with another fungus, Neurospora 
crassa (Nature, 222, 142; 1969), reports that the proteins 
from both the large and small subunits of Neurospora 
cytoplasmic and mitochondrial ribosomes are almost 
totally unrelated, as judged by their behaviour on 
carboxymethyl cellulose columns. 

But, in spite of this difference in the species of pro- 
teins in the two classes of ribosomes, it seems that the 
mitochondrial ribosome proteins are actually synthe- 
sized in the cytoplasm on cytoplasmic ribosomes. The 
evidence for this comes from experiments with inhibi- 
tors of bacterial and mitochondrial protein synthesis 
which have no inhibitory effect on cytoplasmic protein 
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synthesis. These inhibitors do not stop the synthesis 
of the proteins characteristic of mitochondrial ribo- 
somes, which must therefore be made in the cytoplasm 
and then migrate to the mitochondria either before or, 
less likely, after they have associated with mito- 
chondrial ribosome RNA. ‘This immediately raises 
the question of whether the genes for mitochondrial 
ribosome protein are in the nucleus or in the mito- 
chondrial DNA. Estimates of the total amount of 
genetic information in mitochondrial DNA make it 
extremely unlikely, if not impossible, that mito- 
chondrial DNA specifies the proteins of mitochondrial 
ribosomes. There just is not enough DNA to code the 
necessary information. The RNA component of mito- 
chondrial ribosomes, on the other hand, is apparently 
specified by the mitochondrial DNA. 

Kiintzel has also recently characterized the subunits 
of the two classes of ribosome (J. Mol. Biol., 40, 315; 
1969). The intact cytoplasmic and mitochondrial 
ribosomes sediment at 77S and 738 respectively. The 
large subunits can also be differentiated in the ultra- 
centrifuge, where they sediment at 60S and 508 
respectively. The small subunits, however, have the 
same sedimentation coefficient, 37S. But this is a 
coincidence; it does not, of course, mean that the two 
small subunits are structurally or functionally identi- 
cal. In fact, as Ktintzel has shown, they contain quite 
different proteins and, as Reflein et al. reported in 1967, 
their RNA differs in sequence and base composition. 

Two new species of RNA, apparently associated with 
mitochondria, have been detected in HeLa cells by 
Vesco and Penman (Proc. US Nat. Acad. Sct., 62, 218; 
1969). The RNAs sediment at about 21S and 128 
and have several unusual characteristics. They are 
unmethylated, have a slow rate of turnover and their 

thesis is at least five times more resistant to ultra- 
violet light than the synthesis of nuclear RNA. The 
function of 218 and 12S RNA, which are not found 
associated with polysomes and therefore probably are 
not involved in protein synthesis, remains obscure. 

The list of mitochondrial enzymes which are specified 
by nuclear rather than mitochondrial DNA also 
continues to grow. Longo and Scandalios (Proc. US 
Nat. Acad. Sci., 62, 104; 1969) have recently reported 
that genes for malic dehydrogenase isozymes of 
mitochondria of maize are inherited in a classical 
Mendelian fashion, which must mean that they are in 
the nucleus, not the cytoplasm. 


ENZYME BINDING 


Perturbed Coenzymes 


from our Enzymology Correspondent 


THERE are already several ways of following the binding 
of redox coenzymes to their dehydrogenase partners. 
Two approaches have been especially fruitful: analysis 
of the effects of enzyme binding on coenzyme fluores- 
cence and absorption, and analysis of the effects of 
coenzyme binding on enzyme optical rotatory dis- 
persion spectra. A new technique hes recently come 
to the fore. Charles Blomquist, of the Los Alamos 
Scientific Laboratory, has followed the binding of liver 
alcohol dehydrogenase to NADH by observing the 
effects of enzyme binding on the D,O perturbation of 
NAD fluorescence (J. Bid. Chem., 244, 1605; 1969). 

Dr Blomquist records that the fluorescence emission 
spectrum of NADH is boosted by D,O. The fluores- 
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cence increase turns out to be a linear function of DO - 
concentration, and in 75 per cent D,O it is 20 per cent. 
To eliminate the possibility that the fluorescence 
enhancement reflects a D,O-induced shift in the 
distribution of NADH into its open and folded confor- 
mations, Dr Blomquist looked for solvent effects in 
phosphodiesterase-hydrolysed NADH and N-methyl- 
dihydronicotinamide. Both compounds showed the 
game fluorescence enhancement in D,O as intact 
NADH. 

The effect is thus presumably a matter of energy 
transactions within the coenzyme’s nicotinamide 
chromophore. One possibility is that D,O may be 
exerting a kinetic isotope effect on proton transfer 
reactions in nicotinamide’s excited state. The nicotin- 
amide amino group cannot be very deeply involved in 
this, however, because an analogue of NADH which 
has a methyl group standing in for the ring amino 
displays the same D,O effects as NADH. 

When liver alcohol dehydrogenase is added to the 
coenzyme, the fluorescence enhancement subsides. If 
isobutyramide, which forms a very tight ternary 
complex with NADH and the enzyme, is added as well, 
the fluorescence enhancement is totally extinguished. 
This change must reflect a direct interaction between 
the reduced nicotinamide moiety of the coenzyme and 
some portion of the enzyme molecule. 

That there is such an interaction is of course no news; 
it has been known for more than a decade as a result of 
kinetic and spectral studies. But nonetheless the D,O 
perturbation method holds fair promise for the future. 
Dr Blomquist’s experiments did not indicate whether 
binary and ternary complexes differ in their solvent 
sensitivity. It would be interesting to find this out, 
and it would be interesting to learn the underlying 
mechanism of this perturbation of NADH fluorescence. 


CELLULAR ORGANELLES 


Activity inside Cells 


from a Correspondent 


AT a symposium on the biogenesis of mitochondria 
and plastids held by the British Society for Cell Biology 
on March 27, Professor D. J. L. Luck (Rockefeller 
University) emphasized the autonomy of mito- 
chondria in Neurospora crassa by showing that mito- 
chondrial DNA extracted from a mutant strain of cells 
containing defective mitochondria can induce defective 
mitochondria in wild type cells which originally con- 
tained healthy mitochondria. He also presented 
evidence that mitochondrial DNA contains the infor- 
mation necessary to synthesize both ribosomal RNA 
and ribosomal protein. Mutations resulting in defec- 
tive mitochondria produce defective mitochondrial 
ribosomes. Drs A. Jurand and G. G. Selmon (Uni- 
versity of Edinburgh), discussing the replication of 
different organelles during the fission cycle of Para- 
mecium aurelia, described how each organelle seems to 
have a different mode of formation. They suggested 
that new mitochondria are formed by vesicles budding 
off from the outer mitochondrial membrane. 

Dr T. S. Work (National Institute for Medical 
Research, London) showed that in experiments using 
isolated mammalian mitochondria he was able to 
synthesize only æ single species of protein which was 
identified as an acidic glycoprotein associated with the 
structural elements of the inner mitochondrial mem- 
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brane. He also discussed the idea that mitochondria 
may have developed from a symbiotic relationship 
between the cells and bacteria. 

Professor W. M. Laetsch (University College, 
London) gave a comprehensive account of the life 
cycle of chloroplasts in higher plants and showed that 
etioplasts in tobacco leaves are capable of undergoing 
division. He emphasized the dynamic nature of 
chloroplasts and showed electron micrographs of 
chloroplasts in which the principal pathway of carbon 
dioxide fixation is into four carbon dicarboxylic acids; 
these showed membrane systems very reminiscent of 
the cristae in mitochondria and he alluded to the 
possible evolutionary relationship between the chloro- 
plast and the mitochondrion. Dr R. Leech (University 
of York) described her study of the autonomy of 
chloroplasts in which she has tried to cause isolated 
organelles to survive and ultimately divide in vitro. 
She showed light micrographs of chloroplasts in culture 
that were apparently dividing. 

Discussing the nature of nucleic acids in chloroplasts, 
Dr T. A. Dyer (Imperial College, London) presented 
evidence that chloroplasts contain 708 ribosomes 
rather than the 808 ribosomes characteristic of the 
cytoplasm, and said that evidence from inhibitor 
studies showed that the chloroplast DNA was chiefly 
responsible for the synthesis of structural proteins in 
the chloroplast. Drs M. L. Birnstiel and R. Wells 
(University of Edinburgh) described the use of bio- 
physical techniques in the study of DNA isolated from 
chloroplasts and mitochondria. Their results show that 
DNA from lettuce leaf mitochondria is homogeneous, 
with a molecular weight of between 100 and 200 x 108. 
This is much higher than the molecular weight of DNA 
obtained from animal mitochondria. DNA from chloro- 
plasts was not homogeneous and had a complexity 
some twenty times less than bacterial DNA. 


FRESHWATER BIOLOGY 


Two New Keys 


Viots of biting black flies will now be able to identify 
their assailants from a new Key to the British Species 
of Simuliidae (Diptera) in the Larval, Pupal and Adult 
Stages, provided, of course, they also have a binocular 
microscope. The booklet, by Lewis Davies, is pub- 
lished by the Freshwater Biological Association at 
103 6d. The source is most appropriate because the 
larvae and pupae of black flies, or Simuliidae as they 
are properly known, are common in all types of fresh- 
water, from trickles to large rivers. The adult females, 
however, are usually blood suckers, and on calm 
evenings in early summer can often be seen making life 
unpleasant for horses, cattle and domestic fowl. 

Lewis Davies’s key replaces one written by J. Smart 
in 1944, since when many more species have been 
found in temperate countries, largely through the 
efforts of taxonomists. The changes have been 
incorporated into the new key, which algo has thirty- 
fou: distribution maps showing where different species 
are found in Britain. 

The Freshwater Biological Association has also pub- 
lished the third edition of Key to the British Fresh- 
and Brackish Water Gastropods (4s 6d) by T. T. 
Macan. This key is already regarded with reverence 
by freshwater biologists who do not want @ book which 
includes all the land snails, and they should be pleased 
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to see the new edition with up to the minute correc- 
tions. Collectors are warned in the introduction that 
much of the confusion that exists today in snail syste- 
matics is a result of the excessive attention which 
has been paid to the shell rather than the soft parts. 


DRUGS 


Attacks on the Liver 


from our Medical Biochemistry Correspondent 

THERE is obviously little point in using a drug if the 
effects of treatment are worse than the condition 
being treated. The liver is often suspected to be the 
site of toxic effects, for many foreign compounds are 
metabolized in this organ. D. S. Platt and B. L. 
Cockrill (Biochem. Pharmacol., 18, 429, 445, 459; 
1969) have recently made an extensive study of the 
effect of many drugs and other agents on the biochem- 
istry of rat liver, and have shown that the response is 
complex and at present unpredictable. 

They measured the effects of drugs on relative liver 
weight, microsomal and cell sap protein concentrations, 
and the activity of eight different enzymes or enzyme 
systems. The eleven distinct patterns of response 
showed that drugs produce many different changes in 
liver metabolism. The most important conclusion was 
that increase in size of the liver (hepatomegaly) is 
not a reliable indication of hepatotoxicity. The only 
similarity between agents causing hepatomegaly and 
established toxins was a decrease in the activity of 
glucose 6-phosphatase. The toxins (carbon tetra- 
chloride, chloroform, 1,1,2,-trichloroethane, thioacet- 
amide, dimethylnitrosamine and ethionine) all 
decreased the microsomal enzyme and protein con- 
centrations whereas these increased in non-toxic 
hepatomegaly. This decrease in protein synthesis may 
be related to the decrease in plasma cholesterol esterifi- 
cation after treatment with carbon tetrachloride and 
ethionine as reported recently (M. Sugano, K. Hori, 
M. Wada, Arch. Biochem. Biophys., 129, 588; 1969). 
DDT (2,3 bis (p-chloropheny]) trichloroethane) and 
halothane (1,1,1-trifluoro-2-bromo-2-chloroethane), the 
toxicities of which are in dispute, gave biochemical 
changes similar to those produced by other drugs and, 
unlike the established toxins, supporting evidence 
against the toxicity of these compounds to the liver. 

Related compounds usually gave identical response 
patterns, but chemically unrelated compounds, such 
as the barbiturates and DDT, could give the same 
response pattern. Liver enlargement was not neces- 
sarily associated with increases in microsomal protein 
or drug-metabolizing enzymes; protein synthesis 
and the enzymes did not always increase together. 
Propanolol and the f-blocking agent ICI45,763 were 
metabolized by microsomal enzymes but showed no 
inducing effect, whereas barbitone and phenobarbitone 
had a very large inducing effect without appreciable 
metabolism. There was a very close correlation between 
increases in glucose 6-phosphate dehydrogenase activity 
and previously reported ability of the two drugs to 
produce hypertrophy of the smooth endoplasmic 
reticulum. The requirement of the drug-motabolizing 
systems for NADPH, probably causes the increase in 
glucose 6-phosphate dehydrogenase activity. The 
range of biochemical effects observed is surprising 
and may be the cause of interactions between different 
drugs. 
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PROTEIN SYNTHESIS 


Vitamins, Hormones and Proteins 


from our Cell Blology Correspondent 


In higher organisms, vitamins and hormones are able 
to regulate the synthesis of many proteins, but the 
precise mechanism of this regulation is something of 
a mystery. Usually both hormones‘and vitamins 
stimulate their target cells to synthesize RNA, although 
in some cases they inhibit RNA synthesis, but this still 
does not indicate the site of action of the vitamin or 
hormone. They could act at the level of the chromatin, 
unmasking DNA templates, or they could affect 
transcription in some other way. 

At least one vitamin, vitamin D, apparently acts 
directly on the chromatin. Haussler and Norman 
(Proc. US Nat. Acad. Kci., 62, 155; 1969) claim to have 
isolated from chromatin an acidic protein or protein- 
aceous complex which has a high affinity for binding, 
non-covalently, a biologically active metabolite of 
vitamin D. This vitamin is essential for the absorp- 
tion of Ca++ by the intestinal mucosa. The vitamin 
stimulates RNA synthesis in the mucosal cells, and 
actinomycin D blocks completely the response of the 
tissue to the vitamin, all of which suggests that it acts 
directly on the chromatin derepressing specific genes. 
The isolation of a receptor macromolecule in chromatin 
strongly supports this notion. 

The receptor fraction contains significant amounts 
of RNA as well as protein but, although RNase diges- 
tion leaves ita affinity for vitamin D unaltered, pronase 
digestion destroys vitamin binding. The RNA is not, 
therefore, the binding site. It could be contamination 
or, perhaps more likely, it could serve as a link joining 
receptor molecules in a complex. So far Haussler and 
Norman have only achieved about 170-fold purifica- 
tion of the receptor, which may account for the wide 
range of molecular weights (50,000 to 200,000), but 
there may be more than one species of binding com- 
plex. These questions will only be answered when the 
receptor has been further purified, but results so far 
suggest that the vitamin acts directly on the chromatin 
derepressing specific genes. 

In the same journal (sbid., 112) Hahn ef al. report 
that the species of RNA induced in fowls by the hor- 
mone oestrogen are in part organ specific. Oestrogens 
induce synthesis of yolk proteins in fowl liver and 
ovalbumins in the oviduct. Hybridization studies 
indicate that within 105 min of receiving the hormone, 
pullets have most, if not all, of the RNA species charac- 
teristic of the liver of laying hens. Hybridization also 
shows that the RNAs induced by oestrogens in the 
liver and oviduct are not homologous. Oestrogen 
itself is too simple a chemical to carry much specificity ; 
presumably the specificity of action resides not in the 
hormone but in its receptors in the target cells. The 
problem now is to identify the receptors and to dis- 
cover whether the hormone acts indirectly or, like 
vitamin D, directly on a component of the chromatin. 


TREE PHYSIOLOGY 


Trees or Fruit? 


from a Correspondent 


Tam competition for metabolites between vegetative 
and reproductive growth, of prime concern to foresters 
and fruit growers alike, formed a central theme at the 
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symposium on physiology of tree crops held on March 
25-28 at Long Ashton Research Station. This led to 
the intriguing question whether trees, as such, are 
essential for producing many of the crops they bear. 

Professor P. F. Wareing’s inaugural lecture, on 
coordination of growth in the whole tree, emphasized 
the need to break down the present barriers between 
those who study the productivity of growth for wood, 
for fruit or for the various products grouped as planta- 
tion crops. 

Rapidly changing market requirements and methods 
of harvesting have a profound influence on the physio- 
logical problems that have to be solved. Several con- 
tributors saw the tree as a nuisance that encumbered 
the rational production of fruit or seeds (for example, 
apples or coffee), while some foresters even foresee that 
the extensive use of chipboard and reinforced timber 
could radically alter the requirements of forestry 
production, where large trees have been necessary in 
the past to give sawn timber its requisite size and 
strength. Dr J. V. Possingham (Horticultural Research 
Station, CSIRO, South Australia), speaking of the 
600,000 tons of grapes produced annually in Australia, 
said that mechanical harvesting would necessitate a 
complete review of the methods used for growing vines. 

A major function of the tree is to store reserves, and 
a more detailed study of partition of assimilates could 
provide advances in knowledge, which is still in much 
the same state as when Askenasy discussed these 
factors in relation to sweet cherry more than a century 
ago, although much more is known about the structure 
of the compounds concerned. In fact, as several 
speakers pointed out, fashions in scientific studies, 
based on the availability of techniques and equipment, 
largely determine the attention paid to particular 
compounds or aspects of plant growth. Dr G. Tromp 
(Wilhelminadorp Research Station, Holland), who 
spoke about the translocation of nitrogen compounds 
and the economic importance of knowing how and 
why nitrogen supplies wax and wane, thought that 
physiologists might well think again about carbo- 
hydrate/nitrogen. relations. The discussions empha- 
sized the importance of morphological studies, which 
have recently been less fashionable in schools of botany, 
because a more detailed knowledge of the structure of 
plants could lead to a better understanding of the 
effects of environmental factors. This was seen in the 
numerous references to the importance of pollination 
or fertilization in tree productivity, for example, on 
the yields of apple and pear trees and oil palms, and in 
the possibility that control of seed production in forest 
trees could lead to enhanced timber supplies. 

The range of products that trees produce was 
reflected by papers on tea (leaf), coffee (seed), apples 
(fruit), rubber (latex), and forest trees (timber). 
Special attention was given to tropical crops because 
research, stations in Britain are increasingly interested 
in extending their studies to the problems which such 
crops present. In contrasting the stages of develop- 
ment of various crops, the point was made that 
Neanderthal man would feel at home in a modern 
forest but would not even recognize the crops in a 
modern orchard or plantation, thanks to the benefits 
of selection and breeding that have produced the 
modern cultivars. Forestry had not been under the 
same economic pressure in the past, but similar 
fundamental developments were forecast for the future 
if adequate resources are devoted to forestry research. 
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NEW FROM PERGAMON 


FATIGUE DESIGN PROCEDURES 


Edited by E. Gassner and W. Schütz, Laboratorium fur Batriebsfestigkeit Gemeinnutziges 
Forschungsinstitut der Fraunhofer-Gesellschaft e V. Darmstadt-Eberstadt, F.R. Germany 


Contains the revised papers presented at the 4th Symposium on the International Committee on 
Aeronautical Fatigue (ICAF) held in Munich. 

Partial Contents: Fatigue and fail-safe design of a new jet transport alrplane—M. STONE; FAA 
fatigue strength criteria and practices—J. E. DOUGHERTY; The airworthiness approach to structural 
fatigue—J. K. WILLIAMS; The U.S. Air Force weapon systems fatigue certification program— 

H. B. LOWNDES Jr. and W. B. MILLER: Trends in repeated loads on transport airplanes— 

T. L COLEMAN; Material selection for service reliability—D. JAMES. 


536 pages £10 $27 


PHYSIOPATHOLOGY AND THERAPY OF HUMAN BLOOD 
DISEASES 

E. Kelemen, University Medical School, Budapest 

A most thorough and comprehensive book which presents for clinicians, research workers or advanced 
students interested in haematology and its allied field, a physiopathological introduction, a review of 
recent developments in these fields and a gulde for application of these results in the wards by general 
physicians and young haematologists. 

Part |—Physiopathology of Haemopoiesis; Physiopathology of Haemopoiesis 1; Physiopathology of 
Haemopoiesis II. 

Part II—Physlopathology of Human Blood Diseases: Anaemias; Haemorrhaglc Disorders; 


Lymphomas and Splenomegalies. 
Part III—Therapy of Human Blood Diseases: A Guide to the Use of the Main Therapeutic 


Measures In Haematology. 
624 pages £10.10s. $27.00 


MODERN METHODS FOR THE SEPARATION OF RARER 
METAL IONS 

J. Korkisch, Analytical Institute, University of Vienna 

Provides the reader with up-to-date information on modern methods for the separation of rarer metal 
ions. The methods that are treated herein are based on the principles of ion exchange, chromatography, 
liquidiquid extraction, distillation and coprecipitation. The wealth of literature existing on these 
subjects is presented in a condensed and digested form and in consequence it has been possible to 
include the works of more than 4,000 authors on separation methods involving more than 50 rarer 
elements which include the actinides and rarer earth elements. 

586 pages £7 10s. $20.00 


PHYSIOLOGY AND PATHOLOGY OF ADAPTATION MECHANISMS 


Neural—Neuroendocrine—Hormonal 

E. Bajusz, B/o-Research Institute Inc. Cambridge, Mass. 

This is the first book in the literature in which adaptive reactions are discussed mainly from a 
neuroendocrinological point of view: attempts are made to correlate the neural, neurosecretory and 
hormonal pathways involved. The most recent advances achieved in this complex field are covered 
and the pertinent literature up to mid-1965 Is well covered. The materials presented in this book can 
be used for postgraduate teaching purposes in the flelds of physiology, pathophysiology, environmental 
blology and medicine, endocrinology and neuroendocrinology. 

598 pages £7 $22.50 


THEORY OF INTERMOLECULAR FORCES 

H. Margenau, Ya/e University and N. R. Kestner, Louisiana State Unversity 

Conveys an understanding of the modern theory of Intermolecular Forces and fills a considerable gap 

in the literature on this important subject. Emphasis is on fundamentals; phenomenological approaches 
to the theory and experimental facts are discussed only insofar as they bear on basic understanding. 

A knowledge of elementary quantum mechanics is presupposed—special mathematical techniques are 
developed and explained where they occur 

380 pages 90s. $12.00 
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Cultivated Plants and the Kon-Tiki Theory 


by 
BARBARA PICKERSGILL 
A. H. BUNTING 


Department of Agricultural Botany, 
University of Reading 


In reviewing Heyerdahl’s latest book, Jeffreys! took him 
to task for presenting a one-sided picture and ignoring 
data which would not support his theory that American 
Indians influenced Polynesian culture. Though Jeffreys 
undertook to round out the picture, he made no mention 
of much relevant botanical information. 

Factual botanical evidence has a special place in this 
controversy, in which all too often suggestions and in- 
ferences have been quoted as established facta. Others 
have pointed out that, although man might have invented 
a back-strap loom, a spindle of a particular type, or even 
a similar dicing game independently in both the Old 
World and the New, he could not have invented the bottle 
gourd or the A genome of cotton. If the same species of 
plant is found in both Old and New Worlds, there must 
have been some contact between the two hemispheres. 
It may have been in the remote past, when the distribu- 
tions of the continents were different; it may have 
occurred more recently by natural means (long distance 
dispersal by water, wind or migratory birds); or it may 
reflect human exploration and colonization (deliberate 
introduction of cultivated plants, accidental introduction 
of weeds). 

Several wild plants have spread across the Pacific 
without man’s intervention. Heyerdahl? cited two which, 
he implied, were transported by man because they were 
useful. The totora reed (Scirpus riparius) is used to make 
balsa boats on Lake Titicaca and is reportedly the most 
important wild plant in thé Easter Island economy. 
Polygonum acuminatum is used medicinally in Easter 
Island and the Titicaca basin. Both are plants of marshy 
areas and have small seeds that could well be carried on 
the feet or feathers of water fowl and wading birds. 
Neither is deliberately cultivated, nor is there any 
evidence that either was carried by man. The crucial 
evidence for prehistoric voyages across the Pacific is 
most likely to come from cultivated plants, because many 
of these lack adequate mechanisms for natural long 
distance dispersal and cannot establish themselves in 
wild habitats. Of the many hundreds of plant species 
which are cultivated on one side of the Pacifico or the 
other, few writers consider that more than four are at all 
likely to have been present on both sides before the time 
of Columbus—they are cotton, sweet potato, coconut and 
bottle gourd. 


Did American Indians cross the Pacific to Polynesia before Columbus 
made his discovery ? Botanical evidence at least does not seem to 
support a positive answer. 


Cotton 


The New World cultivated cottons (Gossypium spp.) 
are AADD tetraploids which contain the A genome, or 
set of chromosomes, found in Old World cultivated 
diploid cottons and the D genome of American wild 
diploid cottons. Hutchinson, Silow and Stephens’. con- 
sidered that the A genome of the New World polyploid 
cottons was derived from one of the cultivated Asiatic 
cottons, G. herbaceum or G. arboreum. Gossypium arboreum 
occurs as far east as Malaysia and China, and Hutchinson, 
Silow and Stephens suggested that it was carried by man 
across the Pacific to the Americas, where it hybridized 
with a wild DD diploid. But all the archaeological cotton 
in the New World is tetraploid: there is no evidence of 
early cultivars of a diploid. Smith and MacNeish* reported 
finding a boll of an AADD polyploid cotton, which they 
claimed dated from 5800 Bo, in archaeological excavations 
at Tehuacán, Mexico. This report has now become estab- 
lished in the literature as proving an ancient origin, 
before the development of agriculture, for the American 
polyploid cottons. Unfortunately, it is not so well known 
that Smith’ has recently withdrawn this report, s0 the 
earliest specimens of polyploid cotton known from the 
New World are now those, again from Tehuacán, dated. 
at 3500 Bo—an age which is admittedly venerable, but 
nevertheless not pre- -agricultural. 

Recent cytological and genetic evidence also tends to 
cast doubt on the suggestion that an AA cotton reached 
America in the hands of agricultural man before the 
time of Columbus. Gerstel‘ analysed meiosis in some 
interspecific hybrids in cotton. He showed that, unlike 
some other genera, chromosomal translocations are rare 
in Gossypium and may be useful in ing relationships. 
The two wide-ranging Old World AA diploids, G. herd- 
aceum and G. arboreum, are cytologically uniform, that is, 
all populations within each species have the same chromo- 
somal constitution. Analysis of hybrids between many 
strains of these two species, however, showed that G. 
herbaceum and G. arboreum always differed by one re- 
ciprocal translocation. Similar analysis of the hybrids 
G. hirsutum (AADD) x G. herbaceum and G. hirsutum x 
G. arboreum showed that the A genome of G. hirsutum 
differed from that of G. herbaceum by two translocations 
and from that of G. arboreum by three translocations. 
This suggests that G. herbaceum is closer to the donor of 
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the A genome of the New World cottons than is @. 
arboreum and that G. arboreum represents a divergent 
evolutionary branch which is most unlikely to have 
played any part in the origin of the New World cottons. 
No other 4A diploid occurs east of Central Asia, let alone 
in the western Pacific, and so it is unlikely that the A 
genome spread across the Pacific. The New World 
polyploids include both cultivated and wild species. The 
latter bear lint, but have hard seeds. Fryxell’ reported 
that when a polyploid was synthesized from the cross 
G. arboreum (AA) x G. thurberi (DD) the plant did not 
have hard seeds. He concluded that both parents of the 
original polyploid must have been hard-seeded and that 


Fig. 1. The Pacific Ocean, showing places mentioned in the text. The distance alo 
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which were already established in Fiji, the Marquesas and 
the Society Islands when Europeans discovered them. 
Gossypium sandvicense has fibres which cannot be removed 
from the seed, and is of little use to man. This, with ite 
failure to spread throughout Polynesia, makes it unlikely 
that G. sandvicense was carried intentionally to Polynesia. 
Stephens® considered that a polyploid AADD cotton 
probably drifted to Hawaii from Central America on a 
natural raft of wood, pumice or the like, and then diverged 
from the mainland forms to become a distinct species. 
The wild forms of G. hirsutum in southern Polynesia are 
more difficult to explam. Gossypium hirsutum occurs in 
Central America and Mexico but not in Peru, so ite 


„Marquesas Is. 


Society Is, 


the equator from Ecuador to the western up of New 


Guinea is about 150° of longitude or about 10,500 miles. 


the polyploid therefore arose before domestication of the 
AA diploids. The current opmion, summarized by 
Hutchinson’, is that the AA diploids spread from Africa 
to America, perhaps before the continents drifted apart 
but certainly well before the development of agriculture. 
The A genome of the New World cottons is therefore no 
longer regarded as evidence for west-to-east trans-Pacific 
contacts. The next step is to look for a wild 4A diploid 
cotton in eastern South America, perhaps in the dry 
triangle of north-east Brazil. 

There are, however, some polyploid AADD cottons m 
Polynesia which are related to the New World polyploids 
and which must therefore have spread east-to-weat across 
the Pacific. These are G. sandvicense (=G. tomentosum), 
which is endemic to Hawaii, and wild forms of G. hirsutum, 


presence in Polynesia hardly assists Heyéidahi’s theaig 
that South American Indians colonized Polynesia. Drift 
is not a very plausible explanation, so Stephens has 
suggested that these cottons were mtroduced by Spanish 
voyages across the Pacific in the late sixteenth or early 
seventeenth centuries, and then spread more widely by 
the Polynesians themselves. 


Sweet Potato 

The sweet potato (Ipomoea hatatas) was not only wide- 
spread on both sides of the Pacific before European 
contact, but was Imown in both areas by the Quechuan 
word. kumara or variants of it. Yen!” found more vari- 
ability in South American sweet potatoes than in Pacific 
clones. This, like the linguistic evidence, suggests an 
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east-to-west spread. The sweet potato is a root crop 
usually propagated vegetatively. Many varieties seldom 
flower, and set seed even more rarely, so their powers of 
natural dispersal are severely limited. 

In hus study of the spread of the sweet potato, Hornell! 
admitted that there were objections to most possible 
hypotheses, but considered that the least objectionable 
hypothesis was that of an accidental Kon-Tiki sort of 
voyage some time after 1000 ap by a Peruvian balsa raft 
which was blown off course and happened to have some 
plant propagating material on board. This would explain 
the lack of oral tradition concerning such a voyage and 
also the mtroduction of the name kumara. It would also 
mean that the sweet potato had reached Polynesia suffi- 
ciently early to be spread more widely by the long voyages 
of the Polynesians. 

Alternative explanations can be suggested, however. 
The sweet potato is a hexaploid, but its diploid progenitors 
have not been identified. Ipomoea tiliacea’, I. gracilis and 
I. irtchocarpa* have all been suggested. The first two 
ocour both in Polynesia and in the Americas, and molude 
both diploid and tetraploid forms. It is therefore possible 
that the sweet potato originated independently by 
hybridization between diploid and tetraploid forms, 
followed by chromosome doubling, in both Polynesia and 
the New World. Clones m both areas have the same 
meiotic behaviour, which has been taken as evidence that 
they are at the same stage in evolution, so that hexaploidy 
has arisen only once. In a vegetatively propagated plant, 
however, meiotic behaviour is less subject to selection 
because sexual reproduction seldom or never occurs, and 
the raw allopolyploid condition could persst in both 
areas. Purseglove™ has suggested that sweet potato seed 
might have drifted to Polynesia, for the dried capsules 
will float and the seeds have hard testas and a long 
dormant period. Nerther of these suggestions accounts 
for the spread of the name kumara. More work on the 
origin of the sweet potato and the archaeological record 
of agriculture in Polynesia is needed before the spread of 
the sweet potato can be satisfactorily explained. 


Coconut 


The coconut (Cocos nucifera) presents the anomaly of 
a species the closest relatives of which are all American, 
but with a distribution that was extremely limited in the 
New World at the time of 8 ish contact (two small 
areas on the Pacific coasts of Panama and Mexico)?*. In 
the Pacific, on the other hand, the coconut was widespread 
and widely used. Because some sixty species belonging to 
eight or nine genera related to Cocos are all American 
(and mostly South American), the coconut itself was 
considered of American origin. Heyerdahl towed nuts 
underneath the Kon-Tiki but found that they would not 
germinate when the raft reached Polynesia and concluded 
that human intervention would have been necessary to 
transport the coconut across the Pacific. When allowed 
to float freely, however, nuts survive 110 days in salt 
water'®, during which time they could cross a considerable 
area of ocean. The discovery of a wild cocoid palm in 
South Africa and of fossil remains of the coconut in the 
Phocene of New Zealand and the Eocene of India makes it 
likely that the coconut preceded man in the Pacific and 
spread west-to-east by natural means rather than east-to- 
west with American Indian voyagers. 


Bottle Gourd 

The history of the bottle gourd (Lagenaria siceraria) 
remains & mystery. Ita closest relatives are African, yet 
the archaeological specimens recovered so far show the 
bottle gourd to be more ancient in the New World than 
in the Old. In Mexco, remains are known from pre- 
agricultural levels dated about 7000 BOY, and in Peru 
the gourd was present by about 4000 Bo"*. In the Old 
World the only prehistoric specimens reported are from 
Egyptian tombs (3500-3000 so), but the identification 
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has not been checked by any modern worker. Gourds 
have not been found in any pre-agricultural or early 
agricultural sites in the Near East, although both ecological 
and cultural conditions would seem appropriate. Races 
from the Old and New Worlds can be crossed and the 
hybnids are fully fertile!*, so the 9,000 or more years of 
isolation have not resulted in any cytogenetic differentia- 
tion. 

The gourd in the New World is far too ancient to have 
been carried there by agricultural man. Once again a 
trans-Atlantic link seems to be involved, posmbly dating 
to the break-up of Gondwanaland, but also possibly 
achieved by oceanic drift of the fruits, which will float 
and are resistant to seawater*®. We should probably be 
looking for wild bottle gourds as well as AA diploid cottons 
in eastern South America. Remembering the coconut 
story, perhaps we should also be looking for other species 
related to the bottle gourd and considering whether the 
bottle gourd could possibly have omginated in the New 
World after all. Until a great deal more is known about the 
dates for the spread of the bottle gourd in the Old World, 
it is impossible even to speculate whether it reached 
Polynesia from Malaysia when the islands were initially 
populated, whether it arrived later but still from the 
Old World, or whether there must have been spread from 
the Americas. 


Evidence against Contact 

Although the gaps in botanical knowledge are still very 
nearly ag many and as regrettable as they were when 
Heyerdahl first promulgated his theory of American 
Indians in the Pacific, the evidence both for his views and 
for early west-east contacts (other than contact via the 
Bermg Straits) has diminished rather than mecreased. 
The most telling argument for us is the negative one. 
Most American cultivated species (including staple crops) 
were confined to America until after the time of Columbus, 
and the various contrary suggestions (concerning maize 
in Assam, peanuts in China’ and Amaranthus in the 
Himalayas") have not stood the test of further nvestiga- 
tions“-**, Nor did any of the staples of the western 
Pacific (rice, breadfruit, banana or the Asiatic yams) 
reach America before 1492. Evidence from only four 
species (which, as we have tried to show, is often specula- 
tive and open to alternative interpretations) does not 
constitute a proof of significant cultural contact between 
the Americas and Asia or Africa after the mvention of 
agriculture and before the time of Columbus’s discovery. 
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Detection of a Change of State in the Pulsar PSR 0833-45 


by 


V. RADHAKRISHNAN 
R. N. MANCHESTER 
Radlophysics Laboratory, 


CSIRO, 
Sydney, Australia 


A PREVIOUS communication from this observatory! 
dealing with the Molonglo pulsar PSR 0833—45 (ref. 2) 
reported, among other characteristics, the steady decay 
of its pulsation period. We wish to report here the detec- 
tion of an extraordinary event associated with this object, 
hitherto undetected in the behaviour of any of the other 
thirty or so known pulsars. The periodicity of the pulsa- 
tions suffered a sudden decrease of two parts per million 
some time between February 20 and March 13. Reichley 
and Downs (see following article) of the Jet Propulsion 
Laboratory have independently detected the same pheno- 
menon. Their measurements are m close agreement with 
ours and narrow the range of the possible date of occur- 
rence to between February 24 and March 3, 1969. 

On the basis of observations made between December 8 
and December 20, 1968 (ref. 1), ıt was found that the 
period of PSR 0833-45 was increasing at 1010-4 us/day. 
A determination of the period by Komesaroff from meas- 
urements on February 19 and 20, 1969, established the 
rate of increase over a much longer time interval, showing 
that the rate was 10-69 + 0-2 ns/day between December 8 
and February 20. When further measurements were 
attempted ın mid-March, however, an enormous dis- 
crepancy was revealed which could not be traced to any 
error in the instrumentation or in the calculations. A 
series of systematic observations was immediately under- 
taken, and the results obtained between March 13 and 
26 are shown in Fig. 1. The slope obtamed from the 
measurements in March was indistinguishable from that 
obtained between December and February, but the period 
had suffered a translation of 196 ns. Subsequent to this 
change the period can be described as P = 0-089209260 + 
2x 10-° s+ (10-644 0-20) (Julian Date — 2440301). 

In attempting to account for this phenomenon, both 
real and apparent effects must be considered. An appar- 
ent effect of precisely the kind observed would have been 
seen, for example, if a line-of-sight component of velocity 
of 800 m s~ had reversed sign in the crucial interval. The 
relatively small magnitude of the velocity required, com- 
bined with the linearity of the decay rate on either side 
of the interval, eliminates any kind of orbital motion of 
the pulsar as a possible explanation. It would seem that 
the same is true for explanations involving gravitational 
red-shift effects. No conceivable variation of the inter- 
stellar or interplanetary media can account for such 
behaviour. We are therefore forced to accept this pheno- 
menon as a real change in pulsation period, as would have 
been observed in a frame of reference moving with the 

* pulsar. 

Very strong direct evidence in support of a rotational 
model has been advanced! from polarization measurements 
on this same object. A real change in pulsation period 


The pulsation period of PSR 0833-45 Is known to be gradually 
increasing, but between February 24 and March 3 the perlodicity 
abruptly decreased by two parts per million. 


then corresponds to a change in rotational period. One 
is thus led to seek an explanation invoking the same 
physical mechanism to which the rapid rotation of pulsars 
is attributed in the first place—namely, collapse and the 
conservation of angular momentum. In using the term 
collapse in this context we mean the transition of the 
stellar object from one state to another of slightly lower 
moment of mertia in a time-interval small in terms of the 
rotational stability usually associated with stars and 
actually observed in pulsars. The magnitude of the 
effect in the present instance is equivalent to a sudden 
shrinking of a neutron star of radius 10 km and uniform 
density by 1 emin radius. Theshrinking could, of course, 
be much greater in an outer envelope of lower density. 
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No theoretical prediction of such an effect has been 
made. The fact that such a change in periodicity has 
not been detected for any of the other pulsars suggests 
strongly that it is m some way connected with the appre- 
ciable decay of angular velocity which characterizes this 
pulsar. It is conceivable that as the period goes through 
eritical values certain modes of oscillation could be damped 
out by couphng through the rotation. Such & removal of 
an oscillatory mode might manifest itself as a slight 
decrease in moment of inertia. The pulsar in the Crab 
Nebula which has both a smaller period and a higher rate 
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of decay than PSR 0833-45 should most certainly be 
watched for smilar evidence of abrupt change. 

We thank M. M. Komesaroff, P. E. Reichley and G. 8. 
Downs for making their observations available to us, 
and D. J. Cooke, J. D. Murray and R. P. J. Whittle for 
help with the observations. : 


Received April 8, 1969. 
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Observed Decrease in the Periods of Pulsar PSR 0833-45 


by 
P. E. REICHLEY 
G. S. DOWNS 


Jet Propulsion Laboratory, 
California Institute of Technology 


THE pulsar PSR 0833-45 (refs. 1 and 2) has been observed 
on a weekly basis since November 22, 1968, at the Gold- 
stone Tracking Station of the Jet Propulsion Laboratory, 
operated under contract to NASA. Between February 
24, 1969, and March 3, 1969, the pulsar period decreased 
by 134 ns and the rate of change of period increased by 
1x 10-8 s/s. No unusually high or low level of average 
pulse intensity was observed either before or after the 
decrease in period. The stability of the rate of increase 
of the period both before and after the event indi- 
cates that it must have occurred in a time shorter than 
a week. We have since learned this event has also been 
observed by Radhakrishnan and Manchester (preceding 
article). 

The techniques used to perform this experiment 
partially described elsewhere*, will be described with the 
results of other pulsar observations. The times of arrival, 
observed at 2,388 MHz with an 85 foot reflector, were 
measured with a standard deviation of 30 ys. The time 
base was provided by a caesium standard, which was 
compared monthly with clock 8 of the US National 
Bureau of Standards. The maximum deviation of our 
caesium standard from NBS-8 was 3 ys. The ephemeris 
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Fig. 1 The barycentric period of PSR 0833—45 as observed from 
November 22, 1988, to March 24, 1989, showing the 134 ns decrease 
between February 24 and March 3. 


The abrupt decrease In the period of PSR 0833—45 has also been 
detected at the Goldstone Tracking Station. 


used in correcting pulse arrival times to the barycentre 
of the solar system was the Jet Propulsion Laboratory’s 
DE-43. 

The discovery of the decrease in pulse period was made 
when we observed that the period up to February 24 did 
not agree with the time of arrival measurements obtained 
after February 24. Our initial reaction was that a 
systematic error had been made in the observational or 
data reduction procedures after February 24. This 
possibility was eliminated by using seven other pulsars, 
for which pulse arrival time was measured on a weekly 
basis, as controls. The observations of these other seven 
pulsars were made concurrently with observations of 
PSR 0833-45. The same observational and data reduction 
procedures were used on all eight pulsars and no irregulari- 
ties in period were observed in the seven controls. 


Table 1. BARYORNTRIO PHRIOD OHARACTHRISTICS OF PSR 0888-45 
Perlod P 
09h00m UT December 1, 1968 
06 h 00m UT February 24, 1969 


04h80m UT March 8, 1969 
06h00mUT March 24, 1969 


0 089208293501 + 18 (UT) 
0 089200204788 + 2 s (UT) 
0 0892090700884 8s (UT) 
0 089200208267 + 22 a (UT) 


Rate of change of period, APJP x10" 


1 242619 +2 November 22-February 24 
125264 +8 March 8-March 24 


We then split the data into two parte, that up to Febru- 
ary 24 and that after February 24. To re-determine the 
period after February 24, independently of the period up 
to February 24, we used a bootstrap procedure. Because 
several time of arrival measurements are made on each 
day of observation, we were able to determine the period 
in 1 h to within 1 ns. Using the period determined 
on March 3 as an initial value, we then recomputed the 
period up to March 24. The results of this least squares 
analysis are shown in Fig. 1. and Table 1. No data were 
taken between February 24 and March 3, so the history 
of the period between these dates is unknown. The period 
P and rate of change of period AP/P measured up to 
February 24 are in agreement with the results of Radha- 
knshnan et al.‘ 
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The errors quoted in Table 1 do not include the effect 
of position errors. The position assumed was the “point” 
` source seen by Large, Vaughan and Mills! at a(1950-0) = 
08h 33m"39-0s8 and 8(1950-0)=—45° 00’ 05”. Our 
preliminary determination of the position of PSR 0833-45 
places it at «(1950-0)=08h 33m 39-01s+0:038 and 
3(1950-0) = — 45° 00’ 06"+02". This small difference in 
position would not change our measurements of the 
decrease in period by more than 0-1 ns or the increase in 
rate of change of period by more than 0-06 x 10-15 g/s. 

If we extrapolate the period of PSR 0833-45 before 
February 24 up to 04 h 30 m UT on March 3 we find that 
the difference between the extrapolated and measured 
period is 208 ns. The fractional change in P is then about 
—2x10*. The difference between the values of AP/P 
in Table 1 is about 0:01 x 10-13, so that the fractional 
change in AP/P is about 10-*. Because AP/P 18 greater 
after March 3, the 208 ns difference would be recovered 
in 6-6 yr, assuming constant rate of change of period. 
Any theory relating the period to the age of the pulsar 
would then have to take into account these decreases 
in period and related increases in rate of change of 
period. 
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The fractional changes in P and AP/P occurring be- 
tween February 24 and March 3 can be interpreted in 
terms of & rotating neutron star in which drag forces 
account for the steady decrease in rotation rate’. If the 
decrease in the period was due simply to a contraction of 
the star, then the faster decay must be caused by a very 
much greater increase in the drag forces. 

It is possible, however, that the change of decay of 10-4 
was caused by a corresponding change of the moment of 
inertia. An ejection of mass from the star, followed by a 
slight contraction (a fractional change in size of 2 x 10), 
would account for both the decrease in the moment of 
inertia and the decrease ın the period. 

We thank G. A. Morris, jun., for valuable assistance, 
and the staff of the Venus site of the Goldstone Tracking 
Station for help with the observations. 


Recelved April 9, 1969. 
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Magnetic Models of Pulsars and Rotating Neutron Stars 


by 
V. L. GINZBURG 
V. V. ZAITSEV 


P, N. Lebedev Physical Institute, 
Academy of Sciences, Moscow 


In a previous article! we discussed magnetic models of 
pulsars with reference to white dwarfs. The hypothesis of 
white dwarfs was adopted because the period between 
pulses, 7,, for a number of pulsars was of the order of 1 s 
and this period is compatıble with the pulsations of white 
dwarfs but not of neutron stars. We considered then, 
and still do, that ın some cases stellar pulsations can be the 
root cause of the pulsar phenomenon. As a result of the 
work of Drake and Craft?, it has, however, become clear 
that in at least some pulsars there exist changes of inten- 
sity with a period 1,5 10- s as well as those with period 7. 
It is then natural to associate Ta with the pulsations of 
neutron stars and +, with their period of rotation. Rotat- 
ing models of pulsars have already been discussed by 
several authors’, but the questions of the radiation 
mechanism and of how the polar diagram of the radiation 
can become sufficiently narrow have not been tackled. It 
was precisely for these reasons that we and a number of 
other authors considered rotating models of pulsars to be 
unsatisfactory. In view of the new observations, however, 
these objections to the model of a pulsating and rotating 
star are no longer valid. 

For the reasons we have already discussed’, it is clear 
that these stars must be magnetic, and this is completely 
natural for the case of neutron stars’. In what ways are 
the magnetic models of pulsars described by us! altered 
for the case of rotating magnetic neutron stars? The 
principal question to be answered is how to obtain a 
polar diagram with angular dimension p~ (2rAt/t,)~ 

°-30°. Here, Ar is the width of the pulse and +, the 
period of rotation. Thus, for example, for OP 0328, 7,= 
0-718, At~7ms and hence e~3°; for PSR 0833-45, 
71 = 0-089 8, At~10 ms and hence p~ 30°. 
Here our aim is to point out that in the models discussed! 


The authors describe how magnetic models of pulsars can account 
for the narrowness of the beam of radiation. 


the polar diagram of the radiation is automatically narrow, 
a point which escaped our attention at the time. When the 
energy density of longitudinal (plasma) waves is very 
great, their transformation into transverse (radio) waves 
takes place as a result of induced scattering. This is why 
it is possible to obtain a correspondingly large transforma- 
tion coefficient (of the order of unity) in the case of pulsars. 
The transformation by induced scattering takes place 
according to the law 


I, = I, {exp(uL)— 1} 
where p=; is the amplification coefficient and I; and 
Iı are respectively the mtensities of transverse and 
longitudinal waves at frequency wm=0, Wowo. 
iN 
a= [PEN is the plasma frequency and L is the length 
seale over which the transformation takes place. The 
transformation of the waves results, in the first place, 
from dipole scattering on density fluctuations ın the 
plasma, and according to this 8=B sm?9, where 9 1s the 
angle between the wave vectors K and K; for the trans- 
verse and longitudinal plasma waves respectively. Thus 


for pL>1, 
m8 n? Vè 
=I Bsin ° D), I, = 2 
I = I, exp (Bsin ) Lo 327% 0% (Von) Vi)? 


where m is the ionic mass, n= V1—/2* is the refractive 
index for the transverse wave, Vpn is the phase velocity 


of the plasma wave and Vr= Jr is the thermal 
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velocity of the electrons (for details, see ref. 9). For 
Ora o~ 2r l0 sa, n~1, Vpn~10 cm s-t, Vor~d x 108 
cm s~ and m;/m~ 2 x 10°, we obtain I,~ 10— ergs om~ s-t 
ar. (In fact n~ -/3V7/Vpn<1, which is even favourable 
from the point of view of narrowing the polar diagram of 
the radiation.) This intensity refers to a bandwidth 


sow fA (Va/Vpn) wo 10 w. The observed flux of 
i 


radio emission from pulsars is of the order F ~ 10-** ergs 
cm- s-1 Hz. If the dimension of the emitting region 
t~3x 108 om, then the intensity of radio waves ın this 
region is I~ F(Rjr}Ao~l0 for Aw~27n10-5 s, and 
assuming that pulsars are at a distance of about 1 kpo. 
The maximum of the polar diagram occurs at 0 = 1/2 and 
hence I1(n/2)=I,eBL~ 104eBL ergs cm! s- sr-t, Thus 
BL~30, and the half width of the polar diagram occurs 
when J1([ 7/2] ~ 9) =41(7/2), that is, for p~ 8°. The actual 
polar diagram will be modified as a result of refraction ın 
the Inhomogeneous plasma near the source. Generally 
speaking, the effect of such refraction 1s to narrow the 
polar : 

It therefore follows that for models 1 and 2 of our 
articlet, in which plasma waves propagate generally along 
the magnetic axis, the radio waves are emitted chiefly per- 
pendicular to the magnetic axis, neglecting the effect of 
refraction, forming a “‘knife-like” polar diagram with half- 
width p~10°. The effect of refraction, apart from narrow- 
ing the beam, can also distort it so that the beam no longer 
lies in a plane. The total solid angle subtended by the 
polar diagram AQ ~ 2x91 sr compared with 4x for an 
isotropic radiator. If, therefore, the star is not rotating, 
the probability of discovering the pulsar is AQ/4r 50-1 
times less than the case of a rotating star. In fact, if the 
axis of rotation is perpendicular to the magnetic axis, then, 
as the star rotates, the kmife-like polar diagram sweeps 
over all the celestial sphere. If the angle between the 
axis of rotation and the magnetic axis is of the order of 
l rad, the polar diagram still sweeps out a considerable 
part of the celestial sphere. The important feature of 
such a knife-like polar diagram is that we necessarily 
expect exactly the observed features of the pulses, namely 
Att. 

n interesting that such a knife-like polar diagram can 
also appear in model 2 of the type m which the radiation 
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results from the coherent synchrotron mechanism!. The 
amplification coefficient for synchrotron radiation, p, has 
a maximum for waves propagating perpendicular to the 
magnetic field’, When uL®1, therefore, the polar 
diagram is again rather narrow with plane of symmetry 
coincident with the magnetic equator of the star. Such 
considerations can also be applied to pulsar models ın 
which only rotation of the neutron star is considered‘-13, 

It is apparent that all the estimates given in ref. 1 are 
the same for neutron stars if the radiation originates at 
distances of the order of r~5 x 10* cm from its centre in 
regions where the magnetic field HS10 oersted. For a 
dipole field this means that at the surface of a star for 
which r~ 10? cm (ref. 12), H, ~ 105 oersted. The magnetic 
field in neutron stars may be considerably stronger than 
this’. The total emitted radio power for pulsars with 
knife-like polar diagrams such that AQ~ 2x91 so that 
AQ/4nS 0:1 is less than one-tenth the power emitted by 
an isotropic radiator giving the same observed power in 
the pulse. 

Of course, for neutron stars, as distinct from white 
dwarfs, dimensions of r~5x 10° cm are not characteristic. 
The magnetic models described in ref. 1 are, however, 
completely acceptable for dimensions r>3x 10" om. 

We therefore believe that the magnetic models of pulsars 
we have described here can satisfactorily account for their 
observed properties’. 
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A DIGITAL search for weak pulsars in the radio noise 
received by a large radio telescope involves a compromise 
between (a) the sensitivity of the analysis, (b) the range of 
pulsar parameters explored and (c) the computing time 


How to search for weak pulsars in the radio noise picked up by 
telescopes. 
used successfully at Arecibo. 


Two kinds of analysis are described; both have been 


In addition to the visual-inspection of chart 
records, two kinds of computer analysis have been used in 
searching for pulsars at the Arecibo Ionospheric Observa- 
tory. One consists of the cross-correlation of a record of 
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radio intensity versus time with trains of unit pulses for a 
large range of periods and pulse widths. For this an 
algorithm is described which requires significantly fewer 
steps than a straightforward addition of pulses. The 
second method, presented for comparison, is a high 
resolution Fourier analysis utilizing the Cooley—Tukey 
algorithm. Parameters for the two computer programs 
are given. 

A numerical search for a pulsed signal of unknown 
Period and arrival time involves a large number of 
possibilities and thus a calculation with many steps. 
Consider first a record of radio intensity sampled every 
At s, containing a large number of samples N, and searched 
for a pulsed signal with a period in the range PAt to 
(P+1) At, where P is an mteger. It is assumed that a 
large number of pulses, N/P=M, fit into the record. If 
the pulse width 1s assumed equal to or smaller than At, 
the best period determination obtainable from this length 
of record corresponds to displacing the last pulse in the 
record by At, which gives a period accurate to At/M. 
Thus in the range P to P+1 there are M distinguishable 
periods. In a thorough search, each of these M periods is 
inspected, and the P different arrival times or phases for 
each period are considered. The search would mvolve 
summing intensity samples appropriate to the different 
periods and phases and determming which sums are 
large ın comparison with the typical noise contribution. 
A pulsed signal of uniform amplitude would cause one or 
two of the M-P = N pulse sums to be larger than the others, 
that is, the signal to noise ratio for a particular sum would 
be enhanced by a factor +/M relative to that for a single 
pulse. In a straightforward calculation the number of 
steps of addition needed is N-M. 

The N pulse sums for the range P to P+1 may be 
combmed for different phases to obtain the sums for 
periods one-half, one-quarter, and so on of that for the 
original sum. Thus pulse sums need be calculated 
directly only for a fundamental octave, say, for P between 
P,/2 and P,. The complete range of periods searched can 
be made to extend from P,At down to about 2At. Drffer- 
ent pulse widths can be mcluded by adding the sums 
corresponding to different phases. For example, for a 
pulse width of 2 At, two pulse sums are added; for a pulse 
width of 4 At, pairs of sums for pulse widths 2 At are 
added; and finally a pulse width of (P/2) At may be 
obtained. For the periods in the range P to P+], all of 
the lower octaves and different pulse widths for each 


N 
octave require about p log, (64.P,) additional steps, which 


is small in comparison with the N-M steps needed in 
forming the original N pulse sums. Thus in the complete 
search the number of steps needed 1s about Nlog, (2). 
If a fixed number of pulses are added in the fundamental 
octave, say N/P,=M,, then the total number of steps 
needed is N*/2. 


Method A 


For the cross-correlation search progyvam an algorithm 
was developed which avoids some of the redundant steps 
inherent in a straightforward calculation by adding pulses 
in pairs, then adding the pairs to form fours, and the fours 
to form eights, and so on. Consider first a record of length 
slightly longer than N=2k samples, to be searched for 
pulsar periods in the range P to P+1 with P im a funda- 
mental octave, P,/2 to Py, where P,=2! and M,=N/P,= 
24-1, From the intensity samples I(j), j=1,2,....N, 
assumed to have an average value of zero, form the pairs 
of sums, 


A,(nm)=I( [2n—2]P +m) + I( [2n—-1]P+m+0) 
A,(n,m) =I( [2n—2]P +m) + I( [2n—-1]P+m+1) 


where n=1,2,...M,/2 and m=1,2,... .P+M,-2. (Note 
that independent of P only M, intensity samples are 
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added and therefore not all of the possible N/P pulses 
in the record are included. The variable (m) represents 
the pulse arrival time or phase, which for computational 
convenience has a range larger than n for the 
smaller values of the index (n).) Of the sums formed in 
the first stage of addition, A, includes the periods ın the 
range P to P+4 and <A, includes the periods in the range 
P+ }toP+1. 

In the second stage of addition, four kinds of sums are 
formed, 


B,(n,m) = A,(2n—1,m) + .A,(2n, m+ 0) 
B,(n,m) = A,(2n—1,m)+.A4,(2n, m4+1) 
B,(n,m) = A,(2n— 1,m) +4,(2n, m+ 1) 
B,(n,m) =A,(2n—- 1,m) +.4,(2n, m+ 2) 


where n=1,2,...M,/4andm=1,2,....P4+M,—4. The 
four sums, B, . . B,, include the periods in the ranges P to 
P+4,..,P+}to P+1 respectively. For the next stage, 
eight sums are formed each with the ndex n= 1,2, .. M,/8 
and the phase m=1,2,...P+M,—8. In the final stage, 
there are M, sums, each having P different phases 
(m—values) and each with the index (n) equal to unity. 
These M, sums correspond to the M, periods within the 
range P to P+1 and the required number of steps of 
addition 18 


M, [P log, (M,) + Me log, (M,/4)]. 
Thus for the fundamental octave, and the lower octaves 
and longer pulse widths which may be derived from the 


fundamental, the total number of steps required is 
approximately, 


poe 3 logs es) 
Pi 4M, 


N? 
2 





This estımate is to be compared with that for the straight- 
a 
forward calculation, = . 


The cross-correlation search program was written in 





FREQUENCY = 


(K+y) Af 
RESOLUTION? Af HZ 


Fig. 1. Illustration of a method for 
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Fortran for the CDC-3200 computer at the Arecibo 
Ionospheric Observatory. The computer memory is 
32,768 words, each of 24 bits. In writing the program it 
was found convenient to have N=4096 and P,=64 or, 
alternatively, k=12 and/=6. Thus in the octave period 
range of 32 to 64 sample pointe, M,= 64 pulses are added, 
and in the range 16 to 32, 128 pulses are added, and so on. 
For a sampling rate of 50 samples s-1, 4,096 samples 
correspond to 80 s of data, and the range of periods 
covered ıs 0-04 to 1:28 s. To minimize the computing 
time, array elements were specified by single subscripts, 
integer arithmetic was used, and as many instructions as 
practical were written out explicitly rather than in DO 
loops. The.total number of additions required 1s about 


2-5 x 10%; and there are INP, or about 0:6 x 10° sums to 


bs tested for significance. Sums exceeding five times the 
appropriate noise r.m.s. are recorded. The computing 
time is about 60 s, not including the time spent in reading 
data from a magnetic tape or recording strong sums on the 
line printer. 

The program has been used on search data accumulated 
at Arecibo. The pulsar AP 2015+28 was discovered in 
this way ın 111-5 MHz data, which were recorded at 
25 samples s- (ref. 1). The pulsar gave strong responses 
of seven standard deviations for a period of 13-95 sample 
points or 0-5580 s, corresponding to the addition of 256 
pulses. There were also significant but weaker responses 
at half and twice this period. No pulses could be recog- 
nized on the analogue record of the data. , 


Method B 


A second method used at Arecibo in searching for pulsars 
is high resolution spectral, analysis. The method is 
advantageous because (a) a wider range of periods can be 
searched, and (b) many fewer steps are required* in 
comparison with the.cross-correlation analysis; however, 
the spectral analysis 1s usually less sensitive. The Fourier 
transform of a periodic pulsed signal consists of a sequence 
of spectral lines, the lowest frequency lne occurrmg at 
(p) Hz, the fundamental, and successive lmes at integer 
multiples of this frequency, terminating after roughly 
D=p/W lines, where W ıs the pulse width and p is the 
pulse period. A record of N intensity samples may be 
analysed to obtain the N/2 power coefficients which 
partition the frequency range from 0-0 Hz to the Nyquist 
lmit, (2 At), into N/2 bands of equal width. Thus, 
in principle, a pulsed signal of sufficient strength may be 
detected as a spectral line if the period p ıs in the range 
2At to 2NDAt; and the periods shorter than 2At may be 
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detected as aliases. In practice, however, Fourier com- 
ponents with long periods (> 5 s) are not detectable due to 
receiver gain variations, and for the detection of periods 
shorter than 2A# an appropriately short time constant 
must be used in recording the intensity samples. For a 
pulsed signal of uniform amplitude, the signal to noise 
ratio in a single spectral line is enhanced by a factor of the 


order of N = relative to that of a smgle pulse, whereas 


the analogous factor m the crogs-correlation analysis is 
VM for the same length of data. If the power in the 
different spectral lines is added, a factor of roughly 


a improvement ın signal to noise over that for a single 


pulse may be obtained, but this has not been attempted in 
work at Arecibo. 

In the Fourier analysis program the transform of 
N=16,384=2" intensity samples is calculated directly 
using the Cooley-Tukey algorithm (ref. 2). The cal- 
culation was done with integers and requires 15 s, not 
including the time spent in reading the data from a 
magnetic tape and in recording the spectrum. The 
8,192 power coefficients are recorded in a way designed to 
make evident sequences of equi-spaced spectral Imes. 
This is illustrated in Fig. 1. The periodicity of the pulsar 
NP 0532 was found with this analysis applied to 195 
MHz data, which was sampled at 100 samples s-! (ref. 3). 
Only the fundamental spectral component appeared in 
the display of the spectrum because the period of the 
pulsar, 33 ms, corresponds to a frequency greater than 
half the Nyquist limit of the data, 50 Hz. 

Work on the Fourier transform search program was 
done in collaboration with G. Leonard Tyler of Stanford 
University. We thank H. D. Craft and E. J. Mayo for 
valuable contributions to the programs mentioned. The 
Arecibo Ionospheric Observatory is operated by Cornell 
University with the support of the Advanced Research 
Projects Agency under a research contract with the US 
Aur Force Office of Scientific Research. This work was 
supported by a grant from the US National Scienco 
Foundation. 
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tion. 


We have extended our observations reported earlier! of 
the Crab Nebula optical pulsar discovered by Cocke, 
Disney and Taylor*. Observations were made using the 
82-inch and 36-inch reflectors at the McDonald Observa- 


Further optical studies of the Crab Nebula pulsar have revealed the 
unusual shape of the light curve as a functlon of colour and polariza- 


tory from February 12 to February 24, 1969. This study 1s 
concerned with the shape of the light curve as a function 
of colour and polarization and the changing period of the 


pulsar. 
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Observations made at Lick Observatory? have clearly 
identified the optical pulsar as the south preceding member 
of the bright double star near the optical centre of the 
Crab Nebula. Thus it is the star postulated by Baade‘ and 
Minkowski as the remnant of the supernova outburst of 
1054. Spectra of this star, which will refer primarily to a 
region of the light curve near the peak of the principal 
pulse, show a featureless continuum!®:*, 


Instrumentation 


All of the observations reported here used a circular 
diaphragm of 7 aro s diameter at the cassegrain foci of 
the 36-inch and 82-inch telescopes, and pulse-counting 
photometers equipped with cooled 1P21 photomultiplier 
tubes. The electronic system is the same as that reported 
previously! except for the addition of a digital vernier 
system and that the multiscaler control was arranged to 
stop and restart the scan on receipt of a synchronizing 
pulse, reducing the “dead time” during any scan to about 
300 ps. 

Our previous results showed that synchronism between 
the apparent period of the pulsar and the instrumental 
period must be maintained to a high degree of precision 
to minimize “drift”? between the two, which causes a 
smearing of the observed pulse shape and position. Our 
previous system, which allowed the instrumental period 
to be adjusted in steps of 16 ns, was much too coarse to 
allow the long integrations required to define the shape 
of the pulsar light curve. It was therefore replaced with 
the system shown in Fig. 1. 











SYNCHRONIZING 
PULSES 


PRESET 
ACCUMULATOR 
* (6 DIGITS) 


(MHz 
INPUT 
FROM CLOCK 






BLANKING LINE 


Lt [2]3]< THUMBWHEEL SWITCHES 


Fig. 1. Block diagram of the digital vernier. 


The purpose of the vermer system is to reduce the input 
frequency to the preset accumulator by small mcrements, 
and thus make finer frequency adjustment possible. The 
three special divider unıts each divide the output frequency 
by ten, and in addition provide signals to the blanking 
line as controlled by a set of three thumbwheel switches. 
If a number n is set into a thumbwheel, then n/10 pulses 
are gated onto the blanking line and each of these pulses 
removes one cycle of the 1 MHz clock frequency. The 
three thumbwheel digits thus act to extend directly the 
instrumental period an additional three significant figures, 
and allow ite adjustment in steps of 1 ns. 

To maintain synchronism a period ephemeris was com- 
puted for each night of observation, which included the 
diurnal correction term (about 10 ns/h), the changing 
orbital velocity of the Earth in the direction of the pulsar 
(about 1 ns/h) and the pulsar slow-down rate (about 
1:6 ns/h). Ths ephemeris was followed by adjusting the 
instrumental period at precise mtervals (either 16 min 
or 80 min) during the observations. In all cases the time 
of arrival of peak intensity can be related to the broadcast 
time “ticks” of WWV, as received at McDonald Observa- 
tory, to an accuracy of approximately 100 us. A phase 
offset of — 6:0 ms was maintained throughout the run, 
this being the estimated propagation delay from the 
WWV transmitter at Fort Collins, Colorado. 

The crystal oscillator internal to the multiscaler—which 
causes the channel advance to take place—is not phase- 
locked to the main timing system, and in fact differs in 
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frequency by 6 parts in 10°. Because the multiscaler logic 
waite for the first internal pulse to begin a scan, the 
effect of the frequency difference is to cause a smearing 
of the accumulated light curve by 100 ys. This is in 
addition to the smearing caused by lack of synchronism 
between the instrumental and apparent pulsar periods, 
but does not produce a change in apparent peak location. 


The Light Curve 


During the course of our observations in J anuary and 
February we have accumulated numerous white light 
synchronous scans (“white light” means a system defined 
by the spectral response of the detector and the tranamis- 
sion of the optics) with total numbers of accumulated 
cycles ranging from 6,000 to 100,000. No significant 
changes in the shape of the ight curve are evident in this 
material. An example is given in Fig. 2, where we illustrate 
a light curve (a) formed from the sum of 100,000 cycles, at 
100 us per channel, which can be compared with (b), 
which 1s 30,000 cycles taken 3-5 h earlier. The difference 
curve (a) 18 a plot of four-channel averages and 
demonstrates that the only statistically significant 
systematic effect is in the neighbourhood of the principal 
pulse. This ıs the result of a phase slip of 40 ys during 
the 3-5 h time lapse, caused by an effective instrumental 
period that differed from the pulsar’s apparent period 
by 0-1 ns. 

Our conclusion that the light curve is extremely stable 
in the optical region is at variance with the report of 
Cocke e al.* that the ratio of primary to secondary pulse 
amplitudes 1s variable. Their Fig. 4 shows the sum of 
30,000 cycles and both the principal and secondary pulses 
are of comparable amplitude. This effect 15 entirely 
instrumental, and is caused by imperfect synchronism 
and its resulting phase slip. Their adopted period of 
33-095 ms differs from the true apparent period at the 
time of observation by about 1,600 ns, which, durmg 
their integration of 30,000 cycles, results in a total 
phase drift of 4:8 ms; that is, about 34 times the 
intrinsic width of the principal pulse. Its apparent 
amplitude is drastically reduced, while the amplitude of 
the secondary pulse is less affected because of its greater 
width and gentler slopes. A similar, but less marked, 
drift is evident ın the ght curve given by Lynds et al.7, 
while large phase drifts have also occurred in tho observa. 
tions published by Duthie et al. and doubtless account 
for their confirmation of the reported amplitude variations. 
The data we have collected so far show that we detect 
a reduction of about 10 per cent in the height of the 
principal pulse for an accumulated period error of 1-5 us/h. 
The total phase drift during the 100,000 cycles illustrated 
in Fig. 2a is less than one-tenth of that value. $ 

Radıo observations? of the Crab pulsar at 197 and 
430 MHz have shown that there are large vanations n 
pulse shape from one cycle to the next. Even summations 
over hundreds or thousands of pulses do not reveal a’ 
stable average pulse shape. This is characteristic of pulsars 
observed at low frequencies. The study of the Vela pulsar, 
however, made by Radhakrishnan et al.!° has shown that 
the pulse shapes are far more stable at higher frequencies 
(1,720 and 2,700 MHz). Our optical observations on the 
Crab pulsar support their prediction that “at a high enough 
frequency the pulses from any pulsar will be as repetitive 
in character as they are ın tıme”. 

As indicated by Scheuer, the erratic behaviour of 
pulsars when observed at low frequencies may in part be 
the result of modulation by an interference phenomenon. 
Scheuer’s analysis shows that the amplitude variations on 
time scales of minutes are explicable in terms of an 
irregularly „dispersing medium close to the pulsar, and 
this has been confirmed observationally by Slee ef al.1, 

At optical frequencies we cannot readily determine any 
variation in pulse shape from one cycle to the next, but 
the great stability in shape evident ın our time-averaged 
data demonstrates that no large variations are occurring 
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Fig. 2. Light curve for the pulsar in white light. Two exam: and the differen 
of 100 ys duration. Ordinate is detected photons; the hand scale refers 


on a time scale of minutes. This strongly suggests that 
the optical light curve represents the true intrinsic emis- 
sion as function of time, and therefore it is worthwhile 
describing this shape ın some detail. The following discus- 
sion is based on an analysis of the sum of the two light 
curves given in Fig. 2. A schematic light curve is given in 
Fig. 3. In addition, to facilitate comparison with light 
curves produced at other observatories, we have tabulated 
in Table 1 the light curve shown in Fig. 2a. 

Observations made with the pulsar in the photometer 
diaphragm, and with the pulsar just out of the diaphragm, 
indicate that all of the light in region + of Fig. 3 resulta 
from the background emission of the Crab Nobula and 
night sky. This is confirmed by the complete disappear- 
ance of the pulsar at the appropriate phase in the Lick 
synchronous electronic photography?, which is not subject 
to the familar reciprocity failure problems. 

Adopting the level at 4 as the zero level of the light 
curve, we observe the following characteristics. The lead- 
ing edge of the principal pulse emerges suddenly from the 
background at a and continues with increasing slope to 








Fig. 8. Schematic light curve. 
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Table 1 THE LIGHT OURYH TABULATED FOR HVHRY 100 us 
Channel í 
No. 
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Fig. 4. Logarithmic plot of the principal pulse. Abscissa marks are 
intervals of BS. 


the sharp peak at o. A very steep drop, but with con- 
tinually decreasing slope, leads into an interpulse region 
at e which is significantly higher than the level +. The 
principal pulse is asymmetric with a more rapid fall than 
mse over its central region. The secondary pulse is also 

tric, but in the opposite sense, with a steeper rise 
at f than fall h. The mam parameters of the light curve 
are given in Table 2, These parameters agree closely 
with those found from our observations published earlier’. 
The smaller ratio of areas arises because we have included 
the interpulse region in the secondary pulse (see later), 
while the slightly smaller half-widths reported earlier 
were the result of an overcorrection for drift. 


Table 2. GHARAOTERISTIOS OF THE LIGHT OURVE 


Width of principal pulse at half height 1-426 ms 
Width of secon: pulse at half height 2-790 ms 
Time delay between peaks of principal and secondary pulse 18-55 ms 
Ratio of peak Hee 8 70 
Ratio of areas (in ted emission) 169 


A test that should be made, because ıt is important in 
the mterpretation of the pulsar emission process, ig to 
determine if either of the pulses can be represented by 
exponential mee and decay. In Fig. 4 we give a plot of 
log I versus time for the principal pulse, where J is the 
photon detection rate after subtraction of the background. 
Tt can be seen that neither the rise nor the fall is lnear, 
therefore the original curve is not of simple exponential 
form. The transformed light curve (Fig. 4) has, however, 
an intriguing property that may have implications for its 
interpretation: the shape of the curve cde is a simple 
reflexion in the t-axis of the curve abc. Essentially this 
means that the moduli of the instantaneous e-foldmg 
times on the rising and descending branches are the same 
when we measure the former at a time # after the first 
appearance of the leading edge a and the latter a time ¢ 
after maximum light c. By adopting the shape of the 
rising branch and performing this simple reflexion, the 
predicted descending branch decays to the interpulse level 
e, and not down to the background level found att. This 
suggests that the interpulse emission is the leading edge 
of the secondary pulse. 

A similar analysis has been made of the secondary 
pulse, but the lower signal-to-noise ratio precludes a precise 
description. ‘The nature of the secondary pulse differs 
from that of the primary pulse in thet there is no well 
defined point at which it appears out of the background. 
But neither region f nor h of Fig. 3 can be described by 
simple exponentials. 

In order to determine if the aoe fi of the light curve 
changes with wavelength, we made synchronous scans 
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through filters approximating the UBV photometric system 
(effective wavelengths ~ 0-36, 0-44 and 0-565 micron). 
These are shown in Fig. 5. Intregration time was 400 us 
per channel, and total numbers of accumulated cycles 
were 100,000, 50,000 and 73,000 in U, B and V, respec- 
tively. White light scans were made before and after the 
UBV runs, which enabled us to show that a total drift of 
about 40 us had occurred during these scans. The four- 
channel averaged difference curves in Fig. 5 show that 
there is no significant change of light curve with colour. 
The small inflexion points near the principal pulse are 
again completely accounted for by the drift between 
observations in each colour. The significance of 
these observations with respect to the constancy of 
the speed of light at different wavelengths has already been 
reported’*. 


Polarization 

Observations of pulsars at radio frequencies have shown. 
lugh degrees of polarization in individual pulses”, usually 
a strong linear polarization, varying from one pulse to 
the next, with an admixture of circular polarization. The 
radio emission at 1,720 MHz from the Vela pulsar’? 
has been found to be almost completely linearly polar- 
wed, and the plane of polarization rotates during the 
pulse. 

Two seta of observations, one with the 82-inch and one 
with the 36-inch telescope, were made in order to study 
any linearly polarized light from the Crab pulsar. Light 
curves were accumulated by observing through a Polaroid 
filter that was rotated through 45° between runs. Repeat 
runs were made at some Polaroid positions and no coloured 
filter was used. Study of a normal star showed that 
instrumental polarization amounted to 1 per cent and 
this we have ignored. 

Our polarization data may be analysed in two ways. 
First we ignore any possible variations in shape of the 


«—> 400 counta 
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Fig. 5. Light curves in the visible (a), blue (b) and ultraviolet (e) 
regions, normalized to have the same area of pal peak, Abscissa 
marks are intervals of 2:5 ms, 
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Fig. 6. Light curve of principal pulse at various angles of polarization. 


light curve and consider the total integrated light as a 
function of polarization angle. The total number of 
detected photons in the principal pulse and from the 
background during 10,000 cycles on the 82-inch telescope 
in each of four position angles of the Polaroid are given 
in Table 3. The date from the 36-inch telescope, while of 
lesser quality, confirm the variations shown in Table 3. 
The background—which comes from the Crab Nebula 
emission, the night sky emission and an unknown amount 
from the optical companion of the Crab pulsar, which is 
4” away and will be in the photometer diaphragm for 
part of the time—is polarized by about 12 per cent. 
Previous studies'*15 of the Crab Nebula show that the 
nebulosity in the vicinity of the pulsar is polarized ~ 25 
per cent in position angle 135°. Dilution by the night sky 
and the optical companion can explain our lower value 
of 12 per cent. From Table 3 we may deduce that position 
angle 135° corresponds to about midway between positions 
2 and 3. The data show that light from the pulsar is 
significantly polarized (~ 15-20 per cent) in 6 position 
angle about 45° removed from that of the nebulosity. 


Table 8. LINEAR POLARISATION 
Polaroid position 


(45° changes) Pulsar Background 
1 7687 981 
2 8065 1042 
8 6664 1080 
4 6720 988 


Detailed study of the shape of the principal pulse, as a 
function of polarization angle, shows that the analysis 
given here 1s an over-simplification. Fig. 6 shows that the 
plane of polarization rotates during the principal pulse, 
and the data from the 36-inch telescope confirm this. At 
the beginning of the pulse the emission is highly polarized 
in direction 1. In moving up to the maximum of the 
pulse, the plane of polarization rotates to approximately 
position 2 (that is, through an angle of ~45°) and the 
amount of polarization decreases. After maximum the 
plane probably rotetes still further. Data for the second- 
ary pulse are of poorer quality because of its lesser 
amplitude, but in general agree as to strength and 
rotational direction of the polarization. 

This result is similar to that found in the Vela pulsar at 
high frequencies, where the pulse is strongly linearly 
polarized and the plane of polarization rotates through 


~ 465° from beginning to pulse maximum. Results for 
other pulsars’? show that successive pulses have different 
amounts and directions of linear and circular polarization. 
This may also be true of the Crab pulsar in the optical 
region. Our data averaged over many thousands of cycles 
show that there 1s a systematic residual of rotating linear 
polarization. 


Period Measurements 


From the various runs made between February 12 and 
February 23, 1969, we have selected a set of five “matched 
pairs”, and from these pairs of runs we have derived 
independent heliocentric values for the period of the 
pulsar. Each pair of runs was separated in time by 
between 1-0 and 3-6 h. Different amounts of phase drift 
occurred from night to night, but the drift during each 
pair on a given night was essentially the same. The 
members of a pair were normalized by requiring that the 
areas under the principal peak be identical, after the 
nebular background had been subtracted. 

The principal peaks were plotted and the apparent phase 
drift was determmed by graphical superposition. The 
location of the point of maximum intensity does not give 
a good measure of the phase, because drift during a run 
causes an asymmetrical distortion of the light curve that is 
particularly noticeable near the maximum. Superposition 
of the two curves, with particular attention to matching 
the rising and falling branches, allowed the apparent phase 
drift to be determined with a precision varying between 
10 us and 40 us, the smaller uncertainty being associated 
with well defined curves obtained at 100 us per channel 
(for example, Fig. 2a and b). Cross-correlation techniques 
could almost certainly umprove this precision, provided 
the effects of asymmetrical distortion are properly taken 
into account. 

If the instrumental period remains constant between 
runs, the amount of phase drift observed can be directly 
related to the apparent period of the pulsar. This tech- 
nique, while simple, has the disadvantage that drift during 
a run can be excessive, and limits the accuracy of the 
determined period to several ns. We chose to change our 
instrumental period to “track” the changing apparent 
period of the pulsar, even though this caused some 
complication in the period analysis. Phase drift during 
any one run was kept satisfactorily small by this tech- 
nique, and did not contribute significantly to the errors 
in the period determination. 
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The phase drift that we actually observe is compounded 
of two parts. First, a drift can occur because we have used 
an inaccurate value for the apparent pulsar period P, at 
the beginning of the run. Second, an artificial drift occurs 
because in tracking the apparent period we make changes 
in the instrumental period P} only at finite time intervals 
At; Over the period of observation we know the linear 
slow-down rate B(=dPo/dt) with sufficient accuracy. We 
approximate the period change caused by change ın the 
Earth’s orbital velocity during one night by a further 
linear rate y, and take the period correction at time ¢ 
resulting from the rotation of the Earth to be « sinH(t), 
where H is the hour angle. Then the artificial phase slip 
Ap that must be subtracted from the observed phase 
slip between times ¢, and é, is given by 

1 
Ap = -> { I (Py — P,) Aty — 
2 Pili (P; 0) Aty 

[ce At? + a (cos (h) — cosH (t,)) — a Atsindd (n) |} 
where At=% At;=t,—1,. 

A isploal ozini from our February observing run, 
for which «=41-0 ns, B=1-52 ns h-1, Y=1-0 ns h-, 1s an 
artificial time drift Ap.P, of 380 us over an observing 
time of 2-6 h. During this time we made period changes 
(of typical size P;,,—P ;=3 ns) every 15 min. 


Table 4. HRLIOOHNTRIO PHRIODS 


Epoch (UT) 88000000 + (ns) 
Jan. 19.880 3492 -08 
Jan. 20,858 8531 +11 
Feb. 12.175 4868-0 —09 
Feb. 15.078 4470-4 +04 
Feb. 20.212 4657-5 —0-2 
Feb. 21.185 4684-1 +08 
Feb. 28.184 4764-1 -04 


Table 4 gives our results for the pulsar’s heliocentric 
period for five nights in February, and corrected values 
for the two nights in January previously reported. The 
residuals are found from a weighted least squares linear 
solution to the periods. The period decay rate 8 = 36-55 
+ 0-08 ns d~! found from these data is very close to that 
found in the radio region by Richards and Comella!", but 
these are not directly comparable because we have not 
included the barycentric correction. The difference from 
this cause should not amount to more than ~ 0-15 ns/day. 
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We plan mmprovements ın instrumentation that will 
enable us to track the apparent period of the pulsar in a 
continuous manner. This should enable us to take full 
advantage of our ability to determine the time of the 
peak of the light curve to 10 ys or better, and thus furnish 
periods accurate to ~100 ps with observing baselines of 
only 1h. Study of possible short timescale variations of 
the slow down rate should then become possible. 


Theoretical Models 


Our optical studies of the Crab Nebula pulsar have 
demonstrated that the light curve is extremely stable with 
time and therefore lends itself readily to shape analysis, 
but the unusual characteristic shape, now quite clearly 
defined, places an obvious burden on theoretical models of 
the pulsar mechanism. We have also shown that there is 
no significant change in the shape of the light curves as 
a function of colour, but real distortions occur as a 
function of polarization angle and indicate that the angle 
of polarization rotates in the same direction through both 
of the pulses. Period measurements with apparent errors 
of less than 1 ns, made in time intervals of a few hours, 
offer the potentia! of studying possible perturbations in 
the slowing-down rate, and for a longer term study of the 
period decay. If the half-widths of the pulses remain 
constant fractions of the period, then it should be possible 
to detect an increase in pulse width within a few years. 
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Instability. 


UPPER Teesdale in the Northern Pennines of England has 
long been famous for its rich and peculiar flora'*, which 
includes prealpine, alpine, arctic alpine and sub-arctic 
plents*—“Tecsdale rarities”. Most of these are fairly 
abundan tbetween, the 800 and 600 m contours, which in 
an area at approximately latitude 54° 40’ N on the Atlantic 
coast of Europe is remarkable. 

Manley‘ has described the climate at 840 m on the 
western boundary of Upper Teesdale: “We therefore form 


On the basis of field evidence, two hypotheses are advanced to 
account for the existence of “‘arctlc alpine” plants In Upper Teesdale. 
They involve a critical limit of primary production and boundary 


& conception of an excessively windy and pervasively wet 
autumn, a very variable and stormy winter with long 
spells of snow-cover, high humidity and extremely bitter 
wind, alternating with brief periods of rain and thaw. 
April has a mean temperature little above freezing point 
and sunny days in May are offset by cold polar air, while 
the short and cloudy summer is not quite warm enough to 
support the growth of trees. Throughout the year indeed 
the summits are frequently covered in cloud”. He calls 
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the climate of the high western ridge sub-arctic, but 
emphasizes the marginal nature of this upland climate: 
“A relatively slight mcrease ın the frequency of warm 
anticyclonic sunimer weather would allow a rise in mean 
temperature almost sufficient to permit the growth of 
trees’. 

Yet more than 300 m lower on both north and south 
facing slopes, ecosystems harbouring arctic alpine plants 
are widespread in conditions which might therefore be 
regarded as marginal for their survival. 

The proportion of English gardens situated below the 
300 m contour and the abundance of arctic alpines in seed 
catalogues should be proof enough that these plants will 
grow at even low altitudes and in dryer situations, with 
much longer growing periods than the ‘‘arctic wastes” 
of Upper Teesdale. 

We have two hypotheses to account for the restriction 
of the range of these plants ın natural situations, and 
ther relative abundance ın Upper Teesdale. These 
involve, first, a critical limit of primary production, and, 
second, boundary mstabulity. 


Critical Limit of Primary Production 


The importance of competition, or at least the lack of 
it, to the survival of arctic alpine plants has been dis- 
cussed widely (refs. 3 and 6 are directly relevant). There 
are, however, few or no empirical data available concerning 
this important factor. 


MOLINION 


CARDAMINO-MONTION 
B-B! 1925 


CARICION LASIOCARPAE 
Vanden Berghen 1949 


CARICION CANESCENTI [i 
-FUSCAE 
(W. Koch1926) Nordh 1936 
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We have studied the floristic make-up and productivity 
of the “wetland ecosystems” of Upper Teesdale in relation 
to their mineral supply*. Wetland ecosystems in the 
limited sense of this work are defined as ecosystems with a 
watertable, above, at or very near the substrate surface, 
the substrate remaining saturated throughout the year. 
These can be subdivided mto two principal groups. 
(a) Blanket mires, which occupy watersheds which are 
covered with a blanket of peat (varying in thickness from 
a few centimetres to 4 m), with water and minerals supplied 
directly in ramfall’?. (b) Flushed ecosystems, which can be 
subdivided into those which (1) occupy the dramage axes 
of the blanket mire and are affected by run-off from peat 
covered catchments; (2) are supplied with run-off or spring 
water from the acid rocks of the area (maimly quartz 
dolerite) and from glacial drift formed from quartz 
dolerite; and (3) are supplied with sprmg water derived 
from the extensive deposits of Carboniferous Limestone in 
the area and from glacial drift and boulder clay formed 
from the limestone. 

We mapped representative series of the “wetland 
ecosystems” and described their vegetation using standard 
phytosociological techniques*, combined with the use of 
point quadrats. 

Differential analysis of the floristic data using Kulozyn- 
ski’s formula’ revealed a cline of wetland communities 
fallmg into seven groups, each with its own character- 
istic species. The direction of variation of this cline 
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seems to be related to the increase in the effect of flowing 
bicarbonate-rich ground water!” passing from the blanket 
mire to those developed in spring waters 
derived from the limestone. 

The Kulczynski diagram in Fig. 1 shows the results of 
the differential analysis of the reduced matrix of sites 
used in the production studies. 

Soil samples, collected from each community, were 
dried and aliquots were extracted with 2 N ammonium 
acetate“, and analysed for calcium and magnesium 
(atomic absorption spectrophotometer) and sodium and 
potassium using a flame photometer. Total carbonates 
were determined by shaking dried soil with standard acid 
followed by back titration using bromothymol blue as 
indicator. The pH was determined on fresh soil samples 
made liquid with distilled water. 

Sixteen wetland communities covering the seven 
floristic types were fenced in early 1965 against grazing by 
sheep and cattle. These ranged in altitude from 440 to 
640 m Ordnance Datum. To minimize damage to rare 
communities, regular cropping was carried out on only 
two sites. For this the exclosures at either end of the 
altitudinal range were sited around communities which 
are widespread in the area, and which contain no rare 
plants. These were sampled monthly by paired, clipped 
quadrats, each 0-5 m? in size. As soon as the aerial 
standing crop became constant in the highest exclosure, 
cropping of the other enclosed communities began, 
gradually working downwards. All the crops were 
sorted into monocotyledons, dicotyledons and bryo- 
phytes, and then each component was sorted into current 
and previous year’s growth. The components were dried 
to constant weight at 100°C. From the results a mean 
figure for the net annual aerial production per square 
metre was calculated. We shall refer to this simply as 
“shoot production”. 


The Hypothesis 

Many Teesdale communities which contain arctic 
alpine species have a total vegetation cover of less than 
30 per cent. Interspecific competition seems likely to be 

in communities with maximum cover value, and 
go only results for communities with 100 per cent cover are 
discussed here. 

Fig. 2 shows the values for shoot production plotted: 
(a) against the combined content of calcium and total 
carbonate /100 g dry weight of soil (as a rough edaphic 
scaler), and (b) against altitude (as & rough climatic 
Manley’? states that for the Northern Pennines, 


“a slight increase in elevation is accompanied by a 
remarkably large decrease in the length of the growing 
season (a shortening of 10 days for 80 m)”. 

Clearly there is no correlation between shoot production 
and either of these factors. But all communities conteinng 
arctic alpine species (shown on the figures in solid symbols) 
have an annual dry weight shoot production of less than 
150 g/m’. 

Comparable figures for the shoot production of a whole 
range of true alpine tundra ecosystems are given in Table 1. 
The figures are all taken from Bliss? and 75 per cent of 


Table 1. SHOOT PRODUCTION 


Bliss (1968) Upper Teesdale 
579 Grass spring 
548 Brown moss spring 
m Grass spnng 
431 Polytrichum heath 
422 Brown mos spring 
415 Tall rush mire 
414 Brown moss spring 
883 Tall rush mire 
2 Grass spring 
810 Tall rush mire 
205 Brown moss spring 
Heath 288 272 Heather moor 
272 Grass spring 
272 Brown moss spnng 
268 Tall rush mire 
266 Brown moss spring 
Snowbank 200 
Senge Ae 193 108 Brown moss spring 
Ar ay meadow 192 
Calamogrostis wet w 180 
Bedge meadow 176 
164 Sedge—rush sward 
Oarex dry meadow 160. 100 Cushion community 
8 
Sibbaldia—Agrostis 141 142 on community 
140 Oarex 
186 ” n 
Moist swales 24-125 
Heath-rush meadow 124 
118 Sedge-rush sward 
Sedge-rush heath 112 
Oarex—Deschampsta wet meadow 112 
Geum—sedge, South slope 113 
108 Cushion community 
Oarex—Deschampsis 
motst meadow 18-102 99 Carex turf 
Arenaria- Erlogonum, dry meadow 78 
Heath—rush fe 74 
Busi oe 
penna 
Oarex—Geum tarf 6—60 
Geum-Sahz meadow 58 
58 Cushion community 
Geum—Sedge, north slope 45 
Darex—Deschampsia 40 
Cushion plants 
Carer- -Erigeron 21 


Shoot prodistioa Is measured in g (dry wtjm"). 
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Table 2 
Oalories/g ash free ary, wt 
Mt Washington Upper Teesdale 
Evergreen shrubs 5,098 5,289 
Herbs 4,601 4,710 
Moses 4,410 4,410 


them have a shoot production of less than 150 g/m?/annum. 
It is interesting that the highest shoot production given by 
Bhes is from a community dominated by woody perennials 
(tundra heath). This is certainly ecologically sumilar to 
the blanket mire ecosystems of Upper Teesdale, dominated 
by Calluna vulgaris, which have a shoot production of 
272 g/m*/annum. Upper Teesdale ecosystems con 

arctic alpmes and true tundra ecosystems are also similar 
in the calorific value of the plant materials. 

Table 2 gives comparative figures for Upper Teesdale 
and Mount Washington. Bliss comments on the high 
calorific values of tundra plants, linking them to the 
storage of fats and surmusing on the importance of energy- 
rich food stores in ecosystems with a short growing 
season. 

Teesdale ecosystems seem to have much in common 
with true alpime tundra stems, and it seams reason- 
able to speculate that the critical figure of 150 g dry 
weight shoot production/m? is of more than local signific- 
ance in the survival of the type of plants in question. 

In true arctic and alpine areas, harshness of climate and 
especially the short growing season must lmit the 
production of the ecosystems. Also, instability of the 
substrate due to frost action and wind, rain and rime 
erosion could easily account for the maintenance of the 
ecosystem in an open “skeletal” form. In Upper Teesdale 
the action of herbivores, chiefly sheep, could well account 
for the latter effect*. 


Boundary Instability 

Against this background of low productivity we 
considered the floristic make-up of the region using phyto- 
sociology, sensu Braun-Blanquet*, and the ‘descriptive 
ecological approach of Williams and Lambert}®-17. 
Phytosociology considers-the floristic structure of the 
communities, from which sociological units are abstracted. 
The basic unit is the “association” (analogous to the term 
“gpecies”), numbers of which are combined into a hier- 
archy of alliances, orders and finally classes. Lohmeyer** 
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summarized the units described for north-west Europe and 
his nomenclature is used throughout. 

Two typically Alpine orders, the Seslerictalia and the 
Tofieldietaha, although of restricted occurrence in the 
British Isles, meet in Upper Teesdale, particularly in the 
Cow Green area destined to be flooded. In Europe the 
“Teesdale rarities” occur in the associations of these two 
orders. The relationship between these two orders was 
explored by a study of the west-facing slope of Slapestone 
Syke on Widdybank Fell (grid ref. 35/812303, 480 m O.D.). 
The syke (small stream) drains a partially peat covered 
catchment and outs down through the overlying glacial 
drift into the Melmerby Limestone beneath. The soils of 
the valley side form a catena from peat covered drift 
through various admixtures to lmestone ; they also 
become progressively wetter downslope due to seepage 
from limestone aquifers draining into the syke. 

The upper part supports species-rich open heath and 
grassland communities dominated by Sesleria caerulea 
referable to the Seslerietala, and the lower part 
dominated communities referable to the Tofleldietalia. 

The area was studied by means of a transect of contigu- 
ous 1/4 m? quadrats, the date being subjected to normal 
inverse and nodal analysis!*:1°, Normal analysis compares 
homogeneity of quadrats based on their species content 
and divides them into related groups (Fig. 3), while 
inverse analysis in similar fashion divides the species into 
groups (Fig. 4). The combination and refining of the 
results of these two analyses produce a doubly defined 
set of units, or noda, sensu Lambert and Williams?’, of 
differing quantitative and qualitatıve definition. These 
have been rearranged to clarify their relationships in 
Fig. 5, from which two principal types of community have 
been defined. 

Type 1, defined by the following noda, 4/12, 4/1, 4/7, 
has the same floristic composition throughout, that 18 
Juncus articulatus, Kobresia simplicutsoula, Carex panicea 
and Carex 7 . All these species are found m 
associations of the order Tofieldietalia and 0. idocarpa 
is a “o n” of the Alliance Eriophorion latifolia 
of that order. i 

Type 2, defined by the noda 24/23, 24/31, 24/28, contains 
Hylocomium splendens, Sesleria caerulea, Festuca ovina, 


Thymus drucet and, except in noda 24/31, Gallium saxatile 
and Rhytidiadelphus i 


loreus. This more difficult social 
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grouping is referable to any of the orders Seslerictalia, 
Nardetalia or Brometalia. 
A transition zone separates these two principal types 
' and is characterized by many minor sub-noda and weak, 
‘poorly defined species groups. These constitute a distinct 
abrupt definable boundary zone much resembling the 
“limes convergens” situation, a zone of vegetational 
instability rather than a zone of contimuous transition”. 
Here. ocour three of the “Teesdale rarities” which are 
more widespread ın the British Isles, being typical of open 
skeletal pioneer communities, Plantago maritima (Junceta- 
lia maritimae of Saltmarsh), Equisetum variegatum 
(Scheuzerio-Caricetea fuscae of Montane flush and dune- 
slack) and Minuartia verna (Violetalia calaminanae of 
heavy metal spoil heaps). In this zone of instability they 
exist, however, in a closed community with complete 
plant cover. One environmental variable which could 
account for this zone of instability by preventing the 
stabilization of either of the two principal vegetational 
. types is the oscillation of the ground water in this wet to 
dry boundary zone. 

This phenomenon is not restricted to Slapstone Syke. 
Pigott? described the chief habitat of Minuartia stricta a8 
a narrow zone around the bases of Gymnostomium re- 
curvirostrum hummocks in open gravel flushes. M. stricta 
also occurs along Red Syke on Widdybank Fell in a closed 
bryophyte turf which forms a distinct boundary zone 
between the flushed vegetation of the syke and the bank 
‘above the normal level of flowing water. Table 3 gives 
the results of 100 point quadrats spaced at 0-5 cm intervals 
in a linear frame along the three chief zones at two sites. 
The communities of zone 3 at both sites belong to the 
Tofieldietalia, while those of zone 1 at site 1 belong to the 
Erico Sphagnetalia (blanket mire) and at site 2 to the 
Seslerietalia. 

Perhaps the classic example of boundary zone species 
are the mosses Paludella squarrosa, Oynclidium stygium 
and Gamptothecium nitens. Although widespread in the 
arotic™ their relict localities are typical of a transition 
zone between associations of the Erico Sphagnetalia and 
Tofieldetalia, a zone of abrupt ecological transition™. 
The effect of changes in water regime brought about by 
drainage has been used to explain the disappearance of 
these species from numerous relict localities*™, 

The importance of such boundaries to the existence of 
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certain species is thus inditated, and it is suggested that 
all such species are intolerant of competition. It does, 
however, seem somewhat dubious to argue the existence 
of relict species over long periods of time involving 
appreciable climatic changes m such restricted unstable 
habitats. 

There is also the presence, and indeed abundance, of 
species such as Tofieldia pusilla and Kobresia simpliciu- 
soula, which are not restricted to such zones and in fact are 
defining species for the type 1 community, yet to be ex- 
plained. These points can be partly answered by consider- 
ing the overall boundary nature of the vegetation of 
Upper Teesdale, representing as 1b does an ares of contact 
between associations of two orders of vegetation developed 
in a climatically marginal situation. That is a large scale 
example of a boundary complex of vegetation types 
fluctuating with changes ın macro and micro climate—e 
constantly varying complex, unstable in detailed pattern, 
but stable in overall make-up, approximating to the “limes 
divergens” situation, in which many rare plants and rare 
combinations of plants may be expected’*.*°. 

Typical of the “limes divergens” situation are the 
associations of the class Trifolio-Geranietea. These appear 
to represent the seral stages between grassland and forest, 
but there are basic and integral differences. The true 
seral communities are classified in the order Prunetalia 
spinosae, whose associations do not contain the character 
species of the Trifolio-Geranietea. The associations of 
this class are all restricted to the margins of cultivated 
land where succession is prevented by man’s influence; it 
must be made clear they are distinct communities, 
characterized by certain regionally restricted species. 

Upper Teesdale bears abundant evidence of the effect 
of man, for example, trails, spoil heaps and concentrated 
sheep grazing. This effect could well account for the 
contemporary stabilization of the boundary complex, 
and thus for the existence of considerable tracts of unique 
vegetation in this area. 

We therefore suggest that in Teesdale we are not simply 
dealing with the stabilization of early seral stages, but 
with the production of specialized communities which are 
phytosociologically distinct. Only the complete phyto- 
sociological description of the area will clarify this. So 
far, however, results indicate the need to erect a new class 
of, vegetation, analogous to the Trifolio-Geranietea. This 
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Fig. 4. Inverse analysis. 
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poses the following problem: Is the special vegetation of complex; if the latter, where did the “Teesdale rarities”, 
Upper Teesdale truly relict, or 1s it a product of recent now acting as adventives, exist before the advent of man 
land use? If the former, what stabilized the boundary on the catchment ? 
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CHEMOTAXIS is an important biological phenomenon, 
determining the direction of motion of bacterial, plant 
and animal cells, and functioning in reproduction, nutri- 
tion, cellular organization and inflammation. The process 
of chemotaxis can be cell-specific as has been shown for 
plant sperm? and inflammatory cells*. 

Many different substances can act a8 chemotactic fac- 
tors. Bacteria may migrate towards as simple an agent 


many different substances, such as polysaccharides, poly- 
peptides and proteins". 
substances on cells has been thought to be direct and 


complexes, 
action on leucocytes through mediators present In serum® 
Neutrophil cytotaxins have been recognized in sera which 
have been “activated” with several substances which 
themselves have no direct chemotactic effect. These 
cytotaxigens include antigen-antibody complexes’, zymo- 
san®*, bacterial lipopol de’, and plasminogen and 
streptokinase. In such “activated” sera, certain comple- 
ment components" or their split products'* have been 
postulated as chemotactic agents. 

The overall picture of these serum factors is still far 
from clear. It is the purpose of this article to define the 
natural occurrence of serum oytotaxins and their cell 
specificity. It will be shown that chemotactic factors 
specific for neutrophils and macrophages are present in 
normal sera before their interaction with “activating 
agents” such as antigen-antibody complexes. Addition 
of such complexes to serum enhances quantitatively the 
chemotactic activity already present for neutrophils and 
depresses the activity for macrophages. It will also be 
shown that certain serum fractions can act synergistically, 
and that inhibition of neutrophil activity is obtained 
on pooling of chemotactically active chromatographic 
fractions. 

Adult rabbits (2—3 kg) of both sexes and from mixed 
stock were used as sources of normal serum, of antiserum 
to human serum albumin, of neutrophil leucocytes (neutro- 
phils) and of macrophages. Neutrophils were obtained. 
from the peritoneal cavities of rabbite after injection of 
50 ml. of a 7 per cent solution of sodium caseinate at 
pH 7 in physiological salme. The peritoneal exudate cell 
population was collected 10 h later and consisted of 
approximately 96 per cent neutrophils. The total average 
yield per animal was consistently greater than 10° cells. 

Macrophages were obtained by one intraperitoneal injec- 
tion of 50 ml. of sterile heavy paraffin oil (pareffimum 
subliquidum, Ph.H.V., Siegfried AG, Zofingen, Switzer- 


Factors present in normal rabbit serum Induce adirectional migra- 
tion of neutrophils and macrophages. The movement of neutro- 
phils is enhanced by the addition of antlgen—antlbody complex to 
the serum, while the movement of macrophages Is depressed. 
A complex pattern of synergism and inhibition appears when serum 
fractlons are combined. 


land). The exudates collected 4 days later contained an 
average of 85 per cent large mononuclear cells, the remain- 
ing cells being mainly neutrophils. 

Sterle, siliconized glassware was used, and sterile tech- 
nique was used through the test procedure. Before 
counting and distributing in the chemotaxis chambers, 
cells were centrifuged and resuspended in Gey’s solution 
containing 2 per cent human serum albumin (HSA), 
50 pg/ml. streptomycin and 200 u/ml. penicillin G. 

Antigen—antibody complexes were prepared at equival- 
ence by incubating 100 pg HSA in 0-1 ml. Gey’s solution 
with 0-1 ml. of heated (30 min at 56° C) rabbit anti-HSA 
gorum containing 1 mg antibody nitrogen/ml. Strongly 
neutrophil-chemotactic sera were obtained by incubation 
of fresh normal rabbit serum with this antigen-antibody 
complex for 10 min at 387°C, followed by heatimg at 
56° C for 30 min. All normal rabbit sera were also heated 
at 66° C for 30 min before use in chemotaxis tests. All 
rabbit sera and the fractions therefrom were tested at a 
dilution corresponding to one-tenth of the original serum. 

Chemotaxis was assayed using the chambers described 
by Boyden’. The concentration of cells in the chamber 
was 2x 10*/ml. Neutrophils were separated from the test 
solution by a ‘Millipore’ filter membrane (pore size, 3 
microns), and macrophages by an 8 micron filter (Millipore 
Filter Corporation, Bedford, Mass.). Chambers were in- 
cubated in air for 3 h at 37°C after which filters were 
fixed and stained as previously described. Cell counts 
were made microscopically at a magnification of x 240. 
Only cells which had migrated completely through the 
filter so as to come ito focus on the lowermost filter 
surface were counted. The values for each test solution 
in the tables and figures represent the average count per 
ae of at least eight areas taken from two individual 

ters. 

Gel diffusion chromatography of rabbit serum was 
achieved on ‘Sephadex G-200’ by standard methods at 
neutral pH. In addition to the main protein, fractions, 
low molecular weight material eluted after the third 
protein peak was also collected and examined. DEAE- 
cellulose chromatography was performed using & step- 
wise elution with the following concentrations of phosphate 
buffer at pH 7-5: 0-01 M, 0-025 M, 0-08 M, 0:15 M and 
0-3M. All sera were heated for 30 min at 56° C before 
fractionation to avoid artefactual cytotaxn formation 
such as might occur if antibody against bacterial endo- 
toxin in the serum were to react with endotoxin formed 
by bacteria present ss contaminants during chromato- 
graphy’. To avoid bacterial contamination, sera were 
fractionated in the presence of penicillm and strepto- 
mycin. After chromatography the volume of each fraction 
was adjusted by concentration to 2-5 times the original 


NATURE, VOL. 222, APRIL 19, 1969 


volume of the undiluted serum. Each fraction was then 
dialysed against phosphate buffered saline, pH 7-5, and 
heated to 56° C for 30 min before the chemotaxis test. 


Chemotactic Activity of Normal Rabbit Serum and of 
Serum Fractions 


Most normal untreated rabbit sera show a variable 
degree of chemotactic activity for both neutrophils and 
macrophages without the addition of antigen-antibody 
complexes or other activating’ agents (Fig. la) (see also 
ref. 15). Eight such normal sera were fractionated on 
columns in an attempt to localize this chemotactic 
activity. The results of such a fractionation on ‘Sephadex 





Fig. 1. Photomicrographs of rabbit peritoneal exudate cells after migra- 
tion through a ‘Millipore’ filter (pore size 8 microns) towards whole 
normal rabbit serum (22,11) and ‘Sephadex @-200’ fractions. a, Migra- 
tion of macrophages and neutrophil granulocytes towards whole serum 
diluted 1/10. b, Migration of macrophages alone towards the ascending 
slope fraction of the second ‘Sephadex G-200° peak (see Fig. 2). e, Migra- 
tion of neutrophil granulocytes alone towards one of the fractions eluted 


Bottom surface of filter. Weigert stain 
(x 240). 


later from the same column. 
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Fractionation of normal rabbit serum (22.11) on ‘Sephadex 
G-200’. 8 ml, of serum was fractionated on a column 60 x 3 cm (internal 


diameter). The elution was carried out in Gey’s balanced salt solution, 

pH 7-2. Fractions were collected in 2-8 ml. volumes. Pools were pre~ 

pared as indicated by shaded blocks in the figure and assayed for their 

chemotactic activity on rabbit neutrophils and macrophages in vitro. 

‘The test cells were obtained by injecting rabbits intraperitoneally with 
paraffin oil 4 days before collection. 


Macrophages/field Granulocytes/field 
Whole serum 82 24 
Pool of all fractions 67 18 
Mean activity of all fractions 29 30 


G-200’ are shown in Fig. 2. In this serum, a fraction 
associated with the ascending slope of the second protein 
peak was chemotactic for macrophages but not for neutro- 
phils (Fig. 1b). The approximate molecular weight of this 
fraction was calculated from determination of the ratio 
between the elution volume of the active fraction (Ve) 
and the void volume of the ‘Sephadex G-200° column 
(Vo)'*, The molecular weight thus calculated for the 
macrophage active fraction was between 160,000 and 
250,000. 

The distribution of neutrophil activity was much more 
variable, Neutrophil active fractions were clearly separable 
from macrophage active fractions (Fig. 1c) but were rarely 
confined to a single peak (Fig. 2). Neutrophils usually 
migrated in highest numbers towards the low molecular 
weight fractions of low protein content eluted after the 
third, albumin and haemoglobin-containing, protein peak. 
The molecular weight of these fractions caleulated from 
Ve/Vo ratios was of the order of 5,000 to 35,000. Some 
sera also showed activity within the third protein (albu- 
min) peak. Very rarely, a peak of neutrophil activity was 
found in the first serum protein fraction to be eluted from 
‘Sephadex G-200’ (molecular weight greater than 300,000). 

On DEAE-cellulose chromatography, the macrophage- 
active peak was eluted at a phosphate buffer concentration 
of 0-08 M or in succeeding fractions. Neutrophil activity 
was more variable. Neutrophils prepared from caseinate 
exudates migrated most commonly towards the fractions 
eluted with 0-15 M and 0-3 M phosphate. Those prepared 
from oil exudates sometimes also migrated towards the 
early y-globulin-containing fractions eluted with 0-01 M 
and 0-025 M phosphate. 
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Fig, 3. Comparison of actual counts of neutrophils attracted through a 
‘Millipore’ filter towards a pool containing equal volumes of all ‘Sephadex 
G-200° fractions from rabbit serum with the estimated mean neutrophil 
count for all of the same fractions tested singly. The neutrophils were 
derived from peritoneal exudates stimulated by injection of paraffin oil, 
Such exudates contained approximately 15 per cent neutrophils, the 
remaining cells being macrophages. @, Pools of fractions from normal 
untreated rabbit sera (NRS 1, 2 and 8) attract fewer neutrophils than 
would be expected from the mean count of all of the individual fractions. 
6, On the other hand, pools made from fractions of antigen-antibody 
treated sera (Ag/Ab+ RS 4, 5 and 6) give neutrophil counts fairly close 
to the calculated mean. White columns, estimated mean count for all 
fractions; hatched columns, actual count of pool of all fractions. 


Chemotactic Activity of Mixed Fractions 


Some individual fractions from ‘Sephadex G-200° 
columns were much more active for neutrophils than the 
whole normal rabbit serum from which they were derived. 
The possibility that chemotactic activity in such fractions 
was unmasked during chromatography by separation of 
the eytotaxin from an inhibitor present in normal serum 
was investigated as follows. The activity of pools contain- 
ing equal volumes of all the fractions obtained from 
chromatography of a single serum was compared with 
the mean activity of all the fractions contained within 
the pool. In twelve experiments such pools attracted 
fewer neutrophils from oil exudates than would be 
expected from the mean count of the fractions contained 
within them (Fig. 3a). Conversely, these pools attracted 
more macrophages than expected from the mean count 
of the individual fractions (Fig. 4). Thus pools showed 
an inhibitory effect for granulocytes but a potentiating 
effect for macrophages respective to the fractions con- 
tained within them. This difference was consistently 
observed only when the cells used for testing were mixtures 
of neutrophils and macrophages obtained from paraffin 
oil exudates, but not with neutrophils obtained from 
easeinate exudates. 

Synergistic chemotactic effects were observed between 
individual serum fractions. Thus when the chemotactic- 
ally active low molecular weight ‘Sephadex G-200° frac- 
tion was mixed in equal volume with the ascending slope 
fraction of the second peak, the two fractions together 
gave a much higher cell migration count than either 
fraction alone (Table 1). 
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Fig. 4. Comparison of actual counts of macrophages attracted through a 

‘Millipore’ filter towards a pool consisting of equal volumes of alt ‘Sepha- 

dex G-200' fractions from rabbit serum with the estimated mean macro- 

phage count for all of the same fractions tested singly. NRS 1, 2 and 3 

represent three different normal rabbit serum pools. White columns, 

estimated mean count for all fractions; hatched columns, actual count 
of pool of all fractions. 


NATURE, VOL. 222, APRIL 19, 1969 


Table 1, SYNERGISTIC CHEMOTACTIC EFFECT OF MIXTURES OF NORMAL RABBIT 
SERUM (NRS) ‘SEPHADEX G-200° FRACTIONS ON RABBIT NEUTROPHILS in vitro 


Origin of NRS fractions 


Fractions tested oolli  Pool2 Pool 3 
Neutrophils/field 

Ascending slope fraction of second peak alone 21 15 3 
Low molecular weight fraction alone (LMW) 45 13 4 
Mixture of above fractions in equal volumes 186 131 23 
Mixture: four parts ascending slope fraction + t 

one part LMW fraction 20 N/T 19 
Mixture one part ascending slope fraction + 

four parts LMW fraction 45 N/T 14 


N/T = not tested, 


Chemotactic Activity of Rabbit Sera “activated” with 
Antigen—-Antibody Complexes 


The chemotactic activity of whole rabbit sera for 
neutrophils increased greatly after incubation at 37° C 
in the presence of antigen-antibody complexes while the 
activity of the same sera for macrophages dropped signi- 
ficantly (Fig. 5). A comparison of the chemotactic 
behaviour of fractions from such “activated” sera with 
that of fractions from normal untreated sera revealed 
the following points: (1) The chemotactic activity of 
fractions from “activated” sera for neutrophils was greater 
than the activity of fractions from untreated sera (Fig. 6), 
but (2) the patterns of activity in chromatographic frac- 
tions from “activated” and normal sera were similar. 
Activity in the low molecular weight fraction (molecular 
weight 5,000-35,000) from ‘Sephadex G-200’ columns was 
found more consistently after than before activation, but 
no new peaks of activity were seen. On DEAE-cellulose 
chromatography neutrophil counts with the fractions 
eluted with 0-08 M, 0-15 M and 0-3 M PO, were much 
higher from “activated” than from normal rabbit sera 
(Fig. 6). (3) Pools containing equal amounts of each 
‘Sephadex G-200’ fraction from an antigen-antibody 
treated serum failed to show a marked drop in activity 
for neutrophils relative to the calculated mean activity of 
their contained fractions (Fig. 3b). This is in contrast to 
the finding that untreated serum pool fractions show a 
drop in activity (Fig. 3a). (4) The chemotactic activity 
for macrophages of chromatographic fractions from most 
antigen-antibody activated sera was very low. 

Sera from normal rabbits—and other laboratory animals 
(eur unpublished observations)-—-contain variable but 
sometimes substantial levels of chemotactic activity for 
both neutrophils and macrophages. Treatment of these 
sera with antigen-antibody complexes increases their 
activity for neutrophils but decreases their activity for 
macrophages. High chemotactic activity for neutrophils 
and macrophages is seen in several chromatographic 
fractions from normal untreated sera (Fig. 2). The 
macrophage cytotaxin is clearly separable by column 
chromatography from neutrophil cytotaxins. After treat- 
ment of whole serum with antigen-antibody complexes, 
individual fractions show an increased ability to attract 
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Fig. 5. Effect of Incubation of various normal rabbit serum pools (NRS) 
with antigen-antibody complexes on their chemotactic activity for rabbit. 
neutrophils and macrophages. The white columns represent the activity 
of serum before, the hatched columns after, treatment. with antigen—anti- 
body complexes. The three blocks on the left hand side refer to the 
activity for macrophages; those on the right to that for neutrophils. 
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Fig. 6. 


DEAE-cellulose fractionation of (a) normal rabbit serum (22.3) 
and (b) of the same serum treated with antigen-antibody. In each experi- 
ment 5 ml. of serum was fractionated on a column of 7-5 g of DEAE- 
cellulose. Fractions were collected in 5 ml. volumes and pools were made 


from each protein peak. The pools were assayed for their chemotactic 
activity on neutrophils obtained from an exudate induced 10-12 h 
previously by Na-caseinate. 


neutrophils, but increased neutrophil migration counts 
were observed only in the same fractions as had shown 
peaks of activity before incubation and not in new frac- 
tions. Neutrophil activity is most frequently found in a 
low molecular weight fraction, which is heat-stable and 
non-dialysable, as are all the chemotactic factors which 
we studied. Snyderman, Gewurz and Mergenhagen?’ 
presented evidence for neutrophil chemotactic activity in 
guinea-pig sera activated by incubation with a lipopoly- 
saccharide fraction from Serratia marcescens. This activity 
was localized in a low molecular weight serum fraction 
(molecular weight 15,000-30,000) similar to that found in 
the present study. Shin, Snyderman, Friedmann, Mellors 
and Mayer have also recently reported a chemotactically 
active C’5 fraction of molecular weight 15,000 in guinea- 
pig serum}, Other sera in our study show peaks of neutro- 
phil chemotactic activity in higher molecular weight 
fractions. These could represent quite different chemo- 
tactic factors or they might reflect polymerization of the 
low molecular weight factor or its complexing with 
albumin or other serum proteins. In any event, the 
macrophage cytotaxin is clearly non-identical with the 
granulocyte cytotaxin(s), is more clearly defined on 
chromatography, and is seen most frequently in fractions 
with a molecular weight of about 200,000. 

Our studies of pooled serum chromatographie fractions 
and of the effect of mixing single fractions with one 
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another indicate that the level of chemotactic activity in 
any given serum does not simply reflect the level of cyto- 
taxin present in that serum. Our evidence suggests, 
rather, that serum fractions can markedly potentiate one 
another’s chemotactic activity for neutrophils and that 
such effects are concentration dependent. Furthermore, 
pools of all ‘Sephadex G-200" fractions show inhibition of 
neutrophil chemotaxis (Fig. 3). The final chemotactic 
activity of serum may therefore reflect a balance between 
several factors which act synergistically to potentiate the 
action of eytotaxins and other factors which block their 
action, It is likely that the enhancing action of antigen- 
antibody and of other cytotaxigenic agents depends as 
much on an upset in such a balance as on de novo produc- 
tion of new eytotaxins. Such a hypothesis does not exclude 
the participation of complement in the generation of 
neutrophil chemotactic activity by immune complexes. 
Ketchel and Favour", in a study of the influence of plasma 
protein fractions on leucocyte migration in capillary tubes, 
reported that an inhibitor of migration was present in one 
cold-ethanol fraction, while a heat-labile factor in another 
fraction was able to accelerate leucocyte migration. The 
complexity of the chromatographic pattern of neutrophil 
chemotaxis which we have observed might be explained 
not only by the presence of more than one cytotaxin in 
serum but, in addition, by the unpredictable effect which 
mixtures of inhibitors or potentiators together with cyto- 
taxins in individual fractions must have on their final 
chemotactic activity. 

It is possible that the neutrophil chemotactic activity 
of normal serum represents factors which have been 
generated by the reaction of antigen with antibody or 
with sensitized cells in vivo. If this is so, it is essentially 
similar to the activity generated by in vitro incubation. 
There is no information about the generation and mode of 
action of macrophage serum-cytotaxins. 

The data presented here have emphasized the signi- 
ficance of serum-derived cytotaxins for leucocytes. Besides 
these, there undoubtedly exist other exogenous and 
endogenous cell-derived cytotaxins, which do not require 
serum mediators to exert their chemotactic effect on 
leucocytes, Virtually nothing is known at present 
about the relative importance of these various agents in 
the inflammatory response and other in vivo reactions. 
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Inciusions of precipitated haemoglobin (Heinz bodies)" 
can be demonstrated in the red cells of patients with 
several types of inherited haemolytic disease. The primary 
defect in these disorders may be either in the red cell 
enzyme systems which protect the haemoglobin against 
oxidation’, or in the haemoglobin molecule itself*. Un- 
stable haernoglobins arise both from amino-acid substitu- 
tions in the globin chains and an unbalanced synthesis of 
normal subunits. 

In thalassaemia a defect in the synthesis of specific 
globin polypeptide chains results in an unbalanced pro- 
duction of haemoglobin subunits. The subunits which 
are produced in relative excess are unstable on isolation 
and tend to precipitate’. In B thalassaemia red cell inclu- 
sions consist of haem-containing « globin polypeptide 
chains, In the « thalassaemias excess @ chains form 
haemoglobin tetramers (haemoglobin H), which can be 
demonstrated in haemolysates by electrophoresis’ *. In 
haemoglobin H disease, which appears to result from 
heterozygosity for each of two variants of « thalassacmia’, 
haemolysates contain up to 30 per cent haemoglobin H. 
In this disease prominent inclusions (H-bodies) are seen 
after exposure of peripheral red cells and bone marrow 
normoblasts to oxidative dyes*:*. Inclusion bodies form 
in vivo in haemoglobin H disease but are largely removed 
by the spleen’®. After splenectomy inclusion bodies are 
present in the circulating red cells and can easily be 
detected. Inclusion bodies play an important part in 
the haemolysis of red cells in haemoglobin H disease®:!?. 
We indicate here that the red cell inclusion bodies in 
haemoglobin H disease are haem-containing @ chains with 
the optical and electron paramagnetic resonance (EPR) 
properties of haemichrome. 

Haemichromes are haem proteins in which both the fifth 
and sixth coordination positions of haem iron are bound 
to a nitrogenous base, such as imidazole**. Haemichromes 
of haemoglobin A can be made by a wide variety of 
denaturing agents and have been studied by EPR". 
Because they derive two ligand atoms from the protein 
chain, they are sensitive to changes in tertiary structure 
near the haem. In one form of haemichrome from haemo- 
globin the histidine at helical position E7 (ref. 15) is 
thought to be bound to the sixth coordination position of 
haem iron while the normal bond between histidine F8 
and the fifth coordination position is maintained'®. The 
additional histidine-iron bond requires some change in 
the tertiary structure of the haemoglobin subunit, for the 
nitrogen of the histidine imidazole must move closer to 
the iron!?. Conversion to haemichrome occurs more readily 
when the haem iron is in its ferric form and when the 
interaction between dissimilar « and & subunits in the 
haemoglobin A tetramer is absent. The haemichromes 


* On leave from the Department of Medicine, Hebrew University-Hadassah 
Medical Scheol, Jerusalem, Israel. 


In haemoglobin H disease, excess B chains form haemoglobin tetra- 
mers which are unstable and which readily precipitate to form 
inclusion bodies. 
scopic evidence indicates that the 
the form of a haemichrome. 


Electron paramagnetic resonance and spectro- 
precipitated haemoglobin is in 


have a distinct absorption peak at 530-535 my, a shoulder 
at 565 my and characteristic low spin EPR absorptions. 

The molecular instability of isolated haemoglobin H 
and its relation to the formation of inclusion bodies have 
not been adequately explained. Our own studies have 
shown that oxidation of haemoglobin H, as well as iso- 
lated haem-bearing « subunits of haemoglobin A, leads to 
the formation of haemichromes after the transient appear- 
ance of ferrihaemoglobin, as monitored by optical and EPR 
absorption spectra’®, Haemichrome formation is asso- 
ciated with progressive precipitation, which increases with 
increasing temperature. 

Fresh red cells were lysed with water and the ghosts 
examined for inclusion bodies by phase contrast micro- 
scopy. In addition, haemoglobin-free ghosts were pre- 
pared for visible and EPR spectral analyses in 20 millios- 
molar phosphate buffer pH 7-5, by the method of Dodge 
et al2®, When similar preparations were carried out at 
pH 6-5, some oxyhaemoglobin remained attached to the 
red cell membrane!®. The spectrum of the turbid suspen- 
sions of ghosts containing inclusion bodies was recorded 
on a Cary 14R spectrophotometer against blanks contain- 





Fig. 1. Phase contrast micrographs of red cell ghosts. Upper left, 
ghosts of normal adult red blood cells; upper right, occasional small 
inclusion bodies in ghosts from non-splenectomized patient; lower 
right, numerous inclusion bodies in ghosts from non-splenectomized 
patient after incubation of red cells for 12 h at 37° C; lower left, inclusion 
bodies in a fresh preparation of ghosts from the splenectomized patient. 
Small inclision bodies appear dark while the larger more dense incinsion 
bodies are bright, being outside the focal plain. 
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big.2. Optical spectra of suspensions of ghosts prepared from incubated 
red cells in the non-splenectomized and from non-incubated red cells in 
the splenectomized patients. The suspensions of ghosts were read against 
a blank of haemoglobin-free ghosts from normal red cella prepared at 
pH 7-5. A, Ghosts from post-splenectomized patient; B, ghosts from 
non-splenectomized patient after autoxidation in 37° ©. 








ing suspensions of haemoglobin-free ghosts prepared 
from normal red cells at pH 7-5. The flattening of the base- 
line indicated that the scattering properties of the two 
suspensions of ghosts were about the same. The EPR 
spectra were recorded at 1-4° K (ref. 19), using a frequency 
near 9,500 MHz. Magnetic field calibration was accom- 
plished with a Varian Fieldial Mark II using the proton 
magnetic resonance (PMR) of water as a primary standard. 
Ghost preparations were frozen directly in the silvered 
glass cavities used by this EPR spectrometer and were 
kept under liquid nitrogen until examination. Urea/starch 
gel electrophoresis was used for identification of the globin 
chains present in ghosts**, Soluble proteins were extracted 
by suspending the ghosts for several hours in 6 M urea 
and 0-014 M 6-mercaptoethanol in 0-01 M veronal buffer 
pH 8-0. After centrifugation the supernatant was exam- 
ined by electrophoresis in a urea/starch gel. 

We studied two unrelated patients, both of Chinese 
origin and with haemoglobin H disease. The first patient 
was a 59 yr old woman who had undergone splenectomy 
25 yr ago. The second patient was a 20 yr old woman 
with 4 cm splenomegaly. Both patients had haemolytic 
anaemia, with haemoglobin levels of approximately 7 g/ 
100 ml. The reticulocytes were 5-7 per cent in the 
splenectomized and 15 per cent in the non-splenectomized 
patient. Levels of glucose-6-phosphate dehydrogenase, 
pyruvate kinase and ferrihaemoglobin reductase in the 
red cells of the non-splenectomized patient were in a range 
consistent with the degree of reticulocytosis. Phase con- 
trast microscopy revealed inclusion bodies of various sizes 
in lysed red cells of the splenectomized patient, but only 
oecasional inclusions in preparations from the non-splenec- 
tomized patients (Fig. 1). Ghosts of normal red cells and 
cells of the non-splenectomized patient, prepared at 
pH 7-5, were colourless and showed only minute traces of 
oxyhaemoglobin in the visible spectrum. A similar pre- 
paration of cells from the splenectomized patient remained 
brownish-red in spite of repeated washes with the hypo- 
tonic phosphate buffer. These latter ghosts showed a 
characteristic haemichrome optical spectrum although the 
major absorption peak was shifted from 530-535 to 
537-538 mu (Fig. 2). The shift in the location of the peak 
can be attributed to the presence of oxyhaemoglobin. 

When whole blood of the non-splenectomized patient 
was incubated at 37° C for 12 h before lysis of the red 
cells, the ghosts prepared at pH 7-5 were brownish-red 
as in the case of the splenectomized patient and had 
inclusion bodies and the spectral characteristics of haemi- 
chrome. Similar incubation did not alter the properties 
of the normal red cells. In all the ghost preparations, 
phase contrast microscopy revealed intact membranes 
without evidence of stromatolysis. 
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Definitive evidence for the presence of haemichromes in 
the inclusion bodies of haemoglobin H disease was ob- 
tained by EPR spectroscopy. The iron in both ferri- 
haemoglobin and haemichromes is paramagnetic and 
exhibits characteristic EPR absorption spectra. On the 
other hand, diamagnetic oxyhaemoglobin produces no 
EPR absorption. The presence of oxyhaemoglobin does 
not interfere with the EPR absorption spectra of ferri- 
haemoglobin or haemichrome when solutions containing 
both oxygenated and oxidized haemoglobin derivatives 
are examined by this method. In addition, the high and 
low spin absorption spectra, which are characteristic of 
ferrihaemoglobin and haemichrome respectively, do not 
interfere with one another and allow an identification 
and quantitation of the two compounds. This is in 
contrast to the overlapping optical absorption spectra of 
all three derivatives of haemoglobin: oxyhaemoglobin, 
ferrihaemoglobin and haemichrome. Another advantage 
of EPR spectroscopy is that it allows measurements in 
turbid and even solid materials. Thus neither the presence 
of oxyhaemoglobin in the suspensions of ghosts nor their 
turbidity interferes with accurate determination of high 
and low spin EPR absorption spectra. 

The EPR absorption patterns are illustrated in Fig. 3. 
Only ghosts which contained numerous inclusion bodies 
exhibited EPR absorptions attributable to haem iron, 
and its low spin forms were predominant. High spin 
haem iron, either ferrihaemoglobin or free haem, was 
present in only trace amounts. 

All ghosts prepared in the hypotonic buffer at pH 6-5 
remained visibly coloured and had the characteristic 
optical absorption spectrum of oxyhaemoglobin, but only 
those with inclusion bodies showed the presence of low 
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Fig. 3. EPR spectra of red cell ghost preparations. All spectra were 
taken at the same gain. A, From splenectomized patient, prepared at 
pH 6-5; B, from normal adult, prepared at pH 6-5; C, from splenectom- 
ized patient, prepared at pH 7-5; D, from normal adult, prepared at 
pH 7-5; E, from non-splenectomized patient, but red cells were incu- 
bated for 12 h before preparation of ghosts at pH 7-5. Spectra A, C 
and E show low spin haem EPR absorptions for two haemichromes 
designated A and B of which two g values of A are resolved (gz = 2-97, 
gy = 2°29) and three g values of B are resolved (gz == 2-42, gy=2+29, gz = 
1:94). The concentration of haemichrome in each of these samples is 
variable, with the highest concentration in E. Spectra B and D show 
no EPR absorptions due to ferric haem iron. In all spectra, the absorp- 
tion near g=2 is ascribed to non-haem cubic iron and is an intrinsic 
impurity in the EPR cavities of the spectrometer. 
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Table 1, PROPERTIES OF RED CELL GHOSTS OF NORMAL ADULTS AND PATIENTS 
WITH HAEMOGLOBIN H DISEASE 
Hypotonie 
Red cell phosphate Inclusion Visible optical EPR 
ghosts of butfer, bodies spectrum spectrum 
pH 
Normal adults TS None Minute traces of None 
oxyhaemoglobin 

Normal adults 6-5 None Oxyhaemoglobin None 

Normal adults, after 7-5 None Oxyhaemoglobin None 
incubation in 37° € 

for 12h 

Hb H patient inon- 7-5 Few Minute traces of None 
splenectomized) oxyhaemoglobin 

Hb H patient (non- 6-5 Few Oxyhaemoglobin None 
splenectomized) 

Hb H patient (non- 7-5 Very many Predominantly Haemichrome 
splenectomized), haemichrome 

after incubation in 

37° C for 12h 

Hb H patient 7% Very many Predominantly Haemichrome 
(splenectomized) haemichrome 

Hb H patient 6-5 Very many Predominantly Haemichrome 
(splenectomized) oxyhaemoglobin 


spin haem iron by EPR. EPR could distinguish the 
presence of oxidized haemoglobin in preparations made 
at pH 6-5, and these results are summarized in Table 1. 
The same low spin EPR spectra were observable 45 min 
after a solution of haemoglobin H was oxidized with ferri- 
cyanide at pH 7-0 (ref. 16). Oxidation of haemoglobin A 
in the same conditions chiefly produces a high spin EPR 
spectrum with the major absorptions at g=6 (ref. 14). 

The nature of the haem protein comprising the inclusion 
bodies was determined by urea/starch gel electrophoresis 
(Fig. 4). The ghosts from both patients which contained 
inclusion bodies had a protein band in the position of 
normal 6 globins; « chains were not detected. No protein 
bands were apparent in haemoglobin-free ghosts, prepared 
from normal red cells at pH 7-5. 

The present findings, indicating that the inclusion bodies 
in the red cells of patients with haemoglobin H disease 
are largely present as haemichromes, provide further 
evidence that the instability of haemoglobin H is directly 





4 Te 
Fig. 4. Ureajstarch gel electrophoresis, pH 8-0, stained with wool fast 
blue. A, Globin of normal haemoglobin A has been separated into a 
chains (cathodal) and 8 chains (anodal). Band C, The protein extracted 
from ghosts of the splenectomized patient with Hb H disease migrated 
in the position of normal § chains. The same pattern was present when 
the red cells had been incubated for 12 h at 37° C before lysis {sample B) 
and when ghosts were prepared from non-incubated red cells {sample C). 
D, No proteins were apparent in the extract of ghosts prepared from 
normal red cells at pH 7-5. E, Globin prepared from haemoglobin H. 
Haem groups were present in the extracts of the ghosts of the patient 
with haemoglobin H disease but were not attached to globin and were 
seen to migrate further toward the anode than the protein band. 
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related to haemichrome formation. The finding that the 
inclusion bodies in haemoglobin H disease involve prim- 
arily the B subunits of haemoglobin confirms the belief 
that the inclusion bodies result from the precipitation of 
haemoglobin H. 

The precipitation of haemichromes would be expected 
to drive the redox equilibrium of haemoglobin H toward 
oxidation, although other mechanisms may contribute to 
this. It has been suggested that the presence of eight free 
thiol groups in the $, tetramers may render the haemo- 
globin more susceptible to oxidation than haemoglobin A 
in which only two of six thiol groups are titratable, 
Also, it has been shown that reduced glutathione (GSH), 
an important intermediate in the oxidation—reduction 
systems of the red cell, becomes bound to haemoglobin H. 
during oxidation and subsequent precipitation of the 
haemoglobin®. The resultant decrease in the GSH levels 
of older red cells may then play a part in the oxidation of 
the remaining haemoglobin H®. Formation of a haemi- 
chrome may be only one intermediate step in a series of 
reactions resulting in the denaturation of the haemoglobin 
subunit and the subsequent destruction of the red cell. 

It is not known whether haemichromes are present. in 
other types of inclusion body anaemia. Other mechanisms 
may underlie the instability of some haemoglobin variants. 
Perutz and Lehmann have indicated that the amino-acid 
abnormalities in the unstable haemoglobin variants may 
act not only on the binding of haem to globin and on the 
helical structure, but also on the interchain contacts. 

The EPR and optical spectra of inclusion bodies in 
haemoglobin H disease indicate that haem remains 
attached to globin in the precipitated haemichromes. 
Because haemichromes of haemoglobin H in the inclusion 
bodies are similar by EPR criteria to those that can be 
formed from haemoglobin A1, the structure in the vicinity 
of the haem is probably the same in both. It is thought 
then that the predominant cause of haemichrome forma- 
tion in haemoglobin H is the absence of interchain 
contacts between dissimilar subunits. Whether haemi- 
chromes play a part in the precipitation of other unstable 
haemoglobins remains to be investigated. 
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Significance of Gas Micronuclei in the Aetiology 


of Decompression Sickness 


by 
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DECOMPRESSION sickness is the term used to describe the 
symptoms which may follow the return to atmospheric 
pressure of men who have been exposed to a raised 
atmospheric pressure for a period of time’. Divers, 
caisson workers and others who work in compressed air 
are all at risk. It has usually been assumed that the 
symptoms are caused by the release of nitrogen bubbles 
within the body during or shortly after too rapid a 
decompression, so that the design of decompression 
procedures is dictated by the need to reduce the pressure 
in the shortest time compatible with the avoidance of 
formation of harmful bubbles. 

As a result of experiments carried out on behalf of the 
Admiralty, Haldane? came to the conelusion that as long 
as the ratio between the absolute pressure of gases in the 
tissues and that in the ambient atmosphere does not 
exceed 2 : 1, the dissolved gases (nitrogen in particular) 
would not come out of solution to form bubbles. For many 
years most British decompression tables have been 
designed on the basis of this hypothesis which leads to 
stage decompression, starting with an initial drop to 
half absolute pressure. It is now apparent, however, that 
this ratio does not hold for all circumstances*, and as 
early as 1912, Hill’ questioned the superiority of stage 
decompression over uniform decompression. Hill also 
mentioned the need for weak “points” in a fluid before 
bubbles could form in it. 

The question of these “points”, or gas micronuclei, in 
relation to the formation of bubbles in animals was 
extensively considered by Harvey and his colleagues’. 
They showed that inanimate fluids could be made resistant 
to bubble formation if gas micronuclei were removed—for 
example, by extreme compression——-and that various 
tissues excised from cats behaved in the same way. 
Because they were unable to detect gas micronuclei in 
blood carefully drawn from cats, they suggest that the gas 
micronuclei lodge in sharp angled cracks in the vascular 
endothelium. They also suggest that gas micronuclei may 
be created at points of reduced hydrostatic pressure 
resulting from rapid muscular contraction. 

Hills? has pointed out that fluids saturated with gas are 
inherently unstable and should revert to the stable 
thermodynamic state with the release of free gas bubbles. 
He suggests that a probable site for the appearance of 
such bubbles would be an interface between a primarily 
aqueous fluid and a primarily lipoidal fluid; obviously 
many such interfaces should exist in the body. Hills 
quotes experiments in which two suitable fluids—initially 
saturated with air at atmospheric pressure—were rendered 
supersaturated by reducing the ambient pressure, where- 
upon visible bubbles were seen to form at their interface, 
which he states was previously free from microbubbles. 

We have repeated this experiment, again with liquid 
paraffin and 90 per cent glycerol in water, introduced in the 
game way into a ‘Perspex’ decompression cell. Bubbles 
were usually seen to form at the interface between the 
fluids within 2 min of the decompression. In further 
experiments, the volumes of the two fluids were adjusted 
so that the cell was completely filled, and the orifice 
closed by a compliant plastic bag filled with fluid. The 
entire cell was then exposed to a high hydrostatic pressure 
(up to 800 kg/cm?) for several minutes. This procedure 


Transparent shrimps have been used to study bubble formation 
under decompression. 


has no effect. on the tension of dissolved gas. When the 
fluids were then decompressed in the usual way, it was 
found that no bubble formed during 1 h after decom- 
pression. Thus although the interface in Hills’s experiment 
appeared to have been free of gas nuclei it is apparent that 
they must have been present; they can be eliminated 
by suitable high-pressure treatment. Although a super- 
saturated fluid is thermodynamically unstable, bubbles 
of free gas do not spontaneously form unless gas micro- 
nuclei are present, at least in a time comparable with the 
time delay associated with the onset of the symptoms of 
decompression sickness. 


Response to Decompression of the Common Shrimp 
(Crangon crangon) 


We have studied this in order to extend the investigation 
to the occurrence of bubbles in the living body. Although 
this creature (which we obtained from the North Sea off 
the coast of Northumberland) is in many ways unlike 
any mammal, it has two advantages for decompression 
studies. First, the carapace is transparent or at least 
translucent, so that any large bubble formed is im- 
mediately seen. Second, the shrimp is not greatly affected 
by quite large excursions of hydrostatic pressure, presum- 
ably because it is accustomed to live at various depths in 
the sea. Shrimps which have been subjected to 400 
kg/cm? for 10 min are not as active as before the exposure, 
but rapidly recover without any apparent harm. Although 
Kylstra” has been able to expose mammals to a hydro- 
static pressure of 90 kg/cm? for short periods, the survival 
rate was not high. Also it seems that the tension of inert 
gas in the fluid was not easy to control in Kylstra’s 
experiments; even if these difficulties had been overcome 
it would still be necessary to rely on an indirect method 
of detecting bubble formation. 

Shrimps were thus decompressed in a transparent 
vessel of seawater above which the atmospheric pressure 
was gradually reduced to about 60 mm Hg. Bubbles were 
often observed within 15 min. The increase in volume 
necessary to accommodate these bubbles was accomplished 
by an increase in length, which was most apparent 
between the cephalothorax and the first abdominal 
segment; the corresponding decrease in density was often. 
sufficient to cause the shrimp to rise to the surface of 
the water. Fig. 1 shows two shrimps in which bubbles are 
clearly visible. Although bubbles were normally seen to 
lodge in the position shown, it was often found that the 
bubble originated at another site (for example, the base of 
a leg) and gradually moved to the centre of the ventral 
surface while expanding. 


Destruction of Gas Micronuclei 

If we assume that the shrimp. as caught, contains gas 
micronuclei which expand to form the visible bubbles, 
it should be possible to protect the shrimp if we destroy 
these gas micronuclei. Shrimps were thus sealed in a 
polythene bag full of seawater and subjected to a high 
hydrostatic pressure for several minutes. After this they 
were decompressed as before, and it was found that the 
incidence of bubble formation was drastically reduced 
{although not eliminated completely; a possible reason 
for this is suggested later). The results of tests on fifty 
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Fig. 1. Bubbles seen through the translucent carapace of Crangen 
erangon. 


normal shrimps and fifty which had been raised to a 
pressure of 400 kg/em? for 2 min are shown in Table 1. 

Tt is hardly necessary to perform a statistical analysis 
to see that the influence of the pressure treatment is 
very significant. In fact the probability that the pressure 
treatment had no effect is less than 10-*°. 

Frorn this experiment it would appear that the normal 
shrimp is likely to contain gas micronuclei, and that even 
some shrimps which have been exposed to high pressure 
may still be susceptible to bubble formation on decom- 
pression. One relevant observation which may explain 
the apparent failure to eliminate all gas micronuclei is 
that during transfer from the closed bag to the decom- 
pression vessel some shrimps remained torpid, but others 
were liable to perform vigorous flexural contractions and 
rapid motion of the legs. Such actions could well give 
high impulsive stresses within the body, which might be 
associated with the formation of new gas micronuclei. A 
further experiment was therefore performed in which 
shrimps which had been exposed to the high hydrostatic 
pressure were stimulated with an electric current to give 
rapid muscular contractions before they were decom- 
pressed. It was found that the incidence of bubble 
formation was significantly increased by this stimulation, 
as shown in Table 2. All shrimps were compressed to 











Table 1 
No. with No. without 
bubbles bubbles 
As caught 48 2 
Pressure treated 4 48 
Table 2 
No, with No. without 
bubbles bubbles 
‘Pressure only 4 46 
Pressure and stimulation 16 84 
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200 kg/em? for 15 min; those in the lower line were 
stimulated with mierosecond pulses of 3 V at 10 p.p.s. for 
about Is. 

From statistical analysis of these results, the probability 
that stimulation had no effect is 0-0021. 

It has been shown in the interface decompression 
experiments that for bubbles to form there must be present 
sorne agency which is eliminated by extreme compression, 
and which we assume to be gas micronuclei. The decom- 
pression of shrimps as caught suggests that micronuclei 
are to be expected in the natural state. This view is 
supported by the very significant reduction in the incidence 
of bubbles which oceurs if the shrimps are subjected to a 
pressure which would be sufficient to render a pure liquid 
or a liquid-liquid interface free from gas micronuclei. 
Some indication of the origin of the gas micronuclei 
comes from the stimulation experiment, in which the 
meidence of bubble formation is significantly increased 
above the level associated with pressure treatment. The 
spontaneous movements made by some shrimps between 
the pressure treatment and decompression could well 
account for the apparent failure of the treatment to 
eliminate bubble formation. 

We may further speculate, and suggest that it is 
reasonable to assume, that gas micronuclei are normally 
present in vivo in man, and that their production is in 
some way related to impulsive internal stress resulting 
from muscular movement. This hypothesis is consistent 
with the fact that most manual labour requires frequent 
movement of the arms and legs, in which lie the principal 
sites for “the bends”, the most common manifestation of 
decompression sickness. 

The demonstration of acclimatization’ of a group of 
compressed air workers, who were found to suffer a 
deereasing incidence of bends while working regular daily 
shifts in compressed air, but who showed a sharply 
increased incidence of bends following a period of in- 
activity (a strike), suggests, however, that gas micro- 
nuclei may be used up by repeated pressure/decom- 
pression cycles and that new gas micronuclei must 
normally be generated rather slowly in man, who is not 
normally subjected to such violent impulsive eontractions 
as the shrimp. 

In agreement with the suggestion of Harvey® and 
Behnke® we may thus conclude that the normal body has 
a complement of gas micronuclei, and that the number 
present at any one time is dependent on a balance between 
the rate of accumulation and the rate of spontaneous 
elimination. Furthermore, as suggested by Hempleman’? 
and again by Hills”, decompression by conventional 
tables may always be accompanied by the formation from 
these gas micronuclei of small gas bubbles which, should 
they be permitted to become sufficiently large and numer- 
ous, could give rise to the signs and symptoms of decom- 
pression sickness. 

We thank ICT, HOC Division, Billingham, for the loan 
of the high pressure apparatus, the Departments of 
Mechanical Engineering and Zoology, University of 
Neweastle upon Tyne, and Mr J. Cooke (technician) for 
assistance. One of us (A. E.) is supported by the MRC. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
On the Optical Identification of 3C 230 


In 1966 we listed! the positions of radio sources deter- 
mined by the interferometer at the Royal Radar Establish- 
ment? operating at a frequency of 610 MHz. Since then 
the interferometer has been converted to operate at 
2,695 MHz, to give both increased sensitivity and greater 
accuracy. During 1968 and January 1969, observations 
were made on about sixty selected radio sources to 
investigate phase stability, to determine the interfero- 
meter constants and to obtain accurate source positions. 
Each source was observed on at least four different days 
and a mean phase taken: this ensured that atmospheric 
phase variations had at most a small effect on the 
measurement precision of the interferometer. 

Of the sixty sources observed, twenty-five were credited 
with good optical positions and diameters less than 2 arc s; 
in most cases the standard error of the optical positions 
was l arcs. It was found that an interferometer calibra- 
tion curve of the correct form could be chosen such that 
the root mean square deviation of the twenty-five optical 
positions from the curve was close to 1 ares, indicating that 
radio positions were being obtained with a standard error 
approximately the same as the optical. 

The interferometer could then be used to obtain radio 
positions of other sources and thus make new optical 
identifications or check previously claimed identifications. 
One such source of particular interest is 3C 230, because in 
this case the radio position disagrees with that of a pre- 
viously suggested optical identification and supports an 
alternative optical candidate. 

The radio position obtained for 3C 230 (a weighted mean 
of the 1968 and 1969 determinations) is right ascension 
(1950-0), 09 h 49 m 24-998; declination (1950-0), 00°12’ 40:3”. 

This position is shown in Fig. 1 together with other 
radio positions*-7 and the optical positions of three 
objects given by Veron? and Wyndham’. Wyndham? 
gives the magnitude 17-5 stellar object (presumed to be a 
quasar) as the probable identification, and this identifica- 
tion is quoted by Burbidge and Burbidge’, although no 
spectrum of the object is available. The optical object 
is 15 are s from the present radio position, and the radio 
diameter has been shown" to be less than 2-5 are s in 
position angle 65°. It is thus most unlikely that 30 230 
could be associated with Wyndham’s object. 

The position given by Veron® for his object “da” is 
right ascension (1950-0), 09 h 49 m 24-89 s; declination 
(1950-0), 00° 12’ 39-8”, which differs by 1-6 are s from the 
radio position. This difference approximately equals one 
standard deviation of the combined radio and optical 
errors. Spectra of “d” have been taken by Schmidt, who 
informs us in a private communication that it is a 
zero-redshift galactic star of intermediate to late spectral 
type. We have here a close coincidence between a radio 
source and an apparently normal star. 

Other possible coincidences between radio sources and 
stars have been discussed by Wlerick and Veron!?, who 
believe that they are significant, and by Mackay, who 
believes that they are due to chance. Statistical cal- 
culations similar to those of Mackay tend to show that 
such coincidence between the radio source and a 13-8 
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magnitude star at galactic latitude 39° is improbable, 
but these caleulations rest on an uncertain basis. Unless 
other similar identifications of radio sources with optical 
stars are obtained we must assume that the agreement 
is none the less due to chance. The new radio position, 
however, makes it clear that 3C 230 should be removed 
from the list of identified quasars. 
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Stars that do not twinkle outside the 
Earth’s Atmosphere 


Ir was observed on Apollo 7 and 8 (ref. 1) that stars 
observed by the human eye outside the Earth’s atmo- 
sphere show no obvious time variations of their visible 
light intensity for time lapses from tenths of seconds up 
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Table 1. STARS USED FOR ASTRONAUT NAVIGATION 
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Star Greek Right Magni- 
No. letter Name ascension Declination tude 
1 a Andromedae 0:06:40-6 +28:54:30 21 
2 B Ceti 0: :56-0 —18: $ 2:2 
3 ~o Cassiopeiae 0:54:42-1 +60: Var. 
4 a Eri (Archernar) 1s 292 —57: 0-6 
5 a Polaris (U Mu) 23 56-6 +89; 2-1 
6 6 Eridani p -5 3-4 
7 a Ceti Bi ad 28 
R a Por (Mirfak) 3: “4 19 
9 a ‘Tau (Alderbaran) 4: 5 Vi 
10 @ Ori (Rigel) 5; "1 03 
+I a Aur (Capella) 5: 9 0-2 
12 a Car (Canopus) 6: -1 ~ 0-9 
13 a © Ma (Sirius) 6: 7 -16 
14 a CMi (Procyon) Td a) 05 
15 vt Velorum 8: 9 1-9 
16 t Ursae Majoris 8: “4 31 
vi a Hydrae 9: 9 2-2 
18 a Leo (Regulus) 10 : 06 : 37-0 1:3 
19 8 Leo (Denebola) 11:47:22.6 2.2 
20 y Corvi 12:14: 063 2g 
21 a Cro (Acrux) 12:24:44-9 2 1-0 
22 a Vir (Spica) 13; 127-4 ` 1:2 
23 4 UMa (Alkaid) 13:46: 14-5 49: 1-9 
24 6 Centauri 14:04: 44-0 36:12 2-3 


to several minutes. We discuss here two aspects of the 
importance of this observation. 

First, the absence of star twinkling is of great impor- 
tance to the lunar astronomical observatory. This 
observation shows the effect of moving electron density 
irregularities in the interstellar plasma to be small. The 
tenth of a second twinkling of Jovian decametric (10° Hz) 
radio noise is believed? to result from inhomogeneities 
in the solar wind in the path of about 4 au between 
Jupiter and the Earth. By analogy it might have been 
expected that twinkling of visible light resulted from 
inhomogeneities caused by interstellar winds, but by direct 
observation of thousands of stars this does not seem to 
be the case. (At electron densities where Ne is about 
ljem?, the characteristic plasma frequency is about 
10! Hz, which is much smaller than the frequency of 
decametric radio emission (about 3 x 10? Hz), or of visible 
light (about 10% Hz), and the cross-section of electron 
scattering reduces to the classical electron cross-section, 
o: approximately equal to (87/3) (e?/ma?)?, which is about 
05x10- emê. But in the case of radio waves, of A 
about 10 m, clumps of electrons in volumes approximately 
33 can act coherently to scatter, with cross-section 
(NX? oe, which is about 10-86 cm?. Between Earth and 
Jupiter, which are separated by distance L, there are 
approximately L/? or about 10+ clumps per em?; thus the 
change of intensity of a radio wave travelling the path is 
Al=N2 23 L, which is about 1 per cent, a measurable 
effect. For visible light, however (A about 10- em), 
coherent. effects are nil at N, about 1/em*, so that Al 
is about Ne L oe and visible light arriving from stars at 
kiloparsee distances, > 10% cm, may still undergo a vari- 
able diminution of AZ about 1 per cent, a measurable 
effect.) 

A search for and study of twinkling from the advan- 
tageous position of a Moon based astronomical observa- 
tory will offer a new method to determine the distances 
to stars—in particular this study may give new information 
on the curious problem of quasars, now thought to be the 
most distant of all objects. In principle, random motions 
of interstellar plasma would become amenable to study 
throughout the galaxy. 

Second, absence of visible star twinkling excludes 
random laser action in stellar atmospheres and gaseous 
nebulosities for time variations from tenths of seconds 
up to several minutes. Radio emission from galactic con- 
centrations of hydroxyl radicals at A about 18 cm is 
believed to derive from laser action®. If this hypothesis 
is correct, then there must exist natural ways to create 
inverted atomic and molecular populations, so that 
both maser and laser action might be expected to be a 
probable phenomenon. Non-observation of visible twink- 
ling in thousands of stars from first down to fourth plus 
magnitude (with eye aided by 28 power telescope), in 














Star Greek Right Magni- 
No. letter Name ascension Declination tude 
25 a Boo (Arcturus) 14:14:093 +19:21:22 D2 
26 a Coronae Bor 15:33:174 +26:49:2 2:3 
27 a Sco (Antares) 16:27:22:8 ~—26; 1-2 
28 a Tr A (Atria) 5109-2 —68: 1-9 
29 a Ophiuchi :241 +12; 2:1 
30 a Lyr (Vega) 149-2 +38: 2-1 
31 a Sagittarii 1131 -28:2 21 
32 a Aq! (Altair) 210-3 +8: to 
33 B Capricorni :095 —14: 3-2 
34 a Pavonis 102-8 -56: 2-1 
35 a Cyg (Deneb) :183 +45: 2:3 
36 E Pegasi 42 : 33-8 +9: 2-5 
37 a P sa (Formalhaut) 22:55:49-8 -29: 1:3 





nebulous formations and in one other galaxy (the Magel- 
lanies), is thus of chief importance in setting upper limits 
on the probability of naturally occurring laser action. 

Table 1 lists the stars used by the astronauts for 
navigation and which, together with their neighbours, 
were studied the most carefully. 


W. CUNNINGHAM 
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Search for Optical Pulsations 
from the Vela Pulsar 


Tue detection’? of optical pulsations from the pulsar 
NP 0532 in the Crab Nebula naturally stimulates a search 
for optical radiation from other radio pulsars. Of the 
known pulsars, the southern object PSR 0833-45 has 
properties most similar to that of the Crab pulsar: the 
periods of the two objects are the shortest known (33 ms 
and 89 ms), their principal pulse shapes are very similar, 
and each seems to be associated with a supernova remnant 
(the Crab Nebula and Vela X). 

We have searched for optical pulsations from the Vela 
pulsar using the 82-inch Struve reflector at McDonald 
Observatory and the electronic equipment deseribed in 
ref. 2. The accurately known position (1959 = 08 h33m 39s 
+1 s, Sigs = — 45° 00’ 05” + 15”), period and rate of period 
change® aided the search. In Fig. 1 we show the field of 
the pulsar. There is a very faint star very close to the 
radio position and several brighter stars nearby. With 
our instrumental period set at 178,417,026 ns to obtain 
two complete cycles of the pulsation, and with an aperture 
of 30 are s diameter, we made synchronous scans of each 
of the eight marked objects. Approximately 100 s were 
devoted to each object; no optical pulsations were 
detected. 

With our equipment we are able to detect the character- 
istic light curve of the pulsar in the Crab in about 2s, so our 
failure to find the Vela pulsar implies an upper limit on its 
optical brightness a factor of 50 lower than the optical 
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brightness of the Crab pulsar. This corresponds to a time- 
averaged magnitude fainter than 21-5. 

At 400 MHz the average energy per pulse from the Crab 
and Vela pulsars is 0-05 x 10-** and 0-2 x108 J m-? Hz- 
respectively®.®, and their spectral indices are — 2 and — 0-9. 
The spectral index for the Vela object is constant over the 
range 408 MHz-2,700 MHz, which allows a rough estimate 
of the expected energy in the optical region. The spectral 
index of the Crab pulsar may change at higher frequencies 
because comparison of optical and radio flux measure- 
ments!” gives an index of — 0-7. 

These figures suggest that the Vela pulsar should be 
about one quarter as bright as the Crab pulsar in the 
optical region. This estimate is very uncertain because of 
the large extrapolation in terms of pulse energy for the 
Vela object, but we would still expect to detect the 
pulsations optically even if it is optimistic by a factor 
of 10. 





Fig. 1. 

30 are s in size and is centred on the radio position. Observations 

were made centred on the marked stars, with a 30 arc s diameter 
diaphragm. 


Apparent position of Vela pulsar. The square is approximately 


Inspection of the Palomar Sky Survey plates indicates 
the presence of an interstellar absorbing cloud close to 
and possibly covering the radio position of the pulsar. 
The absence of stars projected on this cloud fainter than 
about 16th magnitude suggests that there is at least 
5 magnitudes of absorption present. If the cloud is 
between the Vela pulsar and the Earth, as seems likely, 
the pulsations will be extremely difficult to detect 
optically. A similar search at infrared wavelengths might 
be more successful. 


BRIAN WARNER 
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McDonald Observatory and 
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Toroidal Stages in Stellar Evolution 


One of the questions which the modern theory of stellar 
evolution fails to explain is why there are no stars rotating 
with extreme equatorial velocities. It is easy to see that 
the rotation of protostars is restricted because of the 
conservation of angular momentum during contraction, 
but if the type of rotation remains unchanged, angular 
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velocity should be connected with the radius of a protostar 
by the relationship 


o= @o(Ro/R)? 


where the subscript refers to initial values. 
angular velocity wim is given by 


lim = Oglim Ro RYP” 


The limiting 


Taking 


4 
Oa ~ 1075 s71, and wolim = ge npa? x 10°18 sh 


we obtain @xoium if R~O-4R,, that is, the rotation of 
the protostar is restricted before the star itself is formed. 
Thus the angular momentum of a protostar exceeds that 
of main sequence stars by 10*. Removing this difficulty 
by taking magnetic fields into consideration, we are faced 
with another problem: why magnetic stars rotate rapidly 
when they ought to have lost their angular momentum, 
Neither is it easy to explain why the rotational velocities 
of stars of early spectral type increase with the radius 
of a star. Problems in the origin of close binary systems 
are also well known. We would like to point out a further 
difficulty in the polar character of the stellar magnetic 
field. 

It seems likely that all these problems arise because 
the only figure of equilibrium considered in the theory of 
stellar evolution is the ellipsoid of revolution. Decrease 
of the moment of inertia and considerable merease of 
angular velocity during stellar evolution are consequences 
of this assumption. 

Tf the rotation is non-uniform, however, it can be shown 
that the figure of equilibrium should be other than an 
ellipsoid. (Non-uniform rotation arises because of non- 
homogeneous contraction.) It is possible, for example, for 
the rotation to be such that the figure of equilibrium will 
be similar to the Cassiny ovoid. Depending on their 
parameters, such surfaces of the fourth or higher order 
may be either one or two-binding. If the boundary sur- 
face of the cloud of gas and dust is of this type, then the 
cloud will contract into a two-binding body, that is, a 
toroid. The existence of a toroidal equilibrium form has 
been proved for an incompressible homogeneous liquid 
by Lichtenstein’. The case of a thin polytropice toroid 
has been considered by Ostriker*. 

Our hypothesis is that the initial rotating cloud should 
contract into a two-binding body which degenerates into 
a thin toroid. The moment of inertia in such a process 
will not change considerably and so the rotational velocity 
remains small. Unfortunately, the structure of a gaseous 
toroid of arbitrary thickness is a problem which up to 
now has no exact solution, so we were only able to treat 
the evolution of a sufficiently thin toroid. 

The evolution depends on the cooling law of the gas. 
Because of the low density of the medium of gas and dust, 
contraction of the toroid should be isothermal. Numerical 
results show that the major radius of the ring changes 
slightly while the minor one decreases by a factor 10°-104 
in a time of the order of 105-108 yr. 

The uniform contraction continues until the toroid 
becomes gravitationally unstable, and fragmentation 
occurs when the number of the Jeans waves at the length 
of the major circle of the toroid takes an integer value. 
At first the first harmonic will be excited. Excitation 
of higher harmonics ceases when the speed of contraction 
becomes less than the rate of growth of the perturbation. 
If the influence of the stellar background is negligible, all 
the harmonics will not be independent. The potential 
energy minimum will be approached when the system 
has maximum symmetry. It follows that protostars of 
different masses are born during fragmentation of the 
toroid. An example of the mass distribution for a ring 
of 100 Mo and excitation of the twentieth harmonic is 
shown in Fig. 1. The total number of stars in this case 
is 128. 
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Fig. 1, Mass distribution after disintegration of a toroid. 


It is remarkable that Isserstedt and Schrnidt-Kaler* 
have recently discovered about a thousand objects which 
they have named “‘Sternringen”’. If these stellar rings are 
real they may be the result of the disintegration of the 
toroids considered here. 

It can easily be checked that the individual momentum 
of a star is of the order of (a/R)*, where a and R are the 
minor and major radii respectively of a toroid. 





Fig. 2. Formation of a polar magnetic field. 


The origin of polar magnetic fields in stars and of 
inclined rotators naturally follows from our hypothesis 
(Fig. 2). It is interesting to note that the toroidal con- 
figuration can arise not only at the stage of star formation 
but also during the evolution of a single star. Such a 
situation can occur when meridional circulation changes 
the rotation of a contracting star’. Close binaries can be 
formed in just such a way. Thus the hypothesis proposed 
here seems to be capable of removing all the difficulties 
mentioned. 
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Magnesium Pyroxenes at High 
Temperature: Inversion in 
Clinoenstatite 


THE true phase relations of Mg-rich pyroxenes!-* are 
obscure partly because most measurements were made 
on cooled specimens which underwent a crystallographic 
transformation on cooling. This communication reinter- 
prets the phase transformation occurring in clinoenstatite*, 
thereby providing a general interpretation for all Mg-rich 
pyroxenes and, by implication, for other rock-forming 
silicates. Magnesium-bearing pyroxenes typically occur 
in basic rocks and meteorites and the crystallization 
history can be partly deduced from crystallographic 
relies consequent on phase inversion. The mechanical 
stability of some pressed ceramics depends on the extent 
of volume change occurring on the phase inversion of 
Mg-pyroxene. 

Perrotta and Stephenson‘ discovered that the X-ray 
powder diffraction pattern of clinoenstatite of MgSiO, 
composition changed rapidly and reversibly at about 
1,000° C just before inversion to protoenstatite. For 
(Mgo-92sCao.o75)Si0, (weight per cent), the X-ray powder 
pattern of clinoenstatite also changed rapidly and revers- 
ibly at about 1,000° C to a new powder pattern which 
persisted up to 1,400° C. 

Because the (310) reflexion of low clinoenstatite seemed 
to split into two, they proposed that the symmetry 
dropped from monoclinic to triclinic. The resulting index- 
ing of high clinoenstatite is not convincing because only 
a few of the possible lines were observed, and especially 
because many strong lines did not have indices common 
to the strong lines of low clinoenstatite. 

Re-examination of the powder data for (Mgo-»;Cag-9s)- 
SiO, at 1,100° C (Table 1) shows that most of the lines fit 
well with a monoclinic pyroxene, probably contaminated 


Table 1, POWDER DIFFRACTION DATA 


Perrotta and Forsterite Cristobalite Pyroxene Indexing 
iki 


Stephenson PDF 4-0768 PDF 4-0359 doaie 
a I d I a 
2 643 6-44 110 
2 519 26 511 5-22 101 NS 
Vi 4-47 448 020 (111) 
83 4-12 100 415 4:12 210 NS 
10 $94 69 8: 389 101 NS 
3 376 25 373 3-80 211 NS 
6 3°56 21 7 3:56 111 
42 3-84 3:34 021 
76 322 322 220 
100 3-086 wv 3-000 3-06 221 
30 298 2-98 311 
91 202 2:92 310 
2:86 
& 2-84 2-84 130 
11 280 53 2-768 2:79 211 Ns_ 
20 2-588 2-591 131 (203) 
13 2-533 i 2513 80 253 26549 112 
83 2-501 100 2-458 2:505 00g ăě 
20 2456 59 2-268 2-456 221 (407) 
6 2-296 33 2-250 2-306 3120 
30 - 2-167 15 2-161 10 217 2167 112 (331) 
16 2448 2147 421 (330) 
15 2094 2096 402 
6 2058 30 2-07 2-058 420 
12 2043 2-044 041 
6 2-012 2-016 240 
& 1-975 1-975 241 
3 1-948 1-943 202 
8 1-815 1-815 510 
7 1/806 1-805 521 NS _ 
10 1-782 1-782 222 (512, 182) 
12 1759 60 1-748 1-758 150 
3 1-699 13 1-670 1-699 242 O o 
27 16847 12 1-636 60 1-841 16849 403 (537, 447) 
15 1632 15 1-618 1-633 342 (123) NS 
6 1-611 10 1-572 1-610 440 
10 1-5458 1-5446 600 (423) 
4 1-5353 1:5306 113 (627) 
11 15108 10 1-514 1:5107 113 
71 15068 27 1:497 15062 13 
7 14931 30 1-479 50 1460 14923 060 
4 14328 1:4323 352 
15 13916 12 1-396 13919 243 (531) 
4 13777 20 1:380 1-3780 133 
7 13661 1-3661 2 
3 13032 1:3046 404 (710) 
7 12823 30 1-266 12821 062 (313, 512) 
4 1227/1 1:2268 852 (442) 


NS = Not in space group C2/e, For the pyroxene indexi 
en 


, dealc refers te 
nbracketed hkl. 


th The bracketed hki gives a similar value of deak, 
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General physiology of the nervous system—electrophysiological 
methods for investigation of the nervous system; function of 
the neurone and nerve fibre; Part I]. Organization of visceral 
functions by the autonomic nervous system; peripheral 
organization of visceral functions; the mesorhombo-spinal 
organization of visceral reflexes; © mesorhombencephalic 
organization of visceral performances; diencephalic organiza- 
tion of visceral performances; rhinencephalic organization of 
the viscerosomatic behaviour; neocortical organization of 
visceral functions; Part Ill, Control of special visceral func- 
tions; neurohumoral regulation of hemopoiesis and blood 
coagulation; neurohumoral regulation of immunity; neuro- 
humoral regulation of blood circulation; neurohumoral 
regulation of respiration; regulation of food uptake, sali- 
vation, digestion and defecation; regulation of metabolism; 
regulation of temperature; neurohumoral regulation of 
visceral skin organs concerned with thermoregulation; 
regulation of urine; regulation of reproductive functions; 
neurohumoral regulation of growth; regulation of cerebral 
blood circulation; regulation of the cerebrospinal fluid 
circulation; influence of the autonomic nervous system on 
the eye; influence of the autonomic nervous system on the 
labyrinth (cochlear and vestibular functions); influence of the 
autonomic nervous system on somatomotor functions; neuro- 
hormonal activities and psychic functions; biorhythms in 
autonomic visceral systems; tests for autonomic nervous 
regulation; subject index, 


1968 640 pages 280 illus. 


JAKOB-CREUTZFELDT DISEASE 


Walter R. Kirschbaum, Associate Professor, Department of 
Neurology and Psychiatry, Northwestern University Medical 
School, Chicago, Illinois, U.S.A. 


CONTENTS: Preface; the original description: tabulation of 
the case reports; comments on the tabulated cases and 
compilation of the data; clinical manifestations; selected case 
reports; neuropathological aspects; closing remarks; refer- 
ences; index. 

1968 251 pages 


Physiological 


£18 0 0 


65 illus. £29 0 0 


Elsevier 


Amsterdam P.O. Box 21 | 


London Ripple Rd Barking Essex 


BRAIN BARRIER SYSTEMS 


Edited by A. Lajtha, New York State Research Institute for 
Neurochemistry and Drug Addiction, and Department of 
Biochemistry, College of Physicians and Surgeons, Columbia 
University; and D. H. Ford, Department of Anatomy, State 
University of New York, Downstate Medical Center, Brooklyn, 
New Yor 


CONTENTS: Structural considerations; cerebrospinal fluid; 
substrates for brain metabolism; ion movements; factors 
influencing barrier functions; spaces in the central nervous 
system; conclusions; author index; subject index. 


1968 552 pages 218 illus. £11 10 0 


ANTICHOLINERGIC DRUGS AND 
BRAIN FUNCTIONS IN ANIMALS 
AND MAN 


Edited by P. B. Bradley, Department of Experimental Neuro- 
pharmacology, The Medical School, Birmingham, England; 
M. Fink, Department of Psychiatry, New York Medical College, 
New York, U.S.A. 


CONTENTS: Preface; summary; brain, behaviour and anti- 
cholinergic drugs; introduction; the effect of atropine and 
related drugs on the EEG and behaviour; neuropharmacological 
comparison of subcortical actions of anticholinergic com- 
pounds; an examination of a possible cortical cholinergic link 
in the EEG arousal reaction; influence of atropine, scopolamine 
and benactyzine on the physostigmine arousal reaction in 
rabbits: brain acetylcholine and habituation; the effect of 
physostigmine and atropine on some behavioural and electro- 
physiological functions in rats; sorne actions of cholinergic and 
anticholinergic drugs on reactive behaviour; experimental 
psychoses induced by benactyzine in alcoholics; anticholinergic 
hallucinogenics: laboratory results vs. clinical trials; role of 
cholinergic mechanisms in states of wakefulness and sleep; 
cholinergic brain mechanisms and behaviour; EEG and beha- 
vioural aspects of the interaction of anticholinergic hallu- 
cinogens with centrally active compounds; discussion; author 
index; subject index. 


1968 184 pages 





£4 5 0 


THE NEURON 


Edited by H. Hyden, Institute of Neurobiology, University of 
Goteborg, Goteborg, Sweden 


CONTENTS: Preface; the history of the neuron; cortical 
grey matter—a correlation of light and electron microscopic 
data; dynamic activities of nervous tissue in vitro; dynamic 
aspects of the neuron-glia relationship—a study with micro- 
chemical methods; observations on the ultrastructure of the 
ganglionic neurons and synapses of the frog; Rana esculenta 
L., enzyme localization and ultrastructure of neurons; lysosomes 
in nerve cells; author index; subject index. 


1967 393 pages 198 illus. £7 0 «0 
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SPRINGER-VERLAG | 


BERLIN HEIDELBERG NEW YORK 


Nucleic Acids 
in Immunology 


Proceedings of a Symposium Held at the Institute 
of Microbiology of Rutgers, The State University 


Edited by Otto J. Plescia and Werner Braun, 
Institute of Microbiology, 
Rutgers, The State University 


With 195 figures and 1 colorplate 
XVII, 724 pages. 1968. Cloth DM 88,—; US $ 22.00 


This book is the first compilation of data and 
concepts of critical importance to immunology, 
medicine and molecular biology in the recently 
developed fields of nucleic acids as antigens and 
as non-specific stimulators of immune responses. 
it provides the first integrated coverage of these 


important topics, including many previously un- 


published data, and is likely to prove of partic- 
ular value because new concepts, experimental 
procedures and applications in these areas devel- 
op too rapidly for the individual investigator to 
keep abreast of them. 


Specific topics include the production and assay 
of antibodies to oligo- and polynucleotides and 


' their actual and projected uses in the identifica- 


tion of molecular structure; recognition of auto- 
immune diseases and identification of DNA 
single-strandedness during mitotic and meiotic 
events; biological effects of anti-ribosomal anti- 
bodies; recognition of radiological effects by 
immunological means; normal and radiation- 
inhibited immune responses; conversion of non- 
immunogens into immunogens and the role of the 
carrier; stages in the process of antibody syn- 
thesis; evolution of antibody synthesis as an 
example applicable to other important biological 
functions, including the learning process. 


E Prospectus on request 








THE CHEMISTRY OF NATURAL 
PRODUCTS—5 


International Union of Pure and Applied 
Chemistry 


The ten’ plenary lectures presented at the fifth 
symposium on the Chemistry of Natural Products 
held in_ London, 8-13 July, 1968, are recorded in 
this volume. Contributors are distinguished authori- 
ties from the U.S.S.R., Switzerland, Czechoslovakia, 
Japan, the U.S.A., Germany and France. 

1969 242 pages illustrated 65s. 





OUTLINE OF INDUSTRIAL ORGANIC 
CHEMISTRY—3rd Edition 

by Alfred Rieche, translated from the German by 
F. Sterne, FIL, English Editor K. Littlewood 

The development of the most important techniques 
and processes used in the organic chemical 
industry have been summarized in such a way as 
to impart a genuine understanding of the chemical— 
technical principles upon which the industry is 
founded. 

1969 592 pages illustrated £4 18s. 
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SUBCELLULAR COMPONENTS : 
PREPARATION AND FRACTIONATION 
edited by G. D. Birnie, BSc, PhD, and Sylvia M. Fox, 
MA, MIBiol. 

Proceedings of the Symposium organized by the 
imperial Cancer Research Fund. The papers, 
which review the latest techniques, are of value to 
biochemists, cytologists, and cancer research 
workers. 

1969 172 pages illustrated approx £3 


On 
ROOT GROWTH 

(15th Nottingham Easter School) 

edited by W. J. Whittington 

Volume in five sections: Structure and General 
Physiology of Roots. Functioning of the Root in 
Response to its Environment. The Environment and 
Root Growth. The East Malling Root-Observation 
Laboratories. Demonstrations. 
neem 
ORGANO-METALLIC CHEMISTRY 
International Union of Pure and Applied Chemistry 
Special lectures from the Symposium held in 
Heidelberg in 1967. 


1969 approx 200 pages illustrated £2 
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BUTTERWORTHS 
88 Kingsway, London WC2 
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CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
tent (Ia) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP-2 

Three-Electrode 

Polarographic System ..$2790 
Model SSP-3 

Digital-Readout 

Polarographic System ..$3190 





Other Chemtrix instruments 


Type 800 

Wavetorm Source for 
Electrochemistry 

{Triangle and rectangular 
waveforms, variable slope with 
wide-range control} 


No, A-111 

Glassy Carbon 

Electrode 

(For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 





For information on these and other polarographic instruments and 
systems, contact your focal representative, or write directly to: 
Prices F.0.B. Factory 


CHEMTRIX, INC. 


Frushamentlation fer Sctence 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 





H. S. B. MEAKIN, LTD., 





GLASSWORKERS’ 
STAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 54” x 5”. 
Price: £15 10s. 6d. 

As above but without colour 
analyser showing strains against 
black field. Price: £11 11s. 0d. 


Immediate delivery 


25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS Tel. : 01-222 6713 


PERSPECTIVES IN 


STRUCTURAL CHEMISTRY, 


Volume 2, 


edited by J. D. Dunitz, Swiss Federal 


Published by 
John Wiley 
& Sons Ltd 

Baffins Lane 


Institute of Technology, Zürich, and 
4. A.tbers, Northwestern University. 


April 1969 178 pages 103s, 


Chichester 
Sussex 


DILLON’S UNIVERSITY 
BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
WRITE NOW FOR OUR NEW GEOGRAPHY CATALOGUE 


| MALET ST., LONDON, W.C.1. MUSeum 2128 
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The Vickers M85-a new advance 
in Scanning Microdensitometry 





The M85 is a scanning microdensitometer for the measurement of the light absorption properties of 
transmitted light microscope preparations. The specimen is scanned by a flying photometer spot, 
0.5u in diameter with a 40X objective. The spot density measurements, spaced 0.5u in the y axis and 
0.331 in the x axis over the whole specimen, are integrated and fed to two eye level digital displays 
presenting total integrated density, and the area of the specimen having an optical density greater 
than a set value between 0.0 and 1.3. Exact control is exercised over the scanning mode by a pre- 
cision prismatic monochromator, an indirect specimen masking photomultiplier system and four 
interchangeable objectives. Integrated circuitry is employed throughout for absolute stability and 
reliability. 


Density range 0.0 to 1.3; Specimens measurable down to 0.74 diameter; Reproduc- 
ibility 0.5% standard deviation; Wavelength range 390 to 700 nm approx. 


VICKERS LTD . VICKERS INSTRUMENTS 
HAXBY ROAD YORK Y037SD i PURLEY WAY CROYDON CR9 4HN 
Telephone : 09-04 24112 Telephone : 01-688 3845 
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No more difficult manipulations 
in color photomicrography 
with Olympus Photomax 











































Color photography isn't easy, even for a 
professional cameraman. In the case of 
photomicrography it's even more difficult. 
However, the Olympus Photomax has now 
eliminated all the difficult manipulations in 
photomicrography. The setting of shutter 
speeds, compensation according to the film 
characteristics and minute adjustment of 
exposure are all automatically controlled. 
There is no fear of getting a red-tinted or 
blue-tinted color photograph. The color 
temperatures for the various films are ad- 
justed with the filter and meter. And so all you 
have to do is just press the shutter release button. 
The Photomax, a biological 
microscope, also has the fol- 
lowing features: a built-in sub- 
stage Koehler illuminator, coax- 
ial controls for smooth focusing 
and stage movements, wide-field, 
high-eyepoint 10x eyepieces with diopter 
adjustment, and a builtin magnification 
changer (1x, 12x, 14x and 1.8) that gives 
the five standard objectives a magnification range 
from 28x to 1260x for photography, 40x to 
2700x for visual observation. You can 
now fully devote yourself to research 
instead of having to first become a 
professional cameraman. Photomax guar- 
antees you perfect color photographs... with 
almost no trouble. Olympus is Japan's leading 
integrated optics manufacturer that produces cam- 
eras, microscopes, optical measuring apparatus, 
medical instruments and lasers, 
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Olympus Photomax 


Auto-exposure recording photo-microscope 





OLYMPUS OPTICAL CO., (EUROPA) GmbH., (Olympus Europe Office) 2, Hamburg 1, Steindamm 105, West Germany 
Phone: 243358 METALLURGICAL SERVICES LABORATORIES LTD. (Agent for Metallurgical Microscope In 
England) Reliant Works, Betchworth, Surrey Phone: Betchworth 2364 A. GALLENKAMP & CO., LTD. (Agent 
for Biological Microscope is England) P.O. 80x 290. Technico House, Christopher Street, London, E.C. 2 
Phone: 01-247 3211 


„the biologist’s electron microscope with the 
most advanced specimen handling facilities 


The ability to change specimen holders a controlled speed. The objective focal EM7—The European million volt electron 
with ease and speed isa significant benefit length and resolution ofthe microscope does microscope. 
built into the AEI EM801. not alter with change of specimen holders. EM8—3A resolution tor ultimate resolution 
: These advanced and versatile specimen research. ae 
You can choose from: f , handling facilities, coupled with a genuine EM802—Full goniometer facilities for 
(a) Aspecimen holderto carry six specimens gÅ point-to-point resolution, are but some of crystallography. i 
atonce. ; À the outstanding features of the AEI EM801. EM6B—Long established and well tried 
(b) Aspecimen holder to tilt specimens + 20°. Leadershi h h choi high resolution instrument for biologists. 
(c) Aspecimen holder to tilt specimens + 30°. eaders 1p through € oice EM6G-—A general purpose instrument for 
(4) Aspecimen holder to examinea string AEI’s strength in electron microscopy liesin all research. 
of up to 250 serial sections. iong term development, the resultsof which EM6M—A high quality medium-priced 
ee ; G Ii enable them to offer a range of six other instrument for small budgets. 
All holders are of the plug-in type, directly electron microscopes to meet most budget 
interchangeable. and are electrically drivenat requirements andresearch applications. 


Scientific Apparatus Division, P.O. Box 1, Harlow. Essex. 
| Tel: Harlow 26761 And in the U.S.A. contact: 
si } D; A 


SCIEN 1 For information contact GEC-AEI (Electronics) Ltd., 
ADDARE 
kor Ni 1275 M c M 
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BOOKS 


APPLIED ELECTRONICS 


J. F. YOUNG, C.G.LA., B.Sc., M.LE.E., M.LE.R.E., Lecturer in Electronics, 
Univeristy of Aston 





The emphasis is on the use of standardised and easily followed methods of circuit analysis, 
and throughout this book the aim has been to provide a full account of linear electronics 
rather than a superficial coverage of a broader field. A short review of basic physics 
and the early history of electronics is followed by detailed discussions, with many 
explanatory diagrams, of such topics as Semiconductors, Transistors, Field Effect Devices, 
Low-frequency Field Effect Amplifiers, Low-frequency Transistor Amplifiers, and Nega- 
tive Feedback. There is a comprehensive Bibliography for each of the 14 chapters. 


320 pp. 234 illustrations 65s, net case 66s. 9d. by post 37s, éd. net student edition 39s, 
by post 


SEMICONDUCTOR PHOTOELECTRIC 
DEVICES 


Dr. Inz. A. AMBROZIAK, Electronics Department, The Polish Academy 
of Sciences. English translation edited by O. H. Hughes, B.Sc., Ph.D., 


A concise but comprehensive survey of the many kinds of solid state radiation sources 
and detectors in use today, intended for all those associated with the general field of 
semiconductors. The sections on design theory are detailed and include a number of 
practical worked examples. The first two chapters consist of summaries of the relevant 
parts of semiconductor and radiation theory respectively. The various types of devices 
are then considered in turn, with particular emphasis on the factors which effect their 
ultimate performance. The text is fully illustrated with graphs and diagrams which 
also serve as useful reference data. : 


344 pp. 242 illustrations 75s. net 78s. by post 


SOLID STATE ELECTRONICS 


Professor G. FOURNET, Department of Sciences and College of Industrial 
Physics and Chemistry, Paris 


One of the most advanced theoretical books to be published in this field of solid state 
electronics. The book falls into four major parts. The first is an introductory treatment 
of the quantum theory which will be understood without dificult by readers with a 
reasonable mathematical ability and no more than a grounding in the ideas of quantum 
physics. After a brief discussion of Dirac’s theory of the electron. The second: part 
deals more specifically with the theory of electrons in metals. Then follows a section 
discussing semiconductors including the detailed theory behind the working of diodes 
and transistors. The book concludes with a chapter on magnetism, describing the 
various phenomena of ferromagnetism, antiferromagnetism, and ferrimagnetism. 


304 pp. 92 illustrations 70s. net case 72s. 6d. by post 38s. net student edition 39s. 9d. 
by post 


MICROCIRCUITS AND THEIR 
APPLICATIONS 


Edited by W. GORE, B.Sc., C.Eng., A.M.I.E.E.E., Department of Electronic 
and Communications Engineering, Northern Polytechnic 
A comprehensive and easily read introduction to integrated circuits with contributions 


from nearly twenty leading authorities, This is an invaluable book for students reading 
for H.N.C., H.N.D., first degree, application and systems engineers. 


250 pp. 142 illustrations, plus 8 pp. plates 90s. net 91s. 9d. by post 
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A NEW JOURNAL IN THE BIOCHEMISTRY FIELD 


Chemico-Biological 
Interactions 


| AN INTERNATIONAL JOURNAL DEVOTED TO STUDIES OF THE MECHANISMS BY WHICH 
EXOGENOUS CHEMICALS PRODUCE CHANGES IN BIOLOGICAL SYSTEMS 





Managing Editor: G.P. Warwick (London, Great Britain) 
Associate Managing Editors: E. Farber (Pittsburgh, Pa., U.S.A.) and 
B. Ketterer (London, Great Britain) 


This journal contains papers dealing with the effects produced by chemicals foreign to the organism being 
studied, and which by molecular interactions, or incorporation, produce changes in biological structure and 
function. Biological systems studied include not only mammals but also plants, unicellular organisms, viruses, 
and systems derived from these. 


A major aim of the journal is to publish papers which explain as far as possible in molecular terms the 
mechanisms by which exogenous chemicals exert their effects in biological systems. 


initially approximately one volume of 4—6 issues will be published per year. The first issue is scheduled for 
publication in September, 1969 and Volume 1 will cover 1969/70. 

The subscription price is Dfi. 90.00 plus Dfl. 5.00 postage or equivalent (US$25.00 plus US$1.40 or £10.9.6 
plus 12s, as at March 1, 1969). 


OF INTEREST TO: 
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with forsterite and cristobalite. The indexing of the 
monoclinic pyroxene used the presumption that for a 
rapid, reversible inversion the strong lines should remain 
“visible even though their positions might change con- 
siderably. Careful comparison of the revised indexing 
for high clinoenstatite with those for low clinoenstatite® 
and diopside (Powder Diffraction File reference card 
11-654) shows that most of the stronger lines of all three 
patterns have common indices. Further, a greater 
proportion of the possible lines for the new monoclinic 
cell are present than for the old triclinic cell. 
Consideration of atomic vibrations at high temperatures 
permits a plausible structural interpretation of the inver- 
sion in clinoenstatite. At room temperature, the silicate 
chains of clinoenstatite® are considerably kinked as shown 
by the ¢ repeat of 5-19 A which is lower than the value of 
5-3 A expected for a straight chain. The Mg(1) poly- 
hedron is near-octahedral with six oxygen neighbours at 
2-0 to 2:2 Å. The Mg(2) polyhedron, analogous to Ca in 
diopside, is more irregular with six neighbours at 2-0 to 
2-3 A. With increasing temperature, Mg(2) atoms should 
vibrate strongly in the irregular grouping of oxygen atoms, 
thus simulating the larger Ca atom. With sufficient 
vibration the silicate chains may straighten out, providing 
a considerably larger cavity for the Mg(2) atom. This 
atom might oscillate in the cavity in a manner analogous 
to that proposed for the Ca atoms in anorthite’. Such a 
model would explain the much larger cell volume and 
long ¢ repeat of the high form. Qualitatively the high 
clinoenstatite would resemble diopside more than low 
clinoenstatite. Table 2 compares cell dimensions of the 
enstatite polymorphs and diopside. The c repeat of 


Table 2. 


Name 


CELL DIMENSIONS OF PYROXENE POLYMORPHS 
a (Aj bt) ed) BO) VÄ Tem- 
perature 

High clinoenstat- ; 
ite? 9-S64(6)* 8-954(4) 53338) 110-03(4) 442-515) 1.100°C: 
Low clinoenstatite’ 9-606(1) 88151) 5-169(1) 108-338(1) 415-1) RYT 


Orthoenstatite® 1822511) 8-815(1) 5-175(1) a 831-301) RT 
Protoenstatite® 9-252(2) 8-740(1) 5-316(1) — 429-90) RT 
Diopside® 9-748 8024 5251 105-8 439-5 RT 


Bracketed value is standard deviation to same numerical level. 
dimensions were obtained by least squares fitting of fourteen lines. The 
listed error is probably optimistic because of the possibility of incorrect 
assignment of indices to high-angle lines. 


5-33 A for high clinoenstatite equals that for proto- 
enstatite, the structure of which is based on straight 
chains’, and is rather greater than that of diopside which 
has slightly kinked silicate chains. 

Low clinoenstatite has space group P2,/e because the 
silicate chains collapse about the Mg(2) atoms. Diopside 
has space group C2/e because the larger Ca atoms hold 
the chains apart. Geometrically high clinoenstatite might 
also have space group C2/e if Mg(2) atoms simulate Ca 
atoms. Unfortunately the X-ray powder pattern is too 
insensitive for definite determination of the space group. 
The pyroxene indexing of Table 1 shows possible reflexions 
T01, 210, 101, 211, 211, 521, 342 and 123, all of which 
violate C2/e. Use of these reflexions is unconvincing and 
unnecessary because, first, calculated d-values of 101 and 
211 agree poorly with observed values; second, the 
intensity of the observed 4-12 line would be very high for 
a superstructure line; and third, contamination by for- 
sterite and cristobalite (or perhaps tridymite) provides a 
more plausible explanation of the low-angle lines. Con- 
sidering thermal expansion, the data from Powder Diffrac- 
tion File reference card 4-0768 for forsterite fit well with 
observed lines. Because cristobalite has so few low-angle 
lines its presence cannot be tested properly, but data from 
reference card 4-0359 for high cristobalite are consistent 
with observed lines. Disproportionation of MSiO, com- 
position into M,SiO, olivine yields SiO,, which should 
crystallize either as cristobalite or tridymite. Perrotta 
and Stephenson’s sample was obtained by crystallizing 
glass at 1,350° C for 3 days during which metastable 
growth of olivine and. cristobalite would be possible. 
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Because all low-angle lines can be explained by for- 
sterite and cristobalite contamination, it seems reasonable 
to adopt the hypothesis that high clincenstatite has space 
group C2/e, but obviously single crystal data are needed. 

Morimoto and Tokonami , (personal communication, 
October 1958) suggested that the diffuse reflexions ob- 
served in room temperature X-ray patterns of pigeonite 
result from inversion during cooling from an original 
pyroxene with space group C2/e. Thus the high-low 
inversion of clinoenstatite probably carries over into the 
Fe-bearing pyroxenes, pigeonite and clinohypersthene. 

Orthopyroxenes probably undergo unusual thermal 
expansion because straightening of the silicate chain 
and oscillation of M(2) cations can occur in an analogous 
manner to clinopyroxene, The zigzag arrangement of 
the sheets of chains, however, should hamper inversion 
to a high form, resulting in a higher inversion temperature. 

Inversions and unusual thermal expansions should 
strongly affect the relative stability of the various poly- 
morphs. The stability of high clinoenstatite may be quite 
close to that of protoenstatite because both have extended 
silicate chains. Possibly only small differences of chemical 
substitution are required to interchange the relative 
stability. Thus high clinoenstatite can be stabilized by 
only a small substitution of Ca, as indicated by Perrotta 
and Stephenson. Further petrological data® indicate 
that only a small substitution of Fe (about 15 per cent) 
is required for clinopyroxene to replace protoenstatite 
at high temperature. Measurements of thermal expansion 
of the various polymorphs, and determinations of the 
crystal structures at high temperatures, are in progress. 
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Isoprenoid Hydrocarbons in 
Coal and Petroleum 


THE isoprenoid hydrocarbons, pristane and phytane, 
which occur together in crude oilst-4, oil shale® and ancient 
sediments’, are presumed to have been formed from 
chlorophyll by various reaction routes. Neither pristane 
nor phytane is a normal constituent of land plants’. 
Pristane and phytadienes are abundant in marine organ- 
isms, and pristane (but not phytane) is present in recent 
marine sediments. It has been suggested that phytane 
is a post-depositional geochemical product®. Our investi- 
gations of the occurrence of normal, branched and cyclic 
saturated hydrocarbons in coals’ have shown that they 
are formed during coalification principally at stages of 
diagenesis later than brown coal”, 

The variation in pristane and phytane concentration 
(expressed as a percentage of the extracted n-alkanes) 
with diagenesis of Australian coals is shown in Fig. 1. 
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Fig. 1. Pristane and phytane contents of Australian coals. 


The pristane content of the saturated hydrocarbon frac- 
tion of the solvent extract begins to increase in sub- 
bituminous coals of more than 76 per cent carbon content, 
but for phytane no significant general increase im con- 
centration occurs until a much later stage of the dia- 
genetic process, when the carbon content reaches 83-85 
per cent. It is at this point that the pristane : phytane 
ratio is at a maximum. 


Table 1. PRISTANE |: FHYTANE CONCENTRATION RATIO IN HYDROCARBONS 


FROM PRODUCTS OF NATURAL AND ARTIFICIAL DIAGENESIS 


Natural products Ratio 
(1) Australian coals (Fig. 1) 1-1-9-6 
(2) Australian crude oils 4:1-6:3 
{3} Other crude oils (Fig. 2) 0-4-2-6 

Artificial products* 


(4) From Yallourn pollen coal (330°) (2-8 per cent of coal) 3 
(5) From (4), chloroform-insoluble fraction (330°) (1-4 per cent) 3 
(6) From (4) acetone-soluble esters (210°) 0 
(7) From (6) plus sodium bentonite (210°) 1 
(8) From phytol (L. Light) plus (5) (210°) 0. 


* Pach sample or mixture was heated with excess water in a sealed stainless 
steel tube for 3-5 days. Percentages are yields of total hydrocarbons based 
on dry coal. 


The composition of the n-alkanes extracted from coals 
changed progressively with increasing diagenesis’, and 
we have shown that the disappearance of an odd earbon- 
number preference in the coals of lowest rank is caused 
by the formation of n-alkanes (having no such preference) 
from long-chain ester wax and cuticle components in 
brown and sub-bituminous coals’. 

Because it is at the brown coal to sub-bituminous coal 
stage of diagenesis that pristane makes its appearance in 
the extractable coal hydrocarbons, it seemed possible that 
the isoprencid hydrocarbons could themselves be derived 
from esters and by similar reaction routes. This was 
proved by experiment. 
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Pristane and phytane could barely be detected in the 
chloroform—methanol extract of the Yallourn pollen coal. 
But on heating the coal with water m a sealed tube to 
200°-300° C for 3-5 days, in order to accelerate diagenetic 
changes, pristane and phytane were formed, together 
with large amounts of n-alkanes. Because the carbon 
content of the coal increased from 65-3 to 82:8 per cent 
and the reflectivity from 0-18 to 1-05 per cent, these 
conditions seem to simulate the natural conversion of 
brown coal to high-volatile bituminous coal. Both the 
original brown coal and its chloroform-insoluble fraction 
yielded pristane as the major isoprenoid hydrocarbon 
(pristane : phytane = 3: 1) at both 210° and 300° C. 

When phytol (one part) was heated with water and the 
insoluble fraction of the Yallourn pollen coal (ten parts), 
phytane was the major product (pristane/phytane = 1 : 2); 
but, because pristane, not phytane, is always the major 
isoprenoid hydrocarbon in coal extracts or in the products 
of artificial diagenesis, phytol, alone or combined as esters, 
cannot be the principal precursor. The dominance of 
pristane, the C,, hydrocarbon, suggests its possible forma- 
tion by decarboxylation of a Ca isoprenoid acid. 

That the insoluble fraction of the coal is an effective 
decarboxylation catalyst was shown by heating it with 
stearic acid and water at 300° C for several days. Hepta- 
decane was obtained in 10 per cent yield, but in the 
absence of coal no hydrocarbon could be detected. This 
indicates that pristane in the products of natural and 
artificial diagenesis could have been formed, at least 
partly, by the decarboxylation of phytanic acid, combined 
as esters in the brown coal. Phytanic acid has been found 
in sediments!*-!2 and in a crude petroleum, but has not 
been reported in plants. 

In an attempt to identify the type of chemical structure 
in brown coal from which pristane and phytane might 
originate, a mixture of esters was isolated (by chromato- 
graphy on a Florisil column) from the hexane-soluble 
part of the chloroform extract of the pollen eoal and 
crystallized from acetone at — 10°C. The crystalline 
esters were essentially straight-chain compounds, but 
those that were soluble in cold acetone gave infrared 
spectra that showed a much higher ratio of methyl to 
methylene groups, indicating a predominance of branched 
and alicyclic structures. When the non-erystalline esters 
were heated with water to 200° C, pristane and phytane 
were formed, the latter in large exeess (1:3). We know 
that clay minerals will catalyse the decarboxylation of a 
long-chain fatty acid, and so the branched alicyclic coal 
esters were heated with water and sodium bentonite to 
210° C for 5 days. The effect of the bentonite was to 
enhance considerably the formation of pristane (pristane + 
phytane=1:1), presumably by the decarboxylation of 
phytanie acid esters. Besides being a decarboxylation 
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catalyst, the chloroform-insoluble fraction of the pollen 
coal is itself a source of pristane and phytane. The yield 
of saturated hydrocarbons obtained on heating this 
fraction with water to 300° C for 3 days was 50 per cent 
of that obtained from the original coal in the same con- 
ditions; the pristane content of the hydrocarbons formed 
was the same in each case, approximately 6-0 per cent, 
estimated from gas chromatograms, 

The pristane : phytane ratios for coals were compared 
with values calculated from the data published!4-16 for 
crude petroleums (Fig. 2). The values for petroleums are 
lower than for most. of the coals, but the pristane : phytane 
ratios for several Australian and New Zealand crude oils 
which have been found in coal measures are much higher 
(4:0 to 7-0) than those for the other cils covered by Fig. 
2 (refs. 14-16). Variations in the ratio may reflect varia- 
tion in oxidation during the earliest stages of chlorophyll 
decomposition. Possibly the formation of phytanic acid, 
the precursor of pristane, is less likely in the more 
anaerobic conditions in aquatic environments than it is 
on land during the decay of plant material. Thus a low 
ratio of pristane:phytane in a erude oil may be an 
indication of marine plant origin, and a high one its 
formation principally from land plants. Much of the 
organic matter in some recent near-shore sediments 
appears to be of land plant origin, because solvent extrac- 
tion of such sediments yields n-alkanes having the odd 
carbon-number preference characteristic of land plants 
but not of aquatic organisms!?-18, 

Thus the high ratio of pristane :phytane of some 
Australian and New Zealand crude oils is a further 
indication that they have been formed during diagenesis 
of wax and cuticle coal components**. 
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Interferometric Examination 
of Tektites 


THERE exists on the Moon a large number of craters many 
of which may be meteoric in origin. And if—as is often 
suggested-—tektites result from meteoric impact there 
may be large numbers scattered over the lunar surface. 
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Fig. 1. A typical australite button-shaped tektite (x 520), 


The study of the surface structures of any such lunar 
tektites would indicate whether or not there had been a 
lunar atmosphere at the time of formation of such tek- 
tites because, if created in a vacuum, they would be of 
near spherical shape. If initiated in an atmosphere, 
however, they would probably resemble Earth tektites. 

In the existing bibliography relating to various proper- 
ties of Earth tektites! there are listed extensive studies on 
such aspects as location, shape, geochemistry, isotopic 
content, thermal properties, refractivity, opacity and so 
on. But there seems to be no reported examination of 
the microstructures of tektite surfaces by means of precise 
optical techniques. Numerous split tektites often have 
exposed highly specular glassy fiacture surfaces, including 
familiar Walner lines. This communication, however, is 
restricted to the examination of natural unbroken tektite 
surfaces. A brief preliminary account is given of a new 
approach to the study of tektites, namely, a surface 
examination by means of interferometry. A number of 
australites have been examined in this way. 

Most tektite surfaces look very rough and for this reason 
no former interferometric examination of tektite surfaces 
has been attempted. But what appears to the naked eye 
to be too rough a surface often responds admirably to 
interferometry when fringes are looked for under high 
magnification. A seemingly very rough and apparently 
non-specular region is often found to consist of a complex 
of quite small irregular specular areas each of which can 
give a pattern of fringes. 

Thus even very rough looking australites gave excellent 
fringe patterns when examined with a microscope adapted 
for interferometry. A good quality 4 mm objective at a 
magnification of x 650 was used. The fringes were taken 
with the green mercury line in critically correct conditions 
and are illustrated in Figs. 2—4. 

Fig. 1 shows one of the typical australite button- 
shaped tektites examined. There is a slight enlargement 
because the actual object is about one inch across. The 
best fringe patterns on australites are found on the convex 
posterior face, usually regarded as forward in flight and 
therefore subject to re-melting. A region in the neigh- 
bourhood of the arrow shown in Fig. 1, when matched 
against a reference plate of glass, yields the interference 
fringe pattern of Fig. 2. 

This interferogram indicates several features of interest. 
First, the smooth fringe definition proves that what appears 
to be a rough surface is in reality a complex of glassy 
specular regions. Second, the excellent fringe contrast 
shows that the reflectivity (and thus the refractivity) 
closely matches that of the reference glass surface. The 
refractivity of the surface tektite material is probably 
between 1-45 and 1-55. The third feature of interest is 
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the actual microtopography. With the aid of auxiliary 
white-light fringes it has been established that the circular 
ring patterns are hollows or pits, and not hillocks. Thus, 
for example, the central well defined circular fringe 
system indicates the existence of a pit about 1/20 mm 
across and about three light waves deep. On the original 
the fringes show a slight wavy structure, that is, a close 
fine structure representing a ripple effect of a small 
fraction of a light wave. It is suggested that these 
numerous circular pits are all smooth re-melt regions, 
their shapes being a result of the high surface tension 
forces acting on the melt. Possibly each smooth regular 
pit represents a local region of approximately uniform 
constitution, in which case there might then be different 





Fig. 2. 





Fig. 3. 
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Fig. 4. 


Figs. 2-4. Interferograms of various tektites (= 620). 


local melting temperatures. Some regions give the im- 
pression that a secondary re-melt followed the first solidifi- 
cation, because some secondary hollows appear super- 
posed on larger ones. 

In spite of the age of the australite (between five 
thousand and a half million years) the original glassy 
character has remained reasonably intact. The shght 
secondary wrinkling of the fringes may be the result of a 
corrosion or leaching effect. 

The tektites examined interferometrically varied con- 
siderably in the statistical distribution of pit shapes and 
sizes, but there is also an interesting general conformity in 
topography. For example, Fig. 3, from the posterior 
surface of another object (appearing to the naked eye very 
rough), shows a collection of pits ranging from 1/20 to 
1/10 mm across, with depths between about five and ten 
light waves. All over this object there is evidence of 
considerable wrinkling, the depth of the wrinkle features 
often approaching half a light wave and locally in places 
exceeding this value. Such fringe wrinkling often occurs 
on glasses and crystals which have been deliberately 
subjected to etching liquids. It is therefore suggested 
that such an attacking mechanism has operated here on a 
surface which originally contained pits similar in size 
and character to those in Fig. 2. 

Possibly a more advanced stage in such a solvent 
mechanism is shown by the fringe pattern in Fig. 4 from 
a further australite. Against a relatively smooth back- 
ground area can be seen numerous micropits ranging in 
diameter from about 1/150 mm with depth less than half 
a light wave, to pits some 1/20 mm across with depths 
up to some six light waves. The combination of melt 
and surface tension effects may account for the fairly 
frequent appearance on different objects of the approxi- 
mately 1/20 mm pits, but, if so, such a mechanism cannot. 
account for the much smaller pits on both Fig. 3 and 
Fig. 4. It is very probable that these numerous wide 
size-range small pits are all solution or etch effects resulting 
from action some time after formation. 

A detailed interferometric study of Earth tektites 
should be profitable and will certainly have relevance to 
the study of any lunar tektites that may be recovered. 
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Molecular Scanner 


We report here the development of a molecular scanner, a 
device that yields information about the spatial variations 
in emission of neutral atoms or molecules from the 
surface of a heterogeneous sample. We believe that such 
instruments may be of great value in science and engineer- 
ing, but we envisage a more refined apparatus. Here we 
merely describe the principle. We report the variation in 
evaporation in a scan across a sample consisting of 
alumina fragments embedded in potassium feldspar 
glass (K,O.A1,0,.6810,, melting point 1,550+ 10° ©). We 
believe this is the first report of the observation of surface 
features by molecular emission, as opposed to light or 
charged particles. 

The apparatus (for details of molecular beam techniques 
see ref. 1), shown in Fig. l, consists of a brass vacuum 
envelope maintained at a pressure of 107" torr by pumps 
and liquid nitrogen traps. The sample, with one face 
ground to expose the alumina fragments, as shown in 
Fig. 2, is held in a platinum crucible folded from platinum 
sheet, 5x 10° em thick, which is heated by passing through 
it currents of the order of 100 A from water-cooled 
electrodes. The walls of the apparatus are also water- 
cooled and contain windows so that the temperature of the 
crucible and sample can be determined with an optical 
pyrometer. Some of the neutral atoms emitted by the 
heated sample pass through the aperture (diameter 
0-025 em) in the septum and strike the platinum hot 
wire detector which ionizes any alkali atoms, or molecules 
containing alkali atoms (particularly K,O). The resulting 
positive ions are collected by the ion collector maintained 
at minus 45 V, and the current is measured and recorded 
by an electrometer and graphical recorder with a time 
constant of 0-9 s. The hot wire was operated at 900° C 
with a background current of 2x 10-18 A, which rises by 
a factor of up to 100 when the crucible has been hot for 
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Fig.1. View of the molecular scanner. Molecules emitted by the sample 

pass through the aperture and strike the movable hot wire detector 

where they are ionized and produce a current to the ion collector. The 

features of the sample revealed by the evaporating molecular rays are 

magnified two-fold in this arrangement. A pressure of 10-7 torr is 
maintained in the apparatus. 
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Fig. 2. The top surface of a potassium feldspar glass containing alumina 


fragments. 








Fig. 3. Drawing of the top surface of the sample showing the alumina 
fragments some of which are just below the surface of the feldspar glass 
(dotted line), The horizontal dotted line represents the scan line along 
which evaporation is observed, Other scans were made of this sam le 
with comparable results, The two ellipses show the approximate region. 
on the sample from which evaporating atoms can strike the detector. 


10 min. When the erucible cools, the background returns 
to its initial value. The detector can be driven back and 
forth 1-5 em by means of a motor and screw arrangement 
(not shown) and the bellows and flexible shaft suggested 
in the diagram. In this way, it is possible for the detector 
to receive molecules evaporating from different parta of the 
sample. Ions emitted by surface ionization from the 
platinum crucible were suppressed by a 45 V negative bias. 
At the same time the temperatures were sufficiently low 
to suppress electron emission. The total ion current 
amounted to approximately 10-7 A. 

Fig. 3 is a drawing of the sample with a line indicating 
the path of the scan. The variations in evaporation with 
position with the sample maintained at 1,500° C are 
shown in the recordings of Fig. 4. Each small vertical 
division on the recorder paper represents 10-1? A, and each 
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Fig. 4. Five scans of the sample from left to right taken at intervals of 

thirty min with the sample allowed to cool from 1,500° C between scans. 

The increase in background during the scan can be seen from the position 

of the baseline at the beginning and end of each scan. We do not under- 

stand the shifting in position of some of the features and the spikes, but. 
they seem to be time-dependent properties of the sample. 
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Fig. 5, The lower curve is the average of the five scans of Fig. 4 with the 

linear increase in the base line caused by the rising background removed. 

The upper curve shows the relative amount of glass and alumina present 
in the scanned area, as determined by visual inspection of Fig. 3. 


small horizontal division represents 8 s during which the 
detector moved 0-016 cm, thereby scanning 0-008 em on 
the sample. Fig. 5 represents the average of the five 
scans shown in Fig. 4 after removal of a linear drift of 
3x 10-™ A over the scan corresponding to the background 
increase. Variations in position and in amplitude of 
individual scans amount to 0-2 mm and 10-! A. It is 
likely that some of these variations result from changes in 
the sample, especially as it was allowed to cool between 
scans, but we have not yet studied these time-dependent 
effects. From the geometry of the apparatus, it is possible 
to deduce that the area scanned on the sample appears 
approximately as shown by two ellipses at the top of 
Fig. 3. The entire detector is visible from points in the 
smaller ellipses, whereas none of it is visible from points 
outside the large ellipse. Examining the sample along the 
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scan line through an aperture simulating the detector 
spatial response shows that there are alumina fragments 
and glass regions disposed as indicated by the line along 
the top of Fig. 5. The position of the line shows approxi- 
mately the percentage of the area viewed by the detector 
that is glass. There seems to be a reasonable correlation 
between the visible features and the evaporation pattern 
and we conclude that the evaporation is chiefly from the 
glass. In another experiment the detector was positioned 
at 25 and the temperature was varied from 1,000° C to 
1,550° C, and no measurable current above background 
was detected. We conclude that there is negligible 
evaporation from an alumina fragment and that there is 
apparently little surface diffusion. Conversely, when the 
detector was positioned to examine evaporation from 
points near 60, the variation in evaporation with tempera- 
ture is that shown by the crosses in Fig. 6. Time-dependent 
phenomena were observed which are possibly associated 
with diffusion of molecules along fragment boundaries 
because there is considerable activity in the sample at. the 
higher temperatures. There also seems to be evidence for 
depletion after long operation at the higher temperatures. 
Because we were unable to find a published report of a 
measurement of the vapour pressure of K,O, we prepared 
some K,O on a platinum foil and heated the foil in the 
crucible. After strong emissions of K had subsided, we 
were able to measure the ion currents as a function of 
temperature shown by the circles in Fig. 6. The agree- 
ment of the two curves, though not a positive identifica- 
tion, suggests that it is K,O that evaporates from the 
feldspar. 

It is possible to add a mass spectrometer to this appara- 
tus to analyse the ion species that is being detected. For 
example, the kind of universal detector that we have 
been exploiting for low-temperature helium-beam experi- 
ments?*, an electron multiplier and a low-temperature 
environment to reduce the background could be used. It 
would then be possible to detect atoms arriving at the 
detector at a rate as low as l/s, and the use of a smaller 
aperture would make the scanning procedure more 
efficient. Further elaboration includes techniques in 
which the atoms are allowed to condense on a surface, on 
which they can be detected in a variety of ways including 
photoelectric emission or Auger electron emission. The 
aperture could also be replaced by systems of electric or 
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Fig. 6. Temperature dependence of the emission from the sample when 
the detector is centred on point 60 on the sean. The curve of the emission 
from a platinum foil coated with K,0 is also shown, exhibiting approxim- 
ately the same temperature dependence. From the dimension of the 
apparatus it is possible to compute the rate of evaporation and hence 
the vapour pressure, which is also given. The efficiency of the hot wire 
detector in ionizing K,O and the degree to which thermal equilibrium is 
approached in the sample are debatable. 
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magnetic lenses with gradients acting on the dipole 
moments of the molecules or atoms. Finally, it is not 
necessary to be limited to thermally induced evaporation 
(self-luminous objects); atoms can be scattered or‘ 
condensed and evaporated from the surface of various 
samples. Eventually, it should be possible to achieve 
quite high magnification in several stages, by always 
taking advantage of the power of low-temperature 
vacuum techniques for obtaining extremely small back- 
grounds of undesired atoms and molecules. Interesting 
biological applications could then arise. 

We thank R. M. Koolish and F. J. O’Brien for assistance 
with apparatus, E. H. Jacobsen for discussions, B. J. 
Wuensch for providing the feldspar sample and advice and 
H. F. Dylla for aid in the K,O vapour pressure measure- 
ments. This work was supported by the Joint Services 
Electronics Program. 
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Electron Microscopy of 
Sodium Montmorillonite 


HE two-dimensional structure of montmorillonite has 
been illustrated by electron micrographs of the face view 





Fig, 1. 
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of the plates'-°. We report what we believe to be the first 
micrograph to be published of the edge view of the unit 
layers of montmorillonite. In Fig. 1 the plates appear 
to be supported at an angle to the supporting film; the 
dark parallel lines, which are 10 A+2A, are the unit 
layers of montmorillonite. This is in agreement with 
X-ray data which give the unit layer thickness as 
approximately 10 Å. It is interesting to note that the 
lines appear in groups of three or four. 

The sample was prepared by dispersing dry crude mont- 
morillonite (Wyoming Bentonite) in water, containing 
1 ml. of 30 per cent hydrogen peroxide/100 g of clay (to 
oxidize any organic matter) and centrifuging to remove 
gritty impurities such as silica. The sample was converted 
to the sodium form of montmorillonite by redispersing the 
clay in molar sodium chloride and allowing this to stand 
for several days. The excess salt was removed by dialysis 
with water. On centrifuging the dispersion at 38,000g for 
1 h, the montmorillonite separated out as a gel, which 
appeared transparent yellow at the top of the centrifuge 
tube with gradations to an opaque yellow colour at the 
bottom, resulting from a distribution of plate size. The 
yellow colour is attributed to traces of iron or chromium 
present in octahedral lattice sites. 

Some of the opaque fraction. consisting of the larger 
plates (approximately 1 mieron in size), was dispersed in 
water. A sample of this was spotted on to plastic support- 
ing films and was studied at an accelerating potential of 
50kV in a Hitachi HU 11B electron microscope. The 
edges of plates were observed in small areas on several 
microscope grids. 
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Visual Observation of Surface 
Vibration Nodal Patterns 


SEVERAL methods for studying surface vibration modes 
using holography have recently been developed'~*. 
These effectively contour the surface with interference 
fringes, which delineate points of equal amplitude of 
vibration. By using stroboscopic methods in conjunction 
with holography, the relative phase of different points 
can also be measured?-§, We describe here a somewhat 
simpler method of vibration analysis, which does not in- 
volve the photographic process, and does not need the 
stability against long term drift effects that is essential 
to the recording of a hologram. It is, however, capable of 
determining only the nodal areas. It is essentially an 
observational method, depending on the appearance of 
the speckle pattern that is seen when the surface of an 
object is illuminated with coherent light. 

The formation of laser speckle is a result of the inter- 
action of individual coherent waves, seattered by the 
surface into the direction of observation. For any elemen- 
tary area of surface resolved by the viewing system, 
these waves will sum together vectorially to give a finite 
value of intensity, which will vary from one elementary 
area to the next. The statistics governing the distribution 
of light in the speckle pattern have been treated by Ray- 
leigh® and Goldfischer?. Here it is important to note 
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Fig. 1. a, Appearance of square plate vibrating at a frequencyjof 4-28 kHz, as viewed in laser speckle interferometer. 
6, Tima-averaged interference pattern, recorded holographically, 


regions, 


of the same plate vibrating in similar conditions. 


b 


Note high-contrast speckle in nodal 
The brightest fringe 


delineates the nodal regions. 


only that the brightness of a given speckle can take any 
value from complete darkness to a maximum. correspond- 
ing to specular reflexion, and that the apparent size 
of the speckle pattern varies in inverse proportion to the 
numerical aperture of the observing system. 

If the surface being illuminated by coherent light moves 
towards or away from the observer, very little change in 
appearance of the speckle pattern will be caused unless 
there is also a component of tilt present. Massey® used 
the latter effect in deteeting large amplitude (10 micron) 
displacements having an appreciable tilt component. 
Detection of surface motion can, however, be made 
far more sensitive by adding to the speckle pattern a 
reference beam of coherent light that has not been scat- 
tered by the surface and is of comparable average intensity 
to the speckles. Provided that both bearns are received 
simultaneously by the viewing system, optical inter- 
ference will take place between the two disturbances, 
and there will be some modification of the appearance of 
the speckle pattern. (This will be treated in greater detail 
by one of us in a later publication.) Furthermore, if the 
surface scattering the light moves towards or away from 
the source, the brightness of the speckles will undergo a 
eyelie variation, the change from maximum to minimum 
brightness corresponding to a displacement in the line 
of sight of one quarter wavelength of light. Thus for a 
slow steady movement of the surface a “twinkling”? of 
the field will result. For faster motion, as when a surface 
is vibrated, the speckles will become blurred, so that 
their apparent contrast will be appreciably reduced. For 
a surface vibrating in a complex manner the nodal areas 
can then be readily picked out, because only in these 
regions will the speckles maintain a high contrast com- 
pared with the rest of the field. 

An instrument to detect surface vibration has been 
built on this principle. Light from a helium—neon laser is 
diverged so as to illuminate the object under examination, 
which is then viewed by means of a telescope having an 
iris diaphragm placed at its entrance pupil. Altering the 
size of the diaphragm aperture affects the apparent size 
of the speckle as viewed on the object surface. The 
reference wave is obtained by splitting off a small fraction 
of the divergent laser beam and focusing it onto the 
telescope aperture so as to give an adequate field coverage. 


Polarizing filters are used to balance the intensity of the 
reference wave compared with the object wave, to give 
maximum contrast in the modified speckle pattern. 

An example of the appearance of a vibrating surface 
viewed in this way is shown in Fig. la. For comparison, 
the reconstructed image from a time-averaged hologram 
recorded while the surface was vibrating in the sarne way 
is shown in Fig. 1b. It is evident that the nodal regions, 
shown up as the brightest fringe of Fig. 16, appear as 
regions of high-contrast speckle in the first photograph. 

Instead of photographing such regions of high contrast 
speckle, it is much easier to observe them visually, especi- 
ally if they are twinkling as a result of any slow change in 
the relative path lengths of the illuminating and reference 
beams. If twinkle at a suitable frequency is not already 
present owing to atmospheric disturbance or thermal 
drift, it can be introduced deliberately; for example, by 
putting into one of the beams a gas cell the pressure of 
which can be varied by means of a squeeze bulb. 

Because the instrument is a form of two-beam inter- 
ferometer, it is important that the interfering beams should 
be coherent with one another. When using a laser with 
limited coherence length it is sufficient to arrange that 
the difference in path length between the reference and 
viewing beams is approximately equal to an even multiple 
of the laser resonator length. In these conditions, the 
same “coherence depth” will be available at any of the 
corresponding object positions. To make the speckle 
pattern sufficiently large for the blurring effect to be 
observed easily, it has been found useful to reduce the 
effective eye pupil size to 0-5 mm, corresponding to an 
angular resolving power (and approximate speckle size) 
of about 5’ of are. This, however, considerably reduces 
the apparent brightness of the surface under observation, 
so that it is necessary to use as powerful a laser as possible. 
As a comparison with the holographic process, the surface 
brightness necessary to view the speckle pattern comfort - 
ably is similar to the brightness required to record its 
hologram on Kodak 6497 plates using an exposure time 
of 40 s. The stability adequate for successful visual 
observation of surface movement and vibration by laser 
speckle interferometry is therefore less than that for time 
averaged holography. The slow change in path length 
which, as described earlier, enhances the visual observa- 
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tion, obliterates completely the fine fringe detail of the 
hologram and so prevents an image being reconstructed. 
Too rapid fluctuations prevent either method being 
used. 

The speckle pattern method may be usefully used in 
conjunction with holography, which will, of course, yield 
more detailed information. Besides providing a quick 
method of assessing the nature of the vibration, the visual 
method readily indicates whether the conditions are 
sufficiently stable for recording a hologram. 
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Pyrolysis of Polyacrylonitrile 


Tue pyrolysis of polyacrylonitrile (PAN) up to and above 
1,000° C is of scientific and technological importance in 
view of the current interest in carbon fibres. The pyrolysis 
should be clearly distinguished from the coloration of 
PAN that occurs on heating in vacuo at 150°-220° € (ref. 1) 
and in processes leading to the uptake of oxygen from air 
at about 200°~-250° C (unpublished work of W. W. and 
W. Johnson). 

Strauss and Madorsky? studied the pyrolysis of PAN 
powder in vacuo at various temperatures in the range 
250°-455° C, holding for 30 min at selected temperatures. 
They analysed the products condensable at 25° and 
~ 190° C, and found HCN with acrylonitrile and vinyl- 
acetonitrile in the — 190° C condensate, but no NH a The 
HCN formation was attributed to intramolecular reaction. 

Shindo? studied the pyrolysis of PAN fibres in a stream of 
nitrogen and reported ammonia as the principal product 
in the temperature range 200°-500° C with HCN always 
present and predominating from 500°-1,000° C. No hold- 
ing time at temperature seems to have been used, and 
Shindo gives no mechanism for HCN production. Mono- 
han‘ studied the pyrolysis of an amorphous PAN cast 
film in vacuo from 280° to 450° C using holding times of 
30 min at selected temperatures. The products, identified 
and estimated by gas chromatography, were found to be 
the same as those reported by Strauss and Madorsky, plus 
small amounts of eyanogen. No mechanism was proposed. 
Shindo estimated ammonia by passing the nitrogen flow 
through sulphurie acid solution and titrating the excess 
acid. It is therefore possible that the ammonia he reports 
was not a primary pyrolysis product but was the result 
of hydrolysis of the nitriles reported by Strauss, Madorsky 
and Monohan. 

Winslow et al.* and Everett et al.* have shown that the 
pyrolysis of polyvinylidene chloride (PVDC) can be 
separated into two stages, the first, complete at about 
180° C, leading to the loss of half the HC by an intra- 
molecular reaction, while the second stage, the loss of the 
remaining HCl, is not complete until about 700°C is 
reached. The results indicated that the second stage is a 
stereo-controlled reaction inasmuch as only a part of the 
reaction was completed at different temperatures even on 
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long heating periods at a fixed temperature. This second 
stage is believed to consist of two separate reactions—first, 
chain cross linking by a Diels-Alder type of reaction, 
followed by HCI elimination to give an aromatice ring 
structure. = 

It has been suggested? that the formation of HCN in 
the pyrolysis of PAN is a stereo-controlled reaction lead- 
ing directly to cross linking between adjacent polymer 
chains. The HCN evolved at different temperatures was 
therefore measured. A weighed quantity of PAN fibres, 
which had been previously oxidized in air for 5 h at 220° © 
and dried to constant weight before pyrolysis, was placed 
in a vacuum furnace. The pumping line to the furnace 
was fitted with two Pirani gauges separated by a liquid 
nitrogen trap. The furnace was run in the range 300°- 
1,000° C at intervals of 100°C, the temperature being 
held at each temperature until gas evolution had ceased, 
as indicated by the Pirani gauges. This required about 
15 h at each temperature, showing that the times given 
by Strauss and Monohan were insufficient. for completion 
of reaction. At the end of each run the liquid nitrogen trap 
was filled with N/10 NaOH which completely dissolved 
all the deposits to a colourless solution and HCN was 
estimated as AgCN after acidifying with HNO;. The 
fibres were weighed between each run and the results are 
shown in Table 1. 


Table 1 

Holding Percentage HCN evolved as mole 

temperature weight loss fraction of CN groups 

(°C) of fibres present in starting fibre 
300 5-9 0-029 
400 10-0 0-046 
500 71 0-028 
600 54 0-042 
700 4-8 0-041 
800 4-8 0-039 
900 3-5 0-006 
1,006 21 0-001 


Total 0-232 


The results in column three are corrected for the presence 
of 7 per cent of a co-monomer in the PAN fibres used but 
are not corrected for any loss of CN groups during the 
preliminary oxidation at 220°C. These results resemble 
the second stage loss of HCl from PVDC. Support is 
therefore given to the suggestion’ that the HCN is pro- 
duced by an intermolecular reaction controlled by steric 
factors because, like the evolution of HC! in the second 
stage of the pyrolysis of PVDC, the HCN is evolved in 
stages according to the temperature intervals in the 
pyrolysis. A fully reacted state is not obtained at inter- 
mediate temperatures even after long periods of time. 

One of the processes giving rise to a fused ring system 
parallel to the fibre axis during the pyrolysis of PAN 
fibres can therefore be pictured as 


H, CH, 
No “ta Nef ad 
CN ÈN CH CH 
‘a H | —2H0N “a ae N 
| | CN 
CH ‘H 1 

b 


Similar studies of the pyrolysis of unoxidized PAN 
fibres and of amorphous PAN powder are being made 
because the polymer chain orientation in the fibres may 
affect the course of the pyrolysis. To follow the work with 
PVDC*, the kineties of HCN elimination at different 
temperatures will be studied. 

I thank Professor D. H. Everett and Dr E. A. Boucher 
of the University of Bristol for discussions. I also thank 
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Hyperfine Splittings in the Optical 
Spectrum of NbO* * 


Aw electronice system of the molecule NbOt has been 
analysed and has been shown to be an unparalleled 
example of the coupling of electron and nuclear spins 
described as case ag; that is, one in which the electronic 
momenta are tightly coupled to the internuclear axis 
while the nuclear spin is quantized in the laboratory 
frame! ? (rather than in the internal internuclear axis 
system). The system has been observed in emission in 
the red region of the optical spectrum using a resolving 
power which is theoretically about 500,000-—-that is, 
energy differences of about 0-035 cm~? can be observed. 
Tt consists of only a 0,0 sequence and has been analysed 
as *%+5A, The three 0,0 sub-bands have been observed 
as shown in Table 1. 


Table 1 
vvac em? 
R head Q head 
Fhe As 16,898-56 16,859-91 
ah —> Aa 16,582-87 16,542-89 
ID, +> FA, 16,191-54 16,14457 


The °@,->3A, sub-band has been rotationally analysed 
and yields the constants (in em~?) shown in Fable 2. 


Table 2 


Bs Da 
tby 0-4951 0-38 x 10 
DA 0:5010 0-35 x 10- 


The rotational analysis of the other two sub-bands is 
complicated by two effects, spin uncoupling and very 
large nuclear hyperfine splittings, but it is with the latter 
that this communication is concerned. 

The most remarkable feature of the three sub-bands is 
the presence of what are, clearly, very large (about 1 em) 
nuclear hyperfine splittings at low J values for the 
©, A, and ®,—>A, sub-bands, but none is observed for 
the ®,-» A, sub-band. In fact, all of the low J R branch 
lines of all three sub-bands are clearly observed and the 
lowest (J=2) line in the R branch of this sub-band 
shows only the slightest perceptible line width difference 
compared with its companion lines at higher J values 
(see Fig. 1). The other two sub-bands are very different 
in behaviour, as indicated by the portion of the ®,—-A, 
sub-band shown in Fig. 2. Here the low J lines in the R 
branch are clearly split in a complex manner and are 
noticeably broadened at higher J values. Constant line 
width is achieved only for J > 15, with the R(1) line having 
a total width of about. 0-8 em~. 

The non-appearance of hyperfine structure in the 
yA, sub-band is in agreement with such an ag case 
with a hyperfine operator of the form! 

faA + b+) EM = dl-k’ 


* We have not so far been able to eliminate the possibility that the carrier 
of this spectrum is the species NGN. 
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Fig. 1. Sub-band origin region of the ->t A, sub-band of the NbO* 


red system. (The group of lines between R(2) and Q(3) ia an atomic 
niobium line with associated hyperfine structure.) 


the fact that no hyperfine splitting is observed for the 
3A, component which has S=0. All of the observable 
hyperfine effects reside in the A state. 

Closer observation of the R(1) line confirms the presence 
of more than the normally expected three spectral com- 
ponents—niobium consists entirely of Nb with J=9/2 u’ 
about 6-14 nm and Q about — 0-3 (ref. 3)—and, in addi- 
tion, no precise Lande regularity is discernible in any of 
the R lines (R(4) being a possible exception in appear- 
ance). These observations strongly suggest the presence 
of a somewhat novel effect, namely the splitting of A 
degenerate pairs by the Fermi contact term in the hyper- 
fine Hamiltonian!. Usually such a contribution—which 
is off-diagonal in A—is small compared with the more 
conventional dipole-dipole term and other terms which 
are off-diagonal in J and/or Q, but in this particular 
molecule both the hyperfine manifold widths and the 
observation of the A doubling confirm the presence of 
such a term. 

Preliminary estimates have suggested that the mag- 
nitudes of electric quadrupole effects‘ are much smaller 
than the observed splittings, although they cannot be 
eliminated as a contributor to both the F dependent 
splitting and the non-Lande form of the multiplets. 

One very interesting conclusion is an extension of the 
previously reported result from the hyperfine effects seen 
in the optical spectrum of ScO (ref. 5), namely that the 
transition involved can be represented to a reasonable 
degree of approximation as 

5px, 4d8(3D) —> Sse, 4d8(4 A) 


with all of the observed hyperfine effects confined to the 
lower (possibly ground) level of the molecule-ion, Thus 


with a<b and, probably b5>c, the former following from 
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Fig. 2. Sub-band origin region of the *%,->* 4, sub-band of the NbO* 


red system. (The superposed lines at the top of the figure are calibration 
lines for accurate measurement of the molecular lines.) 
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the spectrum confirms the presence of a low lying (essen- 
tially 5s orbital) thereby contributing specific evidence 
on the character of the metal-oxygen bond. The finer 
details of the spectrum are now being investigated further 
and will be reported elsewhere. 
T. M. Dunn 
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Ann Arbor, Michigan. 
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BIOLOGICAL SCIENCES 


Interaction of Dolphin Epidermis with 
Flow Boundary Layer 


THE amazingly fast movement of dolphins, currently a 
topic for many investigators, has been explained in many 
ways, none of which is satisfactory. 

In 1960, Kramer published some results on the reduction 
of skin friction drag obtained by covering the surface of an 
underwater projectile with a specially designed flexible 
skin. He explained the observed effect by the fact that 
friction on the flexible wall was damped by external waves 
of the Tollmien-Schlichting type, thereby preserving the 
laminary boundary layer?-?, 

lt can be assumed that the dolphin skin creates similar 
mechanical vibrations, but the results of further investiga- 
tions—particularly by Landahl*—are at variance with 
Kramer’s conclusions, showing that mechanical vibrations 
alone are not sufficient to account for the high swimming 
speed of the dolphin. 

Another source of hydrodynamic friction damping may 
be from ring wave-like folds running from head to tail and 
capable of damping turbulent eddies. These folds are 
formed by subcutaneous and body muscles. No experi- 
mental data supporting these assumptions have been 
obtained, however. 

Secretion of high molecular weight liquids into the 
boundary layer of a streamlined bodyt would effect some 
drag reduction, but no transcutaneous excretions have 
been detected in dolphins. All that leave the skin are the 
cells of the epidermal upper layer, desquamated in large 
quantities. (A transparent liquid is secreted from the 
harderian gland of the dolphin eye, but on investigation 
it failed to produce any significant effect.) 

The epidermal structure of cetacean skin differs from 
that of terrestrial mammals in having numerous alveoli 
on the inner surface. This greatly increases the area 
of the epidermal stratum germinativum, and thus the 
intensity of the epidermal cell production per unit of the 
outer skin surface. We have calculated the area of the 
epidermal stratum germinativum/em*® of the outer skin 
surface under the dorsal fin. It constitutes 9-2 em? in 
Phocaena phocaena and 13-4 cm? in Tursiops truncatus. 

Palmer and Weddel® showed the mitotie activity of the 
stratum germinativum on the side of Tursiops truncatus 
to be 250-290 times as high as that in human ante- 
brachium and tibia, and so many epidermal cells will get 
into the boundary layer when the animal is swimming. 
Bobkowiez and Gauvin® showed that the introduction of 
minced nylon fibres and sawdust into the flow at a volume 
concentration of 1 per cent brings about a considerable 
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drop in hydrodynamic pressure. At the same time the 
addition of hard mineral particles (such as minced sand) 
is known to cause an early turbulation of flow and an 
increase in the hydrodynamic drag’. In this respeet, 
studies on the effect of dolphin epidermal cells on the 
turbulent flow behaviour and the degree of hydrodynamic 
drag seemed interesting. ‘ 

We studied this in a tubular device using a technique 
developed in the Research Institute of Mechanics, Moscow 
University. The epidermal suspensions under investiga- 
tion were poured into a thermostated chamber and pumped 
through tubes of various diameters. The suspension con- 
sisted of individual cells and small cell groups. In some 
cases a fine film was removed from the dolphin skin and 
minced in the glass homogenizer. The suspension thus 
prepared was cooled down to 20° C and poured into the 
chamber. 

Before the experiment was started a sample was taken 
to determine Viscosity and concentration Viscosity was 
measured in an Ostwald type viscometer. Concentration 
varied from 0-002 to 1-00 per cent by volume. Changes in 
viscosity were negligible—from 1-18 to 3-00 ep em. 

The results of this experiment are shown as a relation 


I 2g Al 
between the longitudinal friction coefficient 4= oe 
Vd 


and the Reynolds number in log-log coordinates Re = 





p 
where d is the tube diameter in em; Zis the tube length in 
em; Ah is the pressure difference of the water column in 
em; V is the mean flow speed; u is viscosity in centi- 
peises; op is fluid density; and g is the acceleration due to 
gravity. The effect of drag reduction in the turbulent 
regime appears in the changing position of points on the 
curve }=f (Re) and can be determined quantitatively as 
Fo A3 

do 
out added cells and 43 being the value with added cells. 

Fig. 1 shows the results of studies of suspensions from 
the epidermis of Tursiops truncatus and Phocaena pho- 
caena. The epidermis was obtained by scraping off or 
washing off the skin surface. Values for suspensions of 
various concentrations from 1-00 to 0-002 per cent in 
volume are shown on the curve by different symbols. 
Data for the pure seawater are shown by black dots. 

It is clear from the graphs that in every case the curves 
for the suspensions coincide with those for pure seawater 
(Fig. 1). Thus it can be concluded from our preliminary 
studies that the effect of the epidermal corneous layer on 
hydrodynamic drag is negligible. Comparing our results 
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Fig. 1. Hydrodynamic drag as a function of Reynolds number. @, 

Water, ©, dolphin's epidermis suspension concentration = 1-0 per cent; 

ô, dolphin's epidermis suspension concentration =0-4 per cent; A, 

dolphin’s epidermis suspension concentration = 0-02 per cent: &, pors 
poise’s epidermis suspension concentration = 0-4 per cent. 
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Fig. 2. Tursiops truncatus epidermis particles (x 50). 


with those of ref. 6 and ref. 7 for drag reduction, the 
shape and mechanical properties of the suspended particles 
are essential. In ref. 6 they are resilient elongated 
particles. Bobkowicz and Gauvin attribute their laminat- 
ing influence to their elongated shape. In ref. 7 they are 
rigid particles of anisodiametric form, and they cause early 
turbulence. 

Tn our case the epidermal particles are also of an 
anisodiametric shape, as shown in Fig. 2. These particles 
did not cause early turbulation, probably because of their 
resilience, 

Desquamated epidermal cells therefore do not seem to 
affect the dolphin’s speed. 

We thank G. J. Barenblatt for his valuable advice and 
V. Gorodtsov for his cooperation. 
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““Individual” Recognition and Agonistic 
Behaviour in Pagurus bernhardus 


‘THeRE have been many reports of animals which show 
some degree of organization in the patterns of agonistic 
interactions seen in small groups (reviewed in ref. 1) 
and in several cases the organization was said to be bascd, 
in part, on past experience within the group?. When the 
members of a group alter their intra-group behaviour as 
a result of past experience, these alterations can be either 
of a general nature (overall changes in aggressive drive) 
or can be directed toward group members, which must 
therefore be recognized in some way. 

Hermit crabs interact agonistically largely through the 
exchange of visual displays’. Recent observations on 
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changes in the proportion of eneounters decided by dis- 
plays in the hermit crab Pagurus bernhardus (L.)‘ suggested 
that experience-based group order might occur in this 
crustacean. I have investigated whether individuals 
are “recognized” in small groups. 

Groups of P. bernhardus were observed for 7 day periods 
at the Kristineberg Zoological Station, Fiskebäckskil, 
Sweden. For each of the sixteen groups observed, four 
adult crabs of similar size were removed from a holding 
tank and placed in an observation aquarium (20 x 25x 17 
em high) supplied with running seawater. Bottoms of 
aquaria were covered with calcareous sand and animals 
were fed regularly after each day’s observations. The 
four crabs were recognized (by the observer) by details of 
the gastropod shells inhabited, crab coloration and 
slight variations in size or morphology of the chelipeds. 
All agonistic interactions of the group were recorded for 
15 min every day (at the same time of day) for 6 days. 
(Descriptions of the agonistic repertoire of P. bernhard 
are given in ref. 5.) To compare the level of agonistic 
activity from day to day, the same treatment was given 
cach day as on the initial day of group formation—the 
crabs were picked up, held for several seconds and all 
replaced in the centre of the aquarium. The position of 
each crab in the aquarium was recorded just before picking 
up the four, to obtain data on possible territoriality. On 
the seventh day, a fifth individual of sirnilar size was 
picked from a holding tank and placed in the observation 
tank at the time the group members were replaced in the 
tank. All agonistic encounters were recorded for 15 min. 
All animals were measured and sexed after these observa- 
tions. The mean size of the “strangers” did not differ 
significantly from that of the group members 

A total of 966 agonistic encounters were observed for 
the sixteen groups, The total number of agonistic en- 
counters decreased steadily and apparently had not 
reached a steady state by day 7 (Fig. 1). The increase in 
number of fights on day 7 could, of course, be due simply 
to the increased density of crabs in the tank and the fact 
that one erab would be unable to get in a corner. The 
proportion of encounters of various intensities changed 
even more steadily (Fig. 2). By day 6, 79 par cent of the 
fights involved simple approach or a weak display by 
just one crab, and only 12 per cent involved multi-display 
or physical force level interactions, Comparison of 
intensity distributions on days 1 and 6 gave a 7? value 
of 29-4, P< 0-005. 
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Fig. 1. Total number of agonistic encounters between group members, 
plotted as a percentage of encounters on day 1 for each group, Means 
and standard error for the sixteen groups are given. 
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Table 1. DISTRIBUTION OF AGONISTIC INTERACTIONS ON DAY 7, SUM FOR 
ALL SIXTEEN GROUPS 


Aggressive level* Group-stranger Within-group 








1 17 (13% 34 (46%) 

2 34 (27 22 (30% 

3 21 (17 12 (16%) 

4 24 (19%) 5 (7%) 

5 30 (2495) 1 (1%) 
Sum 126 (100%) 74 (100%) 


* Aggressive intensities were classified as follows: (1) no displays or 
physical contact involved; (2) one crab gives weak display; (3) both crabs 
display just one time; (4) many displays by both crabs; (5) physical force 
involved before one crab retreats, 


Table 2. DISTRIBUTION OF ENCOUNTERS IN THE SEVEN GROUPS IN WHICH 
THE “STRANGER DID NOP INITIATE MOST OF THE ENCOUNTERS 


Aggressive level Group-stranger Group-~group 


1 9 (16%,) 14 (50% 

2 16 (29%, ) 7 (25%) 
3 7 (28%) 
4 0 (0%) 
5 0 (0%) 
Sun 28 (100%) 





No territoriality was evident in these laboratory 
conditions. Individual crabs were not found in the same 
area of the aquarium from day to day, although all tended 
to occupy corners of the aquarium. 

Table 1 gives the number of intensity levels of encounters 
on day 7, between group members and between group 
members and the non-group crab (“‘stranger”’). Assuming 
a null hypothesis of equal probability of encounters 
occurring between all five crabs, the observed number of 
fights is significantly different from expected (7? = 38-3, 
P<0-001). In eight of the sixteen groups, however, the 
introduced crab was very aggressive and initiated most 
group-stranger fights, thus obscuring possible effects of 
the past experience of group members. In one group, 
the non-group crab had only two fights and initiated 
one of them. In the remaining seven groups, most 
(75 per cent) of the group-stranger encounters were 
Initiated by group members. The distribution of en- 
counters for these seven groups is given in Table 2. The 
differences in intensity distributions are significant 
(=10-9, P<0-01). Group members started intense 
aggressive interactions with the non-group crab much 
more often than with group members. In six of the 
seven groups, most stranger-group fights were initiated 
by the alpha individual of the group (the crab winning 
most of its fights against all other group members), 
that is, the alpha erab clearly made the locomotory 
movement that started the fight. 

The effects of past social experience on present group 
interactions can be two-fold. The results of agonistic 
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Fig, 2. Percentage of encounters decided by high (@——@) and 

low (x-~~-x) intensity aggressive interactions on each day of observa- 

tion, Means and standard errors for sixteen groups of crabs are given. 
Within-group interactions were only on day seven. 
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encounters can increase or decrease an animal's aggres- 
siveness® as well as alter the probability of occurrence of 
given agonistic acts’. In addition, behaviour towards 
certain conspecific individuals can change, the execution 
of acts toward group members or non-group members 
being in part determined by interactions with members 
of the group. Pagurus bernhardus shows both effects, 
If there had been no changes in reactions to certain crabs, 
there should have been no difference between stranger- 
group and within-group encounters on day 7. 

Dominance hierarchies, as defined by Allee*®, need not 
be based on past experience. Alexander? has reported 
organization in crickets which is not based on individual 
recognition. Because some degree of order is inevitable 
in any group of animals which have agonistic behaviour 
(all individuals will not be equal), the term is virtually 
useless unless more carefully defined. I propose that 
only orders based on specific within-group experience be 
termed dominance hierarchies and that arrangements 
of relationships not proved to be based on such experience 
be termed simply “aggressive orders”. The pecking 
orders in chickens, first described by Schjeldrup-Ebbe!!, 
are based on experience within the group and are clearly 
dominance hierarchies. Among invertebrates, only eray- 
fish and one species of hermit erab have been shown to 
have “true” dominance hierarchies. 

This work was supported by a grant from the US 
National Institutes of Health. I thank Drs B. Oakley 
and H. Dingle for their comments on the menuscript. 
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Oxygen Uptake by Illuminated 
Maize Leaves 


EFFICIENT apparent photosynthesis and high rates of 
accumulation of dry matter in maize and other tropical 
grasses have been attributed to a lack of respiratory 
activity during illumination. Low CO, compensation 
concentrations'*, absence of a post-illumination CO, 
burst®-* and lack of CO, release to CO,-free air®* support 
this contention. By contrast, many other species show 
sizable rates of photorespiratory release of CO, (probably 
via glycolic acid oxidase) which, unlike dark respiration, 
are accelerated by concentrations of O, above 2 per cent. 
In maize there is no effect of ambient O, above 2 per cent 
on CO, compensation values®™t or on the uptake of net 
CO,*7*. Moreover, low release of “C from added glyco- 
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Fig. 1. Concurrent uptake of O, and release of 10, by illuminated, 
excised maize leaves (0-65 dm*, one side) in a closed compartment of 
948 ml, Air temperature was 85°C, Total O, was 5-77 percent. The 
GO, was at compensation level, N, was used as a ballast to maintain 
atmospheric pressure, and Ar (200 zmoles) served as an internal standard. 
Maize was grown in the greenhouse, and the sixth leaves of two plants 
were excised under water, 19 cm from the tip. The cut ends were 
placed in a shallow tray of water and sealed in the chamber. Gases 
were circulated at 3 L/min. Samples (0-5 ml.) were taken at the 
indicated times and analysed mass spectrometrically. 


late-1-44C constitutes additional evidence against the 
oceurrence of photorespiratory CO, release in maize’. It 
has been suggested® that very efficient internal trapping 
of photorespiratory CO, in photosynthesis may account 
for these observations. The insensitivity of CO, release to 
O, concentrations between 2 and 21 per cent when net 
photosynthetic CO, uptake was completely curtailed by 
DCMU  [8-(3,4-dichlorophenyl)-1,1 dimethylurea] sug- 
gests*, however, the absence of a typical photorespiratory 
CO, release process in maize. We describe here our 
observations showing that illuminated maize does exhibit 
a steady state O, uptake component, which is stimulated 
by concentrations of O, above 2 per cent. 

Concurrent uptake of 10, and release of *O, at 5-77 per 
cent O, by illuminated maize leaves at CO, compensation 
are shown in Fig. 1. The apparatus has been previously 
described. Because 160, is being constantly released 
(and therefore should flood the leaf interior), the dis- 
appearance of 180, from the ambient atmosphere during 
illumination must reflect only a portion of the total O, 
uptake occurring at the reaction centres within the leaf. 
A minimal estimate of the simultaneous uptake of the '*O, 
can be made by assuming that the uptake of each isotopic 
species is proportional to its concentration in the ambient 
atmosphere. Between any two sampling periods, therefore, 
the uptake of }*O, is estimated by multiplying the decrease 
in 0, (A1*O,) by the ratio of the average concentrations, 
(4°O.] / [0], in the chamber. This estimate of 180, 
uptake is then added to A0, to obtain a value for the 
total O, uptake. The estimated "0, uptake is also added 
to the measured net increase in 10, ( AO.) in the chamber 
to obtain a value for total O, release. When these calcu- 
lations are made for the data in Fig. 1 and expressed per 
leaf surface (one side) area, they yield values of 100 moles 
O, dm h~ for both O, release and O, uptake. These 
values represent minimal estimates and are less than the 
actual rates occurring internal to the leaf surface by the 
extent to which the internal concentration of 10, exceeds 
the external concentration of '*O,. During illumination, 
therefore, values of O, uptake which are equal to or exceed 
those in darkness represent a clear enhancement over 
dark rates. 
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Uptake of O, at 1,200 foot-candles (at CO, compensa- 
tion) was greater than the rate in darkness even at 2 per 
cent (Table 1). Increasing the total O, to 4 per cent 
stimulated both O, uptake and O, release. the latter not as 
much as the former. Other experiments reveal a linear 
increase in the rate of O, uptake and the associated release 
of O, (at 600 foot candles) from 2 to 7-8 per cent Qa. 
Measurements have not been made at higher concentra- 
tions. but if the increase continues linearly to 20 per cent 
O,, the minimal rates of O, uptake would be about 
200 umoles dm=? h-!, or more than 50 per cent of the rate 
of CO, uptake at this light intensity when CO, is not 
limiting. 


EFFECT OF ILLUMINATION AND O; CONCENTRATION ON TOTAL Og 
UPTAKE AND RELEASE AT COQ, COMPENSATION IN MAIZE 


Table 1. 


Phase O, release O, uptake 
{umoles dm h)" 
Dark, 2 per cent 03 — 36 
1,200 foot-candles, 2 per cent O, 55 45 


1,200 foot-candies, 4 per cent Oz 67 66 


Conditions as in Fig. 1, except that air temperature was 38° C. All 
measurements were made on the same leaves. 


* Rates established during at least 1-5 h in each phase. 


The stimulation of O, uptake by light, and dependence 
on O, concentration, suggest that at least a portion of the 
steady state O, uptake in illuminated maize leaves is 
derived from a process different from dark respiration. 
If this O, uptake is in fact a reflexion of photorespiratory 
oxidation of an organic substrate (for example, glycolate), 
one would expect a stoichiometric relationship between 
the molar quantities of O, consumed and CO, liberated". 
In the case of glycolate oxidation to formate, a 1:1 
relationship would exist. Because the CO, presumed to be 
released does not leave the leaf, it must be recycled into 
the photosynthetic system and there reduced, liberating 
an equivalent amount of oxygen. This would account. for 
the equimolar relationship between O, uptake and O, 
evolution by maize leaves (Table 1). The possibility of 
this type of CO, recycling in maize is supported by the 
high CO, affinity of phosphopyruvate carboxylase™, 
the enzyme which cetalyses the primary photosynthetic 
carboxylation reaction in maize. 

A similar equimolar exchange of oxygen would occur if 
glycolate were oxidized only to glyoxylate, the latter 
being reduced via photosynthetic reductant back to 
glycolate in a cyclic fashion’. Such a process can be 
considered a glycolate mediated transfer of electrons 
from water to molecular oxygen. 

If either of these hypotheses is correct, O, uptake at 
CO, compensation reflects an active photorespiratory 
process in maize, a phenomenon not previously reported. 
If, however, a more direct reduction of oxygen by inter- 
mediates of the photosynthetic electron process occurs, 
for example, reduced ferredoxin", the term “oxygen 
photoreduction”” would more aptly describe the O, uptake 
phenomenon reported here. In either ease the usefulness 
of the process may lie in the phosphorylation which 
accompanies O, exchange, and which has been described 
in isolated chloroplasts as “oxygen linked noneyclic 
photophosphorylation”™, to distinguish it from the usual 
noncyclie process, during which electrons are made 
available for CO, reduction. 
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Induced Femaleness in Cucumber by 
2-Chloroethanephosphonic Acid 


Sex expression of cucumber can be altered by exogenous 
plant growth regulators'-", as well as by environmental 
conditions, such as temperature and day length. The 
work described here was undertaken to test the induction 
of femaleness in cucumber plants by 2-chloroethane- 
phosphonie acid (CEPHA), as a presumptive substitute 
for ethylene, both in the greenhouse and field. 

Monoecious cucumber seeds (Cucumis sativus L., 
cultivar Improved Long Green) were germinated in 
vermiculite, and later transplanted into 20 em pots. 
When cotyledons were fully expanded (9 days after 
seeding), 20 and 200 ug of CEPHA in 10 ul. water were 
applied with a microsyringe to the growing point of two 
groups of ten plants each, respectively. A second applica- 
tion of the lower concentration was made at the second 
leaf stage (19 days after seeding). Ten plants treated with 
water served as controls. Plants were grown in the green- 
house in natural day length of 10-11 h and irrigated with 
half-strength Hoagland’s solution. During the experi- 
ments the average maximum temperature was 25° C 
and the minimum was 15° C. 

Within 1 week of treatment, the plants were dwarfed 
and had smaller leaves than the control plants. A 
concentration of 200 ug of CEPHA injured the growing 
point and first leaf so severely that the plants were 
stunted for about 2 weeks and then developed abnormally 
small and misshapen leaves. The lower concentration, 
20 ug CEPHA, decreased the height of the plant and 
retarded the appearance of tendrils (Table 1)—effects 
which differ from those caused by the gibberellins, but 
which are similar to those of growth retardants’. 

The most striking effect of CEPHA was the influence it 
had on the sex expression of these plants. In the control 
plants, male flowers differentiated on the first or second 
node, whereas in the plants treated with CEPHA few or 
no male flowers differentiated on the tenth or higher 
nodes. Female flower buds developed in the lower nodes 
instead. Sometimes as many as eight female flowers 
differentiated on the same node, but some of these buds 
at the second to fifth nodes aborted and failed to develop. 
Those at subsequent nodes developed and flowered 
normally, and on pollination developed into normal fruit. 
CEPHA thus markedly shortened the number of days to 
anthesis of first female flower, and increased the number of 
female flowers (Table 1). 

Fifty and 100 p.p.m. of CEPHA sprayed on to green- 
house-grown monoecious pickling cucumber (cultivar 
SMR-58) at the first leaf stage (14 days after seeding) 





Table 1, 








Fig. 1. 


z Complete femaleness on 
SMR-58, with single application of 100 ppm. of CEPHA at first 
true leaf stage. 


monoecious cucumber variety, 


again shortened the internodes and induced femaleness. 
Control plants produced only male flowers at the first 
five nodes, whereas plants treated with 50 and 100 p.p.m. 
of CEPHA developed no male flowers until the eighth or 
twelfth node, respectively. Instead, the treated plants 
developed fernale flowers at these lower nodes (Fig. 1). 

Field-grown gynoecious pickling cucumber plants 
(cultivar Piccadilly) were also sprayed with 50, 100 or 
250 p.p.m. of CEPHA at the first leaf stage. Although 
this variety is designated as gynoecious, it produced five 
male flowers down to the eighth node in the experimental 
conditions. As in the greenhouse experiments, 100 and 
250 p.p.m. of CEPHA induced complete fernaleness to the 
plants, which developed eight female and no male flowers 
down to the eighth nodet. 

The results obtained clearly demonstrate that CEPHA 
induces femaleness in cucumber. It was reported that 
combustion gas from wood stoves®, carbon monoxide® 
and acetylene’? induced female flowers in cucumber; 
these findings suggested that other unsaturated hydro. 
carbons, including ethylene, might alter sex expression 
toward femaleness. Because it has been reported that 
CEPHA breaks down to release ethylene on entering 
plant tissues**, and its action is indistinguishable from 
that of ethylene in some plants", treatment with CEPHA 
provides a useful means for applying “ethylene” to 





EFFECT OF 2-CHLOROETHANEFHOSPHONIC ACID ON GROWTH AND FLOWERING OF CUCUMBER PLANTS 





No. of days No. of 
Plant No. of Node of Node of No. of days to No.ofmale Node of first to first female 
height* leaves* first first male first male flowers to female flowert female flower flowers 
(em) tendril flower flower anthesis node 12 anthesis to node 12 
Control 13-9 50 3-9 18 44-2 82-2 Ob 53-2 t4 
CEPHA, 20 ug ibd 6-0 76 >10-5 > 60-4 10 57 {885} 46-6 55 
Value at cach column is significantly different from conirol at the 1 per cent level, except for plant height, which is significant at the 4 per cent level. 


* Measured 21 days after the first treatment. 


+ Value in parenthesis shows the node of first female flower buds which aborted and failed to flower, 
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intact plants, even though absolute equivalence has yet to 
be established. 
Exogenous gibberellins induce male flowers in cucumber 
plants!, and auxin shifts them towards femaleness’. 
Monoecious cucumber plants have more endogenous 
gibberellin-like substances than gynoecious plants", 
whereas andromonoecious plants have more extractable 
auxin than hermaphrodite plants'*, Thus sex expression 
in cucumber may be regulated by endogenous gibberellin— 
auxin balance, with high gibberellin tending to produce 
rnaleness. This view is supported by the fact that a growth 
retardant, allyltrimethylammonium bromide, which de- 
creases endogenous gibberellin content, alters sex ex- 
pression toward femaleness*. 
It has been reported that CEPHA! and ethylene’ 
produce effects opposite to those of gibberellins in several 
plant systems; CEPHA-induced femaleness along with 
dwarfism and retardation of tendril initiation suggest 
that ethylene has adverse effects on gibberellins in 
cucumber and might be acting as a gibberellin antagonist, 
similar to the growth retardants. 
Recently, it was found that some effects of auxin were 
exerted through an ethylene evolution mechanism?+15, It 
is therefore possible that endogenous auxin might exert 
its effect on sex expression through ethylene evolution 
systems. 
We thank AmChem Products Incorporated, Ambler, 
Pennsylvania, for the provision of CEPHA as AmChem 
68--62. 
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Base Composition of DNA from 
Chloroplasts and Nuclei of Phaseolus 
vulgaris 


WHEN the first reports of the isolation and biochemical 
study of chloroplast DNA from higher plants appeared 
in 1963, there was a discrepancy between the two sets of 
findings. J. T. O. K.1?, using chemical analysis, reported 
that broad bean chloroplast DNA had a guanine-eytosine 
content (37-4 per cent GC) close to, but slightly (and 
significantly) lower than, that of the nuclear DNA (39-4 
per cent GC). Chun, Vaughan and Rich* using spinach 
and beet, and later other workers using swiss chard‘, 
tobacco’ and other plants®, reported, however, that DNA 
from chloroplast preparations analysed by CsCl equili- 
brium density gradient centrifugation contained-——in 
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addition to a component of similar density to nuclear 
DNA—one or two components of much higher density 
(and therefore of much higher GC content): these dense 
components they considered to be the true chloroplast. 
DNA. Recent and more rigorous studies’~* have now cast 
considerable doubt on the identification of these high 
density bands with chloroplast DNA. 

In view of the controversy over the true base composi- 
tion of chloroplast DNA, it was decided to use a new, very 
accurate, chemical procedure—the A/G ratio method!*— 
to determine the base composition of chloroplast and 
nuclear DNA. The French bean (Phaseolus vulgaris) 
was chosen because data obtained by the CsCl method was. 
available for comparison purposes", 


Table 1. BASE COMPOSITIONS OF Phaseolus NUCLEAR AND CHLOROPLAST 
DNAS 
Nuclear DNA ‘ Chloroplast DNA 
, Per cent GC cale, g Per cent GC calc. 
AJG ratio from A/G ratio AJG ratio from A/G ratio 
1-703 37-00 1-668 87-47 
1-686 37°23 1-622 38-14 
1-665 37-52 1:637 37:92 
1-652 37-71 1:673 37-40 
1-685 3724 si agzi 
Mean = 1-678 Mean = 37-34 Mean = 1-650 Mean = 37-73 


Pooled estimate of standard deviation for GC content = 0:3 per cent GC. 


Leaves (170 g/preparation) from seedlings of French bean (variety “Carter's. 
Lightning’) were gently homogenized in 520 ml. of 0-4 M sucrose, 0-001 
MMegCl,, 0-004 M-f-mercaptoethanol, 0-025 M tris HCl (pH 7-8), and the 
homogenate strained through four layers of cheesecloth. Chloroplast and 
nuclear DNA were isolated by the ‘Triton X-100’ selective chloroplast solu- 
bilization and phenol deproteinization method of Whitfeld and Spencer’, 
RNA was removed by treatment of the DNA samples with NaOH’. The 
paso composition of the DNA was determined by the adenine/guanine ratio 
meti à 


Nuclear and chloroplast DNAs were isolated and 


analysed as described in the legend to Table 1. Plant 
nuclear DNA contains 5-methyleytosine; chloroplast. 


DNA does not??3:9. The degree of contamination of the 
chloroplast DNA by nuclear DNA was therefore assessed 
by determination of the 5-methylcytosine content using 
complete acid hydrolysis and paper chromatography. 
Visual examination of the ultraviolet photographs of the 
chromatograms (Fig. 1) indicated the presence of 5- 
methyleytosine in the nuclear DNA and its absence from 
the chloroplast DNA. The nuclear DNA contained about 
3-7 moles per cent 5-methyleytosine: identification of 
this base was confirmed by its absorption spectrum. A 
small amount of ultraviolet-absorbing material was eluted 
from the expected position of 5-methyleytosine in the 
chloroplast DNA chromatograms. We believe that this 
material was probably a residual ultraviolet-absorbing 
impurity which could be seen to produce a faint streak 
down the paper. Even if we assume that all this material 
were 5-methylceytosine, however, our DNA preparations 
from chloroplasts consisted of at least 60 per cent chloro- 
plast DNA (on the assumption that true chloroplast DNA 
contains no 5-methyleytosine). 

Measurements of the ratio of adenine/guanine (Table 1) 
give a value of 37-3 per cent GC for the base composition 
of nuclear DNA and a value of 37-7 per cent GC for the 
base composition of chloroplast DNA. Application of 
Student's ¢ test indicates that the difference between the 
two base compositions is not statistically significant 
(P > 0-05). 

Other workers!" using the CaCl technique have 
reported that nuclear DNA from Phaseolus vulgaris 
consists of a main band, density 1-693--1-694 g em~ with 
a substantial shoulder at 1702-1703 g cm. The 
chloroplast DNA was found to have a main band at. 
1-694-1-695 g em-* with a large shoulder at 1-702-1-703 g 
em, Calculation of the percentage GC content from 
buoyant density is made more difficult by the presence of 
more than one DNA band. Using the data of Wolsten- 
holme and Grossi‘, however, approximate calculations 
suggest that both the chloroplast and nuclear DNAs 
have an average buoyant density in the region of 1-696- 
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1-697 g cm. For chloroplast DNA this would suggest a 
GC content of 37-38 per cent, in good agreement with our 
measured value of 37-7 per cent GC. After applying a 
methylation correction to the buoyant density of the 
nuclear DNA (methylation of cytosine residues lowers the 
buoyant density") we arrive at a calculated GC content 
of about 35 per cent. This is somewhat lower than our 
measured value of 37:3 per cent. In view of the inherent 
inaccuracy of the buoyant density method (the standard 
deviation of estimates of GC content is 1-0-1-5 per cent 
GC") and also of the additional uncertainties resulting 
from the presence of two distinguishable bands in the 
nuclear DNA, this discrepancy is not, however, serious. 
The essential conclusion is that both chemical analysis 
and measurements of buoyant density indicate that the 
chloroplast DNA of Phaseolus vulgaris has a GC content 
in the region of 37-38 per cent, in agreement with the 
previous results of J. T. O. K.>? on broad beans, of Rup- 
pel? on Antirrhinum, of Wells and Birnstiel?-* on spinach, 
sweet pea, broad bean and lettuce, and of Whitfeld and 
Spencer’ on tobacco and spinach. The fact that in most 
of these plants the nuclear DNA has a base composition 
close to that of the chloroplast DNA is probably of little 
significance: it just happens that nearly all these plants 
have nuclear DNA base compositions within 1 or 2 per 
cent GC of 37-38 per cent GC. In Antirrhinum! in which 
the nuclear DNA has a low GC content (about 30 per cent), 
there is a substantial difference between the base com- 
position of chloroplast and nuclear DNAs. We therefore 
suggest as a tentative working hypothesis that chloroplast 
DNA in all higher plants has a base composition in the 
region of 37-38 per cent GC. This hypothesis could best 


A B Cc D 





Estimation of the 5-moethyleytosine content of nuclear and 
DNA was completely hydrolysed at 100° with 72 
The hydrolysate was diluted to 0-1 N acid, 


Fig. 1. 
chloroplast DNAs. 
per cent HCIO, (ref. 17). 
filtered to remove charcoal and passed into a 5x05 cm column of 
“Dowex-50’ (200-400 mesh, 8 per cent cross-linked) ion-exchange resin 


in the H* form, The thymine and most of the ultraviolet-absorbing 
impurities were washed through with 15 ml. of water and discarded. 
Adenine, guanine, cytosine and 5-methyleytosine were eluted together 
with 10 ml. of 7-5 N-NH,OH. Water and ammonia were evaporated 
offon a steam bath: the bases were then taken up ina little dilute acid and 
separated by paper chromatography using isopropanol/HCl/water’? as 
the solvent. The bases were located by ultraviolet transmission photo- 
graphy’. The spots in the chromatogram correspond, in order of 
increasing Ar (the origin is at the top), to guanine, adenine, cytosine, 
5-methyleytosine and thymine. A and C, Mixtures of standard bases: 
B, hydrolysate of nuclear DNA; D, hydrolysate of chloroplast DNA. 
Cytosine and 5-methyleytosine were eluted with 0-1 N-HC] and estima- 
ted spectrophotometrically. 
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be tested by studying a series of plants with a widely 
varying nuclear DNA GC content. 
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Selective Inhibition of Vaccinia Virus 

by the Antibiotic Rifampicin 

RiramMpPicin', a semi-synthetic derivative of rifamycin? 
which was isolated from Streptomyces mediterraneus, is a 
clinically useful, orally active antibiotic?~*. It inhibits 
bacterial RNA synthesis in vivo*? and in vitro’ by 
interacting directly with the DNA-dependent RNA 
polymerase**4, While rifampicin inhibits bacterial RNA 
polymerase, it does not affect in vitro the activity of 
mammalian RNA polymerase}, 

Because a poxvirus virion has associated with it a DNA- 
dependent RNA polymerase activity", we have examined 
the effect ot rifampicin on the replication of a virus belong- 
ing to this group. A selective inhibition of poxvirus 
replication by rifampicin could, of course, offer a new 
and clinically feasible approach to the chemotherapy of 
this group of viruses. Here we report that rifampicin 
selectively inhibits the replication of vaccinia virus in 
mouse cells. 

Vaccinia WR strain virus was titrated on 3-4 day 
confluent monolayers of primary 16-18 days old whole 
mouse embryo cells (MEC) obtained from random-bred 
Swiss mice. Cell cultures were propagated in Eagle's 
medium containing 10 per cent heat-inactivated calf 
serum (HICS). 0-6 ml, of virus, appropriately diluted in 
Earle’s solution, was inoculated onto washed cultures, 
adsorbed for 2 h at 37° C and then supplied with 5 ml. of 
Eagle’s medium containing 2 per cent HICS with or with- 
out rifampicin. Cultures were incubated for 46 h at 37° €C 
and then stained with 0-1 per cent crystal violet in 0-1 M 
citric acid to reveal plaques. Table 1 shows that while 
rifampicin up to 10 ug/ml. has no effect on virus growth, 
and 50 ug/ml. slightly inhibits, a concentration of 100 
ug/ml. has a marked inhibitory effect. 

We have also studied the effect of rifampicin on tha 
growth of an RNA-type virus, vesicular stomatitis virus 
(VSV). Dilutions of both VSV and vaccinia virus were 
adsorbed for 1 or 4 h respectively on MEC and then given 
an agar nutrient overlay containing Eagle’s medium with 
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Table 1. EFFECT OF VARIOU 


CONCENTRATIONS OF RIFAMPICIN ON THE 
GROWTH OF VACCINIA VIRUS 


MOUSE EMBRYO CELL MONOLAYERS 






Rifampicin Virus titre LOZ PFU 
(agimi) (pru/ml.) inhibited 
None 3-0 x 10° — 
1 30x 10° None 
10 3-0 x 10% None 
50 6-0 « 10% 0-13 
100 < 16% > $5 


Table 2. EFFECT OF RIFAMPICIN ON THE REPLICATION OF VACCINIA AND VSV 


IN MOUSE BMBRYO CULTURES UNDER AGAR OVERLAY 


Rifampicin Virus titre Log, PEU 
Virus (ug/ml) (pFu/m).) inhibited 
Vaccinia Control 4-6 x 10% — 
100 < 10? >3 
Vsv Control 3°85 x 10° — 
100 +40 x 108 None 
200 3-20 x 10° 0-6 
500 Toxic 


5 per cent HICS with or without rifampicin. Plaques were 
allowed to develop for 3 days at 37° C and were then 
revealed by staining with neutral red (Table 2). At a con- 
centration of rifampicin sufficient to inhibit more than 10° 
vaccinia virus, VSV replication was unaffected. Further- 
more, twice this concentration of rifampicin also failed 
to inhibit VSV to any significant extent. This result 
demonstrates the differential effect of rifampicin on a DNA 
and an RNA virus. It is interesting to note that RNA 
bacteriophages grow normally in the presence of rifampicin 
when the drug is added 4 min after infection”. 

The mechanism of the inhibition of vaccinia replication 
is not known. Because, however, the antibiotic was added 
after infection and because vaccinia is known to spread 
directly from cell to cell rather than through the medium, 
the most probable site of rifampicin action is intra- 
cellular. If this inhibition involves a virus-associated 
RNA polymerase activity, the possibility arises that the 
RNA polymerases of bacterial and of viral origin resemble 
each other and differ from the enzyme of mammalian 
origin with respect to rifampicin and, moreover, that the 
antibiotic and antiviral action of rifampicin shares a com- 
mon mechanism. It should be noted that the concentra- 
tion of rifampicin required to inhibit vaccinia virus is 
greater than that required in bacterial systems, and also 
that, although the differential effect on the two virus types 
studied is marked, only a narrow concentration range was 
used in the test system. Further studies in this laboratory 
(our unpublished results) have shown that doses of rifampi- 
cin which inhibit vaccinia virus do not have any significant 
effect on either the growth of MEC or on the incorporation 
of radioactive precursors into cellular DNA, RNA and 
protein of MEC. This is in contrast to the effect of actino- 
myein. 

These findings, together with the low toxicity of rifampi- 
cin towards mammals", suggest the antibiotic may be 
useful for therapeutic treatment in poxvirus infections. 

We thank Dr Livio Zeller (Lepetit, Milan) for supplying 
the rifampicin. 
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Comparison of Techniques for the 
Isolation of T-strain Mycoplasmas 


Coroxies of T-strain mycoplasmas? (T-mycoplasmas) 
rarely exceed 50 microns in diameter and are therefore 
difficult to detect, particularly if clinical specimens 
contain few organisms and many cells, such as sperm- 
atozoa or epithelial cells (Fig. 1). But T-mycoplasmas 
metabolize urea?4, producing ammonia, so medium— 
initially pH 7-0 or less which contains urea and phenol red 
as a pH indicator—-changes colour from yellow to red. 
This method provides an opportunity to measure anti- 
body- and to detect. T-mycoplasmas?™. 





Fig. 1. T-mycoplasma colony (arrowed) and epithelial cells on solid 
medium without added urea. Medium inoculated with material from 
the human urethra (x 192). 


We have compared liquid and solid media for isolation, 
the same clinical material being examined in Portsmouth 
and Salisbury. We used a basic medium of PPLO 
(pleuropneumonia-like organisms) broth (Difco) with 25 
per cent extract of dried yeast (Distillers Co. Ltd), 20 per 
cent unheated horse serum (Burroughs Wellcome No. 6), 
1,000 u penicillinjml., and 1 : 4,000 thallium acetate (w/v). 
To this basic medium were added urea and phenol red in 
final concentrations of 0-1 per cent and 0-002 per cent, 
respectively, and the pH was adjusted with hydrochloric 
acid to 7-0 in Salisbury and 65 in Portsmouth. This 
liquid medium, in 1-8 ml. amounts, was contained in screw- 
cap glass vials, capacity 2-5 ml. (Anchor Glass Co., London). 
The solid medium was basic liquid medium with 1-0 per 
cent Oxoid ‘Ionagar’ No. 2, with or without urea and 
phenol red; final pH 6-5. Solid medium containing urea 
and phenol red was used because inoculation of T-myco- 
plasmas on such medium had previously been shown to 
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Table 1. COMPARISON OF TECHNIQUES FOR ISOLATION OF T-MYCOPLASMAS 


FROM HUMAN GENITAL SPECIMENS 
No. of isolations as determined by 





Specimens Colonies Colour change in Colour ‘Total 
examined on solid = Liquid Solid Colonies in liquid posi- 
medium medium medium alone alone tive 
Number 38 10 15* 7 lt 6 16 
Percentage 100 26 40 18 3 16 42 


* Confirmed by subsequent subculture in which colour change observed 
in liquid medium and colonies observed on solid medium. 


+ Unconfirmed; that is, failure to subculture. 


cause a change of colour’. The surface of solid medium 
was examined with a “plate? microscope at x 60-120 
magnification. The use of diffuse transmitted light was an 
important factor in detecting colonies. 

Urethral swabs were broken off into 2-0 ml. of basie 
liquid medium. <A portion of this was transported in 
crushed ice to Salisbury the same day. In both labora- 
tories 0-1 ml. amounts were inoculated into the liquid 
medium containing urea, from which two further ten-fold 
dilutions were made; 0-1 ml. amounts were also inoculated 
onto the solid medium with and without additives. The 
cultures were incubated at 37°C, the solid media in a 
humidified atmosphere of 95 per cent (v/v) N, and 5 per 
cent (v/v) CO, The pH of liquid medium in those 
cultures which changed colour increased at least 1 pH 
unit. Results of tests with liquid and solid media were 
recorded independently. Isolation results from each 
laboratory were closely similar. As judged by detection of 
colonies, 26 per cent of the specimens contained T- 
mycoplasmas (Table 1). Forty per cent of the specimens, 
however, produced a change of colour in liquid medium; 
in each of these cases a change of colour occurred on 
subculture to liquid medium and colonies developed on 
subculture to sohd medium. One specimen only seemed 
to produce colonies without causing a change of colour in 
liquid medium, but colonies could not be subeultured. It 
seems therefore unlikely that there are T-mycoplasmas 
which produce colonies but do not metabolize urea. The 
oecurrence of a change of colour in solid medium was the 
least sensitive technique. Although colonies were, how- 
ever, sometimes present without a change of colour, 
the addition of urea and phenol red is a worthwhile 
procedure, for a change in colour clearly indicates that 
colonies are present, and these often have a darker, more 
granular appearance and are therefore more easily seen’. 

Incubation in N, with 5 per cent CO, is suitable for 
colony development if the pH of the solid medium is 6-5 
or less. If the pH is higher (for example, 7:8), a greater 
concentration of CO, (for example, 20 per cent) is required. 

The change of colour in liquid medium begins at the 
bottom of the vial, usually after incubation for 24-36 h, 
but occasionally after a much longer incubation period; for 
example, 10 days'??!, In all cases we have observed a 
rapid change of colour on subculture, suggesting that any 
original slowness was due to only a few organisms being 
present and/or the presence of a growth inhibitor. The 
organisms die rapidly at 37° C and so it is important to 
subculture, chill to 4° C, or store at — 20° C or below, 
immediately a change of colour has occurred. 

Spurious changes of colour in liquid medium containing 
urea may result from several causes: (i) Lack of an air-tight 
seal to the glass vial. (ii) Contamination with bacteria 
which metabolize urea—the medium becoming turbid, 
which is never so with growth of T-mycoplasmas. (iii) 
Epithelial cells which apparently sometimes contain a 
urease. This produces a change of colour within a few 
hours at the bottom of the vial where the cells have 
settled, but subculture is not followed by a change of 
colour. We have observed this with specimens from the 
human pharynx and from the preputial sacs of bulls. 
(iv) Large-colony-forming mycoplasmas, for example M. 
hominis, which break down arginine to ammonia. The 
growth of these may on occasion result in a slowly 
developing, moderate, alkaline change of colour from 
pH 7-0 to 73. 
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Serial ten-fold dilution of clinical specimens in liquid 
medium, rather than inoculation of a single vial, is 
valuable because: (i) Medium that changes colour after 
inoculation with a high dilution of a specimen containing 
many cells may be used to produce a relatively cell-free 
agar subeulture. (ii) Medium containing a low dilution of 
a specimen may change colour at a time inconvenient for 
subculture, and a further opportunity for this may be 
provided by the higher dilutions. (iii) If changes of colour 
oceur in several vials which contain serial dilutions of a 
specimen, it is unlikely that they are spurious due to 
unsealed vials. (iv) Occasionally, medium which contains 
high dilutions of a specimen changes colour, but it does 
not with low dilutions. On rare occasions this is caused. 
by the presence of very many organisms, the mechanism 
of inhibition not being known. More frequently it is 
caused by an inhibitor of mycoplasma growth in the 
specimen. We have found such an inhibitor in bovine 
semen. Sometimes, apparent inhibition of growth occurs 
when specimens are tested at low dilution, because 
numerous epithelial and other cells cause acidity of the 
medium which masks the alkalinity produced by T- 
mycoplasmas. (v) Dilution of a clinical specimen provides 
a quantitative measurement of the number of T-myco- 
plasma organisms present. 
In summary, liquid medium containing urea and phenol 
red affords the most sensitive, quickest and simplest 
method for isolating T-mycoplasmas. It has been used to 
isolate them from human materials, from cattle!-™, 
and recently from squirrel monkeys and dogs (unpub- 
lished results of D. T.-R.). 
We thank Dr J. M. Couchman for collecting urethral 
specimens from men. 
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Dioxoisoquinoline-4-carboxanilides— 
A New Class of Non-steroidal 
Anti-inflammatory Agents 


STRUCTURAL parameters of different groups of non- 
steroidal anti-inflammatory agents (pyrazolidinediones’, 
fenamates?, indoles®, oxazoles* and thiazoles*) have certain 
similarities which include the presence of a relatively non- 
basic nitrogen, an acidic (carboxylic or enolic) funetion and 
an aromatic moiety. We report here the synthesis and 
biological properties of a new and potent series of anti- 
inflammatory agents which manifest similar structural 
features. 
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Isoquinoline-1,3(2H,4H)-dione (I), or substituted iso- 
quinoline-1,3-(2H,4H)-diones treated with aryl isocyanates 
in the presence of a base, give (on aqueous, acidic work-up) 
fair to good yields of the desired 1,3(2H,4H)-dioxoiso- 
quinoline-4-carboxanilides (I1). The infrared and nuclear 
magnetic resonance spectra of these substances agree with 
their structures, which contain a non-basic nitrogen and 
display unexpectedly great acidic properties (pKa’ values 
~ 4-6 in 1; 2 aqueous dioxane). The latter may partially 
be ascribed to a hydrogen bonded stabilization of the 
planar, enolate anion (IIL) which results from the ioniza- 
tion of (JI) because a plot of the pKa’ values of twenty 
ortho, meta and para substituted anilides of structure (IT) 
versus the pKa values of the correspondingly substituted 
anilines yields a straight line having a slope of 0-55 (r= 
0-98). This indicates that the effect of R’ on the pKa’ 
values of (IT) is proportional to its effect on the electron 
density about the nitrogen of the related anilines. Some 
compounds were prepared by treatment of ethyl 1.3(2H,- 
4H)}-dioxoiosoquinoline-4-carboxylate with the appropriate 
aniline in refluxing xylene. 

The 1,3(2H,4H)-dioxoisoquinoline-4-carboxanilides show 
potent anti-inflammatory activity: in both normal and 





bilaterally adrenalectomized rats they considerably inhi- 
bited paw oedema induced by carrageenin®; in guinea-pigs 
the erythemic response to ultraviolet irradiation® was 
inhibited by pretreatment with these compounds; and in 
more chronic situations, anti-inflammatory activity in the 
rat was noted both by suppression of cotton string induced 


Table 1, RELATIVE ANTIORDEMA POTENCIES (RAT) AND AVERAGE PLASMA 


HALF LIVES (DOG AND MAN) OF  1,8-(2H,4H)-DIOXOISOQUINOLINE-4-CAR- 
BOXANILIDES 
z ; Relative Plasma half life (h) 
Compound R R’ potency * Dog+ Man 
(Ta) H H 0-2 2 
ITb) H p-Ci 0-8 19 224 
(Ile) CH, H 1-4 6 8st 
(TI) CHa pci 3-0 10 
(Te) CH; per 2-5 12 
qar) CH, p-OH <O-1 O2 15§ 
Phenylbutazone 1-0 6 725 


* Öedema induced by subplantar administration of carrageenin to the rat? 
drugs administered orally 1 h before, and oedema measurement 3 h after. 
injection of carrageenin. 

t Drags administered intravenously (10-15 mg/kg); assay of drug in 
plasma samples by extraction and measurement of optical density at 235, 
295 and $76 mmicrons in a Beckman DU spectrophotometer. 


$ Estimated from decay of plasma concentrations in normal volunteers, 
after oral administration of a single dose of 1 g. Drug assay as above. 


§ Estimated from decay of plasma concentrations following oral adminis- 
“uon of a single 1 g doss of (IIc), Assayed differentially from (IIc) as 
above. 
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granuloma formation and by amelioration of the symptoms 
of arthritis induced by adjuvant’. Chronie administration 
(50 mg/kg for 30-90 days) of (IIb) to rats and dogs and of 
(IIe) to rats and monkeys induced neither gross nor 
pathological changes. 

Anti-inflammatory potency and plasma half life were 
both favourably related to the introduction of electro- 
negative substituents in the para position of the carbox- 
anilide moiety (Table 1). Although these effects in part 
reflect an increase in lipophilicity, an equally important 
factor appears to be in blocking of the metabolically 
vulnerable para position. The para hydroxy derivative 
(IIf), the chief metabolite of (IIc) in both animals and man, 
was essentially devoid of activity in the rat-foot oedema 
procedure. Further, in view of its extremely short plasma 
half life in animals, (If) would not be expected to con- 
tribute to the anti-inflammatory activity of the parent 
drug. 
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Interaction of Artificial 

Phospholipid Membranes with Isolated 
Polymorphonuclear Leucocytic 
Granules 


AFTER the engulfment of particles by rabbit polymorpho- 
nuclear (PMN) leucocytes, the membrane of granulocytic 
lysosomes fuses with the membrane of the phagocytic 
vacuole, thereby allowing lysosomal enzymes access to 
the ingested material’. To try to understand this specific 
interaction between lysosomal and vacuolar membranes. 
we have studied a cell-free system containing isolated 
PMN granules with artificial model membranes sub- 
stituted for the vacuolar membrane. 

Granules were prepared from PMN leucocytes obtained 
from sterile, glycogen-induced rabbit peritoneal exud- 
ates?™, Artificial phospholipid membranes (spherules} 
were composed of chromatographically pure l-alpha 
lecithin, sodium dicetyl phosphate and cholesterol!. A 
second type of phospholipid spherule was prepared by 
swelling choline-free inositol phosphatide in water for 
1h. Methods described elsewhere were used for determina- 
tion of phosphorus content of phospholipid spherules®, beta. 
glucuronidase® and beta N-acetylglucosaminidase’. 

The experimental system contained the granule sus- 
pension obtained from approximately 7x 107 cells and 
the swollen phospholipids. The mixture was buffered to 
pH 5-0 with 0-05 M acetate buffer or 0-05 M citrate~HCl 
buffer. The final sucrose concentration was 0-25 M. The 
results were expressed as the percentage of total enzyme 
activity which was accepted as the amount of enzyme 
found in an aliquot of granules exposed to 0-01 per cent 
‘Triton X-100°. For electron microscopy the centrifuged 
pellets (20,000g) were fixed at pH 7-3 in cold 1 per cent 
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added to the granules 
Fig. 1. Activation of lysosomal enzymes in isolated leucocytic granules 


by phospholipid spherules after incubation for 20 min at 37° C, pH 5-0. 
Black columns, control (granules alone); hatched columns, lecithin 
spherules; white columns, inositol phosphatide spherules, 


glutaraldehyde in modified Tyrode solution®, post-fixed in 
Millonig phosphate-buffered 1 per cent osmium tetroxide, 
and stained en bloc in an aqueous solution of 1 per cent 
uranyl acetate for 18 h before routine dehydration and 
embedding. 

The activation of two lysosomal marker enzymes in 
leucocytic granules by swollen phospholipids at pH 5-0 
is shown in Fig. 1. The addition of lecithin spherules in 
increasing concentrations of phosphorus increased beta 
glucuronidase activity to 67 per cent of total activity, 
and beta N-acetylglucosaminidase activity to 57 per cent. 
Inositol phosphatide was more effective in activating 
beta glucuronidase and induced 90 per cent of its total 
activity. Beta N-acetylglucosaminidase was activated to 
73 per cent of total activity. Free enzyme activity in a 
control preparation of intact granules comprised only 10 
per cent of total activity for beta glucuronidase and 1] per 
eent for beta N-acetylglucosaminidase. 

Electron microscopy showed that control preparations 
consisted predominantly of discrete and apparently un- 
ruptured granules similar to the cytoplasmic granules of 
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normal heterophile leucocytes of rabbits. In addition to 
intact granules, control pellets contained a few frag- 
mented granules, mitochondria, small vesicles and some 
amorphous material (Fig. 2a). 

After incubation of granules with added phospholipids, 
the centrifuged pellets contained fewer intact granules 
and more amorphous debris and material resembling 
fragments of unit membrane. Although the number of 
granules was greatly decreased in the presence of lecithin 
spherules, a few residual granules could be easily identified 
in the pellets (Fig. 2b). Inositol phosphatide spherules 
produced almost complete destruction of granules. Multi- 
lamellated spheroidal structures were abundant in both 
systems with lecithin and inositol phosphatide spherules, 
and were not present in control granule preparations, 
indicating that they were derived from the added phospho- 
lipids. Such spherules occasionally abutted on segments 
of granule unit membrane, presumably permitting physical 
interaction between the added phospholipid and lysosomal 
membrane. 

Thus activation of beta glucuronidase and beta N-acetyl- 
glucosaminidase by swollen phospholipids was accom- 
panied by almost complete disruption of PMN leucoeytic 
granules. Experiments were conducted to ascertain 
whether the ability of phospholipids to form complexes 
with protein plays a part in their interaction with the 
membrane of the PMN granule. Because protamine 
sulphate, a basic protein, is known to form complexes 
with phospholipids’, we tested this compound. Protamine 
sulphate (grade 1, Sigma Chemical Co.) in a concentration 
of 1 mg/ml. was incubated with lecithin or inositol phos- 
phatide spherules for 10 min at 37°C and then the 
protamine—phospholipid complexes were incubated with 
granules at pH 50 for 20 min. Neither enzyme was 
activated by phospholipid spherules preincubated with 
protamine sulphate (Fig. 3). Furthermore, electron 
microscopy of these preparations provided no indication 
of granule destruction. Protamine sulphate had no 
inhibitory effect on lysosomal enzymes previously acti- 
vated with phospholipids alone. 

These data suggest that phospholipids which form 
simple bimolecular leaflets in water similar to biological 





a 


Fig. 2. 
vesicles and a mitochondrion (right margin). 


b 


a, Electron micrograph of control granule preparation incubated for 20 min at pH 5-6, Note the presence of intact granules, small 
{x 40,000.) b, Electron micrograph of granule preparations incubated with lecithin spherules 


for 20 min at pH 5-0. Note the presence of one residual granule entrapped by multilamellated spheroidal structures derived from added 


phospholipid artificial membrane. 


(x 40,000.) 
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Fig. 8. The effect of protamine sulphate on activation of lysosomal 

enzymes by phospholipid spherules at pH 5-0. Black columns, control 

(granules alone); hatched columns, lecithin spherules (15 mcg P); 

white columns, inositol phosphatide spherules (15 meg P). A, Granules 

with spherules; B, granules with sprerales preincubated with protamine 
sulphate. 


membranes in their permeability to cations!” have a 
high affinity for the membrane of PMN leucocytic granules. 
Two types of changes resulting from this interaction have 
been noted: an activation of lysosomal enzymes and 
a structural disintegration of the granules as documented 
by electron microscopy. 

The mechanism by whieh swollen phospholipids and 
leucocyte granules interact is not clear. By analogy with 
the membrane of other lysosomal particles, it might seem 
that the integrity of the granule membrane depends on 
lipids as well as proteins??. Phospholipids form complexes 
with proteins? and have been shown to reactivate enzymes 
in a mitochondrial electron transfer system™. It is there- 
fore possible that phospholipid spherules may interact 
with a protein in the granule membrane. This might lead 
to steric changes in the lysosomal membrane and activa- 
tion of enzymes. The observation that protamine abolished 
the ability of phospholipid membranes to activate lyso- 
somal enzymes would support this concept. 

It is conceivable that the process of phagocytosis is 
accompanied by an unmasking of free, active phospholipid 
groups from the limiting membrane of the phagocytic 
vacuole. This may allow interaction with a protein in the 
granule membrane and fusion of the membranes followed 
by discharge of granule contents. Consequently activated 
lysosomal enzymes would have free access to the phago- 
eytic vacuole. 

These studies were supported by grants from the US 
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for technical assistance. 
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Nucleotide Sequence of E. coli B tRNAY*' 


E. coli tRNA contains at least two valyl (RNAs. The 
major, tRNAY®, comprising about 80 per cent of the total 
valine acceptor activity, is coded by GUA and GUG, and 
the minor, (RNA¥*, by GUU and GUC (ref. 1 and un- 
published results of M. Y. and Rudland). We report 
here the nucleotide sequence of fRNAY*, 

E. colt B was grown on a low phosphate medium? con- 
taining **P-orthophosphate supplemented with nineteen 
amino-acids, purine and pyrimidine bases and vitamins. 
Total {RNA was extracted according to Richardson? and 
fractionated on a column of benzoylated DEAE-—cellu- 
loset. Two valine acceptor peaks were detected. The 
fractions containing {RNA} were charged with pure 
enzyme and the « amino group phenoxyacetylated accord- 
ing to the method of Gillam et al.® before being adsorbed 
onto a second benzoylated DEAE-cellulose column. The 
modified tRNA}"! was then eluted with a salt alcohol 
gradient and discharged by incubation at 37° C for 5 h at 
pH 9-0. The material thus isolated was at least 95 per cent 
pure as judged by the fingerprints obtained. Sequence 
studies on the *P labelled tRNA were carried out accord- 
ing to the methods developed by Sanger et al.6, Brownlee 
and Sanger’, and Brownlee et al.*. 
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Fig. 1. The nucleotide sequence of E. coli B URNA oe Standard 


abbreviations are used for the four usual nucleotides. Other abbrevia- 


tions are described in the text. 


Fig. 1 shows the nucleotide sequence of tRNA} al 
arranged in the ‘‘cloverleaf” pattern. The unknown 
minor nucleotide “X” found in the first position of the 
anticodon is probably a pyrimidine, for it is released after 
digestion with pancreatic ribonuclease. It probably has 
an extra acidic group with a pK of about 35. This is 
presumably a carboxyl group. The % maximum is 278 
mmicrons at pH 7-0 and 275 mmicrons at pH 2-0 and 12-0, 
indicating that X may be a uridine derivative. It may be 
identical to the nucleotide “N” described by Alvino and 
Clarke? which occurs in a pentanucleotide obtained from 
E. coli B RNAAR, If N is in the first position of the anti- 
codon of (RNAAla this nucleotide may occur frequently in 
E. coli tRNAs coded by A and G in the third position. 
The other minor nucleotides detected were 4TU (4 thio 
uridyhe acid), D (dihydrouridylic acid), T (ribothymidylic 
acid), F (pseudouridylic acid), Gme (7 methylguanylic 
acid) and Ame (tentatively identified as either 1 or 6- 
methyl adenylic acid). The 4 thio uridylic acid is in an 
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identical position to those found ın Æ. coli tRNATyr (ref. 
10), tRNAMet (ref. 11), itRNAMet (ref. 12) and probably ın 


tRNAPhe- (unpublished results of B. G. B.). 7-Methyl- 
guanylic acid 1s also found in an identical position in Æ. 
colt tRNAMCt, tRNAMO, tRNAPho (unpublished results of 


B. G. B.) and in yeast {RNAPbe (ref. 13). 

Lagerqvist and Waldenstrom™ showed that the valyl 
tRNA synthetase from yeast will charge all the valyl 
tRNA ın E. cols and vice versa, although the relative rates 
of charging were different in the heterologous system. 
But a comparison of the sequence with the yeast {RNA Vs! 
(refs. 15 and 16) gives no indication of any similar regions 
that would be recognized by the synthetase. Schulman 
and Chambers!’ have suggested the first three base pairs 
of the 5’, 3’ stem of the cloverleaf as a possible site, but, 
as ın the cases of the methionyl tRNAs from Æ. coli and 
yeast?! and mammalian seryl’® tRNAs, yeast and H. cols 
valyl ‘RNAs are not identical in this region. 

We are now studying the sequence of ‘RNA VE! in an 
attempt to find similar regions responsible for enzyme 
recognition. 

We thank Dr F. Sanger and Professor F. Gros for their 
interest and encouragement in this work, and Mrs A. 
Chestier for help ın the {RNA preparation. One of us 
(M. Y.) was supported by a travel fellowship from EMBO. 
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Thymic Export of Lymphocytes 3 Days 
after labelling with Tritiated 

Thymidine 

THE relative ımportance of cellular and humoral thymic 
factors ın the morphological and functional development 
or regeneration of the lymphatic tissue is not known 
precisely!. Export of lymphocytes from the thymus has 
now been proved in several ways?-*. In the young guinea- 
pig, this export is determined quantitatively by the 
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combined difference m number of lymphocytes in the 
veins and arteries of the thymus and the blood flow 
through the thymus’*., At least part of the emigrating 
lymphocytes in the guinea-pig leave the thymus from 
2-3 days after having incorporated tritiated thymidine 
into ther DNA’. It has been suggested that most or all 
of these emigrating lymphocytes are newly formed cells, 
having divided once and perhaps several times within 
3 days. If this 1s so, ıt should be possible to label a greater 
proportion of the emigrating thymic lymphocytes by 
repeated injections of tritiated thymidine than by a single 
injection. 

We injected four male guinea-pigs weighing 240- 
254 g with tritiated thymidine in doses of 0:05 mC 
(TRA 120, thymidine-(methyl-T), the Radiochemical 
Centre, Amersham) every 30 min during 6 h; the total 
dose after twelve injections was 0-6 mCi. The animals 
were examined 72 h after the first injection. They were 
anaesthetized with sodium ‘Nembutal’ (0:25-0:50 mg/100 g 
of body weight, intraperitoneally). The thymus was 
exposed and a thymic vein incised. Blood samples were 
collected in a heparinized blood pipette (heparin, 5,000 
IU/ml., Vitrum, Stockholm) for preparation of blood 
smears and for white cell counts in a Burker chamber. 
The right carotid artery was incised close to the origin of 
the thymic artery, and blood samples were taken; the 
artery was then hgated. Fimally, the thoracic duct was 
exposed? at its confluence with the left subclavian and 
jugular veins. The duct was incised, and lymph collected 
for preparation of smears. 

For counting of white blood cells in the Birker chamber, 
25 mm? of blood was collected in a pipette, and diluted 
with 475 mm? of Toisson’s solution, containing methyl 
violet, to stain the white cells. Two hundred and eighty- 
eight squares were counted for each determination. 

All the smears were dried in air, and were then fixed 
in methanol for 5 min. After drying, the smears were 
covered with a thin film of celloidin (0-5 per cent celloidin 
in an alcohol-ether solution) and dred again. The 
slides were then dipped into the photographic emulsion 
(Uford Nuclear Research Emulsion Kö, ,diluted in two 
parts of re-distilled and filtered water), and dried for 
3hat 20°C. They were exposed for 1 month in darkness at 
4°C. The slides were developed for 3 min, fixed for 
15 min and washed ın ing water for at least 20 min. 
While still wet, the slides with the blood and lymph 
smears were stained in Giemsa solution for 60 m:n. 
Finally, the smears were dehydrated in alcohol, covered 
with celloidin and mounted. 

The background labelling was scanty. A minimum of 
three grains per cell indicated the cell had been labelled. 
Altogether 200 cells were counted m each smear. The 
number of labelled and unlabelled lymphocytes, mono- 
cytes and granulocytes was recorded. The absolute 
numbers of labelled lymphocytes/mm!' of blood were 
calculated from the total number of white cells and the 
percentage of labelled lymphocytes. 

The highest percentage of labelled lymphocytes 3 days 
after labelling was found in the thymic vein blood; the 
percentages in carotid artery blood and in thoracic duct 
lymph wero lower (Table 1). The proportion of labelled 
cells 3 days after repeated injections of tritiated thymidine 
was groator than that 3 days after a single injection of 
isotope. 

Table 1. PERCENTAGE AND NUMBER OF LYMPHOOYTES IN BLOOD FROM THM 
THYHK: VEIN AND CAROTID ARTBRY AND IN LYMPH FROM THE THORACIC DUCT 


Lymphocytes Labelied lymphocytes 

Animal No./mm? Per cent No./mm? 
TV CA TV TD TV OA 
1 980 7890 26-0 158 22:8 257 i25 
2 778 611 20°2 25-0 21-1 227 168 
3 2,256 1,267 85:5 20-4 238:5 801 334 
4 1,756 1,067 18-6 19-4 12:5 342 207 
Mean S.E. 1,445} 984+ 27:6+ 217+ 18%90Ł 450+ 205+ 

342 145 8-8 2-5 25 180 46 


TV, Thymic vein; CA, carotid artery; TD, thoracic duct. 
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Table 2, DIFFARHNOW IN NUMBER OF MIGRATORY LYMPHOOYTES/MM* OF 
BLOOD IN THR VEINS AND ARTHRIS OF THE THYMUS 


of Export of labelled Percentago labelled 


Animal I C lymphocytes lymphocytes of 
hae ha No./mm* total export 
1 200 182 66 
2 167 74 44 
3 989 487 47 
4 689 135 20 
Mean + S.E. 5114199 202 + 89 44+9 
Our experiment showed an export of about 500 lympho- 


cytes/mm? of blood that passed through the thymus 
(Table 2). The repeated injections of tritiated thymidine 
resulted in labelling of about 50 per cent of the exported 
lymphocytes (Table 2). By contrast, in a previous experi- 
ment, a single injection of tritiated thymidme resulted in 
labelling of about 25 per cent of the exported lympho- 
cytes 3 days later’. 

It is clear that repeated injections of tritiated thy- 
mudine label more lymphocytes leaving the thymus than 
a single injection of thymidine. By continuous infusion of 
tritiated thymidine during 24 h, it may even be possible 
to label most lymphocytes exported from the thymus. 
We conclude that most of the emigrating thymic lympho- 
cytes are daughter cells of thymic precursor cells, which 
have incorporated tritiated thymidine within 72 h of 
emigrating. 

This work was supported by grants from the Swedish 
Cancer Society. 
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Mechanism of Action of Aldosterone 


ALDOSTERONE stimulates sodium transport across some 
epithelia cluding the distal kidney tubules and the 
isolated toad bladder preparation’. The effects of this 
miineralocorticoid on sodium transport are blocked by 
puromycin, which prevents ribosomal protein synthesis, 
and by actinomycin D, which prevents the DNA-depen- 
dent elaboration of messenger RNA. The consequences 
of increased protem synthesis due to aldosterone have 
been found to be a stimulation of NADH-dependent oxida- 
tive phosphorylation‘ and an increased supply of acetyl 
CoA’. What is not clear at present is the way in which 
the increased metabolism influences sodium transport. 
The net transport of sodium across an epithelial mem- 
brane is determined by the rate of entry of sodium ions 
into the cell across the outer, mucosal or tubular 
surface and by the rate of removal from the cell by an 
10n pump situated on the inner or serosal surface. Sodium 
transport can therefore be increased either by increasing 
the permeability of the outer surface to sodium ions or by 
stimulating the pumping mechanism. The increase in 
metabolism caused by aldosterone stimulated protein 
synthesis could be diverted to either of these two mechan- 
isms, and indeed both mechanisms have been proposed. 
Crabbé eż al.*-° have suggested that aldosterone induces 
the extra formation of “permease” which normally 
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Fig. 1. The effects of sodium pyruvate (5 mM) added at tıme zero on 
the short arcuit current (a) and potential (b) of bladders treated with 
aldosterone and on the potential of current clamped bladders treated 
with aldosterone (c).- Hach point, except for two marked, represents the 
mean of five ts. Standard errors of the means are shown. 
Initial mean short circuit current and potential values were eee 
42 nA and 82 mV in a and b. Ine the mitial mean potential was 47 mV. 


control the sodium permeability of the outer surface. 
Sharp and Leaf’? came to a simular conclusion based on the 
increased labellmg of tissue with “Na after treatment 
with aldosterone. Edelman e al.2!° have taken the 
opposite view and conclude that aldosterone stimulated 
sodium transport resulte from increased pump activity. 

Recently we have described the current clamping tech- 
nique for transporting epithelia" which enables effects 
on permeability to be distinguished from those on the 
pumping mechanisms. In this technique sodium trans- 
port is abolished with ouabam and the potential across 
the epithelium is mamtained by passing a constant 
current. Substances causing permeability changes pro- 
duce a change in potential ın current clamped epithelia. 

Responses to aldosterone have been obtained using the 
method described by Sharp and Leaf!?. They found that 
toad bladders treated with aldosterone for 6-8 h in a 
glucose-free medium gave an ummediate increase in short 
circuit current when 5 mM sodium pyruvate was added 
to the serosal surface. 

Toads (Bufo martnus) were partially immersed in 0-6 
per cent saline for 24—48 h before use to reduce endogenous 
aldosterone concentrations. Bladders (4:5 cm?) were then 
mounted in glucose-free Ringer bubbled with air (NaCl, 
111 mM; KCl, 1:9 mM; CaCl,, 1:08 mM; Na,HPO,, 
0:08 mM; and NaHCO,, 2-4 mM, pH 7:6) and the serosal 
surface exposed to 10-* M aldosterone. Bladders with 
initial potentials of less than 20 mV were discarded. 

i of short circuit current and potential were 
started after 2 h and were continued for a further 4 h, 
at which time 5 mM sodium pyruvate was added to the 
serosal medium. In five experiments addition of pyruvate 
caused an increase in short circuit current and bladder 
potential in tissues treated with aldosterone. The poten- 
taal increase may have resulted from increased pump 
activity reducing the intracellular sodium concentration 
and consequently raising the electrochemical potential 
across the mucosal surface. Alternatively the increased 
potential may have resulted directly from an increase in 
sodium permeability of the mucosal surface. Figs. la and 
b show average short circuit current and potential re- 
sponses for the five bladders. 

Five further experiments were carried out on current 
clamped bladders which had been treated with aldosterone. 
The procedure was as before except that ouabain (1:4 x 
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Fıg. 2. Potentials for two current clamped bladders which had been 


treated with aldosterone. Sodium pyruvate (5 mM) was added to the 

serosal bathing fluid at the time indicated by the firet arrows. Tho 

second arrows indicate the addition of 1 x 10- AL theophylline ın a and 
300 mU/ml. ADH in b. 


10— M) was added after treatment for 2-5-3 h with aldo- 
sterone and current was passed through the tissues to 
maintain the initial potential. Current was passed for a 
further 3-5 h by which time the clamping currents were 
steady and the actual bladder potentials were zero. 
Addition of pyruvate (5 mM) to the serosal surface in 
current clamped conditions produced only a trivial fall 
in potential. In no expermment was a potential increase 
observed. This would be expected if aldosterone acted 
by producing permeases. Fig. le shows the average 
potential response for five current clamped bladders. 
Two of the five experiments are further illustrated in 
Fig. 2. It will be seen that pyruvate had the same slight 
effect even though the bladder potentials in these two 
experiments were very different. Antidiuretic hormone, 
a substance known to imcrease the sodium permeability 
of the mucosal surface, was able to increase the bladder 
potential, while theophylline, which increases chloride 
permeabilıty™ 1, was able to cause the appropriate fall in 
bladder potential. Thus no evidence has been found which 
suggests that the permeability of the mucosal surface to 
sodium 1s increased by aldosterone. Rather the findings 
support the idea that aldosterone acts on the active 
processes associated with sodium transport. 

One of us (E. P.) is in receipt of an MRO scholarship 
for traming in research methods. 
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Redox Control of Lysosomes in 
Human Synovia 


Ir has often been suggested that the erosion of articular 
cartilage in rheumatoid diarthrodial joints could be 
caused by lysosomal proteolytic enzymes derived from 
abnormal lysosomes either in the cells in the synovial 
fluid or in the synovial cells themselves'*. Biochemical 
and histological studies have shown that proteolytic 
enzymes are released from the lysosomes of chondrocytes in 
chick lmb rudiments which have been treated with an 
excess of retinol? and that, in these conditions, there 1s 
proteolytic degradation of the cartilage tn vitro. In 
general the critical factor seems to be whether the 
lysosomal membranes in cells close to the cartilage have 
been modified, for example, by retinol, in such a way that 
the normally latent proteolytic activity can become freely 
manifested. The difficulty in testing this hypothesis in . 
human synovial matter is the many different cell types— 
each potentially capable of expressing its mdividual 
biochemistry—that make up either the synovial fluid or 
the synovial tissue. It has been shown recently, however’, 
that suitably prepared tissue sections can be used as if 
they were the more conventional tissue slices and that 
the enzyme activity of selected cells or small groups of 
cells in such sections can be measured directly** if a scan- 
wng and integrating microdensitometer’*® is used in 
rigorously defined conditions. Moreover, lysosomal 
proteolytic activity can be measured by the cleavage of the 
peptide bond of leucyl-B-naphthylamide in suitable 
conditions*-1*; the colour produced im the presence of an 
azo-dye coupling agent 1s proportional to the enzyme 
activity’. Usually, however, not all of the lysosomal 
enzyme 1s freely available to the reaction-substrate, but 
it can be made available provided that the lysosomal 
membrane is altered by prior treatment at an acidic pH 
(ref. 13). It ıs thus possible to measure first the freely 
available lysosomal proteolytic activity and then, by 
pretreatment in 0:05 M acetate buffer at pH 5, to test the 
total proteolytic activity without the mterference of the 
lysosomal membrane’*. The difference between these 
values gives some measure of the “bound” activity. The 
ratio between freely available and bound activity indicates 
the functional state of the lysosomal membrane and ıt is 
this which we have wanted to test. 

Fresh sections (10 microns) of chilled human synovia 
from rheumatoid and non-rheumatoid jomts have been 
tested for both ‘‘freely available” and “bound” lysosomal 
proteolytic activity'*. Between twenty and fifty regions, 
each of about four cells, have been measured along the 
synovial lming, which proved to be the only significantly 
active region of the synovial tissue itself. 

In synovia from five non-rheumatoid joints, some of 
which had suffered recent mechanical trauma, the ratio 
of free-to-bound activity varied from 52:48 to 68: 32 
depending on whether they were quiescent (the former) 
or recently traumatized (the latter). In synovia from 
rheumatoid joints from five patients, the ratio was 
100: 0; in a sixth patient ıt was 80:20. This great 
difference (P<0-001) indicated that in the rheumatoid 
jomts studied, the lysosomal proteolytic activity was not 
sequestered behind a functional membrane, that is 
almost all the activity was freely available, as if there 
were no permeability barrier around the lysosomal 
particles. 

The same synovia were tested by the Chévremont and 
Fréderick method for free —SH groups both directly and 
after pre-treatment with dithionite to convert bound 
—S—S— groups to the reduced form™. The amount of 
Prussian blue developed was measured by scanning and 
integrating microdensitometry. The value obtamed after 
dithionite treatment was taken as the “total —SH 
content” of the tissue whereas that value obtamed 
without reduction was taken as the free —SH content of 
the synovial lining. In the quiescent non-rheumatoid 
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synovia, the free —SH content appeared to be between 
45 and 66 per cent of the total measured; in four of the 
rheumatoid synovia the proportion of “free —SH” was as 
high as 85 per cent; in one it was 100 per cent and in 
another it was 76 per cent. 

The relatively high free —SH content of the rheumatoid 
tissue and the lack of permeability restraint shown by its 
lysosomal membranes could be related if the former 
indicated a general breakdown in protem cross-linkage 
which pertained also to the protein of the lysosomal mem- 
brane. If this were correct, deliberate variation of the 
free —-SH content in the whole tissue would be reflected 
by comparable changes in the permeability of the lyso- 
somal membrane. To test this experimentally, human 
synovial tissue from non-rheumatoid joints was maintained 
in non-proliferative culture! and hydrogen-accepting or 
hydrogen-donating systems were added to the culture 
medium, keeping the actual pH of the medium constant. 
For the former, either 10-* M vitamin K, (menadione: 

2-methyl-1,4-naphthoquinone) orsodium ascorbate(10—4 M) 
with copper (10~ M) were used, the latter acting 
virtually aa dehydroascorbate. As hydrogen donors 
either dicoumarol (10-° M) or sodium ascorbate alone 
{10-4 M) were used. Whenever the hydrogen donors were 
added, the proportion of free —SH went up and the ratio 
of free to bound proteolytic activity increased. In 
contrast, when hydrogen-acceptors were added to the 
culture medium, the proportion of free —SH was reduced 
and the ratio of free-to-bound enzyme activity decreased. 
These results have been obtained in forty-eight specimens 
tested with one or more of these variables. The values 
obtained in two fully measured experiments are sum- 
marized in Table 1. Two other experiments, designed to 
show how the concentration of ascorbate affects either 
the proportion of “free —SH.” or the propozon of ‘‘free”’ 
enzyme activity, are summarized in Fig. 1 

Thus altering the redox potential of the culture medium, 
without changing the pH, has changed the apparent 
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Fig. 1. The effect of three concentrations of ascorbate, as hydrogen- 

donor, on the proportion of free — 8H and o on the freely ‘availa le lyso- 

somal proteolytic activity measured in two different biopsy, sa samples 

which were maintained ın vtro. The results are e the mean 

values of not less than brenty A flelds ewe d in the aynovial Iining of 
each spec 
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Table 1. H¥FHOT OF ADDING HYDROGEN DONORS AND AOCEPTORS TO 
OULTURED HUMAN SYNOVIAL TIBSUB 
Lysosomal membrane 
Cross-linkage function 
Tissue Loeb arai (“free : bound” enzyme 
(Free — as% of activity expressed as 
etal -8H) % “free” activity) 
1) Biopsy 686 65 52 
2) Normal culture 78 05 
8) Culture + ascorbate (byd- 
Togen d 88 95 
(4) Culture + asoor! + 0u+H 
accepting 44 70 
(5) ture + vitamin K, (hy- 
(6 Etec accepting) bt 5 
opsy = 
(7) Normal 78 75 
(8) Culture + ascorbate 99 85 
(9 Culture + ascorbate + Out 42 62 
(10) Culture + vitamin K, 80 — 
Comparison of P for -8H P for membrane function 
2 and 3 <0 001 <0 001 
3 and 4 <0:001 <0-001 
2 and b — 0-8 
7 and 8 <0-001 0 02 
8 and 9 < 0-001 <0-001 
7 and 10 0-7 — 


—SH to —S—S— balance ın the tissue. The more 
oxidative the environment, the more —8—S— relative to 
—SH was found in the tissue. Equally, the more the 
tissue sulphur was present in the cross-linked form, the 
more functional were the lysosomal membranes. It 
therefore seems possible that the functional capacity of 
lysosomal membranes can be influenced by the over- 
all oxidation-reduction equilibrium inside the tissue. 

This work was supported by a grant from the Medical 
Research Council. Specimens were obtamed through the 
collaboration of Mr J. C. R. Hmdenach of the West 
London Hospital and Mr Bernard Cashman of the 
Bedford General Hospital. 
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Glucose and Osmosensitive Neurones 

of the Rat Hypothalamus 

Tse lateral hypothalamic region (LH) is generally 
referred to as the feeding centre of the bram in the 
regulation of food intake, and many authors consider 
the ventromedial hypothalamic nucleus (VMH) to be 
the satiety centre’. Various hypotheses have been put 
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forward to explain how the cells of these centres are 
activated, and one of these is the glucostat theory!. The 
existence of hypothalamic chemoreceptors, such as those 
sensitive to the concentration of blood glucose, can be 
inferred from studies of single unit discharges mduced by 
intravenous or intracarotid administration of various 
solutions*“ and from work on selective gold thioglucose 
lesions’. It has, however, been impossible to determine 
which centre is activated or inhibited first or whether both 
centres are modulated directly by a change in the con- 
centration of blood glucose, because of the reciprocal 
relations which exist between the activities of the VMH 
and the LH**. We report here the direct effects of 
glucose on individual cells of the VMH and LH, which we 
studied by means of electro-osmotic applications of glucose 
from. micropipettes—the method used by Krnjevié and 
Whittaker’ in other regions in the brain. 

Five-barrelled arrays of drawn glass capillary electrodes, 
measuring approximately 1 micron outside diameter at 
the tip, were used. One capillary, filled with 5 M NaCl, 
was used as the recording electrode for extracellular unit 
discharges and the others in the array were filled with 
various substances, including 0'4 M glucose mixed with 
0-4 mM NaCl to measure glucose sensitivity and 0:2 
M NaCl to determine sensitivity to Na. The d.c. resistances 
of the capillaries varied from 60-150 MQ. The amount of 
uC glucose released at different charge magnitudes 
(current x time), positive or negative, transmitted across 
the pipette containing the glucose was determined in 
preliminary experiments. In general, the relationship 
was linear over a wide range: about 5 x 10-4 moles/l. of 
14Q glucose was released per uC. It was not possible to 
determine the amount of glucose released during an actual 
experiment. Electrodes were inserted at predetermined 
sites in the rat brain by means of micromanipulators. 
Rats were lightly anaesthetized with ether, which may 
have some slight effect on hypothalamic activity. The 
exact positions of the electrode tips were determined 
histologically after each experiment*. 

When a cell seemed to be responding to glucose the 
polarity of the stimulating current was reversed. If a 
similar effect appeared, then its responsiveness to Na alone 
was determined. If the cell did not respond to Na, 
we attributed the effect specifically to glucose. Those 
cells which responded to both glucose and Na were prob- 
ably osmoreceptors. 

Fig. 1 shows typical results obtained from cells in the 
VMH. The top part of the figure shows the discharge 
frequencies of a single cell before, during and after the 
administration of glucose. Apparent changes in the rate 
of discharge were checked by appropriate statistical tests*. 
All the effects reported here are statistically significant. 
The inset illustrates the maximum discharge frequency as 
a function of the current intensity. Examples of the 
actual record are shown in the lower portion. 

Results obtained from the VMH and LH cells from 
thirty-six rats are summarized in Table 1. Glucose was 
administered to a total of fifty-seven units in the VMH; 


twenty-four increased in discharge frequency (f) and 
thirty-three were unaffected. None of these cells 
responded to Na. 
Table 1. NUMBER AND TYPE OF RHSPONSHS OF VMH AND LH NEURONES 
YO GLUCOSE AND Na STOIULATION 
No. No. Effect of Na 
tested tested —n 
with Effect of glucose with No 
glucose Na t J effect 
VME 57 24 ft 6 _ = 6 
o: 
83 No effect 9 _ _ 9 
LH 64 21 t 7 4 — 8 
15 } 8 = 1 7 
28 No effect 9 1 — 8 


{, Discharge rate Increased. 
|, Discharge rate decreased. 


283 


2 4 6 8 10 


0 
Curent intensity (nA) 





Glucose 15nA 


nå 











5s 


ical VMH neurone before, during 


1 Top, discharge rate of a 
and after donkey omm otio application of varous amounts of glucose 


a Ipette um discharge rate as a function 
of the amount of glucose a) Bottom, the modulation of ongomg 
unit activity in another cell by the administration of glucose. 
Strength glucose application expressed in nA because only the 
current which was passed the electrode could be measured 
in each etiment. The 1 of the glucose stimulation lasted 


is indica Note the relatively long latency 


this neurone, 


glucose in the vicini 
stimulation alons, w! 


These 

ch indicates that the effects are due to the glucose. 

Of sixty-four cells tested with glucose, twenty-one 
increased in discharge rate (f), fifteen decreased ( | ) 
and twenty-eight were unaffected. Seven of the twenty-one 
were tested with Na; four increased and the other three 
were unaffected. Of the fifteen cells, eight were tested 
with Na and seven of these were not affected. Some 
neurones in the LH apparently respond to glucose by 
either an increase or a decrease in the discharge rate, 
whereas in the VMH all the responses which occurred 
were increases in the discharge rate. The merease of 
activity induced by glucose is well known in the taste 
system, but the decrease of activity was rather unexpected. 
Glucose-sensitive unite have recently been found in the 
liver branch of the rat vagal nerve’, and the spontaneous 
discharge rate of these axons decreased only when the 
concentration of glucose in the hepatic artery was 
ine . 
Spontaneous unit discharges from approximately 
160 cortical and thalamic cells, recorded during the 
advancement of the electrode into the hypothalamus, could 
not be modulated by the direct application of glucose. 
Once agam this implies a circumscribed location of 
glucose-sensitive elements within the central nervous 


system. 

In the LH about one third of the neurones affected by 
glucose are also sensitive to Na and are probably osmo- 
receptors, while in the VMH there are apparently no 
osmosensitive neurones. The hypothalamus of the 
rabbit is known to contain osmosensitive neurones which 
are mvolved in the regulation of drinking’, and the 
existence of such neurones in the LH has now been 
established unequivocally in the rat. 

The existence of glucose-sensitive neurones supports 
the concept of a glucostatic component? in the regulation 
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of food intake. It also provides a basis for an independent 
dual mechanism in the neural regulation of food intake m 
which both feeding and satiety are directly affected by 
lucose. 

$ This work was supported by grants from the Japanese 
Ministry of Education, the US Army Research and 
Development Group (Far East Offce) and the US 
National Science Foundation. 
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Growth Inhibitory Effect of Non- 
immune Lymphocytes on Tumour 

Cells, in vitro, in the Absence of 
Mitogenic Agents 

LYMPHOCYTES from individuals previously immumzed 
with allogeneic cells destroy such cells in virol. It is 
generally agreed, however, that lymphoid cells from non- 
immune donors are not active against allogeneic target 
cells unless cell contact between the two populations 1s 
promoted by the use of phytohaemagglutinin (PHA) or 
xenogeneic antibody’. Most experiments dealing with the 
consequence of mixing lymphocytes with allogeneic cells 
have been concerned with determining the presence or 
absence of target cell death, and only limited attention 
has been given to assessing the ability of target cells to 
grow during incubation with aggressor lymphocytes». 
We describe here a marked cytostatic effect exerted on 
B16 mouse melanoma cells by non-immune lymphocytes 
from C57BL/6 mice in the absence of PHA or other agents 
which promote cell contact. 

The target cells used originated in a spontaneous tumour 
of a C57BL/6 mouse in 1954. This tumour had been 
maintained by serial transplantation in the Jackson 
Laboratories, Bar Harbor, Maine. Monolayer cultures 
of the cells were maintained by serial passage in Medium 
199 supplemented with 15 per cent calf serum through 
fourteen generations during these experiments. Although 
these cells maintain alloantigenic characteristics of the 
mouse strain of origin, they also posseas different antigens 
from those carried by normal C57BL/6 cells, as demon- 
strated by the ability of properly immunized O57BL/6 
animals to reject B16 induced tumours‘. Lymphocytes 
were obtained by finely mincing spleens and mesenteric 
lymph nodes from C57BL/6 male mice in Medium 199. 
Suspensions containing more than 90 per cent lymphocytes 
and showing more than 90 per cent viability by dye 
exclusion were used. 
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Fig. 1. Comparison of the growth of B16 cells in the presence of 20, 
50 and 100 C57BL/6 lymphocytes per tumour cell over 72 h with the 
growth of control cultures. The degree of oytostasis closely approximates 
a straight line when plotted agina on log of lymphocyte concentration 


Plastic T flasks were seeded with 1 x 105 B16 melanoma 
cells in 6 ml. of growth medium, and the number of 
attached target cells in twelve predetermined microscope 
fields in each flask was determined 24 h later using a Nikon 
model M inverted microscope. Medium was replaced with 
fresh growth medium either alone or containing between 20 
and 100 normal C57BL/6 lymphocytes for each tumour 
cell origmally added. Culture medium was again replaced 
48 h after the addition cf lymphocytes, and 24 h later— 
72 h after the addition of lymphocytes—the cells attached 
in the same twelve predetermmed fields of each flask were 
again counted to assess the net growth of each culture. 
In early studies, daily counts were made to establish the 
timing of the effects. 

Fig. 1 shows the results obtained by this assay method 
when ratios of lymphocytes to tumour cells of 20:1, 
50:1 and 100: 1 were used. Striking inhibition of tum- 
our cell growth was seen when increasing numbers of non- 
immune lymphocytes were added. This inhibition was of 
an exponential nature, resembling quantitatively the 
cytotoxic effects obtained with sensitized lymphocytes". 

Similar results were obtained when experiments were 
evaluated by two different assay methods. Known 
numbers of tumour cells were cultured with lymphocytes 
in the same ratios as those used previously. Medium 
was replaced after 48 h; after 72 h, cultures were collected 
and the numbers of tumour cells present in mixed and 
control cultures were determined using a model B Coulter 
counter. Preliminary studies showed that all but 0-6 per 
cent of the remaining lymphocytes were excluded from 
the counts by appropriate threshold setting. A further 
index of cell growth during incubation of these mixed 
populations was investigated by adding 0-5 uCi of tntiated 
thymidine to cultures at the time of re-feeding, 48 h after 
the addition of lymphocytes. Uptake of thymidine by the 
tumour cells was measured in a Packard ‘Tri-Carb’ liquid 
scintillation spectrometer 24 h later. Autoradiography 
showed that the uptake of tritiated thymidine by the 
lymphocytes was very slight in these conditions, so the 
contributions by lymphocytes to scintillation counts, as 
well as to the Coulter counts, in the experiments were 
negligible. 

Table 1 shows that a marked and statistically significant 
inhibition of tumour cell growth by added lymphocytes 


Table 1. THB H¥FECT OF INCUBATION OF NOK-DIMUNE O57BL/6 LYMPHO- 
OYTHS FOR 72 h ON BL/6 MELANOMA CELL GROWTH, in vitro 

Ratio of lymphocytes 

to tumour ocells Control 10:1 20:1 


50:1 100:1 


10044 _ 72445 856446 2088+39 


seeded) 288446 18442-4 142419 101 +18 62 +82 


Tritlated thymidine 
uptake 


(percentage controls) J00+2:9 Y2£3-8 6542-2 861433 4561-2 
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was also found by Coulter counter and spectrometer assay 
techniques. The inhibitory effect was significantly 
lessened, but not abolished, by previous irradiation of 
lymphocytes with 1,500 r. 

Separation of the tumour cells from lymphocytes by an 
HA ‘Millipore’ filter (0:45 micron pore size, 150 microns 
thick) abolished the inhibitory effect, and the particulate 
or soluble product obtained from frozen and thawed 
lymphocytes showed no inhibitory effect when a ratio of 
disintegrated lymphocytes to tumour cells of 100: 1 was 
used. Thus inhibition of growth was apparently not 
caused by exhaustion of essential nutrients from the 
medium nor by a soluble lymphocyte metabolite nor by 
toxic fragments too large to pass the ‘Millipore’ filter. 
Moreover, some contact between lymphocyte and target 
cell is necessary for inhibition. 

Preliminary studies which are still in progress have 
shown growth inhibition of B16 melanoma cells by 
lymphocytes from A/J mice, of L cells by normal C3H 
lymphocytes, and of cultured human melanoma cells by 
human peripheral blood lymphocytes. The cytostatic 
effect does not seem to be proportional to the degree of 
genetic disparity. 

Apart from a brief communication by Stuart, claiming 
lysis of target cell monolayer cultures by heterologous 
lymphocytes and the observance of slight cytotoxicity of 
normal lymphocytes for allogeneic cell cultures by several 
investigators, this cytostatic effect of unsensitized lym- 
phocytes in the absence of a mitogenic agent has not been 
described. In contrast, other publications suggest that 
such cells do not depress and may actually enhance the 
growth of target cell cultures. 

The quantitative evidence presented here strongly 
suggests that these cytostatic effects do represent a 
genuine capability of apparently unsensitized lymphocytes. 

This work was supported by granta from the US 
National Cancer Institute, the US National Heart Institute 
and the United Health Foundation. C. W. J. is the 
recipient of a Wellcome research scholarship. We thank 
Miss Julia Blazek and Miss Sharon L. Wilchar for tech- 
nical assistance. 
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Visual Pigments of Three Species 
of Cartilaginous Fishes 


Rermwam were removed from dark adapted ratfish, 
Hydrolagus colliei; Pacific dogfish, Squalus suckleyt; and 
big skate, Raja binoculata, obtained by bottom trawling 
near Friday Harbor, Washington. Retinal extracts 
were prepared by a standard procedure and analysed with 
a Cary 14 spectrophotometer by the method of partial 
bleaching!. The bleachings were with 1640 nm, 4610 nm 
and dim white light for six ratfish extracts; and 1660 nm, 
2640 nm and 4610 nm for three dogfish and two skate 
extracts. For each extract of a species, a plot of the three 
difference spectra, expressed as ADmax=100 per cent, 
resulted in three congruent curves indicating the presence 
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of a single visual pigment. In all extracts, the Amax of 
the product of bleaching was 367 nm (indicative of retin- 
ene, oxime), so the visual pigment of each species is based 
on retinene,, The Amax of the visual pigment of each 
species was estimated from a nomogram? and a chart? for 
determining the Amax of visual pigments based on retin- 
ene, The visual pigment of the ratfish has Amax= 484:0 
nm; that of the dogfish has Amax=497°5 nm; and that 
of the skate has Amax= 497-0 nm. 

The Amax of the ratfish visual pigment agrees with the 
maximum absorption at 4477 nm reported for unbleached 
tetinae of Hydrolagus affinis, a deep sea holocephalan of 
the Atlantic‘. This displacement of Amex towards the 
blue has also been reported m three deep sea elasmo- 
branches’ and is also evident in many, but not all, deep sea 
teleost fishes**. Hydrolagus colliei usually lives at 
depths below 40 fathoms? and the visual pigment has a 
Amax Which might be expected for a fish living at this depth. 
The Amax of the visual pigments of the Pacific dogfish 
and of the big skate are comparable with the Amax=500 
nm reported for the visual pigment of the spiny dog- 
fisht:11, Squalus acanthias, and with the position of the 
visual pigment of the cat shark‘, Scyltorhinus canicula, 
and two stingrays’, Myliobatis californicus and Rhinoptera 
steindachneri. These are considered to be shallow water 
species. These results lend support to the concept that 
the Amax of the visual pigment of fishes is related to the 
depth of habitat or the spectral distribution of light’. 

I thank the University of Washington for the use of 
facilities at the Friday Harbor Laboratory and the 
National Research Council of Canada for financial support. 
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Specific Inhibition of Cartilage 
Breakdown 


Tue lysosomal system probably plays a key part in the 
resorption of articular and connective tissues, both in 
physiological remodelling and during pathological 
damage’. The hypothesis*-’ that lysosomal cathepsin 
D is primarily responsible for the extracellular and 
intracellular degradation of the organic matrix of skeletal 
tissues has been based on strong but circumstantial 
evidence, and other workers have proposed the involve- 
ment of hyaluronidase, cathepsin B and §-xylosidase 
(reviewed by Barrett*). If the hypothesis that cathepsin 
D is the enzyme primarily responsible proves to be correct, 
it has important implications in the pathology of connec- 
tive tissue disease, particularly rheumatoid arthritis’. 

A specific precipitating antiserum to chicken cathepsin 
D has recently been raised in rabbits (unpublished work 
of P. D. W.). The antiserum strongly inhibits the action 
of pure cathepsin D on haemoglobin, and on chondromuco- 
protein in the viscometer, during incubation in the range 
pH 4-7; it has no inhibitory action on a range of other 
lysosomal hydrolases or proteolytic enzymes (our unpub- 
lished results). This potent and specific inhibitor has now 
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been used to examine the role of cathepsin D in cartilage 
breakdown, in the system described by Lucy et al.?°. 

Cartilaginous limb-bones were dissected from 10 day 
embryos, weighed and placed in ice cold Tyrode solution 
until required; in each experiment material was dissected 
from between sıx and thirty-six embryos. Cartilage 
(50 mg wet weight) was placed in 1 ml. of buffered saline 
con: antiserum or normal rabbit serum for 1 h at 
0° C. At the end of this period “Triton X-100’ was added 
to a final concentration of 0-15 per cent ry) to disrupt 
the lysosomes of the chondrocytes, and the suspension 
was incubated at 37° C. Samples were removed periodically 
for the estimation of polysaccharide, and the results 
were expressed as the total quantity of chondroitin sul- 
phate released into the incubation medium. 

In these conditions, incubation at pH 6-0 for 19 h caused 
the release of 600 ug of polysaccharide, while the presence 
of 10 per cent (v/v) antiserum substantially inhibited this 
process (Fig. 1). The mhibitory effect was dose-dependent 
(Fig. 2), the inhibition being logarithmically related to 
the concentration of antiserum, as has been found for 
ribonuclease"*. The antiserum was particularly effective 
over a short period of incubation so that, after 4 h, 10 per 
cent (v/v) antiserum gave 98 per cent inhibition. This 
value fell to 43 per cent over 9h. The antiserum used in 
the dose response experiment had been stored for 14 weeks 
and was not quite as effective as that used in some earlier 
experiments: thus in the experiments shown in Fig. 1, 
fresh antiserum gave more than 82 per cent mhibition 
after 9 h when used in a concentration of 10 per cent. 
The mean inhibition observed in seven experiments made 
over a period of 8 weeks was 78 per cent (Table 1). 


Table 1. EFFECT OF ANTISHRUM ON POLYSAOOHARIDE RELEASE 


10% 10% control 
Experimental No. antiserum serum Inhibi- Standard 
conditions exps. vn an vay deviation 
PH6187 09h 7 77 842 77-5 60 
pHs-187°O00h 1 204 678 70 — 
PH7187C9h 1 18 84 79 — 


Bone rudiments were dissected from 10 day embryos: 50 mg of tissue was 
incubated in 1 ml. of medinm. In each experiment the antiserum or normal 

Was pro inonbated with the tissue at 0° O for 1 h before the addition of 
“Triton X-100. The estimation of polysaccharide release Into the medium 
was usually done in duplicate, 


The release of polysaccharide was much more rapid at 
acid pH (5) than at neutrality (Table 1), but the antiserum 
was found to be effective in inhibiting breakdown of 
matrix throughout this pH range. Pure yG immuno- 
globin, prepared from the antiserum, was effective in 
inhibiting both the action of pure cathepsin D on chondro- 


Hours 
Fig. 1. Par of release of polysaccharide by antiserum. O—O, 
trol serum; @——@, antiserum, + stan deviation. 
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mucoprotein and the autolytic degradation of cartilage at 
pH 6-1, 

In view of these experiments it seems clear that cathep- 
sin D is the principal agent of cartilage destruction in 
this system. The antiserum promises to be a most valuable 
tool for obtaining direct evidence on the role of cathepsin 
D in connective tissue catabolism, and also in other physio- 
logical and pathological situations. It may be feasible to 
locate the enzyme in tissue sections, to study its synthesis 
and translocation and perhaps also to inhibit ita action 
tn vivo. Work now in progress, aimed at the preparation 
of specific antisera to the rabbit and human enzymes, will 
extend these studies to mammalian species. 
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was also supported by the Wellcome Foundation. 
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Effect of ICSH on Early Pregnancy 
in Hypophysectomized Pregnant Rats 


Movupeat and co-workers!-* recently reported that the 
administration to intact pregnant rate of rabbit antiserum 
ovine interstitial cell stimulating hormone (ICSH) on 
any one day between the eighth and twelfth days of 
pregnancy resulted in resorption of foetuses and termina- 
tion of pregnancy. This effect was readily reversed by 
the simultaneous administration of progesterone but not 
by oestradiol-178. These observations suggested that 
ICSH was involved in progesterone synthesis and as such 
1s @ luteotropic factor in the rat. 
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Table 1. MFFECT OF ICSH IN RATS HYPOPHYSEOTOMIZED ON THR RIGHTH DAY OF PREGNANCY 
Expermment Treat- No.of Changes in 
No. ment* rats body wt. Ovaries Uterus Vaginal smear Bemarks 
(8) (mg) (mg) 
I Control 5 22 45-4 171 Scanty Uterus is clear without foetuses. First bleeding 
(40-8-84-8) ¢ (189-192) sign noticed on the ninth and tenth days 
um IOSH 6 —5 80-8 — Full of leucocytes Average number of nine viable foetuses. 
(66-4—-107-6) Dioestrous smear One rat showed resorption of two sites 


* Furst laparotomy and hypophysectomy on the eighth day of pregnancy. 100 ug ICBH/rat/ 


continued Tor 5 days from the ergh 


t The range in parentheses. 


I describe here the luteotropic effect of ICSH when 
administered from the eighth to the twelfth days of 
prognancy RRE t rate. Long-Evans 

ats were used an y l of pregnancy was taken as 
that day when seminal plugs were found in the vagina. 
A group of eleven rats were laparotomized on the eighth 
day of pregnancy and, after ascertaining the presence of 
implantation sites, were immediately hypophysectomized. 
by the parapharyngeal route. Six animals were given 
daily from the eighth to the twelfth days a single sub- 
cutaneous injection of 100 pg of a highly purified 
ICSH* in 0-2 ml. of 16 per cent gelatme solution. Five 
rats (controls) received on the same days an equivalent 
amount of 16 per cent gelatime solution only. The 
hormone solution was prepared by adding equal volumes 
of warm 32 per cent gelatme solution and hormone 
solution (1 mg ICSH/ml. H,0). 

The rats were examined daily for any vaginal bleeding 
and were autopsied on the thirteenth day of pregnancy. 
The results are presented in Table 1. It can be seen that, 
unlike the control group, all the animals of the expen- 
mental group carried growing foetuses in their uteri. One 
rat of the experimental group, however, showed partial 
resorption of two sites. All the experimental rats showed 
a typical dioestrous smear. As can be seen, the ovarian 
weights of the rats were markedly increased after adminis- 
tration of ICSH, and these ovaries were full of prominent 
corpora lutea. 

The expermment desorbed here therefore confirms 
earlier observations! that progesterone synthesis m the 
pregnant rat can be brought about by the administration 
of ICSH. This, however, does not overrule the role or 
need for other pituitary hormones for the maintenance of 
pregnancy. It 18 probable that ICSH stimulates both 
progesterone and oestrogen synthesis, always maintaining 
An optimum ratio between the two. A large amount 
of ICSH has been used here to achieve this purpose. 
‘This was purposely chosen in the hght of the expem- 
ence of MacDonald eż al.*, who had to administer 50 pg of 
ICSH in beeswax to hypophysectomized rate to obtain 
oestrogen synthesis and as such implantation. 

Alloiteau and Bouhours’ have also shown that adminis- 
tration of LH in a delaying vehicle to pregnant rate from 
the ninth day onwards could result in the maintenance of 
gestation. In contrast to our contention that LH pro- 
motes both progesterone and oestrogen synthesis and 
thereby continued pregnancy, Alloiteau and Bouhours 
feel that LH fulfils the role of stimulating only oestrogen 
production, placental prolactin being involved in the 
synthesis of progesterone. 

I thank Professor C. H. Li for encouragement and for 
the necessary laboratory facilities. I also thank the Ford 
Foundation for a travel grant. This work ı8 supported 
in part by a grant from the US Public Health Service. 
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Effects of Prostaglandins on Fertility 
in Female Rats 


PROSTAGLANDINS have a wide range of pharmacological 
properties’*. Because of the large quantities of prosta- 
glandins found in seminal fluid and the stimulatory and 
inhibitory effects of these substances on myometrial 
activity, there has been speculation on the part played 
by prostaglandins m the physiology of reproduction. 
Recent developments in methods of prostaglandin bio- 
synthesis have made large quantities of these compounds 
readily available, enabling us to investigate the effects of 
prostaglandins on fertility. 

Arachidonic acid (90 per cent) was incubated with 
homogenized ram seminal vesicle tissue to prepare bio- 
synthetic prostaglandin E, (PGE,) following the method 
of Van Dorp et al.*, as previously described‘. Smooth 
muscle stimulating activity (guinea-pig ileum), hypo- 
tensive activity and thin layer chromatographio analysis 
showed that the material was authentic PGE,. In all 
experiments, biosynthetic PGE,, purified through silicic 
acid chromatography, was used; prostaglandin Fi, 
(PGF,2) was prepared by reduction of PGE, with sodium 
borohydride* and was tested as a mixture with prosta- 
glandin Fys (PGF;,). 

A mixture containing 80-90 per cent of PGE, and small 
amounts of several unidentified prostaglandins (“PGE”) 
was used. A mixture of PGF,a and PGF, ın the ratio of 
1: 1 was also tested (“PGF,.”’). 

Female rats were caged with males. Mating was con- 
firmed by the presence of spermatozoa in vaginal smears 
taken between 0800 and 0900 h. The day sperm was 
found was designated day 1 of pregnancy. Prostaglandins 
were dissolved ın 1s0-ogmotic Na,HPO, aqueous buffer 
solution (pH. 7-4). Solutions were injected subcutaneously 
either once, twice or three times daily during the first 
6 or 7 days of pregnancy. Single daily injections were 
given between 0800-0900 h, twice daily injections at 
0800 and 1700 h, and three times daily injections at 0800, 
1600 and 2400 h. Animals were autopsied on the seventh 
or eighth day of pregnancy 24 h after the last injection. 
In each experiment bred females were randomly assigned 
to treatment groups so that one or more complete repli- 
cates of treatment, mcluding controls treated similarly 
with vehicle, were begun simultaneously. A x? analysis 
was used to evaluate differences in the number of rats 
with implantation sites. The number of sites were com- 
pared by an analysis of variance. 

Injection of 0-6 mg twice daily of “PGE,” or “PGF,” 
during the first 7 days of pregnancy (experiment B, C), 
but not smaller total daily doses (experiment A), resulted 
in a significantly smaller number of implantation sites 
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Table 1. BFFECT OF PROSTAGLANDINS ADMINISTERED AFTER COITUS ON FERTILITY OF RATS 
Daily dose Treatment period Wo. rats pregnant/ Average No. of abnormal 
designation Compound* (ug) (days of pregnancy) No. treated No. sites sites (per cent) 
A “PGE,” 100 t.i.d. 1-7 4/5 e 
(in corn oil : i a 
ron 100 t.i.d 7 
i; p” . 1- 5/5 102 1 
Vehicle — 1-7 R 92 oF 
B “PGR,” 500 1-7 4/5 5-2 
Vehicle — 1-7 ži t gaT at 
0 “PEM” 500 b.i.d 1-7 5/5 
“PGE,” 500 b.i.d. 5-7 let son 28 : 
“PGF, ’ 500 b.i.d 1-7 2/5 249 100 {$ 
Vehicle — 1-7 5/5 11:6 0 
D “PGE,” 500 b.i.d. 14 3/8 5 
Vehicle — 1-6 aT oo 10" 


* Compounds dissolved in NaHPO, buffer and injected subcutansously. 
+ ONS effects observed within 5 min and continued for 3—4 h. 

t Implantation sites smaller than normal. 

$ Implantation sites undergoing degeneration. 


fl Uter! of three/five rata without sites contained blastocysts. Oviduct of one/five rats contained a normal blastocyst. 


q Sigmificantly different (P < 0-05) from corresponding control value. 


(Table 1), and this amount seemed to approximate the 
median effective antifertility dose. Implantation sites 
were consistently smaller in all groups given prostagland- 
ins. The uterus and vagina of animals treated with 
0-6 mg “PGE,” twice daily frequently contained blood, 
suggesting that resorption of sites was mn progress. 

Faecal discharge and signs of disturbance in the central 
nervous system were usually seen in all animals within 
5 min of an injection of 0-5 mg “PGE,” and to a lesser 
extent after treatment with “PGF,,”. Animals became 
flaccid and slept in normal sleeping postures; they could 
be aroused but not so easily as control animals. Adapta- 
tion to unusual positions was accomplished but responses 
were sluggish. These effecta diminished in intensity and 
disappeared after 3—4 h. 

Delay of implantation occurs in bred rata in conditions 
of stress‘ and during treatment with tranquillizers”! or 
progestins®:!°, In the work described here, the small size 
of implantation sites and associated disturbances of the 
CNS suggested that prostaglandins may also cause a 
delay of nidation. To test this, animals were given 
0-5 mg “PGE,” twice daily from day 1-6 of pregnancy 
and autopsied the morning of day 7 (experiment D). 
The number of rats with implantation sites and the 
number of sites were significantly smaller than in controls. 
The uterus and oviducts from animals devoid of sites and 
the oviduote from animals with sites were flushed with 
physiological saline. Uterine and oviducal washings from 
thres of five unimplanted rats yielded eleven (eight 
normal, three degenerate) and one normal blastocyst, 
respectively. “PGE,” evidently delayed or inhibited 
nidation in these three animals. The finding of one blasto- 
cyst in the oviducts at this time, however, suggested that 
“PGE,” also had an inhibitory effect on ova transport. 
Additional experiments have confirmed this effect. 

We have thus demonstrated several new properties of 

prostaglandins: an antifertility action after implantation, 
inhibition of implantation or 1te delay and tardy arrival 
of fertilized ova into the uterus. The reduced rate of 
transport of ova may be a result of the effects of prosta- 
glandins on smooth muscle activity. Inhibition of im- 
plantation and resorption of sites indicate that proste- 
glandins have other direct or indirect effects on the 
uterus, however. PGFic was recently reported to have 
luteolytic properties in pseudopregnant rats (B. B. Phar- 
riss, L. J. W en and D. G. Gutknecht, at the First 
Annual Meeting of the Society for the Study of Reproduc- 
tion (1969)). This mechanism would provide an explana- 
tion for the early resorption of implantations but not the 
failure of nidation. Several modes of action must thus be 


postulated to explain the antifertality effect of prosta- 
glandins. 

E. F. Norrie 

P. S. CAMMARATA 


Department of Endocrinology, 
Searle and Company, 
Chicago, Illinois 60680. 
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Cell Mass, Hair Type and 
Expression of the Agouti Gene 


TEE A or agouti gene is among the most intriguing of the 
numerous colour determinants in mice. This gene controls 
a rhythmical alternation between the synthesis of eumel- 
anin (black pigment) and phaeomelanin (yellow pigment) 
by the melanocytes which reside in the hair bulb. As a 
consequence of this activity, phenotypically wild (agouti) 
animals have a single subapical yellow band on their 
otherwise black dorsal hairs. 

Previous studies have indicated that this expression of 
genetic activity is dependent on the agouti locus geno- 
type of the hair follicle rather than that of the melanocyte 
itself, and that expression of the agouti gene is in- 
fluenced not only by the skin in which a follicle is located, 
but also by the type of follicle containing the melano- 
cytes*-’. Thus of the four principal hair types which com- 
prise the dorsal pelage of the mouse, zigzags are invariably 
banded, auchenes are usually banded and the mono- 
trichs are never banded. The awls are puzzling in that, 
although they may be banded, many are totally black. 
These hairs increase in length in the order zigzage, 
auchenes, awls, monotrichs, and so it would seem that 
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Table 1. DISTRIBUTION OF HAIR FOLLIOLES ACCORDING TO BULB DIAMETER SHOWING THE OLASSIFIOATION OF ZIGZAGS AND AWLS 
Per cent follicles with bulb diameters (microns) 


Halr type No, measured 60 65 70 75 80 85 90 100 110 120 130 140 150 160 170 180 
Zigzag 2,340 8 19 67 5 1 
qi O12 
Awl* 3,089 9 25 80 23 13 
oli 2 
paisa t l a cis 4 C15 
Monotnch 278 10 85 27 18 8 1 1 


* Bee Table 2 for shift in size distmbution with time, 
+ Auchenes are rare in OSHf/HeHa*. 
Ol, class. 


The percentages are derived from grouped data zepresanting follicles examined from the sixth to eleventh days after initiation of hair growth. More 


awls than zigrags were selected for measurement, thus 


Table 2. DISTRIBUTION OF AWL HAIR BULB OLASSHS 


Day of 
bair 0. Class 
growth follicles 1 2 8 4 5 
6 124 161 83 9 379 8'8 82 
T 656 168 287 27-4 228 49 
8 685 95 24-5 29 5 26 0 105 
9 621 85 206 27°2 25-6 180 
10 477 1 22 2 279 28 5 20 8 
11 526 26 188 28°7 205 211 


Shows percentage of total awl pepo represented by each class 
the sixth to the eleventh days of growth. 


there ıs an inverse relationship between hair size and 
banding. ‘This suggests that further insight into the 
expression of genes at the agouti locus might be obtained 
through studies of the hair follicle. This study was 
undertaken as an attempt to establish whether or not a 
relationship exists between hair type, hair bulb size Or 
mass, and action of the agouti gene. 

Agouti mice (4/4; B/B; O/O) of strain C3Hf/HeHa 
were used. To ensure that all follicles were in the same 
stage of growth at the time of sampling, all animals were 
plucked at the termination of the first growth cycle 24 
days after birth, thus inducing a new cycle of hair growth. 
Twenty-two days later the follicles entered the resting 
phase and the hair was plucked again. From the sixth to 
the eleventh day after plucking, individual follicles were 
removed from the mid-dorsal akin, placed in a drop of 
physiological saline on a glass slide, and examined, 
125 times magnified, with a bright-field microscope. 
Follicles were classtfied according to the type of hair they 
contained (Dry’s criteria’). The type of follicle, type of 
pigment(s) in the hair bulb, and the diameter of the hair 
bulb at ite widest point were recorded. Eight to twelve 
animals were used for each day’s sample (note exception 
below) and usually 100 follicles from each animal were 
recorded. At day 6 and earlier, the follicles were usually 
too small to be removed without damage so that only two 
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Fig. 1. Percentage of class 1 (@) and class 2 (O) zigzag hur bulbs 
in the phasomelanic phase of pigment synthesis from 
eleventh days of hatr growth. 


numbers here do not represent the ratio of these hair types as they occur in the 
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Fig. 2. Percentage of class 1 (@), 2 (O), 8(«) and 4 (Q) awl hair bulbs 

in the phaeomelanic phase of pigment synthoms from the sixth to 

eleventh days of hatr growth. Class 5 awl hair bulbs are not represented 

because they do not synthemze phaeomelanin at any time during the 
har growth oycle. 


animals (both day six females) yielded sufficient follicles 
for accurate measurement. 

Bulb diameters were not continuously variable among 
the various hair types. Zigzags were separated into two 
categories designated class 1 and class 2 mgzags, and awls 
were assigned to five categories designated class 1 to 
class 5 awls (Table 1). Auchenes and monotrichs were 
not given class designations. 

According to Chase et al.® the development of the 
follicle is completed in Anagen V by the cighth day of the 
hair growth cycle and the follicle then enters Anagen VI, 
the period of rapid hair production. The observations 
recorded in Table 2 indicate, however, that during the 
first few days of the productive phase, awl bulbs continue 
to increase ın mass, and many of the smaller aw! follicles 
come to occupy the ranks of the larger classes during this 
time. 

As can be seen in Figs. 1 and 2, both the timing of 
phaeomelanin synthesis and whether or not phaeomelanin 
will be synthesized are related to bulb mass. Fig. 1 shows 
that 100 per cent of the zigzag bulbs provide an environ- 
ment suitable for phaeomelanin synthesis and that 
manufacture of this pigment ıs of longer duration in the 
class 2 than in the class 1 population. Examumation of 
skin prepared histologically revealed that phaeomelanin 
synthesis did not begin before day 6. It would seem that, 
ın less than 24 h, the synthesis of eumelanin is shut down 
and phaeomelanin synthesis is switched on in virtually the 
entire zigzag population. 

An interesting pattern of agouti gene action among the 
various classes of awl follicles can be seen in Fig. 2. It is 
evident that with each successive increment in bulb size 
there is a loss in capacity for synthesis of yellow pigment. 
Indeed, class 5 awls (and monotrichs) were never observed 
to produce phaeomelanin and apparently cannot support 
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(or induce ?) the synthesis of this pigment. Furthermore, 
among the classes of awls that do produce yellow pigment 
in fairly high concentrations, the onset of phaeomelanin 
synthesis occurs less rapidly and extends over a longer 
period of time than in either zigzag population. 

It would seem that in bulbs of agouti genotype there 
is a critical mass above which phacomelanin synthesis 
will not occur. (This would account for the occurrence of 
both banded and non-banded awls.) This critical mags 1s 
certainly reached by bulbs 120 microns ın diameter and 
is probably attained by bulbs of lesser cell mass. The data 
represented in Fig. 2 would seem to indicate that the 
threshold mass for production of yellow pigment lies 
in the range of 110-119 microns (class 4 awls), but the 
curves in this may be misleadmg. As previously 
noted, awl bulbs continue to increase in sıze dunng Anagen 
V (eighth day) and the early days of Anagen VI. Thus a 
number of yellow awl bulbs m any size class (except class 
1) could have been derived from a lower class(es) of the 
previous day(s). For example, a phaeomelanic bulb 
which belongs to class 3 or 4 on the ninth day may 
actually have initiated the synthesis of yellow pigment as a 
class 2 bulb on an earlier day. It 1s therefore possible that 
fewer bulbs in the larger classes make phacomelanin than 
Fig. 2 indicates. Consequently, the threshold above 
which phaeomelanin synthesis will not occur may be 
attained by bulbs of less than class 4 mass. 

The interactions between melanocytes and the follicle 
matrix which either permit or preclude phaeomelanin 
synthesis are not understood. The present observations, 
however, are consistent with the long recognized critical 
role of cell mass in differentiating systems. Here we see 
the influence of cell mass on the activity of a single 
specific gene, the A gene, and its role in determining the 
nature of the chief synthetic product of a single cell type, 
the melanocyte. 

Dowatp B. GALBRAITH 


Department of Biology, 
Trinity College, 
Hartford, Connecticut 06106. 
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Basis of Odour Specificity: 
Homologues of Benzaldehyde 
and Nitrobenzene 


HomoLocuEsS of benzaldehyde and nitrobenzene present 
an interesting transition from a bitter almond to a cumin 
type of odour which can be correlated with a transition 
in the pattern of frequencies observed in their far infrared 
spectra. The spectra were recorded from 500-80 om- 
using a Perkin-Elmer model 301 fer infrared spectro- 
photometer with the samples dissolved where necessary 
in n-heptane, usually at concentrations in the range 
1-10 per cent. 

Fig. 1 shows the spectra, the structures and the odours. 
Peak heights vary and are of uncertain relevance, and 
therefore frequencies only are plotted as open circles in 
Fig. 2 for the bitter almond odours and in Fig. 3 for the 
cumins. Included with the bitter almonds are benzonitrile, 
acetophenone and acetanilide, which has a bitter almond 
smell when vaporized’, Perlla aldehyde is included in 
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the cumin group (personal communication from A. Van 
der Gen). 

When two normal modes are excited in the same mole- 
cule at the same time, a new difference frequency is 
generated but may not be spectroscopically observable’. 
The number of frequencies generated by taking all possible 
differences in a spectrum is large but is drastically reduced 
if differences are disregarded where the sum is above 
650 cm-1, and where the difference falls within 10 cm-! of 
an observed peak. Moreover, not all the molecular 
vibrational movements are osmically active and a differ- 
ence frequency that is not directly observable can be 
considered only if 1t is the difference of frequencies which 
are observed and known to be osmically active. With 
these restrictions, the relevant difference frequencies ara 
those shown in Figs. 2 and 3 as black circles, and derived 
from the observed frequencies shown as dotted circles. 

A study of substances with the musk odour suggests 
that the osmic bandwidth is +15 cm- from the average, 
and the same for all frequencies but with some overlap 
between adjoining bands‘:*, 

In Fig. 2 the band from 160 to 190 cm~ 18 “occupied” 
by fifteen out of sixteen substances with a bitter almond 
character. Similar counts for the other bands and for 
the thirteen substances with a cumm character are shown 
in Table 1, together with counts for a control group of 
thirty-one miscellaneous odorous compounds the spectra 
of which have been published elsewhere‘. Table 1 con- 
firms an earlier correlation of bitter almond with peaks in 
both the 175 and 225 cm-! bands. A frequency band not 
previously noticed from 330 to 360 cm-? is occupied by 
fourteen of the sixteen “almonds”, but its significance 
is obscure because the generally accepted vibrational 
assignments of the three monosubstituted benzenes do not 
include a normal mode in this region’. 


Table 1. BITTER ALMOND AND CUMIN ODOURS 
Frequenoy band (em-) 
175 225 285 810 845 895 
Sixteen almonds 16 15 4 6 14 9 
Thirteen cumins 10 7 11 12 6 9 
Thirty-one controls 15 15 19 16 16 20 


Some compounds exhibit both almond and cumin notes, as well as addi- 
tional notes of carrot, sassafras, and 80 on. 


Table 1 correlates the bitter almond odour with a 
pattern of frequencies centring on 


176, 222, 345, and (?) 395 em-! 
and for the cumin odour, bands centring on 
175, 265, 310, and ( ?) 395 cm-? 


The x* test was applied to the bitter almond and control 
groups, with the results shown in Table 2. Starting with 
& consideration of a single band, the specification becomes 
more restrictive as the number of bands taken into account 
is increased, notwithstanding which the statistical signi- 


Table 2. BITTER ALMOND CORRELATION 


Sixteen -one 


Band pattern 
175 225 265 810 345 almonds controls 
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* Because the comparison in the table are not all independent, the 
statistical significance of the x° values is subject to some adjustment, but the 
trend revealed in the last column is unmistakable. 
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Fig. 1. Olfactory character and far infrared spectra of some substituted benzaldebydes and nitrobenxenes. 
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Fig. 2. Far infrared frequencies of substances with a bitter almond odour. Open circles show the poy of observed absorption maxima. 


circles show difference frequencies derived from the 
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Fig. 3. Far Infrared frequencies of substances the odours of which inolude a note ofcumin. Note the 
Telative scarcity 


810 cm~ bands and their 


ficance increases substantially. Table 3 shows a similar 
analysis of the cumins with the same general result. 

The extremely specific nature of odour sensation calls 
for a corresponding degree of specificity in the odorous 
molecules. It is diffloult to conceive of any property other 
than a pattern of vibrational frequencies as satisfying this 
requirement. The spectroscopic data are at best an 
approximation to this pattern, and because members of the 
bitter almond and cumin groups are by no means in- 
distinguishable one from another and exhibit more or less 
distinctive notes and by-odours an unexceptional cor- 
relation is not to be expected and would, indeed, be a 
cause for suspicion. 


Table 8, OUMIN CORRELATION 


Band pattern Thirteen Thirty-one 
175 2 265 310 cumins controls z 
+ 12 16 49 
+ + 8 7 46 
+ + 9 8 56 
+ + 10 10 5:7 
+ + + 7 4 62 
+ - + + t 0 7-1 
For P=0 05, z?m3 8 
0-01, 2 = 6-6 


The assumed bandwidth of 30 cm- is somewhat 
arbitrary, but it is nevertheless an interesting value 
because two oscillators separated by this frequency will 
beat with a period of about 2x 10-71 s, and those with 
smaller differences will have proportionally longer periods. 
This is approximately the time that two molecules are 
close enough to interact during an elastic collision. 

It is generally assumed that molecules present a clearly 
defined boundary to the outer world. A molecule that is 
vibrating will, however, present a more or less fuzzy 
outline, but if the translational speeds are slow in com- 
parison with the speed of the oscillations, the sphere of 
exclusion will coincide more or less with the outer limit of 
the oscillatory movement. In the special situation where 
the incoming molecule is vibrating with a component 
perpendicular to the receptor surface and with an approxi- 


300 400 500 


many frequencies in the 175, 265 and 
in the 225 and 845 om~ bands. 


mately matching frequency, its ability to conform with 
the movements of the surface could allow a much closer 
approach than would otherwise be possible. 

It follows that it is not the vibrational energy which 
confers the osmic activity, but rather it is the fact that the 
molecule is oscillating in a way that makes possible an 
unusually close approach. The Van der Waals forces vary 
as the inverse seventh power of the distance, so that the 
conformity of the oscillations would substantially increase 
the forces of interaction and endow the collision with a 
high degree of specificity. 

An important feature of this picture is the transient 
nature of the interaction taking place at the receptor 
surface. With a short contact time, each odorous 
molecule can make contact with a great many different 
receptor sites during its passage across the olfactory 
epithelium. The extreme sensitivity of the sense of smell 
thereby loses much of its mystery, and the ability of the 
nose to make fine discrimmations between odours even at 
very low intensities is readily understandable if each 
molecule has many opportunities to register each of ite 
primary osmic qualities. 
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Pituitary Analogue in the Octopus 


THe optic glands of Octopus vulgaris lie on either side of 
the central part of the supracesophageal bram, on the 
stalks of the optic lobes (Fig. 1): they control hormonally 
the onset of sexual maturity in female octopuses!. Pro- 
duction of hormone is regulated by an inhibitory nerve 
supply from the subpedunculate lobe. This in turn is 
probably affected by daylength, for section of optic nerves 
causes precocious sexual maturity in octopuses’, and a 
period of artificially reduced daylength can accelerate the 
normal onset of sexual maturity in Sepia’. A single optic 
gland hormone apparently determines the state of matura- 
tion of both ovaries and oviducts’. 

Female octopuses mature rapidly at a relatively large 
size (1,500 g in O. vulgaris); they lay their eggs, brood 
them and die*. Precocious sexual maturity produced by 
removal of the subpedunculate lobe (Fig. 1) is character- 
ized by enlargement of the optic glands which became 
engorged with a yellowish proteinaceous secretion 
followed by a dramatic increase in the size of the ovary, 
from 1/500th to 1/5th of the total body weight within 2 
months. 

The situation in males is somewhat different and more 
complex. Males mature at a relatively small size (200- 
300 g in O. vulgaris); the ratio of testis to body weight 
increases only slowly and over a considerable range of 
size, Males thus show a prolonged period of maturity 
compared with females. Lesions to the subpedunculate 
lobe produce only a marginal (10 per cent) mcrease in 
the size of the testis'. There 1s also evidence that removal 
of the testis leads to regression of the testicular ducts’, 
implying an additional link to the control by the optic 
glands of the sex ducts in males. The testioular hormone 
does not control the form of the hectocotylus which 
regenerates normally after castration—an observation 
originally made by Callan* and confirmed in the course 
of the present experiments. 

Experiments were made with Octopus cyanea at the 
Hawaii Institute of Marine Biology during July- 
September 1968 to investigate possible additional links in 
the male subpedunculate—optic gland gonad and duct 
regulation system. Males of O. cyanea (unlike O. vulgaris) 
display a pattern of stripes’ in the presence of other 
octopuses of the same species and pursue females, so that 
we were able to study the effects of removal of the optic 
glands on sexual behaviour as well as on the state of the 
testis and ite ducts. 

Surgical removal of the optic glands from sexually 
mature male octopuses was followed by regression of the 
testis and a progressive reduction in the number of 
spermatophores in the male ducts. The ratio of testis to 
body weight for eight animals kept for 39-62 days after 
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this operation was in each case below the values obtained 
from sixteen controls of similar size. The ratios for five 
out of six animals which had been operated on and kept 
for 6-23 days were within the control range but below 
average. Of the controls, five received surgical treatment 
equivalent to removal of the optic glands; the glands were 
exposed, touched but left m place. The remaining 
eleven controls were unoperated animals. Spermatophore 
counts (made on a sample of the animals) showed a steady 
decline ın the weeks after removal of the optic glands 
g. 2). 

Removal of the optic glands did not stop sexual displays. 
or copulation, although the animals’ performance became 
more erratic. Of the twenty-three pairs observed at 
varying times after operation on the males, thirteen 
failed to copulate within 1 h; with controls there were only 
five such failures out of thirty-one testa. There was 
little indication of a progressive decline in sexual beha- 
viour within 2 months of operation, although successful 
copulation must eventually cease for lack of spermato- 
phores. 

Octopuses castrated by removal of the testis, or of the 
testis and its ducts, may copulate, or attempt to copulate, 
if teated within 36 h of the operation; three out of ten 
pairs were observed to do so. No copulations were 
observed in eight pairings 2-21 days after operation. A 
single animal tested 36 days after removal of the testis. 
and male ducts displayed vigorously and made repeated 
attempts to insert the hectocotylus. The same animal had 
made no attempt to copulate when tested 
after 5 days, and displayed for a few 
seconds only when a female was introduced 
into its tank after 21 days. Autopsy 
revealed grossly enlarged optic glands, 
which were similar in size and appearance 
to those that can be produced by removal 
of the subpedunculate lobe from the brain. 
It seems probable that the testis (or 
testicular ducts) exerts a controlling in- 
fluence on the state of the optic glands, 
perhaps via the subpedunculate innerva- 
tion. A negative feedback system of this 
sort would explain the prolonged maturity 
of males compared with females, where 
there is apparently no ovarian hormone: 
in females, once the optic glands are re- 
leased from inhibition by the subpeduncu- 
late, the gonad matures in an all-or-nothing 


Fig. 1. Diagrams of (a) the brain of Octopus from above and in front. The optic glands 

lie on the stalks of the optic lobes; (o) 1o tudinal vertical section through the central manner. : i 
supracesophagoa part of the brain, © unoulate lobe, origin of the nerve supply The male system described here is 
con 


Wing secretion by the optic glanis, is shaded. In an octopus of 400 g (b) would 


obviously similar to the mammalian 
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hypothalamus — anterior pituitary — gonad — hypothalamus 
control system, with the drfference that m the case 
of the cephalopod the central nervous system con- 
trols the secretion of the gland through a direct nerve 
supply and not by means of a neurohumoral substance or 
substances*. Also ın cephalopods there is so far no evidence 
that the optic glands are concerned ın the regulation of 
systems other than the reproductive one. The relatively 
simple negative feedback control system in male Cephalo- 
pods has additional advantages from the experimental 
point of view: the optic gland system is bilateral and 
readily accessible; unilateral brain lesions or unilateral 
blinding affect only the ipsilateral gland? so it is clearly 
possible to study the feedback system in the presence and 
in the absence of the subpedunculate hypothalamic 
analogue in the same individual. 

This work was supported by the US National Science 
Foundation at the Hawaii Institute of Marine Biology, 
Hawaii. 
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Relatedness of Pituitary Growth 
Hormone from Various Vertebrate 
Classes 


We have previously reported the relatively high degree 
of species specificity in the teraction of pituitary growth 
hormone (GH) from several mammalhan species with 
rabbit antisera to bovine or human growth hormone 
(BGH or HGH), on the basis of precipitin reactions in 
These 


agar and hormone neutralization studies in vivol. 
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findings were subsequently confirmed by others. In 
contrast to earlier reporte, Tashjian et al.*, using micro- 
complement fixation, recently reported that rabbit anti- 
serum to HGH would cross-react with bovine, ovine and 
porcine GHs. We report here studies in which monkey 
antiserum to rat pituitary growth hormone has been used 
to investigate the immunochemical relatedness of GH 
not only among mammals!“ but also among birds, 
reptiles and amphibians, down to the fishes. 

Precipitin reactions ın agar were performed by the 
double diffusion technique of Ouchterlony®, using the 
monkey antiserum, to RGH which had been absorbed to 
remove antibodies to rat prolactin and serum proteins. 
The antiserum showed a strong single precipitin lime with 
highly purified RGH (Ells, 27 USP v/mg) and with 
the pituitary extracts of several mammalian species 
represented by two carnivores (dog and harbour seal), 
a marsupial (American opossum), an ungulate (ox) and a 
lagomorph (rabbit) (Fig. 14). These lines showed a 
reaction of identity with each other and with the reference 
antigen, RGH, as indicated by the complete fusion of all 
lines. The results indicate that GHs from several mam- 
malian orders show a qualitative immunochemical identity 
with each other, extending the recently reported findings 
among mammalian species?»‘, 

In a second agar plate (Fig. 1B), pituitary extracts 
(PE) from sub-mammalian species were similarly tested. 
Turtle PE gave a reaction of partial identity with highly 
purified RGH. Chicken PE gave a mmular type of reaction 
with RGH but a reaction of identity with the reptilian 
extract in well 1, m agreement with the fairly close phylo- 
genetic relationship between birds and reptiles. The 
amphibian (Necturus) PE gave a reaction of partial 
identity with the reptilian extract as well as with the 
mammalian hormone (RGH). Other teste with PEs 
from teleostean fishes (carp and striped bass) were com- 
pletely negative. These findings are in accord with the 
phylogenetic distance of the respective species from the 
mammal. 

Crogs-reactions of GH from various species were also 
studied by means of radioimmunoassay using the double 
antibody procedure as used by Schalch and Reichlin® with 
slight modifications. Highly purified RGH (Ellis, 2:7 
USP u/mg) was used for the preparation of standards. 
RGH was labelled with 11I by the method of Greenwood 
e al”. The antiserum was used in a final dilution of 
l : 80,000 in 1 ml., for determining its capacity,to react 





between GHs m Pantene, extracts of several different mam- 
. Other wells contain anterior eet 
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Fig. 2. Cross-reactions of highly portal mammalian GHs with monkey 

an double antibody radioimmunoassay. 

the foll species are represented: bovine 

(BGH), ovine (OGH), whale (WGH), rabbit ee and porone 

B t purified rat ae and follick- 
stimulating , respectively. 


with highly purified GHs from animals representing 
several different mammalban orders. After an appro- 
priate period of incubation the labelled antigen-antibody 
complex was precipitated with rabbit anti-human 
globulin serum. The percentage binding of a fixed amount 
of labelled RGH could be competitively inhibited by the 
addition of increasing amounts of unlabelled RGH 
standard (Fig. 2). Unlabelled porcine, rabbit and whale 
GHs gave reaction curves that were very similar to that 
of RGH. Bovine and ovine QHs, on the other hand, 
showed curves the slopes of which differed significantly 
from the RGH standard curve; this indicated a lesser 
degree of cross-reaction. Furthermore, as indications 
of specificity of the antiserum for GH, it may be seen that 
rat follicle-stimulating hormone (RFSH, Elhs) showed 
no detectable cross-reaction, and more important that 
purified rat prolactin (Ells, 17 ro/mg) gave no reaction 
until the concentration used was 32 mug. Above this 
concentration the slope of the curve was parallel to that 
of RGH. This apparent cross-reaction has now been 
verified as being caused by contammation of GH in the 
prolactin preparation used. Rat PE gave a curve with a 
slope identical to that of highly purified RGH, providing 
ar a evidence for the specificity of this antiserum 
for GH. 

Similar radioimmunoassay studies have been carried 
out with PEs from animals of sub-mammalian classes 
and are stall in progress. In general, GHs from birds and 
reptiles give a significantly lesser degree of cross-reaction 
than do any of the mammalian GHs tested so far, and 
GH from amphibians gives a still weaker cross-reaction. 
The PE of the primitive lungfish (Protopterus) gave & 
minimal but significant degree of crogs-reaction, while 
none of several teleostean fish PEs showed any cross- 
reaction. These results, together with the parallel findings 
obtained by precipitin reactions in agar, clearly suggest 
that the greater the phylogenetic distance from the 
mammal the fewer the antigenic determmants shared 
with mammalian GH, by the GH molecule from the 
various vertebrate species. 

A prelimmary report of these findmgs has recently been 
made’. This work was supported by a grant from the 
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preparations. 
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Intracellular Loss of Free « Chains 


ing Thalassaemia 


Tur thalassaemia syndromes are associated with un- 
balanced synthesis of the globin chains of haemoglobin A 
(o8,) (refs. 1-3). In cells of patients with « thalassaemia, 
there is a relative deficiency of « chain production; as a 
consequence, B chain tetramers known as haemoglobin H 
are formed and can be found in considerable quantities 
in the cells of these patients‘. In the cells of patients with 
B thalassaemia, there is a marked decrease in p chain 
synthesis®:*.*, while æ chain synthesis continues at 6 
normal rate’. This leads to an accumulation of newly 
synthesized « chains which are not present in haemoglobins 
A or F, but can be characterized as « chain aggregates, 
ranging from monomers to tetramers, in the soluble 
fraction of the cell**. In spite of this biosynthetic evid- 
ence for the production of large amounts of « chain 
aggregates in the cells of patients with thalassaemia 
major (the homozygous condition) and minor (the hetero- 
zygous condition), mtact œ chains have not been reported 
in the cells of patients with thalassaemia minor, and are 
present in only small amounts in some cases of thalassae- 
mia major’*. One explanation of this is that the cells con- 
taining the greatest number of « chams uncombined with 
B or y chams are preferentially destroyed in the bone 
marrow, or by the spleen or liver when they reach the 
peripheral blood!!. On the other hand, the reticulocytes 
which survive in peripheral blood synthesize more « 
chains than ß or y chains*-*.*, This suggests the alternative 
possibility that « chains unassociated with 6 or y chains 
might be selectively degraded by intracellular enzymatic 
proteolysis. Selective proteolytic digestion of normal 
globin chains has not been reported to date. Our results 
reported here, however, indicate that « chains synthesized 
in the cells of patients with B thalassaemia undergo signifi- 
cant intracellular proteolysis, while those present in non- 
thalassaemic cells do not. 

Peripheral blood was obtained from four patients with 
B thalassaemia major and four with non-thalassaemic 
haemolytic apaemias. The cells were washed, and 
incubated for 1 h at 37° C with "C leucine’. After incuba- 
tion an aliquot of cells was frozen directly (freah cells); 
the remainder of the cells were resuspended in a modified 
Krebs-Ringer bicarbonate solution containing 60 uM 
unlabelled leucine and 10-4 M puromycin and were 
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Table 1. LOS8 OF a OHAINS AFTER OVERNIGHT INOUBATION 
(a chain, ¢.p.m./mg globin) 
Bubject Fresh Overnight Percentage loss 
Nop-thalassaemic patients 
1 822 850 0 
476 446 6 
an 28,888 22,500 6 
4 54 87 0 
Average 3 
Thalassaemic patients 
5 6,900 8,660 47 
6* 6,280 4,090 85 
7 830 145 56 
8 188 184 29 
Average 42 


* o.p.m. are expressed/ml. of incubated packed red cells in these patients. 


incubated overnight at 37° C in plastic tubes covered with 

The puromycin and unlabelled amino-acids 
‘were required to prevent additional amino-acid mcorpora- 
tion into globin during the overnight incubation. The 
absence of haemolysis in these conditions was indicated 
by the lack of significant amounts of globin radioactivity, 
or optical density at 415 mp in the supernate after centri- 
fuging the cells following overnight mecubation. In 
addition, both thalassaemic and non-thalassaemic cell 
suspensions showed no consistent change in reticulocyte 
counts during the overnight incubation. 

The fresh and overmght whole cell suspensions were 
then added directly to acid-acetone (3 per cent concen- 
trated HCl in acetone), and total globin prepared as 
degoribed previously". The dried globins were weighed, 
and the individual globm chams separated by carboxy- 
methylcellulose (CMC) chromatography’. All of the 
globin is solubilized in this procedure. Unlabelled carrier 
globin was usually added to lebelled globin samples in 
order to identify clearly the a, 8 and y peaks by their optical 
density. Aliquots of each of the fractions eluted from the 
CMC column corresponding to the optical density peaks 
were assayed for radioactivity in a Packard ‘Tricarb’ 
liquid scintillation counter. The results (Table 1) are 
expressed in c.p.m. ın an individual globin chain peak/mg 
of globin. 

The differences in c.p.m. from patient to patient reflect 
differences in the number of reticulocytes present in the 
peripheral blood specimen. In the intact cells of the four 
non-thalassaemic patients, overnight incubation resulted 
in no significant loss of « chains/mg of globin. In the four 
thalassaemic patients, overnight incubation led to an 
average loss of 42 per cent of the « chains present in the 
fresh specimen (Table 1). The total acid—acetone insoluble 
o.p.m. per mg of total globin was also significantly less 
in the overnight specimens compared with the fresh 
specimens of the thalassaemic patients. The percentage 
recovery ın specific globin chains of both total acid—acetone 
insoluble o.p.m. and optical density added to the column 
was comparable in both fresh and overnight specimens. 
These data indicate that there is a preferential loss of « 
chains from the intact cells of patients with thalassaemia 
major durmg overnight incubation. 

‘Sephadex G-25’ chromatography was used in an attempt 
+o isolate peptide breakdown products of the lost « chains. 
Fresh and overnight cells were lysed hypotonically, and 
then made 0-5 per cent in formic acid. The soluble portion 
of fresh and overnight haemolysates were then applied to 
‘Sephadex G-25’ columns which were equilbrated with 
0-5 per cent formic acid. Tryptic peptides elute as a 
broad peak migrating between free amino-acids and 
globin. No peak of radioactivity was seen in the region of 
the column in which tryptic peptides were eluted. The 
experiments using ‘Sephadex G-25’ do not exclude the 
possibilities that the œ chain breakdown products: 
(a) diffuse extracellularly; (b) are insoluble in 0-5 per cent 
formic acid; (c) adhere to the ‘Sephadex’ column; or 
(d) are eluted with free amino-acids from the ‘Sephadex’ 
column. 
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Proteolytic enzymes have been described in erythroid 
cells! and it has been suggested that such enzymes might 
balance the total number of « and $ chains present in cells 
by destroying excess « chains’. Our studies of patients 
with P thalassaemia suggest that the loss of « chains is 
most likely the result of enzymatic proteolyms of excess a 
chains. These chains may be readily destroyed because 
they are not stabilized in any single molecular configura- 
tion®.*, while æ chams which have combined with B or Y 
chains to form haemoglobins A or F are resistant to such 
enzymatic proteolysis. It is not clear whether free a 
chains are associated with haem, but the lack of haem 
might increase their susceptibility to intracellular diges- 
tion. 

This work was supported in part by grants from the US 
Public Health Service, US National Science Foundation 
and Cooley’s Anemia Foundation. A. B. is a Leukemia 
Society scholar. 
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Geographical Range and Circadian 
Rhythms 


Warm studying the effect of different photoperiods on 
the circadian rhythm of flight activity m the mosquito 
Aedes aegypti (L.), I observed that within a certain range 
of photoperiods the phase-settmmg effects of light-on 
(“dawn”) and light-off (“dusk”) reinforce each other; 
the range over which this reinforcement occurs coincides 
with that of the photoperiod which is usually encountered 
by this species throughout ite natural geographical range’. 
If these two phenomena are associated in Ae. aegypti, one 
would expect the association also to hold in other species. 
I have recently carmed out tests on various species of 
mosquito, deriving theoretical geographical ranges from 
their circadian rhythms and comparing these with the 
actual known ranges. The fit was very close in almost 
every case. 

The following species were used in these tests, each being 
selected ın part on account of its availabilty but chiefly 
because of peculiarities in its geographical range and 
natural active periods: Ae. aegypti was chosen as & species 
usually active in the light; Anopheles plumbeus Stephens 
and Ae. punctor (Kirby) were chosen as crepuscular 
species; An. labranchtae atropervus van Thiel, An. farautt 
Laveran, An. stephensi Liston and Oulex pipiens pipiens L. 
were chosen as species usually active in the dark. Adult 
females were used in all the experiments and these were 
either reared from eggs in e regime of 12 h light and 12 h 
dark (LD 12: 12) or trapped on me in the field. 
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Fig. 1. The histograms show the flight activi 
of the peaks o 


Flight activity was recorded automatically usmg an 
acoustic technique?, the experiments bemg carried out 
at 25° C with a light mtensity of 70 lx. The mean results 
for each regime were plotted as a histogram of activity 

time. 

Fig. 1 shows the resulta obtained with one species, An. 
farauti. This species 1s active in the dark, and the histo- 
grams show three peaks of activity, a peak at light-off (@), 
a peak at light-on (O) and a peak following light-off by 
11-13 h (A). These peaks are also shown on the graph of 
photoperiod against time. The second and third peaks 
(O and A) comcide when the light period 1s within a range 
of about 11-13 h. If this range is converted into latitude, 
on the basis of summer solstice daylengths*, an exper- 
mentally derived geographical range of 0°-20° appears 
for this species. In fact the actual range of this species 18 
0°-20° S (ref. 4). Under extreme photoperiods the post- 
tion of the peak at light-off (@) is shifted: the peak is 
delayed in the LD 4:20 regime and advanced in the 
LD 20:4 regime. The relation between the first and third 
peaks (@ and A) remains constant, as the third peak (A) 
1s also shifted. The timing of these peaks may be affected 
by light-on or possibly by the duration of light. 

Table 1 shows the resulta of the survey and compares 
the experimentally derived range for each species with 
the actual range. Because the derived ranges are based on 
summer solstice daylength, the upper limits of latitude 
shown are of greater significance. In any given latitude 
the summer dsylengths vary from about 12 h at the 


Table 1. OOMPARISON OF RANGES DERIVED FROM THH OIRGADIAN 
OF FLIGHT AOTIVETY IN DIFFERENT PHOTOPRRIODS AND ACTUAL RANGES OF 
MOSQUITO SPECIES 
Species Experimentally derived Actual range, 
range, “latitude “latitude 

Lnght-active 
Ae. aegypti 0°-40° 0°—40° 
Crepuscular 
An. plumbeus 47°-62° 40°—70° 
Ae. punctor 80°-58° 45°-70° 
Dark-active 
An. farauti 0°-20° 0°-20° 
An, stephensi fo°-47° 10°-35° 
0. 46°-57° 0°-60° 
Ad, atroparous P—55° 35°-65° 


of An Jart in different light regimes, 
of actavity are indicated as: @. poak ablighto > O, peak at light-on; A, peak fi 
a 
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Length of photoperiod (h) 
is 


= 
co 


Time (h) 


eir b, LD 12:18; o, LD 20:4. Peaks 


wing t-of by 11-13 h. The graph shows the positions 
regimes. 


vity relative to light-on and light-off when the mosquitoes are in different light 


equinoxes up to the summer solstice maximum at that 
latitude. It will be noticed that there are certain anomalies 
in the results. The experimental range of An. stephenst, 
for example, 1s greater than the actual range. This can 
perhaps be explamed by the fact that this species occurs 
in India and south-west Asia and the northern extent of 
its range is restricted by the physical barriers of the 
Himalayas (about 30° N) and the mountains of southern 
Turkey (37° N). An. plumbeus, C. pipiens and Ae. punctor 
wero all obtained from field populations in southern 
England (51° N) and the experimental ranges suggest 
that the mosquitoes studied represent geographical races. 
Similar intraspecific variations have been recorded in 
studies of photoperiodism and geographical ranges. 

Circadian rhythms seem to play a basic part in the 
adaptation of a mosquito species to its geographical 
range. It is not necessary to postulate whether the 
evolution of the timing system is a consequence of the 
photoperiods found at a given latitude or vice versa. The 
evolutionary origin of Ae. aegyptt is thought to be in 
Ethiopia (6°-10° N) (ref. 6), but the species has spread 
throughout the world within the latitudes 0°-40°. 
Similarly, it is possible that An. stephensi originated in 
the Indian sub-continent (10°-30° N) and has spread 
round the coast of south-west Asia into Iraq (about 35° N), 
which 1s farther north than the Himalayas. 

I thank the Ministry of Overseas Development and the 
Medical Research Council for financial assistance and 
Professor J. D. Gillett and Dr M. D. R. Jones for helpful 
discussion. 

B. TAYLOR 
Department of Biology, 
Brunel University, 
London W3. 
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Stochastic Method for the 
Simulation of Biochemical Systems 
on a Digital Computer 


Aw understanding of cellular biochemistry and 1ts control 
mechanisms demands an appreciation of the kinetics of 
systems containing many enzymes and substrates. Such 
systems are too complex for their kinetics to be represented 
by sumple equations of the Michaelis-Menten type, and 
progress has only been made by the use of computers. 
Several workers’? have described digital computer solu- 
tions of differential equations representing the concentra- 
tions of each reactant. ‘These solutions, however, require 
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matics of enzyme kinetics. This communication describes 
a stochastic method of calculating the kinetic behaviour 
of biochemical systems, which 1s more efficient than the 
methods formerly used. 

Consider a system of n reversible reactions involving 
components of enzymatic processes. Let the ¿th reaction 
be 


k; 
E+S2EHS 
E 


From the law of mass action, the rate of the forward 
reaction 7 


much computer tıme because of the nature of the mathe- = k[ MLS] 
A 
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Fig. 1. Digital computer simulations of a reversible one-enzsyme 
of reactants are scaled so that the vertical 


complex. 


system. 
axis corresponds to 10~ arbitrary units of substrate and product and 10-* units of enzyme and 
The timescale is also in arbitrary units. 


A, Stochastic method; B, deterministic method. Concentrations 
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and the rate of the reverse reaction 
=k_ [ES] 
From these equations, the net flux of the ith reaction 
=F; 
= k[E][S]— k-[ES] 
Similar expressions containing products of velocity con- 
stants and concentrations can be calculated for the rates 
and net fluxes of all n reactions. 
A small time interval, At, is chosen for each step in the 
stochastic solution, such that 
At=Q/Fr 
where Q is a convenient arbitrary constant which can be 
regarded as a small quantity of reactants transformed 


to products in each time interval, and Fr is the sum of all 
the equation fluxes, ignormg their direction 


n 
Fr=d|F;| 
t=1 


By definition, the probability of the ith reaction taking 
place, P., is proportional to Fi. Because it is certain that 
the system is reactmg 


" 
x= Pi=1 
tml 
and 
Pi= |F i|/Fr 


In each step of the calculation a random number R is 
taken (0<R<1) and a particular reaction is selected 
according to the value of R. If P,>R, then the first 
reaction is chosen, otherwise the rth reaction, where r 
satisfies the condition 


r—i r 
2 P,<R<S<E P; 


tml tml 


The concentrations of the reactants ın the chosen reaction 
are decreased by Q and the concentrations of the products 
are increased by Q. The fluxes of the reactions are then 
recalculated in preparation for the next step. The progress 
of the reaction 1s simulated by performing a large number 
(at least 5,000) of such steps, commencing with the initial 
conditions. 

In order to derive useful information about the actual 
concentrations of the reactants, the discrete values 
obtamed are averaged over a number of steps (at least 
100) small in relation to the total number of steps. 

The method 1s demonstrated by the following readily 
understood example, consisting of two equations repre- 
senting a reversible one-enzyme system. 


10° 
Enzyme + substrate = complex 
10* 


10¢ 
Complex = enzyme + product 
10° 


Fig. 1 shows a digital computer printout prepared using 
the stochastic method for the one-enzyme system, with 
initial concentrations of enzyme 10-*, substrate 10-3, 
complex and product nl. The initial velocity and pro- 
gress of the reaction are consistent with the steady state 
rate equation for this system. When the caloulation was 
performed on an IOL 1906 computer, 132 s of central 
processor time were required, compared with 1,086 s 
for the calculation of the same system using the method 
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of Chance? for solving the differential equations. Apart 
from some small deviations due to the random element 
in the stochastic method, both methods yield the same 
calculated progress curve for the reaction, thereby demon- 
strating the applicability of the stochastic approach, 
The method ıs also of use with more complex systems. 
Thus the stochastic method required approxmately one 
fifth of the central processor time that the deterministic 
method needed to compute the behaviour of the model of 
oxidative phosphorylation proposed by Chance’, which 18 
composed of seventeen reactions containing a total of 
twenty-six reactants. The results of the two calculations 
were ın agreement. 

The stochastic method of performing calculations m 
chemical kinetics has been validated for first‘ and second 
order reactions’. It seems considerably faster than 
methods hitherto available for digital computer simulation 
of biochemical systems. Numerical methods for solving 
the differential equations of biochemical systems are slow 
because all reactant concentrations must be calculated 
to several significant figures, otherwise errors are rapidly 
propagated throughout the solution, leading to non- 
sensical results. The stochastic method is free of this 
limitation (at the expense of some information about the 
concentrations of slowly reacting componente of the 
system being simulated). The new method is also faster 
because there is less calculation to be performed eat each 
step in the solution. 

Copies of my program coded ın Algol 60 are available 
on request. I thank Dr E. M. Chance for supplying a 
copy of his enzyme simulation program. 


M. R. Kissy 
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GENERAL 


Cybernetic Television Methods applied 
to Feedback Analysis of Automobile 
Safety 


Wes have used experimental cybernetic television tech- 
niques to investigate human factors in automobile steering 
and safety!-*. The methods used introduced into safety 
research yoked vision feedback procedures m which a 
television camera—monitor cham and a videotape recorder 
were inserted in the motorsensory control loop by which 
the driver steers the vehicle. Instead of seeing the road 
directly from the guided vehicle, the driver had to view 
a television monitor mounted m the windshield visor, on 
which the operational mage of the passing road was 
transmitted from cameras located on the hood on the top 
of the car. This substitute televised image of the passing 
road and other cars can be controlled by steering much as 
if the road were bemg viewed directly through the wind- 
shield visor. The method 1s based on the general theory 
that the driver steers the car by using pomts on the hood 
or front of the car as cursors in tracking relative space 
displacement between the dynamic movements of steering 
and the visual rmagmg of the operational effects of these 
movements. 
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A marked roadway was used to measure the relative 
steering accuracy in televised guiding of a standard 
station wagon with the television camera at different 
positions on top of the car above the windshield (Fig. 1). 
Our purpose was to determine whether different loc of 
displaced vision from the frame of the car would provide 
significant differences in accuracy of driving. Twelve 
subjects were tested with left, centre and right positions 
or displaced television mages in an experimental design 
in which camera positions were randomly ordered by 
subjects. The test roadway was 255 feet long and 8 feet 
wide, and errors in steering were detected at intervals of 
ten feet by marking cones. Each subject ran the test 
course for five trials. 


right and left image positions also differed significantly 
from that for the centre position. When the date, for the 
left and right position were analysed separately, these 
means were found to be significantly different from one 
another. 

This research was carried out in the context of the view 
that the automobile is a distinctive kind of exoskeleton 





Fig. 1. Diagram of the driving course and positioning of the camera and 
monitor on the car. 
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Fig.2. Bar graph showing the differences In driving accuracy at different 
camera positions, 


machine which must be designed to preserve the space, 
time, force and signal compliances usually involved in 
control and integration of all levels of postural, dynamic 
and articulated motion. The findings confirm this view 
ın indicating that the locus of vision from the car top can 
change the acouracy of steering when, the hood or front of 
the vehicle is used as a cursor to track the road. The best 
vision from the exoskeleton of the car may be not the 
position of the driver’s eyes but some point that gives a 
less biased alignment of vision of the hood with indications 
of the passing road during steering. 

The research described here is only one sample of a wide 
spectrum of applications of cybernetic television methods 
to feedback analyses m driver research, training and 
testing, and in the study of human factors in car and 
roadway design armed at improving automobile safety*. 
Besides the direct closed-loop, camera-monitor system 
used here, the videotape recorder can be used to sense 
instrumental and operational inpute from different car 
positions and to correlate temporally these different 
aspects of car performance. Furthermore, the videotape 
recorder can be arranged as a dynamic training or test 
device for displaying monitor images of a road in an actual 
car which a driver must control in open field runs. The 
findings described here suggest the potential value of 
these different applications of closed televised control in 
exploring all human factors in automobile safety. 

This work was supported by the US National Science 
Foundation, by the Social and Vocational Rehabilitation 
‘Administration and by the Highway Safety Research 
Institute, University of Michigan. 

Haney 8. Kao 
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Book Reviews 


PUBLIC OWNERSHIP 


Twenty Years of Nationalisatlon 

The British Experience. By R. Kelf-Cohen. Pp. 339. 
(Macmillan: London; St Martin’s Press: New York, 
April 1969.) 70s. 


Brivaww’s nationalized industries now form a vital 
segment of the economy; they account for 11 per cent of 
gross domestic product, they employ about 8 per cent of 
the total labour force, and they absorb around one fifth 
of all investment. It is important, therefore, that these 
industries should be run as efficiently as possible and at 
the same time give satisfaction to consumers or at least 
to a majority of them. The success with which these 
objectives have been achieved over the past two decades 
varies considerably from one industry to another. 

the first 10 years of public ownership it 18 clear that 
neither the coal industry nor the railways gave consumer 
satisfaction, though in more recent years they have 
improved their public mage. Electricity and gas, on 
the other hand, have been more successful m this respect, 
while the airways corporations serve a too limited clientele 
to be the object of general appraise or criticiam. As 
regards efficiency it is more difficult to give a clear-cut 
conclusion. From a financial point of view it 18 evident 
that most of the public corporations have had difficulty in 
producing a gomg rate of return sufficient to cover all 
their capital outlays. The railways, and to a lesser extent 
the coal mdustry, haye had very poor financial records, 
while even electricity and gas, with their better returns, 
are finding it difficult to finance internally their huge 
capital programmes. On the other hand, it is doubtful 
whether profitability provides a very good yardstick for 
measuring efficiency. It is true, of course, that from the 
point of view of allocating total investment resources it is 
necessary to strike a rate of return for each sector to 
enable that allocation to be made on sensible economic 
criteria, but the fact that nationalized industries do not 
match up to the targets set does not necessarily indicate 
that they are mefficient. Most of them have made 
substantial progress, especially in the past ten years, ım 
raising output per unit of input, and the reasons why they 
have not always been able to produce a viable rate of 
return 18 either because social obligations have necessitated 
the retention of excess capacity or because the prices 
charged for their products and services have been in- 
consistent with the rate of returns prescribed. When 
assessing their performance, therefore, it 1s important to 
take into account factors which hinder the achievement of 
financial objectives. 

After a summary review of the history of the main 
nationalized concerns—it 18 a pity that civil aviation is 
excluded from the review—Kelf-Cohen discusses these 
and other problems of public ownership, including the 
relationships with Parlament and the Government, the 
role of the consumer, the posrtion of the workers and 
the staffing of the boards. He shows how the increasing 
financial difflculties of coal and transport, primarily the 
railways, and the mounting capital demands of electricity 
and gas have necessitated closer control and scrutiny of 
nationalized industries by the Government. During the 
1960s, the Government attempted to define more clearly 
their objectives, especially financial ones. But it can be 
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argued that these industries still lack sufficiently clear 
guide-lines, while at the same time they are hindered by 
sporadic and often inconsistent ministerial and govern- 
mental mmtervention. Moreover, there has been no 
continuous review of their activities; the only investiga- 
tions have been those of the Select Committee on Estı- 
mates, a body scarcely equipped to carry out a continuous 
and mnpartial assessment of their policies and performance. 
A case can be made out for establishing an mdependent 
review panel or tribunal on nationalized undertakings, 
equipped with expert staff and resources, to examine the 
performance and needs of these concerns in relation to 
those of the economy as a whole. 

Another point which emerges is that of the diffculty of 
finding sufficient talent to run the industries properly. 
This 18 particularly ımportant in dechning industmes lıke 
coal and railways, where worker morale is low and the 
difficulties mvolved in re-adjusting to changing demand 
conditions are considerable. Both have suffered from the 
lack of really top-flight administrators capable of under- 
standing fully the complex problems at hand. It is 
notable how the public image of coal and the railways 
improved when Lord Robens and Dr Beeching took over; 
consumers and workers alike were uplifted by their 
vibrating influence and things were seen to be done even 
1f they were not always done in the mght way from 
consumers’ and workers’ points of view. Unfortunately, 
in the case of the railways the commanding influence hag 
long since departed and, as Kelf-Cohen observes, it is 
unlikely that there 1s now sufficient talent to carry 
through a proper reorganization of the railways, while 
even Lord Robens’s influence 1s to wane. 

Kelf-Cohen’s book is a useful addition to the growing 
stock of hterature of nationalized industries. Those with 
little prior knowledge of the subject will find ıt a very 
handy and well written guide to the main developments 
since vesting date and to the difficult problems arisi 
from publics ownership. The expert in public policy will 
no doubt find the depth of analysis somewhat superficial; 
the chapter on the financing and economies of nationalized 
industries ın particular is not very vigorously analysed. 
In fact, the author tends to jump from one point to an- 
other without following a theme of debate through to ite 
logical conclusion. Normally this leads to confusion, but 
fortunately the clarity of style compensates for this 
defect. Perhaps it would have been more useful if the 
first chapter had been devoted to constructing some 
analytical framework as a basis for assessing the perform- 
ance of the public sector. One final pomt is the irritating 
confusion over tenses which crops up quite frequently. It 
is particularly appropriate (and misleading), for example, 
to refer to the British Transport Commission in the present 
tense because it has now been defunct for several years. 

Drax H. Aupororr 


CONTROL OF IMMUNE REACTIONS 


Regulation of the Antlbody Response 
Edited by Bernhard Cinader, Bp. xii + 400. 


Springfield, Ilinois, October 1968.) $29.50. 


THE control of physiological phenomena has been the 
subject of continuous research for a number of years. 
The means by which the immunological response is con- 
trolled have been studied for even longer. Theories of 
antibody production go back to the time of Ehrlich at the 
turn of the century when it was felt that the control of 
immune reactions could be explained on the basis of a 
simple chemical reaction. Later, it was supposed that the 
body formed antibodies directly on a template formed by 
the antigen. But science has moved forward; we are now 
in the era of feedback control and nucleic acid control of 
protein synthesis. All biological phenomena need to be 
explained in the light of our newer Inowledge of molecular 
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biology and “production control”. Thus we have passed 
rapidly through direct template theories, indirect template 
theories, selective theories at the cellular level, and selec- 
tive theories at the molecular level. In a period of ten 
years, theories ın molecular biology, of which immunology 
ia only just one branch, have given way to the more 
modern approach of data collection. We do not now build 
large elaborate theories, selecting the data which fit our 
concepts and rejecting the data which do not fit our con- 
cepts. We store our data and the answer will gradually 
reveal itself without the use of a “crystal ball”. The 
principle is now accepted that scientafic papers are valued 
more for their experimental results than for their discus- 
sions. The data stand for all time; the discussion 18 
ephemeral. From time to time, however, it is necessary 
to call a group of eminent workers in a particular field 
together to find out whether enough data exist to indicate 
what advances have been made in elucidating the mechan- 
ism of the particular phenomenon which is being investi- 
gated. Such a meeting was called by Bernhard Cinader 
for three days in January 1966 in Toronto. The results 
of this meeting were published nearly three years later in 
October 1968, in the form of this book Regulation of the 
Antibody Response. It is nowadays usually accepted that 
to be of value to the rest of the scientific community the 
proceedings of a conference should be published and in 
the hands of other workers in the field within a year, if 
not with nine months. In view of the length of time 
between the conference and publication, can one stall be 
justified ın saying this book 18 of value? Is the state of 
this particularly rapidly advancing field of science, as 1t 
was in January 1966, of value to us m 1969, three years 
later? The answer for this particular volume 1s surpris- 
ingly in the affirmative. This 1s because it represents the 
first frut of a new approach to the study of the control of 
antibody production. It ıs now an accepted fact that the 
result of an immune response 1s the production by the body 
of a set of new molecules composed of peptide chains with 
an amino-acid sequence that allows the molecule to fit 
the chemical grouping of the specific part of the instigator 
molecule that is antigenic. The fit does not always have 
to be exact; often molecules are produced which react 
less well than others because of the poorness of fit. The 
production. of specific peptide chams 1s stimulated, how- 
ever, and the mechanism for this has to be completely in 
line with our present knowledge of protein synthesis and 
its nucleic acid control. Thus one chapter in this book is 
entitled “On the Role of Nucleic Acids in Antibody 
Formation”, and antibody production is considered 
throughout the book in terms of protein synthesis. 
Perhaps one of the most revealing chapters 1s the last, 
by O. Smithies, entitled ‘‘Perspectives: Mutation and 
Selection in the Immune System”. This 1s the point at 
the end of the conference when the computer, having 
been fed all the available data, might be expected to tell 
us what might be the mechanism of the control system 
being studied. The data available, however, are not yet 
adequate for this. Smuthies rejects a purely instructive 
mechanism, and then proceeds to find a purely selective 
mechanism of antibody production unacceptable. No all- 
embracing hypothesis is put forward. It is accepted that 
immunoglobulin molecules are produced by accepted 
mechaniams of protein synthesis. The method by which 
one such a molecule differs from another, however, is only 
touched on. It is suggested that this could be due to 
either ınversion in the DNA coding, substitution deletion 
or addition of base pairs in the DNA molecule. This 
could be part of an estimated mutation rate per DNA 
replication per gene of 10’. The result of this would be a 
minimum of 1,000 mutant antibody genes produced per 
day. This would result in the production of many 
dangerous mutant antibody genes capable of producing 
autoantibodies which need to be removed by control 
processes such as immunological tolerance. The suggestion, 
however, that the mutant antubody genes are produced 
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by the thymus will date this symposium rather precisely, 
as also will the chapters on thymus activity and cell- 
mediated immune mechanisms. Cell-mediated immunity 
1s discussed only sparsely, mainly in relation to trans- 
plantation immunity and the cytotoxic effects of lympho- 
cytes against target mammalian cells m culture. Recent 
information on the synergism of cellular proliferation in 
lymphoid tissue under thymus control, and the production 
of some antibodies and not others, is about to clarify the 
role of the thymus ın controllmg some and not other 
rmmunological mechanisms. This, as well as current 
research on humoral factors produced by the thymus, 
could before long make this aspect of the book obsolete. 

The chapters which tend to explain the control of 
antibody synthesis in terms of modern knowledge of 
protein synthesis, and the regulation of this by mechanisms 
such as immunological tolerance and feedback inhibition, 
will contmue, however, to be of value for many years to 
come. The hormonal control of antibody production 
receives welcome attention. This conference was held, 
however, before more recent mformation had become 
available on the mteraction between the pituitary and the 
thymus and the mmunological behaviour of pituitary 
dwarf mice. 

Finally, consolation may be obtaimed by the knowledge 
that those parts of the book which have become obsolete 
since the conference three years ago have been covered 
in a number of other symposia, the proceedings of which 
were published more recently after the conference, whereas 
those aspects of the book covering the control of immune 
processes at the molecular level, which are not so readily 
available together, are still far from obsolete. 

J. L. TURE 


MEMORY STORAGE 


The Biochemistry of Memory 

With an Inquiry into the Function of the Brain Mucoids. 
By Samuel Bogoch. Pp. xi+254. (Oxford Universıty 
Press: London and New York, August 1968.) 64s. 


Tur title of Dr Bogoch’s book 1s & manifesto ; not for 
him the understatement of McIlwain’s ‘Biochemistry and 
the Central Nervous System’’. Yet the book itself is rather 
less challenging than ite title, even though it is almost 
exclusively concerned with what is, by its nature, a 
controversial field—the demonstration of changes in 
brain biochemistry consequent upon, or related to, 
learnmg and memory storage. It is to be noted that 
almost all biochemical work in the memory field is con- 
cerned with the postulation of mechanisms for the 
“readmg-in” of information to the memory store, and with 
the nature of the store itself; relatively little attention has 
been given to the fabrication of models for the perhaps 
even more mysterious “read-out” process. 

Bogoch’s slim volume divides almost precisely m half. 
The first five chapters (and 90 pages) are a review of 
current work and hypotheses about the biochemical 
correlates of memory. ‘The review is competent and 
reasonably critical, but 1ts very brevity 18 inclmed to 
make ıt more superficial than one would think proper for 
a book with this title—a brisk whisk through some 
current non-biochemical approaches to the problem, with 
a half-hint of some philosophical fall-out (the “brain— 
mind” issue gets 24 pages at the start of the book), 
and then into the RNA and protem story. ‘The various 
approaches, of measurement of changes m RNA and 
protein consequent upon learning, of the effect of drugs 
which inhibit protein synthesis on retention, and of 
“memory-transfer’” by injection, are distingmshed and 
the pitfalls of each are carefully described. 

Yet one feels that inadequate attention is given to this 
portion of the book; experiments and conclusions are not 
described in enough detail to permit adequate considera- 
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tion, while curious lacunae appear, in spite of the 571 
references. Thus in reviewing changes m RNA and 
protein with stimulation, no mention ıs made of the 
autoradiographic studies of Watson, for example. Dealing 
with “transfer by injection”, Bogoch gives the mmpression 
that all these studies involve the use of RNA fractions; 
in fact, many recent claims revolve around the use of 
brain -protems or polypeptides. Little attention 18 paid 
to the anatomical correlates of behavioural and bio- 
chemical changes, at dendritic or synaptic level. This 
portion of the book, however, 18 a useful review and a 
source of references. 

The second half of the book (two chapters) 1s largely 
concerned with Bogoch’s own results ın the field of the 
brain mucoids. Here there ıs a wealth of experimental 
detail, by contrast with the paucity ın the first half of 
the book (thin-layer chromatography, for instance, was 
performed on “carefully cleaned” glass plates on page 
197), and there are 40 references to the author’s own work 
(13 to abstracts or unpublished results). Most of this 
relates to the author’s conmderable achievement m 
partially characterizing and fractionating the bram 
mucoids (a few structural formulae might help the un- 
initiated). He makes a strong case for the recognition of 
the considerable degree of individual variations within a 
species which can be observed among these complex 
molecules, and he ıs obviously justified in drawing their 
coding potential to the attention of theorists of brain 
mechanisms. Little of this work is directly relevant to 
the issue of memory mechanisms as such, however, and 
those experiments by the author which suggest that 
changes occur in the pattern and quantity of some mucoid 
fractions during learning in pigeons, while of considerable 
interest, do not perhaps warrant the weight ot hypothesis 
placed upon them, although they do serve the function of 
presenting all of Bogoch’s work in this area in a form 
acceasible to other workers ın the field. It would, however, 
be meautious to recommend this book as a sole intro- 
duction to the theme of ite title to students or others not 
directly researching in the area. StTavEn P. R. Rose 


LIVING POLYMERS 


Carbanions, Living Polymers and Electron-Transfer 
Processes 
By M. Szwarc. Pp. xvi+ 695. (Wiley (Interscience) : New 


York and London, January 1969.) 260s. 


Tax advance of science proceeds by the constant attrition 
of the immediate barriers to knowledge, and by dramatic 
mpetus of a new discovery of some unsuspected pheno- 
menon. Occasionally, an apt title or description of such a 
phenomenon captures the imagination of the scientific 
public and in doing so ensures a place in history for a given 
worker. Less frequently, the apt title proves to have 
connotation beyond the closer confines of the original 
area of interest. Elements of all these matters are 
reflected in the work and scholarship of Professor Szwarc, 
and perhaps more particularly are mirrored in his book 
Carbanions, Living Polymers and Hlectron-Transfer Pro- 
cesses. 

After an introductory chapter, the application of living 
polymers to synthetic polymer chemistry is described. 
The properties of living polymers are discussed and 
there is mention of their relevance to block, graft, star- 
and comb-shaped polymers. Chapters on the thermo- 
dynamics of propagation, on ions, ion-pars and their 
agglomerates, and on radical-ions, solvated electrons, and 
electron transfer processes, are shared with a detailed 
chapter on experimental techniques in kinetic studies of 
anionic polymerization. These chapters, incidentally, 
serve to emphasize the writer’s authority ın his subject. 
The same can be said of succeeding chapters on pro- 
pagation of anionic polymerization, on anionic poly- 
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merization ın systems involving lithium counterions, and 
on the Innetics of anionic copolymenzation. Suggestions 
of wider connotations will arise from accounts of NCA 
polymerization to poly-amino acids and of helical poly- 
merization. The book concludes, fittingly, with a chapter 
on termination of polymerization. Ample references 
follow each chapter and the recent dates of many of these, 
together with substantial mention of unpublished work and 
private communication, confirm the effort which has 
clearly gone into the preparation of this work. There are, 
of course, also author and subject indices. 

Viewed overall, the publication is well printed and 
contains adequate figures and tables, together with lne 
diagrams of laboratory scale equipment and techniques. 
It 18 a book which will have the greatest appeal to the 
research chemist, and not one who 1s necessarily engaged 
on studies of polymerization, although this is obviously 
the main field of interest. It should prove of value to 
advanced course students of polymer chemistry. On the 
other hand, in view of the brevity of technological aspects, 
the industrial chemist may be somewhat disappointed, 
despite the mention of thermoplastic elastomers; but 
even here it should be remembered that the substance 18 
comparatively new and for such a person a perusal might 
indeed prove to be an mvestment. To the research 
worker and the academic, however, this book will be 
quickly appreciated as a valuable contribution by a 
distinguished author. R. P. SHELDON 


POTENTIOMETRY 


Chemical Applications of Potentiometry 

By Hazel Rossotti. Pp. xiv+229. (Van Nostrand: 
Princeton, New Jersey, and London, January 1969.) 
758. 


Tus word “Potentiometry” in the title of this book is 
to be mterpreted as measurement of the e.mf. of an 
electrochemical cell with reversible electrodes. The cell 
may include liquid junctions, or may be non-isothermal, 
but the measurement and significance of electrode poten- 
tial ın studies of electrode kinetics or corrosion, and topics 
such as ‘“‘chronopotentiometry”, are excluded from con- 
sideration. 

The book therefore deals with a field which 18 fairly 
extensively treated m the standard textbook of electro- 
chemistry, and the first few chapters, in particular, dupli- 
cate material which can be found elsewhere—for example, 
thermodynamics of cells, standard e.m.f.s, sign conven- 
tions, classification of cell types. But it should be added 
that this account does pay more attention than most 
to the sort of cell which is actually used m the vast 
majority of potentiometric studies, that ıs, a cell with a 
salt bridge or equivalent device, and quite often a very 
high ionic strength throughout. 

The level of these early chapters is fairly elementary 
and they should not present difficulties to first or second 
year undergraduates. The “applications” considered 
naturally include pH determinations and the evaluation 
of thermodynamic data, and chapter six gives an interest- 
ing discussion of the stability of intermediate oxidation 
states with respect to disproportionation, and of pre- 
dominance areas on potential-pH diagrams. 

Some of the later chapters (from chapter ten onwards) 
are more specialized and give more details of certain 
applications—notably acid-base equilibria (including poly- 
basic acids), metal ion complexes and potentiometric 
titrations. Chapters thirteen, fourteen and fifteen deal 
respectively with cells containing solvents other than 
water, fused salts and solid electrolytes. They cover a 
wide range of topics and incorporate much mteresting 
information which 1s not conveniently compiled elsewhere. 
For the most part, the mathematics and thermodynamics 
remain quite elementary and should not prove too difficult 
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or too time-consuming for good honours students. But 
a rather more sophisticated approach is required of the 
reader in chapter eleven (“Gradienta ın Cells”) and 
chapter sixteen. J. N. AGAR 


RARE EARTH SPECTRA 


Spectra and Energy Levels of Rare Earth lons in Crystals 
By G. H. Dieke. Pp. xı+401. (Wiley (Interscience): 
London, January 1969.) 131s. 


InTeREST in the rare earth ions has recently been stimu- 
lated by the invention of the laser, by the development of 
methods for the purification of the rare earth elements, and 
by advances in techniques for computing their spectra 
and energy levels. 

Much of our systematized knowledge of rare earth 
spectra we owe to the late Professor Q. H. Dieko, and the 
book he and his collaborators, H. M. and Hannah Cross- 
white, have now produced is the most useful collection of 
new and previously published data since the compilation 
of M. A. El’yashevich in 1953. There are five chapters on 
experimental techniques and six chapters on methods of 
calculation of spectra and energy levels; these chapters are 
somewhat brief and the theoretical chapters are not for 
the beginner. The largest chapter in the book is a review 
of the empirical data, but throughout the book a wealth of 
data is to be found. Some of the photographic plates 
illustrated would have been more useful if a frequency 
scale had been included. The captions to Figs. 13 and 15, 
and to Figs. 14 and 16, have been swopped around by 
mistake ; the reference to Fig. 15 on page 47 should have 
been to Fig. 13, and that to Fig. 14 on page 53 should 
have been to Fig. 16. Roy E. BALLARD 


SYSTEMS ENGINEERING 


Servomechanisms 

An Introduction to the Practice and Theory of Closed- 
Loop Position-Control Systems, with an Account of 
Methods of Date Transmission and Computation. Second 
edition. By P. L. Taylor. Pp. xvit424. (Longmans: 
London, January 1969.) 70s. 


SuRvOMBOHANISMS were first systematized as a subject as & 
result of military engineering developed in the last war. 
At the time when the first edition of Taylor’s book was 
written (1960), opportunity had occurred for substantial 
rationalization m this subject matter. This volume has 
the same object as the original edition, that of providing 
a self-sufficient textbook for degree and degree-level 
students who wish to specialize in control and systems 
engineermg, and it shows clear signs of the author’s 
substantial experience as a teacher of electrical engineering 
and control subjects of several years standmg. In 
bringing the work up to date, the author has rewritten 
one chapter only, although he admits to numerous 
corrections; the main changes are the insertion of material 
related to the performance of transistor and thynstor 
circuits. This chapter, chapter eight, defines the thyristor 
and considers thyristor control circuits and thyristor 
circuits for a.c. and d.o. supplies, each with a d.c. load, 
as well as arrangements for driving a.c. motors. 

The book is indeed self-sufficient from a student’s point 
of view. There is thus available to the reader a very large 
section, one third of the book, which deals with the 
properties of linear systems, complex variable theory, 
Laplace transform, transient and steady-state harmonic 
response, all as introduction to the transient response of 
closed loop systems and the steady-state harmonic 
response of closed loop systems. Unfortunately, as in 
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the first volume, not a great deal of attention has been paid 
to the difficult and pervasive problems of non-lmearity. 

The most serious criticism is undoubtedly that the 
subject has moved on a great deal in 8 or 9 years. The 
extent of computer simulation and of techniques for 
solution which depend on the use of the computer are 
now widespread and receive scant attention. It is this 
lack of mention of current methods which appears to be a 
major limitation, although this does nothing to detract 
from the value of the work as an undergraduate, and to 
some extent an MSc-level, textbook. It is in this sense 
that the book is very useful because it is very comprehen- 
give withm the acceptable definition of “servomechan- 
isms”; certainly the first reader of the subject would 
not have to go far beyond this book for his background 
theory. It is when one considers the systems engineering 
content of the various MSc courses in control and systems 
engineering which have developed over the period of 
the life of the first edition that one doubts the book’s 
general validity. 

Servomechanisms is excellently written with an abund- 
ance of numerical problems, all highly illustrative. 
Descriptive material is very clear and the bibliography is 
extensive within the field chosen by the author. The 
price has risen 70 per cent since the first edition, but it 
is basically good value. COLIN ADAMSON 


OPERATIONS RESEARCH 


Introduction to Operations Research 

By A. Kaufmann and R. Faure. Translated by Henry C. 
Sneyd. (Mathematics in Science and Engineering, Vol. 
47.) Pp. xi+300. (Academic Press: New York and 
London, September 1968.) 135s 4d. 


Temes is by now a large spectrum of books on operations 
research, stretching from books on principles and stratagy 
and advice for managers, to books on models and mathe- 
matical techniques, the latter often of a rather sophisti- 
cated kind. This book occupies a place in this spectrum 
which was previously unoccupied. It is easily read by 
the non-specialist and the industrial manager because 
each chapter, which is essentially designed to illustrate a 
mathematical technique, starts with a simple practical 
real situation, formulates slowly and carofully the problem, 
and then indicates, via some mild mathematics, how the 
problem may be solved. But it is also of interest to the 
mathematician who wants to learn something about 
what operations research deals with, what branches of 
mathematics are relevant in this applied field, and just 
how the mathematical method ıs used in relation to the 
practical problem at hand. Thus the book will be of 
value both to the student contemplating a career in 
operations research and to the industrial manager or 
director who wishes to set up a degree of operations 
research in his organization. 

It might be useful to indicate briefly the wide variety of 
problems discussed and solved. These include problems 
of stock, allocation, manufacture, delay (queueing), 
transport, assignment, replacement and scheduling. 
There are also sections dealing, mildly, with theory of 
games, Boolean algebra, programming and the theory 
of graphs. 

For the mathematician, perhaps the most interesting 
parts of the book are those showing the importance of 
combinatorial mathematics. Who would have thought 
that, in the mathematical study of certain circus acts, or 
more serious problems of production scheduling, Hamilton- 
ian paths in a network and equivalence classes of matrices 
would prove to be of great importance? Any mathe- 
matician who would like to be introduced to a new branch 
of applied mathematics should read this book. 

L. §. GopDARD 
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Correspondence 


Consequences of ABM Deployment 


Sirn,—C. M. Herzfeld has recently analysed some opera- 
tional characteristics of anti-ballstic missile (ABM) 
systems and, from a comparison of “thin” area defence 
systems and “thick” city defence systems, he concludes 
that, although both systems have certam advantages, 
“thin” systems have more than do “thick” systems 
(Nature, 219, 1315; 1968). He then proceeds to justify 
the US decision to deploy a “thin” ABM system (called 
Sentinel) because of its effectiveness against “a medium- 
sized unsophisticated attack” by “‘first or second genera- 
tion inter-continental ballistic missiles (ICBM’s) from the 
Chinese Peoples Republic”. He claims that it 1s unlikely 
that Sentinel will be made obsolete, by any less sophisti- 
cated nation, so Sentinel “serves to produce perhaps a 
mild measure of stability for at least a few years in the 
otherwise rapidly evolving strategic situation”. Herzfeld 
also claims that Sentinel would “render small token 
attacks made for bargaining purposes, ineffective and not 
credible”. He admits, however, that he does not consider 
“the arguments from grand policy for deployment of the 
Sentinel system”. I suggest that the disadvantages of 
ABM systems completely outweigh the sort of advantages 
that Herzfeld lista. 

Strategio balance between the superpowers. The implica- 
tions of the deployment of ABM systems by the super- 
powers must be considered ın relation to the likely effect on 
the strategic balance which rests on the second strike 
assured destruction capability of each superpower. This 
depends on each superpower knowing that it can strike 
back and inflict an unacceptable degree of damage on the 
other superpower even after absorbing a surprise first 
strike. Because this strategic equilibrium is based on the 
certainty that an attack by the strategic forces of one side 
will be followed by an annihilating counter-blow from the 
other side, it has made possible a period of coexistence and 
détente between the superpowers which has allowed some 
progress to be made ın arms control. 

A consequence of mutual deterrence is that general 
nuclear war between the superpowers 1s extremely 
unlikely because it is clearly in the mterest of both super- 
powers to avoid what would amount to an act of suicide. 
Tn a certain sense, therefore, nuclear weapons have become 
obsolete. But, although the present strategic balance is 
relatively stable in the short term, it is basically an 
unstable equilibrium which could easily be upset by the 
deployment of new weapons. In terms of their effect on the 
equilibrium of deterrence, new weapons which improve the 
capability of a second strike against the opponent’s 
cities and populations can be regarded as stabilizing, 
whereas those weapons which increase the effectiveness of a 
first stmke against the opponent’s strategic forces are 
destabilizing. The fact that weapons which threaten 
populations are, in the doctrine of deterrence, less danger- 
ous than weapons aimed at the opponent’s strategic 
forces ıs one of the major differences between nuclear 
strategy and conventional strategy. A second major 
difference is that defensive measures which protect 
strategic forces are stabilizing because they increase 
second strike capability whereas those that protect 
populations are destabilizing because they reduce the 
effectiveness of the opponent’s second strike capability. 
In practice, any development which has a destabilizing 
effect is likely to stimulate the other side to increase the 
number and/or the performance of his offensive weapons 
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in an attempt to redress the strategic balance and, there- 
fore, such developments are likely to lead to a reinvigora- 
tion of the arms race. It is during such a period of com- 
petition for dominance that the danger of general nuclear 
war becomes a real danger because deterrence is largely 
based on psychological factors. In a period of fluidity, 
characterized by uncertainty about the effectiveness of 
strategic (or defensive) forces, decision makers are more 
likely to make wrong interpretations than they are during 
a period of stability. Furthermore, there is a sigmficant 
danger that, during a period of uncertainty brought about 
by the development and deployment of new weapons, 
one side may perceive 1t to be to his advantage to make a 
first strike if he thinks that the balance is, for a short 
tame, sufficiently weighted in his favour. Finally, in the 
atmosphere of fear and mistrust which accompanies 
conditions of uncertainty, arms control negotiations stand 
very little chance of success. Such negotiations are 
therefore urgently necessary now, not because nuclear war 
is likely in the short term, but because, in the absence of 
agreements on a freeze and cut back in nuclear weapons, 
the superpowers will probably arm themselves to danger- 
ous levels from which it will be very difficult to return. 
During these negotiations the superpowers should refram 
from the development and deployment of new weapons 
particularly those that ere potentially destabilizing. 
Admittedly this analysis 1s oversimplified but a more 
detailed analysis leads to the same general conclusions. 

Consequences of ABM deployment. Although the present 
officially announced levels of ABM deployment are un- 
likely seriously to affect the present strategic equilibrium 
between, the superpowers, the practicability of ABM 
deployment introduces the prospect of the attamment of 
a dominant position m the long run. Any new intro- 
duction of a weapons system increases the importance of 
the mihtary and defence departments in the decision- 
making process and this usually produces a second-order 
destabilizing factor. 

There is a great uncertainty about the effectiveness of 
ABM’s, because of the lack of realistic operational data. 
This, in iteelf, is a destabilizing factor because this 
uncertainty is likely to cause each superpower to over- 
estimate the effectiveness of the other’s ABM system and, 
therefore, to over-react to this deployment. Similarly, 
each superpower is likely to underestimate the effective- 
ness of his own ABM system and consequently installa 
heavier deployment than is necessary to produce a required 
defensive result. It is well known, for example, that the 
reaction of the United States to the light Soviet ABM 
deployment has been the development of multiple ın- 
dependently targetable re-entry vehicles (MIRV’s). The 
fact that each side bases its policy on conservative 
estimates is a strong argument against the deployment 
of “thin” ABM systems. 

It has been suggested that if both superpowers con- 
centrate on the development and deployment of defensive 
weapons (such as ABM’s) and cut back the development 
and deployment of offensive weapons then the strategic 
situation between the superpowers, would change from 
an equilibrium based on deterrence to one based on defence. 
The advocates of this theory argue that such a transition 
would amount to a measure of disarmament and would 
also decrease the danger of nuclear war between the super- 
powers. But the typical reaction to the deployment of 
defensive measures is to increase the offence. The amount 
of mutual trust between the superpowers necessary to 
allow such a transition, which would involve a period of 
great strategic instability, is far greater than exists at 
the moment or is likely to exist ın the foreseeable future. 
Moreover, if such a level of confidence actually existed, 
immediate disarmament measures would, in any case, be 
possible. 

If effective ABM’s are used to decrease the vulnerability 
of ICBM launching sites, they can be stabilizing. Deploy- 
ing the Sentinel system for this purpose, however, puts 
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into question the official justrfication for Sentinel, namely 
that it is orientated only against China. This follows from 
the fact that the relatively primitive strategic missile 
force of China im the early 1970’s would be a credible 
deterrent only if it were entirely targeted against 
American cities rather than missile installations. As far 
as is known, the Soviet ABM system is designed to protect 
Moscow and possibly Leningrad and is not deployed 
around missile sites. The use of ABM’s to harden missile 
sites would also be likely to stimulate the opponent to 
improve his offence and, hence, although stabilizing in 
one sense, would also cause some acceleration in the arms 
race. The most serious consequence of the American 
decision to deploy ABM’s at ICBM sites 1s the threat to 
the success of the arms control negotiations produced by 
the introduction of a factor of uncertainty into the 
nuclear strategic balance. 

Consequences of the development of new weapons. The 
development of new weapons, in particular MIRV’s, 
could have even more serious long-term consequences 
than ABM systems. Both superpowers have recently 
tested ICBM’s with multiple warheads. These weapons 
are the logical response to ABM deployment. MIRV’s 
are potentially very destabilizing because, if their develop- 
ment continues, their accuracy will probably improve to a 
degree which will enable a superpower to destroy all or 
most of the other’s strategic ICBM’s by a first strike. 
Relatively invulnerable launching sites, such as sub- 
marines, would help to stabilize the strategic situation, but 
submarine-based missiles are an order of magnitude more 
expensive to maintain than land-based missiles. Another 
reason why MIRV’s are destabilizing is that their deploy- 
ment will introduce a large factor of uncertainty in that 
it will be extremely difficult for each superpower to calcu- 
late with any confidence the number of warheads the 
other has, for this number will no longer equal the number 
of launching sites. At the moment each superpower can 
estimate the balance of forces with reasonable certainty. 

“Arguments from grand policy” show that the dis- 
advantages of the deployment of ABM’s, even so-called 
“thin ”, completely outweigh the advantages 
claimed by Herzfeld which, in comparison, are relatively 
trivial. As far as the argument about the necessity for an 
ABM system as a defence against China is concerned 1% 
should be noted that there is very little, if any, evidence 
that China has the aggressive intentions usually ascribed 
to her or that she will behave so irrationally as to launch 
a nuclear attack on the United States. It is difficult to see 
why the superpowers should not rely on a policy of 
deterrence rather than defence with respect to China, or 
in other words on the same policy that they adopt towards 
each other. The time may be politically ripe for negotia- 
tions leading to significant arms control and disarmament 
measures: both superpowers have urgent and serious 
internal problems and are under strong pressures from 
their populations to concentrate their energies and 
resources upon them; there is no reason to doubt that 
both powers are sincere ın their stated desire for a system 
of arms control; there is a sufficient measure of détente 
between them; they seem to be prepared to accept the 
strategic situation which a measure of arms reduction 
would produce; there is at present a strategic balance 
between them; both superpowers wish to prevent the 
expansion of the nuclear club and know that the viability 
of the non-proliferation treaty depends on their limiting 
the arms race; and both wish to prevent a general nuclear 
war, the likelihood of which will increase during the periods 
of stability which will inevitably occur if the arms race 
continues. 


Yours faithfully, 


Frank BaRNABY 


9 Great Russell Mansions, 
60 Great Russell Street, 
London WCI1. 
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University News 


Professor A. W. Merrison, professor of experimental 
physics in the University of Liverpool, and director of 
the Daresbury Nuclear Physics Laboratory, has been 
appointed Vice-Chancellor of the University of Bristol. 


Dr R. L. Wilson has been appomted the first professor 
of geophysics at the University of Liverpool. 


Professor G. W. Beadle has been named the William 
E. Wrather distinguished service professor at the Univer- 
sity of Chicago. 


Dr R. A. Cowley, Atomic Energy of Canada Limited, 
has been appointed to an additional chair of physics at 
the University of Edinburgh. 


Dr D. G. Freiman has been named Mallinckrodt profes- 
sor of pathology at Harvard University. 


Professor G. Birkhoff has been named the first George 
Putnam professor of pure and applied mathematics at 
Harvard University. 


Professor A. Brown has been appomted to the chair of 
library studies at University College, London. 


Professor Sir Brian Windeyer, Middlesex Hospital 
Medical School, has been elected Vice-Chancellor of 
the University of London. 


The title of professor emeritus has been conferred on 
Professor O. V. S. Heath, professor of horticulture at 
the University of Reading. 


Appointments 


Dr J. L. Locke has been appointed assistant director of 
the radio and electrical engineering division of the 
National Research Council of Canada. 


Announcements 


The Journal of the Linnean Society—Zoology, the 
Journal of the Linnean Society—Botany, and the Pro- 
ceedings of the Linnean Society will from January 1, 1970, 
be known as the Zoological Journal of the Linnean Society, 
the Botanical Journal of the Linnean Society and the 
Biological Journal of the Linnean Society. 


The International Cell Research Organization, under 
the sponsorship of UNESCO and WHO, is holding an 
international trainmg course on Molecular Aspects of 
Antigenicity and Immunoglobulins ın Rehovot, Israel, 
from November 17-29. Applications should be sent to 
Professor M. Sela, Department of Chemical Immunology, 
Weizmann Institute of Science, Rehovot, Israel. 


Dr J. A. Kirchner, Yale School of Medicine, has been 
presented with the Newcomb Award of the American 
Laryngological Association for his contribution to litera- 
ture on the larynx. 


The University of Wisconsin, Ohio State University 
Research Foundation and the Johns Hopkins Uni- 
versity have been awarded subcontracts by the National 
Academy of Engineering to chart methods for solving the 
problems connected with the development of biomedical 
engineering. They will report their findings to the NAE’s 
Committee on Interplay of Engineermg with Biology and 
Medicine. 


Erzatum. In the article “Residues of Dieldrin (HEOD) 
on Complete Prepared Meals in Great Britain during 
1967” by McGill eż al. (221, 761; 1969), there was an 
error in the units of Table 1. The units should have read 
“ug/day” not “p.p.m.”’. 

Erratum. In the note “Horse Dopmg—Pharmacology 
and the Punter” (222, 111; 1969), the quantity of herom 
mentioned in the first sentence should have been “one 
and a half grains”, not “grams”. 
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International Meetings 


Aprl 21-25, 50th Annual Meeting of the American 
Geophysical Union, Washington (American Geophysical 
Union, 2100 Pennsylvania Avenue NW , Washington, DC 
20037, USA). 


April 28, Organ Transplantation in Man and Plasma 
Lipoproteins, Washington (Mr B. Byers, Public In- 
formation Officer, Office of Information, National Academy 
of Sciences, 2101 Constitution Avenue, Washington, DC 
20418, USA). 


April 30, Pulsars and Social Science Perspectives on 
Our Urban Condition, Washington (Mr B. Byers, 
Public Information Officer, Office of Information, National 
Academy of Sciences, 2101 Constitution Avenue, Washing- 
ton, DC 20418, USA). 


May 1, Public Safety—A Growing Factor in Modern 
Design, Washington (Miss D. Weatherby, National 
Academy of Engineering, 2101 Constitution Avenue, NW, 
Washington DC 20418, USA). 

May 5-8, Radiation Biology of the Fetal and Juvenile 
Mammal, W. ton (Dr Sikov, Symposium on Radia- 
tion Biology of the Fetal and Juvenile Mammal, PO Box 
999, Richland, Washington 99352, USA). 

May 8-9, Organolead and Organozinc Chemistry, 
Utrecht (Organizmg Commuttee of the Conference, c/o 
Jaabeurs, Vredenburg 49, Utrecht, Netherlands). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of familles about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 

Wanted: Furnished house, three—four bedrooms, 
m Berkeley, California, near the university for 
visiting professor ın biochemistry from mid-Sep- 
tember 1969 to August 1970. Would also consider 
exchange with furnished house m Mull Hull (30 
minutes from the centre of London by Underground). 
Please contact Dr J. R. Tata, National Institute for 
Medical Research, Mill Hill, London NW7. 

Wanted: House or flat for an and wife 
spending two years in Cambridge, October 1969 to 
September 1971. Preferably within easy reach of 
Strangeways Research Laboratory. Please wnte air- 


mail to Donald D. Porteous, Department of Radio- 
logy, Downstate Medical Center, 450 Clarkson 
Avenue, Brooklyn, New York, NY 11203, USA. 

Vacant: Furnished detached 3-bedroom, 2-bath- 
room house in Brooklyn, New York, from September 


1969 to September 1971. Near to shops, subway 
and schools. 100 yards from ocean m pleasant 
beach and park area. 30 min to mid-town Man- 
hattan, 20 min to Kennedy Airport by nearby 
parkway. Car available if required. Please contact 
Donald D. Porteous, Department of Radiology, 
Downstate Medical Center, 450 Clarkson Avenue, 
Brooklyn, New York, NY 11203, USA. 


Wanted: Furnished flat or house, one or two bed- 
rooms, in London, for young American doctor and 
wife, beginning August 15, 1969, for 12 to 24 months. 
Central heatmg and convenient location for access 
to the Royal College of Surgeons. Please contact 
Dr J. W. Aiken, Department of Pharmacology, 
University of Vermont College of Medicine, Burling- 
ton, Vermont 05401, USA. 
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BRITISH DIARY 


Sunday, April 20—Friday, April 25 


CAREERS RESEAROH AND ADVISORY CENTRE (in association with the 
Blanchester Business School, at Owens Park, University of Mancheate:)— 
Course on “Scientific Careers”. 


Monday, April 21—Thursday, April 24 


IRON AND STEEL INSTITUTE (at the Royal Festival Hall, London, SE1, and 
Church House, Great Smith Street, London, 8W1)—Annual General Meeting 
and Centenary Celebrations. 


Monday, April 21—Friday, April 25 


UNIVERSITY OF SOUTHAMPTON; the CONCRETE SOcleTY; and RILEM (at 
the University)}—International Conference on “Structure, Solid Mechanics 
and Engineering Design in Civil Engineering Materials”. 


Tuesday, April 22 


SOCIETY OF OHEAIOAL INDUSTRY, MICROBIOLOGY GROUP (joint meeting 
with the Food and Nutrition group of tho Royal Society of Health, at 
Queen Elizabeth College, pen ill Road, London, W8), at 9.40 a.m.— 
Meeting on “How Should We Teach Food Hygiene ?” 


ROYAL Soormry (at 6 Carlton House Terrace, London, SW1), at 10 a.m.— 
Discnamon meeting on “United om eriments U Nasa and 
Esro Satellites” arranged by the British National Commıtteo on Space 


INSTITUTION OF ELECTRICAL Sb ie rig JONT IEE E MBDIOAL AND 
BIOLOGICAL ELEOTRONIŒE GRouP (at St lomew'’s Hospital, London, 
EO), at 6.80 p.m.—Dr T. A. Quillam: ‘“Transcutansous Information”. 


INSTITUTION OF ELECTRICAL ENGINEERS t mee with the Institu- 
tion of Nuclear in eee at Savoy Place, London, WC2), at 5.30 p.m — 
Dr J. Stephen’ “The Irradiation Properties of Magnetic Materials”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m — 

Professor R. L. Wam, FRS: “ and Plant Disease Contuol’’. 
ture for Sixth Form ils from Schools ın London and the Home 
ties. To be repeated on April 28, 29 and 30) 


INSTITUTION OF ELHCTRONIO AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at 9 Bedford Square, London, WC1), at 6 p.m — 
Meeting on ‘‘Hill-chmbing 8elf-optimiszation for Industrial Process Control”. 


Soormry OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at 6 p.m.—Mr A. A. K. Whitehouse: “Re- 
inforced Plastics as Structural Materials”. 


INSTITUTION OF ELROTRONIO AND RADIO ee BAST ANGLIAN 
SECTION (at the University of Essex, Wivenhoe Park, Col ter, Essex), at 
7 p.m.—aAlr B. R. Gaines: ‘Man-Machine Systems Engmeering”’. 


INSTITUTION OF ELEOTRONIO AND RADIO ENGINEERS, SOUTH MIDLAND 
SECTION (joint meeting with the Institution of Electrical Engineers, at the 
BBO Olub, Evesham), at 7 p.m.—Mr M. Maclese: ‘Interesting Aerials’. 


Soorety FOR ANALYTICAL ÜHEMISTRY, NORTH EAST SECTION (joint meeting 
with the Toessıde Section of the Royal Institute of Chemistry, at the Constan- 
tine College of Technology, Borough Road, Middlesborough), at 8 p.m — 
Air W. Garner’ “The Work of a Textile Chemical Consultant”. 


Wednesday, April 23 


PLASTIOS INSTITUTE (at the Great Western Royal Hotel, Paddington), at 
2.15 p.m.—Mr M. G. Churoh, Mr A. T. Dunn, Mr W. G. Potter: “Government 
Information, Services and available to the Plastics Industry”. 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Ki - 
ton Gore, London, SW7), at 6 p.m.— ing on “The Admiralty Chart—Iv", 


INSTITUTION OF ELEOTRIOAL ENGINEERS (at Savoy Place, London, WC2), at 
5.80 p.m.—Mr C. Barnes, Mr E. Hill and Mr 0. T. W. Sutton’ “Cables and 
Acceasories—Some Trends in Standardization, Rationalization and Ratings”. 


INSTITUTION OF ELECTROXIO AND RADIO ENGINBERS, COMPONENTE AND 
OCimourrs GROUP (at 9 Bedford , London, W01), at 6 p.m —Dr P. L 
Koby: “The Future of Thin and Thick Films in Micro-slectronics”’. 


SOOTY oF CHEMIOAL INDUSTRY, FOOD Grovurp—Foop ENGINEERING 
PANEL (at 14 Belgrave , London, 8W1), at 6.15 p.m.—Annual General 
Meeting, followed by Mr P. Ling. “Size Reduction in the Food Industry”. 


Wednesday, April 23—Friday, April 25 


INSTITUTION OF MHOHANICAL ENGINEERS, STRAM PLANT GROUP (at 1 
Birdcage Walk, London, 8W1)—Convention on “Steam Plant for the 1970's”. 


Wednesday, April 23—Saturday, April 26 


FOOD RESEARCH INSTITUTE OF THE AGRIOULTURAL RESEARCH COUNCIL 
(at Colney Lane, Norwich, Norfolk }—Open Days. 


Thursday, April 24 


FERTILIZER SOOTY (at the Geological Society, Burlington House, 
Piccadilly, London, W1), at 2.80 p.m.—Alr F. E. Steenwinkel and Mr J. W 
Hoogendonk: “The Tin of Compound Fertilizers”. 


ROYAL Soarmrty (at 6 Carlton House Terrace, London, SW1), at 4.30 p m.— 
Meeting for the election of Foreign Memb followed by Professor A J P. 
Martin, FRS, and Mr F. M. Hveraerts: “Displacoment Blectrophoresis”;: 
Dr D. Tabor, FRS, and Mr R. H. 8. Winterton: “Direct Measurement of 
Surface Forcea”. 

INSTITUTION OF ELEOTRIOAL ENGINEERS (at Savoy Place, London, WC2), 
at han ra dean R. V. Jones, FES: “Pursut of Measurement” (60t 
Kel i 


308 


INSTITUTION OF ELHCTRONIO AND RADIO ENGINEERS, MANAGHMHNT 
THOHNIQUES GROUP (at 9 Bedford Square, London, WO1), at 6 p.m.—Mr 
MW. Lauerman: “The Marketing Concept”. 

INSTITUTION OF MEOHANIOAL KNGINWERS, EDUCATION AND TRAINING 
Group (at 1 Bir rdeago Wal Walk, London, SW1), at 6 p.m.—Discussion on ‘The 
Teaching of Bio 

H. G. WELS Soorery (in tho Electri cal Engineering Building, Imperial 
college Exhibition Road, London, 8W7), at 7.80 p.m.— Professor Stanley 
“Boclal Implications of Computers” followed by an ımformal disoussion. 


Friday, April 25 


FISHIRIES SO0INTY OF THE BRITISH ISLES (at the Zoological Soclety of 
Tondon, Regent’s Park, London, NW1), at 11.80 am.—Spring Sclentific 


aries INSTITUTION, PHOTOCHEMISTRY Disoussion GROUP (at 21 Albe- 
marle Street, London, Wi), at 1 p.m.—Dr J. Bourdon (Paris): ‘Photo- 
sensitized Olda n, Ohemilumin ‘uminescence and Energy Transfer from Singlet 


Oxygen Pane” 
PLASTICS INSTITUTE, WESTERN SECTION (at Permah, Ltd, Gloucester), at 
7.80 p.m.—Mr G. Wood: ‘Carbon Fibre Reinforced Plastics’ 


ROYAL INSTITUTION met 21 Albemarle Biret TORT Tondon, W1), at 9 pm— 
Professor F. Hoyle, F “Highly Condensed 


Saturday, April 26 
BRADFORD DRUG ADDICTION LIAISON COADOTTEE in collaboration with the 


UNIVERSITY OF BRADFORD (at the University}—Symposium on “Drug 
Addiction”. 


Monday, April 28 


BOOIETY OF OHELIOAL INDUSTRY, FOOD GROUP (in the Co Theatre, 
Eastbourne), at 2.30 pm Meoting on “The Influence of Food Technology 
on the Changing Patterns in the Catering Industry”. 


INSTITUTION OF ELEOTRIOAL ENGINHERS (at Savoy Place, London, WC2), 
at6 80 p.m.—Mr W. Kemp “Educational Television”. 
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ASSISTANT 
INFORMATION 
OFFICER 


There is a vacancy ın the Patents & Library Depart- 


ment at Welwyn Garden City for an Assistant 
Information Officer. The work involves the selection 
of references from patent and academic literature 
relating to a very wide range of speculative mat- 
erials 


Input to the system ts achieved by analysis and 
encoding of chemical structures in line with de- 
tailed schedules, and computerisation of the system 
is currently under development. 


Candidates need an honours degree in chemistry, 
a working knowledge of a foreign language 
(preferably German or French) and proficiency 


in organic chemistry. Although some previous 
experience of this kind of work is desirable, it is 
not essential, since training will be provided. 


The job commands an excellent salary plus a 
profit sharing bonus, the working conditions are 
good, and the prospects are considerable for the 
right man 


Apply, quoting ref: A23691 to: R. C. N. Tinsley, 
Personnel Department, Imperial Chemical 
Industries Limited, Plastics Division, Welwyn 
Garden City, Herts. or tel: Welwyn Garden 
23400, Ext. 3396. 





PLASTICS DIVISION 


(1524) 





UNIVERSITY OF EXETER 
DEPARTMENT OF PSYCHOLOGY 


Applications are invited for two posts of 
Lecturer / Assıstant Lecturer in Psychology, 
tenable from October 1, 1969. 

Candidates in any field of Psychology 
will be considered, but preference may be 
given to those whose research interests are 
in Language, Memory, Psychometrics, 
Child or Occupational 


MINISTRY OF AGRICULTURE 
(NORTHERN IRELAND) 
and 


THE QUEEN’S UNIVERSITY OF BELFAST 


A vacancy, due to retirement of Professor P. A. Linehan, will arise 
during 1969 for the combined post of: 


(a) HEAD OF THE FIELD BOTANY DIVISION in the Ministry of 
Agriculture; and 


(b) CHAIR OF AGRICULTURAL BOTANY in the Faculty of Agricul- 
ture of the Queen’s University of Belfast. 


Appointments will be made within the scale £3,850-£4,400 and there is 
a non-contributory pension scheme. 


Application form and further details from Secretary, Civil Service Com- 
mission Stormont -B Belfast, BT4 3SZ. Closing date May 12, 1969. Please 
quote S.B.130/68/64 


scales: 
Assistant Lecturer, £1,240 to £1,355 to 
£1,470 per annum. 
Lecturer, £1,585 by £115 to £2,735 per 
annum. 
Initial salary will depend upon quaHfi- 
experience. 


ae, “comes ; one copy from candidates 


(1446) , May 5, 1969 (1464) 









UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF VETERINARY 
ANATOMY 


Applications are Invited for the post of 
ASSISTANT KBCTURER -0n LECTURER 
m VETERIN. ANA A - 
OTTAWA, CANADA terest in apphed anatomy would be an ad- 


Physiologist wth PhD. or Medical vantage. 
h experience in the field The initial salary wii be within th: 
range £1,240 to £1,470 per annum for an 
Assistant or £1,585 to £2,735 
per annum for a Lecturer. 
Applications, stating age, cutee tors 
and experience, together with 


later than May 5, 1969, 
niversity O. 










SUNDERLAND POLYTECHNIC 
SCHOOL OF PHARMACY 


RESEARCH ASSISTANT 


Required to assist with a research pro- 
gramme concerning the microbial degrada- 
tion of aromatic compounds of pharma- 
ceutical interest currently being followed 
by Dr. E. G 

Preference will be given to graduate ap- 
picants with a degree in a biological 
science or pharmacy but applicants with 
suitable non-graduate qualifications will be 


Salary Scale: £800 by £50 to £1,000 per 


annum. 
Further details of the post, and appica- 
tion forms can be obtained from the 


DEPARTMENT OF 
PHYSIOLOGY 
UNIVERSITY OF OTTAWA 
FACULTY OF MEDICINE 





two referees, should be sent to Professor 
M Bezmk. (1343) 


RU/264/N. 





For further Classified advertisements see p. iiia. 
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MINISTRY OF 
OVERSEAS 
DEVELOPMENT 


The Mintstry of Overseas Development helps to provide men and 
women from Britain for service ın the developing countries. The 
vacancies advertised below are a selection the many 
oj s which exist now. While they are being ful other 
vacan are arising. Salaries within the ranges quoted are 
assessed on quali tons and hr eePrpdar? and the terms of most 
appoiniments include free or subsidized acoommodation, educa- 
tion granis, family passages and good leave on full pay, eic. A 
contributory pension scheme is le in certain circumstances. 
Candidates must be citicens of, and normally resident in, the 
United Kingdom. 


BAHAMAS 


Fisheries Officer RC 289/14/0! 


Duties: To administer fisheries laws and rules of the colony, and to advise 
on fisheries conservation and introduction of new methods to local fisher- 
men. 

Qualifications and Terms: Candidates (male) aged up to 40 years should 
have a recognised University degree in Natural Sctences, preferably 
Zoology or at least ten years recognised practical experience in marine 
biology. Experience in tropical/sub-tropical waters Is desirable. Salary 
z: $9,700 (£Sterling 3,347-3,957) p.a taxfree. Gratuity 15%. Contract 

years. 


CAYMAN ISLANDS 


Deputy Director Mosquito Research and Control Unit 
RC 213/36/01 


To assist ın all aspects of research and control of biting flies and the running 
ofa small but mulu-disciplined unit with special responsibility for insecticide 
testing and field trials using ground and aerial methods. Experience tn latter 
method essential. Insecticide formulation and the exocuclon of abatement 
measures. 

Qualrfleations and Terms: A degree in Entomol with practical experience 
in aertal applications and insecticide testing. The ability to handle labour 
and undertake administrative duties ıs also desirable. 

Salary £2,500-3,000 p.a. plus an inducement allowance subject to revision 
of £600-£750. Tax free gratulty 20% of basic salary and inducement 
allowance No Income tax. Age limits 25-40 years. ntract 2 years. 


MALAWI 
Agricultura! Research Officer RC 213/134/033 


Required to act as personal assistant to the Chief Agricultural Research 
Officer, with particular reference to administration in connection with 
the professtonal side of the Research Branch of the Agricultural Division 
and to be responsible to him for carrying out duties which include the 
collection and correlation of experimental records and reports, the 
initial editing and compiling of the Agricultural Research Annual Report, 
the preparation of special subject matter reports and the handling of 
routine correspondence. 

Qualifications and Terms: Degree in Agriculture or allied subject, with 
practical experience in fìeld experimentation. Specific experience in the 
writing of reports for publication ıs also desirable. Salary £Sterlin 958- 
1,782 p.a. plus an inducement allowance in the range éSterling 527-818. 
In addition a supplement of £100 ıs payable direct to an officer’s bank 
account outside Matawi and Rhodesia. Tax free gratuity 15%-25%. 
Contract 2-3 years. 
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GHANA 


Plant Physiologist 


To take charge of a division at the Cocoa Research Insutute, to o ise 


RC 213/70/05 


and direct research; to collaborate in research with other divisions 
within the institute, and also to work as member of a team to carry out 
a programme of research into problems assocrated with cocoa swollen 
shoot disease. 

Quallfications and Terms Honours degree with considerable post-graduate 
experience preferably with trea crops in the tropics. Salary £2,100- 
£3,100 p.a according to qualifications and experience, subject to British 
Income Tax, plus a varrable non-taxable overseas allowance from £725- 
£1,425 p.a. depending on marital status Contract 2 tours of 18 months. 


SWAZILAND 


Animal Husbandry Officer RC 213/169/01 


Duties: Training of veterinary and extension staff, supervision of livestock 
poultry and dairying centres and the general improvement of animal 
husbandry techniques among farmers. 

Qualifications and Terms Degree In Agriculture with experience in 
anima! husbandry, 

Salary: R. 2,484-4,800 (£Sterling 1,449-2,800) p.a. plus an inducement 
allowance of £288-£516 p.a. normally free of local income tax. Gratuity 
25% of basic salary and inducement allowance Contract 3 years. 


ZAMBIA 


(I) Entomologist RC 217/132/06 


Required to organise fleld operations concerned with the eradication of 
tsetse fly. 

Qualifications An honours degree in Zoology or Botany is required 
and previous experience of tsetse fly contro! measures ts desirable but 
not essential. 

Salary, basic Kwacha 2,184-4,464 (£Sterling 1,274-2,604) p.a. plus an induce- 
ment allowance of £278-449 p.a. 


(2) Assistant Conservators of Forests RC 324/132/03 


General district duties, or forest surveys and the preparation of working 
plans, or silvicultural) research. 

Qualifications Degree in forestry. 

Salary, baste Kwacha 1,944-4,464 (£Sterling 1,134-2,604) p.a plus an 
Inducement allowance of £243-449 p.a. 


In addition to the above salaries, gratuities payable amount to 25% of 
basic salary plus inducement allowance earned. A supplement of 350 


p.a. 1s also payable direct to an officer’s homebank account. Both supple- 
ment and gratuity are normally tex free. 

Contract 3 years. 

Assistant Conservator of Forests RC 324/62/01 


Duties: To administer a field division. 

Qualrfications and Terms: A nised degree in Forestry. Salary, basic 
$F. 2,184-4,362 (£Sterlin 1,0452 087) p.a. In addition an inducement 
allowance, normally tax free, of £Sterlıng 508-829 p.a. ıs payable direct 
to an officer's home bank account. Gratuity 25% of basic salary plus 
inducement allowance earned. Contract 2} or 3 years. 


GUYANA 
Assistant Conservators of Forests RC 324/25/01 


Required for (a) Silvicultural Research (b) Forest Surveys and aerlal photo- 
interpretation (c) General district duties including the preparation of 
working plans. 

Qualifications and Terms: Degree in Forestry essential. 

Salary, basic $ Guyanan 4, 7,776 (£Sterling 1,030-1,620) p.2. plus 
an inducement allowance of £Sterling 687-1,080 p.a. Gratuity Dit of 
one and a half times basic salary earned. Contract 2/3 years 


HONG KONG 


Forestry Officer (Research) RC 324/81/02 


Duties: To take charge of a small team investigating soil conservation 
problems and particularly the rehabilitation of badly degraded hills and 
unstable slopes principally within reservoir catchment areas. 

Qualifications and Terms: Honours degree in Forestry or Ecological 
Science and minimum 2 years experience in research and soil conservation 
Salary including expatriation pay Hong Fong $2,641-4,783 per month 
(Sterling 2,179-3,946 p.a.) Gratuity 17% salary earned. Contract 

years. 


NEW HEBRIDES (CONDOMINIUM) 
Forestry Officer RC 324/124/01 


Duties: To supervise the exploitation of forests and reafforestation within 
the New Hebrides Group and to carry out research in silviculture, 
Qualifications and Terms: Degree in Forestry essential; good knowledge 
of French desirable. Salary scale free of local tax Australian $3,900—-5,550 
£Sterling 1,820-2,590) p.a (currently under review) Gratuity £Sterlmg 
7/10/- for each completed 3 months of service. Contract 3 years. 


For further particulars of these vacancies and an eg eae 
form please pitied jor your full name, age and ails of 
professional quali tions, and experience, and - 
priate reference number to the Appointments Min 

of Overseas Development, Room IN, Eland House, Stag Place, 
London, S.W.1. asi 
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One of tho workd’s icading ethical pharmaceutical mannfac- 
tures with a fine record of research dunlag more chen 40 years, 
wishes <o appoint an outstandieg young pharmacolosist as 
Head of Phanmacological Research at ns international research 
headquarters in Europe. 


The reputation of the company has been budt on worldwide 
acceptance of its nange of ethical products, omgmated by its 
research teams who now total some 500 ecientmts. 


The research enwronment of the company us very favourable 
for che professional and pemonal development of as team 
members Tho emphesis és on fleribilmy, and Teaponsrbility and 
opportunity ac an eariy age. Promotion prospects are very 
good 

The successful candidate ds kkely to be in his 30's and wall 
have a good degree in pharmacology followed by postgreduate 
expenience, preferably in the fidd of animal pharmacology, 
wirch bes led to the eward of a PhD His experience should 
be broad end related to the development and soreenmg of 
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This appointment is of major emportance and calls for an 
exceptional blend of profeamonal skits, It wil appeal to a 
young but mature pharmecotogist, whose carcer shows that he 
has the profesmonal capability, plus the energy and enthusiasm 
to ead @ research depertment in a company which has an 
outstand.ng record of growth. 

Total intial remuneration is likely to be around £6,000, the 
actual figure depending on the man appointed The com- 
pany’s salary pokcy allows for ample recognition of merit and 
conditions of service and fringe benefits ere excellent, 

The location of the eppotnmment provides a pleasant country 
town covironment with good housing and schools. 


Write belefly, in complete confidence, to :— 


THE MANAGING DIRECTOR 
DAVID G. RUSSELL & PARTNERS LIMITED 
MANAGEMENT CONSULTANTS 


6 CARLOS PLACE, GROSVENOR SQUARE, LONDON Wi 


or telephone 01-499 6921 for an application form 
No details of candidates will be passed to clients without permission 


1969 


both existing and new formulations. 


Closing date May 16th 1969 








UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


Applications are invited for the post of 
LECTURER 


aspect of stress analyss and its applica- 
tion to engineering design (e.g. fracture 
mechanica). 

Salary scale: Lecturer, £1,585 to £2,735; 
Assistant Lecturer, £1,240 to £1,470. The 
initial salary wf depend on qualifications 
and experience. 


Further particulars may be obtained 
from the Deputy Secretary, The University, 
Southampton, SO9 SNH, to whom appi- 
cations (seven copies from United King- 
dom applicants) should be sent not later 
than May 3, 1969, quoting Ba 


LECTURER IN HAEMATOLOGY 


Applications invited for LECTURER/SENIOR 
LECTURER in Haematology, to work in M.R.C. 
Research Group at the Royal Postgraduate 
Medica! School, with an Honorary Consultant 
Contract as Pathologist or Phyacian at Hammer- 
smith Hospital. 

For further details apply m writing to Profes- 
sor J. V. Dacie, Director of Haematology, Royal 
Postgraduate Medical School, Hammersmith Hos- 
pital, London, W.12, quoting reference 7/230. 

(1470) 

TECHNICIANS REQUIRED FOR THE DE- 
partment of Micro Biology to essist in research 
and for general duties. 





quo 
ing T.36 to Assistant Bursar (Personne), Univer- 
uty of Reading, Whiteknights, Reading, aan: 











THE 
UNIVERSITY OF 


‘LEEDS . 


BROTHERTON LIBRARY 


Applications are invited from gradu- 
ates for appointment as 


ASSISTANT LIBRARIAN 
Special but not exclusive considera- 
given 











Starting 
salary on the scak £1,240 to £2,390 
per annum. 


Applications (three copies), stating 
A age, qualifications and expenence end 
A naming three referees, 

the Registrar and Secretary, the Uani- 
versity, Leeds, LS2 9JT, not a? than 








April 28, 1969. 





INFORMATION SCIENTISTS 
The editor of six abstracting journals wishes 
forthwith to appoint two further assistants to 
the editorial steff m London Applicants should 
have e good degree in one of the biological 
sciences. Salary will be excellent and not Less 
than £1,200 

Apply to Dr. E. S_ Krudy, Informatuon Re- 
trieval Limited, 38 Chancery Lane, London, 
W.C 2. (1477) 


SCIENTIFIC OFFICER, BSC. IN BIO- 





Salary on scale £1,165 to £1,425 per mnoum.— 
Applications in writng to the Secretery, Royal 
Postgraduate Medical School, Hammersmith 
pital, , W12, quoting Ref. PAS 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Phymcs Department has two vacan- 
cies for ASSISTANT EXPERIMENTAL 
OFFICERS to assist in the preperation of 
specimens, maintenance of a and 
measurement of records m applying (1) X- 
ray ocystaHography and (2) gas chromato- 
graphy to beolomcal materials, incloding 
dairy products 


some experience of gas chromatography. 
Starting salanes up to £1,150 according to 


age, 1n scale to £1,385. 

obtainable from the Secretary 
Shinai, Reading RG2 9AT, 
reference 69/13 


on forms 

N.LR.D., 
quoting 
(1510) 





UNIVERSITY OF BRADFORD 


Appheations are invited for the following 


posts: 
SENIOR LECTURER IN 
STATISTICS 


Salary on scale’ £2,750 by £110 to £3,520 per 
annum, with placing according to ns 
and experience. Superannuation under F.S.S.U. 


Grants, up to a manmum of £150, towards 
the cost of removal expenses are payable in cer- 
tain circumstances. 


Further particulars and application forms may 
be obtained from che Registrar, University of 
Bradford, Bradford 7, with whom applications 
should be lodged not later than Apel 25, 1969. 
Please quote reference ML/L/5. (1439) 
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UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 
LECTURER IN WOOD SCIENCE 

Appucations are invited for the post of 
LECTURER IN WOOD SCIENCE 


Department of Forestry and 
Science, University College of 
Wales, Bangor. 

The successful applicant will foin a team 
of scientists of various disciplines in the 
initsration of e new acheme in Wood 


Science m the University of Wales. Denr- 
able qualifications include a good Honours 


degree in physical or materials scence 
followed by postgraduate or industrial ex- 
pemence in materials technology. The 
Imual discipline and research experience 
to date are less important than the capacity 
to bring to bear the concepts of materials 


be made in the 
lower part of the scak. 

Appheations, with full details, should 
be sent before May 31, 1969, to the Regis- 
trar, University College of North Wales, 
Bangor, from whom further 
may be obtained. 





LANCHESTER COLLEGE OF 
TECHNOLOGY 
COVENTRY 


DEPARTMENT OF 
BIOLOGICAL STUDIES 


Applicattons are invited for the following 
post: 


SENIOR LECTURER 

or LECTURER. GR. II 

in PHARMACOLOGY 
and PHYSIOLOGY 


to be responsible for teaching pharmacology to 
degree courses end to help with related aspects 
of phynology end biochemistry. 


Candidates should bave high qualifications and 
preferably experience in teaching at undergrado- 
ate level. 


The College is wholly concerned with advanced 
work, largety at undergraduate level, and is 
housed in modern buildings m the centre of 
Coventry. 


Salaries (under review): Senior Lecturer, 
£2,280 to £2,595 per annum; Lecturer Gr. O, 
£1,725 to £2,280 per anmum. 


Further particulars and application forms ob- 
tainable from the Principal, Lanchester College 
of Technology, Priory Street, Coventry CVI 
SFB, returnable by May 9, 1969. (14490) 





VICTORIAN COLLEGE OF 


PHARMACY 
(Affiliated with the Victoria Institute of Colleges) 
LECTURER/SENIOR LECTURER IN 
MICROBIOLOGY 
(READVERTISED) 
Salary’ Lecturer, $44,800 to $46,300; Senior 
Lecturer, $A6,500 to $A7,600. (These salaries 


science majoring in mkrobiology. The position 
involves lecturing and organising practical classes 
ın pharmaceutical microbiology. 


travel and removal expenses wouki be provided. 
The names of two referees are required. The 
successful applicant would be required to take 
op duties as soon es posnbk. Applications 
close on or about May 31, 1969. 

Applications and any request for further ın- 
formation should be addressed to the Registrar, 
Victonan College of Pharmacy, 381 Royal 
Parade, Parkville, Victoria, Australia. (1458) 
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CSIRO 


POSTDOCTORAL 
FELLOWSHIP IN 
ORGANIC CHEMISTRY 


AUSTRALIA 
DIVISION OF ENTOMOLOGY 


GENERAL Applications are invited for appointment to a Postdoctoral 
Fellowship in Organic Chemistry, tenable at the Division of Entomology 
of the Commonwealth Scientific and Industrial Research Organization, 
located at Canberra, A.C.T. 


A Mass Spectrometry Unit has been set up in the Division of Entomology 
to participate In the research programme of that Division and in that of the 
Division of Plant industry, and to conduct research on the mass spectrometry 
of compounds of importance In biological research. The Mass Spectrometry 
Unit, situated at Black Mountain, Canberra, Is equipped with an AEI-MS9 
High Resolution Mass Spectrometer, and Atlas CH4 Mass Spectrometer, 
an on-line Gas Chromatography System, and facilities for data acquisition 
and analysis by computer. 


DUTIES The appointee will take part In a research programme which 
involves the synthesis, by chemical and catalytic exchange methods of 
biologically Important compounds labelled with stable Isotopes for investi- 
gation by mass spectrometry. 


QUALIFICATIONS Applicants should have a Ph.D. degree In an appropri- 
ate field or postgraduate research experience of equivalent standard and 
duration, supported by satlsfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321-GA6,693 
p.a. or Senior Research Scientist, $46,963—§A8,045 pa. Salary rates for 
women ara $A428 p.a. less than the corresponding rates for men. Promotion 
within the CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in 
consultation with the successful candidate; some applicants may prefer 
a fixed term appointment for three years. The appointment will be conditional 
upon passing a medical examination and an initial probationary pertod of 
twelve months may be specified. An indefinite appointment carries with 
it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further particulars 
supplied on application. 


Applications (quoting Appointment No: 180/601), and stating full name, 
place, date and year of birth, nationallty, marital status, present employment, 
detalls of qualifications and experience, together wrth the names of not 
more than four persons acquainted with the applicant's academic and profes- 
slonal standing should reach :— 


Mr. R. F. Turnbull, Chief Sclentific Lialson Officer, 
Australian Scientific Liaison Office, 


64-78, Kingsway, LONDON, W.C.2. by the 37st May, 1969. 


(1493) 





UNIVERSITY OF IBADAN 
NIGERIA 


UNIVERSITY OF BRISTOL 
DBPARTMENT OF ANATOMY 


Applications are invited from medically and 
dentally qualified candidates for appointments as 
DEMONSTRATOR IN ANATOMY from 
August 1, 1969 Salary scale £1,585 by £115 to 
£1,930, together with F.SS.U. benefits The 
main duties will be to assist in the teaching of 
gross anatomy for the second MB and second 
B.D.S. examinations, but excellent opportunities 
are avaiable in the Department for commencing 
a career in medical science. 

Applications (two copes), giving full mame, 
age, qualifications and experience, together with 
the names of not more than two referees, shouid 
reach the Registrar, the Senate House, Tyndall 
Aveaue, from whom further particulars may be 
obtained, not later than June 16, ait) 


DEPARTMENT OF GEOLOGY 


Applications ere invited for Lectureship in 
Palacomology and Stratigraphy so Department of 
Geology. Appo: t LO OMMmenco &s £OOD as 

Salary scale: £N1,200 to £N2,175 per 
annum (£NI=£1 33 4d stening) Salary suppi- 
mentet.on in range £240 to £435 per annum (ster- 
ling) io appropriate case under British Expater 
ates Supplementation Scheme Family passages ; 
FSSU.; various allowances; regular overecas 
leave 

Detailed applications (6 copies), naming 3 
referees, by May 15, 1969, to Iater-Universuy 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom perticulars may be 
obtained (1490) 
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THE AGRICULTURAL, HORTICULTURAL AND 
FORESTRY INDUSTRY TRAINING BOARD 


The Board’s activity extends over England, Scotland and Wales and its main objective 
is to raise the level of training by increasing the quantity and tmproving the quality of 
training avallable to the industry. Applications are now invited for the post o 


RESEARGH OFFICER 


responsible to the Director This 1s a new and important post offering considerable scope 
for initrative and originality. The successful candidate will be responsible initially for 
establishing the research function, and preparing research policy. He will work closely 
with the staff of our Traning Division and in collaboration with research bodies of other 
organizations, universities, etc. An essential, therefore, is to plan, initiate and carry through 
to completion research projects and statistical studies and to correlate the findings of 
others tn the areas of manpower needs and resources and the effects of technological 
advances, etc. 


The major requirements are for a degree or diploma In a discipline covered by the Board 
in Agriculture, Horticulture or Forestry, or In Economics, Statistics, or Socral Sciences. 
Research experience and the ability to deal at senior level with Unlversities or research 
bodies is coon) Knowledge/experience of one of the industries covered by the Board 
1s desirable. 


Starting salary will be in the range of £2,500-£3,000 per annum, according to qualifications 
and experience. The post is pensionable and based at the Board’s Headquarters In Becken- 


ham. Please write grving brief details of age, qualifications and experience to 


Manager, Personnel Services, 
Agricultural, Horticultural and Forestry 
Industry Training Board, 


Bourne House, 


32/34 Beckenham Road, 
Beckenham, Kent, BR3 4PB. 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


DEPARTMENT OF PHYSICAL 
OCEANOGRAPHY 


Appfications are invited for the post of 
LECTURER im the of Physr 
cal Oceanography. The duties myolve the 
teaching of meteorology and chmatolozy 

standard 


aspects 

phy. fa are 

excellent and indude the College's new 
Teacarch vessel. 

Salary Scale, £1,240 by £115 to £2,735. 
Ths appointment will be made in the 
lower part of the scale. 

Two comes of the application gtving the 
names and 





ROYAL MARSDEN HOSPITAL 
(SURREY) 
PHYSICS DEPARTMENT 


PHYSICIST 


required for interesting appointment with 
extensive opportunities for development 
and research an the medical apphcations of 
radioisotopes. Well equipped laboratories, 
inchideng digital computer, gamma camere, 
scanners lutia! salary (Whitley Council) 
at appropmate point on scale £1,030 to 

£1,774 plus London Weighting. 
Applcations as soon as possible to the 
tor, Royal Marsden Hospital, 


with names of two persons for reference 
(1475) 





UNIVERSITY COLLEGE 
CARDIFF 


Department of Physiology 


Apohcations are invited for the post of 


LECTURER 


Initial salary: £1,240 to £1,585, according 
to age and experience. The post may be 
of interest to applicants preparing for the 
Primary F.R.C.S. examination, who would 
be given appropnate facilities. In such 
cases the post would be hmited to the 
peciod October, 1969 to June 30, 1970. 


Applications (two copies) shoukd be sent 
by May 8, 1969, to the Registrar, Uni- 
vermty College, Cathays Park, Cardiff, 
CFI 3NR, fom whom further particulars 
can bo obtained. (1466) 





REGIUS CHAIR OF 
MATHEMATICS 
UNIVERSITY OF ST. ANDREWS 
The Secretary of bare for Scotland n- 


“nites applicauons for 


REGIUS CHAIR OF 


Secretary, 
House, Edinburgh, 1. 

Threo comes of applications, accom- 
pened by the names of three referees, 
should be sent to the Private Secretary, to 
reach him nob kater than May 21, nr 

438 





UNIVERSITY OF EDINBURGH 


PHYSIOLOGIST 


Applications are invited for the posts 
@ of LECTURER o 


coce will be given to candidates with some 
postgraduate experience. Applicants uld 
bave a veterinary, medical, and/or scien- 


ufic ; an honours degree in 

physiclogy woukl be an advantage. 

Salary Scales: Lecturer, £1,240 to £2,735 
;  Usavermty Demo 


May 16, 1969, 
Please quote Reference 1040/53. (1483) 





UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 
Applications are inwted for posts of LEC- 
TURER/ASSISTANT LECTURER as Usted 
below. Candudates should have at least a good 
honours degree with sumable teaching and re- 
search expericoce in addition to the special 
quahficadons where stated for the rezpective 


are available. 


Sta . 

DEPARTMENT OF PHYSICS: G posta). 

COMPUTER CENTRE: (1 post) 

Salary Scales: (approximate sterling equivalents 
at current exchange rates) are: Lecturers, £1,498 
by £65 to £1,889/£1,954 by £53 to £2,320 per 
; Assistant Lectur 


depending on marital status. 
Minimum £244 per annum, maximum £65] per 
annum 


Inducement AMowance: (if awarded) varies, (@) 
for Lecturers, up to £488 per annum; (b) for 
nt 


a cent of £163 to £204 per annum will be 
charged. 


Provident Food. Staff member contributes 5 
per cemt and University 15 por cent of basic 


Further perticulars and application forms are 
obtaineble from Association of Commonwealth 
Univermues (Appts), 36 Gordon Square, Lon- 
don, W.C.1. The closing date for receipt of 
applications is May 7, 1969. (1453) 

VICTORIA UNIVERSITY OF 
WELLINGTON 





Applicauons are anyited for the above- 
Mentioned post Candidates sboukd have a com- 
petence in tbe field of cultural geography and 
be able to contmbute to first and second year 


fications and expémence. Superannuation ws 
avadmbdic on an F.S.S.U. besis, and an allowance 
is made towards travelleng expenses. 

Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
don of Commonwealth 
Gordon Square, London, W.C.1. 
close on May 9, 1969. 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GENETICS 


Applicawons are invited for the post of 
in the above Department, 


LECTURER 
tenable from October, 1969. The person 


tween £1,240 and £1,585. Preference will 
be given to applicants with a Ph.D. or 
who wil have completed their PhD. by 
October, 1969. 

Farther information about the 


be 
not later than June 1, 1969 to the Sec- 
retary 10 the University, Old College, South 
Edinb 8. Please 


Bridge, quote Refer- 
ence 1033/53/2. (1520) 





REIGATE ROAD, EWELL 
DEPARTMENT OF BIOLOGICAL SCIENCES 

Required as soon as posubie: 

Principal Lecturer or Senior Lecturer in Im- 
munology or Biochemical Pharmacology to teach 
M.I Biol and assist in development of C.N.A.A. 
degrees Must hold a Ph.D 

Senior Lecturer in Physiology to teach 
M.I Biol. Expenence in teachimg and organising 
of laboratory anımal pathology desirable. 

Lecturer Grade F and Lecturer Grade I in 
Physiology to H.N.C., H.N.D, and M.I Biol. 
Industrial research 


or experience perucularly in 
animal pathology desirable 
Lecturer Grade II or Lecturer Grade I in Bio- 
chemistry to teach H.N.C. and M.J.Bwol. Ex- 
perience un teaching of analytical Biochemistry 
and/or industrial ence demrabic. 
Lecturer Grade in Medical Laboratory 


Sctences to teach appropriate apphed subject in 
H.N.C. and post H.N.C. courses and to assist 
with ¢eaching of cell biology for HNC. in 
medical laboratory subjects. Minimom qualifi- 
canons Fellowship of Institute of Medical 
Laboratory Technology with Diploma in Huto- 
pathology or Haematology. 
Salary: Principal Lecturer, £2,530 by 4 incre- 
ments to £2,850 pec annum; Senior Lecturer, 
£2,280 by 5 increments to £2,595 per 
Lecturer Geade II, £1,725 by 10 increments to 
£2,280 per annum ; Lecturer Grade I, £1,035 by 
14 increments to £1,835 per annum with addi- 
tions for appropriate and qualfica- 
tions to a maximum of £1,955 per annum for 
good honours graduate. AH posts qualify for a 
London Allowance of £85 per annum. New 
salary scaks pending Generous removal and 
disturbance allowances available m approved 


annum > 


casts. 
S.a.e. for ¢ornher particulars and apphcation 





forms from The Principal. A ns to be 
returned within fourteen days (1519) 
MICROPALAEONTOLOGISTS 


PALYNOLOGISTS 
ECONOMIC GEOLOGISTS 


pany tn ite Unolted Kingdom eand overseas con- 
Teseatch activities 





Research Linn 
Abergele, Denbighshire, United A 
(1504) 
GROUP PATHOLOGICAL 
LABORATORY 


LAKIN ROAD, WARWICK 
Applications are invited from graduates with at 
kast five years’ experience in clinical biochem- 
istry for ihe post of SENIOR GRADE BIO- 


Auto-Analysers are 


a will expected to investiga 
quality control techniques in ‘‘ ondine ™ analyti- 
cal systems 

The project is financed by the Department of 
Health and Social Security and is expected to 
Yast for not less than three years. 

The laboratory may be vested by arrangement 
with Dr. R. Robinson 

Applcations, together with the names of two 
referees, to the Group Pathologist. (1522) 





Weilcome 


LABORATORY 
TECHNICIAN 


We need a young man of HNC or equivalent 
standard, preferably with experience in 
parasitological techniques. He will assist 
with research into diseases of poultry . 
involving work both in the laboratory and 
with livestock kept under farm conditions. 
The instruction of junior staff also forms an 
integral part of the job. 

Please write with full particulars, quoting 
reference U.35, to Administrative Officer, 
Wellcome Veterinary Research Station, 

Frant, Nr. Tunbridge Wells. 








Great Lakes Division 
Inland Waters Branch 


Department of 
Energy, Mines 
and Resources 


Canada Centre for 
Inland Waters 








BURLINGTON, 
ONTARIO 














the 





ROYAL FREE HOSPITAL SCHOOL 


OF MEDICINE 
8 HUNTER STREET, LONDON, W.C.1 
Applications are invited for the post of RE- 
SEARCH ‘ASSISTANT o the Departmen of 


£850, durauon three years 

Applications, giving outline of previous career 
and training and cames of two referees, to Pro- 
fessor H A. (1433) 





PHYSICAL LIMNOLOGIST 
Salary to $19,747 


A senior research scientist is required to develop 
and pursue a program of hydro-dynamical lake re- 
search appropriate for Canadian lakes, especially 
the Laurentian Great Lakes, to provide appropriate 
guidance and co-ordination of the hydro-dynamical 
programs of the Physical Limnology Section and 
to participate in the planning of these and other 
physical and multi-disciplinary programs. 


Qualifications include university graduation, pre- 
ferably at the Doctorate level, in a discipline related 
to hydro-dynamics and many years of productive 
research in theoretical and applied research, pre- 
ferably in oceanography, limnology, or meteorology. 


For further details and application forms, write to 


BIO-PHYSICAL SCIENCES PROGRAM, 
PUBLIC SERVICE COMMISSION OF CANADA, 
OTTAWA 4, ONTARIO, CANADA. 

Please quote circular number 69-110-08. 





(1486) 


MEDICAL RESEARCH COUNCIL 


Applications are invited for a three-year ap- 
pomtment as a to measure the distribu- 
tion of 14C withio labelled glutamate, aspartate 
and glucose. Candidates should have already 
obtained a Ph.D. Salary within the range £1,400 
to £1,600, according to age and experience. 
Applications should be sent to the Director, 
Toxcology Research Umt, M R.C. Laboratories, 
on, Surrey, from whom further partcu- 
lara can be obtained. (1416) 
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FISHERIES LABORATORY 


Ministry of Agriculture, Fisheries and Food, 
Burnham-on-Crouch, Essex 


BIOLOGIST (graded S S.O /S O.) required for research into the biology and 
ynemics) of commercial 


(nduding populeton d 


quanutauve population studies ıs essential, 


fishery 
species of crustacea, An interest in 


Salary: SO £1,020 to £1,740; S S.O. £1,925 to £2,372 
Qualifications ; 1st or 2nd class honours degree, or equivalent qualification in appro- 


priate subject and, for SSO., et least three years’ post-graduate ex 


S.O. under 29, S.S.O. normally 26 to 31 
Non-contributory pension 


Age. 


Prospects of promotion 


APPLICATION FORMS are obtainable by writing to the Secretary, Civil Service 


Commission, Savile Row, London WIX 2A 
(after 530 p.m 01-734 6464 “ Ansafone”’ 


Closing date May 2, 1969. 


A, or by telephoning 01-734 6010, ext. 229 
service) 


Please quote $/52-53/69/MAF/2. 
(1474) 


BEECHAM PRODUCTS uk 
LIBRARIAN 


A vacancy occurs for a person to work with the Senior Librarian in 
providing a comprehensive library and information service. This post 
offers an opportunity to assist in establishing a mechanusation project. 
Other duties will consist of preparation of abstracts for an internal 


bulletin. 


Whilst the information and Library services main function is to support 
the research and development laboratories dealing with pharmaceutical, 
food and drink, toiletries and cosmetics, commercial information 1s also 


supplied. 


Applicants should have a good basic scientific education, the ALA quali- 
fication and previous experience in a technical information service would 
be an advantage. An attractive salary will be offered to the successful 
candidate who will qualify for excellent profit sharing and non-contribu- 


tory pension/life assurance schemes. 


Applications, giving brief personal and career details, should be sent to: 
Personnel Cflicer, Beecham Products U.K., 
Beecham House, Great West Road, Brentford, Middx. 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE. DD2 5DA 
STATISTICIAN—CROPS RESEARCH 
SECTION 


A graduate with an Honours Degree or 
equivalent in Statistics is required for a wide 
vanety of statistical and computing problems 
arising from fleld experiments and plant breeding 
Teacarch. Appointment in Scientific grade (S O./ 
S S.O ) according to age and experience. Salary 
scales S.O., £1,020 to £1,740; SSO, £1,925 
to £2,372 Special advance of £137 for Scientific 
Officers on completion of two years’ postgraduate 
experience, Superannuation under F-.S.S.U. 

Further particulars may be obtained from the 
Secretary, with whom apphcations, supported by 
the names of two referees, should be lodged by 
May 5, 1969. (1479) 





(1511) 


VACANCY, HONOURS SCIENCE GRADU- 
ate on Scale £1,175 to £2,275 or Senior Techni- 
can II with advanced experience blood group- 
ing. May or June, 1969. Superannvation, 
canteen —Detawed applications, naming two 
referees, Dr. A. E. Mourant, F.R S., Serological 
Population Genetics Laboratory, c/o St. Bartho- 
Jomew’s Hospital, London, EC.1. Phone 01-253 
4296 (1448) 





A Mcants must 
have outstanding knowledge, theoretical and prac- 
tical, and considereble experence of cereal 
breedmg. A salary commensurate with this im- 
portant position wil be offered to the successful 
appitcant.—Apphcations ın strict confidence 
direct to: The General Manager, Twyford Seeds 
Limited, Adderbury, Banbury, ties A 

(1309. 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 
Applcations are mwted for the following 
vacancy ` 
RESEARCH ASSISTANT IN 
THERMODYNAMICS AND TRANSPORT 
PROPERTIES MEASUREMENTS 
Appbcations are imvxed from postgraduate 
physical chemists, chemical engineers or appled 
Physicists for this post to work m 2 group con- 
cerned with measunng and evaluating thermo- 
dypanmncs and transport pro 


geneous and heterogeneons fi 
expermeatal making such measure- 
ments at a research level would be preferred. Ap- 
Polotment initially for one year from a mutually 
convenient date with extension. Salary 
range: £1,005 rising to £1,055 for the second 
and any su t years, with F.S S.U. The 
t of Chemical Engineering has well 
d research laboratones and shop facilities. 


(1426) 
UNIVERSITY OF WARWICK 





EDUCATION 
Applications are invited for the above Lecture- 
ship from suitably qualified dates. The 


Lecturer will be a member of staff of the School 
of Molecular Sciences and will be based in the 
School of Molecular Sciences where research 
facilities will bo provided. Ho will have bulf- 
ume responsibilities to the department of Bduce- 
ton, concerned with the educational implica- 
nons of his research interests mentioned below, 


of Warwick, Coventry CV4 7AL, to whom com- 
pleted applications must be sent by May 9, 
1969. (1445) 


ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS 


SCIENTIFIC OFFICER with training in 
agronomy and crop physiology to cesearch on 
methods of growing sugar beet. Starting salary 
in scale £1,020 to £1,740 per anoum according 
to experience. F.S.S.U. 

ENTOMOLOGIST OR BIOLOGIST to study 
the biology and comrol of soil inhabiting pests 
of sugar-beet seedlings. Temporary appointment 
for three years at a salary of £1,000 per annum. 

Candidates should have a first or upper second 

honours degree, but those graduating in 
1969 wall be considered. 

Both posts are at Broom’s Barn Experimental 
Station, i St. Edmunds, Suffolk, 
and applications, naming two referees, should 
be sent by May 15, to Dr. R. Hull, Head of 
Broom’s Barn tal Station, from whom 
further particulars of the work may be obtained 

(1481) 


FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 
CHAIR OF BOTANY 


Applications are invited for the Char of 
Botany. scale 








Detailed applications (six copies), naming three 
referees, by May 14, 1969, to Inter-University 
Counch, 90/91 Tottenham Court Road, London 
ae from whom particulars 
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TRACKING COBALT RESEARCH 
PROJECT 
ASSISTANT to the Director of the Royal 

Depammen 


particwam and three recent references to the 
Director, Radiotherapy Department, Royal 
Northem Hospital, London, N7. (1494) 


UNIVERSITY OF CALGARY 
OANADA 
CHEMISTRY DEPARTMENT 





Chemistry 
and The Assistantships are valued 
up to $4,600 ocr anoam and carry remeston of 
fees and a travel allowance. 

For fumher unformaton, write to The Charr- 
man, Graduate Admisuons Commitice, Obomustry 
Department, University of Calgary, $ 
Alberta, Canada. (1506) 


NATIONAL VEGETABLE 


RESEARCH STATION 
PLANT PHYSIOLOGIST OR SOL 
SCIENTIST 





required for studies on sod water available to 
plants, end explomation af soa water by crop 


sciences. 
(£1,020 to £1,740 per annum) 

Paruculars from Secretary, NV.RS, Weiles- 
bourne, Warwick Closing date for ceceapt_ of 
applications May 10, 1969 (1495) 


THE ROYAL SOCIETY 
INTERNATIONAL BIOLOGICAL 
PROGRAMME 
AFRICAN FRESHWATER TEAM 
Applications are invited from sultably qualified 
BIOCHEMISTS for a new post in the Royal 
Society Afncan Freshwater Biological Team now 
working on the productivity of Lake George, 
Uganda Work over the past three years has 
revealed a number of biochemical problems, par- 
ticularly ın the digestive processes of the fish, 
Tilapia, and i the mod/water relationships. The 
penon appointed will be expected to undertake 
research an one of these fields and to take a 
general interest in biochemical aspects of the 
team’s work. Applicams should have a good 
honours degree and some postgraduate experi- 
ence Living conditions at Lake George demand 
a willingness to live smmply in co-operation with 
other members of the Team. Salary in a scale 
£1,020 to £1,740 according to age and experience, 
with addiuonal overseas allowances. The ap- 
pomtment will be for a penod of two years in 
the first instance, renewable by mutual consent 

up to the end of 1972. 

Further details from the Executive Secretary, 
The Royal Socety, 6 Cariton House Tenrace, 
London, S W.1, by whom appkcations should be 
received mot later chan May 31, 1969 (1444) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 
SENIOR LECTURER/LECTURER/JUNIOR 
LECTURER IN PHYSIOLOGY/ 
PHARMACOLOGY/HISTOLOGY/ 
EMBRYOLOGY 
(Two positiona) 

Applcauons are invited for the above- 








ie fs desirable that epplicants should have 
perience in one of the folowing fields: 
Pharmacology and therapeutics. (6) Embryo- 
logy and butology (c) Physiology of rummants. 
(Œ Physiology with subsidiary interests in histo- 
logy, embryology or pharmacology. 

Appheants with major interests in cimical 
aspects of pharmacology would also be con- 


Salary in any of the following ranges’ Senior 
$NZ4,700 by S$NZ200 to $NZ5,500; 
Lecturer, $NZ3,100 by SNZ200 to SNZ4,800; 
Junior Lecturer, SNZ2,500 by SNZI00 to 


Further details of the positions and of the 
Univernty, together with conditions of appoint- 
the Secretary- 


W.C 1, or from the Registrar of the University. 
Applications close on June 30, 1969. (1512) 


SENIOR 
PARASITOLOGIST 


or BEECHAM RESEARCH 
LABORATORIES 


Vitamin Research Station, Walton Oaks, Tadworth, Surrey 


Applicants should be at least of Honours Degree or Ph.D. standard 
and previous experience of experimental chemotherapy of protozoal 


infections is essential 


Experience ın the evaluation of ani -malarial 


drugs would be especially advantageous. Encouragement is given to 
scientists to keep abreast of developments in their chosen field of 
research through ublication of papers where possible, and to attend 


appropriate scien 


meetings. 


Applications are invited from people who are currently earning no 
less than £2,500 p.a. There are generous fringe benefits including profit 
sharing which is equivalent to another 10-11% of salary and a non- 
contributory pension scheme. Consideration is given to payment of 
removal expenses for married men who have to move from their own 


house. 


Please apply in confidence stating briefty age, qualifications and experience 


and current salary to 


Research 
Lender 


Department of 
National Health 
and Welfare 


Government of 


Canada 


m Public 
Service 
of 
Canada 


Head of the Personnel Department, 
Beecham Research Laboratories, 
Brockham Park, Betchworth, Surrey. 

(1491) 





Salary up to $19,700 


Applications are invited for the position of Head 
of the Food Contaminants Section in the Food 
Division of the Research Laboratories, Food and 
Drug Directorate, Ottawa. 


An experienced scientist of proven ability and 
leadership is required to supervise and direct a 
research program concerned with the analysis and 
biochemical properties of trace contaminants of 
biological and metallic origin that are potentially 
hazardous to man. Present studies include the 
characterization and analysis of fungal toxins, 
insect metabolites and naturally occurring 
carcinogens. 


Proficiency in both official languages, while not 
essential, is a desirable qualification for this 
position. 


Résumés or requests for additional information 
should be submitted to the 


BIO-PHYSICAL SCIENCES PROGRAM, 
PUBLIC SERVICE COMMISSION, 
OTTAWA 4, CANADA, 

quoting reference 69-100-01. 





(1487) 
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CSIRO 


RESEARGH 
MATHEMATICIAN 


(INFORMATION SCIENCE) 






AUSTRALIA 


GENERAL The Commonwealth Scientific and Industrial Research Organ- 
ization, Australia, has, for some time, been evaluating computer techniques 
In relation to scientific and technical documentation. Studles include the 
provision for the research scientist of both selective and comprehensive 
bibliographies and of “current awareness” services. This is currently being 
undertaken by a central Information group consisting of librarians and scien- 
tists working In close collaboration with research workers tn the various 
CSIRO Divisions 


LOCATION The appointee, although initially located In Adelaide at the 
Division of Computing Research with access to a CD3200, will also be 
expected to work in close contact wrth the research scientists of that Division 
tn Canberra (where a CD3600 Is located.) He will have the support of 
computer programmers and data preparation personnel, as well as the central 
information group. 


DUTIES The appointee will be required to undertake research into all 
aspects of the automation and mechanization of sctentrfic and technical 
information and to provide a co-ordinating force within the existing staff 
structure. 


QUALIFICATIONS Applicants should have a Ph.D. degree In mathematics 
or mathematical statistics or postgraduate research experience of equivalent 
standard duration, supported by satisfactory evidence of research abllity. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Senior Research Scientist, $A6,963— 
$A8,045 p.a. or Principal Research Scientist, $A8,313-$A9,561 p.a. 
Salary rates for women are $A428 p.a. less than the corresponding rates 
for men. Promotion within CSIRO to a higher classification is determined 
by merit. 

CONDITIONS The appointment, which carries with rt Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination. An initial probationary period of 
twelve months may be specified. Fares paid for the appointee and his 
dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No: 118/194), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not 
more than four persons acquainted with the applicant's academic and 
professional standing, should reach :— 


Mr. R. F. Turnbull, 

Chief Scientific Llalson Officer, 
Australlan Scientific Lialson Office, 
64-78, Kingsway, 

LONDON, W.C.2. 
































by the 76th May, 1969. 
(1492) 









UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE NAIROBI 


Applications are invited for LECTURESHIP 
IN GEOGRAPHY. Preference gven to apph- 


cants with terest in Human Geo- 
graphy. Appointee will in addition be expected 
to offer lectures on the Regional Geography of 
Europe and North Amenca. Salary scale: 
-£K1,350 to £K2,230 per annum (£K1=£1 3s. 4d. 
sterlmg). Salary suppiemented in appropiate 
case under Brith Expatnates Supplementation 
Scheme in range of £345 to £410 per annum 
Gtechng). FSS.U. Family passages; regular 
overseas leave 

Detailed applications (six copres), naming three 
referees by May 26, 1969, to Inter- 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom perticulars 


UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA, CANADA 
DEPARTMENT OF PHARMACOLOGY 


Applicauons are 
September 1, 
Pharma: 


$14,300 to $19,050 for Associate Professor, and 
$19,100 and up for Professor. 
commencmg salary will depend on the qualifica- 
dons and experience of the successful applicant. 


UNIVERSITY OF LIVERPOOL 
SECOND CHAIR OF ORGANIC 
CHEMISTRY : 








by the undersigned, 
Pacticulars may be obtained. Please quote 
Ref: RV/2648/N. 4 
Candidates overseas may scnd one copy 
only, by armai. 









H. H. BURCHNALL, 
Registrar. 


The Universty, 
P.O. Box 147, 





(1457) 






Apptications are invited for posts in 
the following Departments: 


COMPUTATIONAL SCIENCE 
LE 


CTURER ` 
IN NUMERICAL ANALYSIS (two 
posts). It is hoped that one of the 


and that both wiH play a full part 
in teaching at undergreduate and 
graduate levels. Reference No. 21/ 


10/D. 


BOTANY 


Candidates should have special inter- 
ests in the study of plant growth and 
reproduction under field conditions. A 
knowledge of statistics, computer pro- 
gtamming and controled environment 
work would be advantageous. Refer- 
ence No. 27/2/D. 

SALARY SCALE: £1,240 by £115 
to £2,735 (efficency bar £2,390). 

tons 


and Secretary, the University, 
Leeds, LS2 9JT (from whom further 
may be obtained) not later 

than Apdcil 


27, 1969. quote 
reference numbers. (1459) 





INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, LONDON, WC.1 


TECHNICIAN required for work in Depart- 
ment of Anatomy. Knowledge of olectron 


per annum, 
cording to age and experience. 

ANIMAL TECHNICIAN Deel sar 
qured. Previous experience desira! 
tween 18 and 24. Salary within scale £580 to 
£850 per annum according to ege and experience. 

Applications for either of these posts 


be addressed to the Secretary at the 
address. 





GLASGOW ROYAL MATERNITY 
AND WOMEN’S HOSPITALS 
RESEARCH DEPARTMENT 
PRINCIPAL BIOCHEMIST 


469) 
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UNIVERSITY OF LIVERPOOL 
ELECTRON MICROSCOPIST 


Applications are anvited for che post of Tech- 
nical Officer ın the of Veaennery 





SENIOR BIOCHEMIST 
PRINCESS ALEXANDRA HOSPITAL 


mques in chnal 
be capable of supervising the work of anior staff. 
The Drwsion s n charge of the Clinical Biochemist, who is a Science graduate 


The 
Brochenust and will take charge of the Divmon 


Salary scale $A254 80 to $A262 80 per 


fortnight, 
m available. Subject to certain conditions, travellmg 


Applications co 
publications, and 
Brsbane Hospitals 
Australia, by May 31, 1969. 


UNIVERSITY OF MELBOURNE 


DEPARTMENT OF STATISTICS 


Applications are invited for the above-men- 
Department bas an active 


$A7,500 to $8,750 per annum. 
be determined accordmg to quahfications and ex- 


perience. 
Further informanon, including details of 
superannuation, travel and removal expenses, 


housing assistance and conditions of appout- 
meat, 1s available from the Association of Com- 
monwtalth Universities (Appts), 36 Gordon 
Square, London, W.C.1. Applcations close on 
May 31, 1969. (1513) 


UNIVERSITY OF ADELAIDE 
Applicauons are invited for the following ap- 
pointmene the closing date for applications being 
stated in parentheses efter the post: 
LECTURER IN ANIMAL PHYSIOLOGY at 
the WAITE AGRICULTURAL RESEARCH 





in neuroendocrinology, 
biochemistry, endocnnology or beba 
physiology 1s demrable (May 15, 1969.) 

SALARY SCALES: Lecturer, $A5,400 by 
$A280 (1) by $A270 (6) to $A7,300, with super- 
annuation on the F.S.S U. bams. 

FURTHER PARTICULARS about cach post 
and the condruons of appomiment and other in- 
formation sought will be supplied on request to 
the Registrar of the University, or to the Secre- 
tary-General, Association of Commonweakh Uni- 
verities (Branch Office), Marlborough House, 
Palt Mall, London, S.W.1. 

APPLICATIONS should be sent in duplicate 
and giving the information listed m the statement 
that will be supplied to the Registrar, the Univer- 
sity of Adelaide, North Terrace, Adelaide, South 
Austraha 5001. (1514) 


ST. GEORGE’S HOSPITAL 
TOOTING GROVE, SW 17 


There 1 a vacancy for a JUNIOR SCIEN- 
TIFIC OFFICER wm the Cytology Laboratory, 
working in the field of cancer diagnoms Pre- 
vious experience desirable but not essential as 
opportunities for traming can be provided. 

Applicauons in writing to Secretary, &. 
George's Hospital, Tooung Grove, ede vere 

4 





G. K. BUREAU 
Offer Free Personal Service To 
SCIENTIFIC AND TEOHNIOAL STAFF 
especially 
Agncultureists, Applied Brologtsss, 
Chemists, Metallurgists, 
Geologists, Phyacists and Technicans 
Ring oc Write s8 
Interviews ere by Appointment Onty 
17 Shaftesbury Avenue, W 1, 734 Wie D 
150 


$A6,855 per annum.) Super- 
expenses for the successful 


Board, Ipswich Road, Woolloongabba, Brisbane, Queensland 4102, 


(1523) 





UNIVERSITY OF CAMBRIDGE 

Appheations are wmyrted for the office of 
UNIVERSITY DEMONSTRATOR IN THE 

DEPARTMENT OF ANATOMY 

The initial appointment will be for three years 
from October 1, 1969. Facilites for research 
wi be available, and the person appointed will 
urvestigate modern methods of teaching anatomy. 
The pensionable stipend mw on a scale £1,355 by 
£115 to £1,815 a year with initial placing above 
the mnmum where eppropriate There is a 
grant ¢owards removal expenses. 

Ten copies of apphcanons, together with the 
names of not more than three referees, should 
be sent to G. R. ANDERSON, The Old Schook, 
Cambridge, CB2 1TT, to arrive oot later than 
May 14, 1969. (1437) 


INDIAN PLYWOOD INDUSTRIES 
RESEARCH ASSOCIATION 
BANGALORE (NDIA) 


Applications are invited for the post of 
DIRECTOR, Indian Plywood Industries Research 
Associauion, tenable at Bangalore. Persons hold- 
ing a Doctors degree m Engineermg, 





Chemistry or Physics with research experience 
well be considered. Pay Rs1,800 by Rs.100 
to Rs2,000 


For further particulars and application forms 
please apply to: President or Director, Indian 
Plywood Industries Research Associatron, Post 
Bag No. 3, Tumkur Road, Bangalore 22, before 
May 15, 1969 (1517) 


UNIVERSITY OF BRISTOL 


RESEARCH ASSISTANT IN BIOCHEMICAL 
EMBRYOLOGY AT THE MEDICAL SCHOOL 

A Research Assistant is required for work on 
mechanisms of differenttion ın embryonic ces, 
commencing September/October, 1969. Honours 
graduate with qualifications in biochemistry pre- 
ferred. Opportunity to read for Ph D. degree if 
according to qualifications. 
Further information obtained from Dr 
Deuchar, Department of Anatomy, The Mech- 
cal School, Brsto] BS8 1TD. 

Appkeationa, with the names of two referecs, 
should reach the above address by May Rt 


UNIVERSITY OF LAGOS 


Apphcations are invited for the CHAIR OF 
PHYSICS ın the School of Mathematical and 
Physical Sciences tenable from September, 1969. 

. annum (£Ni= 





Bntsh 
Superannuation scheme, 
famıly passages ; regular oversees leave 

Detailed applications (mx copies), aaming three 
referees by May 15, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available 





(1515) 
RESEARCH BIOCHEMIST UIRED IN 
the Laboratoire d'Embryolome Expérimentak of 
the Colltge de France. Salary in the range 





pool L69 3BX Quote Ref RV/2654/N. 
(1509) 
UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN CHEMISTRY 
are invited for above post. The 





(1507) 





post, in Biochemistry Departmen 
on plant-disease interactions with special refer- 
ence to root «nfections The second, in Plant 


in loamless composts. 
degree in appropriate 
try, or an equivalent qualification. 
ity for persons appoimed to 
higher Salary within range £568 to 
£1,213 —Further pertcolars available from Sec- 
retary to the Insutute, Worthing Road, Rusting- 
ton, Littkhampton, Sussex, to whom applications 


sent by May 10, 1969. 


work for 





GRANTS & SCHOLARSHIPS 


BEDFORD COLLEGE 
(UNIVERSITY OF LONDON) 
REGENTS PARK, N.W.1 


Applications are invited for a 


TUTORIAL RESEARCH 
SCHOLARSHIP IN ORGANIC 
CHEMISTRY 


Value £1,120 to £1,295, tenable for the 


Full particulars from the Secretary of 
the College. (1467) 





LECTURES AND COURSES 


AUTORADIOLOGY FOR 
BIOLOGISTS 


A five-day course commencing on Monday, 
May 19, 1969 


WOOLWICH POLYTECHNIC 


DEPARTMENT OF BIOLOGY AND 
CELL SCIENCE 


Speakers to include Dr. S. R. Pek, Dr. 
P. B Gahan, Dr. 9. lo Dr. G. G. 


FEE: £11 Gnclusive of meals). 


Details and application forms available 
from the Secretary, Admussions - 
meat 10, Woolwich Polytechnic, W t- 
ton Street, London, S.E.18. (1478) 
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-Brunel University 
ADVANCED STUDY COURSES IN 


Semiconductor Physics 
and Technology 
AND 
Vacuum Physics and 
Technology 


will start in the first week of October, 
1969, and will be offered on both part-tume 
and fulitime bases. bly qualified 
students in physics or a cognate subject 
will be eligible to reguster for the 
degree of Master of Technology in Appked 
Phyatcs. 


Further information and 
btain 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
M SC. COURSE IN MICROBIAL 
BIOCHEMISTRY AND FERMENTATION 
TECHNOLOGY 

The course will be held from October 1969 
to June 1970, and is intended for the training 
of students wn this specialised field, in order tha 
they can work îm the fermentation, pharma- 
ceutical, food and allied industries, or in research 
institutes or universities interested m this area 
of biochemistry 

The syllabus includes Microbiology, with par- 
ticular reference to organisms of industrial aig- 
nificance ; Microbial Biochemistry, especially bio~ 
synthesis of microbial metabolites; and Fermen- 
tation Technology, for which this department is 
uniquely equipped with pilot plant facilucs, in- 
cluding fermenters up to 3,000 htres capacity. 
Emphass ıs laid throughout the course on peac- 
ucal work, with the use of advanced modern 
techniques, both in the laboratory and in the 

t (2 ji 
PET canine i rendei for odei eih la 
good first degree which includes biochemistry. 

The Science Research Council has accepted 
this course, and has given it a ptionty category. 
Grants are available for smtable students. The 
S.R C. also awards Industnal Studentships for 
students seconded from industry, ın which the 
normal student grant may be supplemented by 
the employer. 

Inquiries should be made to Professor E. B. 
Chain, F.R.S. Department of ochemistry, 
Imperial College, London, S.W 7. (1503) 





UNIVERSITY COLLEGE LONDON 
FREE PUBLIC LECTURES, SUMMER TERM 
1969 
Thursday, May 1, at 5.30, “ Bee Venom,” 

Professor C. A. Vernon (Inaugural Lecture). 
Wednesday, June 11, at 530, “ X-rays feom 
the Stars,” by Professor A. P. Willmore (n- 
augural Lecture) 
Complete lust of public lectures from Publica- 
uons Office, U College London, Gower 


Street, W.C.1. (Stam envelope required.) 
E ped envelope reanga, 


IMPERIAL COLLEGE 
LONDON, 8.W.7 


A course of eighteen post experience lec- 
tures on 


“ OPTICAL, INCLUDING 
LASER AND SPECTROSCOPIC, 
METHODS FOR THE STUDY 


OF FLAMES AND HOT 
GASES ” 
arranged by Professor A G. Gaydon and 


Professor F. J. Wemberg, wall be held en 
the Department of Chemical Engineenng 
and Chemcal Technology from June 4 to 


11, 1969. 


Details from the Regisurar, (1429) 





IMPERIAL COLLEGE 


LONDON, S.W.7 


A two-day course of postgraduate and 
post expemence lectures on 


“AEROSOLS IN RELATION 


TO AIR POLLUTION” 


arranged by Dr. M. D. Carabine, will be 
given in the Department of Chemical En- 
gineermg and Chemical Technology on 
May 28 and 29, 1969. 


Details from the Registrar. (1432) 





THE CITY UNIVERSITY 


COURSES IN INFORMATION 
SCIENCE 


ACADEMIC YEAR 1969-70 


1, MASTER OF SCIENCE 
DEGREE 


A FULL-TIME course of one calendar 
year’s duration, commencing in October, 
1969, ws offered to honours graduates in 
science, engineering, social scence or 
economics, who intend to specinkse in fm- 
formation work. 


The course has been recognized by the 
Science Research Council es surtable for 
the tenure of postgraduate studentships. 
Applicants who are accepted will be 
eligible to apply for residence in North- 
ampton Hall. 


2. DIPLOMA OF THE 
UNIVERSITY 


A two-year day-release course, which 
will be held on Wednesdays from 945 to 
6 pm., duning tecm time, us offered to 
gtaduatea in science, engineering, 


science. 


For further information and application 
form apply to the Information Science 
Course Organiser, The City University, St. 
John Street, London, E.C.1. (1461) 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
MSC. IN BIOCHEMISTRY 


The Department of Biochemistry offers a post- 
graduate course in Biochemical Mechantsms, 


The course extends from early September to 
the end of July and includes: Enzymes, co- 


gain drect practical 
m using the most modern biochemical 
tation. 

Both S.R.C. and M R.C. grants are available 
for sustable candidates. 


:_ Professor B. B. Chain, F.R.S, t 
ochemistry, Imperial College of Science and 
Institute Road, todon, 





OF LONDON: A COURSE 


- UNIVERSITY 
of three lectures enutled “ Mental Chromometry : 


Experiments on Human Reaction Times” will be 
delivered by Professor Paut Bertelson (Brussels) 
at 6 pm on April 28, 29, end 30 at Unwersty 


College (Anatomy ure » Gower 
Street, WC.1. Admiseon free, without ticket. 
—M. A. Baz, Academic Registrar, (1496) 


eee eee eee eee 
FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon sates F Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE BUMANITIES 









FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF 
MANCHESTER 


RESEARCH STUDENTSHIPS 
IN SCIENCE 


Applications should be sent to the Regs- 
trar, The Untrersuy, Manchester M13 9PL, 
from whom further and forms 
of application may be obtained. Please 
quote ref 72/69/Na. (1499) 





UNIVERSITY OF 
THE WEST INDIES 
TRINIDAD 


CH 

(SOM. CHEMISTR’ IN DE- 

PARTMENT OF SOIL SCIENCE. Applicants 
should bave a degree in chemistry, egricaltoral 
ch or soil science, preferably with some 
Postgraduate eae ante foterest an chemistry 


ber 1969 or soonest $ 
(a) £1,550 to €2,630 per annum, (b) £1,250 to 
£1,410 per ennum. allowance. FSS. 
Family passages, trrennfal study ieave. 

Detaited appliomions (6 copies), gaming 3 
referees, should be sent by May 14, 1969, by 
Persons living in the Americas and Canbbean 
area to Secretary, Unwers:ty of the West Indies, 
St. Augustine, Trinidad, and by all others to 


InterUaivermty Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further particulars 
obtainable sumularly, 


(1489) 





UNIVERSITY OF EDINBURGH 


RESEARCH FELLOW IN 
ELECTROPHYSIOLOGY 


Applications are invited for appointment 
as a fulltime postdoctoral research fellow 
in the S.R.C. Somatosensory research 
group in the Depertment of Phystology, 
Royal (Dick) School of Veterinary Studies. 
Work centres on tbe properues and fuoc- 
tion of cutancons afferent fibres and their 
central projections, especially in permates. 
Experience in neurophysiology is essential 
the application of 


and some expenence fn 
“ ondino” computer techniques would be 
an advantage. 

The post s tenable for three years, 
the salary is FAO by £115 to £1,700 


and 
per 
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NATIONAL HEART 
FOUNDATION OF AUSTRALIA 


FELLOWSHIPS AND GRANTS 
FOR RESEARCH 


Applications, closing June 30, 1969, are 
invited for financial assistance for 
in cardiovascular and related fields. The 
work may be pursued in any of the basic 
medical sciences or as a clinical investiga- 
top. 

Awards will be made in the form of 


Fellowstups, Grants-in-Aid, Research 
Studentships and Overseas Travel Grants. 
FELLOWSHIPS 


The foHowing types of Fellowship will 
be open to University graduates to engage 
in full-tume research in approved labora- 
tones and/or clinics: 

RESBARCH FELLOWSHIPS: for 
graduates up to 35 years of age who have 
shown promise of ability in research; ten- 
able m the first instance for one to two 
years; salary will be within the range 
$5,300 to $7,260 per annum 

SENIOR RESEARCH FELLOWSHIPS: 
for graduates with substantial experience 
and proven ability in research; tenable for 
three to five years; salary wall be within 
the range $7,470 to $9,120 per annum. 

OVERSEAS RESEARCH FELLOW- 
SHIP for graduates with at Geast two 
years’ experience, and significant achieve- 
ment, in research; normally tenable for 
three years of which the first two will be 
spent overseas and the third in Australia ; 
salary will be in accordance with qualfi- 
cations and country of tenure. A travel- 
ling allowance equivalent to tounst class 
return air fare for the Fellow and bs 
family vall be pard. 

OVERSEAS CLINICAL FELLOW- 
SHIPS: for graduates with appropriate 
cardiovascular experience 
qualification secking advanced 
(rainmg at approved overseas institutions 
for one or two years. Salary and allow- 
ances similar to Overseas Research Fellow- 
ships. 

THE WARREN MCDONALD INTER- 
NATIONAL FELLOWSHIP to enable a 
senior overseas research worker of proven 
abıhty to travel to Australa and spend one 
year with ao active Australen research 
group. Application must be in the form 
of nominations by Heads of Australian de- 
partments or insututions. Stipend up to 
$9,120 per annum plus travel grant. 


GRANTS-IN-AID 


These will be awarded only to non-profit 
institutions in Australia which possess the 
requrite basic rescarch facilxies. Grants 
may be made for one or two calendar 
years to support a particular research pro- 
gramme, normally under the supervision of 
a fulkuume responsible investigator and 
with the approval of the Head of the rele- 
vant Department. 

A grant may cover salaries for full-ume 
Or part-time research assistants and for 
technical and other assistants, equipment 
and supphes. 


RESEARCH STUDENTSHIPS 


Provision may be made under Grants-in- 
Aid for approved proyects, for the appoint- 
ment of research students proceeding to 
the degree of Doctor of Philosophy. The 
allowance payable to research students will 
be $2,400 per annum with annual incre- 
ments of $200 


OVERSEAS TRAVEL GRANTS 


These wl be awarded to expenenced 
research workers and clinicians to enable 
them to gain experience of overseas de- 
yelopments in cardiovascular medicine and 
research They cover the cost of tounst 
air fares only and additional supends or 
allowances will not normally be paid. 














































Instructions concerning applications and 
brochure containing further information 
may be obtained from the Medical Drrec- 
tor, National Heart Foundation of 
Austraha, Box 691, Post Office, Canberra 
City, ACT., or from the Registrars of 
Austrakan Unrversities. 

Applications received after the closing 
date cannot be considered. 
APPLICATIONS CLOSE ON JUNE 30, 

1969 (1500) 











































should be addressed to: 














THE NUFFIELD FOUNDATION 
TRAVELLING FELLOWSHIPS IN TROPICAL 
MARINE BIOLOGY 

The Nuffield Foundation offers annually up to 
three fellowships to enable establhed teacher 
of biology an U.K. universities to travel overseas 
(for a period of between six and twelve months) 
to gam research experience in a tropical mshore 
manne environment. Conmderation can alo be 
given to applications from physical scienusts for 
whose teaching such experence would provide 
a special stimulus, and from candidates with 
teaching interests who may be working in inst- 
tutions other than universities. The fellowships 
are open to men and women holders of U.K or 
other Commonwealth umversity degrees, prefer- 
ably in their 30s or 40s. value of the 
awards will be determined on an ad hoc bass 
but will cover fares, subsistence allowances, re- 
search and other running expenses 

Applications, for awards to be taken up in 
1970, sbould be submitted by June 30, 1969. 
Further particulars and forms of a tion are 
available from the Nuffield Foundation, Nuffield 
Lodge, Regent’s Park, London, N.W.1. (1364) 


THE ROYAL SOCIETY 
INTERNATIONAL BIOLOGICAL 
PROGRAMME 

Applications are invited for a Post-doctoral 
Research Fellowship tenable at the Nuffield Unit 
of Tropical Animal Ecology, Queen Elwabeth 
Park, Uganda. The fellow w required for a 
study of the ecology and pmmary production of 
the thickets in the savanna grasslands in which 
lve large numbers of mammals; the shrubby 
thickets appear to be associated with termite 
nests Applicants should have a Ph.D. an plant 
science or other appropnate biological fields, and 
be under 30 years of age. Salary en a scale 
£1,260 to £1,740 accordmg to age. with add- 
tional overseas allowances. The appointment will 
be for a period of two years in the first in- 
sance, renewable by mutual consent up to the 
end of 1972. 

Further details from the Execunve Secretary, 
The Royal Society, 6 Carlton House Terrace, 
London, S W 1, by whom applications should 
be received not later than May 31, 1969 

(1443) 





PHARMACEUTICALS DIVISION 
Alderley Park Research Laboratories 


Research 
Fellowship 


A Fellowship will be available from September 1, 1969, for a 
period of one or two years, for a post-doctoral Organic Chemist 
to work with Dr. J. S.“Morley’s group at the Alderley Park 
laboratories. The successful applicant will be experienced in pep- 
tide synthesis and would work on the synthesis and structure- 
activity relationships of biologically-active peptides. 


J. Leak, Assistant Personnel Manager, 
Imperial Chemical Industries Ltd., 
Pharmaceuticals Division, Mereside, 
Alderley Park, Macclesfield, 
Cheshire. SK10 4TG. 









The stipend, depending on qualifications and experience, would 
probably be ın the range of £1,500-£1,800, plus £100 allowance 
for superannuation/life assurance cover. 


Enquiries, giving bnef details of age, qualifications and experience, 








UNIVERSITY OF LONDON 
KING’S COLLEGE 


DEPARTMENT OF MATHEMATICS 


Applications are invited for the post of 
TUTORIAL STUDENT IN MATHE- 
MATICS, tenable from October 1, 1969. 
Candidates should have a good honours 
degree and would be expected to engage in, 
research for a higher degree. The value 
of the Studentship is at present £630 per 
annum and the maximum tenure is four 
years. 

Application forms and further particulars 
may be obtained fram the Realstrar, King’s 
College London, Strand, London, W.C.2; 
and should be returned to fum by May 12, 
1969 (1498) 





SYMPOSIUM 


LIVERPOOL REGIONAL COLLEGE OF 
TECHNOLOGY 


RECENT DEVELOPMENTS IN 
CHROMATOGRAPHY 


A SYMPOSIUM 
MAY 15-16, 1969 


Dr. M. Barber, 


Further paruculars from the Head of 
Department, Department of Chemistry and 


Biology, Liverpool Regional College of 
Technology, Byrom Street, Liverpool L3 
3AF (051-207 3581). (1425) 
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ULTRA-CENTRIFUGE 
PATTERN... 







{ACTUAL SIZE) 






WAS RESOLVED LIKE THIS: 










Results like this can be achieved in 
your laboratory, possibly with your 
present spectrophotometer. 






Gilford “building block” accessories 
give you extra flexibility to meet your 
growing needs. No single-purpose in- 
strument was used to analyze this 
film strip. The results were obtained 
with a multi-purpose spectrophotom- 
eter equipped with the Gilford Model 
2410 Linear Transport. 


The Model 2410 Linear Transport 
can handle such materials as photo- 
graphic emulsions, cellulose acetate 
membranes, and polyacrylamide gel 
cylinders and slabs. These materials 
can be analyzed in both the UV and 
VIS regions, as the monochromator 
provides energy throughout this range. 































SCAN OF FILM STRIP FROM AN 
ANALYTICAL ULTRA CENTRIFUGE 









INSTRUMENTS Gitford Model 2410 Lmear 
Transport and Mode! 2400 Spectrophotometer 
X - AXIS 055 cm/m 

Y-AXIS 00-10 Absorbance 

SCAN SPEED 10 cm/mn 

CHART SPEED 05 min /m 

APERTURE 0 05 mm x 23 mm 

SOURCE Gilford Appheations Laboratory 
Gberkn, Ohio 44074 








Learn how easily and inexpensively 
this device can be adapted to your 
present system. Phone 216/774-1041 
today, or write for Bulletin N-1949 












“WITH THE MODEL 
2410 LINEAR 
| TRANSPORT 









INSTRUMENT 
LABORATORIES INC 
OBERLIN, OHIO | 
44074 
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New titles in the series. 


DOCUMENTS ON MODERN PHYSICS 


- LAGRANGIAN FORMALISM AND 
SYMMETRY LAWS 


By M. Gourdin, University of Paris 


Contents: LAGRANGIAN FORMALISM; CANONICAL COMMUTATION & 
LAWS; POINCARE GROUP, CONTINUOUS TRANSFORMATIONS; SPACE 
REFLECTION; CONJUGATIONS; TIME REFLECTION; TOTAL REFLEC- 
TION; QUANTIZATION OF FREE FIELDS 

108 pp Cloth £4. 5s. Gd. Paper £2. 10s. Od. 


METHODS OF RESOLUTION FOR 





SELECTED BOUNDARY PROBLEMS IN 
MATHEMATICAL PHYSICS 


By R. Lattés, Groupe SEMA, Paris 


This work concerns methods of resolution in borderline problems of mathe- 
matical physics, particularly pertinent to the field of nuclear reactors. All in- 
cluded problems are solved in a detailed manner to allow easy reading. 

200 pp Cloth £4. 15s. Od. Paper edition also available 


LECTURES ON THE 
| MOSSBAUER EFFECT 


By J. Danon, Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro 


Contents: RESONANCE SCATTERING OF PHOTONS; RECOIL-FREE 
PHENOMENA IN LOW-ENERGY GAMMA TRANSITIONS; CALCULATION 
OF MOSSBAUER RECOIL-FREE FRACTION; EXPERIMENTAL ASPECTS 
OF MOSSBAUER EFFECT; HYPERFINE INTERACTIONS IN MOSSBAUER 
EFFECT; NUCLEAR ISOMER SHIFT AND QUADRPOLE SPLITTING IN 
57F e:MOSSBAUER EFFECT AT HIGH PRESSURES AND ELECTRONIC 
CONFIGURATION OF IRON 


160 pp Cloth £3, 15s. Od. Paper £1. 19s. 6d. 


| 12 BLOOMSBURY WAY 
: | | LONDON w.c.1 


ential 














Macmillan (Journals) Limited 
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Take It 
from here- 


In this brochure you'll find 
the pumping system you want 
READY BUILT! 


Make your choice from 17 
Edwards standard high vacuum pumping systems 


Your time and facilities are valuable; 
you want to use high vacuum plant, not 
design it and build it and test it—that is 
Edwards’ job. It is indeed, and we feel 
fairly confident that one of the 17 stan- 
dard outfits described in our new ‘Com- 
bined Pumping Outfits’ 16 page bro- 
chure could meet your requirements. 
The range covers 1in, 2in and 4in sizes 


: Edwards 


Edwards Vacuum Components Limited A member of the BOC group 


(nominal diffusion pump bore) and vari- 
ations with regard to instrumentation 
and accessories are allowed for. Ask for 
your copy of the brochure now, while 
you think of it. 

The choice does not really stop even at 
17. Many larger systems are readily built 
from standard components; let us know 
your requirements. 

d 


$ 


Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 


IMMM 
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Introd ng the NEW 


072 
Signal 
Averaging 

Computer... 


Featuring: 20 microseconds/address sweep speed 
with 9-bit resolution » Decimal number CRT disp 
of address and data values « Expandable memory. 


e Wide variety of measurement plug-ins. 


Data modification capabilities including: 
additive and subtractive transfer e addition and 
subtraction of constants « integration and differentiation 
e normalization and curve smoothing. 
Complete systems from less than $9,600. 
For complete details please request your copy of the new 
“Guide to the Series 1070 Signal Averaging Computer.” 


FABRI-TEK instruments, Inc. 


A 


Dept . 5225 Verona Road, Madison, Wisconsin 53711 Phone 608/238 8476 
IN CANADA Ahearn & Soper Limited, 844 Caledonia Road, Toronto 19, Ont 
Tel (416) 789 4325—Telex 02 2757 Branches in Montreal and Vancouver 
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Digital Densimeter £107°g/cc accuracy 


Range 0-14g/cc continuous. determinations of purity or concentration are 
Seven digit neon tube display. needed. 


Suitable for gases and liquids up to high 


Temperature range —10 to +40°C. A good 


viscosity. quality ultrathermostat is the only necessary 
The simple principle (after Stabinger,Leopold extra equipment needed. 

and Kratky) consists of measuring the change Full detalls from 

In resonant frequency ofa mechanical oscillator Stanton Instruments Ltd. 

filled with 0.4 or 1.5cc sample. No separate Copper Mill Lane, London SW17 

weight or volume determinations are necessary. 01-946 7731 
Applications exist in brewing, food, chemical, Cables: Stanbal London SW17 


petroleum industries etc. wherever accurate 





SELF - CONTAINED 


Compactly designed, the ISODYNAMIC Magnetic Separator has 
a rugged, lightweight cast aluminium base which contains: 


@ Variable transformer controlling power to the magnet through a 
@ Silicon rectifier 

@ On and off switch 

@ High-low range switch 

@ Switch for chute vibrator 

@ Potentiometer for control of vibrator intensity 

@ Ammeter set in column tn plain sight 


@ Circuit breaker 


This is the original and only ISODYNAMIC Magnetic Separator. 
ONE neat, clean, space-saving package 


Many other improvements in the ISODYNAMIC Separator have 
been made since it was first introduced, increasing its convenience 
and ease of operation. . . . Handwheel moved from top to side 
of column for quick, easy rotation of the electro-magnet.... Engraved 
index moved forward for better visibility ın side slope dial reading. ... 
More rugged, powerful, quiet vibrator is Practically wear-proof. . .. 
Solid plastic slope feed socket eliminates metal to metal contact; 
holds feed adjustment without need of thumbscrew... . And a 
circuit breaker takes the place of a fuse formerly used. 





MODEL L-1 SET FOR INCLINED FEED 
VERTICAL FEED ATTACHMENTS AVAILABLE 


For more complete Information write for Bulletin L-1 


S. 6. FRANTZ ÇO., Inc. 


304 East Darrah Lane 
P.O. Box 1138, Trenton, N.J. 08606 
Cable Address: MAGSEP, Trentonnewjersey 
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Meanwhile, back-at the accelerator... = 


a 


The neutron, having been released during the quantity by the smallest Van de Graaff accelerators. 
collision of a deuteron and a target nucleus of tritium, Along with protons, deuterons, alpha particles, 
flew over to the heavy water, where It generated electrons, and photons, — when needed. 


two more neutrons. One of these travelled back to 
a detector, which had actually been waiting since 
an alpha particle from the d,T collision started the 
time-of-flight clock. 


Modern Van de Graaff accelerators are the most 
versatile made, from teaching machines at 400 KeV 
to the big tandems, which, at 32 MeV protons, 
extend the investigation of nuclear structure to the 


Nobody was hurt. heaviest elements. 

But more important, neutrons are excellent for Back at the accelerator, people are doing physics. 
studying nuclear reactions, and they can be 

generated inexpensively, monoenergetically, and in thy HIGH VOLTAGE ENGINEERING 


The complete line of Van de Graaff accelerators is described ın our General Catalog. 
Write High Voltage Engineering Corporation, Burlington, Massachusetts, or Amersfoort, The Netherlands 





vl NATURE, APRIL 26, 1969 











DYES FOR USE IN ALL INDUSTRIES | 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or $ 
testing processes you are invited to contact 


for supplies. 






New Titles... 


IONIZATION, CONDUCTIVITY AND 
BREAKDOWN IN DIELECTRIC 
LIQUIDS 


Ignacy Adamczewski. 
Technical University of Gdansk, Poland. 


104” x 74°—450 pages—illustrated. 
cloth SBN 85066 027 0 


May 


SITTING POSTURE 


Proceedings of the International 
Symposium held in Zurich, September 1968 
under the auspices of the International 
Ergonomics Association. 


1047 x 74°—280 pages—illustrated. 
cloth SBN 85066 029 7 


May 


THE LIFE OF THE 
HON. ROBERT BOYLE, F.R.S. 
R. E. W. Maddison. 


Roy. 8vo—350 pages—illustrated 
cloth SBN 85066 028 9 


May 


FITTING THE TASK TO THE MAN 


An Ergonomic Approach 


E. Grandjean. 
Director of the Institute of Arbeitshygiene 
and Arbeitsphysiologie of ETH, Zurich. 


104” x 74°—200 pages—illustrated. 
cloth SBN 85066 030 0 
June 90s. 


SOURCES OF PHYSICS TEACHING 
Part 3 


104” x 74"”—approx. 120 pages—illustrated. 
In the press approx. 208. 









i We hold stocks of an enormous variety of dyes, ready for Immediate 
despatch, Including: F 
Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brillant green BPC, Rosolio acid, Methyl green, p-Ethoxy- 
ohrysoidin, Methy! red, Nitrazine yellow, Pinacrypto! green, etc. 


Industrial Research Establishments 






170s. 









ere Invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and prodastion tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MECHIR OMIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid orimson. Matamount, 
May-Grdnwald, Leishman, Giemsa, Tolurdine blue, Cresyl fast violet, 
Papanicoteou steins, Thioflavine S, Brilliant cresyl blue, Nge blue, 
Pyronin Y, Trifelgic acid, Rhodanfe blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, Leadon, 8.W.14 
Cables: Micromiabs London SW14, Telephone: 01-876 82289 















190s. 










MYCOTOXINS 
for Research 


Formerly supplied by 
Yissum Research Development 
Company of the Hebrew University 











AFLATOXIN B, 
AFLATOXIN B, 






AFLATOXIN G, 
AFLATOXIN G, 
RUBRATOXIN B 
DIACETOXYSCIRPENOL 






Available through your bookseller or direct from the 
publishers. 





TAYLOR & FRANGIS LTD 


Red Lion Court, Fleet Street, London, E.C.4 


For specifications and prices write to: 






MAKOR CHEMICALS LTD., Dept. A 
P.O.B. 6570, JERUSALEM, ISRAEL 
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Free labor-saving 
eVICe. a 



















Install this new device in your labora- 
tory now. It contains one of the world’s 
largest collections of radiochemicals. It's 
our new radiochemical catalog and you're 
most welcome to it. 

Inside you'll find, for example: 46 “C-amino 
acids. And 49 3H-amino acids. And 45 “C-ribonu- 
cleotides. And 17 “C-deoxyribonucleotides. And 13 
3H-ribonucleotides. And 10 *H-deoxyribonucleotides. 
And tritiated thymidine. (And literally hundreds of 
other radiochemicals.) 

These compounds are characterized by high specific activity, 
e.g. “C-amino acids are now at 52 mc/matom; 3H-amino acids 
up to 25-26 c/mmole; thymidine at 20c/mmole. Prices are 
equal to or lower than those of other suppliers. Compounds are 


Report. There’s no ambi- 
guity as to what's in the bottle. 
So this new labor-saving device is now 
avallable to you. Free. Please complete the 
coupon below—or if someone has already de- 
couponed thls ad—drop us a line. Schwarz BioResearch, 
Mountain View Avenue, Orangeburg, N. Y. 10962. Please for- 
ward to Dept. N 


we eww ee eee ee ee ee ee ee ew eee eee SS eee ee 


r 71 
Schwarz BloResearch, Mountain View Ave „Orangeburg, N.Y. 10962 N 
Please send your new radiochemical catalog. 














on the Product Analysis Report which contains all the prior 
analytical information on the specific batch you receive. Every 
Schwarz radiochemical arrives with its own Product Analysis 


Schwarz BioResearch 
Division of Becton, Dickinson and Company 


1 I 

H i 

i I 

i Name m mcmlxxx i 

available—in stock almost always. And as with all Schwarz | r 
radiochemicals, they are constantly reassayed while “in stock.” i Titig Dept — n i 
Here are the detalls on this reassay program: every batch of i Institutio i 
every radiochemical in the house is reassayed every ten weeks. 1 r 
Or oftener. Any batch showing a breakdown in excess of 3% i Address Street i 
from specification is immediately withdrawn from inventory 4 ' 
and repurified. Then this reassay Information is also recorded i city state zip i 
i i 

LI Li 

1 L] 

I I 

Li Li 
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YOU'VE JUST 
UNEARTHED BONE. 


WITHIN WEEKS WE CAN 
TELL YOU ITS AGE. 


Our radiocarbon labo- 
ratory and counting facil- 
ities can give you the 
fastest service available 
anywhere. A complete 
age determination report 
of your bone specimen will 
be in your hands within 
weeks, 

And, the stress is on 
accuracy. Not only do we 
routinely date your bone 
specimens directly by the 
collagen method, at the 
same cost as normal radio- 
carbon dating, but our 
C"/C® analysis can com- 
pensate for natural isoto- 
pic fractionation. 

Prices are based on the 
number of samples we date 
for you during any given 
12 month period. Prices 
range from $160 for a sın- 
gle sample to $120 per 
sample for 50 or more sam- 
ples. For C™ plus C/C”? 
analysis, the charge is $185. 
Again, less for multiple 
analyses. 

For complete details, call 
or write ISOTOPES, 50 Van 
Buren Ave., Westwood, 
N J.,07675. U.S.A. 


ISOTOPES 








A TELEDYNE COMPANY 
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This new 
immuno-fluorescence 
microscope 

from Polaron 


features Tiyoda’s UV 
Superwide Darkfield 


This new superwide darkfield 
condenser passes far more light 
than conventional condensers and 
Is Ideal for fluorescence micro- 


The Tilyoda RI microscope is 
an ideal research Instrument, 
featuring a very fine focusing 
mechanism, positive stops, ro- 
tating stage and precision binocu- 
lar head. It Is especially suitable 
“for fluorescence microscopy when 


Condenser 


ei 
ngs are avallable to enable 
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Volume 2, April 1969, vi+258 pp., 50s. 

The Council of the Royal Society has joined with Academic Press to produce this second volume 
of lectures, selected from those given before the Society by distinguished scientists during the past 
few years. This volume contains major lectures selected from those given during the period November 


1966 to July 1968 
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April 1969, xxiv+332 pp., 84s. 

The object of this two-day Symposium was to bring together people working in various research 
fields, but with a common interest in this subject, thus enabling many different viewpoints to be put 
forward, shedding new t on old problems. The various diseases discussed are mainly of topical 


interest, such as salmon disease and foot-and-mouth disease, and the papers presented are by contri- 


butors well known in their own fields. 
CONTENTS Introduction VIRUSES Chairman’s Introduction. Wild Animals and the TPlžóotiology of Foot-and-Mouth 
ecross of Salmonds 


viruses 
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The Biological Basis of Medicine Volume 3 

Edited by E. Edward Bittar and Neville Bittar 

April 1969, xiv +494 pp., 120s. 

This multi-volume work consists of expert essays written by over one hundred specialists representing 
the fields of the biological and medical sciences. Volume 3 is the work of seventeen contributors 
and concentrates on the subjects of Blood, Connective Tissue, Synovial Membranes and Skeletal 


Muscle, and on Bone. 

CONTENTS. I. Blood: The Fine Structure and Chemistry of Haemopoletic Tissue. The Structure and Physiology of Erythro- 

poistin. The Biochemistry of Red Blood Cells in Health and Disease The Bi of Normal and Leukemic Leukocytes. 
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Index. Subject Index. 


Advances in Physical Organic Chemistry Volume 7 

Edited by V. Gold 

May 1969, x+352 pp., 90s. 

“The authors are all acknowledged experts in their particular fields and the various chapters give 
the reader an authoritative account of the different aspects of physical organic chemistry covered. 
These volumes, which are pleasingly produced, will be of very great use to those working in this 
rapidly expanding area of chemistry, to whom they can be wholeheartedly recommended.” 
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Will the Universities Survive ? 


Tis has been a bad week for the academic world, and 
there is probably worse to come. Academics can be 
forgiven if they find themselves wondering whether the 
comfortable world of the half century which has seen 
the growth of mass higher education is now nearly at 
an end. Certainly this is a time when university 
teachers must necessarily find their eyes straying to 
advertisements of job vacancies, for who wants to 
live in an ivory tower if circumstances conspire to test 
its brittleness ? 

What has happened at Harvard in the past few days 
has necessarily caused the greatest shock, not because 
Harvard is some figurative last bastion in the defence 
against invasion by barbarians but because it has 
seemed, in the past few months, that the university 
had found a method of giving students their heads 
without undermining its own authority. By any 
standards, Harvard has been astonishingly liberal, 
but now its administration building has been occupied 
on two occasions within a fortnight—and cleared, on 
one of them, by the local police. On the face of things, 
it seems as if no amount of enlightenment can prevent 
the happenings of the kind which have in turn afflicted 
Berkeley, Paris, Columbia, Chicago, Wisconsin, the 
London School of Economics and a host of other places. 
Perhaps the greatest danger which has now arisen is 
that academics will conclude that tolerance and liberal- 
ity do not pay. 

This is why it is important that the universities 
should not panic. There is a sense in which too ready 
a belief in disaster is likely to be self justifying. Two 
weeks ago at Harvard, with the first occupation of 
University Hall, it should have been plain to the 
university administration that the rebels were enorm- 
ously outnumbered by more level-headed students 
willing to argue a case for the ‘reforma on which they 
had set their hearts. By using the police to make 
martyrs of the squatters, the administration threw 
away its strongest suit. Nobody who had followed the 
events at Columbia in the previous year would have 
expected any other course of events. The administra- 
tion has also driven a deeper gulf between itself and 
the faculty, for there seems to have been enough tension. 
between the two adult parts of the university before 
the troubles began to ensure that the administration 
could not expect a blank cheque. Now it is hard to 
see hew the trouble at Harvard can be settled while 


the university is divided into mutually distrustful 
factions. 

In circumstances like these, it is actually helpful 
to ask how the administration at Harvard, and em- 
battled administrations elsewhere, could hope to 
have dealt with recent events. The first thing to be 
sure about is that the occupation of a university 
building by a group of protesting students is an outrage 
from all points of view except that of the few students 
who claim that universities exist exclusively for their 
students and that outside sources of financial support, 
public and private, are dedicated to this end. But it is 
also, of course, outrageous that young children should 
throw temper tantrums, and a reading of Dr Spock 
will show that the best tactics are to avoid direct 
confrontation. What this means in practice is that 
the besieged deans at Harvard should at least have 
attempted to sit out their discomfort. The administra- 
tion could reasonably have provided some assistance 
in advance—a campus guard or two, perhaps. It 
should have been possible somehow to establish discus- 
sions between the administration and the students, 
preferably the moderate faction, while the occupation 
was still in progress. The most articulate faculty in the 
West could surely have found a way of penetrating the 
minds of even the most hidebound of the rebels. Un- 
reasonable compromise might easily have been avoided, 
and the long term source of the university’s authority 
lies not in its formal power but in its capacity to show 
its students that they do not yet know best. 

But how can the university win the students round 
when it does not know its own mind? There are two 
senses in which this question is especially hard to 
answer. The most serious cause for alarm is the weak- 
ness which seems to have overtaken a great many 
university faculties. It may in practice be necessary 
to respond flexibly to actual rebellions, but there is no 
reason why academics should compromise with the 
principle that even if education should be one of the 
chief activities of all universities, it is nonsense for 
students to ask that they should be in charge. To 
pretend otherwise, as many militant students are 
doing, is to fall back on the hackneyed concept of the 
commune. To be sure, a university which lacks means 
by which students can bring matters of substance to 
the faculty is a badly administered university, and it is 
even proper that students should have views on how 
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or what they are taught. In many circumstances it 
may be sensible for the faculty and the students to 
make joint decisions—discipline is an obvious issue. 
Most universities still have a long way to go before 
they are making the fullest use of these possibilities 
for civil relations between faculty and students. But 
there is no device by means of which the faculty can 
surrender the responsibility—it is nothing less—for 
ultimate authority. By fudging this issue, many 
faculties have done themselves, their universities and 
even their students a great deal of harm. 

The second sense in which universities are undecided 
lies in the machinery of government. At Harvard, as 
at LSE, there is a yawning gulf between the administra- 
tion and the faculty. This needless isolation has also 
been a part of the origin of the troubles at Berkeley, 
but the two sides may there be brought closer together 
by the new edict that all academic appointments must 
in future be approved by the Board of Regents. In 
normal circumstances, of course, 8 measure of isolation 
suits both parties. The faculty can wash its hands 
of a great deal of tedium and even unpleasantness. 
The administrators can hope not to be perpetually 
locked in committee meetings. In times of trouble, 
unfortunately, these advantages become serious weak- 
nesses. This is the most glaring lesson from all the 
rebellions of the past few months. At Harvard and 
at LSE, the past few days have shown that there is no 
alternative to a devolution of responsibility for the 
running of a university through the faculty as a whole, 
whatever this may mean in terms of committee meet- 
ings. In other words, the machinery of government 
needs attention, though not always for the reasons the 
students put forward. Whatever the tactics which 
must be used, that should be the long term strategy. 


OCEANOGRAPHY 


No Change at Sea 


TuE long awaited White Paper on marine science and 
technology made its appearance last week, two months 
after the Brighton conference “Oceanology Inter- 
national 69” when it would have had most impact 
(Report on Marine Sctence and Technology, HMSO, 
5s 6d). But perhaps the delay is all to the good, for 
the report’s recommendations look pedestrian by the 
side of the experiments in underwater living which 
the United States are conducting and the deep diving 
experiments of the French. Britain is clearly going to 
make sure first that its offshore reserves of sand and 
gravel are properly exploited, if necessary by improved 
dredgers and detailed geological surveys. 

Even if the report may be disappointing for some, 
it will be a public service by taking the lid off the 
multitude of government departments which have a 
finger in the oceanology pie. Oceanology (the fashion- 
able word for oceanography) is financed by the Ministry 
of Defence, the Department of Education and Science, 
the Ministry of Technology, the Ministry of Agriculture, 
Fisheries and Food and by the Department of Agri- 
culture and Fisheries for Scotland. And there is also 
the £10,000 which the Ministry of Transport spent 
last year on studies of coastal protection to be counted 
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in the total of £13-43 million. To help the oceanographer 
find his way through the luxuriant growth of depart- 
ments there is the Oceanography and Fisheries Com- 
mittee of the Natural Environment Research Council, 
which is the main body coordinating marine scientific 
research. The geology and geophysics of the sea floor, 
however, are the responsibility of the Geology and 
Geophysics Committee of NERC. Mineral resources 
come under the Mineral Resources Consultative Com- 
mittee sponsored by the Department of Education 
and Science. It remains to be seen whether the setting 
up of an advisory Committee on Marine Technology, 
which the report proposes, will make matters easier or 
worse. The new committee is to have representatives 
from the Ministry of Technology, the Navy, NERC 
and from other departments as required. Its aims will 
be to review marine technology and to initiate pro- 
grammes. 

Unfortunately the White Paper does not seem calcu- 
lated to fire anyone with enthusiasm. The suggestions 
for coordinating oceanography research are not calcu- 
lated to exorcize the fear that a deal of overlapping 
is going on. 


GOVERNMENT EXPENDITURE ON MARINE SOIENCE AND 
TECHNOLOGY, 1967—68 


Physical oceanography 
Seabed geology and geophysics 
Marine biology 

Hydrographic surveys 
Fisheries 


Mineral resources 


‘Transport 

Coastal protection 
Pollution control 
Defence 


Total* 13,430,000 
* The individual figures do not add up to the total because of 
rounding. 


The Ministry of Defence is predictably the biggest 
spender, accounting for £7-25 million of the £13-43 
million total, followed at a distance by the Ministry 
of Technology (£2-82 million) and the Department of 
Education and Science, in the guise of the Natural 
Environment Research Council (£1:88 million). Of 
the defence spending, more than three-quarters is on 
re He surveys—bringing in about £750,000 
annually from sales—and is very little related to basio 
research and development except insofar as the charts 
are used by marine scientists. When the surveying 
expenditure is subtracted, the budget for oceanography 
looks decidedly less fat, down to £7-42 million. This 
figure covers basic scientific work as well as research 
on fisheries, mineral resources, tr: ort, coastal pro- 
tection, pollution control and the defence work which 
the report believes could be applied in the civil field. 
It bardly seems enough. 

The recommendations in the White Paper are in 
effect an instruction to carry on as before. There is 
satisfaction with the way NERC is handling the basio 
research, although the House of Commons Select 
Committee at present looking into NERO» affairs 
may come to a different conclusion (see page 318). 
In fisheries, the White Paper wants more research and 
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development into a spectrum of possibilities such as 
new fishing grounds in the South Atlantic, and the 
artificial rearing of shellfish. Sand and gravel comes in 
the section on pollution, where it is revealed that 
coastal deposits are responsible for about 10 per cent 
of the total British production, worth £10 million. 
Because demand is going up, while pressure against 
unsightly open-cast gravel pits is inereasing, seabed 
deposits could become more competitive. In particular, 
the report wants the maritime gravel to be dredged by 
British dredgers rather than the Dutch-built dredgers 
usually used, and is pleased that the National Engineer- 
ing Laboratory and the National Ports Council are 


surveying dredging techniques. 


EUROPEAN SPACE 


Britain Gets its Way- 


Since early 1966, the British Government has been 
trying to get out of its commitment to the European 
Launcher Development Organization (ELDO), origin- 
ally conceived as a rescue operation for the ICBM 
Blue Streak and a European gesture. Last week (April 
15), the escape manoeuvre succeeded. This released 
the log-jam in which European space cooperation has 
been held. 

Mr A. Wedgwood Benn made a grave tactical error 
in separating the Government’s lack of interest in a 
European launcher from its interest in the applications 
satellites which it could have launched. This negative 
attitude was expressed unexpectedly but emphatically 
during Easter 1968. It was not until the European 
Space Conference (ESC) in Bonn last November that 
the positive aspects of British space policy towards 
European applications satellites were voiced, and these 
were hedged with provisos and qualifications. Chief 
among these was the necessity for the other five ELDO 
countries to let Britain off its remaining two years’ 
financial commitment, whereupon it would be prepared 
to put forward the money “saved” plus a fair sam 
towards the development of European applications 
satellites with commercial possibilities. Computations 
at that time, which were not challenged, gave something 
over £15 million annually as Britain’s proposed stake. 
The majority of ELDO countries—France, Germany, 
Belgium and Holland—were not prepared last winter 
to let Britain off the hook, and have since (Nature, 
221, 1183; 1969) consolidated their ranks in favour of 
completing the current Europa launcher aimed to place 
a roughly one tonne satellite in geostationary orbit 
during 1971. 

At last week’s ministerial meeting, the four “hard- 
core” launcher countries finally agreed to accept the 
British position and to adjust ELDO arrangements 
accordingly. It is now understood that Britain is not 
interested in a future launcher programme (beyond 
1971 and the completion of the minimal geostationary 
satellite launcher) and considers that the revised 
programme devised to complete the initial programme 
within its financial ceiling of $626 million imposed 
in 1966 represents a “new programme” to which it is 
not legally bound. But £11 million has been offered 
out of generous feelings towards European cooperative 
enterprises (from the total of £17 million for two years 
ostensibly due) on the understanding that no further 
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funds will be expected of the British Government. 

As the “group of four” intends not only to complete 
the initial Europa launcher programme but also to 
develop the vehicle to launch geostationary satellites 
of up to 700 kg (sufficient for semi-direct TV transmis- 
sion), and as this family of vehicles is now accepted 
as dependent on the Blue Streak booster, various 
conclusions follow. 

First, ELDO will continue in existence (with modi- 
fications) until such time, estimated as about a year, 
as a satisfactory constitution for a unified European 
space organization is ready. Modifications will involve 
distributing the cancelled financial contributions of 
Britain and Italy for the remainder of the period 
1969-70 between the “group of four” ELDO members 
on & system yet to be settled. The sum involved is 
roughly $27 million (£11-25 million) of which Britain 
should have contributed £7 million and Italy the 
remainder. Subsequently Italy, but not Britain, will 
contribute to the future programme (Europa 3), but 
it is supposed that the Italian Parliament will not 
accept more than a 12 per cent financial share, though 
Italy’s ELDO delegates would like a 20 per cent vote. 
Nothing less will sway decisions. Britam has agreed 
that it will have no voice on the Europa 3 programme, 
but reserves its voting rights on overall ELDO ques- 
tions such as new members, transfer of vehicles and 
technological know-how. 

Second, the British Government will supply Blue 
Streak for as long as the ELDO rump wants it. The 
hard-headed French engineer and policy official, M. 
Causse (who gave his name to the controversial but 
crucial Causse Report (1968) which precipitated all the 
past year’s “rethinkings”), has visited facilities in 
Britain twice recently with support from other experts 
of “the four”. Indications are that there is no viable 
alternative booster for an independent European space 
launcher for the foreseeable future. 

Exact prices are up for negotiation direct with the 
supply companies, Hawker Siddeley Dynamics and 
Rolls-Royce, on the basis of demand, delivery time, 
quantity and reliability. The main question at issue 
here is the level of requirement for the future (Europa 
3) programme, for the five further launchings for the 
initial programme are already taken care of. There 
is a roughly two year lead time on production of Blue 
Streak vehicles. 

Perhaps the most significant consequence of the new 
agreement is the effect on the overall European co- 
operative space programme. Until countries knew how 
much was likely to be tied up in the ELDO launcher 
programme by the main European spender countries, 
there was hesitation in committing themselves to the 
alternative applications satellite programme. Responses 
to the forerunner, the CETS-C (TV-point-to-point relay 
satellite), were asked for by the end of March. Few 
have so far been received and those that have arrived 
have been noncommittal. 

Britain will be responding affirmatively this week— 
though the gear a in looks like being consider- 
ably less, £7 million out of the at least £30 million 
required, than that understood to be on offer at the 
Bonn ESC—together with the lifting of her other 
reservations on the Bonn November ESC resolutions. 
It is understood that both France and Germany will 
support the CETS-C programme and other countries 
are now expected to come in. 
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EUROPEAN COLLABORATION 


Projects Galore 


TECHNOLOGICAL cooperation among Europeans is tek- 
ing a hammering—the air bus affair is just the latest of 
a number of disappointments among which ELDO is 
the classical example. But a series of proposals which 
is being put forward in spheres at once less contro- 
versial and less expensive than aviation and rocketry 
deserves a better fate. The proposals are embodied in 
the unpublished report of a working party to discuss 
the possibilities for scientific and technological co- 
operation within the EEC and between the EEC and 
other European countries. The working party has a 
chequered history (Nature, 221, 898; 1969). It began in 
October 1967 and was called the Maréchal group after 
its chairman, who was later replaced by Professor Pierre 
Aigrain of the Délégation Générale de la Recherche 
Scientifique in Paris. Last year the group downed 
tools after the French veto of British entry into the 
Six, because the Dutch and Italians felt the French 
attitude was not in the spirit of the aims of the working 
party. Last September they were persuaded to start 
again, and their report has now been approved by the 
Medium Term Economic Policy Committee of the EEC. 
It goes now to the European Council of Ministers. 

Countries outside the EEC which have applied for 
entry were represented together with other interested 
countries such as Sweden and Switzerland. They were 
asked to investigate the scope for cooperation in data 
processing, telecommunications, new means of trans- 
port, oceanography, metallurgy, pollution (which in- 
éludes noise pollution of the environment) and 
meteorology. Altogether forty-seven specific proposals 
are listed, costing $210 million, and thirty-four of 
these are said to be sufficiently well understood for 
the European Council to be able to decide about them 
fairly soon. The list includes projects to develop a 
high speed computer, a European data processing 
institute and the use of software in various fields. A 
scheme for a network for data transmission between 
research centres, a European program library and 
committees for software standardization are said to 
be specific enough for the council to come to an 
immediate decision. In most cases, cooperation with 
countries outside the EEC is thought to be desirable 
and for one project at least—a design study for a 
2,000 ton hovercraft—the importance of collaboration 
with Britain is mentioned. ere are some projects, 
however, notably in metallurgy, where the report says 
collaboration with countries outside the is not 
particularly desirable, presumably to protect specific 
industries within the community—the development of 
materials for desalination and steel pressure vessels 
for the chemical industry, for example. 

What the European Council of Ministers now has to 
do is decide which of the projects to back. Then the 
question will be how to finance them and, the most 
awkward problem in European cooperative ventures, 
which countries are to get the contracts. Many of the 
projects in the report may be held up by the lack of 
the standardization of European company law. The 
meteorological sphere would seem to be a good area 
to start with, because of the international links which 
are already well established. But one of the three 
he aire in meteorology—a European weather satel- 
ite—is likely to be too bedevilled with European space 
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polities for much progress to be made. The other 
proposals, a meteorological research centre and co- 
operation in the development, standardization and 
purchase of instruments, have a better chance of 
success. 


PHYSICS 


Europe Meets 


NEARLY a thousand physicists from most countries of 
a slightly enlarged Europe converged on Florence after 
Easter to attend the inaugural meeting of the European 
Physical Society. The theme of the five day symposium 
was the growth points in physics. Those who went in 
the hope of learning a wealth of new physics may have 
been slightly disappointed, but, for those who saw this 
meeting as a chance to rub shoulders with some of the 
more illustrious European physicists and to gain some 
insight into the wider trends of the subject, the trip to 
Florence was well worth while. The general nature of 
the title was a deliberate gesture, according to the 
secretary of the European Physical Society, Professor 
Laurens Jansen, to give physicists the widest pretext 
for attending the inaugural meeting. 

After two stimulating introductory papers, on the 
old days at the Cavendish Laboratory by Professor 
P. M. S. Blackett, and on physics in the twentieth 
century by Professor V. F. Weisskopf, the meeting 
got its teeth into discussing the future of five of the 
principal branches of physics. It soon became clear 
that the spectacular advances in astrophysics in recent 
years reflected the most obvious growth point of 
physics, and Dr A. Hewish and Dr D. W. Sciama 
from Cambridge University delivered a comprehensive 
account of the latest developments in this subject. 

In such a conference, nobody, of course, will admit 
to not working in a growing branch of the subject, but 
the general impression was that the nuclear physicists, 
who are ever eager to reach into the taxpayer’s pocket 
for a new accelerator, gave a good account of them- 
selves, If the mood of Florence is typical, and there 
was a large representation of nuclear physicists at the 
meeting, high energy physics in Europe still has quite 
a rosy future. 

Much of the benefit of this type of conference, 
particularly to the younger participants, lies in the 
informal contacts that are made outside the framework 
of the lectures. The committee of the EPS recognizes 
that the society has a unique part to play as a forum 
for younger physicists to find out what is happening 
in physics in the wider European context. It is too 
early to say what the long term role of the EPS will 
be. There are two or three areas, however, where it is 
generally agreed that the society can make its influence 
felt, including, of course, the organization of con- 
ferences on a European scale, Europe may still be far 
from unified, but many physicists would see the natural 
unity of physics as allowing the world of science to gain 
a head start on the politicians. 

The committee of the EPS also considers that it can 
act as a useful catalyst in forging a sensible policy 
for physics journals within Europe. Details of this and 
other administrative facets of the EPS received much 
attention at Florence, but the question of an official 
language is not settled. There is no shortage of ideas 
among the committee, but implementation is proving 
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a problem, and the long term success will almost 
certainly depend on how much financial backing it 
can obtain. As one English professor put it, “I would 
gladly send one of my graduate students to an EPS 
meeting in Paris, but the cost of transport and the 
EPS conference fee comes to £50, which is prohibitive”. 


NATURAL GAS 


Dry Wells Yield Gas 


Tae Gas Council and Home Oil of Canada have an- 
nounced plans for developing two natural gas wells in 
Yorkshire—they will be the first land based wells in 
Britain to feed the national grid directly with natural 
gas. If all goes according to plan, the Gas Council 
anticipates that gas should be flowing by the end of 
1970 and that the initial rate of flow will be about 
100 million cubic feet a day, or seven per cent of the 
total consumption of gas in the United Kingdom. 

The Yorkshire gas exists in limestone strata known 
as Zechstein Dolomite. There are three geological 
layers which are host to the natural gas in the North 
Sea and the Yorkshire fields—both fields being part 
of the same basin. The North Sea gas comes from the 
upper and lower layers, known respectively as Bunter 
and Rotliegenders strata, and the middle layer supplies 
the Yorkshire wells. The theory of the Gas Council 
is that the gas is formed in a carboniferous layer and 
then rises into one of the three porous reservoir rocks. 
It is trapped there by an impermeable dome, which 
in the North Sea is often a form of rock salt. 

Although earlier finds of land based natural gas in 
Britain date back as far as 1936, the quantities 
involved were small and were only used for the manu- 
facture of town gas. The two Yorkshire wells, drilled 
in 1966 and 1968, represent deposits one or two orders 
of magnitude greater than any of the previous dis- 
coveries. 

Home Oil is at present seeking planning permission 
from the North Riding of Yorkshire County Council to 
set up the necessary equipment at the well heads and 
to build the processing plant. The plan is that the 
gas should flow through an underground pipeline to a 
site near Ebberston Common where water would be 
extracted from the gas. It would then flow to the 
processing plant which would make the gas suitable 
for public supply. The wells apparently lie within the 
limits of the North Yorkshire Moors National Park, 
but the processing plant will be outside this area. 

The cost of developing the two wells is estimated at 
£3 million. This includes the production of the two 
mile pipeline from the well heads to the processing plant. 
The gas flow will probably be Jinked to the national 
grid through the Newcastle-Leeds pipeline, which is 
nearly complete. 

The partnership of Home Oil and the Gas Council 
has rather intricate origins. The Canadian company 
has an agreement with British Petroleum to drill in 
the part of the country which includes the new wells. 
The Gas Council also has an agreement with British 
Petroleum whereby any oil which is discovered. belongs 
to BP and any deposits of gas to the Gas Council. 
Thus the Gas Council and Home Oil come out of the 
Yorkshire gas discovery as partners. 

No firm estimate of the lifetime of the wells is yet 
available. The Gas Council is confident, however, that 
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the deposits will last at least five years at the initial 
rate of flow. 


ROAD TRAFFIC 


Cost of Dawdling 


THe motoring clubs have long alleged that traffic jams 
are a8 expensive as they are frustrating, and the Road 
Research Laboratory has now provided them with 
chapter and verse (The Effect of Road and Traffic 
Conditions on Fuel Consumption, RRL Report LR 226). 
The laboratory has measured the fuel consumption of 
six vehicles—ranging from a Vauxhall Viva to a 20 ton 
lorry—in a wide variety of road and traffic situations. 
Miles per gallon turned out to be maximum for cars 
at speeds around 35 miles per hour. At 10 miles per 
hour, consumption was twice the minimum. Curiously, 
consumption versus speed data derived from several 
types of urban and rural roads fell onto the same 
curve (see Fig. 1). But on motorways, fuel consumption 
was 10 to 20 per cent less than on other roads at the 
same average speed. 
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though, as would be expected, gradients had a bigger 
influence on performance. On & gradient of 6-25 per 
cent, the fuel consumption of a laden 20 ton lorry 
(averaged over trips up and down) increased by 125 
per cent. A small car used 20 per cent more fuel on 
a 6-25 per cent gradient, and a large car (a Ford 
Zephyr) 30 per cent more. 

The report bears out another item of motoring 
propaganda—the effect of driver’s attitude on fuel 
consumption. In some test runs, drivers were given 
instructions ranging from “drive as economically as 
possible” to ‘drive as if you were in a hurry’. The 
hurried drivers used, at a given speed, 10 to 20 per 
cent more fuel than the economical ones, largely 
because of a greater use of low gears. 
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ENVIRONMENTAL ENGINEERING 


Transport for the Future 


A symposium and exhibition on environmental engin- 
eering in transportation were held at Imperial College, 
London, last week. Although the exhibition was ped- 
estrian, the symposium was lively and dealt with all 
major forms of transportation. In opening the sym- 
posium and exhibition, Mr Robert Brown, Joint 
Parliamentary Secretary to the Minister of Transport, 
underlined the importance of understanding causes 
and effects in tackling the environmental problems 
thrown up by the development of the various forms 
of transport. He singled out the study of accidents 
on. the road and praised the work of government and 
other establishments in trying to analyse the cause of 
these and other tra’ rt hazards. 

The meeting got off to a crisp start with a paper by 
H. W. Mander, consultant to Automotive Products 
Company, who criticized the inconsistencies of trans- 
portation methods in Britain. Much waste comes 
about, he claims, by either an unwillingness or an 
inability to cost different forms of transportation 
in a realistic way. He cited the example of a boat 
being delivered from one coastal town to another by 
inland transport, presumably because the cost was less. 
But had anyone calculated the indirect costs to the 
community through hold-ups on the roads? People 
are selfish when it comes to transport, he felt, and stren- 
uous efforts must be made to promote forms of trans- 
port that are in the general interest—the railways, 
for example. The same criterion should also be applied 
to pollution, accidents and the other black spots of 
travel. He thought that projects like the executive’s 
home to work car—electric or petrol—should be 
given high priority, perhaps even through legislation. 

Looking to the future, J. Bertin, of the Société 
Bertin, put forward the claims of the aerotrain as a 
means of suburban transport. As an inter-city project, 
the first realization is already under way with the 
construction of the first section of the Paris—Orleans 
line. Although the lack of wear and fatigue through 
using air cushions is a major benefit of aerotrains for 
fast travel, M. Bertin maintained that suburban 
adaptation is quite possible. He mentioned a new 
experimental track which has been built in France, and 
pointed out that even the suburban aerotrain should 
reach 180 km per hour during its journey. 

The evaluation of comfort in transport was dealt 
with by R. A. Waller (Atkins and Partners), who 
tackled the setting up of quantitative measures of dis- 
comfort such as annoyance from noise and depreciation 
of house prices due to the siting of airports. He quoted 
the example of a study to compare the costs of five 
possible schemes for driving a motorway through a 
densely populated area. The cost of reducing traffic 
noise was compared with potential saving in amenity 
value, and in only two cases was it sensible—using the 
criterion of the caloulation—to embark on the noise 
reducing scheme. 


CHEMICAL SOCIETIES 


Mergers by Half 


Royat charters are nowadays much less generous than 
those granted in Victorian times—the general rule is 
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that the older the charter, the greater the number of 
privileges it confers. This is not the least of the prob- 
lems facing the Chemical Society, the Royal Institute 
of Chemistry and the Society of Chemical Industry in 
their search for a formula for amalgamation. The 
three societies want to merge if only to give chemists 
in Britain a united and more authoritative voice, but 
all three have royal charters (which was not the case 
when the two British physical societies amalgamated). 
The Chemical Society has traditionally been housed 
rent free by the British Government in Burlington 
House; the three societies fulfil different functions, 
and the CS and SCI are charities whereas the RIC is 
not, although many of its activities have been hived 
off under charitable trusts. 

None of the societies relishes the prospect of sur- 
rendering its existing charter for a new one and there 
seems to be no likelihood of a physical amalgamation 
in even the distant future. Nonetheless, at the second 
joint annual meeting of the Chemica] Society and the 
Royal Institute of Chemistry at Nottingham last week, 
the two societies issued a declaration of intent to 
amalgamate. The statement said that the presidents 
of the three societies had met several times and that 
the joint working party with five representatives from 
each society had met three times under the chairman- 
ship of Sir James Taylor. The upshot of these meetings 
was that the Chemical Society and the Royal Institute 
of Chemistry believe they have sufficient common 
interest to justify some form of permanent association. 
They are to prepare concrete proposals by December 
31 and will specify that other interested bodies may 
join the amalgamation later. That will leave the door 
open for the Society of Chemical Industry. 

If the merger takes place at all, it will certainly go 
by stages. In the beginning, both the Chemical Society 
and the Royal Institute of Chemistry will retain their 
separate charters and premises, but will combine as 
many activities as possible. Journals, for example, 
would be placed under one management, meeti 
would be organized jointly and the Royal Institute’s 
educational programmes and examinations would con- 
tinue. (The institute’s publishing and educational 
activities come under charitable trusts, so that the 
merger would not bring the tax collectors to Burling- 
ton House.) That would leave the institute, which is 
a society for chemists rather than for chemistry, free 
to continue its professional services—advice to mem- 
bers on wages and conditions of work and the like. 

The Society for Chemical Industry, to judge from 
the comments of its secretary, is conscious of being 
left in the cold. All he could say about the Notti 
declaration was that the SCI was not there and that 
he was dubious whether the Chemical Society and the 
Royal Institute of Chemistry would actually amal- 


gamate. 


FORESTRY 


Fifty Years of Foresis 


Tae Forestry Commission owns 2,802,818 acres of 
land, the largest estate in Britain. It all began fifty 
years ago when some trees were planted at Eggesford 
Forest in Devon to avoid a recurrence of the situation 
in the First World War, when foreign supplies of timber 
were out off by German submarines. Supplies were 
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maintained during the war by rationing home grown 
timber and drastically overcutting woods, particularly 
to make the pit props essential to the production of 
the coal on which the war effort depended. To ensure 
that such a situation would not arise again, the 
Forestry Act of 1919 set up the Forestry Commission, 
and by 1939, 600,000 acres of woods had been planted. 
Since the Second World War large scale expansion 
has produced the 1,646,180 acres now under plantation. 

The story of the first fifty years is told in a Forestry 
Commission booklet, Timber! Your Growing Invest- 
ment (HMSO, 6s 6d), which predicts that by 1978 
Britain will have 3,700,000 acres of well managed 
woods, including 200,000 on private estates. Apart 
from two Royal domains, Eggesford Forest and the 
Forest of Dean, which the commission took over early 
in its life, the management of existing woods has been 
left to private owners, often with financial and techni- 
cal help from the commission. Under the dedication 
scheme, which began in 1947, private owners who 
receive financial aid covenant to use their woods for 
timber production and to manage them to an approved 
plan. Other owners with very small or scattered woods 
can receive a planting grant, currently £23 3s 6d per 
acre. 

During its fifty years the commission has developed 
many improved methods of growing and harvesting 
timber, built its own roads and bridges, set up research 
centres, and learnt to deal with its greatest danger, 
fire. The commission has also had to venture into 
estate management, with its 850,000 acres of land 
unfit for growing trees. This situation has arisen 
because landowners will rarely part with hill ground 
except in existing farming units, often including hill 
tops which may be fit only for grazing animals. 

Recreation, education and conservation have all 
been important considerations during the commis- 
sion’s history. The forest park established in the 
Forest of Dean in 1938 now has seven camping sites, 
five adventure centres and five forest trails. Glenmore 
in the Cairngorm Mountains has the finest ski slopes in 
Scotland. Some forests have school plots, care- 
fully chosen by the commission, where children can 
make fences, plant trees and study the wild life. 

Woodlands are an excellent habitat for many rare 
wild animals and plants. Forests and nearby uplands 
contain some of Britain’s rarest predators—wild cat, 
pole cat and pine marten—and among the birds there 
are golden eagles and occasionally ospreys. There are 
rare alpine plants on the higher slopes of some moun- 
tains, while the New Forest is the only home of the 
wild gladiolus (Gladiolus illyricus). And the commis- 
sion recognizes its conservational responsibility, while 
at the same time controlling the more destructive 
creatures, such as deer which can jump any fence less 
than six feet high and wreak considerable damage to 
the trees. 





FOOD RESEARCH 


New Home in Norwich 


Wiru the opening of the Food Research Institute in 
Norwich on April 26, the Low Temperature Research 
Station has now been fully rehoused. In 1956 the 
University of Cambridge, hard pressed for space, 
gave the station ten years to find new accommodation. 
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The Agricultural Research Council took over the station 
and decided to replace it with two new institutes, the 
Meat Research Institute, which was opened in Bristol 
last year, and the Food Research Institute, to be con- 
cerned with vegetables, fruit, eggs and poultry. 

Last August the staff started to move into the new 
£1 million building with its estimated £0-75 million 
worth of equipment. There will be some facilities for 
food scientists from the Ministry of Agriculture, and 
the electron microscopy group and part of the virus 
research group from the nearby John Innes Institute 
will work in the new laboratories until their own are 
ready in 1970. There will also be a close relationship 
with the University of East Anglia, with the director 
of the institute, Dr S. R. Elsden, becoming a professor 
of biology with a seat on the senate. Members of the 
institute’s staff who teach at the university will become 
honorary lecturers. 

The objects of the Food Research Institute in general 
are those of the ARC—to help farmers to double the 
output of home produced food by the end of this 
century—and in particular this institute aims to ensure 
that they can produce first class vegetables, eggs, fish 
and poultry. The chemistry division, concerned 
principally with quality, keeping properties and changes 





during storage, has a strong interest in taste. High 
resolution mass spectrometry and chromatography 
are being used to detect and identify the flavour vola- 
tiles of several foods, including potatoes, carrots, 
poultry and bananas. The idea is to find the normal 
pattern of taste substances, so that irregularities can 
then be identified easily. The human palate, however, 
is still considered to be the ultimate arbiter, and there 
are several taste panels made up of members of the 
institute staff. 

The British Government first became aware of the 
need for food research during the First World War 
when spoilage was as much a problem as destruction 
by the enemy, and spoilage is still the principal con- 
cern of the microbiology division. Methods are being 
developed for the rapid detection and identification of 
spoilage microorganisms, and at the moment the 
division has a special interest in strictly anaerobic 
bacteria. 

The plant biochemistry and physiology division has 
as its principal object the elucidation of the biochemical 
reactions that occur in fruit and vegetables after 
harvesting. If ways could be found of lengthening the 
time before ripening, storage life could be increased. 
There is already the prospect of controlling the ripening 
of bananas, for green bananas kept in an atmosphere of 
5 per cent oxygen for six weeks do not ripen, but as 
soon as ethylene is added they ripen. The same thing 
can also be done with tomatoes and cucumbers. 
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SCIENTIFIC LITERATURE 


Information for Chemists 


A NEw service called Access has been announced by 
Chemical Abstracts Service which will help chemists 
and librarians to locate specific journals, monographs, 
books or patent specifications containing information 
of chemical or chemical engineering interest. The first 
edition, to be published in October in two volumes 
costing $100, will contain details of the holdings of 
some 20,000 periodicals and monographs published 
since 1830 in 400 libraries all over the world. This 
literature represents a 62-year cumulation of titles 
covered by Chemical Abstracts, including discontinued 
periodicals and those no longer covered by CA; it 
also includes additional titles in pure and theoretical 
chemistry covered by Chemisches Zentralblatt between 
1830 and 1940, and several hundred pre-1907 titles 
covered by Beilstein’s Handbuch der Organischen 
Chemie. Supplements reporting new or previously 
unlisted titles (with information on library holdings) 
and bibliographic changes from previous listings will 
be issued quarterly as a subscription service (costing 
$75 a year) beginning in December 1969. The fourth 
quarterly supplement, to be issued in September of 
each year, will cumulate all changes for the year. Both 
the first edition and the supplements will also be avail- 
able on magnetic tape for computer searching and 
updating. 

The listings in Access will indicate which of the 
participating libraries hold particular volumes of the 
publications, with the complete title in the original 
language of the publication, and an English translation 
(if the original is in a language other than English, 
French, German or Spanish), the United States Stand- 
ards Institute abbreviation for the title, references to 
any previous titles by which the publication has been 
known, and details of publication history, frequency of 
issue, price if the item is still in print, and so on. There 
will also be a special section on holdings of patent 
specifications, an index of names and addresses of 
participating libraries with details of interlibrary 
loan and photocopy services and a directory of pub- 
lishers and sales agents. 

To some extent, Access will be like the List of 
Periodicals Abstracted by Chemical Abstracts which has 
been issued at regular intervals with supplements by 
CAS since 1922, but it will be much wider in scope and 
will give more details. Instead of just listing journals 
currently abstracted by CA with current holdings of a 
particular library, Access will be a cumulative listing 
with information on holdings of back issues. More 
than half the participating libraries are large academic 
libraries, with the inevitable bias towards United 
States and Canadian libraries. One of the cooperating 
British libraries is the Chemical Society Library in 
London. This library has a large number of back issues 
of journals as well as about 720 current titles in the 
chemical field. 


SCIENTIFIC LITERATURE 


New Style Review 


THe Quarterly Literature Reports published by Kogan 
Page Publications are among the most welcome recent 
additions to the jungle of science journals. For these 
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reviews—at present there are three titles, Surface 
Activity, Polymers and Clinical Biochemistry—are not 
just another set of abstracts but selective and, what is 
more important, critical looks at the mass of literature 
and patents produced by universities and the chemical 
industry. 

The aim is to attract attention to important papers in 
each particular field but with a bias towards applica- 
tions, analytical methods and information on new 
manufacturing processes. The next issue of Surface 
Activity, for example, will point out the important 
safety aspects of a new emulsified aircraft fuel which is 
far less flammable than conventional fuels. At the 
moment the compilation of each report is a one man 
job-—Surface Activity is edited by Dr A. J. B. Spaull 
of Brunel University, Polymers by Dr A. D. Jenkins 
of the University of Sussex and Clinical Biochemistry 
by Dr 8. S. Szinai of Lilly Pharmaceuticals. According 
to Academic Press, the distributors, there has been a 
very good response to the first issue of the reports 
(subscription cost £5 5s a year) and they are confident 
that the second issue, to be published on May 1, will 
be equally well received. 


FISHERIES 


Whose Salmon? 


THE recent short-sighted and unsportsmanlike practice 
of drift-netting salmon at their feeding grounds in the 
Atlantic is arousing fears about the extinction of the 
species and causing much gnashing of teeth among the 
salmon producing countries, who spend vast sums of 
money on. conservation and restocking their rivers only 
to see the salmon caught before they get home to 
breed. The obvious solution is to restrict salmon fishing 
in the Atlantic by international agreement, as has 
already been done in the Pacific, but Canadian efforts 
to do this through the International Commission for 
the North-west Atlantic Fisheries (ICNAF) were frus- 
trated at the last two annual meetings, “partly through 
ignorance on the part of the majority of the members” 
and partly by countries such as Denmark and West 
Germany which have no salmon rivers of their own but 
a profitable drift-netting industry. 

The next ICNAF meeting will be in June, and. in 
an attempt to persuade the neutral countries that the 
threat to the salmon is serious, the Atlantic Salmon 
Research Trust held an international conference in 
London last week where the statistical evidence of the 
decrease of salmon stocks was presented. One of the 
biggest problems the conservationists have to face is 
that their statistical armoury is not overwhelming— 
the best a joint International Commission for the 
Exploration of the Sea/ICNAF working party, set up 
last year to investigate the problem “scientifically”, 
could manage was to conclude that “relatively small 
losses in home water catches in most if not all European 
countries had taken place because of the West Green- 
land salmon fishery during the years 1964 to 1967” 
and that, despite the heavy restrictions that countries 
such as Canada, North America, Great Britain, Iceland 
and Norway have imposed on offshore fishing, this “is 
increasing rapidly and seems likely to do so both off 
West Greenland and in other areas”. The communica- 
tion did, however, manage to persuade the participants 
that the salmon, with their five to eight year reproduc- 
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tive cycle, would not wait for more evidence to be 
collected before dying out, and the conference recom- 
mended that, “to conserve salmon stocks in salmon- 
producing countries around the North Atlantic, there 
should be a complete suspension of all fishing for sal- 
mon on the high seas of the North Atlantic for a period 
of ten years”. It remains to be seen whether this will be 
sufficiently powerful to secure the necessary two-thirds 
majority for the ICNAF to pass a resolution to control 
Atlantic salmon fishing. 


SCHOOL SCIENCE 


Youthful Enquiry 


Tue science magazine, Enquiry, was first published 
five years ago by the Harrow County School for Boys 
to “encourage clear expression on scientific topics 
and promote independent scientific study within the 
school”. Since 1965 it has been so successful that it 
has doubled its circulation from 1,000 copies in 1965 to 
more than 2,000 copies this year, which are sold to 
twenty different countries. The magazine, which is a 
very ambitious production for a school, with a full 
colour cover and advertisements from blue chip 
companies, deserves all its success. The 1969 edition 
with twenty articles covers an impressive range of 
subjects. There are contributions from the boys 
describing aspects of their work, which extends far 
beyond the strait-jacket of the examination syllabuses. 
One, for example, has studied the social and economic 
effects of rural depopulation in a North Wales valley. 
Others describe analyses of coins by X-ray fluorescence 
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spectrometry, turtle watching in Trinidad and the 
design of a “fuzz” box to modify the output from an 
electric guitar. 

One of the boys was a member of the British Schools’ 
Exploring Society’s expedition to Spitzbergen and he 
reports on the geological, ornithological and botanical 
projects. Articles from outsiders seem to be aimed at 
describing the world of the practical scientist. There 
is, for example, a discussion of the role of doctors 
in about ten years’ time, when some of this year’s sixth 
form may be practising medicine, and there is an article 
on the state of scientific and technical education in 
India today. 

The decision to sell Enquiry outside the school was 
taken in part, apparently, because of its concern for 
the very tarnished image of science among the young 
which the Dainton report revealed. But there was also 
the more specific aim of raising the standards of scienti- 
fic work in the school itself. According to the editor 
and biology master, Mr K. R. C. Neal, the magazine 
has done that by setting a high standard for the boys 
to maintain. Certainly if the school’s science is as 
good as the magazine, which is written, laid out and 
illustrated by the boys to professional standards, the 
school has no cause to fear the Dainton disease. 

But in spite of its advertisements from such compan- 
ies as ICI, Kodak, Unilever and the banks, the costs of 
producing the magazine can only be recovered if 2,000 
copies are sold at six shillings each, and the parents 
and boys only take about five hundred copies. It 
certainly deserves a place in every senior school 
library if only as an example of what school scientists 
can achieve. 
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PLANNING 


Eden Valley Threatened 


from our Planning Correspondent 





A panoramic photograph taken from the summit of Dufton Pike in Westmorland showing Murton Pike (extreme 
left), Flakebridge Woods (centre middle distance), and the upper Eden Valley near Appleby. The popular Pennine 


Way crosses the Pennines here. 


This beautiful area, one of the few still unspoilt parts of rural England, is threatened 


with a development which, if approved, could be of national as well as regional importance. The proposed scheme is for 
a sports centre with hotels, chalets, shops and an artificial lake at Flakebridge, and an artificial ski slope and ski lifts on 
Murton Pike. The objectors to the scheme, who include the Council for the Preservation of Rural England and the 
Friends of the Lake District, fear that the development could set a precedent for projects of a similar character in 


other parts of the country. 


A public inquiry was held last December, and a decision is expected soon from the 


Minister of Housing and Local Government. (Photo, G. V. Berry.) 
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SELECT COMMITTEE 


NERC on the Stand 


THE Select Committee on Science and Technology was 
told firmly on April 16 that the initiative for choosing 
research projects lies with the Natural Environment 
Research Council and not with Whitehall. Beginning 
its first examination of one of the four research councils 
by questioning four witnesses from the Department of 
Education and Science, the committee showed parti- 
cular interest in Government influence on NERC’s 
activities. 

Sir Herbert Andrew, Permanent Undersecretary of 
State at the department, said that NERC is responsible 
for its own programme of research and should be the 
chief source of initiative in deciding what work shall 
be carried out by its constituent bodies. Some of 
NERC’s activities are bound to interest other Govern- 
ment departments and there is an interdepartmental 
committee to discuss with NERC topics of common 
interest. Sir Herbert rejected any suggestion that the 
research councils are becoming creatures of govern- 
ment, saying that the decisions about research topics 
rest entirely with the councils, He thought, on the 
contrary, that there had been criticism that the 
research councils might become too remote from 
everyday affairs. They have, however, tried to devote 
much of their resources to topics of practical and 
economic value; NERC is particularly aware of this 
aspect of its activities, he said. 

Mr W. K. Reid, Assistant Secretary in the science 
branch of the Department of Education and Science, 
said that the Council for Scientific Policy has various 
criteria for advising on the size of the science budget 
and its division between the research councils. Initia- 
tive can come from the councils themselves, and there 
is always a certain amount of momentum in the form 
of work in progress. The council itself also suggests 
timely and promising projects it would like to encourage 
for the future. Mr Reid said that it is impossible to 
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say to what extent the pure research aspect is weighted 
against the utilitarian aspect when projects are chosen, 
He thought it impossible to foresee exactly the econo- 
mic outcome of a particular piece of research, and 
anyway money must continue to be devoted to pure 
research so that British scientists can remain at the 
frontiers of knowledge. 

Sir Herbert stressed that although his department 
may advise the research councils about particular areas 
of research that would give an economic return, the 
actual choice of work to be carried out is made by the 
councils. Mr G. B. Blaker, Assistant Undersecretary of 
State in the science branch, quoted the sort of indirect. 
persuasion that comes from the Mineral Resources 
Consultative Committee, which brings together NERC, 
the department and users of the resources, looking for 
new ways of exploiting minerals economically. 

Mr Blaker said that the very wide scope of NERC’s 
activities compared with the other research councils 
does not necessitate any special treatment, although 
the fact that this is the youngest of the councils might 
make some difference. The select committee was 
interested in the overlap with other organizations 
which might result from NERC’s wide range of 
activities. With regard to forestry Mr E. W. Momber, 
principal scientific officer at the DES, explained that 
NERC has a committee on which the Forestry Com- 
mission is represented, and great care is taken to avoid 
overlap. Mr B. Parkyn asked whether the air pollution 
work of the Warren Spring laboratory and the Medical 
Research Council might be better done by NERC, Mr 
Reid felt that the MRC’s work is specifically medical 
and most suitable as it is, while there is very close 
collaboration between Warren Spring and N ERC, so 
that there is no danger of one ignoring the other’s 
work. Mr Blaker pointed out that there will always 
be the question of which research council should deal 
with new developments. No administrative problems 
have resulted yet from NERC’s large size, and there is 
no sign at the moment of the organization becoming 
too large, Sir Herbert said. 


eee aU 


Parliament in Britain 


Medical Schools 

Mr RICHARD Crossman, Minister for Social Services, 
announced that the Government accepted the Todd 
Report’s recommendation for the expansion of the 
medical schools and that it intends to increase the 
number of places from 2,700 in October 1968 to 3,700 
by 1975. Apart from the new schools at Nottingham 
and Southampton, the existing schools will be ex- 
panded. Thus £2 million has been added to the univer- 
sities’ building programme for 1970-72 to provide 
facilities for pre-clinical training at St George’s Hospital 
Medical School in London. Mr Crossman added that 
he had received the views of most medical organizations 
on. other aspects of the report and would make further 
announcements in the future. (Statement and written 
answer, April 14.) 


Gas Centrifuges 
Tae Minister of Power, Mr R. Mason, said that the 
Atomic Energy Authority does not envisage a shortage 


of uranium in the near future. Mr Wedgwood Benn, 
Minister of Technology, said that discussions with the 
Netherlands and West Germany on the development. 
of gas centrifuge plants for uranium enrichment had 
continued since the ministerial meeting on March 11 
and a number of issues have still to be resolved. The 
Government, he said, would only go ahead with the 
project if it was economic. He said he believed that 
it was less dangerous to have three countries working 
in collaboration with this potentially dangerous tech- 
nology than to have them working individually. 
(Written answer, April 14; oral answer, April 16.) 


Air Bus 

In reply to a barrage of questions, Mr A. Wedgwood 
Benn repeated that the Government is not satisfied 
that the European A300B air bus is an economic propo- 
sition. He said that the British Aircraft Corporation 
had not yet submitted a final proposal for its competi- 
tor, the BAC 3-11, and he refused to speculate about the 
project until he had seen full proposals. The BAC 
3-11 has not been discussed with the French and 


NATURE, VOL. 222, APRIL 26, 1969 


NUCLEAR REORGANIZATION 


IRC Called to Account 


Tae Select Committee on Science and Technology 
makes no secret of its disappointment with the way the 
British nuclear power industry is being reorganized. 
For one thing, the avowed aim of the reorganization 
to reduce the companies which design and build nuclear 
power stations into two groups does not match the 
commitiee’s own central recommendation in 1968 
that there should be just one central organization 
built around the Atomic Energy Authority. Thus the 
first meeting last week of a sub-committee now 
appointed to re-examine the organization of the 
industry was necessarily a little like an inquisition. 
The new investigation of the nuclear power industry is 
expected to last several months. The chairman, Mr 
Arthur Palmer, set the tone by pointing out that years 
have passed and the reorganization is still not complete. 
The first to be called to account was the Industrial 
Reorganization Corporation, represented by Mr C. H. 
Villiers and Mr R. A. Morton. The IRC has played the 
chief part in the affair since July last year when it was 
called in by the Minister of Technology to foster a 
reorganization into two groups. By September, Mr 
Villiers said, the IRC thought it was on the road to an 
early solution, but the discovery during the construc- 
tion of the Dungeness B station of a buckling of the 
main steel membrane around the reactor core, meant 
that a crucial merger initiated by the IRC between three 
boiler companies could not go ahead; one of the com- 
panies was faced with a substantial loss on Dungeness 
B. After what Mr Villiers called the “disaster” at 
Dungeness B, the IRC tried hard to hold the three 
boiler companies in the merger, but the companies 
felt that the bottomless loss of Dungeness B was more 
than they could ask their shareholders to accept. 
The IRC could give no clear view why the Ministry 
of Technology decided on a two company structure for 
the industry rather than the single group which the 
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Select Committee wanted. After informal soundings 
of the industry, it had come to the conclusion that two 
companies would be preferable. It is hardly surprising 
that Dr Edmund Davies was disturbed about this. 
He thought there should have been a substantial 
analysis of such an important industry rather than 
informal soundings. Dr Davies was also curious to 
know how the IRC decided which nuclear power 
companies to keep going and which to discourage, but 
this delicate matter was eventually discussed in private. 

The witnesses professed themselves satisfied that 
there would be enough work for the two companies, 
assuming orders are forthcoming from the electricity 
generating boards. Mr Morton said there was one order 
from the generating boards last year, that they were 
expecting another this year, and that this level of 
activity was a sufficient base load for the overseas 
markets. Unfortunately, it was not at all clear what 
would be the fate of the two company system if two 
successive orders went to the same company. Mr 
Villiers believed it necessary to create a certain hunger 
at home if the companies were to seek markets overseas. 

The latter part of last week’s meeting was devoted to 
the future of the third group which has been left in the 
cold by the mergers—Atomic Power Constructions 
Ltd. APC was the company responsible for Dungeness 
B, and has now come to an accommodation with the 
Central Electricity Generating Board by which one of 
the other groups, British Nuclear Design and Con- 
struction, will take over the contract. A link between 
APC and BNDC is at an advanced stage of negotiation, 
according to Mr Villiers, and shows signs of coming 
to fruition. But the IRC is not certain precisely what is 
going to happen to APC. 

Dungeness B is the first large scale advanced gas- 
cooled reactor to be built for the CEGB, and Mr 
Villiers had no hesitation in calling the engineering 
problems there “a disaster”. The two companies in 
Atomic Power Constructions, International Combus- 
tion Holdings and Fairey Engineering, are expected to 
lose about £4-5 million on the contract, it is reported 





German Governments. (Oral answer, April 16, written 
answer, April 17.) 


Radio Telescope 

Mrs Saraiey Wurms, for the Department of Educa- 
tion and Science, said that the design study for a 400 
foot steerable radio telescope for Manchester Univer- 
sity is almost complete. She was unable to promise 
that the Mark V Meiford telescope will not meet with 
the sort of financial difficulties which beset the Jodrell 
Bank telesco No decision about the new telescope 
is expected for about a year. (Oral answer, April 17.) 


Student Grants 

Mrs Smreiey Wii1ams said that she had discussed 
with representatives of the National Union of Students 
and the Scottish Union of Students the present 
system of student grants, but there could be no changes 
which might involve increase in expenditure until 
the next review. When asked whether she thought 
students had been asked to sacrifice more than the 
rest of the community—since 1962 the cost of living 


has risen by 30 per cent but student grants by only 
12 per cent—she said that it ought to be remem- 
bered that total expenditure on students’ grants had 
risen very fast indeed even if individual grants 
had lagged behind the cost of living. (Oral answer, 
April 17.) 


School Science Teachers 

Tue Department of Education and Science is holding 
thirty-seven short courses and twelve one-year or one- 
term courses for science teachers. Among graduates, 
priority for teacher training is being given to mathe- 
maticians and scientists. Miss A. Bacon also said that 
the Department of Education and Science has offered 
grants to scientific societies to establish regional centres 
for science teachers and has given advice on the design 
of school science laboratories. Replying to the sugges- 
tion that this is all rather unimaginative and that 
nothing has been done to persuade industry to help 
by seconding staff, Miss Bacon said people from indus- 
try would be welcome, but they must be qualified 
teachers. (Oral answer, April 17.) 
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Public and Private Responsibility 


Tue British Society for Social Responsibility in Science 
went public last Saturday with a conference which 
filled the large lecture theatre of the Royal Society. 
Although Professor E. H. S. Burhop, one of the 
founder members of the society, said he had once been 
cautious about the success of the meeting, he happily 
admitted that the optimists had been right. Even the 
BBC was there to record the proceedings, while Pro- 
fessor Burhop was able to announce that Mr Clive 
Jenkins was present and that his trade union, the 
Association of Scientific, Technical and Managerial 
Staffs, would make a donation and seek ways to 
affiliate the union with the BSSRS. More than seventy 
of the three hundred in the audience joined the society 
on the spot, and if the first concern of the organizers 
was to launch the society, they must be pleased 
with their success, even though the meeting produced 
a strange debate, with subdued discussion and more 
high principle and anecdote than hard content. 

Professor M. H. F. Wilkins set the tone in his intro- 
duction by saying it was socially irresponsible to claim 
the right to do science for its own sake without spend- 
ing time on possible social effects. Knowledge for its 
own sake is no longer a justification. ‘Young people 
today are not impressed with the material benefits 
of science. If these are stressed, they will opt out and 
join the arts underground”, he said, leaving in science 
only “zombies, button pushers and yes-men”’. 

Professor G. A. Barnard went on to discuss the 
symptoms of and antidotes for ““Dainton disease” and 
what he called the wholly avoidable anomalies of the 
prevent selection system for undergraduates. He fol- 
owed a well worn path, but emphasized premature 
specialization in British schools and the fact that many 
arts students are never exposed to any science to 
speak of. The result was widespread superstition and 
fear of science among the public and the administra- 
tors. The discussion was equally familiar. 

The main burden of Professor J. Maynard Smith’s 
characteristically eloquent piece was that every profes- 
sion except science accepts its responsibility to indi- 
viduals and that it was high time that science followed 
suit. The unpredictability of the consequences of 
research means, he believes, that scientists will have 
little influence if they take to saying, “We won’t work 
on this but we will work on that’, but this is no 
excuse for classified research in the universities or 
research on weapons. Neither is it an excuse for 
doing research simply because it is technically feasible 
and regardless of the consequences. 

Before anyone had time to tilt at windmills, Profes- 
sor J. M. Ziman pointed out that science is better at 
raising problems than formulating answers, and he 
warned the society not to go in for simplistic solutions 
or the naming of demons. He believed it ought to argue 
out issues rather than pronounce on them and that it 
should give rise to an intellectual rather than a political 

ressure group. 

Until Dr Robert Smith, the society’s secretary, 
spoke, the meeting could as well have been organized 
by the Royal Society as the BSSRS. Dr Smith, how- 
ever, explained what the society wants to do—in a 
nutshell, “to democratize science both at the public 


and professional levels, and draw up an ethical code”. 
He had no trouble in citing examples of the sorts of 
problems the society might concern itself with. Dr J. 
Rosenhead, a committee member, then at last got down 
to brass tacks. He wisely reminded everyone, for they 
might never have guessed, that they were preaching 
subversion and minor revolution. The society would 
eschew elitism, would run a newsletter and promulgate 
its aims by education, lobbying, politics and the mass 
communication media. 

In the afternoon, Dr S. Rose said he hoped those 
who had spoken from the floor in the morning would 
stay in their seats so that others might get a word in 
before making way for Professor C. F. Powell. Apart 
from deploring the supercilious tendency of scientists 
to disparage popularization and popularizers of science, 
Professor Powell made the point that the BSSRS 
must be a political lobby, not a talk shop. 

The BSSRS is most concerned that sponsored 
research, and in particular sponsored secret research, 
should not become as rife in Britain as in the United 
States. And Dr D. A. N. Oppenheim, an American 
social scientist now at the LSE, told a gripping caution- 
ary tale of project Camelot and the locked files and 
secret flights to Washington, which, he said, were all 
part and parcel of American sociology departments. 
Dr J. Bray, MP, then got up and, stressing that he was 
at the meeting in a purely private capacity, said that it 
is easy to castigate the motor car industry for making 
what Professor Maynard Smith had deseribed as the 
single invention which has done most to damage the 
quality of life, but a large part of the BSSRS activity 
ought to be to get more scientists into industry, never 
mind politics. The audience was not convinced. 

Dr H. 8. Wolff warned the society about getting its 
priorities right. He first provoked the meeting by 
saying that everything that had happened had been 
entirely predictable—each speaker had given the talk 
expected of him. His own theme was that of unexciting 
research into necessary equipment. He used as an 
example a simple device for allowing people to get 
from a wheel-chair to a lavatory seat. His message was 
clear enough; the society must not evade responsibility 
for dull mundane projects by concentrating on issues 
such as chemical and biological warfare. 

Professor H. Levy’s short sermon on elementary 
Marxism was cut short by the chairman before Dr S. 
Lal reiterated the society’s aims—conceptual, to define 
problems; moral, to decide on them; and political, 
to provoke action. Professor M. R. Pollock pointed out 
that the meeting seemed divided into those who would 
support the carefully phrased manifesto and those, 
including himself, who did that and wanted more 
direct action because they refused to be the instruments 
of the prostitution of science. The state may ask a 
scientist to do something good for his own nation but 
bad for others. Scientists, he said, have an inter- 
national framework that they should exploit. The 
society must think supranationally, set up an inter- 
national liaison committee and be prepared to face 
trouble. The society should provide a moral and 
intellectual cushion for those who were prepared to 
sacrifice career for principles. 
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How to be Overtaken by Success 


Washington, April 15 

SHOULD the United States Government provide direct 
support for the universities and other institutions 
which play an important part in scientific education, 
particularly at the postgraduate level? This is bound 
to be a lively issue in the months ahead, if only because 
it has been raised by a number of influential bodies— 
the National Science Board (see Nature, 221, 799; 
1969) and the Clerk Kerr Commission on Higher Educa- 
tion, for example. But there are also signs that the 
new Administration is hoping to make a thorough 
reassessment of the whole basis of support for scientific 
research in the United States and it is inevitable that the 
possibility of direct institutional support will be con- 
spicuous in this review. In these circumstances, the 
Miller bill, now in its third year before Congress, is 
likely to receive a good deal of attention when the 
Daddario subcommittee of the House of Representa- 
tives Committee on Science and Astronautics publishes 
in the early summer a version of the bill amended in the 
light of the nine days of hearings held in Washington 
at the end of February. Now that there is such 
powerful support for direct financing of higher educa- 
tion, however, nobody would be surprised if the Miller 
bil—HR 36, as it is called—were overtaken by some 
measure more deliberately suited to the objectives 
of the new Administration. 

The record of the hearings is not merely an indication 
of the way the wind is blowing but an important guide 
to some of the strains which are now accumulating 
within the system of higher education. The Miller 
bill, on which the Daddario subcommittee has lavished 
full scale hearings last year as well as this, is unlikely 
to be modified in any important way by the reactions 
of the subcommittee to the evidence which emerged 
at the hearings in February. Once publissed, the bill 
is likely to be sent quickly on its way by the full 
Committee on Science and Astronautics, but there 
seems at present to be no clear view on when and how 
it may be converted into legislation. 

The Miller bill has grown since it was first introduced 
to Congress in 1966, chiefly because of the way in which 
it has won Mr Daddario’s heart. Originally the inten- 
tion was that $150 million a year should be spent on 
three distinct forms of institutional support. Much 
of the bill’s appeal to Congress stemmed from the 
likelihood that it would help to distribute Federal 
funds on a wider geographical basis than the project- 
grant system, and this principle has left its mark on 
the present version of the bill. The sum involved has 
now grown to $400 million a year, calculated at roughly 
twenty per cent of the Federal Government’s spending 
on academic research. But the problem remains of 
how to distribute this money in a way that will seem 
fair to the recipients and efficient to those in Congress 
and the Government who have other ideas about the 
distribution of research money. The preamble to this 
bill emphasizes that these funds would be additional 
to those now supplied by the Federal Government. 


The bill provides for three forms of institutional 
support, each accounting for one-third of the funds. 

(1) There is a scheme for providing universities with 
NSF grants proportional to the total amount of project 
grants awarded by the Federal agencies in the preceding 
fiscal year, with the reservation that the first $50,000 
of each university’s receipts should be matched in full. 

(2) The bill also provides that one-third of the Miller 
funds should be distributed among states in proportion 
to the number of full time undergraduates at state 
universities and colleges, and it is foreseen that the 
NSF should then devise a formula for distributing these 
shares among each state’s universities and colleges 
by means of a formula which takes into account the 
amount of science which is taught, the numbers of 
first degrees awarded in science and the cost of educa- 
tion at various levels. 


(3) A further distribution of the Miller bill’s money 
would be made to universities on the basis of the output 
of higher degrees in the preceding three years, although 
again it would be necessary to take account of the 
different costs of producing an MSc and a PhD. 

The way in which these provisions fit in with con- 
gressional notions of geographical equity is evident 
enough. Each of the three provisions of the bill would 
also help the weaker universities and colleges. The 
second and third are dependent on a formula yet to be 
designed, and this problem may yet prove to be an 
insuperable stumbling block. It is important that the 
objectives of Miller grants are distmot from those which 
persuaded the National Science Board to ask for insti- 
tutional grants, on a formula basis, for the support 
of postgraduate education. What the board called 
“institutional sustaining grants”, for example, were 
intended to provide a more formal basis for the over- 
head component which at present accompanies most 
project grants. The Clerk Kerr report, prepared by 
the Carnegie Commission on Higher Education, in- 
clined to the strategy of helping universities by provid- 
ing students with support. So, too, has the so-called 
Rivlin report prepared by the Department of Health, 
Education and Welfare for the President. 

Inevitably, the only out and out supporter of the 
Miller bill was Dr L. G. Haworth, director of the 
National Science Foundation. The NSF has worked 
closely with the subcommittee on the development of 
the bill and would be the chief agent for spending such 
funds as may emerge. Dr Haworth said that the 
foundation was already experienced in making institu- 
tional grants and has spent a total of $130 million in 
the past four years in the support of thirty universities 
at which there seem to be promising opportunities 
for developments in science; he claimed that actions 
like these tended to enable universities to attract funds 
more easily from other sources. The foundation is 
also making grants to institutions which do not award 
PhDs, but there is no evidence so far to show how this 
new programme is going. The inference, however, is 
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Table 1. ESTIMATED DISTRIBUTION OF INSTITUTIONAL GRANTS 
TO SELECTED INSTITUTIONS (IN $1,000s) 

Part 1 Part 2 Part3 Total 
Massachusetts Institute of 


Technology (95,487) 977 155 3,536 4,668 
University of Michigan (56,344) 782 690 3,296 4,768 
University of mois (52,446) 762 896 4,096 5,754 
Columbia University (52,113) 761 849 1,780 2,890 
University of California, Berkeley 

(48,889) 744 577 4,925 5,546 
Harvard University (48,861) 744 293 2,177 3,214 
University of Wisconsin, Madison 

(48,290) 742 407 3,375 4,524 
Stanford University (45,856) 729 231 3,023 3,984 
Univermty of Calforma, Los 

Angeles (45,398) 727 681 2,351 3,660 
University of Minnesota (42,125) 711 922 2,266 3,898 
University of Chicago (39,583) 698 195 1,560 2,453 
New York University (39,363) 697 673 2,636 4,006 


that the National Science Foundation would be happy 
to administer the Miller bill. 

Dr Haworth’s criticisms of the bill were largely on 
technical points. He was concerned, for example, to 
know how “academic science’ would be defined— 
would buildings be included? The committee seems 
to have accepted Dr Haworth’s assertion that contracts 
should be lumped in with research grants for calculating 
an institutional grant, but was plainly less happy with 
his plea that the provision of matching for the first 
$50,000 of project grants should somehow be changed. 
The National Science Foundation has calculated that 
in the current fiscal year 1,900 institutions will qualify 
for minimum support, thus using up $60-5 million. 

The National Science Foundation, no doubt with 
popratio insight, has been working with three specific 
ormulae corresponding to each of the three parts of 
the Miller bill. Where the project linked grants are 
concerned, it assumes that institutions will be given 
100 per cent of the first $50,000 and 20 per cent of the 
next $60,000 of grant income from Federal sources. 
Thereafter, the rate of return falls steadily from ten 
per cent up to $500,000 to one per cent above $20 
million. In calculating the amounts to be paid to 
institutions under the second part of the bill, it would 
have been sufficient in 1967 to multiply the number of 
resident students by $20. The distribution of the third 
share of the Miller fund is based on the assumption that 
each PhD costs three times as much to produce as a 
master’s degree, so that an institution’s share under 
this heading is proportional to three times its annual 
output of PhDs plus its annual output of master’s 
degrees. For what they are worth, some of the National 
Science Foundation’s estimates of the amounts that 
would be paid under the Miller bill to a number of 
universities and colleges are shown in Table 1. 

The most telling evidence at the hearings seems to 
have been that of Dr Philip Handler, chairman of 
the National Science Board and president-elect of the 
National Academy of Sciences. His line was that the 
National Science Board would support the bill only 
if it were part of a package along the lines of the 
several novel methods of financing university graduates’ 
education advocated by the National Science Board 
in its recent report. “In the board’s view, enactment 
and implementation should occur in the context of a 
considered . . . total Federal plan for support of higher 
education.” 

Like Dr Haworth, Dr Handler argued against the 
$50,000 matching contribution, suggesting that it 
should at least be reduced to a 50 per cent grant as 
one possibility. He went on to say, however, that he 
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and his board endorsed the Clerk Kerr and the Rivlin 
documents, from which it follows that they are anxious 
that the Federal Government should support universi- 
ties for what they do in the arts and the humanities 
as well as in science and engineering, and that attention 
should also be paid to the needs of what are now called 
disadvantaged students. The point here, echoed later 
in the hearings by the witness from the Department of 
Health, Education and Welfare, is that even though 
the Miller bill would provide money for general univer- 
sity use, the fact that the amount of it would be cal- 
culated from the scale and success of graduate work in 
science would necessarily bias universities towards 
science. 

On the need for a package of measures for the Federal 
support of graduate education, Dr Handler told the 
tale which is the theme of the National Science Board 
report, that the Federal Government has a responsibility 
towards graduate education. The project grant sys- 
tem, he said, “should continue to be the backbone of 
support to academic research”, but he was anxious 
that the indirect costs of research and of graduate 
education should be met directly by means of institu- 
tional grants. “The item that troubles me most deeply 
is the support of the individual professors’ provision 
of their own salaries out of grants which are made 
available from a Federal agency in response to applica- 
tions prepared by those professors. This process has 
contributed to whatever truth there might be in the 
allegation of a flight from teaching.” 

On a more practical level, Mr Lucius P. Gregg, 
director of research at Northwestern University, 
argued that institutional grants would help universities 
to plan ahead. He pointed out that even though it is 
necessary to make commitments to graduate students 
at this time in the academic year, grant funds are often 
not yet available for the year ahead. By the same test, 
he considered that institutional grants would allow 
universities to improve facilities related to research— 
libraries, computers and the like—at a time when costs 
were rising rapidly. Similarly, institutional grants 
would save some trouble in keeping detailed accounts 
of grants, would allow investigators to move more 
easily from one area to another and would also sweeten 
the pill which universities have to swallow when they 
recognize that, at present, it costs six times as much to 
educate a graduate student in science as a graduate 
student in the arts. 

The strongest argument against the Miller bill came 
from Mr Peter Muirhead, acting commissioner of 
Education at the Department of Health, Education 
and Welfare. He argued that institutional support 
“may not be of the highest priority’ and that extra 
funds might be better spent on, for example, helping 
students who do not at present find their way to a 
university but who could profit from higher education. 
Mr Muirhead also argued that the bill is incomplete 
in that it deals with “sciences at the expense of the 
humanities”. He was particularly fearful that the bill 
would bias universities against the arts and humanities, 
and that it would benefit disproportionately the wealth- 
ier institutions—a previous version of the bill had an 
upper limit to the amount of an institutional grant 
which had now been removed. All this implies that the 
Department of Health, Education and Welfare, like 
Dr Handler and the National Science Board, but for 
different reasons, is unlikely to be satisfied with the 
Miller bill and unlikely to give its support in isolation. 
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The Trans-Mendeleey Elements 


Ir was a splendid joke that Dr Albert Ghiorso and four 
of his colleagues at the Lawrence Radiation Laboratory 
at Berkeley should have enlivened the Mendeleev 
Centennial Symposium in Minneapolis last week with 
an account of the production of a minute amount of 
element 104. This is just the kind of happening 
which the old master would have enjoyed when he 
published his convincing account of the periodic table 
exactly a century ago. For if the periodic table is 
anything at all, it is an accommodating framework. 
Right from the beginning, it made sense only by the 
inclusion of awkward gaps which represented then 
undiscovered elements. What Dr Ghiorso and his 
colleagues are now asking is that the periodic table, 
which has been stretched in the past quarter of a cen- 
tury to include the elements between uranium (atomic 
number 92) and lawrencium (atomic number 103 and 
another product of Berkeley), should now accommodate 
element 104 as well. A hundred years ago, Mendeleev 
would no doubt have been hard pressed to know just 
where to put this number, but the insight into the 
construction of the periodic table which has been 
provided by the simple quantum rules for the con- 
struction of electronic shells leaves no doubt of what 
should be done. 

At the high jinks in Minneapolis, Dr Glen Seaborg, 
unmoved. by the impending reduction of the budget 
of the Atomic Energy Commission of which he is 
chairman, was able to proclaim that element 104 is 
the first of the “trans-actinide” elements. In other 
words, just as the rare earth elements come to an end 
in the periodic table when the 4f electronic shell is 
filled at hafnium (atomic number 72), so the actinides 
come to an end with the filling of the 5f shell at element 
104. Mendeleev would, of course, have been delighted 
to see how confidently Dr Seaborg was able to predict 
the chemical properties of the new material—tetra- 
positive ions in solution, but with solid chlorides in 
the (II) and (OI) oxidations states as well, an ionic 
radius of 0-78 Angstrom and a melting point of 2,100° C. 
The real proof of how powerful a tool the periodic 
table has become is the way in which these predictions 
will be taken as gospel even though it remains to be 
seen whether there will ever be enough of element 104 
for its properties actually to be observed. 

The essence of this kind of work is the detection of 
exceedingly small amounts of materials which decay 
spontaneously at a great rate. It follows from this 
that experiments must be planned in such a way that 
unwanted nuclear reactions do not contaminate such 
reaction products as there may be. The group at 


Berkeley has acquired an enviable skill in all these 
aspects of this intriguing game. Even so, there is 
likely to be much mulling over their results before 
element 104 is eventually blessed with a name. One 
immediate problem is that the first claim on element 
104 was made by a group in the Soviet Union more 
than two years ago. The belief then was that small 
amounts of the isotope with mass number 260 had been 
prepared and had been found to be unstable against 
fission. Whether that claim will eventually be con- 
firmed remains to be seen, but the chances seem not 
particularly bright. 

And what will become of element 105, and the 
elements that come still later in the periodic table ? 
Dr Seaborg made plain at the symposium last week his 
own hopes for the discovery of still more massive 
elements. The great excitement seems to be the 
possibility that some of the isotopes of elements with 
atomic number within a few units either side of 114 
might be exceptionally stable for much the same 
reasons that lead 208 is stable enough to act as a 
bulwark between the naturally occurring radioactive 
elements and the rest. The obvious difficulty in testing 
this intriguing hypothesis is that it is hard to find 
pairs of nuclei which are sufficiently rich in neutrons to 
yield viable approximations to the super-heavy 
isotopes when they are flung against each other. Even 
the remote possibility of success is bound to be exciting, 
however, for nobody can tell what uses might be made 
of substantial quantities of the elements with these very 
large atomic numbers. That is something which even 
Mendeleev did not anticipate. 


ANTIVIRAL DRUGS 


More about Rifampicin 


from our Cell Blology Correspondent 


Last week Heller and his colleagues (Nature, 222, 218 
and 273; 1969) reported that the antibiotic rifampicin 
inhibits the multiplication of pox virus in cultured 
mouse cells and may prove to be a suitable drug for 
clinical treatment of viral infections. On page 341 of 
this issue, Subak-Sharpe and his group, working 
independently at Glasgow, report the same observa- 
tion, and have greatly extended it by isolating rifam- 
picin-resistant mutants of vaccinia virus. 

The Glasgow group tested the effect of rifampicin on 
the multiplication of thirteen different viruses. The 
antibiotic inhibits the multiplication of the DNA 
viruses, vaccinia, cowpox and adenovirus but has no 
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effect on the multiplication of RNA viruses including 
polio and influenza. Rifampicin is one of a large 
family of closely related compounds, and Subak-Sharpe 
and his colleagues tested, in the same experimental 
system, rifazine, rifamycin SV and rifamide as well as 
the unrelated drug streptovarin. None of these 
inhibits viral multiplication even in the highest 
concentrations used in the experiments. Rifamycin 
SV, in fact, was toxic to the host cells and killed them, 
but this is probably the result of contaminants in the 
group’s sample. As Subak-Sharpe et al. point out, 
they were very fortunate in selecting rifampicin rather 
than one of its close relatives, which, as it turns out, 
have no inhibitory effect or are toxic. On the other 
hand, as they say, there is no reason to suspect that 
rifampicin is the only or the most selective antiviral 
agent in the family of compounds. It would obviously 
be well worth while testing each one. 

But, apart from investigating a broader spectrum of 
viruses and antibiotics than Heller and his colleagues, 
the Glasgow group has obtained a rifampicin-resistant 
mutant of vaccinia virus. This, of course, is very strong 
evidence that the drug acts on a single protein specified 
by a viral gene. Their autoradiographic experiments 
show that the antibiotic stops the incorporation of 
tritiated uridine into viral RNA—in other words the 
antibiotic inhibits viral RNA metabolism without 
affecting the host cell. By analogy with experiments 
with bacteria, this suggests that the protein sensitive 
to rifampicin is a component of the DNA dependent 
RNA polymerase. It should be possible to confirm this 
by showing that the resistant mutant strain has a 
modified polymerase enzyme. 

Another point to emerge from the work at Glasgow 
is the presence of toxic contaminants in samples of 
rifampicin 99-3 per cent pure; this has obvious 
implications for the possible therapeutic use of the 
antibiotic. Host cells exposed to rifampicin at doses 
of 100-150 ug per ml. show degenerative changes after 
3-4 days from which they can recover. This degenera- 
tion probably results from trace contaminants which 
would have to be removed if the antibiotic were to be 
used clinically. 


HUMAN GENETICS 


Chromosomes in the Clinic 


from a Correspondent 

Tux topic for the third meeting of the European Society 
of Human Genetics in Liverpool on April 19-20 was 
clinical genetics. The meeting began with an aspect of 
clinical genetics in which success has already been 
achieved. The prevention of rhesus iso-immunization 
was introduced by Professor C. A. Clarke (University 
of Liverpool), who with his colleagues pioneered this 
aspect of preventive medicine. Although haemolytic 
disease in the newborn due to Rh-incompatibility can 
now be prevented by giving the mother anti-Rh 
globulin, the number of babies at risk is likely to 
increase if more abortions are performed. This is 
because following induced abortions—tho not 
spontaneous ones—an appreciable proportion of women 
have been found to have foetal cells in their blood. 
This means that more Rh-negative mothers may need 
to be treated with anti-Rh globulin. 

By contrast, the antenatal diagnosis of genetic disease 
is a field in which new techniques are now theoretically 


è 


Pe he 
NATURE, VOL7222, APRIL 26, 1969 


available but have not yet reachtd a stage of perfection 
where they are acceptable in practice, except in rather 
desperate situations. This topic was discussed by 
Professor A. E. H. Emery and Dr M. M. Nelson 
(University of Edinburgh), Dr Hahnemann and Profes- 
sor J. Mohr (Copenhagen) and Dr C. O. Carter (Insti- 
tate of Child Health, London). The problem is to 
detect the presence of genetic disease early so that, if 
necessary, an abortion can be performed before the 
fifth month of pregnancy. The commonest method of 
detection used is to remove some amniotic fluid and then 
examine its cells, which are of foetal origin. One 
difficulty is that sufficient cells are not available before 
the tenth to twelfth week of pregnancy and that 
another three weeks in culture is required before chrom- 
osomes can be analysed. Moreover, failure rates are 
still high. Sex chromatin and e e studies can be 
undertaken immediately, but at present little is known 
about normal enzyme values. Clearly more work 
needs to be done before the method becomes widely 
acceptable. 

Several new developments in cell culture techniques 
promise to provide information both for medical 
genetics and basis cytogenetics. The use of muco- 
polysaccharide staining in fibroblasts was discussed 
by Professor O. J. Miller (University of Oxford) and 
Professor M. Fraccaro (Pavia). Professor M. Siniscalco 
(Leiden) reported on the fusion of diploid human 
fibroblasts. 

Steady progress is being made in the mapping of the 
human X chromosome, even if it has not been as fast 
as was originally hoped. Dr Ruth Sanger (Lister 
Institute, London) pointed out that about seventy 
genes which show sex-linked inheritance have been 
described, of which four have variants occurring with 
sufficient frequency to make them useful markers. 
There are now two clusters of genes, one of which 
shows linkage with the Xg blood group and the other 
with the gene for colour blindness. Mapping of the 
still uncharted piece of chromosome in the middle 
could be greatly facilitated by the discovery of a few 
strategically placed marker genes. 

The oldest technique available in human genetics, 
the study of twins, was re-evaluated by Dr B. Harvald 
(Odense) and by Mr J. Shields and Professor Eliot 
Slater (Institute of Psychiatry, London). It is becom- 
ing clear that the assumption that all differences 
between monozygotic twins must be environmental is 
too simple, for such twins may differ, for example, 
in their cytoplasmic endowment. Twin studies are 
likely to be particularly valuable in conditions, such as 
cerebral palsy, which are more frequent in twins than 
in the general population. 


SYSTEMATICS 


Taxonomy of Higher Plants 


from a Correspondent 


Tue Linnean Society held a symposium on the bio- 
systematics and taxonomy of higher plants at the 
University of Sheffield on April 14-15. 

Two papers on systematic anatomy came from the 
Jodrell Laboratory, Kew. Although dealing with 
completely different groups (aquatic monocotyledons 
and Asclepiadaceae, Teravad y) M. Y. Stant and 
D. V. Field had difficulty because of the paucity of 
characters due to the reduction of vascular tissues. 


NATURE, VOL. 222. APRIL! 26. 1969 
te! 


a 

Nevertheless, positive ‘éontributions to the classifica- 
tion have emerged in each case. Investigations of 
the epidermis of the pantropical Combretaceae by 
C. A. Stace (University of Manchester) have revealed 
many characters of such significance that important 
adjustments to the classification have been made with 
complete confidence, and a more precise definition of 
several taxa has emerged. The family Labiatae, for 
which there is no completely satisfactory classification, 
have been the subject of an extensive survey on the 
basis of forty-five characters carried out by A. El-Gaz- 
zar and L. Watson (University of Southampton). 
When processed by a computer, these characters pro- 
duce a classification which resembles much more closely 
that of Bentham than those of more recent authors, 
and which recognizes as its chief divisions two groups 
which differ in pollen morphology and in scent type 
(and thus in commercial usage). 

The six papers on biosystematics covered a very 
wide range of families and situations, yet all involved 
in various ways studies on polyploid series. In Cam- 
panula rotundifolia, H. A. McAllister (University of 
Glasgow) described 2x, 4x and 6x races from Britain, 
though diploids are very rare. Tetraploids and hexa- 
ploids are self-incompatible, and pentaploid hybrids 
with some viable pollen have been produced. The 
cytotypes are not always morphologically distinguish- 
able, and each shows considerable structural and 
ecological genetic variations. In some cases fertility 
barriers exist between strains within one ploidy level. 

In Galium sterneri, discussed by K. M. Goodway 
(University of Keele), the widespread European taxon 
is tetraploid, but an endemic diploid occurs in Ireland 
and extreme north-west Wales and Scotland. On the 
other hand, G. saxatile is only known as a tetraploid, 
and @. pumilum as an octoploid. Crossing is fairly 
easily accomplished within one ploidy level (and hybrids 
between G. saxatile and G. sterneri are known in the 
field), but very difficult or impossible between them, 
even within the species G@. sterners. 

Discussing European Spergularia species, J. A. 
Ratter (University of Edinburgh) said that they may be 
2x,4x or 6x, and several exist in two cytotypes. All 
behave as diploids, yet genomic homologies are fre- 
quent in the genus as shown by appropriate artificial 
hybrids. Genetic barriers to hybridization are, how- 
ever, widespread and sometimes occur within a species. 

D. H. Dalby (Imperial College, London) said that 
Salicornia has perplexed taxonomists for two centuries, 
and its annual taxa at least continue to do so despite 
great increases in our knowledge of the group. Each 
species is either diploid or tetraploid, but the extent 
of outcrossing or hybridization is unknown. There is 
also a complex pattern of environmental variation. 


ACTIVATION ANALYSIS 


Measurements in the Body 


from a Correspondent 


AN informal international conference on progress and 
problems of in vivo activation analysis, organized by the 
Scottish Research, Reactor Centre in collaboration with 
the Glasgow Postgraduate Medica] Board, was held on 
April 10-11. ' 

Papers dealt first with measurements of total body 
calcium and sodium. Professor J. H. Fremlin and 
Mr I. Holloway, of the University of Birmingham, 
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described the establishment of suitable neutron fluxes 
for whole body irradiation of patients, while Drs M. J. 
Chamberlain and D. K. Peters, also from Birmingham, 
discussed the clinical findings so far. Neutrons from 
the Li (p, n) reaction with maximum yields at about 
0:8 and 3 MeV gave acceptable uniformity of irradia- 
tion. Adequate counting rates were obtained with 
radiation doses of 1 rem. A difference of about 13 
per cent between total body and exchangeable sodium 
was confirmed. Sequential measurements of total body 
calcium indicating changes resulting from, say, therapy 
were considered most useful. Professor W. B. Nelp, 
of the University of Washington, and his colleagues 
described studies with human cadavers and phantoms 
(simulated human bodies) in which Be (d, n) neutrons 
(2-6 MeV) were used to measure total body calcium. 
Additional moderation around the head and the limits 
of the upper and lower extremities produced uniformity 
of thermal irradiation in all areas of the skeleton withm 
+10 per cent. In sequential measurements a change of 
skeletal mass of 2-3 per cent would represent a signifi- 
cant difference. The dose involved was 0-1 to 0:2 rad. 
Total body calcium studies carried out at Brookhaven 
National Laboratory were described by Dr S. H. Cohn 
and his co-workers. Depth-flux curves obtained from 
portable («, n) sources (PuBe, PoBe, AmBe) gave a 
maximum variation from the mean of +69 to 10:3 
per cent, while the curves generated by 14 MeV neutrons 
gave a maximum variation of + 5-14 per cent. 

Mr H. E. Palmer, Battelle Northwest Laboratories, 
and his colleagues described a method for determining 
partial and total body phosphorus using 14 MeV 
neutrons. About 90 per cent of body phosphorus is in 
bone and was measured in the total body or in the 
calcis and single vertebrae of cadavers and animals. 
An isotopic dilution method for determining non-bone 
phosphorus proved unreliable in animals, presumably 
because of equilibration times, and is being investigated 
further. Dr K. Boddy, of the Scottish Research Reactor 
Centre, and his colleagues described their experience of 
using a nuclear reactor. Thermal] and cold neutron 
beams are rapidly attenuated, but beams of epithermal 
and fast neutrons gave uniform activation (+7 per 
cent) up to 4 cm deep in tissue. Clinically, in vivo 
measurements of intrathyroidal iodine before thyroid- 
ectomy gave reasonable agreement with in vitro 
activation and biochemical analysis on the excised 
glands. Preliminary measurements of calcium in bone 
gave satisfactory precision and accuracy. 


CHARGED PARTICLES 


Tracks in Condensed Media 


from our Radiobiology Correspondent 


THE second L. H. Gray memorial conference, held at 
Trinity College, Cambridge, from April 8-11, was con- 
cerned with the structure of tracks of charged particles 
in condensed media, one of Gray’s principal interests. 

The chemical and biological effects of radiation 
depend on the microscopic distribution of radiation- 
induced “events” (ionizations, excitations, free radicals 
and molecular rearrangements). Of these, ionizations 
in gases are the easiest to study, for example using the 
cloud chamber and microdosimetry, and there is exten- 
sive knowledge of distributions of ionizations in gases. 
In condensed media, however, the distribution of 
different types of event is likely to be different and is 
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less amenable to study. The aim of the meeting was to 
bring together experts from various disciplines who 
could cast some light on the evidence available and on 
the problems involved. The meeting was most success- 
ful in showing up the gaps in existing knowledge. 

Theoretical aspects of the problem were discussed 
by Professors Platzman and Fano of the University of 
Chicago, chiefly with regard to the tracks of electrons. 
They pointed out that stopping-power theory is con- 
cerned. only with the loss of energy by the particle and 
says nothing about the way the energy is absorbed and 
distributed in the medium. The theoretical problem 
was formulated as the probability of producing two 
radicals, ions or excited molecules, at a given distance 
apart along the track. 

Dr A. M. Kellerer (Munich) pointed out that linear 
energy transfer (LET) is a macroscopic concept and 
that in microscopic terms the effective LET over very 
short distances is governed chiefly by the clustering 
of energy loss events and is nearly independent of the 
LET of the particle. Dr D. Harder (Würzburg) showed 
that electron tracks become less curved as the electron 
energy falls below 10 KeV. 


TASTE 


Thiols and the Gourmet 


from our Molecular Biology Correspondent 


A NEw biochemical role can apparently be added to 
the many which thiol groups have been found to fulfil 
—they are the gourmet’s enemy. The evidence that 
sulphydryl compounds inhibit the taste receptors has 
been described by Henkin and Bradley (Proc. US 
Nat. Acad. Sct., 62, 30; 1969). It stems from chemical 
observations on patients treated for various conditions 
by the simple cysteine derivative, D-penicillamine; 
many of them experienced a loss of perception towards 
each of four taste qualities. This was not so, however, 
in a group of patients suffering from Wilson’s disease, a 
condition characterized by a failure in copper trans- 
port, with consequent accumulation of cupric ions in 
the tissues. Conversely penicillamine treatment in 
other patients seemed to cause a decrease in serum 
copper concentration. These observations led to the 
speculation that perhaps the effect of thiols on the taste 
receptors was in some way antagonized by copper and 
perhaps other metals. 

Other examples of loss of taste came to light, all 
seemingly associated with increased sulphur levels. A 
patient with a multiple myeloma, producing high 
levels of myeloma proteins in the serum, developed loss 
of taste. This suggested that because these proteins 
are very rich in disulphide bonds, they might function 
as traps for exchangeable sulphydry] or disulphide. 
When copper sulphate was administered, full acuity 
of taste returned within four days, and the patient no 
longer accepted repugnant medicines (such as the 
copper sulphate) without complaint. Zinc chloride 
was found to have a similar effect. After discontinuing 
the intake of metal salts the patient’s sense of taste 
again disappeared. 

Animal experiments bore out the conclusions: rats 
are known to prefer 0:15 M sodium chloride solution to 
water, but object to molarities of 0-3. After treatment 
with D-penicillamine, a large proportion of the rats went 
on to 0-3 M sodium chloride. The serum copper con- 
centration was decreased, and after intake of cupric 
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ions the rats returned to their usual preference. They 
had similar, but smaller, response towards the sul- 
phydryl drug, 5-mercaptopyridoxal. 

Metals such as copper can form mercaptides, or may 
chelate, with appropriate thiols, and so it is reasonable 
to suppose that a metabolic copper—thiol equilibrium 
exists. When an excess of thiol is allowed to build up, 
the taste receptors are inhibited, through reduction of 
cystines or mixed disulphide formation. On this peg 
Henkin and Bradley hang their hypothesis for a taste 
mechanism. While pointing out the possibility that 
what may be observed here is the inactivation of a 
catalytic protein by disruption of internal disulphide 
links, or the disturbance by the thiol of a metal ion 
in the active centre of such a protein, they prefer to 
visualize the mechanism in pure steric terms. The 
protein in question, they suggest, occupies a position at 
a hole in the membrane, which is known to be present in 
the taste bud. The sensation of taste occurs when @ 
molecule of some toothsome variety diffuses down the 
pore and there triggers a nerve fibre. The protein at 
the entrance of the pore needs only to change its 
conformation, under the control of a thiol or of copper 
ions, to occlude (at least partially) or to free the hole. 
It remains only to find a name for the hypothetical 
protein, and with fine panache Henkin and Bradley 
have termed it the gatekeeper protein. 


INTERSTELLAR DUST 


Infrared Clues 


from our Astronomy Correspondent 


Tam latest challenge to the hypothesis that the dust 
in space which obscures distant stars is made up of 
graphite flakes with a coating of solid hydrogen appears 
in Astrophysical Journal Letters as a series of five papers 
from the North American infrared astronomy group. 
Their hypothesis—that, like ordinary terrestrial sand, 
the dust is made of silicates—follows hard on the heels 
of Saslaw and Gaustad’s more exotic notion that 
diamond dust can account for the observations (Nature, 
221, 160; 1969). Only recently the doyen of interstellar 
dust, N. C. Wickramasinghe of the Cambridge Institute 
of Theoretical Astronomy, criticized the diamond 
hypothesis on the grounds that the laboratory proper- 
ties of diamond do not fit the spectrum of absorption 
by interstellar dust (Nature, 222, 154; 1969). It will 
be interesting to see how the astronomers who toe the 
graphite/hydrogen line deal with the silicate hypothe- 
sis, which is based on infrared measurements of cool 
stars and of the Orion nebula. 

The first paper in this concerted siege of the graphite/ 
hydrogen citadel is by Woolf and Ney of the Minnesota 
half of the infrared cooperative between the Universities 
of Minnesota and California (Astrophys. J. Lett., 155, 
181; 1969). They have looked again at the infrared 
emission from cool stars, and have picked up an emis- 
sion feature at 10 microns which they say can only be 
due to a cloud of solid particles surrounding the cool 
stars. The emission seems to match what is expected 
of silicate minerals, such as the pyroxene and olivine 
familiar to geologists. The second paper is by Gilman of 
the Goddard Institute for Space Studies (iid., 155, 185; 
1969), who puts forward evidence founded on calcula- 
tions of molecular equilibrium that refractory materials 
such as aluminium silicate and magnesium silicate will 
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condense out of the atmospheres of oxygen-rich stars. 
The next clue is in a paper by Knacke, Gustad and 
Gillett of California, and Stein who is associated with 
both California and Minnesota (ibid., 155, 189 ; 1969). 
Their contribution is an infrared spectrum of a cool 
supergiant in Taurus, in which they have identified ab- 
sorption features at 9-7 and 10-6 microns which could 
be produced by a silicate and which they attribute to 
interstellar grains. The silicates (Mg,Fe)SiO,, called 
orthopyroxene inosilicates, seem to fit better than 
(Mg,Fe),8i0,, olivine, although the authors say the 
absorption spectrum can be built up by some juggling 
of the two minerals. The fourth and fifth papers in the 
series describe infrared maps of the centre of the Orion 
nebula, in particular four stars embedded in the nebula 
and called the Trapezium stars. Ney of Minnesota and 
Allen of The Observatories, University of Cambridge, 
have mapped several regions of extended emission 
between the stars which they say can be interpreted as 
low-mass shells of dust and gas heated by hot stars (1bid., 
155, 193; 1969). Stein and Gillett have looked at the 
infrared spectrum of the region between the Trapezium 
stars, and find the same emission features that Woolf 
and Ney found in the spectra of cool stars. The infer- 
ence is that the interstellar silicate grains are being 
heated to emission by the young, hot stars of the 


Tra ; 

What must be happening if this explanation of 
interstellar material is correct is the production of 
silicate dust by cool stars, followed by dispersion of the 
dust by the outward pressure of starlight. Clouds of 
dust coalesce into new stars, and this is what is taking 
place in the Orion nebula. Not all the dust is made of 
siliceous matter, however; according to Gilman’s 
calculations, carbon will be the dominant product of 
carbon-rich stars, and stars containing roughly equal 
amounts of carbon and oxygen will generate silicon 
carbide. Indeed, there is some observational evidence 
for the production of carbon, but stars which are 
sufficiently carbon-rich to make a contribution seem 
to be rare. Woolf conjectures that if some of the 
dust aggregated into smaller condensations orbiting 
the new stars, then silicate-rich planets like the Earth 
would be formed. In this respect the infrared measure- 
ments also fit in with the radio detection in nebulae 
of complex molecules which are important for life- 
forming processes. But the graphite/hydrogen explana- 
tion also has its implications: Hoyle, Wickramasinghe 
and Reddish have shown that the condensation of 
hydrogen on graphite grains can be a controlling 
factor in the evolution of the universe (Nature, 218, 
1124; 1968). It will be interesting to see whether the 
infrared measurements can overturn the body of 
observational evidence which has built up for the 


graphite/hydrogen explanation. 


NUCLEIC ACIDS 


Satellite DNA 


from our Cell Blology Correspondent 


Is Britain, at least, Professor Peter Walker’s group at 
Edinburgh seems to have a virtual monopoly on the 
study of satellite DNA. Unfortunately, the group’s 
latest data (Flamm, Walker and McCallum, J. Mol. 
Biol., 40, 423; 1969) serve only to make ideas about 
the function of this strange DNA fraction even more 
obscure. 
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In the mouse, Mus musculus, satellite DNA accounts 
for about 10 per cent of the genome and it consists of a 
number of repeats of a sequence, or a few sequences, of 
about 300-400 bases. Moreover, self-annealing experi- 
ments with single DNA strands isolated from the satel- 
lite DNA duplex molecules indicate that some of these 
300-400 base sequences must be periodically reversed 
between the two strands of the duplex. The latest 
experiments, involving hybridization of satellite DNA 
with satellite DNA or total cell RNA, indicate that 
satellite DNA is not transcribed. Less than one mole- 
cule in 60,000 in the total RNA population of mouse 
liver, spleen or kidney cells hybridizes with either of 
the two single strands of satellite DNA. This is not 
surprising, of course; indeed, it would have been most 
embarrassing to find that satellite DNA wastranscribed. 
That would mean that the mouse devoted 10 per cent 
of its genome to producing an RNA, and presumably a 
protein, of very abnormal and restricted sequence. 

But if satellite DNA is not transcribed, what is its 
function? Flamm et al. are impressed by the fact that 
numerous copies of a nucleotide sequence of 350 bases 
have been maintained during evolution in face of the 
tendency to accumulate random mutations. This 
implies that satellite DNA has some important func- 
tion. They suggest that it is required for “house- 
keeping”, the folding and packing of DNA in the 
chromosomes. In the absence of any critical data or 
any way of testing for the function of this DNA, that is 
as good a suggestion as any. 

An even more puzzling property of satellite DNA is 
its species specificity. Oniy & minute fraction of the 
total DNA of other rodent species is complementary 
to mouse satellite DNA, even though the rest of the 
mouse DNA, which is transcribed, is homologous to the 
DNA of related species. This must imply that the 
function of satellite DNA demands that in any one 
species the sequences of this DNA are similar, and at 
the same time these satellite sequences must differ 
from their counterparts in very closely related species. 
These two properties of mouse satellite DNA have been 
confirmed by studies of satellite fractions from four 
other rodents. There is no sequence homology between. 
species. And to add to the confusion, satellite DNA 
accounts for different proportions of the genome in 
each species. It hardly needs saying that ideas about 
the way satelite DNA has arisen are as obscure as 
ideas about its function. 

Maio and Schildkraut (J. Mol. Biol., 40, 203; 1969) 
have recently published some evidence which is at 
least compatible with the “housekeeping” hypothesis. 
Exploiting their elegant methods for the isolation and 
partial fractionation of mammalian chromosomes, they 
have shown that mouse satellite DNA is not restricted 
to a few chromosomes of the total complement. Satel- 
lite DNA forms roughly the same proportion of the total 
DNA in chromosomes of all size classes and, further- 
more, the satellite DNA appears to be more intimately 
associated with the chromosomal protein than the rest 
of the DNA. Like the Edinburgh group, Maio and 
Schildkraut are convinced that satellite DNA has some 
vital, albeit unknown, function. The mouse cells they 
used have been in tissue culture for twenty-eight years, 
but despite the stringent selection pressures imposed 
by oulture conditions, which have led to a highly 
abnormal chromosome complement, these cells have 
maintained thé same proportion of satellite DNA as 
normal mouse tissue. 
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from a Correspondent 
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Nottingham 

Tex first topic for discussion in Nottingham on April 
14-18 at the joint meeting of the Royal Institute of 
Chemistry and. the Chemical Society was chemistry 
in a changing world. Ten papers showed how much 
science, and particularly chemistry, contributes to food 
production, materials and power. As R. W. Cairns 
(past-president of the American Chemical Society) 
said, “Negative public attitudes towards chemistry and 
chemical technology are in sharp contrast to the in- 
creasing importance of these disciplines to human wel- 
fare”. 

The needs of the rapidly increasing population 
dominated several papers. G. W. Cooke (Rothamsted 
Experimental Station) showed how fertilizers make 
farmers independent of the limit to yields set by supplies 
of plant nutrients from natural sources. Nitrogen. is 
the key to both larger yields and sufficient protein; 
where each person has two acres or more of agricultural 
land the nitrogen needed can come from natural 
sources, but many populations are denser than this 
and tend to increase fastest where there is least. At 

resent twenty million tons of nitrogen are produced as 
fertilizer each year; five times as much will be needed 
to feed double the present population. 

Conventional agriculture, even with all modern 
aids, may not always supply enough food and, particu- 
larly, enough protein. Professor A. Spicer (Rank 
Research Centre) described cultures of microorganisms 
which give new foods rich in protein of satisfactory 
biologica] value. Other proteins of poorer quality can 
be supplemented with synthetic amino-acids. The dif- 
ficulty with most unconventional foods is not their 
quality but that “people will starve rather than eat 
something they are not used to”. 

New materials open up new possibilities in manu- 
facture. W. F. Watson (Rubber and Plastics Research 
Association) forecast that, by the end of this century, 
polymer production could be Britain’s principal manu- 
facturing industry, providing for 70 per cent of all 
goods; R. M. Lodge (ICI) said synthetics provided 
nearly a fifth of the world’s fibres in 1968, and by 1975 
may provide a third. Special material problems in high 
temperature systems, such as those jet engines and 
nuclear reactors involve, were discussed by Professor 
C. B. Alcock (Imperial College, London). D. P. Gregory 
(Energy Conversion) said that fuel cells, already used 
in space research, will be useful for more ordinary 
purposes when problems in both materials and methods 
are solved by chemists. 

Chemistry also helps by lessening the labour needed 
for products as diverse as sugar (synthetic herbicides 
make hand hoeing of sugar beet unnecessary) or textiles 
(where a single dyebath can give several colour com- 
binations avoiding weaving with differently coloured 
yarns). Polymer chemists can now make fabrics 
without knitting or weaving—floor coverings made in 
this way need only a fifteenth of the labour required 
for a traditionally woven carpet. 

A symposium of education and training for careers 
in chemistry was opened by Professor C. Eaborn 


(University of Sussex), who reviewed some of the 
conclusions to be drawn. from the survey on university 
courses and the needs of industry instigated by the 
British Committee on Chemical Education. It is to 
be hoped that this interesting study of attitudes and 
expectations in relation to the industrial careers of 
undergraduates, postgraduates, and university and 
industrial staff will be published soon. Among many 
interesting points, it emerged that vacation work 
usually deters students from an industrial career, 
while sandwich course training does not. 

The president of the Royal Institute of Chemistry, 
L. H. Williams, pointed out that the slowing down of 
university expansion will lead more chemists, particu- 
larly those with PhDs, to seek industrial employment. 
He thought that, with its good record of growth and 
future prospects, the chemical industry can accom- 
modate them, provided that a greater proportion are 
prepared to consider careers outside research and de- 
velopment and, notably, in production and sales. He 
warned, however, that in these areas chemists will meet 
strong competition in the race for management posi- 
tions from graduates of other disciplines, including 
engineering. In their papers, both J. S. Read of Shell 
and E. S. Stern of ICI expressed doubts as to the value 
in industrial careers of university postgraduate training. 
Stern commented on the slowness of recent PhDs in 
adapting to new situations and their poor record in 
initiating new ideas compared with those who had a 
corresponding length of postgraduate experience in 
industry. 

Professor F. R. Bradbury described the new course 
at the University of Stirling which is designed to 
produce graduate technological economists with a 
knowledge of the science of technology and micro- 
economics. The progress of this course will undoubtedly 
be followed with interest, for its graduates should have 
an outlook more closely geared to the needs of industry. 
Professor J. E. Salmon (University of Surrey) had the 
same point in mind in outlining his suggestions for 
courses and objectives for the new polytechnics. The 
scheme envisages a five year sandwich course, with 
substantial periods of industrial training for the most 
able of the students in the polytechnics, and shorter 
more conventional sandwich courses for the remainder. 

Professor C. G. Addison (University of Nottingham) 
was ostensibly concerned with the first degree as a 
basis for an academic career, but he also used it to 
throw down a number of challenges and suggestions. 
For example, he wondered if the traditional span of 
three years, each of three terms and a long vacation, 
is still appropriate; he suggested that although two 
thirds of students in a final year honours course may 
be dedicated chemists, a substantial minority may 
prefer to substitute another subject, such as micro- 
economics, for a part of the advanced chemistry topics. 
Dr A. F. Trotman-Dickenson (University of Wales, 
Institute of Science and Technology) also proposed a 
radical change in the PhD system so that it could meet 
primarily the needs of those who will be in research for 
at least half their careers. 











Chemistry Titles from Elsevier 


COMPREHENSIVE CHEMICAL 
KINETICS 


Edited by C. H. Bamford, Campbell-Brown Professor of 
industrial Chemistry, University of Liverpool; and C. F. H. 
Tipper, Senior Lecturer in Physical Chemistry, University of 
Liverpool 

Volume 1: The Practice of Kinetics 


CONTENTS: Preface; experimental methods for the study of 
slow reactions; experimental methods for the study of fast 
reactions; experimental methods for the study of hetero- 
geneous reactions; the detection and estimation of inter- 
mediates; the treatment of experimental data; references; 


appendices; index, 
1969 450 pages 161 illus. £11 5 0 


PROGRESS IN COORDINATION 
CHEMISTRY 


Edited by Michael Cais, Department of Chemistry, Technion- 
Israel Institute of Technology, Haifa, Israel 


CONTENTS: Coordination compounds in homogeneous 
catalysis; photochemistry in coordination compounds; kinetics 
and mechanism of reactions of coordination compounds; 
synthesis, structure and stereochemistry of coordination 
compounds; organometallic chemistry; coordination com- 
pounds in biochemistry; theories of bonding in coordination 
compounds; physical methods in coordination compounds; 
coordination compounds in solvent extraction, coordination 
compounds in non-aqueous solvents. 

1969 854 pages 105 iflus. £15 0 0 


INORGANIC ELECTRONIC 
SPECTROSCOPY 


A. B. P. Lever, Associate Professor of Chemistry, fork 
University, Toronto, Canada 


CONTENTS: Preface; atomic structure; molecular symmetry 
group theory; crystal field diagrams; term diagrams: selection 
rules, band intensities and dichroism; some theoretical aspects 
of electronic spectra; charge transfer spectra; crystal field 
spectra; appendices; index. 

1968 440 pages 130 illus. £11 10 0 


THE CHEMISTRY OF TITANIUM 
AND VANADIUM 


R. J. H. Clark, University College, London, Great Britain 


CONTENTS: Preface; discovery, isolation, general and 
elementary properties of titanium and vanadium; halides and 
oxyhalides; complexes of titanium (IV), vanadium (IV) and (V); 
complexes of tervalent titanium and vanadium; complexes of 
titanium and vanadium in the oxidation states two, and lower; 
spectra and magnetism of titanium and vanadium complexes; 
metal oxo species; organometallic compounds; oxides, 
sulphides and other binary compounds; other topics; appen- 
dix; subject index. 

£715 0 


1968 327 pages 35 illus. 


PHOTOLUMINESCENCE OF 
SOLUTIONS 


With Application to Photochemistry and Analytical Chemistry 
C. A. Parker, Royal Naval Scientific Service, Head of Chemis- 
try Division of the Admiralty Materials Laboratory, Holton 
Heath, Poole, Dorset 

CONTENTS: Basic principles, definitions and kinetics of 
fluorescence, phosphorescence and delayed fluorescence; 
polarisation; light scattering; monochromators; light sources, 
filters; photodetectors; actinometry; recording systems; 
inner filter effects; specimen compartments; correction of 
spectra; measurement of photoluminescence efficiency and 
lifetime; purity of materials; parameters of singlet and triplet 
states; equilibria in the excited state; excited dimers; solvent 
effects; fluorescence and phosphorescence analysis. 

1968 544 pages 188 illus. 116 @ 


THE MASS SPECTRA OF 
ORGANIC MOLECULES 


J. H. Beynon, R. A. Saunders and A. E. Williams, Imperial 
Chemical Industries Ltd., Manchester 

CONTENTS: Preface; Introduction; the principles and 
methods of mass spectrometry; types of ions in the mass 
spectra of organic compounds; the mass spectra of hydro- 
carbons; the mass spectra of oxygenated compounds; the mass 
spectra of nitrogen compounds, the mass spectra of sulphur 
compounds; the mass spectra of halogenated compounds; the 
mass spectra of boron compounds; the mass spectra of phos- 
phorous compounds; the mass spectra of silicon compounds; 
examples of structure determination from mass spectra; 
Appendix |. Peaks commonly encountered in the mass spectra 
of organic compounds; Appendix 2. The masses and abun- 
dances of nuclides commonly encountered in the mass spectra 
of organic compounds. 

1968 510 pages £1115 0 


ATOMIC-ABSORPTION 
SPECTROSCOPY AND ANALYSIS 
BY ATOMIC-ABSORPTION FLAME 
PHOTOMETRY 


J. Ramirez-Munoz, Principal Application Chemist at Beckman 
Instruments Inc., and Scientific Research Collaborator of the 
C.S.LC., Spain 

CONTENTS: Preface; Part |. Fundamentals; introduction: 
origins of the method and nomenclature; general principles 
and characteristics; absorption and emission; the literature of 
atomic-absorption spectroscopy; theory. Part il, Instru- 
mental Systems; instrumental systems; emission system; 
absorption system; selection system, photometric system; 
instruments: Part Ill. Range and Limitations of Atomic- 
absorption Methods: Determinable elements—choice of lines; 
sensitivity; limitations in atomic absorption; Part IV. Experi- 
mental Methods; Experimental process; standard solutions; 
preparation of the sample; experimental measurements and 
calibration. Part V. Applications: Applications; appendix; 
bibliography; index. 
1968 493 pages 


181 illus. 


£9 15 0 


156 illus. 
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Fine and Coarse Controls 


by 


G. SIMCHEN 
JUDITH STAMBERG 


Laboratory of Genetics, 
The Hebrew University, 
Jerusalem, Israel 


RECOMBINATION is one of the earliest discovered and least 
understood of genetic phenomena. The historic work of 
Morgan! and Sturtevant? showed that groups of genes 
could be arranged in a linear series by using the frequency 
of recombination between any two as an index of the 
distance between them. Morgan postulated that the 
closer two genes were to each other on the chromosome, 
the less likely they were to recombine; hence unambiguous 
chromosome maps could be constructed. It was not long, 
however, before the discovery that the frequency of re- 
combination between two linked genes is subject to both 
environmental and genetic modification. 

Similarly, it has been demonstrated that the cytological 
events which play a part in meiotic recombination are 
also affected by changes in the environment and in the 
genotype*. Most available cytological information con- 
cerns the formation and distribution of chiasmata, which 
have been shown to have a one-to-one relationship with 
non-sister chromatid exchange. Chromatid exchange, for 
its part, is known unequivocally to be the cytological 
counterpart of genetic recombination’, 

The mechanism and control of recombination have 
recently become fashionable topics for experimenting and 
theorizing. We do not wish to propose here a new model 
for genetic recombination (the literature is already full 
of models, most facets of which are untestable at this 
time); rather, our intention is to show that reeombination 
is under two general types of control, that the great geno- 
typie and phenotypic variety that has been found in 
nature and in the laboratory can be assigned to these two 
types on the basis of several specific criteria, that the two 
types of control have different evolutionary roles, and 
that, with regard to their operation, one control is super- 
imposed on the other. 

Various environmental agents affecting recombination 
have been recorded since Bridges? reported that linkage 
on a chromosome of Drosophila varied with the age of 
the mother. Temperature has been shown to affect 
genetic recombination or chiasma formation in Drosophila, 
locusts, many plant species from liverworts upwards, and 
almost all fungi under genetic investigation’. Among 
other environmental agents that affect. meiotic reeombina- 
tion are X-rays and y-irradiation*, chelating agents’, 
caleium®, sodium™, selenium!'!, water balance’, specific 
inhibitors of protein and of DNA synthesis!?, and of RNA 
synthesis", and unspecified developmental differences (for 
example, the ageing of Drosophila females** referred to 
earher, and sequential branching on the same tomato 
plant’). Often these effects of environmental agents are 
different for different regions of the genome. 

Gowen first showed that the “‘genetie background” has 
an influence on recombination in Drosophila in 1919 
(ref. 15) and subsequently the same effect has been 
demonstrated in many other organisms including 
bacterial’, fungi’, higher plants!®?? and animals®3, 
One of the best known examples is, of course, the 
difference between Drosophila males and females in 
frequencies of recombination®*. Similarly, cytological 
vations have provided information about the geno- 
typic control of most stages of meiosis*:5: the pairing 
of homologous chromosomes; the formation of chiasmata 
and their frequency, localization and terminalization; 
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of Genetic Recombination 


The variety of genetic controls of recombination seems to be best 
explained if there are two general types of control, coarse and fine. 
These two types differ by the following criteria: magnitude of effect; 
extent of genome affected; occurrence of natural variation; type of 
organism exhibiting the effects; evolutionary role. 


chromosome coiling; spindle formation; and the orienta- 
tion and movement of the chromosomes. All these geno- 
typie differences in recombination and meiosis were found 
either as natural variation (between species, between 
populations, or simply between individuals of the same 
population) or as a result of genetic manipulations such 
as mutation, severe inbreeding or selection, or crosses 
between species. The general picture that emerges is that 
the steps involved in recombination are genetically con- 
trolled and that the control systems are of complex nature. 





Classifying Effects on Recombination 


The observed effects on recombination can be classified 
according to (1) magnitude; (2) extent of genome affected; 
(3) occurrence of natural variation; (4) type of organism 
exhibiting the effects; and (5) evolutionary role. 

(1) Changes in the frequency of recombination may be 
small or large. The most striking effects on recombination 
are the all-or-none effects caused by single gene differences, 
for example, the rec- strains in E. coli!® and the ¢3G@ 
mutant of Drosophila melanogaster; on the cytological 
level, there are the desynaptic mutants in barley?’ as well 
as other asynaptic and desynaptic mutants (reviewed by 
Riley and Law). All these mutations bring about a 
complete breakdown of the process of recombination. 

On the other hand, there are abundant examples of 
genetic differences which alter the frequency, but do not 
prevent recombination, between alleles of the same cis- 
tron!? or between different genes along the linkage map 
(for example, in Neurospora crassa, Schizophyllum com- 
mune), D. melanogaster’ *, lima-bean®, tomato!), 
There are also the genotypically controlled differences in 
chiasma frequency found in rye and other organisms’, 

Cytologists have provided additional examples of gross 
effects, for example. the distribution of chiasmata in rye, 
the randomness of which is genetically restricted, and the 
pairing of chromosomes in polyploid wheat*!, determined 
by a gene on chromosome 58. Comparable cases have not 
been reported by geneticists, probably because breeding 
tests deal with limited portions of the genome. 

(2) The effect may be on the whole genome or it may 
be localized. The mutations which prevent recombination 
in Æ. coli, Drosophila, barley and other organisms (“gross” 
effects) do so throughout the genome, without any prefer- 
ence for a particular chromosome or chromosomal seg- 
ment. But the genetic differences which cause the “small 
changes” have a differential effect on specific regions of 
the genome, as can be demonstrated by the use of multiply 
marked linkage maps. In Drosophila it has long been 
claimed that the centromeres and heterochromatic regions 
are responsible for such differential effects**, though there 
is conflicting evidence”, 





In Neurospora and in Schizo- 
phyllum adjacent regions need not be affected by the 
same genes!®3; nonadjacent regions, on the other hand, 
sometimes are coordinately affected**, and these patterns 
of genetic control are probably unrelated to the location 
of the centromere. Also, in Drosophila it is known that 
adjacent regions of comparable length have very different 
frequencies of recombination, and vice versat, Such 
variation must be a consequence of differences in the 
control of recombination in these regions. 

Differences in chiasma frequency. such as those found 
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numbers Indicate short chromosomal segments (which may or may not correspond to single cistrons). y c 
The recognition sites of segments 2, 13 and 21 are similar or identical, and therefore they 
Similarly, segments 3, 4 and 14 are controlled by a gene in segment 23. 


represents a recognition site for fine-control genes. 
are coordinately controlled by a gene in segment 12. 


A simplified diagrammatic representation of a possible relationship between elements of the systems controlling recombination. The 


The small cirele on each segment 


A gene in 


segment 4 is part of the coarse control as revealed, for instance, by a mutation which prevents recombination throughout the genome. 


in rye by Rees ef al., have never been shown to have any 
localized pattern; rather, they are expressed as a general 
decrease or increase over the whole chromosome comple- 
ment. It must be admitted, however, that most cytological 
systems commonly in use are not suitable for investigation 
of chiasmata in a short region comparable, say, to fifteen, 
five, or even fractions of crossing-over units. Were such a 
system available, a comparable localization of genotypic 
effects on chiasma frequency would probably be found. 

Long inversions, when heterozygous, have been claimed 
to affect recombination in other chromosomes in Droso- 


phila*; usually they act differentially on specific regions 
of the chromosomes. Most variation in recombina- 


tion frequencies induced by these nonhomologous inver- 
sions, however, can now be attributed to the genic content 
of the inversions and not to the inversions per se, for iso- 
genized strains of D. melanogaster, as well as hybrids be- 
tween such strains, display almost as large a variation®®:36, 

On the other hand, it is not clear whether the effect. 
that supernumerary B chromosomes and heterochromatic 
segments have in grasshoppers, that is, increases in 
chiasma frequencies of the A complement”, is distributed 
over the whole A genome, or whether it is simply not 
possible to recognize the localized effects in numerous 
short segments spread throughout the genome. It is 
likely, however, that the effect of chromosome 5B in 
wheat’! and the complete randomness of chiasma distribu- 
tion in the abnormal rye genotype described by Jones*¢ 
represent whole-genome effects. 

(3) Genotypic effects on recombination may be mani- 
fested as rare mutational events or naturally occurring 
variation. Most of the gross effects on recombination 
{that is, the all-or-none type) are noticed because they 
are manifested in a rare, abnormal, type. Thus, the ¢3¢ 
mutant in Drosophila®*, the various rec- strains in F. 
colt’, asynaptic tomato?! and desynaptic barley% are all 
a result of rare mutational events, either spontaneous or 
induced. On the other hand, differences in frequency of 


recombination are commonly found between normal mem- 
bers of a natural population, even though such differences 
can be as high as six-fold for intergenie recombination’? 
and about twenty-fold for intragenic recombination’*. In 
at least one case, this natural variation for alleles which 
determine the frequency of recombination has been shown 
to have some definite biological meaning and evolutionary 
significance (in Sehizophyllum®.*9, and see later). It is 
likely that the gross mutational changes in the genetic 
control of recombination hinder the organism by prevent- 
ing recombination and exchange of genes on homologous 
chromosomes, so that such mutations rarely establish 
themselves in natural populations. 

The variation that is found in nature affects the level 
of recombination, not the ability to reeombine. One can 
imagine that the level of recombination needs adjustment 
at times following changes in the ecology or in the struc- 
ture of the population, for instance. Thus, the release of 
variability and the keeping together of particularly bene- 
ficial gene complexes*® are presumed to be regulated by 
these naturally oceurring gene differences. 

(4) The organism concerned may be non-meiotic or 
meiotic. While examining the literature on genetie control 
of recombination, we noticed a major difference between 
the situation in meiotic and non-meiotie organisms (that 
is, eukaryotes and prokaryotes). In the latter, for example, 
bacteria, the only known cases of variation are rare mutant 
genotypes in which no recombination occurs anywhere 
in the genome*, Meiotic organisms have both this type 
of variation and, more commonly, variation in genetic 


* This, however, is the weakest of the five criteria because it may be due to 
paucity of information on variation in prokaryotes. Professor Franklin W. 
Stahl has informed us that Richard Russell has shown that bacteriophages 
T2 and T4 differ considerably in recombination frequency within two genes 
which are believed to be of the same physical length in both phages (genes 
34 and 35). In addition, a gene system has been found in bacteriophage 2 
which acts specifically at the attachment region (Echols, H., Gingery, R., 
and Moore, L., J. Mol. Biol., 34, 251 (1968); Weil, J., and Signer, E. R., 
J. Mol. Biol., 34, 273 (1968)). These may eventually prove to be examples 
of fine-control systems in phage. 
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controls which affect the level of recombination in parts 
of the genome only. 

Meiotic and non-meiotic organisms also differ in the 
length of their linkage maps. In comparison with the 
actual length of the hereditary material, either measured 
physically or estimated by the number of genes contained 
therein, the maps of bacteria and bacteriophages are 
proportionately much longer than those of meiotic organ- 
isms’. We believe that this reflects the presence of controls 
limiting recombination in meiotic organisms. (Map length 
is, however, a function of the frequency of recombination 
in experiments rather than in natural populations; the 
latter is probably very low in non-melotic organisms.) 

Thus, in meiotic systems recombination has evolved 
into a complex process which is strictly controlled and 
delicately regulated, unlike recombination in bacteria. 
Without evidence to the contrary, we assume that re- 
combination in the latter is a “mechanistic” process only, 
free of any superimposed, localized controls. 

(5) It is doubtful whether recombination has any evolu- 
tionary role in non-meiotic systems such as bacteria and 
viruses. In spite of being a very useful genetic tool, there 
is very little evidence that genetic recombination occurs 
in natural populations of these organisms’. Even if 
exchange of genetic information between homologous 
chromosomes occasionally takes place in non-meiotic 
systems, its frequency in the population is not greater 
than the order of magnitude of mutational events. It is 
quite probable that in non-meiotic organisms, mutations, 
rather than recombination, serve as the principal source 
of new genetic variability, while in meiotic systems the 
reverse is true. Thus, the level of recombination need not 
be finely regulated and adjusted in bacteria and viruses. 
As mentioned already, only all-or-none genetic effects 
have been found in non-meiotic organisms; these affect 
the whole genome and prevent recombination altogether. 

In meiotic organisms, where recombination is a regular 
event in the life eyele, regulation of the frequency of 
crossing-over in various parts of the chromosome is com- 
monly found. The specificity of the controls for particular 
regions of the genome ensures that the frequency of re- 
combination can be adjusted to different levels in different 
regions. In this way every linkage relationship can be 
brought to its own optimum, which is dependent on the 
characters determined by the genes involved. 

As we have seen, the naturally occurring genetic controls 
of recombination, which affect the frequency of crossing- 
over and which act in a localized manner, have been 
found only in meiotic organisms. But the relationship 
between the controls of recombination and the breeding 
system is even more refined because the two work together 
to conserve and release variability. For example, plants 
that usually reproduce through self-fertilization often 
show a higher chiasma frequency than outbreeders*!, pre- 
sumably in order to utilize a rare heterozygote more 
efficiently. A drastic change in the breeding system of a 
species brings about a concomitant change in the controls 
of recombination; often this is a complete breakdown, 
like the abnormal decrease in chiasma frequency (and in 
viability) following artificial inbreeding of rye*, which is 
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usually an outbreeder. In Schizophyllum inbreeding is 
kept low by dominant alleles which allow only little 
recombination between the two loci constituting each of 
the incompatibility factors?’%. The relationship between 
the controls of recombination and the breeding system is 
thus reciprocal: each adjusts and is adjusted by the 
other. The breeding system is a fitness character for which 
recombination has a singularly important meaning. 





Dual Control of Recombination 


The preceding discussion has disclosed the variety found 
among the genetic controls of recombination. We believe 
that the controls are of two general types, coarse and 
fine®, and that all genetic factors affecting recombination 
can be assigned to one of these types (Table 1). The 
coarse control system consists of numerous genes which 
together rigidly control the occurrence and the sequential 
procession of recombination throughout the genome. The 
component genes of this system can be revealed only as a 
consequence of the occurrence of rare mutants that depart 
severely from the normal behaviour in respect. of recom- 
bination. Thus, in the ree~ mutants of Æ. coli a substance 
or enzyme, which in normal strains is essential to the 
recombination process, may be defective or absent’. 
Similarly, each of the asynaptic and desynaptic mutants 
could probably be accounted for by a defective or missing 
step in the normal sequence of meiosis; in addition, we 
are inclined to think that the abnormal rye genotype 
recently described by Jones”? is also defective in one of 
the steps of the coarse control of recombination, namely 
the one responsible for the allocation of at least one 
chiasma per bivalent. 

A striking feature of the coarse control is its uniformity 
and the rarity of genetic variants. Presumably this is a 
consequence of the deleterious effects of any departure 
from the perfectly functioning recombination process. (A 
singular exception is the well known situation in certain 
insects, where no recombination occurs in one of the sexes, 
for example, in males of Drosophila melanogaster**.) 

Many models for the mechanism of recombination 
have been suggested; these are concerned with steps of 
the coarse control. There are the theories which consider 
crossing-over to be the result of breakage and re-union 
of the existing strands, while others consider it to happen 
at the time of formation of the “new” strands on the 
template of the “old” one, that is, at the time of DNA 
synthesis (the copy-choice models). On the whole, break- 
age and re-union are now generally accepted to be the chief 
feature of recombination models**-**, although repair by 
limited DNA synthesis is allowed by Whitehouse*®, for 
example, in order to accomplish the re-union part of the 
process. Indeed, we know that a small amount of DNA 
(less than 2 per cent of the cell DNA content) is synthes- 
ized during pachytene*’, which is believed to be the time 
of erossing-over*. But most DNA synthesis occurs before 
the onset of meiosis or during the very early stages, before 
recombination takes place®**. It has also recently been 
proved that the last DNA replication before meiosis in 
the fungus Neottiella rutilans (an ascomycete) occurs even 
before the fusion of the two parental haploid nuclei**. 


Fine control 
Small; allelic differences are seen as changes in frequency, 


Table 1. DUAL CONTROL OF GENETIC RECOMBINATION 
Characteristic Coarse control 
Magnitude of effect on re- Extreme (all-or-none); allelic differences are seen as com- 
combination plete lack of occurrence of recombination 


Extent of genome affected 
by an allelic difference 


Occurrence of natural varia- 
tion in controls 


Effect of variation in controls 


The entire genome 


Extremely rare 


the environment 


Organisms in which controls Prokaryotes and eukaryotes 


have been demonstrated 
Mechanical requirements 


of products and so on) 


Harmful: breakdown in recombination and probably also 
in meiosis; for eukaryotes, at least, this leads to a reduc- 
tion in the rate of production of new genotypes and 
consequently to a loss in the adaptiveness to changes in 


Steps that must operate sequentially (including synapsis, 
the various events of breakage and re-union, separation 


not occurrence, of recombination 
Small, highly specific, regions of the genome 


Very common 


Beneficial: adjustment of the frequencies of recombination 
to different levels in different regions of the genome; 
thus new genotypes are produced at carefully controlled 
rates and useful combinations of genes are maintained. 


Eukaryotes only 


Regional specificity superimposed on at least one step of 
the coarse control (that is, recognition between controlled 
and controlling components) 
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Clearly, a copy-choice pattern of recombination could not 
operate without the two homologous chromosomes lying 
in close proximity (that is. synapsis) within the same 
nucleus. Further detailed genetical and biochemical 
studies of mutations affecting recombination in both 
meiotic and non-meiotie organisms will, no doubt, advance 
our knowledge of the mechanisms of the coarse control 
and will disclose the relationship among the component 
genes which are involved in every recombination event. 

There are several reasons for our conclusion that the 
fine control of recombination is much more complex than 
the coarse control. (1) The former is superimposed on the 
latter and requires that the various steps of the basic 
mechanism be functionally in order. (2) The fine control 
allows frequencies of recombination in a particular region 
to vary within a wide range. To explain the shapes of the 
distributions of recombination frequencies, it must be 
assumed that allelic differences at several loci are r ogularly 
used in the control of frequeney of recombination for a 
given region. (3) The natural variation found in the fine 
control is one of its distinctive features. At least two alleles 
must exist concurrently in a population for every genetic 
difference. (4) The fine control should reflect. the past 
forces of natural selection as well as respond to future 
pressures. Natural selection operates on the phenotype 
or expression of a fitness character, which is determined 
by many genes, rather than on single loci. Similarly, 
natural selection should modify all the linkage relation- 
ships that affect variability within the polygenic system 
which controls such a character and which may be spread 
over several chromosomes, rather than a single linkage 
relationship between two loci only. It is postulated that 
the fine-control components of these several linkages are 
interconnected in some way as a result of joint selection 
pressures in the past and at present. (5) There is abundant 
evidence that environmental agents such as temperature 
affect different components of the fine control within a 
genome in different ways’ *!. The complexity of the fine 
control should also accommodate this last feature, which 
might be a mechanism by which the organism responds to 
the same environmental stress differently in different 
polygenic systems. (6) The effects of individual com- 
ponents of the fine control are localized in short chromo- 
somal segments (Fig. 1). This implies that some sort of 
specific recognition must be involved in the relationship 
between the controlling loci and the controlled segments. 
This relationship is not one to one. that is. we know that 
one controlling gene can control several chromosomal 
segments spread over the genome**, Thus the number of 
controlling genes need not be unreasonably great. White- 
house** has suggested that the controlled regions cor- 
respond to units of transcription, that is, to operons, and 
that the operators which function in transeription are 
also the cross-over initiators; there is, however, evidence 
to the contrary®", 

Thus, the nature of the relationship between controlled 
and controlling regions is still unknown. It is clear, how- 
ever, that recombination is regulated in short segments 
by controlling genes unlinked or loosely linked to the 
regions t*ey control, and that there must be some affinity 
or means of recognition between the fine controls and sites 
in the controlled regions (a “recombination operator” or 
“eross-over initiator’), We suggest that the segments 
that are jointly controlled have some common role with 
regard to a particular fitness character. 

The existence of a complex fine control composed of 
interrelated components within one genome explains the 
variety of responses shown by the recombination frequency 
in different regions to environmental changes such as 
temperature; it also explains why the frequency need not 
be constant for a single chromosomal segment when 
investigated in different genetic backgrounds'*~*2-2%, Tt 
is premature to speculate on the chemical nature of the 
fine controls in the light of these findings. Their evolution- 
ary nature, however, is more obvious: fine controls provide 
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an efficient way for an immediate and specifie response to 
environmental stresses to be achieved. At the same time, 
the abundant natural variation in the fine-control com- 
ponents allows selection to operate on them and long-term 
genetical changes to occur. 

We thank Dr Tamar Schaap for valuable comments and 
discussion, 
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THE ribosome is the primary site of action of streptomycin 
(Sm) (for reviews see refs. 1-4). Two chief effects of Sm 
have been observed in in vitro polypeptide synthesizing 
systems: (a) Sm inhibits polypeptide synthesis directed 
by natural messenger RNA, such as RNA from phage f2, 
and, to a lesser extent, that directed by certain synthetic 
polynucleotides“; (6) Sm causes misreading of synthetic 
messenger RNAs*:*. The latter observation is presumably 
related to the observation that Sm suppresses a number 
of mutations in vivo!-!2, Mutations at the streptomycin 


The streptomycin locus of E. coli specifies a 30S ribosomal protein 
which determines the sensitivity of the 30S subunit to streptomycin 
and streptomycin induced errors of translation. 


locus (str locus) cause alterations in the 30S ribosomal 
subunit; both the in vitre effects of Sm are abolished or 
greatly reduced in the cell-free system using 308 ribosomal 
subunits from Sm-resistant strains® 34, Sm-resistant 
mutations also restrict. the in vive suppression induced by 
Sm, as well as a similar restriction of the in vivo genetic 
suppression induced by nonsense suppressors (for reviews 
see refs. 2-4}. These observations have led to the notion 
that the structure of the ribosome influences fidelity of 
translation. This idea is supported by the recent isolation 
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Fig. 1. 
strain (b). 


Phosphocellulose column chromatography o% 30S ribosomal proteins from an Sm-sensitive strain (a) and those from an Sm-resistant 
Purification of 309 ribosomal particles and preparation of proteins were carried out as described previously 5°, 


About 300 mg 


of the unfractionated protein was dialysed against 6 M urea containing 0-01 M H,PO, neutralized with methylamine to pH 8-0 and 3x 10-3 M 


mercaptoethanol, 


size 1-9 x 70 em) which had been washed with the urea~phosphate-methylamine buffer described here. 
with a linear LICI gradient (from 0-2 to 0-6 M; total volume 3 L) in the same buffer. sent 4 Wer y y 
Fractions containing P,, and P,, from the Sm-sensitive strain were pooled as indicated in Fig. la, diluted with the urea- 


af Lowry et al“. 


phosphate-methylamine buffer (pH 6-5), and the pH was adjusted to 65. T 
which had been equilibrated with the urea~phosphate-methylamine buffer with pH 6-5. 
‘The result of the second chromatography 


G7 M; 21.) in the same buffer (pH 6-5). 


The samples were applied on a phosphocellulose column (Mannex-P, Mann Research Lab., standard capacity, the column 


Proteins were eluted from the column 
Protein concentrations were determined by the method 


The resultant sample was applied to another column (2-2 x 36 em) 
Elution was done with a linear LiCl gradient (0-4 to 
s shown In the Inset. 
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of mutants of E. colt, which have simultaneously acquired 
both increased ability to suppress mutations in vivo and 
altered ribosomes with higher translational errors in 
vitro’. The mechanism of in vitro misreading, however, 
is complex", and its relation to the mechanism of in vivo 
suppression is obscure. 

The component controlled by the str locus is important 
in the ribosomal functions of polypeptide synthesis per 
se and control of translational fidelity. We have shown 
that the component controlled by the str locus is a protein 
of the 30S ribosomal subunit, and not the 16S RNA 
moiety. We have now identified this protein and studied 
its funetional roles. 





Identification of the 30S Ribosomal Protein controlled 
by the str Locus 


The ability to reconstitute 30S ribosomal subunits 
from free 165 ribosomal RNA and a mixture of the 
ribosomal proteins'® provides a method for detecting the 
component controlled by the str locus. The Sm-sensitive 
parental strain Æ. coli Q13, and an Sm-resistant mutant 
derived from it, were used in this and previous studies °, 
The 308 ribosomal proteins from both the Sm-sensitive 
and Sm-resistant strains were fractionated by phospho- 
cellulose column chromatography (Fig. 1). Reconstitu- 
tions were performed by combining fractions from the 
Sm-resistant strain with complementary fractions from 
the Sm-sensitive strain, and mixing them with 16S RNA 
from the Sm-sensitive strain in the conditions described 
previously!*18, The reconstituted particles were recovered, 
and their sensitivity to Sm was tested by following either 
NC-phenylalanine incorporation directed by poly U or 
4C.valine incorporation directed by f2 phage RNA. 
Protein components in the fraction giving positive results 
(a change in resistance to streptomycin) were fractionated 
into individual components and tested separately. In this 
way we have found that protein P,, (Figs. 1 and 2) is 
responsible for the Sm phenotype. 

Fig. 1 describes the method of purification of P,, and 
other proteins used for most of the experiments described 
here. Proteins which appear close to P,, on the column 
chromatography were repurified to single protein com- 





(a) (b) (e) 


Fig. 2. Polyacrylamide gel electrophoresis of the total 30S ribosomal 

proteins (a) and the purified Pro protein from Smn-sensitive (4) and from 

Sm-resistant (¢) strains at pH 4-5. Numbers correspond to protein 
numbers given in Fig. 1. 
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Table 1. f2 RNA-DIRECTED C-VALINE INCORPORATION ACTIVITIES OF 
RECONSTITUTED 30S RIBOSOMAL PARTICLES AND THEIR SENSITIVITY TO 
STREPTOMYCIN (Sm) 

Relative 
Origins of proteins Incorporation activity Inhibition activity 
used for reconstitution (e.p,m.) by Sm (~ Sm) 
IPi-Pio Fi ~Sm +Sm (per cent) (per cent) 
8 8 4,329 1,122 7a (160) 
S r 4,048 3,654 10 93 
S - 858 426 50 20 
r r 2,397 2,336 3 (100) 
r S 3,002 661 TR 125 
r - 438 301 31 18 
Control 308 (S) 5,489 1,726 69 
Control 305 (r) 4,196 3,746 10 


S, Derived from Sm-sensitive cells; r, derived from Sm-resistant cells, 


305 ribosomal particles were purified by differential centrifugation of 
dissociated 70S ribosomes obtained from Sm-sensitive and Sm-resistant E. 
coli strain Q13. Their proteins were fractionated by phosphocellulose column 
chromatography (see Fig. 1). Two protein fractions were prepared: the 
protein Pio which was essentially pure, and the protein mixture (2Pi-P,,), 
which contained all other proteins and was free from P, Reconstitution 
of 308 particles was done using protein components as described in the table. 
The method of reconstitution was described previously’; the amount of 
protein used was about three equivalents per one equivalent of 168 ribosomal 
RNA. The reconstituted particles or control undissociated 305 ribosomal 
particles (1 ODee, unit) were assayed for their activity in f2 RNA-directed 
4C-valine incorporation activity as described previously®! in the presence of 
505 ribosomal particles (2 O D2. units) from Sm-sensitive cells, the initiation 
factors and, when indicated, in the presence of Sm (5 x 10-5 M). Incorporation 
mixtures were incubated at 37° © for 30 min. “C-Valine was 50 uCi/umole. 


The “initiation factor” was prepared according to Ghosh ef al." Values 
for incorporation in the absence of f2 RNA were subtracted. 
ponents and then used for the reconstitution; this 


eliminates possible contamination by P, in other fractions. 
Purified Pio Pir Pioa’ Pis Pig and P,; were used in the 
reconstitution mixture. Other proteins were added as a 
mixture, without further purification. 

Fig. 2, a polyacrylamide gel electrophoretic pattern of 
total 30S proteins, shows the band positions of each of 
the protein components, and the pattern of purified P,,. 
(The very weak band moving ahead of the major band 
seen with the (P,,) sample is believed to be an oxidized 
form of P,,, because it disappears or diminishes greatly 
after treatment of P, preparations with reducing agents.) 
Reconstitution experiments with these purified proteins 
(Tables 1 and 2) show that 30S ribosomal! particles recon- 
stituted with P,, from the Sm-resistant strain and all 
other proteins from the Sm-sensitive strain were resistant 
to Sm. As a control, reconstituted particles containing all 
the proteins from the resistant strain, and undissociated 
Sm-resistant 30S particles, were also shown to be resistant. 
Conversely, the particles reconstituted using P,a from the 
Sm-sensitive strain and all other proteins from the Sm- 
resistant strain were sensitive to Sm. The results were 
similar in the assays of both f2 RNA-dependent valine 
incorporation (Table 1) and poly U-dependent pheny!- 
alanine incorporation (Table 2). Thus the origin of a 
single protein component, Pie uniquely determines the 
Sm-sensitivity of the reconstituted particles. 

The conclusion that P,, is the protein controlled by the 
str locus was supported further by experiments in which 


Table 2. POLY U-DIRECTED PHENYLALANINE INCORPORATION ACTIVITY OF 
RECONSTITUTED 30S RIBOSOMAL PARTICLES AND THEIR SENSITIVITY TO 
STREPTOMYCIN (Sm) 


Relative 
Origins of proteins Incorporation activity Inhibition activity 
used for reconstitution (apm) by Sm (— 8m) 
Pi-Po Pii -Sm +Sm (per cent) (per cent) 
S 5 6,354 4,153 35 (100) 
S r 6,209 5,755 7 98 
8 s 2,926 3,116 0(~6) 46 
r r 4,214 4,031 4 
Y s 4,236 2,771 35 
Control 308 (8) 7,054 3,835 45 
Control 36S (ry 7,008 6.844 2 


S. r, See legend to Table 1. 


Experimental procedures were similar to those described in Table 1. 
Incorporation of “C-phenylalanine (10 wCi/umole) directed by poly U was 
measured according to the method described previously®. One ODas unit 
w the particles was used for the assay, and the incubation was at 37° C for 

min. 
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Table 3. MISREADING OF POLY U MESSAGE BY RECONSTITUTED 30,5 RIBO- 
SOMAL PARTICLES IN THE PRESENCE OF STREPTOMYCIN 


Degree Relative 





Origins of proteins Incorporation of of mis- degree of 
used for “C-(le, Ser, Tyr) teading* misread- 
reconstitution mixture (c.p.m.) (arbitrary ing 
ZP-Pig Pro -Poy U +Poly U units) (per cent) 
S 8 575 9,722 9,147 57 (100) 
8 r 276 966 690 0-44 8 
8 = 200 1,248 1,048 1-4 25 
r r 183 275 92 0-086 3 
T 8 233 3,672 3,439 3-3 (100) 
Control 305 (8) 929 10,887 9,938 57 (100) 
Control 30S (r) 429 1,144 715 0-41 7 
S, r, See legend to Table 1. 
* Degree of misreading = 
(Total amount of Ile, Ser and Tyr incorporated) _ | 199 


(Amount of Phe incorporated in the absence of Sm) 


Total amount of Ile, Ser and Tyr incorporated was calculated using the 
ee activity of Ile. The amount of Phe incorporated was calculated from 
the data shown in Table 2. 

Particles reconstituted in the experiment described in Table 2 were exam- 
ined for their ability to misread the poly U message in the presence of Sm 
(V7x10°M). A mixture of 'C-isoleucine (250 uCi/umole; 0-125 xCi/ 
tube), “C-serine (114 #Ci/umole; 0-125 #Ci/tube), and *C-tyrosine (235 “Ci/ 
umole; 0-125 uCi/tube) was added and their incorporation into protein 
fraction was measured and compared with the poly U-dependent phenyl- 
alanine incorporation. Cold phenylalanine was added in the same amount as 
all other non-radioactive amino-acids (7 x 10-* M). In addition, heat de- 
natured Æ. coli DNA (about 5 xg/ml.) was added to stimulate the Sm-induced 
misreading'*, though the stimulation by DNA was small in this system. 
One ODs ünit of 305 particles was used for the assay. The Mg concentration 
was 0-01 M. 


Sm-induced misreading of poly U was measured. Davies, 
Gilbert and Gorini? first showed that, in the presence of 
Sm, poly U stimulates considerable incorporation of iso- 
leucine and leucine, and of small amounts of serine and 
tyrosine, and that this misreading takes place to only a 
small extent in the system derived from Sm-resistant 
cells. We therefore tested the reconstituted particles for 
their ability to incorporate a mixture of “C-isoleucine, 
serine and tyrosine in the presence of poly U and Sm. 
In the presence of Sm (Table 3), the reconstituted 308 
particles which contained P,, from the Sm-sensitive strain 
showed a high incorporation of these three “wrong” 
amino-acids. On the other hand, the particles which 
contained P,, from the Sm-resistant strain showed only 
weak incorporation of these amino-acids. The degree of 
misreading, expressed as a ratio of the total incorporation 
of isoleucine, serine and tyrosine to the total incorporation 
of phenylalanine in the absence of Sm, was decreased by a 
factor greater than 10 by replacing a single protein 
component (P,)) in the particles from the sensitive strain 
with the corresponding protein from the resistant strain. 
Thus, as expected, P,, is involved in the response of the 
30S particles to the translational error-inducing action 
of Sm. 


BINDING OF “H-DIHYDROSTREPTOMYCIN (DHSm) TO VARIOUS 
RECONSTITUTED 305 RIBOSOMAL PARTICLES 


Table 4. 


Per cent of binding 


Origins of proteins 
to control 


used for reconstitution DHSm bound 


LPi-Piy Pre (¢.p.m.) Sm-sensitive 30S 

$ 5 1,198 127 

S r 65 6-9 

8 - 83 88 

t T 31 33 

F 5 691 73 
Control 305 (S) 943 (100) 
Control 305 (r) 35 37 


S, r, See legend to Table 1. 


Particles reconstituted in the experiment described in Table 2 were tested 
for their ability to bind *H-DHSm. The reaction mixture contained the 
following in 200 xl.: tris-HCI (0:003 M; pH 7-4), NH,CI (0-1 M), MgCl, 
(0:003 M), -mercaptoethanol (L8x10 M), DHSm (3-4 ug/ml; about 
1-5 x 10° c.p.m./ag)} and control 30S or reconstituted particles (1-5 ODaso 
units). The n ures were incubated at 30° C for 20 min, and then diluted 
with ice-cold TMAI-NH,CI buffer (tris-HC] 0:01 M, pH 7-4; NH,C10-1M; 
MgCl, 0-01 M; 8-mereaptoethanol 6 x 10 M). Diluted samples were filtered 
through the ‘Millipore’ filter HA, washed four times with 4 ml. ice-cold 
TMAI-NH,Cl buffer. The filters were dried and the amount of *H-DHSm 
retained on the filter was measured in a liquid scintillation counter. 
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We also assayed the “Sm phenotype” of the 305 
ribosomal particles by their ability to bind radioactive 
dihydrostreptomycin (DHSm). Ribosomes from 8m- 
sensitive strains bind DHSm, whereas those from Sm- 
resistant strains do so only weakly”. The particles 
reconstituted with P,, from the sensitive strain bound 
DHSm (Table 4), whereas those reconstituted with Pj, 
from the resistant strain only bound about 5 per cent of 
the controls. 


Table 5. BINDING OF °H-DHSm TO 30S RIBOSOMAL PARTICLES AND Py, 
PROTEINS 
Excess 
3H-DHSm bound 
Outside Inside dialysis bags 3H-DHSm Per cent 
concentra- Samples Concentra- (e.p.m./100 pl.) of 
tion of tion Outside Inside c.p.m./ outside 
DHSm 100 xl. concen- 
tration 
2x109 M 30S 8x107 M 2600 1125 865 332 
Pro 8x1i0* M 260 260 0 0 
8x10 M 305 8x107 M 1,040 3,120 2,080 200 
Pro 8x104 M 1,040 1,004 0 0 


Both 30S ribosomal particles and P,, were diluted into TMAI-NH,C 
solution and dialysed against the same TMAI-NH,CI solution containing 
*H-DHSm at a concentration indicated in the table. After dialysis at 34° C 
for 20 h, with constant stirring the samples inside the dialysis bags were 
taken and aliquots were analysed both for radioactivity and concentration 
of the samples present. Radioactivity of the outside solution was also 
measured. Similar experiments were also done at 5° C and the same con- 
clusion was obtained: the control 30S ribosomal particles showed good bind- 
ing, whereas P, did not show any measurable binding. The protein Pr. 
has been shown to be stable in the condition used. Thus absence of binding 
of DHS8m by Pa is not a result of inactivation of Pio. 


Although the presence of P,, from the sensitive strain 
is essential for the binding of DHSm, and particles recon- 
stituted without P,, failed to bind DHSm (Table 4), Pip 
itself does not bind DHSm. In equilibrium dialysis 
experiments (Table 5) the control 305 ribosomal particles 
showed good binding, whereas the P,, protein did not 
show any measurable binding, even when the molar 
concentration was ten-fold higher than with the control. 
Thus some structure involving both P,) and other ribo- 
somal components is essential for the binding of DHSm, 
and the mutational alteration in P}, abolishes the binding 
ability of this structure. 

The P,e protein corresponds to the 30S protein 15 
purified and characterized by Kurland (unpublished 
results of S. J. S. Hardy, C. G. Kurland, P. Voynow and 
G. Mora). We tested their protein 14, purified from an 
Sm-sensitive Æ. coli strain, in our reconstitution system, 
and found that it confers Sm-sensitivity on the recon- 
stituted particles, as does our Pio Birge and Kurland 
have also shown that the Sm-dependent mutation alters 
their protein 15 (personal communication). It appears 
therefore that both the Sm-dependent mutation and the 
Sm-resistant mutation affect the same protein com- 
ponent, as suggested by genetic experiments*?**. Although 
P.o appears to be a single protein, proof of this awaits 
rigorous characterization of the protein. 

The existence of several different mutations at the str 
locus affecting the ribosomes in different ways’! strongly 
suggests that the str locus is the structural gene of Pio. 
The P,, protein from our Sm-resistant strain and the P,, 
protein from the Sm-sensitive strain behave differently 
on phosphocellulose column chromatography at pu § 
(Fig. 1), suggesting a change in the net charge of the 
protein. Identification of an alteration in primary sequence 
should prove that the str locus is the structural gene for Py. 


Function of 30S Ribosomal Particles lacking Pio 

The functional abilities of particles reconstituted with 
altered or missing protein components reveal the func- 
tions of individual proteins of 30S ribosomes. We have 
previously used this approach with five 308 ribosomal 
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proteins (Pa, Pa, Pa, Ps and P,,, according to the present 
nomenclature)" and we have been studying the function 
of protein P,, using a similar approach. Reconstitutions 
were performed in our standard conditions using 16S 
RNA and a mixture of fractionated proteins from which 
P,, is omitted. Sucrose gradient sedimentation analysis 
of the recovered particles showed that the sedimentation 
coefficient of the particles deficient in P,e is indistinguish- 
able from that of control 30S ribosomal particles. Thus 
Pis is apparently not essential for the self-assembly 
reaction in vitro and all of the functionally essential 
proteins ean combine with 165 RNA in the absence of 
P,, to make this P,,-deticient particle. 

In poly U-directed polyphenylalanine synthesis the 
P,o-deficient particles (designated [XPi-P9]) were about 
50 per cent as active as the control reconstituted particles 
((EP;]) at an Mg** concentration of 0-01 M, and from 70 to 
80 per cent as active at higher Mg** concentrations (0-015 
to 0-02 M) (Tables 2 and 8 and Fig. 4). We conclude that 
the activity associated with [ZXP\-P,9] particles is intrinsic 
and is not caused by contamination of P,,) in the other 
protein fractions used because (a) the [EPi-P,o] particles 
bind only very small amounts of DHSm (7 per cent of 
the control binding by [ZP;] particles having P, from 
the Sm-sensitive strain; see Table 4); (b) other activities 
assayed also showed a drastic decrease (see below). 
(e) Poly U-direeted polyphenylalanine synthesis with 
[ZPi-P,)] particles was completely resistant to Sm, 
whereas that with [XP,] particles was inhibited by 35 
per cent by Sim (Table 2). 

By contrast, in f2 RNA-directed “C-valine incorpora- 
tion assays, [ZP;-P,)] particles were only 16 to 20 per 
cent as active as control [ZP;] particles (Table 1). This 
residual activity of [ZPi-P,)] particles was partially in- 
hibited by Sm, whether the proteins were obtained from 
the Sm-sensitive or the Sm-resistant strain. The signi- 
ficance of this partial inhibition by Sm is, however, 
unclear. The addition of P,, to [ZPi-P,,] particles in 
the conditions of reconstitution restored full activity. 
Thus the decrease in the activity of [ZPi-P,.] particles 
results from the lack of Pio 

The drastic decrease in the activity of natural mRNA- 
directed amino-acid incorporation, but not in the activity 
of poly U-directed phenylalanine incorporation, suggests 
that [ZP)-P,,] particles might be defective in some 
ribosomal functions related to polypeptide chain initiation. 
Experiments in which AUG-directed formyl methiony1- 
puromycin formation was assayed*4-*> substantiate this 
suggestion. The reaction requires “proper” binding of 
fmet-tRNArp to ribosomal particles in the presence of 
several initiation factors?*-**, as well as the peptidyl trans- 
ferase activity associated with 508 ribosomal subunits”, 
but does not require any supernatant factors (such as 
G or T factor) associated with the binding of amino- 
acyl-fRNAs for internal amino-acids®!? or with the “trans- 
location” reaction®?. [IP;-P,,] particles, when assayed 
for this reaction in the presence of intact 505 ribosomal 
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Table 6. FORMATION OF FORMYL-“C-MET-PUROMYCIN DIRECTED BY TRIPLET 
AUG 
; Relative 
Expt. Reconstituted F-met-puromycin formed ratio of 
No. particles (c.p.m.) activity 
~AUG +AUG A (per cent) 
1 [EP] 944 3,402 2,458 (100) 
{LPP} 996 1,144 148 6 
2 [EP] 469 3,570 3,101 (100) 
[EPP] 338 867 529 17 
[EPi-Pio] + Pro 509 4,060 3,551 115 


Reaction mixture contained the following components in the total volume 
of 53 wl: 0-05 M fris-HCl (pH 7-4); 0-05 M NICI, 0-005 M MgCl,; 0-004 M 
B-mereaptoethanol; 0°25 ÖDsso units of reconstituted particles; 0-5 OD aso 
units of 50S ribosomal particles; formyl-*H-met-(RNA, ©7 ODs units 
containing 4 x 10* e.p.m. of methionine (2-7 mCi/amole); 0-1 ODss, unit of 
triplet ApUpG (AUG); 0-001 M puromycin. The mixtures were incubated 
for 5 min at 25°C and the formation of formyl*H-met-puromycin was 
determined according to Leder and Bursztyn. fn experiment 2, 50 al. 
of {£P-P,.] particles (50 OD, units/ml. in a buffer containing 0-01 M 
tris-HCI, pH 7:4, 0-03 M NH,Cl, 0-01 M MgCh, 6 x 10> M mercaptoethanol) 
were mixed with 20 u}. of PMK I buffer (5 x 10°" M K-phosphate, pH 7-8; 
2x102 M MgCl; 1 M KCl; 6x10 M mercaptoethanol) containing about 
8 pg of Py. As controls, | YPP} as well as [XP,] particles were mixed 
with PMK I buffer without Pie. The mixture was incubated at 40° C for 
15 min, and then cooled in ice. Aliquots (10 xl.) were taken and analysed 
for their formyl-met-puromyein synthesizing activity as described here. 





subunits and initiation factors, were only 6 to 17 per cent 
as active as the [ZP;] particles (Table 6). This reduced 
activity was fully restored by adding P,, to the defective 
particles (Table 6, experiment 2). Thus [EPi-P,0] particles 
are defective in some functions related to chain initiation. 
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Fig. 3. Phage f2 RNA-directed binding of f[met-tRNAL Reaction 
mixtures contained the following components in a total volume of 
400 nl: 0-02 M tris-HC) (pH 7:4); 0-03 M NH,CI, 0-006 M Mgt: 
0-006 M mercaptoethanol; 12 ODes units of f2 RNA; formyl H-Met- 
tRNA, 8 ODs units containing 5x 10° c.p.m, of methionine (2-7 mCi! 
umole); an optimum amount of the initiation factors (predetermined); 
{2 Ps} or [2 PiP] particles, 4 ODye. units. The mixtures were incubated 
at 30°C and, at indicated times, 50 ql. aliquots were taken, diluted 
into 3 ml. of an ice-cold buffer and the amount of formyl H-Met-t RNA 
bound to the particles was determined according to renberg and Leder**, 
Values corrected for the binding without f2 RNA are plotted in Fig. 





3(B). ©, [EP particles: @., [PP] particles. 
Table 7. MESSENGER RNA-DEPENDENT BINDING OF AMINOACYL-ARNA , 
: Relative ratio 
Experiment Labelled AA in mRNA Ribosomal particles 5 Binding (¢.p.m.) of activity 
No. aminoaeyhI RNA -mRNA +mRNA á (per cent) 
1 fH-Met f2 RNA {XP} 701 1,965 1,264 (100) 
[Pi-Po] 355 656 301 24 
2 aC Phe Poly U [EP] + 508 199 2,321 2,122 (100) 
[EPP] +508 173 1,822 1,644 78 
3 BOLVal Poly UG {Pi} + 508 187 692 505 (100) 
(C: G=5:1) [EPP] +508 166 573 407 gI 
WC. LYS Poly A {YP +508 a24 859 635 (100) 
{YPi-Pyo] + 508 167 D84 417 66 
He Pye Poly AU {2 Pi] + 508 208 450 242 (100) 
(A: U=t:3) LX P-P] + 508 138 356 218 90 


Phage RNA directed binding of formyl*H-Met-tRNA to 305 particles was measured in the absence of 50S ribosomes using a method similar to that 


deseribed in Fig. 3. 
also included. 





> specifi 
Cilame. 
for the amount. of ribosomes nsed, 


r 50 «i. of the incubation mixture. f 
1-¢RNAS was measured in the presence of 508 ribosomal particles (1-0 O Das 







An optimum amount of the initiation 


d was 0°5 ODssa unit. Synthetic polynucleotides were obtained from 
{RNAs were obtained from New England Nuclear Corporation and 
6 eCifumole; Tyr, 378 xCi/umole; Lys, 237 #Ci/umole; Val, 200 
This amount of (RNA was saturating 
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Table 8, 


Reconstituted NC-AA tested for Misreading 
particles incorporation inducing agents 
[Pa] Phe — 
Ile, Ser, Tyr a 
Sm+ DNA 
Km 
Nm 
Pm 
EtOH 
[EPi-P,o} Phe = 
Ile, Ser, Tyr -= 
Sm+DNA 
Km 
Nm 
Pm 
EtOH 


(Total amount of He, Ser and ‘Tyr incorporated) 
(Amount of Phe incorporated in the absence of drug) 


a 
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MISREADING OF POLY U MESSAGE INDUCED BY VARIOUS AGENTS 


Relative degree 


Tacorporation:(e: p.m.) Degree of of misreading 


~ Poly U + Poly A nusreading* (per cent) 
27 1,790 1,763 —- 
147 485 338 1-9 (100) 
296 7,076 6,780 30 (100) 
369 6,498 6,129 35 (100) 
382 7,260 6,878 39 (100) 
430 5,671 5,241 30 (100) 
189 1,269 1,080 61 (100) 
27 1,354 1,327 = 
101 237 136 L0 53 
168 1,390 1,222 92 24 
134 1,341 1,207 od 26 
270 1,435 1,165 8-8 23 
200 1,127 927 7-0 23 
118 318 200 “5 25 


x 100; specific activity of Ile was used to calculate values for the numerator and caleulations 


were done using values normalized to the same amount of reconstituted particles. 


Incorporation of “C-phenylalanine (10 uCi/umole) directed by poly U 
of reconstituted particles and 1 OD. 


) le). was measured according to the standard precedure except that 0-5 ODegy units 
zeo Units Of 50S ribosomes were used and the Mg** concentration was 0-02 M instead of 0-01 M. Incorporation of 


'C-isoleucine, serine and tyrosine was measured as described in Table 3, except that 0-2 ODs units of reconstituted particles and 0-4 ODay units of 608 


ribosomes were used. The concentrations of misreading-inducing agents were as follows: 


{neomycin B) 1-7 xe/ml.; Pm (paromomycin) 3°3 ug/ml.: 


We measured the binding of formyl-°H-Met-tRNA 
(fmet-tRNAf) to the particles directed by phage f2-RNA4 
and the binding of several other aminoacyl {RNAs 
directed by appropriate synthetic polynucleotides#5.36, 
The fmet-tRN Ar binding activity of [E Pi-Po] particles 
was only about a quarter of that of [EP;] particles, 
whereas the tRNA binding activities of [2Pi-P,,] particles 
assayed with other (RNAs were very high, ranging from 
66 to 90 per cent of those of [2Pi] particles (Table 7). 
The same result was obtained when the kineties of binding 
were followed (Fig. 3 and experiments not shown here on 
Phe-tRNA binding direeted by poly U). Apparently, P,, 
is not essential for the mRNA directed binding of ordinary 
aminoacyl tRNAs, but is important for the binding of the 
initiator tRNA, fmet-(RN Ar. The conditions used for the 
assay of fmet-tRNA, binding are, however, drastically 
different from those used for the assay of other amino- 
acyl (RNAs. The former assay was done at low Mg++ 
concentration (5-10 x 10-4 M), in the presence of the 
initiation factors, and in the absence of 50S ribosomal 
subunits*!; the latter was done at high Mg++ concentra- 
tion (2x 10M), in the absence of any other soluble 
protein factors, and in the presence of 505 ribosomal sub- 
units**, It is possible that the reduced activity of 
({Pi-P,»] particles in f2 RNA-directed polypeptide syn- 
thesis results not only from a defect in chain initiation, 
but also from reduced activity in chain elongation. Such 
a possibility can only be tested by refinement of our 
current techniques, but results obtained by Modolell and 
Davis" suggest that Sm inhibits both chain initiation 
and chain elongation in phage RNA-directed polypeptide 
synthesis, even though it inhibits only weakly polypeptide 
synthesis directed by synthetic polynucleotides. 


Pio Protein and the Fidelity of Translation 


The source of P,, influences the susceptibility of re- 
constituted particles to Sm-induced misreading of poly U, 
the “ambiguity” of translation. [ZPi-P, 9] particles 
showed a drastic decrease in Sm-induced misreading; the 
degree of misreading, defined here as the ratio of misread. 
ing to normal reading in the absence of Sm, decreased by 
a factor of four (Table 3). Sensitivity to Sm-induced 
misreading was restored by adding P,, to the [EP\~P,,] 
particles. P,, is therefore important for the misreading 
response induced by Sm. 

We then asked whether the resistance of [2Pi~P,o] 
particles to Sm-induced ambiguity is specific to Sm. 
Ribosomes from Sm-resistant strains are still sensitive to 
ambiguity induced by other aminoglycoside antibiotics, 
such as neomycin C (ref. 8). We have generally confirmed 


Sm+DNA as in Table 3; Km (kanamycin A) 17 agimi; Nm. 


EtOH (ethyl alcohol) 6-7 per cent (viv), 


this conclusion. We found, however, that the 308 ribo- 
somal particles from Sm-resistant strains showed a small 
(20 to 30 per cent) but reproducible decrease in the mis- 
reading of poly U, induced by several other agents 
(neomycin B, kanamycin A and ethyl alcohol) and a 
considerable decrease (50 to 70 per cent) in that induced 
by paromomycin. Gorini et ql. have observed a close 
connexion between the misreading-inducing action of 
paromomycin and Sm. In view of the specificity exhibited 
by the intact ribosomes altered by the mutation to Sm- 
resistance, it might be expected that [XPi-P,,] particles 
are resistant to ambiguity induced by Sm and possibly 
by paromomycin, but not to ambiguity induced by other 
agents. Contrary to this expectation, our experimental 
results have shown that the particles are equally resistant 
to ambiguity induced by all the agents tested. 
Misreading of poly U was tested at 0-02 M Mgt, in 
the presence of several ambiguity-inducing agents, includ- 
ing ethyl alcohol (Table 8). The [EPi-P,o] particles were 
up to 75 per cent as active in phenylalanine incorporation 
as the control [EP;] particles, but the incorporation of 
wrong amino-acids was only 20 per cent as high with all 
the inducing agents tested. Similar results were obtained 
when misreading was tested at 0-01 M Mgt+. We also 
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Fig. 4. Poly U-directed incorporation of “C-phenylalanine (4) and 

a mixture of "C-isoleucine, serine and tyrosine (B) at various concentra- 

tions of Mgt+. Incorporation of 4C-phenylalanine was as described in 

Table 2, and incorporation of 4C-(le, Ser, Tyr) as described in Table 3, 

except that 0°5 ODs units of the particles were used and the Mgt+ 

concentration was varied as indicated, — © Om, [£Pd particles; 
—@-—- @—, [2 Pi-P,,] particles. 
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observed that, in the absence of any error-inducing agents, 
misreading by the [ZPi-P,9] particles at 0-02 M Mgt was 
only half that by the [Pi] particles (Table 8). Other 
experiments have also shown that [ZP;-P,,] particles are 
more resistant than [XPi]| particles to ambiguity induced 
by a high concentration of Mg** (Fig. 4). 

The effect of organic solvents such as ethyl alcohol on 
the fidelity of translation has been observed both in vitro 
and in vivo®*-*!, but the site of action of the organic 
solvents as well as that of Mg** has not been established. 
So and Davie suggested that the known effect of organic 
solvents on tautomerism of uracil residues in mRNA or 
tRNA is a likely cause of induced ambiguity”. The effect 
of Mg** (refs. 40 and 42) has also been explained in various 
ways; its effect being on conformation of either mRNA, 
RNA or ribosomes. Even though the primary target of 
these ambiguity-inducing agents may not be the ribosome, 
the present experimental results show that a specific 
structure of 308 ribosomal particles, which involves Pio 
is important for the ultimate expression of translational 
ambiguity by these agents. 


Significance of the Results 


A single protein (P,9) is controlled by the str locus and 
determines sensitivity of the entire 308 ribosomal particle 
to inhibitory action of Sm, its sensitivity to Sm-induced 
misreading and its ability to bind DHSm. Thus the Sm 
locus affects only one out of about twenty 308 ribosomal 
proteins that have been separated. This supports the 
conelusion that ribosomal proteins are chemically? 25:43-45 
and functionally™ heterogeneous. The P,, protein is 
different from the so-called K protein (ref. 46 and unpub- 
lished results of E. A. Birge, G. R. Craven, 8. J. S. Hardy, 
C. G. Kurland and P. Voynow) which corresponds to our 
P,. The genetic determinant of the K protein is very 
closely linked to“, but separable from“, the str locus. In 
collaboration with Bollen and Davies, we have recently 
shown that the protein controlled by the spectinomycin- 
resistance locus, another locus closely linked to the str 
locus#’, is a 305 ribosomal protein different from P,, or P; 
{unpublished experiments). Thus three loei clustered in 
the same region of the Æ. coli chromosome control each of 
three different 305 ribosomal proteins, respectively. It is 
tempting to suppose that all the genes for about twenty 
different 30S ribosomal proteins make a single clustered 
genetic unit (“operon”). 

The function of P,, is intriguing. It is not necessary for 
the physical assembly of 168 RNA and other ribosomal 
proteins into a particle sedimenting at 30S. The Pio 
deficient particles ((EPi-P,]) have high activity in the 
specifie binding of aminoacyl {RNAs (except fmet-tR NAg) 
and in poly U-directed polyphenylalanine synthesis; the 
activities are especially high at a concentration of 0-015- 
0-02 M Mgt. The particles are, however, only weakly 
active in polypeptide synthesis directed by natural mRNA. 
This inactivity is at least partly the result of some defect 
in the proper binding of chain initiating fmet-tRNAg. 
Thus Py» is quite different from Pa P, and P,, (formally 
called B,, B, and B,) which are essential for aminoacyl 
tRNA binding and polypeptide synthesis directed by both 
synthetic and natural mRNAs?!. P,a is probably essential 
for the proper function of 308 ribosomal particles in vivo. 
The low frequency of mutation to Sm-resistance as well 
as the failure to observe deletions in the str locus*® may 
reflect its indispensability. 

The P,,-deficient particles are resistant not only to 
Srn-induced ambiguity, but also to the ambiguity induced 
by a range of other agents (kanamycin A, neomycin B, 
paromomyein, ethyl aleohol and high concentrations of 
Mg++). Without Pio, the deficient 305 ribosomal particles 
are able to carry out reading of synthetic mRNA more 
accurately than 30S ribosomal particles with this protein 
even in the absence of antibiotics. This suggests, first, 


the function of this protein in translational fidelity is to 
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influence error frequency. P,e is a normal and essential 
ribosomal component, so this conclusion strongly supports 
the notion that presence of translational ambiguity is an 
inherent property of bacterial ribosomes. It is a matter 
of conjecture whether this property is of any biological 
advantage or is simply an unavoidable result of the 
complexity of a highly evolve i and sophisticated machine. 

Second, Py is not essential for codon—anticodon inter- 
action, at least by the criteria of (RNA binding and 
poly U-directed phenylalanine incorporation. Yet it is 
able to modulate the ribosomal structure supporting this 
interaction in such a way as to make it susceptible to 
many external ambiguity-inducing factors. Sm is one of 
them. Genetic data on the str locus? suggest that there 
are specific qualitative and quantitative alterations pos- 
sible in this modulation as a result of mutational altera- 
tions in the structure of P,). Further studies of P,e and 
the other ribosomal proteins should clarify the nature of 
this modulation and its relation to the role of other 
protein components, such as the protein controlled by the 
ram locus, which also influences the translational 
ambiguity. 
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Interactions and Hydrogen 


The coordinates of the dimethylglyoxime atoms in the crystal 
by structure may be predicted by locating the deepest minimum of the 
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Rome 


freedom. 


potential energy which depends on three rotational degrees of 
Standard bond distances and bond angles have been 
assigned to the molecule and the space group symmetries have been 


assumed known. 


ANALYSES of the structure and of the relative stability of 
helical macromolecules have been reported (refs. 1-7 and 
elsewhere). The geometry of the macromolecules was 
determined by using conformational potential energy 
calculations, and semi-empirical potential functions to 
account for the Van der Waals interactions between non- 
bonded atom pairs. 

Later this method was applied to predict the packing in 
molecular crystals. The potential energy in a crystal was 
computed, as a function of all rotational and translational 
degrees of freedom which define the asymmetric unit 
position by fixing approximate bond lengths and angles 
as given by the literature, and by knowing the unit cell 
parameters and the erystal symmetries. The deepest 
minima of the potential energy correspond well to the 
real situation in the crystals and the known crystal 
packing of the hexamethylbenzene molecules and the 
unknown crystal structure of the 5«-androstan-3,17-dione 
were successfully predicted**. It was decided to test the 
validity of the potential functions relative to interactions 
involving the more common atoms in organic crystals such 
as hydrogen, carbon, nitrogen, oxygen, sulphur and 
chlorine. Theoretical and experimental potential functions 
were therefore tested in crystals when the lattice para- 
meters and some rotational degrees of freedom, allowed by 
space group conditions, are permitted to vary. The 
molecules were considered as rigid bodies and the space 
group symmetries, determined by experimental data, 
were held. In fact, neglecting the vibrational energy, the 
potential energy in a crystal will increase, if appropriate 
potential functions are used, when the experimentally 
observed unit cell volume is compressed or expanded. 
The deepest minimum of the potential energy must then 
correspond to the experimental unit cell parameters. 


The Dimethylglyoxime Crystal 

The crystals studied were those of adamantane", 
sulphur!!, polymeric sulphur trioxide (unpublished results 
of E. G., A. M. Liquori and L. Mazzarella), nitrogen, 
cyanogen and octachlorocyclobutane (unpublished results 
of E. G.). 

The results show that potential functions are available 
which allow calculation of lattice parameters accurate to 
within a few per cent. For the solution of the phase 
problem, forces other than Van der Waals were considered. 
Here I report a study of the molecular packing in the 


hydrogen bond containing dimethylglyoxime crystal. 
The dimethylglyoxime molecules crystallize in space 
group PI, Z=1, with unit cell dimensions!?: @= 6-05 A; 
b=6-29A; c= 4-47A; 1 = 122° 22; 8=91° 34’; y= 77° 38. 
The crystal structure was determined by X-ray and 
neutron! diffraction methods. 


Table 1. BOND LENGTHS AND BOND ANGLES OF THE DIMETHYLGLYOXIME 
MOLECULE USED IN THE ANALYSIS (€) COMPARED WITH THOSE FOUND BY 
HAMILTON {b} 








a(A) b (A) a) be) 
Ci-C2 1-54 1-56 C2C1N1 14 Lid 
C1I-M1 1-50 1-45 C2C1UM1 120 120 
CI-NI 1:30 1-25 MICINI 126 126 
Ni-O1 1-36 1-82 CIN101 111 1H 
O1-H1 1:00 1:02 NIOLHL 110 110 


The analysis was carried out by assuming the molecule 
to be planar and by using bond lengths and bond angles 
reported in Table 1. These geornetrical values were 
established by averaging the corresponding values in 
parent compounds. Fig. 1 shows the atomic numbering 
and the starting position of the molecule which has three 
rotational degrees of freedom. The rotations took place 
in a right-handed orthogonal coordinate system OXYZ 
orientated with respect to the triclinic crystallographic 
system Oabe in such a way that the Oc and OZ axes 








H2 


Fig. 1. Atomic numbering and position of the molecule, tying in the 
XY plane, corresponding to ¥.= y2= ¥3=0°. M1 and M2 represent the 


two methyl groups. 
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coincided and the Ob axis lay in the YZ plane’. The 
eulerian angles of rotations 4,, Y: and ¥, were defined 
according to Goldstein", 

The potential energy was computed by considering the 
interactions between one molecule and the twenty-six 
nearest molecules. The potential functions used were the 
best found in the analysis of crystals (refs. 10, 11 and 
unpublished results of E. G.) and their coefficients. which 
refer to the generalized form} 





Vir) = aexp(—br) _¢ 


rd rë 


e 


are reported in Table 2, together with those concerning 
the methyl group, sulphur and chlorine atoms. 


Table 2. THE COBFFICIENTS OF THE POTENTIAL FUNCTIONS 









Interaction Reference ax to b ë d 
16, 10 6-6 . 0 
16, 10 44-8 2 125 8 

4 52:1 2. i 6 
2: : 132 6 
3 380-5 0 

3-851 265-2 0 

0-000 827-2 12 

0-000 340-0 12 

0-000 342-3 12 

1:865 981-1 6 

Ls) 684-0 6 

0-000 3540 12 

0-000 356-0 12 

1-665 6 

Tail 6 

0-000 12 

6 

6 

0 

2,051- 0 

1,436-0 G 





The energy is in Kealories/atom pairs (if the interatomic distance is in A). 
M represents the methyl group and A both sulphur and chlorine atoms, 


+ These functions have been used in the present analysis of the dimethyl- 
giyoxime crystal. 

++ The attractive coefficient and the exponential factor of the mixed 
interactions were determined by averaging geometrically the respective 
terms of the homonuclear functions. The repulsive parameter was derived 
by minimizing the complete function at a distance corresponding to the sum 
of the Van der Waals radii of the two different atoms, 





Intermolecular Hydrogen Bonds 


It is interesting that some of these functions give good 
results in the calculations of pairwise interactions between 
methane and between carbon tetrachloride molecules in 
the gas phase and allow prediction of rotational potential 
barriers in ethane and in several ethane derivatives'®, 

Further, the possible formation of intermolecular 
hydrogen bonds between the oxydrilic group and the 
nitrogen atom which has a lone pair orbital was taken into 
aceount using a potential function proposed by Stock- 
mayer’? to describe the interactions between polar 
molecules. This function can be written: 


V = 4e O — (E + 1 


gi Tab 
[lia xX ue) — 3 (ta x Fab) (up X Fun)/Tab | 


The depth of the potential well was fixed at — 5K calories for 
an N... H distance of 1-85 A and when the O—H bond is 
eolinear with the bisectrix of the CNO angle. e and the 
dipoles product pa up were obtained by imposing the 
previous conditions, that is, by putting V = — 5 kealoriesand 
ev = 0 Because the Lennard-Jones part of V has a 
r= 1°85/ 
minimum at an N—H distance of 3-30 A, the sum of the 
hydrogen and nitrogen Van der Waals radii in the best 
potential functions, o, is 2-94 A. (ref. 10 and unpublished 
results of E. G.). The same function, with different values 
of the parameters, was successfully used in the calculations 
of the conformational potential energy of helical poly- 
peptides’. 


Computation 


The calculations were performed on a Univac 1108 
computer with angular increments of 10° in a first run. 
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The eulerian angles were permitted to vary in the ranges 
0° < b, < 180°, 0° < ¥,< 360° and 0°< 4, < 180°, because a 
centre of symmetry is present in the molecule. The 
regions of minima were then explored with angular 
increments of 2° in a second run. Two minima, differing 
by 1:3 kealories/mole, are lower than all the others, their 
eulerian angles being 


“a Ye Ya 
104° 42° 48° 
2 222° 48° 


The atomic coordinates corresponding to the first mini- 
mum, which is the deepest one, are reported in Table 3 
together with those found by Hamilton. The projections 
in the XY plane of the two molecular models, which refer 
to the two minima, are shown in Fig. 2. Fig. 2 clearly 











Fig. 2. Projections in the NY plane of the two molecular models corres- 
ponding to y,=104°, y,=42°, y,=48° (thick line) and to y,=2°, 
Y2= 222°, ps = 48° (thin line). The hydrogen bonding is represented by a 
dashed line. 


shows the hydrogen bond formation in both cases. The 
second minimum has nearly the same triclinic fractional 
coordinates x and z as the first one and differs only in the 
y coordinate. 


Table 3. ATOMIC FRACTIONAL COORDINATES IN 
DIMETHYLGLYOXIME CORRESPONDING 


THE TRICLINIC CELL OF 
TO THE LOWEST MINIMUM FOUND 





IN THE ANALYSIS (4) COMPARED WITH THOSE DERIVED FROM NEUTRON 
DIFFRACTION (b) 

Xa) X (5) Y (a) Y (b) Z (a) Z (b) a (À) 
H ©1856 01631 0-4461 0-4304 —01756 ~0-2048 0-19 
© ©0914 0-0907 0-0193 0:0196 -00939 — 00984 0-02 
N 00500 0-0526 0-2486 02437 —00425 ~0-0877 005 
O 02175 ©2187 0-2697 0-2718 ~02151 -01898 0-11 
M 02945 02938 —01983 -01918 -03122 ~0-3086 0-03 


d= Distances between corresponding atoms. 


Validity of Potential Functions 


The dimethylglyoxime molecule was chosen for this 
analysis for two reasons. First, four chemical species and 
methyl groups are present and the use of fifteen potential 
functions represents a severe test of their relative validity. 
Second, the non-linear hydrogen bonds, which are an 
interesting feature of the structure and link the molecules 
in pairs, strongly condition the molecular arrangement. 
Further, the hydrogen bonding energy gradient outweighs 
that of the Van der Waals energy near the minima. Thus 
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the great sensitivity of the hydrogen bond energy to 
small displacements of the atoms involved in the hydrogen 
bonding allows us to check if an appropriate potential 
funetion has been used. 

The results obtained (Table 3) again confirm the reliability 
of the set of potential functions shown in Table 2. The 
average differences between the coordinate values deter- 
mined by neutron diffraction and those derived from 
the parameters of the lowest minimum in the potential 
energy map are 

i Avi = 0-034 A; 


jAy| =0-037 A; | Az} =0-061 A 


It is interesting to observe that where departures are more 
significant the experiment coordinates are affected by 
larger standard deviations, as for the hydrogen and 
oxygen atoms, but there is still good agreement with the 
coordinates obtained by X-ray diffraction’. 

The deepest minimum of the total energy corresponds 
to a minimum of both hydrogen bonding and Van der 
Waals energy, although the latter is not the deepest one. 

I thank Professor A. M. Liquori for suggestions and 
criticisms and “Consiglio Nazionale delle Ricerche” for 
financial support. 
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Rifampicin inhibits the Growth of Some Mammalian Viruses 


by 
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Two apparently unrelated observations prompted us to 
investigate the effect of the antibiotic rifampicin on the 
replication of mammalian vir First, it has recently 
been reported that mutations affecting RNA polymerase 
activity were associated in Æ. coli with resistance to 
rifamycin SV or rifampicin'?. Earlier in vitro experi- 
ments? had established that the RNA polymerase of E. 
coli is very sensitive to rifamycin SV (and also rifampicin), 
while mammalian RNA polymerase is affected only at 
much higher concentrations. Moreover, it is known that 
rifamyein acts directly on the enzyme and not en the 
DNA, as does actinomycin. Other in vitro experiments* 
had shown that rifampicin inhibits transcription before 
the formation of the initiation complex’, and has no 
effect if added after the DNA-dependent RNA polymerase 
has started to transcribe. Surveys of the action of rifa- 





Table 1. 
Detection of 





The antibiotic rifampicin inhibits the growth of poxviruses and 
adenovirus and can prevent the maturation of infectious virus until 
quite late in the growth cycle. Drug resistant mutants of vaccinia 
have been isolated and this suggests that the virus genome codes 
for a protein concerned with the transcription of viral DNA. 


mycin and its many derivatives*? on various organisms 
show that many, but by no means all, bacteria are 
sensitive in varying degrees to derivatives of this 
drug. 

Second, we have held the view for some time?” that the 
large mammalian viruses may modify the translation and 
also the transcription apparatus of the host cell. Herpes 
simplex virus, for example, modifies the translation 
apparatus of the host! 

Thus it occurred to us that some large viruses may not 
only specify polypeptides involved in the transcription of 
their DNA, but also that these might be sensitive to rifa- 
mycin. Poxviruses™!, for example, have an RNA poly- 
merase activity associated with the virion, although it has 
yet to be established whether the protein is host or virus- 
specified. 


EFFECT OF RIFAMPICIN ON VIRUS GROWTH IN TISSUE CULTURE 


Concentration of rifampicin 


Virus Cell culture virus growth 0 30 ug/ml. 60 pg/ml. 100 xe/ml, 150 ug/ml. 
Polio 1 HEp-2 CPE* tig t +++ bbe t+ tht +e Se 
Echo 1 HEp-2 CPE +++ te + tt + tt + bob tb 
Coxsackie virus B6 HEp-2 CPE +++ +++ +++ +++ +++ 
Influenza AO (NWS) Chick embryo 
fibroblasts CPE +++ +++ H+ +++ +++ 
Sendai (parainfluenza 1) HeLa Haem-adsorption t +++ bee + tbe + te et + tt + 
Encephalomyocarditis BHK21 CPE ttt be pt ttt +++ tet t+ 
Pseudorabies BHK21 CPE +++ a a HAt +t bet se 
Herpes simplex BHK21 CPE +++ e e +++ tb tt oi ie a 
Cowpox $ BHK21 CPE ++ ++ + 0 0 
Vaccinia t BHE21 CPE ttt +++ ++ 0 0 
Vaccinia mutant VH BHK21 CPE ttt +++ +++ bt + tht 
Vesicular stomatitis BHK21 Mean plaque count at 28 h 70 58-5 61 56 53 
Concentration of rifampicin 
0 20 pg/ml. 50 ugiml. 70 ug/ml. 100 pg/ml, 
Adenovirus 1 HeLa Mean plaque count at 7 days 97 718 17§ 38 0 


* For the cytopathological effect (CPE) experiments 1,000 TCID or 1,000 PFU of virus was adsorbed to cell monolayers in test tubes for 1 h at 37°C 
before addition of medium containing the drug. CPE was read at 48 h and in the case of encephalomyocarditis virus at 24h. 

+ Haemadsorption was read 24 h after inoculation of 40 haemagglutinating units of virus per monolayer in 60 mm Petri dishes. 

+ No viral CPE was detected even on the third and fourth days after inoculation. 


§ Plaques were smaller than in control cultures. 
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A B 





Effect of rifampicin on vaccinia or mutant VB-infeeted mono- 


Fig, 1. 

layers of BHK21 cells. The drug was added at the end of the 1 h virus 

absorption period, A, Vaccinia, 0 yvg/ml. rifampicin; B, vaccinia, 

100 gg/ml. rifampicin: C, mutant VB, 0 xe/ml. rifampicin; D, mutant 
VB, 100 ug/ml. rifampicin. 


Poxviruses are Sensitive to Rifampicin 

We initially investigated the effect of rifampicin on the 
ability of vir to form plaques in BHK21 C13 cells. 
Three viruses—-herpes simplex, pseudorabies and vaccinia 
-—were tested in the presence of 0, 160 and 150 pg/ml. of 
the drug. Herpes and pseudorabies were not affected 
by the antibiotic, but the growth of vaccinia was com- 
pletely inhibited (Fig. 1). We then tested concentrations 
of rifampicin up to 150 pg/ml. on vaccinia and on repre- 
sentative strains of many of the recognized major groups 
of mammalian viruses (see Tables 1 and 2). Strains of 
vaccinia (including one recently isolated from a patient 
with vaccinial kerato-conjunctivitis) and also cowpox 
virus were tested and were sensitive to rifampicin, although 
only to concentrations considerably higher than those 
which inhibit most sensitive bacteria. Another poxvirus, 
alastrim or smallpox minor, is also inhibited by rifampicin 
(unpublished results of T. H. Pennington). Preliminary 
experiments indicate that plaque formation by adenovirus 
type l is also inhibited. Most recent experiments with the 
small tumour viruses SV40 and polyoma, with reovirus 
types 1, 2 and 3 and with equine rhmopneumonitis show 
that these viruses are not inhibited by rifampicin. 

We have also tested three drugs related to rifampicin: 
rifazine, rifamyein SV and rifamide, and one other drug: 
streptovaricin. Of these, streptovaricin up to 100 ug/ml., 
rifamide up to 500 ug/ml. and rifazine up to 200 ug/ml. 
had no observable antiviral activity on vaccinia plaque 
formation. The sample of rifamycin SV which we used 
(claimed purity 80-2 per cent) was too toxic to C13 and 
HEp-2 cells at concentrations above 30 ug/ml. to allow 








Table 2. PLAQUE COUNTS IN C13 CELLS INTHE PRESENCE OR ABSENCE OF 


RIFAMPICIN 


Concentration (ug/ml. *) : 
Plaque counts in different concentrations of rifampicin 





Virus ü 20 50 70 100 
Vaccinia 194 182 175 1287 97 125+ o 6 0 0 
Vaccinia clone 4 101 108 105 93} 62 344 Oo 0 © 0 
Mutant V4R 72 80 74 84 32 46 5 Z 7 1 1 


Mutant VB 264 320 313 302 353 367 380 372 315 282 

* Rifampicin was added to the fluid medium immediately following the Lh 
absorption period. 

+ At 50 ug rifampicin plaque size was noticeably reduced. 
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Fig. 2. A, Single-step growth cycle of vaccinia virus in HEp-2 cells with 


and without rifampicin, 150 wg per ml. The drug was added after 
adsorption of virus for 1 h at 37° C. Monolayers were washed, scraped 
off into buffer and then disrupted by sonication followed by freezing and 
thawing. @-—-@, Cell-associated virus in control cultures; © 3 
cell-associated virus in cultures with rifampicin. B, Single-step growt! 
cycle of the VH (rifampicin-resistant) mutant of vaccinia virus in HEp-2 
cells with and without rifampicin, 150 ng/ml. Conditions as for A. 
@—®, Cell-associated virus in control cultures; (7... O. ceil- 
associated virus in cultures with rifampicin. 














observation of antiviral effect (see later). And although 
rifampicin inhibits growth of vaceinia virus, free vaccinia 
virions exposed to 100 ug/ml. rifampicin showed no detect- 
able loss of infectivity. 






Isolation of Rifampicin-resistant Mutants 
Viral infectivity was found in vaccinia infected cells 
even after three days incubation with 100 or 150 ug/ml. 


NATURE, VOL. 222, APRIL 26, 1969 


rifampicin. Continued incubation in the presence of 
rifampicin inhibited plaque formation, but in two such 
tests, using different vaccinia substrains (one normally 
grown in HEp-2 cells, the other in BHK cells), two and 
nine plaques respectively were observed despite the 
presence of 100 ug of the drug. These plaques were picked 
separately and purified, and one from each substrain was 
investigated further. In both cases the virus grew equally 
well in the presence or absence of 100 and 150 ug/ml. 
rifampicin and we designated the two mutant lines VH 
and VB. Electron microscopy showed that these two 
mutant stocks contained only typical vaccinia particles. 

We had used uncloned vaccinia virus in these experi- 
ments. To obtain some measure of the rate of mutation to 
rifampicin resistance we grew fresh cloned stocks from 
six vaccinia plaques in the absence of rifampicin and then 
tested each stock against various concentrations of rifam- 
picin. They were all as sensitive as the original stock. 
A few very small plaques were found growing on plates 
infected with 5 x 104 plaque forming units (pFv)/dish in the 
presence of 100 ug rifampicin. We picked six of these, 
one from each stock, propagated the virus in the 
absence of the drug and tested the resulting stocks for 
resistance to rifampicin. Five were as sensitive as the 
parent stocks, but the sixth, V4R, proved to have partial 
resistance to rifampicin (Table 2). 

Electron microscopic examinations showed that the 
particle to plaque forming units ratio of the stocks was 
about fifty. At a first approximation therefore the muta- 
tion rate to rifampicin resistance is 1 in 6 x 50x 5x 104 or 
roughly 1x 10-7. Subsequent experiments have confirmed 
that the mutant V4R has a different resistance to rifampi- 
cin than mutants VB and VH, which are highly resistant. 
Table 2 shows the relative sensitivities of uncloned 
vaccinia, clone V4 and the mutants VB and V4R. 


Effect of Rifampicin on Virus Growth 

Fig. 24 shows the virus multiplication during 24 h; 
there was a 250-fold increase in titre in the absence of 
rifampicin, whereas the virus failed to multiply in the 
presence of 150 ug/ml. The mutant VH, on the other hand, 
multiplied with equal facility in the presence or absence 
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Fig. 3. Infective centres of vaccinia virus and the VH (rifampicin- 
resistant) mutant of vaccinia virus in HEp-2 cells with and without 
rifampicin, 150 ug/ml. The drug was added after adsorption of virus for 
1h at 37° C. Monolayers were washed and dispersed with trypsin. 
@—-@, Infective centres of vaccinia virus in control cultures; © > 
infective centres of vaccinia virus in cultures with rifampicin; B—, 
infective centres of VH virus in control cultures; ...(], infective 

centres of VH virus in cultures with rifam icin. 
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of the drug (Fig. 2B) and infective centre assays corro- 
borate these findings (Fig. 3), 

To determine the time at which the drug no longer 
inhibits viral replication, we added rifampicin at various 
times after infection and measured the virus yield at 
12 h in HEp-2 cells or at 24 h in BHK21 cells. 

The titre of infectious virus was reduced to less than 
1 per cent if the drug was added at any time up to 5h 
after the end of the 1 h absorption period (Table 3). 


Table 3. THE EFFECT OF RIFAMPICIN, ADDED AT VARIOUS TIMES AFTER 
INFECTION, ON THE TOTAL YIELD OF VACCINIA AT 12 AND 24 H AFTER 
INFECTION 
Time of addition Log reduction in virus yield* 
of drug (h)t Exp. 1 Exp. 2 Exp. 3 
0 2-6 2-4 24 

0-5 2-6 

1 2-9 2-4 2-6 
15 2-5 

2 27 2-4 2-5 
2-5 24 

3 23 25 24 
3-5 24 

4 21 2-3 Q4 
45 19 

5 18 2-2 

6 16 16 16 
ri 1-4 

8 0-9 0-7 


* In experiment 1, the 24 h yield of virus in BHK21 cells and in experiments 
2 and 3 the 12 h yield of virus in HEp-2 cells were measured. ‘The input 
multiplicity and the drug concentrations were: 0-05 PFU/cell and 100 petrol, 
in experiment 1; 2 PFU/cell and 150 ug/ml. in experiments 2 and 3. 

t Measured from the end of the initial 1 h absorption period. 


When added at later times, the rifampicin became pro- 
gressively less inhibitory, although it still depressed virus 
multiplication even 8 h after infection. We conclude that 
rifampicin can prevent the maturation of fully infectious 
virus until quite late in the growth cycle. 


Effect on Viral DNA and RNA Synthesis 


We investigated the effect of rifampicin, at 100 ug/ml. 
and 150 ug/ml., on viral DNA and RNA synthesis in 
BHK21 C13 cells infected with vaccinia or the mutant 
VH using autoradiography to follow the incorporation of 
*H-thymidine (DNA) or *H-uridine (RNA) in the cyto- 
plasm, where the vaccinia multiplies. 

Cells grown on coverslips were synchronized by keeping 
them in 0-25 per cent serum for 3 days (R. R. Burk, 
personal communication), and were then infected at an 
input multiplicity of about 3 pru per cell. Fresh medium 
with or without rifampicin was added after allowing 1 h 
for absorption at 37° C. At various times after this, 1 h 
pulses of either 5 uCi of thymidine-methyl-T (specific 
activity 13 Ci/mmole) or uridine-5-T (specific activity 
29 Ci/mmole) were given and the coverslip fixed at the 
end of the pulse in formol saline. The cells were then 
extracted twice with ice-cold 10 per cent trichloracetic 
acid and prepared for autoradiography with Kodak AR10 
stripping film, which was developed after 14 days. 

Uninfected control cultures showed that the cells were 
partially synchronized both in the presence and absence 
of rifampicin: very few cells were in S (DNA synthesis) 
phase during the first 8 h period after the change to 10 
per cent serum, yet 23 per cent of nuclei became labelled 
when thymidine was given for 1 h at 17h. In the infected 
cultures in the absence of the drug, we found some DNA 
factories“ in the cytoplasm after 3 h. In the presence of 
rifampicin, both the number and size of factories were 
reduced approximately five to ten-fold, but even with 
150 ug/ml. rifampicin some factories were still present. 
This reduction was most striking at 17—18 h, the last time 
point in the experiment (Fig. 4). The results are not sur- 
prising, because the drug was not present during the 1 h 
absorption period at. 37° C, and within 1 h after infection 
transcription of vaccinia has usually started!45, Pro- 
duction of DNA factories by the mutant VH was not 
affected by rifampicin (Fig. 4). 

Infected cells in the absence of rifampicin incorporated 
uridine in both nucleus and cytoplasm during the whole 
course of the experiment. In the presence of the drug, 
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Fig. 4. *H thymidine incorporation from 17 to 18 h after infection of 

BHK21 cells with vaccinia and mutant VB. The drug was added at the 

end of 1 h virus absorption period, A, Vaccinia in the absence of rifam- 

picin; B, vaccinia in the presence of 150 pg/ml. rifampicin: C, mutant 
VB in the presence of 150 ug/ml. rifampicin. 


incorporation was almost completely confined to the 
nucleus (Fig. 5) and the same is true of uninfected cells. 
When rifampicin is added after the 1 h absorption period 
there is therefore a great although not a complete reduc- 
tion of RNA metabolism in the cytoplasm (the factory 
areas) of infected cells. 

Rifampicin, however, had no effect on uridine incor- 
poration in the cytoplasm of cells infected with the 
mutant VH (Fig. 5). 


Toxicity of Rifampicin 

In our hands monolayers of BHK21 C13 cells, HEp-2 
cells, KB cells, BSC 1 cells, mouse embryo cells and 
human embryo Jung cells begin to show degenerative 
changes after incubation for 3-4 days with 100 or 150 
ug/ml. of rifampicin. HeLa cells are a ‘little more resistant. 

We investigated the toxicity of rifampicin to C13 cells 
by measuring the plating efficiency of these cells in the 
presence of various concentrations of the drug. Above 
10 ug/ml. there was a marked lowering of plating efficiency, 
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PLATING EFFICIENCY* OF BHK21 CELLS AFTER INCUBATION FOR 
THREE DAYS IN VARIOUS CONCENTRATIONS OF RIFAMPICIN 
Previous rifampicin concentration 
0 pgiml. 50 pa/mi. 100 agimi. 


Experiment 1 85, 87, 90 BR, 85, 71 60, 57, 68 
Experiment 2 174, 183 151, 161 158, 135 
* 10° cells were seeded on to dishes containing 10° irradiated rat embryo 
feeder cells in 5 mi. of Eagle’s medium supplemented with 5 per cent calf 
serum. Cultures were stained after incubation for 6 days and the colonies 
counted en cach dish. 


Table 4. 








which virtually dropped to zero at 40 ug/ml, Using 
standard selection procedures we have now obtained 
clones of BHK21 C13 cells and also of HeLa cells which 
grow well in the presence of 50 ug/ml. rifampicin, but not 
yet in the presence of 100 pg/ml. Vaccinia growth in the 
rifampicin- Seni BHK cells is inhibited exactly as in 
standard BHK21 C13 cells, whieh indicates that the 
resistance is not aid to lowered permeability to rifampicin. 

The cells do, however, recover from exposure to rifampi- 
cin. Even after 3 and 4 days’ exposure to 100 ug/ml, a 
large proportion of C13 and HeLa cells retain the capacity 
to form colonies (Table 4). 








“ee 


Fig. 5. *H uridine incorporation from 17 to 18 h after infection of BHK21 

cells with vaccinia and mutant VB. The drug was added at the end of the 

1 h virus absorption period. A, Vaccinia in the a ce of rifampicin: 

B, vaccinia in the presence of 150 ug/ml. rifampic C, mutant VB in 
the presence of 150 ug/ml. rifampicin. 
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The preparation of rifampicin we used was 99-3 per cent 
pure. At a rifampicin concentration of 100 ug/ml. which 
we used in most experiments, there must have been 
0-7 pg/ml. of unknown impunity, which could perhaps 
be the sole cause of the toxicity to the-cells. Though 
lughly unlikely, ıt is conceivable that this umpurity could 
even be responsible for the antiviral effect. 


Implications of the Findings 

Rifampicin acts by inhibiting the DNA-dependent RNA 
polymerase of E. cols? Moreover, rifampicin specifically 
binds to a polypeptide component of the enzyme?‘ and not 
to the DNA substrate as does actinomycin". The recent 
demonstration!* that more than one polypeptide is ın- 
volved in the transcmption apparatus of E. colt 1s, of 
course, pertinent. 

Our observations show that vaccimia 1s specifically 
blocked from makmg mature progeny by rifampicin, 
while mutants of the virus are not inhibited by the drug. 
This 18 good evidence that, in vaccinia, mfampicm affects 
a single virus-specified polypeptide and our autoradio- 
graphic studies mdicate that rmfampicin affects vaccinia- 
directed RNA metabolism. By analogy to the earlier 
findings! this suggests that mfampicin affects a protein 
specifically concerned with the trancription of vaccine. 
It has been shown! 1417 that the vaccinia virus particle 
contains DNA-dependent RNA polymerase, although the 
experiments could not distinguish whether this protein 
was specified by the previous host or by the viral genome. 
Our observations strongly suggest that at least a constitu- 
ent polypeptide of the RNA polymerase carried by the 
vinion is specified by the virus genome. 

Our prelimmary work with adenovirus type I also 
suggests that mfampicin blocks the activity of a protein 
specified by the virus and involved with transcription. 
Our failure to observe any effect of rifampicin on the 
multaplication of large viruses like herpes and pseudo- 
rabies is not evidence that these viruses do not specify 
proteins volved in transcription. This applies equally 
to the small viruses which grow well in the presence of 
the drug, but in their case there is no theoretical reason 
why they should carry such information. Finally, ıt is 
noteworthy that the two small RNA bacteriophages f2 
and MS2 (refs. 1 and 18) and the two large DNA 
bacteriophages T, and SP01 all appear to require at least 
those components of host RNA polymerase which are 
sensitive to rfampicin!® 2°, 
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The possible prophylactic or therapoutic implications 
of our findings should not be overlooked—particularly 
now that we know that smallpox virus is also inhibited. 
We were fortunate to use rifampicin first of all rather 
than one of the three other closely related derivatives, 
which are either non-inhibitory or extremely toxic. Very 
many related compounds have been produced*»’, some of 
which may be more selectively toxic than rifampicin. 

We thank Dr T. H. Pennington for allowing us to quote 
his results with alastrim, Dr C. R. Pringle for testing the 
veiscular stomatitis virus and reovirus, Dr E. A. C. Follett 
for his electron microscopy and Miss Heather Davidson 
for help with autoradiography. We also thank our 
technicians, Margaret Neilson, Sylvia Thomson and Sally 
Henderson. We thank Professor P. Sensi of Lepetit S.P.A. 
(Milan) and Lepetat Pharmaceuticals Ltd (Slough) for 
the generous gifts of rifampicin, rifamycin SV and rifa- 
mide, Professor N. R. Grist for Lister Institute vaccinia 
and cowpox strains, Dr Akio Nagata, of Toyo Jozo Co. 
Ltd, for streptovaricm and Dr David C. Breeze for the 
Evans vaccine strain. 
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Morphological Continental Drift Fit of Australia and 


Antarctica 


by 
WALTER P. SPROLL 
ROBERT S. DIETZ 
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Atlantic Oceanographic Laboratories, 
901 South Miami Avenue, 

Mlaml, Florida 33130 


Tam jigsaw or morphological fit between South America 
and Africa was an important stimulus of early theories of 
continental drift}, but ıt 18 only recently that the 
excellence of the fit has been demonstrated numerically*~’. 
The problem of fitting together the southern continents 
around the Indian Ocean to form the Gondwana super- 
continént is more difficult and remams unsolved. Al fits 


A quantitative morphological fit of Australla and Antarctica which 
Is also geologically permissible. 


so far proposed have a large central gap, although ıt is 
possible that submerged missing sialic pieces (‘‘micro- 
continents”) may be an answer to the problem. We here 
attempt to discover the best morphological fit between 
Australia and Antarctica by a precise and objective 
method. 

The numerous fits of Australia to Antarctica’: t4816 are 
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mostly of the sketch-map variety. No one has attempted 
to fit the south-western terminus of Australia farther west 
around Antarctica than latitude 70° E (ref. 10), presum- 
ably because such an oblique translation is intuitively 
unreasonable. On the other hand, palaeomagnetic con- 
siderations!’ place south Australia adjacent to western 
Antarctica east of the Ross Sea. An even more extreme 
possibility is the placing of the Great Bight of Australia 
against Chile’. 

To illustrate the need for a more precise solution, Fig. 1 
shows three previous fits for Antarctica and Australia— 
those of Du Toit‘, Carey* and Wilson!*, Even in this 
generally preferred region of fit there is considerable 
variation. 

We accept the 1,000 fathom isobath as the proper 
contour to be tested for congruency. Although somewhat 
too shallow, this isobath represents approximately one 
half of the continental relief above the ocean floor, or one 
half of the so-called isostatic freeboard of the continents. 
The supposedly vertical faces of the rifted sialic plate 
would tend to adjust ther shape by slumping of the 
contmental slope and by flow within the roots of the 
continent so that an overall continental extension would 
occur. The position of the top of the continental slope 
would, however, actually retreat, so that the 1,000 
fathom isobath might be a better marker of the original 
position of the primary rift than the bottom of the conti- 
nental slope, its top or especially the shoreline. Between 
Africa and South America, the 500 fathom line was found 
to fit slightly better than the 1,000 fathom isobath’, but 
we suspect that this resulted from poor knowledge as to 
the exact position of the 1,000 fathom isobath and because 
deeper topography is more subject to post-rift alterations. 
We prefer to use the logically correct 1,000 fathom 
isobath, but where its position is vague or unreasonably 
complex, we have drawn 4 synthetic 1,000 fathom isobath 
by extrapolating down from the 500 fathom line. 

For a meaningful fit, the two continental outlines to be 
matched should have roughly equivalent lengths. Match- 
ing a short segment against a long one could lead to many 
good fits but would be meaningless unless second and 
third order curvatures were also conformable. The 
technique we have used is a corollary of that used by 
Bullard et al.?. Centres are determined for each of the two 
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continental outlines so that they are approximately 
equidistant from most points along the given isobaths. 
A quantitative determmation of the quahty of fit 18 
obtained by minimizing the amount of overlap plus 
underlap between the two critical isobaths when they 
are juxtaposed by a superposition of their centres. Test 
positioning of the two curves is accomplished by consider- 
Ing the isobath and centre of one continent as being fixed, 
while the other continent’s isobath is adjusted ın incre- 
ments with respect to its superimposed centre in three 
ways: racially, along one of the radii, causing separation 
to vary; circumferentially, so that the movable isobath 
slides approximately along the fixed one; and by end- 
point rotation, so as to change the basic orientation 
between the two isobaths (Fig. 2). Overlap and underlap 
are then measured by separation of the two isobaths along 
regularly spaced radii from the superimposed centres. 
The smallest mean absolute separation defines the best fit. 
The solution is made on a theoretical sphere with the aid of 
a computer and then mapped stereographically with a 
Calcomp plotter about the superimposed centres of 
curvature. In this way, projection distortions between 
the two 1sobaths are made uniform. 


Movable isobath 


Endpoint 





Fired 1sobath Superimposed centres 
. 2. The test positioning of a movable isobath relative to a fixed 
isobath by (A) radial translation, (B) clroumferential rotation, and (0) 
- endpoint rotation. 


The source material for the two continents was obtained 
from collection sheets and contour charts of the US Naval 
Oceanographic Office (the “BC” series), the GEBCO 
(General Bathymetric Chart of the Oceans) prepared under 
the auspices of the International Hydrographic Bureau by 
the Royal Australian Navy, various special survey charts 
and, especially, new surveys made by the USC and QSS 
Oceanographer on her 1967 Global Expedition. During 
that cruise, the southern margin of Australia between 
Perth and Sydney was surveyed while one of us (R. 8. D.) 
was the chief scientist aboard. A lazy-Z pattern was 
laid out especially for the purpose of delineating the 
1,000 fathom isobath, and satellite navigation was used to 
give fixes to within 0-2 nautical miles. Thus the position 
and morphology of the southern continental slope of 
Australia are now well known. Unfortunately, the outline 
of the continental slope of Antarctica remains poorly 
defined. Sea ice, poor position control and few sounding 
lines all contribute to this deficiency, which is a major 
defect of this study. 


Positlon of Best Fit 


We have attempted computerized fits for southern 
Australia against several different sectors of Antarctica 
and upon somewhat different basic assumptions. The 
best fit is shown in Fig. 3, which juxtaposes southern 
Australia against the Wilkes Land sector of east Ant- 
arctica. In this fit, Tasmania hooks slightly into the 
Ross Sea and off Victorialand. The south-western end of 
Australia then fits against Antarctica off the Knox Coast. 

The position of best fit was obtained by a superposition 
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of the Australian centre of curvature at 51-2°§, 122-7° E, 
over the Antarctic centre located at 81:0°8, 106-0° E, 
followed by a 47-5° clockwise rotation of the eastern end of 
the Australia isobath relative to the eastern end of the 
Antarctica isobath about the combined centre. Overlap 
area amounts to 95,248 km*, while the underlap area 
equals 55,399 km*. The total area of misfit is equal to 
150,647 km!, or a little more than the area of the state of 
Illinois. 

We regard this fit as excellent and as the probable 
position of the two continents before their rifting in the 
late Mesozoic. The mean absolute misfit is 40:3 km, and 
the root mean square misfit is 51:9 km. In contrast, our 
Africa-South America fit has a mean absolute misfit of 
68-5 km and a root mean square misfit of 101-6 km. Thus 
the fit achieved by closing this portion of the Antarctic 
Ocean 18 better than that obtained by closing the South 
Atlantic Ocean. 

Some comments are in order. Excluded from the test 
fittings were the Bruce Plateau and the Iselen Plateau 
(our name), the region ın the vicinity of Iselen Seamount. 
These are rather anomalous protuberances of Antarotica’s 
margin the form of which might be considerably modified 
on & modern survey. Omitting them from consideration 
seemed to introduces less bias to our result. The Antarctica 
isobath actually used for fitting in the vicinity of these 
projections is shown by the dashed line in Fig. 3. 

A satisfying aspect of our fit is that both the Iselen and 
Bruce plateaus are nicely accommodated when replaced 
after the best fit determination. Both salients provide 
constraining “toe ends” for Tasmania to the east and for 
the south-western tap. of Australia to the west. This 
suggests that. both of these projections are an integral 


Fig. 8. The best fit of Australa with respect to Antarctica by computerized matchi 
contanental shelf and slope from shoreline (inner contour) to the 1,000 fathom iso 
underlap areas are blank. 
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part of the old predrift craton of eastern Gondwana and 
are not young accretionary volcanic or tectonic additions 
to Antarctica. Thus we have a fit of Australia which 
seems to be keyed into the Antarctic margin. 

We also find that the Naturaliste Plateau fits rather 
snugly against the Bruce Plateau, although as the inner 
portion of this deep terrace is deeper than 1,000 fathoms it, 
too, was not considered in our computer program. Oceano» 
grapher’s survey, however, indicated that the Naturaliste 
Plateau does have abrupt margins like continental slopes 
and its magnetic signature is consistent with sialic rock, 
so that it is probably a true continental projection. 
Intuitively, 16 seems reasonable that such triple-point 
junctions in the breakup of Gondwana would result in 
more complex topography than the simple separation 
along a suture. 

Our quantitative best fit, of course, can only approxi- 


` mate reality. The margins of continents must undergo 


some tectonic and sedimentary modification resulting in 
extensions or retractions of the original continental 
outline. Sizable underlaps may be due to the presence 
of microcontinents such as exist in the Indian Ocean— 
Seychelle Islands, for example—but apparently not in the 
South Atlantic. There do not seem to be any micro- 
continents which would affect the Australia—Antarctica 
fit. 

The mismatch is an overlap which superimposes the 
isobath off Antarctice’s George V Coast over the Australian 
margin extending from the region near Kangaroo Island 
and eastward across the offshore Otway Basin. The 
overlap has a width of as much as 74 nautical miles 
(137 km) and extends horizontally for 1,089 nautical miles 
(2,017 km). Why this overlap exists we can only surmise. 





of the 1,000 fathom isobaths. Ruled line pattern indicates 
th (outer contour), Overlap areas are cross- and 
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Intercontinental tectonics 


Predrift 
stage 


Initial 
stage 


Readjustment 
stage 


Detumescent 
stage 


Fig. 4. Timesequence diagram to show the presumed 
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Related development of 
Otway Basin 





and drifting apart of Australia and Antarotica 


th some resultant extension of the Australian margin. 


Possibly the true outline of Antarctica along this sector is 
considerably in error. Another possibility is that there 
1s a post-rift volcanic accretion, perhaps related to the 
Balleny Island volcanics?’, or that sedimentary material 
has been draped over the continental slope. 

The thin and depressed crustal region of the Antarctic 
craton landward of the George V Coast between the 
Trans-Antarctic Range and the central craton of East 
Antarctica!!!" may have controlled the position of a 
major drainage basin. This, in turn, would cause exten- 
sive offshore sedimentation and continental slope pro- 
gradation by funnelling sedimentary detritus from the 
Antarctic ’craton to the continental margin. 

On the Australian side of this sector, results from the 
Global Expedition of the USC and GSS Oceanographer and 
oil company offshore data also provide support for mar- 
ginal extension of southern Australia (unpublished work). 
There 1s a thick section of sediments on the continental 
shelf and slope off the Otway Basın in which the beds dip 
landward and the section is downdropped in a steplike 
fashion presumably by normal faulting. We suggest that 
this represents taphrogenic relaxation associated with 
rifting and continental drift, as shown in Fig. 4. A 
parallel may be drawn with the downdropped blocks 
marginal to the Red Sea! and between Tasmania and 
the mainland of Australia". The overall effect of this 
tensional faulting and extensive sedimentation must be to 
extend somewhat the continental margin beyond its pre- 
rift position. This may not account for all the overlap 
in this sector of our fit, but ıt may at least be a partial 
explanation. 


Geological Consideratlons 


The fit is, of course, purely morphological, but it is also 
geologically permissible and roughly agrees with that 
commonly obtained by geological reasoning’ *?, 

In our fit, the Adelaide Pre-Cambrian—Cambrian mio- 
geosyncline 1s correlated with a similar foldbelt of similar 
age extendmg across Antarctica from the George V 
Coast to the Weddell Sea. The Cambrian pleosponge, 
Archeocyaths, characterizes both of these foldbelts. 
From radiometric data, m both Australia and Antarctica 


an old Pre-Cambrian foldbelt lies to the west of this 
foldbelt, while a lower Palaeozoic basement of eugeosyn- 
chnal character lies to the east. Sutherland™ has pointed 
out the similarity of age (Jurassic, roughly 160 m.y.) and 
orientation of dolerite dikes ın Tasmania with those of 
Victorialand in Antarctica just west of the Ross Sea. The 
reconstruction we propose places them m close juxta- 
position, 

There remains an urgent need for a detailed bathy- 
metric and geophysical survey along the margin of East 
Antarctica to define further the true outlme of this 
continent and, especially, to reveal the oxact nature of 
the Bruce and Iselen plateaus, which seem to provide 
constraiming toe ends for our proposed fit. 
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F factor. 


A DETERMINANT for resistance to neomyom and kanamycin 
was described recently’. This determinant (K) was 
originally isolated from a strain of phage type 29 of 
Salmonella typhimurvum. In ıts original host stram the 
K determinant was associated with an fit transfer factor 
which was assigned the provisional symbol X (ref. 1). 
The KX resistance factor belongs to the class of dissociable 
resistance factors (R factors) first observed in S. typht- 
murium’. In this class the resistance determinant and 
the transfer factor are basically independent plasmids 
which occupy different cellular attachment sites*. They 
have a reversible association with each other, and it is 
only when they are in the associated state that the 
determinant can be transferred to a new host. Because 
of the dissociability of the complex, the whole R factor, 
or the resistance determinant alone, or the transfer factor 
alone. may enter the recipient during transfer. The 
prototype of this category of R factors is the AA factor 
of strain RTI of S. typhimurium type 29; this factor 
consists of a determinant for resistance to ampicillin (A) 
and the A transfer factor’. 

The K determinant is easily mobilized by the F factor 
of Escherichia coh K12 (=K12) and it adopts a relation- 
ship with F similar to that between K and the X transfer 
factor. The R factor formed by K and the F factor can 
be demgnated KF. 

The F factor is ntly derepressed, so that it 
transfers freely to F- lines of K12. Conjugation experi- 
ments can therefore be done using shorter mating periods 
than those needed for most other transfer factors, which 
are usually in a state of repression‘. Moreover, because 
of the known association of F with chromosomal transfer, 
the KF resistance factor offers the possibility of comparing 
transfer by the F factor of the K determinant, on the 
one hand, and the K12 chromosome on the other. 

The bacterial crosses used in these investigations were 
carried out by techniques similar to those described 
earher**, Mating was allowed to continue for 2 h. 
Selection for K transfer was exercised by incorporating 
20 ug/ml. of kanamycin in the solid media, MacConkey 
ager and M9 minimal medium’, used for plating mating 
mixtures. Selection for transfer of metabolic markers 


Table 1. DONOR AND REOIPIHNT STRAINS USED IN INVESTIGATING TRANSFER 
OF THB K DHTERMINAXT 


BEL No. Desenption Genotype 
10R854 KIEK) prototroph 
10R212 prototroph ColR2" 
1R716 K12F- prolactrp- hu- Btr" 
10R151 K12F- rotas hs arg Btr" 

: Ars threonine; Birt nau sit po Sno Ea laom 

lactose ae. RET > tps ove Ais =histidme; 
mt r—reaistant to colicin’ E2, non- 


Str™=streptomycin resistan 
colicinogento, 


In Escherichia coli KI2 carrying both the F factor and a determinant 
for kanamycin resistance k 

be independent of that of 
equally to the extrachromosomal and the Integrated states o 


) the association of K with F appears to 
with the chromosome. This eg 
the 


was effected on minimal medium, supplemented as 
necessary with 20 pg/ml. of amino-acids. When the 
recipient stram was streptoumycin-resistant, counter- 
selection was exercised against the donor by incorporating 
500 pg/ml. of streptomycin in the medium. Table 1 hsts 
the bacterial strains used. 

The F+(K) stram 10R854 was prepared by introducing 
the KF resistance factor mto prototrophic K12F-. The 
KF factor was also transferred into K12HfrH to produce 
the Hfr(K) lime 16R212; as was expected, in this cross 
the invading F factor was lost’? but the K determinant 
was retained in the recipient strain’. 

Table 2 shows the transfer of K, and of the pro, trp and 
his markers, from K12F+(K) to K12F-. Only 1R716 
was used as the recipient stram ın these crosses. 


Table 2. TRANSFER OF K AND OF CHROMOSOMAL MARKERS FROM K12F+(K) 
To K12F- 


Froaienoy No. of p: 
of transfer ces katod. Characters* 
Kk 15x10° 


2-2 10 50 


trp 42x10+ 50 
Aus 2-7 x 10-* 50 
Unselected 50 25 m F+ 


* The transfer of metabohc characters other than the selected marker is 
not shown here. 


It is evident from Table 2 that K was transferred by 
K12F+(K) at much higher frequency than were chromo- 
somal markers. As would be expected, therefore, of the 
recombinants that had received K, none tested had 
received chromosomal loci. By contrast, recombinants 
for chromosomal markers showed a higher percentage of 
co-transfer of K than would be expected from the inde- 
pendent transfer frequencies of K and the markers con- 
cerned. Most recombinants receiving K or chromosomal 
markers also acquired the F factor. 

Table 3 summarizes the results of transfer experiments 
with K and proximal chromosomal markers, 
K12HfrH(K) as the donor. Both 1R716 and 10R151 
were used as recipient strains in these crosses. 

These experiments showed that the K determinant was 
transferred to K12F- at the same frequency from 
K12HfrH(K) as from K12F+(K). In Hfr(K) x F- crosses, 
however, the recipient colonies remained F- as expected 
and could not transfer K. When selection was exer- 
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Table 8. TRANSFER FROM K12HfrH(K) To K12F- 


Frequen No. of Percen' of Percen 
Selected of colonies Roane Este tal 
marker transfer tested acquiring K acquiring F 
K 1x10 50 i 0 
thr, lew 1x10 50 10 0 
pro 3x10 50 12 2* 
trp 1x10 50 10 0 
kis 4x10¢ 50 12 ae 
* F recombinants 


cised only for K transfer, 24 per cent of the K+ recombin- 
ants also acquired thr and leu, 14 per cent pro and 10 per 
cent lac; markers distal to lac were not found in these 
K+ recombinants. This ts that K 1s associated with 
the proximal region of the K12 chromosome in HfrH. 

As Table 3 shows, from the proximal (thr, leu) markers 
to his, at least, there was no significant difference in the 
proportion of chromosomal recombinants that acquired 
K. It can thus be concluded, either that K can adopt a 
non-specific association with any part of the anterior half 
of the chromosome, or that it 1s not directly associated 
with the chromosome at all, but that ite transfer is medi- 
ated by the F factor independently of chromosomal 
transfer. When selection was exercised for any one of 
the metabolic markers shown ın Table 8, a high proportion 
of the progeny were recombinants for other chromosomal 
markers. The frequency of appearance of the unselected 
markers was in accordance with what is known of the 
K12 linkage map and of tranafer from HfrH (Fig. 1 and 
ref. 9). Selection for both K and any of the chromosomal 
merkers as far as his did not affect the distribution of 
unselected markers in the-progeny. 

Selection for the distal arg marker, and for arg K, yielded 
results different from those of selection for proximal 
markers. Table 4 summarizes these results. 

As Table 4 shows, of 108 argt recombinant lmes, the 
proportion carrying F, 37 per cent, was very much higher 
than that found with selection for proximal markers 
(Table 3). Forty-two of fifty-two recombinants for arg 
alone (81 per cent) were F-, however; the remaining ten 
had received the F factor, and the one line tested so far 
is Hfr. Thirty of forty arg* lmes that also received the F 
factor were recombinants for some or all of the proximal 
markers thr, leu, pro and lac, an indication that both ends 
of the donor chromosome had achieved integration in 
the recipient strain, so that the prommal and distal ends 
of F had re-united to reconstitute the complete F factor. 


thr leu 


pro 
lac 
arg 


tip 


his 


Fig. 1. Tinkago map of E. coh K12HfrH sho chromosomal markers 
erred tom text. The arrowhead indicates the direction of transfer. 
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Table 4. TRANSFER OF arg AND arg K FROM K12HfrH(K) TO K12F- 


f P t P tage a r 
Frequency No. o! ercentage arcen: nan 
Selected of colonies of recom- efrecom- acquiring prox- 
marker transfer tested binants binants imal markers 
acquiring F acquiring K thr, leu, pro or lac 
arg 1x10* 108 87* 4 44 
arg K 5x107 78 Tt 0 90 


* Ten colonies tested: 9=Hfr; 1=F+. 
t Seven colonies tested: all Hfr. 


Nine such lines were tested for chromosomal transfer; 
eight were Hfr and the ninth was F+. 

The transfer frequency of K as an unselected marker 
with arg, 4 per cent, was lower than that of unselected K 
transfer with the more proximal markers. When selection 
was exercised for jomt K and arg transfer, fifty-five of 
seventy-eight recombinant colonies examined (71 per 
cent) had received the F factor, and all of seven colonies 
tested were Hfr. The proportion of the argtK* progeny 
that were also recombinants for proximal chromosomal 
markers, however, 90 per cent, was much higher than when 
arg selection alone was exercised:(44 per cent). In other 
words, selection for K and arg transfer apparently exer- 
cised selection for recombination of both the proximal 
and the distal ends of the entering chromosome, with the 
recipient chromosome. From this it might be concluded 
that K has an integration site near the antenor end of 
the Hfr(K) chromosome. ‘This conclusion 1s similar to 
that of Alfoldi et al.!°, concerning mtegration of the colicin 
E1 (ColE1) factor, and of Harada et al.1! in relation to the 
chromosomal location of a transduced tetracycline R 
factor. As we-have already pointed out, however, the 
observation that a uniform proportion of recombinants 
selected for individual proximal markers as far as his 
also show K transfer is opposed to the hypothesis of a 
specific chromosomal integration site for K in this region. 
The alternative conclusion is thus that the association 
between K and F is independent of the integration of F 
into the chromosome. 

The resulta of selection for joint K and arg transfer, 
however, suggest a possible objection to this argument, 

it requires the assumption that selection for K 
transfer also selects with high efficiency for integration 
of the anterior end of the incommg F factor into the 
recipient chromosome, and thereby for integration of 
incoming proximal markers. Because K is postulated to 
be attached independently of the chnomosome to the 
anterior end of F, the reason for this selection for chromo- 
somal recombination is not yet clear. 

The fact that the frequency of K transfer by Ft and 
Hfr strains is identical suggests that the nature of the 
association of K with F is the same in both types of 
strain. If the attachment of K to F in Hfr(K) strains 
is independent of the integration of F into the chromo- 
some, K cannot be inserted into the chromosome between 
F and the proximal markers. The conclusion must there- 
fore be that, if K is covalently bonded to F, such bonding 
occurs after the opening up of F before transfer to a new 
host. This would be followed by attachment of K to the 
leading end of F (the “‘origin’’, ref. 12), anterior to that 
end, to produce linear continuity between K and F. K 
would then precede the origin into the recipient strain. 

Alternatively, K could be associated with the anterior 
region of F by some other mechanism, for which several 
models are under study. The most attractive of these so 
far seems to be one ım which hydrogen bonding alone 
occurs between a limited number of complementary base 
pairs of the F factor and the K determinant—a suggestion 
which is plausible 1f only one DNA strand of each genetic 
element 1s transferred to the recipient cell, as has been 
proposed recently*. An association of this type would 
facilitate separation of K from F once transfer had 
occurred. It would, however, necessitate the assumption 
that, because of the hydrogen bondmg between F and K, 
a short region could be double-stranded during transfer, 

In either of the suggested types of association, the 
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result as far as transfer ıs concerned woud be the same: 
K would appear to be lmked to the anterior end of the 
chromosome of Hfr strains, but a single chromosomal 
locus for K would not be mappable. The K determinant 
should, in fact, appear to be Inked to the proximal 
chromosomal markers of whatever Hfr strain 1s acting 
as its host; this prediction has been confirmed experl- 
mentally (unpublished work). The attachment of K 
to F would account for the fact that K enters recipient 
strains early, and at a constant time after the start of 
conjugation, from Hfr(K) strains, urespective of the 
position or polarity of chromosomal integration of F in 
the donor strains. Similar findings in relation to transfer 
of the ColE1 determinant by Hfr strams led Clowes to 
conclude that ColE1 had no specific site of chromosomal 
integration}s, 

If it 18 generally applicable, the hypothesis of attach- 
ment of K to F, independently of the integration of F 
into the chromosome, explains the conclusions of Alfoldi 
et al, and the apparently contradictory ones of 
Clowes15, in connexion with the relationship between 
the ColE1 determinant and the K12 chromosome. The 
advantage of this hypothesis is that the association 
between K and F can be regarded as identical ın both 
F* and Hfr strams. The frequency of K transfer from 
both types of stram should then be the same although, 
because division of the F factor and chromosomal fracture 
in Hfr transfer usually results in only the anterior end 
of E entering the recipient, most K+ recombinants from 
Hfr(K) x F- crosses should be F-. 

A similar type of association to that between K and F 
can be postulated to occur between transfer factors in 
general and resistance determinants such as K, A and 
others, and also colicinogeny determmants such as ColE1 
and ColE2, The complexes so formed are reversible; 
the components ordinarily occupy distinct cellular attach. 
ment sites, and transfer of the determinant can occur 
only when it is associated with the transfer factor. These 
complexes are different from factors such as F-lac!18, the 
coheinogeny I factor, and the T-A (tetracycline) R factor’, 
in which recombmation has ocourred between the determ. 
inant and the transfer factor. The cellular attachment 
site of such complexes is probably that of the transfer 
factor alone?. 

A modrfication of the technique of Hirota! was used 
for the elimination of plasmids with acridine orange. 
The results of these experiments, which will be described 
later, can be summarnzed as follows. 
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Both the F factor and the K determinant of K12F+(K) 
were “sured”? with high efficiency by acridine orange. 
The acridine treatment yielded the following classes from 
the orginal F+K* strain: F-K+; F+K-; and F-K-. It 
was thus evident that F and K were independently curable 
by acridme orange, which 1s further support for the 
hypothesis that they are ordinarily independent of each 
other in the host cell. 

Because of 1t8 chromosomal integration, the F factor 
in Hfr strans is immune to the effect of acridines, and 
this was observed in K12HfrH(K), in which treatment 
with acridine orange did not elimmate the F factor. The 
K determinant, however, remamed susceptible, which 
again indicated its independence of F, although it was 
sometimes ehmmated by acridine orange with lower effici- 
ency from the Hfr(K) than from the F*+(K) strain. This 
suggested the possibility that durmg part of its life cycle 
in the Hfr(K) strain the K determinant was immune to 
the effect of acridines. During this period K may be 
attached to the F factor, sharing the immunity to acridine 
elimination which 1s enjoyed by F because of its chromo- 
somal integration. The observations ın this article are 
being extended and will be published ın detail later. 

We thank Mr H. R. Smith for his help, and Professor W. 
Hayes and Dr E. C. R. Reeve for supplying strains of 
E. colt K12 used ın this work. 
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ALTHOUGH vision has been actively studied by many 
investigators at many levels, remarkably little is known 
of the mechanisms by which photo-excitation of visual 
pigment molecules is transduced to neural events and 
passed from neurone to neurone in the visual pathway. 
Benzer! has recently proposed that behavioural mutants 
of Drosophila be used to study the functions of the nervous 


Most of the nonphototactic mutants of Drosophila respond to light 
stimuli with normal electroretinograms. 
however, seem to represent mutants of the 
electroretinograms have two components—a fast one and a slow 
one—representing separate processes. 


Mutants x-7 and tan, 
visual pathway. Thelr 


system and has shown that mutants with aberrant 
phototactio behaviour can be generated, isolated and 
maintained. The work described here was undertaken 
in order to investigate the possibility of generating a 
series of Drosophila mutants each having a single step 
lesion on one of the genes controlling the visual pathway 
and of probing the visual system with these mutants. 
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Phenotypically these mutants are expected to be blind. 
Thus it has been possible to work out a relatively simple 
screening procedure for the mutants based on phototaxis. 
Phototaxis is a complex behavioural response involving 
not only the visual system but also the central nervous 
and motor systems, so we have carried out electrophysio- 
logical studies of the visual system in order to determine 
whether any of the mutants extracted had functional 
abnormalties at the retinal level. 

The mutants were generated by treating males of 
a wild type Drosophila melanogaster stock with ethyl 
methane sulphonate (EM8)*. Of the several wild type 
strains we have tested, the Oregon-R strain showed the 
strongest phototactic behaviour and was therefore chosen 
for treatment with the mutagenic agent. Males treated 
with EMS were then mated singly to three virgin females 
of an attached-X chromosome stock (C(1)RM), yielding 
F, males the X chromosomes of which were derived from 
their EMS treated fathers. 

Testing for mutants consisted of allowing dark-adapted 
F, flies to go from the distal end of a test tube toward a 
light source at the proximal end of a second tube facing 
the first in four sequential runs of 30 s during which both 
tubes were constantly agitated. All morphologically 
normal males remaining on the dark side at the end of the 
fourth run were saved and mated to virgin attached-X 
females. Any single iso-male line that consistently showed 
clustering of males on the dark side tube of the phototaxis 
apparatus for three generations was designated a pre- 
sumptive mutant and put into stock with attached-X 
females. This testing for mutations thus involved only 
the X chromosome. Consequently, except where ındi- 
cated, only males were used in all subsequent electro- 
physiological and histological work. The behavioural 
criteria described have enabled us to isolate seven pre- 
sumptive mutants to this date. These have been labelled 
x-l to x-7. 

For electrophysiological work, flies were anaesthetized 
with CO, and partially immobilized on their side in 
‘Carbowax’ with a low melting point. The flies mmmedt- 
ately recovered from the effects of CO,, and respiratory 
movement was unimpaired. The electroretinogram (ERG) 
was recorded using & glass micropipette filled with physio- 
logical saline which was introduced vertically into a 
small hole punctured in the cornes. The reference elec- 
trode consisted of a glass micropipette filled with saline 
piercing the proboscis. The light-evoked signals were 
amplified using a direct current coupled, high impedance 
preamplifier and displayed on an oscilloscope. For the 
present experiment white light stimuli were used through- 
out. For most of the experiments described here a neutral 
density filter of 0-6 density unit was used to reduce the 
stimulus intensity, and the duration of the stimulus was 
set at 0-68. In the absence of filters the average light power 
of the stimulus at the plane of specimen was approximately 
24 mW/om*. After the electrodes were placed in position, 
the fly was allowed to dark-adapt for at least 15 min 
before any given experiment was started. 

There are in the literature extensive studies of photo- 
responses from the eyes of larger flies and other insects’, 
but to the best of our knowledge the only published 
records of the ERG of Drosophila are those obtained by 
Hengstenberg and Götz. Three main components can 
usually be recognized in the ERG of diurnal insects: a 
transient spike-like response at “on”, a corneal negative 
sustained response which is maintained as long as the light 
is on, and another transient at “off”. In addition, in some 
insects the sustained negative wave has been shown to 
consist of two sub-components, fast and slow?*. The 
off-transient has been shown to originate from units post- 
synaptic to the retinula cells':*, while the sustained 
negative wave represents the primary electrical response 
and is thought to reflect mainly depolarization of the 
retinula cell membrane’. The origin of the on-transient 
has been a subject of controversy**; it may represent 
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the excitation of the retinula cell axon’, or of postsynaptic 
unite, or possibly both. 

A typical ERG obtained from the dark-adapted eye 
of a wild type (Oregon-R) male 15 shown in Fig. 1A. The 
three main componente of the ERG—the on-transient, 
sustained negative wave, and off-transient—can be clearly 


seen. 

If the ERG 1s recorded as & functuon of the electrode 
depth from the corneal surface with the reference electrode 
in the proboscis, the polarity of the ERG is found to 
reverse at a depth of about 100 to 150 um. The reversal of 
polarity occurs not only for the sustamed negative wave 
but also for the on and off-transients, consistent with 
the findings of Burtt and Catton") in other insects. On the 
other hand, if the ERG is recorded with one of the elec- 
trodes on the cornea and the other electrode near the base- 
ment membrane, neither the on nor the off-transient 
can be recorded. It consists entirely of a sustained, mono- 
phasic potential, and thus resembles the ERG of x-7 or 
fan to be described. Similar observations have been 
reported by Ruck’ on the ERG of Inciia. 

Of the seven nonphototactic mutants that we have 
isolated, x-2 to x-6 are indistinguishable from the wild 
type in external morphology. The mutant x-1, on the 
otber hand, bas fused veins in the wings, underdeveloped 
ocell: and forked bristles—the first two being well known 
characteristics of the mutant fused. The ERGs obtamed 
from x-2 to x-6 are all quite normal. The ERG of x-1 also 
contains all the components of the wild type ERG de- 
scribed (Fig. 10). Ite amplitude is only about one- 
half that of the wild type ERG at all intensities we have 
tested, however (a range of 2-5 log units). Moreover, it 
shows reduced on and off-tranmente, and often its wave- 
form has a distinct, rectangular appearance in our stimu- 
lus conditaons (Fig. 10). 

The ERG waveform of x-7 is strikingly different from 
that of wild type (Fig. 1B). It lacks the transients both at 
“on” and “off” and consists entirely of the sustained, 






O5s 
OS 
5mV _ 
On- transient A 
Sustained 


negative wave Off- transient 


a a oe 
= B 


Fig. 1. Hilectroretinograms of Drosophila mutants. A, Wild type 
ie BR); B, x-7 or tan (t) mutant; O, x-1 mutant; D, white-eyed 
The electroretinograms were recorded using a gias pipette 


before the 0 5 s stimulus was presented. 
mutant the stimulus intenalty was reduced by 1 5 log units. Calibration 
pulse: 5 mV amplitude, 01 s duration. 
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corneal negative wave. The ERG of x-7 thus resembles 
the monophasic “receptor” or ‘‘ommatidial potential” 
isolated from the complex ERG of diurnal insects by 
surgically removing the optic ganglia’: or by including 
only the ommatidial layer between the recording electrodes 
(ref. 9 and our unpublished observations). 

The mutation x-7 appears to behave as an allele of an. 
The tan mutant, with ita light coloured antennae and 
abdomen, has long been known to be nonphototactic**. 
The mutant x-7 18 also characterized by light coloured 
antennae. The ERG patterns of x-7 and tan are indis- 
éinguishable from each other (Fig. 1B). A similar ERG 
waveform is shown also by females having tan on one of 
the X chromosomes and x-7 on the other, while a wild type 
ERG 1s shown by a female heterozygous for either of these 
two alleles. 

In spite of its apparent simplicity the x-7 or tan ERG 
can be shown to consist of two subcomponents, a fast one 
and a slow one, as suggested by the abrupt change in the 
slope of decay (Fig. 24). Bernhard’ was the first to show 
that the potential from the isolated ommatidial layer of 
the compound eye of Dytiscus consists of two such sub- 
components. The decay of the x-7 or tan response pro- 
ceeds in two steps (Fig. 24): first rapidly ın about 01s 
and then more slowly with a half time of about 1:0 s. The 
“two-step decay” is also a characteristic of ERGs of the 
wild type fly and other mutants (Fig. 1); but the x-7 
or tan mutant is a convenient preparation to demonstrate 
that the complex decay itself results from superposition 
of at least two subcomponents, because it 18 not compli- 
cated by the on and off-transients. As in the case of the 
wild-type ERG, the x-7 or tan ERG reverses its polarity 
at an electrode depth of about 100 to 150 ym from the 
cornea, if the reference electrode is positioned in the 
proboscis (Fig. 2). By recording at a depth where the 
polarity reversal just takes place, one can show that only 
the faster subcomponent undergoes the change ın polarity 
(Fig. 2B). Indeed, the reversed potential recorded at 
greater depths lacks the slowly decayimg tail (Fig. 20). 
We thus conclude that the current associated with each 
of the two subcomponents follows a different path, and 
thus the two subcomponents represent separate processes. 

At the light microscopic level histological sections of the 
visual system of the tan mutant have been found to be 
indistinguishable from those of the wild type’**. In the 
hope of correlating the ERG anomaly with possible 


05s 


50 pm 


- 130pm 


Fig. 2. Waveforms of the x-7 or tan troretinogram recorded at 
Yartous electrode depths. The responses A, B and O were obtamed with 
the tap of the pipette electrode at coe of (A) 50 xm, (B) 100 wm and 
(C) 180 um from the cornea, ively. The reference electrode was 
inserted In the proboscis. ‘The ty was allowed to dark-adapt for over 
15 min before the first stumulus was presented. Thereafter 2-3 min were 
allowed to elapse before each subsequent stimulus. Stimulus duration: 
O6s. bration pulse: 5 mV amplitude, 0-1 s duration. 
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differences in ultrastructural details, comparative electron 
microscopic studies of the ommatidia and lamina of tan, 
x-7 and wild type have been carried out in some detail 
(unpublished results of N. W., W. L. P. and R. H. White). 
So far these studies have failed to show any obvious 
differences among these three systems. 

In addition to the behavioural (nonphototactic) mutants 
a structural eye mutant, glass (gl), and a screening pigment 
mutant, white (w), have been examined. The mutant 
glass has eyes which are reduced in size, have fused facets 
and appear glassy. In histological sections its retimula 
cells appear regular and underdeveloped and are com- 
pletely lacking ın rhabdomeres. The optic ganglia are also 
irregular and reduced'*. No ERG at all could be elicited 
from glass. This observation 1s consistent with the notion 
that the rhabdomeres are the sites of visual pigments. 

The mutant white, on the other hand, lacks screening 
pigments responsible for the eye colour, (The histological 
observations on the mutant spineless-glass reported in 
ref. 14 were confirmed by Dr R. H. White on the 
mutant glass.) The ERG elicited from white (Fig. 1D) was 
basically similar to that of wild type, in agreement with 
the resulta of Henstenberg and Gotz*. The lack of screen- 
ing pigments renders the eye of white-eyed mutant exceed- 
ingly sensitive to light stimulus, however. The threshold 
intensity for ERG is thus almost two log units lower in 
white than in wild type, and the background hght reduces 
the amplitude of the ERG much more strongly in white 
than in wild type. It 1s interesting to note that the ERG 
of white displays a slowly decaying tail (Fig. 1D), suggest- 
ing that the ERG of white also contams the slow subcom- 
ponents of the “‘ommatidial response” already discussed 
with respect to the x-7 ERG. It has been suggested’ that 
this slow subcomponent 1s probably associated with the 
movement of screening pigments between the ommatidia, 
for it appears to be related to light adaptation. This hypo- 
thesis, however, appears unlikely, because the slow sub- 
component is present in the ERG of white, which lacks the 
screening pigments, and the screening pigments are not 
thought to move with light adaptation in the eye of 
Drosophila’. 

It is not surprising to find that most of the nonphoto- 
tactic mutants we have generated respond to light stimuli 
with normal ERGs, for vision 1s a necessary but not 
sufficient condition for phototaxis and the ERG is not 
likely to detect a block m later stages of the visual pathway 
in the optic lobe. The mutants x-7 and tan, on the other 
hand, appear to represent mutants of the visual pathway. 
Because therm ERGs consist chiefly of responses from 
the ommatidial layer, the blockage presumably occurs 
immediately after the primary electrical response of the 
retinula cell membrane to hght stimulus either within the 
retinula cell or in the second order neurone. It seems 
reasonable to suspect that this blockage is responsible 
for the mutants’ failure to respond to light by phototaxis. 
Because no obvious structural or ultrastructural anomalies 
have yet been found" either ın the first or the second order 
gensory neurones of x-7 or tan, the blockage may well be 
chemical. 

Tt 18 encouraging to find that there are mutants of the 
visual pathway among the nonphototactic mutants we 
have tested. Moreover, the isolation of the mutant x-7 
demonstrates that such mutants can be generated by 
mutagenic treatment and extracted by phototaxis. It 
does not seem unreasonable to expect that other mutants 
having blockages at different pomte along the visual 
pathway can be isolated by sumular procedures in the 
future. In the meantime, comparative studies of the exist- 
ing mutants and the wild type by various techniques 
should be of value in attemptmg to understand the 
mechanisms of signal transmission in the visual pathway 
of Drosophila. 
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Abnormal Electroretinograms in Visual Mutants of Drosophila 


by 
YOSHIKI HOTTA 
SEYMOUR BENZER 


Division of Biology, 
California Institute of Technology, 
Pasadena, California 91109 


Oxu approach to unravelling the complex systems involved 
in behaviour 1s to alter the elements, one at a tame, by 
specific mutations. Forexample, there are mutants of Dro- 
sophila melanogaster that show loss of phototactic response? 
Such behavioural changes can result from functional 
defects anywhere ın the sequence from absorption of light 
by the photoreceptor pigment to integration ın the central 
nervous system and execution of appropriate motor 
commands. Changes in the genes controlling the develop- 
ment and function of the participating structures affect 
the resulting behaviour, and can be used, in principle, to 
dissect the system. 

Given a visually defective mutant, an easy first step ın 
the analysis of the functional pathway is the electro- 
retinogram (ERG), a technique that has been widely used 
in studies of vision in insects’, including several species of 
flies, such as Oalliphora and Musca, as well as Drosophila®. 
The ERG of a fly is obtained by placing one electrode on 
or into the cornea of the eye and another (the indifferent 
electrode) at a point inside the animal. The electrical 
pattern observed ın response to a flash of light is made up 
of several components produced by events summated 
over the highly orientated repetitive structures that make 
up the compound eye. One component, a corneal-negative 
response to steady ulumination, corresponds to depolariza- 
tion of the membrane of the (photoreceptive) retinula 
cells. This effect can be observed in a surgically isolated 
layer of ommatidia from which all the optic ganglia have 
been removed‘. If the first optic ganglion, the lamina, 
is left attached, however, the other main components 
of the ERG are also observed—a transient corneal-positive 
peak when the light is turned on, and a transient negative 
peak at off‘. These transients must therefore be generated 
either by the axons of the retinula cells and/or the inter- 
neurones of the lamina to which they synapse. 

The ERG of Drosophila melanogaster, as studied by 
Hengstenberg and Gotz?, is similar to that of other flies. 
They examined various eye colour mutants, in which the 
screening pigment between the ommatidia is altered. 
Such mutations affect visual acuity and sensitivity, bub 
not the neural properties of the eye. We report here 
experiments on mutants of Drosophila, particularly 
tan and ebony, which have normal eye pigments but show 
abnormalities in visual behaviour. They show striking 


Two mutants of Drosophila, tan and ebony, have normal eye pigments 
but show abnormalities in visual behaviour. 
electroretinograms that the primary photoreception process occurs 
normally, but genetic defects block the usual consequent neural 
events. Ambient light has opposite effects on the two mutants. 


Both show in their 


defects detectable ın the ERG. Closely related observa- 
tions on tan have been reported independently by Pak 
et al. in the preceding article. 

The sex-linked mutant tan is named for the lighter than 
normal colour of its abdomen and antennae, and has been 
known for half a century to be non-phototactic®; this 
behavioural character has permsted for thousands of 
generations. The eye pigment and external appearance of 
the eye are normal and histological studies have thus far 
failed to reveal any abnormality in the mternal structure 
of the eye or the associated optic ganglia (refs. 1 and 5 
and preceding article). Another mutant for which abnor- 
mal behaviour ın reference to light has been reported is 
the third chromosome mutant ebony, which has darker 
than normal body pigmentation. These flies show poor 
phototaxis. In mating competition against wild type, they 
perform well in the dark but, in the light, wild type flies 
gain a great advantage, suggestmg that ebony flies are 
unable to make full use of visual cues (ref. 6 and per- 
sonal communication with S. A. Crossley). Nevertheless, 
the eyes of ebony mutants appear to be normal, both in 
pigmentation and in our optical histological studies. 

The ERGs of several tan and ebony alleles were compared 
with wild type strains. To obtain ERGs, male flies were 
lightly etherized and mounted prone on soft dental wax, 
using & fine heated wire to fuse the tips of the legs, wings, 
abdomen and proboscis to the wax. This technique 
permitted unrestricted respiratory movements. The 
corneal electrode was a fine cotton wick, kept moist with 
0-9 per cent NaCl in a capillary tube, the solution making 
contact with a Pt wire. The indifferent electrode was a 
80-50 micron tip diameter glass pipette filled with 0-9 
per cent NaCl, inserted dorsally through the relatively 
soft thoracic-abdominal junction, and connected to the 
circuit vie a platinum wire. In these conditions, repro 
ducible ERG responses were maintained for as long as 8 h. 

The standard wild type fly used in our studies was the Can- 
ton-S (C_S) strain, which is strongly phototactic. Fig. 14 
shows the ERG of a C-S fly, using a relatively long stimu- 
lus, as has been done in most previous ERG studies?4. 
When steady light is turned on, the cornea shows a bnef 
Positive swing (“‘on-transient”) followed by a negative 
shift that finally reaches a steady level. When the light 
is turned off, there is a brief further negative swing 
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Introduction to COBOL 
Anna Lysegard 


This book gives a fundamental description 
of COBOL, a new and increasingly popular 
computer programming language specifically 
designed for the formulation and solution of 
business and administrative problems. 
Primarily designed for use on programming 
courses at college and university level, the 
book should also prove useful to 
experienced programmers. 50/--net 


A General Theory of the 
Kinematics and Geometry 
of Gears in Three 
Dimensions 


A. Dyson 


In this monograph the author develops a 
completely general theory by the standard 
methods of three-dimensional co-ordinate 
geometry. This theory is applied to conjugate 
gears, and conditions under which such 
gears may be generated simultaneously are 
derived. The theory is then extended to 

the case of a controlled mismatch of curvature, 
and examples are worked out in detail. 
Many of the results are believed to be new. 

8 text-figures 55/— net 


The Structure and 


Properties of Water 
D. Eisenberg and W. Kauzmann 


The authors have correlated many 
experimental observations and theoretical 
discussions from the scientific literature on 
water. Topics covered include the water 
molecule and forces between molecules ; the 
thermodynamic properties of steam ; the 
structures of ices ; the thermodynamic, 
electrical, spectroscopic, and transport 
properties of the ices and of liquid water ; 
hydrogen bonding in ice and water ; and models 
for liquid water. Some background material 
in physical chemistry has been included to 
ensure that the material is accessible to readers 
in fields such as biology, biochemistry, 

and geology. 70 text-figures 

65/— net; paper covers 30/— net 
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A Stereotaxic Atlas of the 
Rat Brain 


The Century Psychology Series 


By LOUIS J. PELLEGRINO and 
ANNA J. CUSHMAN, Allan Memorial 
Institute, McGill University, Montreal 
1967 $12.00 
This new atlas is the most complete and exten- 
sive work of this type ever assembled. The volume 
consists of 80 cross-sections cut at 200-micron 
intervals, each of which is illustrated by a 12x 
photograph and a fully labelled outline drawing 
showing all important structures and set within 
stereotaxic coordinates. All those concerned 
with the anatomy and functions of the living 
brain will find this volume of value. 


The Behavior and 
Physiology of Pinnipeds 


Edited by R. J. HARRISON, Anatomy 
School, Cambridge University, Cam- 
bridge, England; RICHARD C. HUB- 
BARD, Stanford Research Institute, 
Menlo Park, California; RICHARD S. 
PETERSON, Department of Biology, 
University of California, Santa Cruz, 
California; CHARLES E. RICE, Stan- 
ford Research Institute, Menlo Park, 
California; RONALD J. SCHUSTER- 
MAN, Stanford Research Institute, 
Menlo Park, California. 
1968 411 pages, illus. $12.00 
This volume takes an authoritative look at 
the behaviour, physiology, and husbandry of the 
Pinnipedia. The editors have emphasized basic 
accomplishments in research, current methodology, 
and practical information concerning the health 
and care of pinniped colonies. 


Fetal Homeostasis 


Edited by RALPH M. WYNN, Professor 
and Head, Department of Obstetrics and 
Gynecology, University of Illinois at the 
Medical Center, Chicago. 
Volume I 1965 379 pages, illus $9.00 
Volume IT 1967 372 pages, illus. $9.00 
Volume III 1968 298 pages, illus. $12.75 
Volume IV to be published later this year 
Volume V forthcoming 

These five yearly volumes comprise the complete 
recorded p ings of the Conference on Fetal 
Homeostasis held under the Interdisciplinary 
Communications Program. Each volume in the 
series deals with a separate aspect of reproduction. 
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Proceedings of the Third 
Annual Leucocyte Culture 
Conference 


Edited by WILLIAM O. RIEKE, Head 
and Professor of Anatomy, College of 
Medicine, The University of lowa 


1969 730 pages, illus. $15.00 


Here is an in-depth exploration of the techniques 
and principles of lymphocyte culture addressed 
to researchers, clinical investigators and advanced 
students. The 56 original research reports pre- 
sented at the Third Annual Leucocyte Culture 
Conference cover a broad spectrum of topics. 
The volume is well illustrated with charts, graphs, 
and a number of light and electron micrographs. 


Physiologica! Basis of the 
Alpha Rhythm 


(Number 1 of Neuroscience 
Monograph Series, edited by 


Arnold Towe) 


By PER ANDERSEN, Institute of Neuro- 
physiology, University of Oslo, Oslo, 
Norway, and SVEN ANDERSSON, 
Department of Physiology, University 
of Gothenburg, Gothenburg, Sweden. 


1968 $12.00 


Here is an authoritative new survey and analysis 
of recent data on brain rhythms. The authors 
provide a thorough discussion of the organiz- 
ation of thalamic neurons and an analysis of the 
activity and destination of spinal tracts in order 
to understand their cortical effects. 


235 pages, illus. 


Euglena Second edition 


By JEROME J. WOKEN, Biophysical 
Research Laboratory, Carnegie-Mellon 
University. 

1967 205 pages, illus. $7.95 


Here is a detailed presentation of the micro- 
organism EUGLENA as a research tool for 
students and researchers concerned with structure, 
growth, metabolism of cells, pigment biosynthesis, 
photoexcitation, and the behaviour of living 
organisms. The volume is well illustrated with 
photomicrographs, electron micrographs, spectro- 
scopy and other analytical tools. An appendix 
on growth media is included. 





Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni frlande du Nord, mais 
tous nos lecteurs å letran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angefuhrten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
lori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L’affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


smm ay ay arwry re m 


NATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 





IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is requirec 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 


Date of Page 
Name of Manufacturer -—~—-——____._- issue No 


Product 





Date of Page 
Name of Manufacturer ete oe Ss issue No. 





Product 


i Date of Page 
Name of Manufacturer -——————_-__ __----__-__-__- issue No. 


Product: ni E 


Date of Page 
Name of Manufacturer ————______.--__.-___-__ issue No. 


Frodüct = =e se ee 


Date of Page 
Name of Manufacturer _.__ SS issue No. 


Product- 2.2 m a a HE 


Date of Page 


Name of Manufacturer issue No. 





Product 


Date of Page 
Name of Manufacturer —— —---———-—--——————————. issue No. 


Prodütt soseen a E a 
Date of Page 
Name of Manufacturer ———-———————— ——————— issue No. 


Product —————— — ~~~ -~ 





PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASI 
Namo css a 
Position e a i baa T e 
Organisation i —-—--- S 


Addross casana ne A 


ure, April 26, 1969, p. xx 






READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 







NO POSTAGE 
STAMP 
NECESSARY IF 
POSTED IN 
GREAT BRITAIN 
OR NORTHERN 
IRELAND 







BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clement's Inn 
Strand 
London WC2 
England 





HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Tuekin 


ist Fold 


NATURE 


INTERNATIONAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


NATURE, APRIL 26, 1969 


XXI 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been recelved at “Nature” Office 


Mathematics 


BROWN, G Spencer. Laws of Form. 82 tn x5Ẹ in. cmx15 cm). Pp. 
xx-+142. (London: George Allen and Unwin, Ltd., 1969.) 45s. nat.* 

CRAD K, J. M. Statustics ın the Computer Age. (New Sclence Series ) 
74:1n.x5 In (19 cmx 125 em). Pp.x+214. (London: The English Universities 
Press, Ltd., 1968.) 22s. nist paparback ; 35s. net library edition. * 

DALLMANN, H., und E R, K. H. Einfuhrung in dle Hohere Mathematik. 
(Lehrbuch fur Nacurwissenschaftler und Ingenleure, ab. I. Semester.) (Uni- 
Text). 9 ın. x6 in. (23 cmx l6 cm). Pp.718. (Braunschweig: Friedr, Vieweg 
und Sohn ; Basle: C.F, Winter’sche Verlagshandlung, 1968 ) 36 DM paperback. 

DEWITT, Cecile M., and WHEELER, John A. (edited by). Battelle Rencontres. 
(1967 Lectures in Mathematics and Physics.) 9} in.x6 in. (23-5 cmx 16 cm). 
‘is LTS (New York and Amsterdam: W. A. Benjamin, Inc , 1968.) 

DUGUE, D., et GIRAULT, M Analyse de Varmnce et Plans d’Expérience. 
Deuxième édition. (Probabslités, Statistique, Recherche Opérationnella. Section 
B: Statistique Mathématique.) 9p in.x6In (24cmx 15:5 cm). Pp. 148. (Pars: 
Dunod, 1969.) 28 francs.* 

GILBERT, Robert P. Function Theoretic Methods in Partial Differential Equa- 
tions, (Mathematics in Science and Engineering, Vol. 54) 9} in. x6 in. Gs 
omx 16cm); Pp. xvin+311. (New York and London: Academic Press, 1969 ) 

HORADAM, A.F. Outline Course of Pure Mathematics. 9} ın. x 6 In, (23 5 cm 
x [5 5cm). Pp. xvı+578. (Oxford, London and New York: Pergamon Press, 
1968) 70s , $9.* 

KAPLANSKY, Irving. Rings of Operators. lathematics Lecture Note 
Series) 9$in x6hin (23:5 cmx16cm) Pp. vit 151. (New York and Amster- 
dam: W. A. Benjamin, Inc., 1968.) $3.95.* 

MACKEY, George W. Induced Representations of Groups and Quantum 
Mechanics. (Publicazioni della Classe di Scienze della Scuola Normale Superiore, 


Pisa ) in. x 6} in. (23-5 em x 16 cm). Pp. yni+167. (New York and Amster- 
dam: A. Benjami ; Torino. Editora Boringhieri, | ) $8.50.* 
MOSS, R. M. F., and ROBERTS, G. T. A Preliminary Course in Analysis. 


(Chapman and Hall Mathematics Series ) 8% in. x5} In. (21 5 cmx 14 cm). Pp 
sur+213. (London: Chapman and Hall, Ltd., 1968.) 36s * 

SCHUH, J. F. Mathematical Tools for Modern Physics. 9 in. X 61n (23 cm x 
15:5 cm). Pp. xu+456. (Eindhoven: Philips’ Technical Library, 1968. Distri- 
buted In the UK and Eire by Macmillan and Co., Ltd., London.) 138s.* 

SMITH, Cedric A. B. Biomathematics: The Principles of Mathematics for 
Students of Brological and General Science. Vol 2: Numerical Methods, Matrices, 
Probability, Statistics. Fourth edition. 9 in.x6 In, emx 155 cm) Pp. 
x+682. "ondon : Charles Griffin and Co., Ltd., 1969.) 138s * 


Physics 


ANDRADE ESILVA,J.,and LOCHAK,G. Quanta. Translated from the French 
by Patrick Moore. (World University Library.) 7} tn.x5 in, (19 cm x 12:5 cm). 
Pp. 255. (London - Werdenfeld and Nicolson, 196 l 18s.* 

BEDERSON, Benjamın, and FITE, Wade (edited w). Atomic and Electron 
Physics—Atomic Interactions, Part B. (Methods of Experimental Physics, Vol. 
7) 94 in. x 6f in. (23-5 cmx 16 cm). Pp. xv+374. (New York an 
Academic Press, 1968.) 158s, 8d.* 

BETHE, Hans A , and JACKIW, Roman W. Intermediate Quantum Mechanics. 
Second edition. (Lecture Notes and Supplements in Physics) 94 in. x 6} in. 
(23 ie) st Pp. xvI1+393. (New York and Amsterdam : W. A Benysamin, 
ne, . F 

BRINK, D. M., and MULVEY, J H. (edited by). Progress in Nuclear Physics, 
Vol. 10. 10 in.x6ł in. (25:5 cmx 16 cm). Pp. vn+390. (Oxford, London and 
New York: Pergamon Press, 1969.) 150s.; $19.* 

BROWN, Sanborn C. (edited by). Collected Works of Count Rumford Vol. 1: 
The Nature of Heat. in.x 6% in, (24 cmx 16 cm). Pp. x+507. (Cambridge, 
Mass.: The Belknap Press of Harvard University Press; London: Oxford 
University Press, 1968.) 95s. net.” 

DUTHEIL, Régis. Initiation à la Physique Relativiste. 9} in.x 6 in. (24 cmx 
15-5 cm). Pp. 150. (Paris: Gauthier-Villars, 1969.) 19 francs * 

ELLIOTT, Arthur. Infra-red Spectra and Structure of Organic Long-chain 
Polymers, 82 in.x5h in. (22 cmx 14 cm). Pp. yvm+119. (London: Edward 
Arnold (Publishers), Ltd., 1969.) 35s. net.* 

FLUGGE, S. (herausgegeben von) Handbuch der Physik/Encyclopedia of 
Physics. Band/Volume XVIII/I : Magnetismus/Magnetism. Bandherausgeber : 
H.P.J Wijn. 10 in. x6} in. (25°5 cmx 17 cm). Pp. vin+592 (138 pages in Ger- 
man). ie and New York: Springer-Verlag, 1968) 168D.M.; $42.* 

S, Janis. Antennas in Inhomogeneous Media. (International Series of 
Monographs tn Electromagnetic Waves, Vol. 15). 9fin x6 1n. (23-5 cm x 15-5 cm). 
Pp. xvi+294, (Oxford, London and New York - Pergamon Press, 1969.) 140s. ; 
$18 * 

GILLESPIE, J., and NUTTELL, J. (edited by) Three-Particle Scattering in 
Quantum Mechanics. (Proceedings of the Texas A. and M Conference ) In, 
x 6} in. (23-5 cmx 16 cm). Pp. vitr-+454. (New York and Amsterdam: W. A. 
Benjamin, Inc., 1968.) n.p * 

GEEEN, A. E. S., SAWADA, T., and SAXON, D.S. The Nuclear Independent 
Particle Model : The Shell and Optical Models. mx ae (23-5 cm x 16 cm). 
Pp. x +363. (New York and London Academic + 1968.) 149s. 4d." 


London 


GRUVERMAN, Irwin J. Mossbauer Effect Methodology, Vol. 4. (Proceedings 
of the Fourth Symposium on Mossbauer Effect Methodology, Chicago, Illinois, 
January 28 1968.) $f in. x6} in. (23 5 cmx 16 cm). Pp. vitl-+270. (New York: 
Plenum Press, 1968.) $15.* 

HASIGUTI, Ryukit: R. (edited by), Lattice Defects in Semiconductors. 9 in. 
x6 in. (23 cmx 15°5 cm). Pp _ix+513. (Tokyo: University of Tokyo Press; 


er Park and London: Pennsylvania State University Press, 1968.) $25; 
HORI, J. Spectral Properties of Disordered Chains and Lattices, (Inter- 


national Series of Monographs in Natural Philosophy, Vol. 16.) 82 in x 52 tn. 
cmx I5cm). Pp.xi+229, (Oxford, London and New York: Pergamon Press, 
968) 75s.; $I0* 

HULIN-JUNG, Nicole. Ondes [Eectromagnétiques—Relativite : Travaux 
Dirigés. (Collection Méthodes.) 82 In.x6 in. (22 emxI5-5 cm). Pp. !76. 
(Paris: Hermann, 1968.) 36 francs.* 

KAYE, G., READ, E. J. C., and WILLMOTT, J. C. Tables of Coefficients for 
Analysis of Triple Angular Correlations of Gamma-rays from Aligned Nuclei. 
9} In. x 6} in. (24 cmx [6 em). Pp. xrv-+218. (Oxford, London and New York - 
Pergamon Press, 1968.) 90s., $12.* 

LAWRENCE, John H.,and GOFMAN, John W. (edited by). Assisted by HAYES, 
Thomas L. Advances in Biological and Medical Physics, Yol. 12. i in. x 6F in. 
eee cmxlé cm). Pp. x+3 (New York and London: Academic Press, 
968.) 163s. 4d.* 

LIPSON, S. G., and LIPSON, H. Optical Physics. 9 in.x6 In emx 155 
ry are xit-+494, (London: Cambridge University Press, 1969.) 75s. net. ; 

LYNTON, E. A. Superconductrvity. Third edition. (Methuen’s Monographs 
on Physical Subjects.) 7} 1n.x5 in. (19 cmx 125 cm). Pp. x+219. (London: 
Methuen and Co., Led., 1969.) 30s. net.* 

MAYER, J. E. Equilibrium Statistica] Mechanics. (The International Encyclo- 
padia of Phystcal Chemistry and Chemical Physics. Topic 8: Statistical Mechan- 
ics, Vol. 1.) 94 in. x 6$ in, (23°5 cmx 16 cm). Pp. x+242. (Oxford, London and 
New York: Pergamon Press, 1968.) !05s.; $14.* 


NIKOLIC, M. (edited by). Methods in Subnuclear Physics, Yol. 1. (Inter- 
national School of Elementary Particle Physics, Herceg-Novi, Yugoslavia.) In. X 
6} in. (23 5 cmx 16 cm). . xv+499. (New York and London © Gordon and 
Breach, Science Publishers, 1968.) 300s. cloth, 140s paper.* 

NIKOLIC, M. (edited by). Methods in Subnuclear Physics, Vol. 2. (Inter- 


national School of Elementary Particle Physics, Herceg-Novi, Yugoslavia) 9¢in X 
6¢ in, (235 cmxIl6 cm). Pp. xvit+842. (New York and Penden Gordon 
and Breach, Science Publishers, 1968.) 515s. cloth , 240s. paper * 
ORSZAG, A Les Lasers. Principes, Réalisations, Applications. 9} in.x 
6} in. (24 cmx 16 cm). Pp. 176 (Paris: Masson et Cie., 1968.) 50 francs * 
1 


SULLIVAN, Richard e ted by), Current Developments ın Physics. 10 1n x 
8 in, (25 5 cmx20 cm). Pp vn+104. (Bath Bath University Press, 1968 ) 
np 

Technology 


ADHESION : FUNDAMENTALS AND PRACTICE. (A Report of an Inter- 
national Conference held at the University of Nectingham, England, 20-22 Septem- 
ber 1966, by the Ministry of Technology, United Kingdom.) 10 in.x 3 m 
fe cmx19 cm). Pp. xin+308+22 plates. (London: Maclaren and Sons, 

td., 1969) 130s net.* 


BANHAM, Reyner. The Architecture of the Well-Tempered Environment. 
74 in.x7} in. (19 cmx185 cm) Pp. 295. (London: The Architectural Press. 


1969.) 56s.* 
BECKER, Ernst. Gas Dynamics Translated by E L Chu 9} in.x 6} In. 
Pp xiv+297. (New York and London: Academic Press, 


5 emx16 cm). 
968.) 140s * 

CARPENTIER, Michel H. Radars: New Concepts. 9 in x6 in (23 cmx 
155 cm). Pp. x1+269. (New York and London Gordon and Breach, Science 
Publishers, 1968.) 150s.* 

COMMENT CA MARCHE ?—Petite Encyclopédie Technique Illustrdée, Tradult 

Ph. Lion et C. Chaussin. 8} in.x5} in. (215 cmxI3 em) Pp. vu+255 
farts : Dunod, 1968.) 28 francs.” 

GALE, W. K, V. [ron and Steel (Industrial Archaeology Senes ) 8f in x 
5} in. (22 cmx [4 cm). Pp. xvi+-152-+31 plates (London Longmans, Green 
and Co., Ltd., 1969) 45s. net.* 

GREENSPAN, H., KELBER, C. N., and OKRENT, D (edited by). Computer 
Methods in Reactor Physics. 9} in. x6} in “5 cmx 16 cm). . xı +589, 
(New York and London : Gordon and Breach, Science Publishers, 1968.) 180s.* 

HALPERN, Mark 1., and SHAW, Christopher J. (edited by) Annual Review 
in Automatic Programming, Vol. 5. (International Tracts in Computer Science 


and Technol: and their Application, Vol. 13.) 10 in.x 6% in, (25:5 cm x 16 cm). 
Pp. x1+336, (Oxford, London and New York. Pergamon Press, 1969.) 140s ; 
$18.50 * 


HENRY, J. Il’Oscilloscope Normal et à Echantillonnage (Principes: et Utilisa- 
tlons). In. x 6} in. (23-5 cmx 16 cm). Pp 112+2 planches. (Paris: Masson 
et Cie., 1969.) 36 francs.* 

INTRODUCTION TO PROGRAMMING : PDP-8 Family Computers. (Small 
Computer Handbook Series} 8 in.x5} in. (20 cmx 13 cm). (Maynard, Mass, 
and Reading, Berks . Digital Equipment, 1968.) $2 * ° 


XXI! 


JAMES, J. F., and STERNBERG, R. S. The Design of Optical Spectrometers. 
8} in. x54 In, (22 emxI4 cm). Pp. x11-+239, (London: Chapman and Hall, 
Led , 1969.) 65s. net.* 

KAZAN, B., and KNOLL, M. Electronic Image Storage. With contributions 
by W. Harth. 9} in. x 6} re more cm). Pp x111+498. (New York and 


London: Academic Press, [ 
KRIVSKY, W. A. (edired by). High Temporatura Refractory Metals. (Metal- 
lurgical Society Conferences, Vol. 34, Part 1.) 9$ in x6} in. (23-5 cmx l6 cm). 


Pp xni+t527. (New York and London: Gordon and Breach, Science Publishers, 
1568, 490s," 


KUBASCHEWSKI, O., and SLOUGH, W. Recent Progress in Metallurgical 
Thermochemistry. (Progress in Materials Science, Vol. 14.) 92 in.x 6} in. (25 
cm x 16 cm). PP 54 (Oxford, London and New York: Pergamon Press, 1969.) 
18s.; $2.40. 

LANCASTER, F Wilfrid. Information Retrieval Systems: Characteristics, 
Testing and Evaluation. (Information Sciences Series.) 9% in x64 ın. (23 5 cmx 
16cm). Pp.xiv-+222 (New York and London : John Wiley and Sons, [nc , 1968.) 
B43 * 


LEVEN, M. M. (edited by). Photoelasticity : The Selected Scientific pers of 
M. M. Frocht. in.x6 in. (235 cmx I5 5 em); Pp. xœa1-+469. (Oxford, 
London and New York. Pergamon Press, 1969.) [40s.; $18.50. 

LIN, T. H Theory of Inelastic Structures. it In. x 6} in. (23-5 cmx 16 em). 
Pp. xiv-+454, (New York and London: John Wiley and Sons, 1968.) 175s.* 

LOW-ALLOY STEELS, (Proceedings of the joint conference organmed by 
BISRA (Intergroup Laboratories of the British Steel Corporation) and the Iron 
and Steel Institute, Scarborough, 2-4 April pd 12 in.x8t ın (30-5 cmx21 
em). Pp. vu-+269. (London . the Iron and Steel! Institute, 1968) 140s * 

LYSEGARD, Anna. Introduction to COBOL. %4 in. x 6 in. (23-5 cm x 15:5 cm). 
Pp. 152. (Lund: Student-litteratur ; London : rd University Press, 1969 ) 
50s nat,* 

MACHLIN, l., BEGLEY, R. T., and WEISERT, E D. (edited by). Refractory 
Metal Alloys: Metallurgy and Technology. (Proceedings of a Symposium held 
in Washington, D.C ,April 25-26, 1968.) (Publication of the Metallurgical Society 
orAMiR 10} In x64 in. (26cmx 16 5cm). Pp. wii+49!. (New York: Plenum 
Press, | ) $22.50.* 

MATTHEWS, P A., and STEPHENSON, I.M. Microwave Components. 
ern Electrical Studies ) 8? eis ty (22 cm x 15 cm). 

Chapman and Hall, Ltd , 1968. . net,* 
PARKIN, P. H , and HUM 


(Mod- 
Pp. vilit+ 196. (London: 


(23 cmx 15 cm) 
Plenum Press, 1969.) 80s.; $16.* 
POPKIN, Roy. Desalination: Water for the World's Future. 8} in.x 52 in. 
ae cm x15 cm). .xv +235. (New York and London - Frederick A. Praeger, 
968.) $650; 54s, 
PORTER, Arthur. Cybernetics Simplified (New Science Series.) 7} In.x 
Sin (19 5emx 125 cm) Pp.x-+159, (London > The English Universities Press, 


Ltd., 1969.) 22s. net 

PRICE, L. W. Electronic Laboratory Techniques. ki in.x6 in. (25 omx 
I5:5 cm). Pp. 265. (London J. and A. Churchill, Ltd., 1969.) 40s.* 

ROLT, L. T. C Navigable Waterways. ndustrha logy Serles.) 


82 in x54 in. (22 cmx [4 cm) Pp. xilt-+1884-34 plates. (London: Longmans, 
Green and Co., Ltd., 1969.) 45s. net.* 

SPENCER, G. C. An Introduction to Plasticity. if Mest In, gis cm x 
l4 cm). Pp. x+118. (London: Chapman and Hall, . 1968.) 25s, 


TOU, Julius T. (edited by). Applied Automata Theory. ectrical Science - 
a Saries of Monographs and Texts.) 9 in.x6 in. (23 cmx 15:5 em), Pp. x1-+330 
(New York and London. Academic Press, 1968.) 168s.* 


Earth Sciences 


AHRENS, L. H. (edited by). Origin and Distribution of the Elements. (Inter- 
national Series of Monographs in Earth Sciences, Vol 30) 94 in.x6}1n. (23-5 cm x 
16 cm). Pp. xvi-+ 1178, (Oxford, London and New York~ Pergamon Press, 
1968 ) ed. $48.* 

EASTWOOD, T , HOLLINGWORTH, S. E., ROSE, W. C. C., and TROTTER, 
F M. Geology of the Country around Cockermouth and Caldbeck (Explanation 
of One-tnch Geological Sheet 23, New Series ) (Memoirs of the Geological Survey 
of Great Britain—fngland and Wales.) 921n.x6 in. (25 cmx 15-5 cm). Pp. x+ 
298-+-7 plates. (London: H.M. Stationery Office, 1969.) 40s. net.* 

EDMONDS, E. A., WRIGHT, J. E., BEER, K. E., HAWKES, J. R., WILLIAMS, 
M., FRESHNEY, E. C., and FENNING, P. J. Geology of the Country around 
Okehampton (Explanation of One-inch Geological Sheet 324, New Series ) 
(Memoirs of the Geological Survey of Great Britain, England and Milla 9B in.x 
6 in, (25 cmxI55 cm). Pp. xti-+256-+12 plates. (London: H.M. tationery 


Office, 1968.) 40s. net.* 
JAEGER, J. C., and COOK, N. G. W Fundamentals of Rock Mechanics. 
Pp xtv+513, (London: Methuen and Co., 


9} in. x6 in, (23-5 cmx 15 5 cm) 
Ltd., 1969) 120s net.* 

KNOPOFF, Leon, DRAKE, Charles L., and HART, Pembroke J. (edited by). 
The Crust and Upper Mantle of the Pacific Area. (Based on the Upper Mantie 
Project Symposium, Tokyo, August 1966. International Upper Mantle Project z 
Sclentific Report No. 15.) tn. X 6f in. (25 cmx I7 cm). Pp. 204-522. (Washing- 
ton, D C : American Geophysical Union, 1968.) n p.* 

LAPORTE, Léo F, Ancient Environments. (Foundations of Earth Science 
Series ) 9 in. x 6} in. (23 cmx 16 cm). Pp.x+116 (Englewood Cliffs, N J. and 
Hemel Hempstead ; Prentice-Hall, 1968.) 20s.* 


Chemistry 


ATOMIC STRUCTURE AND VALENCY. (Ginn Programs ) 5$ te in, 
(14 cmx 21-5 cm). Pp, 192. (London: Ginn and Co., Ltd., 1969.) v 6d.* 

BARK, L. S., and BARK, S. M. Thermometric Titrimetry. (International 
Series of Monographs tn Analytical renee Vol. 33.) 82in.x 52 in (22 cmx 
15 m aP: ix+ I (Oxford, London and New York: Pergamon Press, 1969.) 
45s ; . 


BOUFFIER, P. Problèmes d’Atomistique Structure des Molécules: Maitrises 
de Chimie et de Chimie Physique. (Collection Dunod Université ) 9b in. x6 in. 
(24 cmx I5 5 cm). Pp. vilit+184. (Paris: Dunod, 1969.) 19 francs. 

BUCHNER, M. (herausgegeben von). Moderne Chemische Methoden in der 
Klinik. Erganzungsband zur 2. Auflage olen cae in. (24 cmx 16°5 cm). Pp. 
xı+236. Capa * Veb Georg Thieme, | ) 64s. 10d.* 

CRAIG, D, P., and WALMSLEY, S.H. Excitons in Molecular Crystals : Theory 
and Applications. (Frontiers in Chemistry.) 9t in.x6ł in (235 cmx16 cm). 
Pp.xt-+172 (New York and Amsterdam : . A. Benjamin, Inc., 1968.) $12.95.* 

DETAR, DeLos F. Computer rams for Chemistry, Vel. I. 9} in.x 6} In. 

“5 rage Pp rux-+208. (New York and Amsterdam: W. A. Benjamin, 

~DOBINSON, B., HOFMANN, W., and STARK, B P. The Determination of 
Epoxige-Groups, (Monographs tn Organic Functional Group Analysis, Yol. 1.) 
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8} In.x 5} in. (22 cmx I5 cm). Pp. viu+79. (Oxford, London and New York: 
Pergamon Press, 1969.) 42s.; $6.* 

DRAGO, Russel! S., and MATWIYOFF, Nicholas A, Acids and Bases. {Topics 
in Modern Chemistry.) 8} in.x5¢ in. (2l cmx 13 cm). Pp 12l (renn n, 
Mass © D C. Heath and Company; London: George G. Harrap and Co., Ltd., 
1968 ) l8s 6d. net.* 

EISENBERG, D., and KAUZMANN, W. The Structure and Properties of 
Water. 9411n. x 6}1n.(24cemx 16cm). Pp x11-+296. (Oxford . Clarendon Press; 
London: Oxford University Press, 1969.) 65s. net. 

ELECTRODE REACTIONS OF ORGAI 


EMELEUS,H.J., and SHARPE, A. G. (edited by). Advances in Ino ic Chemis- 
try and Radtochemistry, Vol. 11. 9} in.x 6£ in, (23-5 cmx 16 cm). "bo. xi+463, 
(New York and London : Academic Press, 1968.) $18.50.* 

GARRETT, Alfred B , LIPPINCOTT, W. T., and VERHOEK, Frank Henry. 
Chemistry : a Study of Matter. [Of in.x8 in. (26 cmx20 cm). Pp. vin-+4-722. 
(Waltham, Mass ‚and London > Blaisdell Publishing Company, a Division of Glan 
and Company, 1968.) $11.75 * 

GLOCKLING, Frank. The Chemistry of Germanium. 9} in x6$1n. (23:5 cm 
Xle cm). PP vuil-+234, (London and New York: Academic Press, 1969.) 
GREENWOOD, N.N. Ionic Crystals. Lattice Defects and Nonstoichtometry: 
84 In. x 5} ın, (21-5 em x 14 cm), Pp. vilr+194, (London Butterworth and Co, 


(Publishers), Ltd., 1968.) 32s. 
HABERDITZL, Werner. Magnetochemie. (Wissenschaftlicha Taschenbucher 
96. (Berlin. Akademie-Verlag ; 


—Chemie.) 7 In. x 4} In. (18 cmx lI cm). Pp. 
Oxford and London: Pergamon Press; Braunschweig : Vieweg und Sohn, 
1968.) 6.80 DM.* 

HALA, Eduard, WICHTERLE, Ivan, POLAK, Jiri, and BOUBLIK, Tomas. Vapour 
~Liquid Equilibrium Data at Normal Prassures. 10 in.x7} in (25-5 cmx I8 5 
sm). Pp. y $540. (Oxford, London and New York: Pergamon Press, 1968.) 


HOLMAN, Ralph T. (edited by) Progress in the Chemistry of Fats and other 
Lipids. Vol 9: Polyunsaturated Acids, Part 3. 92 in.x6 in. (25 cmx [5 5 cm). 
epee (Oxford, London and New York: Pergamon Press, 1968) 42s.; 


HOLMAN, Ralph T (ediçad by). Progress in the Chemistry of Fats and other 
Lipids, Vol. IO, Part 3: The Biochemistry of Lipids conta ning Ether Bonds 
By Fred Snyder. Diol Lipids. By L. D. Bergelson. 92 in x6 tn. (25 cm x [5-5 cm). 
kps 239-335. (Oxford, London and New York: Pergamon Press, 1969.) 48s. ; 


IPPEN, Hellmut. Index Pharmacorum : Synonyma, Struktur und Wirkung der 
Organisch-Chemischen Arzneristoffe. Herausgegeben ım Auftrag der Deutsche 
Forschungsgemeinschaft lO} in.x7 in, (265 cmx18 em) p. xocvitt-+693 
(Stuttgart : Georg Thieme Verlag, 1968 ) 130 DM.* 

KINSINGER, Jack B. (edited by). The Computer in Polymer Science. (American 
Chemical Society Symposium, held at Atlantic City, New Jersey, September 8-13, 
1967, dem! of Polymer Science, Part C, Polymer Symposia, No. 25.) [0 in.x 
64 in. (25-5 cmx 165 cm). Pp. vi+-198 (New York and London : Interscience 
Publishers, 2 Division of John Wiley and Sons, 1968.) 66s.* 

KNIGHT, J. W The Starch Industry. (The Commonwealth and International 
Library of Science, Technology, Engineering and Liberal Studies: Chemical 
Industry.) 72 in.x5$ in. (19-5 cmx13 cm). Pp xa-+189. (Oxford, London 
and New York: Pergamon Press, 1969.) 25s., $4 Flexi-cover.* 

LEUCHS, Ottmar The Classifying of High Polymers. English translations by 
Rubber and Plastics Research Association, UK. ited by G. M. Kline. (Inter- 
national Union of Pure and Applied Chemistry : Division of Applied Chemistry— 
Plastics and High Polymers Section. Pure and Applied Chemistry, Vol. 16, No. 4, 
1968.) 10 in. x 6% in. (25:5 cmx 16-5 cm) Pp. 1x+-492-701. (London: Butter- 
worth and Co, (Publishers), Ltd., 1969.) 60s 

LUCKEN, E. A. C. Nuclear Quadrupole Coupling Constants, 9} li eE in- 
Bs cma l6 cm): Pp. x+360. (London and New York Academic Press, 1969.) 


MACDIARMID, Alan G. (edited by), Organometailıc Compounds of the Group 
IV Elements. Yol. l: The Bond of Carbon, Part I. 9 in x6$ in (23:5 cm X 
l6 cm). Pp xiv+-603. (New York: Marce! Dekker, Inc., 1968.) 6.50 * 

MACROMOLECULAR CHEMISTRY—4 (Plenary and Main Lectures presented 
at the International Symposium on Macromolecular Chemistry held in Brussels— 
Louvain, Belgium, 12-16 June 1967.) International Union of Pure and A pled 
Chemistry, Division of Physical Chemistry, Commission on Macromolecu es, in 
conjunction with Belgian Association of Chemical Manufacturers. (Pure and 

tod Chemistry, Vol. 16, Nos, 2-3, 1968.) 10 In. x6} tn. (25:5 cm x16 cm). 
Ep rate: (London : Butterworth and Co. (Publishers), Ltd., 1968 ) 


MALATESTA, L., and BONATI, F. Isocyanide Complexes of Metals. ({Inter- 
science Monographs on Chemistry.) in. x6 in, (23-5 cmx 15:5 cm). Pp. v+ 
199 (London and New York: John Wiley and Sons, 1969.) 63s.* 

MONTEL, G., et LATTES, A. Introduction à Ja Chimie Structurale. (La Chimie 
du Premier Cycle.) (Collection Dunod Université.) 9} in.x6f ın. (24 mx 
16cm). Pp. x+182. (Pans: Dunod, 1969) 12 francs.* 

SCHILT, Alfred A. Analytical Applications of [,10-Phenanthroline and Related 
Compounds, (International Series of Monographs In Analytical Chemistry, Vol. 
32) 8B in.x5¢ In. (22 cmx 14 cm). Pp. vii +193, (Oxford, London and New 
York: Pergamon Press, 1969.) 70s.; $9.* 

horetic Techniques. 


SMITH, Ivor (adited by), Chromatographic and Electro 


Vol I: Chromatography. Third edition. 8% in. x52 in. emxI5 em). Pp. 
xıx+ 1060. (London. Willram Heinemann Medical Books, Ltd., 1969.) 130s. * 
SORENSON, Wayne R., and CAMPBELL, Tod W. Pre tme Methods of 


Polymer Chemistry. Second edition. 9} in.x 6} In, 
x1+504 (New York and London > Interscience 
Wiley and Sons, 1968.) 140s.* 

STEIN, Gabriel (edited by). Radiation Chemistry of Aqueous Systems. (Pro- 
ceedings of the 19th Farkas Memorml Symposium held at the Hebrew University 
of Jerusalem, Israel, 27-29 December 1967.) 9 in.x 62 in. (24 emx17 cm). 
Pp vt+306, (Jerusalam : The Wermann Science Press of !srael ; London and 
80s. 


(23-5 mmx 16 cm). Pp 
blishers, a Diviston of John 


ew York + Interscience Publishers, a Division of John Wiley and Sons, 1968). 
SWEETING, Orville, J (edited by). The Sclance and Technology of Polymer 
Films, Vol. 1. 9} in.x6} in (23-5 cmx 16 cm). Pp. xt1+887. (New York and 
London : Interscience Publishers, a Division of John Wiley and Sons, [968 ) 


SZWARC, Michael _ Carbanions, Living Polymers and Electron Transfer Pro- 
cesses 94 in. x 6} in, (23-5 cmx 16cm). Pp. xvi+695 (New York and London: 
Interscience Publishers, a Drvision of John Wiley and Sons, 1968.) 260s.* 

THOMSON, S. J., and WEBB, G. Heterogeneous Catalysis. (Unversity 
Chemical Texts.) in.x 54h In (21 5 emx 14 ny. Pp x+197. (Edinburgh and 
London . Oliver and Boyd, Ltd., 1968.) 25s. paperback ; 42s, hardback.* 

THYAGARAJAN, B S. (edited by). Mechanisms of Molecular Migrations, 
Vol 1 9fin x6$ in, (23-5 cmx 16cm). Pp. ix+33), (New York and London: 
Interscience Publishers, a Division of John Wiley and Sons, 1968) 164s.* 
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ZINGARO, Ralph A. Monagueois Solvents. (Topics in Modern Chemistry. 
Shin x5tin, (2l cmx13cm). Pp. vittO6 (Lexington, Mass.- D.C. Heath and 
7 Company, London: George G. Harrap and Co., Ltd., 1969.) 18s, 6d net.* 


Biological Sciences 


ASTWOOD, E.B (edited by). Recent Progress in Hormone Research, Vol. 24. 
(Proceedings of the 1967 Laurentian Hormone Conference.) 9} in.x 64 In. (23 5 
mx 16 en. Pp. xvil+751. (New York and London: Academic Press, 1968 ) 

S. . 
` _BOGOCH, Samuel The Biochemistry of Memory, with an Inquiry Into the 
‘Function of the Brain Mucoids, in X5¢ in. (21-5 cmx 14 cm) Pp, x1-+254, 
(London and New York: Oxford Universit Press, 1968.) 64s. net * 

BORRISS, Heinrich (herausgegeben von). Physiologie, Okologte und Bio- 
chemie der Keimung/Phystology, Ecology, and tochamistry of Germination. 
(Materialien des Incernationalen Symposiums am _ Botanischen Institut der 


Ernst-Moritz-Arndt-Universitac, 8-14 September 1963.) Teil |: Pp. 1-534+4 
tafeln 1-20. Teil, 2: Pp. 535-1016+tcafeln 19-28. in, x 6} in. ‘5 cmx 
* 165 cm) (Griefswald, DDR = Ernst-Moritz-Arndt-Universitat, 1967.) 96 DM R 


* $2250 * 

BOURNE, Geoffrey H. (edited by) The Structure and Function of Nervous 
Tissue, Vol, | Structure |, 9 mn.x 6% in. (23-5 cmx 16 cm) Pp. xiv-+542. 
(New York and London Academic Press, 1968.) 261s. 4d.* 

~ _CANIVENG, R. (publté sous Ia direction de) Cycles Génitaux Saisonniers de 

Mammifères Sauvages. (Entretiens de Chizé. Série Physiologie, No. I.) 9 in.x 

6} in. (24 cm x l6 cm). Pp, 168 (Parts: Masson et Cre., 1968.) 46 francs.* 

CHAYEN, J, BITENSKY, Luviile, BUTCHER, R G., and POULTER, L. W 
A Guide to Practical Histochemistry, 9 in.x 6 ın. (23 cmx 15'5 cm). Pp, x14261. 
(Edinburgh Oliver and Boyd, Ltd., 1969.) 63s." 

CHESTER, Richard H. The Systematics of Sympatric Species tn West Indian 
Spatangoids . a Revision of the Ce 
Savıniaster (Studies ın Tropical Ocsanography No.7.) 94 in. X6} in. (235 cmx 

Pp. v+ 1684+35 plates. (Coral Gables 
Press, 1968.) $12.* 

CLARKE, E G. C. (edited by). Assisted by BEPLE, Judith, Isolation and Identi- 
fication of Drugs in Pharmaceuticals, Body Fluids and Post-Mortem Materral. 
(An Extra Pharmacopoeia Companion Volume.) 9 in.x6 ee mx (5-5 cm). 
Pp. s0ai-+870. (London: The Pharmaceutical Prass, 1969.) eg 

CLOUDSLEY-THOMPSON, J L. Spiders, Scorpions, Centipedes and Mites. 
(The Commonwealth and International Library of Science, Technology, Engineer- 
ing and Liberal Studies: Biology Drvision.) 7} in.x5 in, (1&5 emx 125 cm). 
Pp xv-+278+17 plates. (Oxford, London and New York: Pergamon Press, 
1968.) 25s net.; $4.50.* 

CLOUDSLEY-THOMPSON, J. L. The Zoology of Tropical Africa. (The Wortd 
Naturalist.) Of in. x 62 in, cmx |7 cm). Pp. xv+355+32 plates. (London: 
Weidenfeld and Nicolson, I ia) 84s. net.* 

CREWTHER, W. G (edited by). Symposium on Fibrous Proteins, Australia 
1967, 10 ın x7 in. (25 5 cmx 13 m Pp. 432. (Sydney and London: Butter- 
worths, 1968.) pR 

DAVIDSON, J N. The Biochemistry of the Nucleic Acids. Sixth edition. 
a in. x 5Ẹ in. (22 on x 15 cm). Pp. xvi+352 (London: Methuen and Co., Ltd., 
1969) 50s. net * 

DE LUCCA, C. A Revised Check-List of the Birds of the Maltese Islands 
84 in. x5} in. g! 5cmxi4 em). Pp. 95. (Hampton, Middx E W. Classey, 
Ltd., 1969.) 15s., $2.* 

DINES, Arthur M. Honeybees from Close Up Photographs by Stephen 
Dalton. [0}in.x 72 in. (26-5 cmx 19 5cm). Pp. 114. (London Cassell and Co, 
Led , 1968.) 35s net.* 

DOBZHANSKY, Theodosius, et BOESIGER, Ernest. 
(Collection “Les Grands Problèmes de la B:ologie”, Monographie 9 
64 in, (24 cmx 165 cm). Pp. 184. (Paris: Masson et Cie, 1968.) francs.* 

DORFMAN, Ralph I. (edited by) Methods in Hormone Research. Vol. |: 
Chemical Determinations. d edition, 9} In.x6} in (23-5 cmx 16 cm). 
Pp, xu+531. (New York and London : Academic Press, 1968.) 233s. 4d.* 

EWENS, W. J. Population Genetics. (Methuen’s Monographs on Applied 
Probability and Statistics.) S2in x5% in. (22 cmx 15cm). Pp.xui+t47. (London. 
Methuen and Co., Ltd., 1969.) 30s. net. 

FILIP’EV, | N. Free-Living Marine Nematodes of the Sevastopol Area. Trans- 
lated from the Russian. Giranterusas of the Zoological Laboratory and the 
Sevastopol Biological Station of the Russian Academy of Sciences, Series II, No. 4.) 
92 in. x 68 in. sa cmx17 cm) Pp. 1x+-255, (Jerusalem: Israel Program for 
Scientific Translations, 1968. Distributed in the UK by H.A Humphrey, Ltd., 


London.) 140s * 
FITCH, John E , and LAVENBERG, Robert J. Deep-Water Teleostean Fishes 


Essais sur |’Evolutlon. 
94 in. x 


of California, (Californii Natural History Guides, No 25.) 74 in.x 4} in. (18-5 
cmxII cm), Pp. 155 (Berkeley and Los Angeles : Unrversity of California 
Press, 1968.) $2.25,* 


GANS, Car! (edited by). Biology of the Reptilta. Vol. I: Mo hology A. 
Edited by A d'A. Bellairs and Thomas S. Parsons 9} In. x 6} In. (23-5 cmx 16 
mP xv 7-373, (London and New York: Academic Press, 1969.) 80s. ; 


GROMOVA, V. I. (edited by). Mammals. (Fundamentals of Palasontology : 
2 Manual for Palagontologists and Geologists of the USSR, Vol. 13.) 98 nx 
68 in. (25 cm x 17 cm). Pp. vi+585. (Jerusalem : Israel Program for Scientific. 
Translations, [968. Distributed in the UK by H. A, Humphrey, Ltd.). 160s.* 

Y FRAUCA'S BOOK OF INSECTS. Photographs by Harry and Caludy 
Frau. II$ in. x 8b in. (28 5 cmx2I cm) Pp. 147 (14l photo raph). (Bris- 
bane, Sydney and Melbourne . The Jacaranda Press, 1968.) A$4.50,* 

HEUVELMANS, Bernard. In the Wake of the Sea-Serpents Translated from 
the French by Richard Garnett. 8} in.x 5% in, (21-5 cmx [5 cm). Pp. 645+75 
plates. (London: Rupert Hart-Davis, | )_ 84s. net * 

HICKEY, Joseph J, (edited by). Peregrine Falcon Populations : Their Biolo 
and Decline. (Proceedings ot an International Conference sponsored by the 

of Wisconsin) 92 in. x 6$ tn. (25 cmx 16-5 cm). Pp, xsi +596+59 
À ‘g aaa and London: The University of Wisconsin Press, 1969.) 

10, Rd 

HOMES, M V.,et VAN SCHOOR,G.H. La Nutrition Minérale des Végétaux. 
(Monographles de Physiologie Yégétaie, Nr. 4.) St In. x 6} in. (21-5 cm x 16-5 
cm). Pp. 162 (Paris. Masson et Cie., 1969.) 60 francs.* 

HYDE, H. A., and WADE, A E. Welsh Ferns Clubmosses, Quilhworts and 
Horsetarls—a Descriptive Handbook. Fifth edition, revised, expanded and 
rearranged by S. G. Harrison. 8£ in.x 5 in. (22 cmx [5 cm), Pp. xit+178+-I4 
plates (Cardiff: National Museum of Wales, 1969.) 25s.* 

KEETON, William T. Elements of Biological Science, 9} in.x 7} ın. (24 cmx 
Sa cm) Pp. xin-+582 (New York: W. W. Norton and Company, Inc., 1969.) 
95. 


KNAPP, R. Gegenseitige Beeinflussung und Temperatur-Wirkung bal Tropi- 
schen und Subtropischen nzen, utual Influences and Temperature Effects 
in Tropical and Subtropical Planes.) 9 In.x 6in. (23 em x 15°5 cm). Pp. 64. (Lehre: 
Verlag von J. Cramer, 1967.) n.p.* 
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MARTINETTI, Guido V. (edited by). Lipid Chromacographie Analysis, Yol. 2. 
Ber SLIn, gas cmx l6 cm). Pp. xu+ » (New York : Marcel Dekker, Inc., 


NAZLIAK, P. ue ee dos Lipides dans fas Pancas ae (Mono- 
raphies de Physiologie 6, 3. in. x 6} In. (21 cmx16 cm). Pp. 224. 
Pans: Masson et Cie., WS 86 francs.* į 

MONTAGU, M. F. Ashley (edited by), Man and gression, 8$ in.x5} in 

l 5cmxl4 cm). Pp. xiv+!78. (London and New York. Oxford University 

ress, 1968.) Cloth 42s. 6d. net; Paper 175. net.* 

MOSCONA, A. A , and MONROY, Alberto (edited by). 
Developmental Biology, Vol. 3. 94 1n.x 6 tn. (2355 cmx 1-5 cm). Pp. xxv-+228. 
(New York and London : Academic Press, 1968.) 107s, 4d.* 

MOTHES, K., und SCHUTTE, H. R. (herausgegeben von). 
Alkaloide. 9} in. x6$ in. (23-5 cmx 1655 cm). Pp. xiv-+730. 
Deutscher der Wissenschaften, 1969.) n. 


Current Topics in 


Biosynthese der 
(Berlin: VEB 


* 
[eimanity. North-Holland Research 


NELSON, D. S. Ma hages and 
Monographs: Frontiers of Biology, Vol. 11.) 9} in.x7 in. (24 cmx 18cm). Pp. 
xav-+335, (Amsterdam and London: North-Holland Publishing Company, 1969.) 


n.p.* 

PARAMONOV, A A Plant-Parasitic Nematodes. Vol. 1: Orlgin of Nema- 
todes , Ecological and Morphological Characteristics of Plant Nematodes ; Prindi- 
ples or taxonomy Edited by K, Skrjabin. Translated from the Russian. Of in.x 
63 in. (25 cmx 17 cm) Pp v+390. {Jerusalem + Israel Program for Scientrfic 
Translations, 1968) Distributed in the UK by H. A. Humphrey, Ltd.) 160s. 

PHYSIOLOGY IN THE SPACE ENVIRONMENT. Vol. l- Circulation, (Report 
ofa Study, conducted by the Space Science Board of the National Acadamy of 
Sclences, National Research Council, 1966-1967.) 9 in.x6 in, (23 cm x 15:5 cm), 
Pp. 187. ashington, D.C : National Academy of Sciences, 1938.) $5.50, 

RICHE, D., CHRISTOLOMME, A., BERT, J., et NAQUET, R. Atlas Stéréotaxique 
u de Babourn (Papio papio). 9 in.x lI} in. (23 cm x 28-5 cm). Pp. 207. 
Pars A ditions du Centre National de la Recherche Scientifique, 1968) 120 
ran 


cs. 
RYBAK, B. Principles of Zoophysiology, Vol. l. (International Series of 
Monographs in Pure and Applied Biology Drvision : Zoology, Yol Zo}, ig x 
64 ın. (22 5 cmx 16 cm). Pp. vil+595, (Oxford, London and New York: Perga- 
mon Press, 1968.) 200s.; $25.* 
SCHLEGEL, Hans G, Allgemeine Mikrobiologie. 7¥ in. x 4B In. (19 cmx 12 
an}. Pp. xu+431, (Stuttgart. Georg Thieme Verlag, 1969.) 14.80 DM.* 


ENEZ, Jacques, C. Microbiologie Générale. Biologie, Microbiologie— 
firologie— Immunologie.) 94 in.x6 In. (24 cmx155 cm). Pp. 592. (Paris: 
ditions Doin, 1968.) [05 francs * 


SMITH, George. An Introduction to Industrial Mycology. Srxth edition 84 tn. 
x 5£in. p> cmx I5 cm). Pp.ix+390. (London Edward Arnold (Publishers), 
Ltd., 1969.) 60s. net. * 

SOMOGYI, J. C., und CREMER, H. D. Beeinflussung des Stoffwechsels durch 
die Ernährung. (Bibliotece ‘‘Nutriclo et Dieta” No. IT.) 92 in.x7 in, (25 cmx 
Em » Pp. 172, (Basle und New York: S Karger, 1969.) 60 Sw. francs p [203.5 


STENUIT, Robert, The Dolphin, Cousin to Man. Translated by Catherine 
Osborne. 9} in.x6 in. (23-5 cmx 155 cm). Pp. xv+ 1764+48 pages of plates. 
(London: J.M Dent an Sons, Ltd., 1969.) 40s. net.* 

SYSTEMATIC BIOLOGY N roasdings of an International Conference con- 
ducted at the University of ichigan, Ann Arbor, Michigan, June 14-16, 1967. 
Sponsored by the National Research Council.) in. x ék in (23-5 cm x [6 cm) 
Pp. xhi+632, ashington, D.C. : National Academy of Sciences, 1969) $15 * 

TEDESCHI, David H , and TEDESCHI, Ralph E. (ediced by). 
Fundamental Principles in Drug Evaluation. (Proceedings of 2 Symposium organ- 
ized by the Section on Pharmacology and Blochemlst! Academy of Pharmaceuti- 
cal Sciences, American Pharmaceutical Association, May 8-10, Ieee 9} in.x 
6} in. (24cmx l6 cm). Pp. xvı+493. (New York: Raven Press, 1968.) $18.95,* 

TEUMER, Elfriede. Philosophische Probleme der Wechselbaziehung von 
Struktur und Funktion in der Biologie. 8} in.x 52 in. (21-5 cmx 15 cm). Pp. 130. 
Gena: Veb Gustav Fischer Verlag, 1969.) 27s. 5d.* 

OMAS, P. R., and TAYLOR, C. E. Plant Nematology In South Africa South 
of the Sahara (Technical Communication No. 39 of the Commonwealth Bureau 
of Helminthology, St. Albans.) 9} in. x 7 in. (25 cm x 19 cm). Pp. 83. (Farnham 
Royal: Commonwealth Agricultural Bureau, 1968.) 605.7 

TREMOLIERES, J. Biologie Générale, Tome l: Bases Physico-Chimiques de 
la Biologie. Pp. xv-+535, francs. Tome 3: Physiologie du Milieu Intérieur 
et des Organes, Pp. xii-+358. 29 francs, 10}in.x 8b in. (27 cmx21 cm). (Parts : 
Dunod, 1969.)* 

v. AR, Y gitea by). The Transport of Plant Hormones. {Procaadings 
of the NATO/EGE University Summer Institute, October 1967.) In. x 6$ in. 
(23 cm x 16 cm). Pp. vir+457. (Amsterdam : North-Holland Publishing Com- 
pany 1968.) 168s.*, 

NOGRADOY, B S., and ARGIROPULO, A. I. Key to Rodents. (Fauna of 
the USSR—Mammals.) Translated from the Russian. Chief editor: S.A. Zemov. 
92 in. x 6} in. (25 cm x 17 cm). Pp.230. (Jerusalem : Israel Program for Scientific 
Translations, 968. Distributed in the UK by H. A. Humphrey, Ltd., London.) 

VOGEL, Friedrich, RÖHRBORN, Gunter, SCHLEIERMACHER, Engelhardt, 
und SCHROEDER, Traute. Strahlengentik der Sauger: Insbesonderer der 
Maus in ihrer Redoutang fur das Mutatlonsproblem beim Menschen. (Fortschritte 
der Allgemeinen und Klinischen Humangenetik (Advances in Human Genetics), 
Band 1.) 94 In.x 64 in. (24 cmx 165 em). Pp. vill+80. (Stuttgart: Georg 
Thieme Verlag, 1969.) 27°50 DM.* 

VOGEL, Rosemarie, TRAUTSCHOLD, Ivar, and WERLE, Eugen. Natural 
Proteinase Inhibitors. 9} in.x 6} in. Ge 5 emx1I6 cm). Pp. xv+159. (Naw 

, 1968.) 93s. 4d * ` 


Importance of 


York and London : Academic Press 

WADDINGTON, C. H. (edited by). Towards a Theoretical Biology. 2: 
Sketches. (An IUBS Symposium.) 10} in.x7} in. (26 cmx 19 cm). B: 351. 
(Edinburgh ; Edinburgh University Press, 1969.) 90s. net.* 

WALLER, George R. Metabolism of Plent Terpenoids, (Progress In the Chem- 
istry of Fats and other Lipids, Vol. 10, Pare 2.) 98 in.x6 in. (25 emx 155 cm). 
a 151~238. (Oxford, Londan and New York Pergamon Press, 1969) 37s.; 

* 


WITTMANN, H. G., and SCHUSTER, H. (edited by). Molecular Genetics. 
4. Wissenschaftliche Konferenz der Gasellschaft Deutscher Naturforscher und 

rzte, Berlin 1967.) 9 tn x6 in. (23 cmx 15:5 cm) Pp. vill+341. (Berlin und 
New York : Springer-Verlag, 1968.) 48 DM. ; $12.* 

WOOD, E. J. Ferguson. Dinoflagellates of the Caribbean Sea and Adjacent 
Areas. 94 in. x 64 In. (24cmx 16cm). Pp. 143. (Coral Gables, Florida: Univer- 
sity of Mrami Press, 1968.) $12.* 

WURTMAN, Richard J. AXELROD, Julius, and KELLY, Douglas E. The 
Pineal. 92 in. x 6% In. (25 cm x 16-5 cm). Pp. x+199. (New York and London : 
Academic Press, 1968.) 107s. 4d.* 

ZAGULYAEV,A.K. Tineidae. Part2: Nemapogoninaè, (Fauna of the USSR, 
Vol. 4, No. 2.) Translated from the Russian. Chief Editor E. N. Pavlovskii. 
oR inie in: 25 cmx I7 cm). Pp. vii+436. (Jerusalem: Israel Program for 
Scientific Translations, 1968. Distributed in the UK by H. A. Humphrey, Ltd., 
London.) 147s.* 2 
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BENNETT, P.B ,and ELLIOTT, D. tes by). The Physiology and Medicane 
of Diving and Compressed Air Work. ah aa (25 cm x 16-5 em). Pp. xiv-+ 
532. (London: Ballidre, Tindall and Cassell, 1969.) 160s. net.* 

BEVERIDGE, W. I. B. (edited by). Using Primates in Medical Research. Part]: 
Husbandry and Technology. Pp..qv+127. 29 Sw francs; 58s.; $6.95. Part2: 
Recent Comparative Research, Pp. vi+162. 34 Sw. francs ; 68s ; $8.15. (Prim- 
ates in Medicine, Vols. 2 and 3.) 92 in. x62 in. (25 emx17 cm). (Basle and New 
York S. Karger, 1969.)* 

BLACK, John D. The Management and Conservation of Biological Resources. 
9} in. x 6} in, (23-5 cmx I6 cm). Pp x+339 (Philadelphia: F. A. Davis Com- 
pany, 1968.) 70s.* 

BODDIE, Geo. F. Diagnostic Methods in Veterin Medicine. Sixth edition. 
be aes in, (22emx 15cm), Pp.x+447. (Edinburgh: Oliver and Boyd, 1969 ) 

. net 


BOOT, L. M. Induction by Prolactin of Mammary Tumours in Mice (Ver- 
handelingen der Konmkiijke Nederlandse—Akademie van Wetenschappen, Afd. 
Natuurkunde, Tweede Reeks—Deel LVIII, No. 3.) 10} in.x7 in. (26 cmx 
18 em). Pp. 113. (Amsterdam: North-Holland Publishing Company, 1969.) 

ELLIS, G P., and WEST, G. B. (edited by). Progress in Medicinal Chemistry, 
Vol. 6. 10 in.x 6h in. (25 5 cmx 16 cm). Bo. xıl+372. (London . Butterworth 
and Co, (Publishers), Ltd., 1969.) 140s.* 

ELVES, M. W., and NOSBET, N. W. (edited by). Transplantation Antigens and 
Tissue Typing. (Proceedings of the Symposium held at the Charles Salt Rsearch 
Centre, |Ith—-I3th Nobember 1968.) in.X5$ in. (21.5 cmx14 cm) Pp. 233 
Oswestry: The Robert Jones and Agnes Hunt Orthopaedic Hospital Management 

mmuittee, 1969.) 31s. 8d.; $5.95." 

EMMRICH, Rolf (herausgegeben von). Arbietsmethoden der Inneren Medizin 
und ihr verwandter Gebiete. Band V: Klinlsch-chemlsche Labormethoden. 
2 Lieferung. 4 xét mpa omx165 cm). Pp. 235, (Jena. Veb Gustav 
Fischer Verlag, 1969) 43s * 

FOWLER, Noble O. Cardiac Diagnosis. [0} in.x7 In. (265 cmx 18 cm). 
Pp, xut-+-722, (New York and London: Hoeber Medical Division, Harper and 
Row, Publishers, 1968.) $23.50.* 


GERVAIS, P. Reactions Allergiques aux Substances Chimiques de Composition 
Definite: Physlopathologie, Clinique, Diagnostic. (Collection de Medecine 
Legale et de Toracologle Medicale) 94 In. x6 tn. (24 emx16 cm) Pp. 358. 


(Paris: Masson et Cie, 1969.) 50 francs.* 

ISOTOPES AND RADIATION IN SOIL ORGANIC-MATTER STUDIES. (Pro- 
ceedings of the Sympostum jointly organized by the International Atomic Energy 
Agency and the Food and Agriculture Organizatron of the United Nations, in 
co-operation with the International Soil ence Society, and held m Vienna, 
15-19 July 1968, Proceedings Series.) At ın.x6ł ın. (24 cmx 16 cm). Pp. 584. 
(Vienna: International Atomic Energy ency ; H M. Stationery 
Office, 1269, 349 schillings ; 112s. 6d , $13.50.* 


KEATING 
9 in.x6 in (23 cmx 15-5 cm) Pp. 
« (Oxtłord and Edinburgh: Blackwell Scientific Publications, 1969.) 
* 


on: 


LATINA. (Memoras de la Mesa Redonda de Informacion sobre Conservacion de 
la Naturaleza, San José, Costa Rica, 26 de febrero al | de marzo de 1968.) 8}in.x 
6 in, (21 cmx15+5 cm). Pp. lit+184 (San José Ministerio de Agricultura y 
Ganaaderta de Costa Rica, 1968.) n.p.* 

MOTNET, Paul, et GILBERT, Yves. La Pesta Equine (Maladies Animales à 


Virus.) 94 in.x7 in. (25 cmx18 cm) Pp. 203. (Paris: |’Expansion, 1968 ) 
39 francs.* 
PEPYS, J. Hypersensitivity Diseases of the Lungs Due to Fungl and Organic 


Dusts. (Monographs In Allergy, Vol 4 ) 3 in.X7 ın (25 cmx 18cm). Pp. ym+ 
147. (Basle and New York: S. Karger, 1969 Dustributed in the UK by Acade- 
mic Press, London.) 39 Sw. francs; 78s. ; $9.35 * 


ROSEMBERG, Eugenia (edited by). Gonadotropins 1968. (Proceedings of the 


Workshop Conference held at Vista Hermosa, Mor., Mexico, June 24-26, 1968.) 
ay in (22 cmx I7 cm). Pp. 559. (Los Altos, California : Geron-X, Inc., 
68.) $12. 


SEMAINE D'ETUDE SUR LE THEME MATIERE ORGANIQUE ET FERTILITE 
DU SOL, 22-27 Avril 1968. (Pontificiae Academlae Scientzarum Scripta Yarn, 
Nr. 32.) 9$ in. x 68 in. (24 cmx I7 cm) Pp Ixu+1017. (Citta de! Vaticano 
Ponufica Academm Scientrarum, 1968.) n.p * 

UMBREIT, Wayne W ,and PEARLMAN, D. (edited by). Advances in Applied 
Microbtology, Vol. 10) 9} in.x 6} In. (23:5 cmx I6 cm). Pp xvi+368. (New 
York and London > Academic Press, 1968.) 154s.* 

WASZ-HOCKERT, O., LIND, J., VUORENKOSKI, V., PARTANEN, T, and 
VALANNE, E. The Infant cmi a Spectrographic and Auditory Analysis. (Clinics 

o. 


in Developmental Mediane 2) 9ł in. x7} in. (25 cmx I8 5 em). Pp. 42. 
(London: § ics International Medical Publications 1n association with William 
Heinemann Medica] Books, Ltd., 1968 ) 35s.; $4.50 * 


WEED CONTROL. (Principles of Plant and Animal Pest Control, Vol. 2) 
(Publication 1597.) 91n.x6 In. (23 cmx 15:5 cm) Pp. xvi+471 (Washington, 
DC - National Academy of Sciences, 1968.) $8.* 


General 


ALDCROFT, Derek H. British Railways in Transition : The Economic Problems 
of Britain's Rattways Since 1914 8} in x5} (21 cmx 13 cm). Pp. xvi+252. 
spondon $ Macmillan and Co., Ltd.; New York: St. Martin's , Inc , 1968.) 

. net. 

BIOGRAPHICAL MEMOIRS OF FELLOWS OF THE ROYAL SOCIETY, Vol. 14. 

10in.x7in. wees x 18cm), Pp.467+20 plates (London: The Royal Society, 


1968.) 85s. ; 

BLACK’ Guy. The Application of Systems Analysis to Government Operations. 
Praeger Species Studies tn U.S, Economic and Social Development ) 94 in. x 6} in. 
24 at tne cm). Pp. x1v-+187. (New York and London: Frederick A. Praeger, 
968 25s.* 


BLAIBERG, Philip, Looking at my Heart: Sf in. x 54 in. omx l4 cm). Pp. 
131-+14 photographs. (London : illam Heinemann, Ltd., 1969.) 25s, net.* 

BOEHM, Rudolf. Von Gesichtspunkt der Phanomenologie. (Husserl-Studien. 
Phaenomenologica, 26.) in,x6 in, (24 cmx 15'S cm) Pp. xœxav+266. (Den 
Haag: Martinus Nijhoff, | ] 32.40 guilders.* 

BRIGHT, James R. (edited by). Technological Forecasting for Industry and 
Government: Methods and Applications. 9} 1n.x7 ın (23-5 cmx 18 cm). Pp. 
xxi +484. (Englewood Cliffs, NJ., and London: Prentice-Hall, 1968.) n.p.* 

BUTTERWORTH, J. Productivity Now. (The Commonwealth and Inter- 
national Library of Sclence, Technology, Fnginearing and Liberal Studies : Socia! 
Administration, Training, Economics and uction Division) 8 in.x5} in. 
(20 emx 13 cm). PPE 148. (Oxford, London and New York 


n. West Africa : a Study of the Environment and of 
Man's Use of It. (Geographles for Advanced Study.) Sixth edition. 8# in. x54 


Pergamon 


NATURE, APRIL 26, 1969 


in (22 cm x I5 cm). Pp. .0ax+543+114 plates (London Longmans, Green 
and Co., Ltd., 1968.) 60s. net.* 

COUFFER, Jack. The Concrete Wilderness—a Novel. 8 in.x 5} in. (20 cmx 
13 m): Pp. 212: {London : William Heinemann, Ltd., 1968.) 25s. net.* 

EPSTEIN, T. Scarlett. Capitalism, Primitive and Modern: Some Aspects of 
Tolal Economic Growth. 8a in. X Si in. (22 cmx 14cm). Pp. xxv + 182+8 plates. 
(Manchester: Manchester University Press, 1968.) 45s. net * 

FEUER, Lewis S. The Conflict of Generations : e Character and Significance 
of Student Movements. 9}1n.x 6} noe cm x 16cm). Pp. ix-+543. (New York 
and London: Bastc Books, 1969.) $12.50.* 

FRANKLIN, S. H. The European Peasan : The Final Phase. 9 in. x52 in. 
ore a Pp. xvi+256+25 plees. (london: Methuen and Co., Ltd , 

GILLMOR, Daniel S. (edited by). Scientific Study of Unidentrfled Flying Objects. 
{A New York Times Book.) 7 in. x4} ın. (18 emx II cm). Pp. x0v+965468 
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sections of the frog’s brain, cut in horizontal, 
sagittal and transversal planes and stained for 
myelin and cell bodies. The enlargement of these 
pictures (50x) makes it possible to recognize 
individual cell bodies and even myelinated fibers, 
while permitting easy orientation and a good grasp 
of the major subdivisions of the brain. 

All the plates are supplied with a millimeter grid 
which makes it possible to define the positions of 
anatomical formations visible on the microphotos 
and to find their projection onto three macro- 
photos of the frog’s central nervous system. 
Besides technical remarks on the histological 
methods and on the coordinate system used, the 
text contains a brief essay on the frog’s brain and 
a description of its most characteristic features. 
A subject index makes the consultation of this 
Atlas easy. A bibliography of anatomical litera- 
ture on the frog's brain and related items is given. |: 
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(“off-transient”), then a gradual return to the orginal 
baselme. In order to see better the events occurring 
immediately after the light stımulus, which are most 
ımportant for the mutants to be described here, short 
strobe flashes lasting 20 us were used. Thus in Fig. 1B 
one can see—after the stimulator artefact that occurs at 
the mstant of the flash—an early corneal-negative dip 
(a), followed by a sharp positive peak (b), then a longer 
lasting negative wave (c). The early and late negative 
components (a) and (c) are roughly proportionate in size 
at various flash intensities; they appear to be parts of a 
simple negative wave, on which the positive spike-like 
peak is supermmposed. The early dip (a) presumably repre- 
sents the initial phase of the receptor potential that 
triggers events causing the positive peak. At the standard 
flash intensity used for the present experiments, for the 
C-8 strain the initial negative deflexion is evident within 
4 ms after the light stimulus; the positive peak overshoots 
the baseline and peaks at about 8 ms with a half-duration 
of around 4 ms; the negative wave attains 1ts mmmmum 
between 20 and 30 ms. Five other wild strains were also 
tested: Oregon-R, Lausanne-S, Swedish-C, Urbana- 
and In/3R/Ppis- All gave ERGs very sumilar to C-S. 
Fig. 24 shows a comparison of the short-flash ERGs of 
the mutants tan! and ebony"! with the normal stram, in 
darkness. The ERG of tan! is markedly abnormal: the 
spike-hke positive peak ıs almost absent, whereas the 
size and time course of the negative wave are normal. 
Very often (seventeen of twenty-three flies tested), three 
to five tıny peaks are present, as in Fig. 24, the first one 
occurring at approximately the same time as the positive 
peak in wild type fles. Fig. 24 also shows the ERG for 
ebony, Asin tan}, the negative wave is normal, but the 
positive peak ıs almost absent. There ıs, however, an 
essential difference, and this is shown in Fig. 2B, where 
ambient ullummation of the eye at 100 foot-candles was 
maintained while recording the response to the strobe 
flash. In tant, the residual positive peak 18 abolished, but 
in ebony" ambient light causes a sizable positively directed 
peak to appear ın the ERG. The same level of ambient 
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¥ig.1. ERGs ofa normal (C-8) fly. A, Long-flash ERG using a tungsten 
lamp controlled by a shutter to produce & single flash lastıng 1,200 ms. 
Intensity 170 mW/cm* at the fly. (Calibration with a model 560B 
Lite-Mike Nets and G. Incorporated, Boston, Massachusetts), lent by 
W. L. Pak.) DO reco: . The upper trace is from a photocell monitor- 
ing the light beam. The fly was dark-adapted for several minutes before 
the flash. B, Short-flash ERG in response to a white strobe flash lasting 
20 ws. Energy per flash unit ares at the fly 17x10. J/cm? peak 
instantaneous power 7 6 W/cm". AO recording with 0 1 s time constant. 
Frve successive responses are superimposed. The interval between 
flashes was 2 8 in an otherwise dar room. Reco: were made 
after 1 min of adaptation to this flash rate, which constituted a moderate 
degree of dark adaptation. Note the initial negative dip (a), the positive 
peak (b) and the negative wave (c). 
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Fig. 2. Comparison of short-flash ERGs of the mutant flies tan! and 
ebony“ with normal (0-8). Stimulus conditions same as m Fig. 18, 
A, In darkness. Note the absence of the normal positive peak in both 
mutants, although tiny wavelets can be seen, especially in tan. B, Effect 
of ambient t (tungsten lamp, 100 foot-candles), Note the suppression 
of the wavelets in tan, while ın ebony a positive-going peak appears. 


light has relatavely little effect on the ERG of the C-S 
strain, although very high intensity will suppress both 
the positive peak and the negative wave. 

To investigate further the nature of the positive peak in 
normal flies, tetrodotoxin was mnjected into the brain while 
observing the ERG. Injection of 0-1 pl. of a 100 ug/ml. 
solution ın 0-9 per cent NaCl into the lamina region caused 
the disappearance of the positive peak, while the negative 
wave remained intact. Control injections of NaCl alone 
had no such effect. This suggests that propagated im- 
pulses, involving regenerative sodium channels’, are 
required to produce the positive peak. 

Tt ıs intriguing that tan and ebony mutants, having body 
colour abnormalities of opposite sign, show similar defects 
in ther ERGs, yet ambient light decreases the positive peak 
mn tan but increases it in ebony. This suggests the possi- 
bility of a single explanation for both mutants. For 
example, suppose that, as a result of some biochemical 
imbalance, the retinule cells of tan have a membrane 
potential lower than normal, whereas in ebony the cells 
are hyperpolarized. In either case, the depolarization 
caused by a light flash might fail to generate an action 
potential along the retinular cell axons—ain one case (tan) 
because the membrane potential is already too low, in 
the other (ebony) because it 1s still too high. In the presence 
of ambient ght, which would provide a steady depolariza- 
tion of the retinula cells, the membrane potential of 
ebony would be brought into the physiological range, 
while tan would become completely moperative. Thus 
particular explanation would depend on the existence of 
spikes in the retinuler axons, which have not been demon- 
strated in the fly, although Naka and Eguchi® have do- 
tected them in the drone bee. One conceivable lnk 
between body pigmentation and neural function could 
be the tyrosme pathway common to the synthesis of 
melanin and catecholamines; the latter are umplicated as 
chemical transmitters ın various synapses. ‘There are 
several reports dealing with biochemical abnormalities 
of ebony in regard to copper metabolism’, phenoloxidase 
composition’? and the metabolism of bets-alanine’. 
Whether any of these can be related to the neural defect 
remains to be seen. 

Not all body colour abnormalities are associated with 
ERG defects. The mutants blond, black, yellow, yellow’, 
straw, straw’, sable and stlver were all found to produce 
normal ERGs. On the other hand, typically defective 
ERGs were observed in several stocks carrying various 
independently arising alleles of tant and ebony™, thus 
malong it unlikely that the defects observed in the latter 
mutants could be due to other extraneous genes. Although 
the abnormalities ın the ERGs of tan? and ebony" strongly 
suggest retinal basis for their anomalous visual beha- 
viour, it is, of course, not ruled out that they harbour 


356 


additional relevant defects elsewhere in their nervous 
systems. 

Retinal function ıs merely a first step in the chain of 
events leading to phototactic behaviour. For example, 
we have observed that certain mutants show a normal 
optomotor response, yet are not phototactic. Further- 
more, five new sex-linked non-phototactic mutants that 
we have isolated directly from the phototactic C-S strain, 
by chemical mutagenesis!, were all found to have normal 
ERGs. Localization of the defects in such mutants will 
require investigation by methods other than the ERG, 
presumably extending further into the central nervous 


We thank E. B. Lewis for many fly strams, and W. L. 
Pak for stimulating discussions. This work was supported 
by & grant from the US National Science Foundation. 
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Action of Sparsomycin on Ribosome-catalysed Peptidyl 


Transfer 


by 

ROBIN E. MONRO 
MARIA LUISA CELMA 
DAVID VAZQUEZ 


Instituto de Blologla Celular, 
Madrid 


SPARSOMYOIN (C,3H,,0,N,8,), an antibiotic of unknown 
structure, is & potentially valuable tool for studies on 
protein biosynthesis. It is one of the few agents which 
specifically inhibit protein synthesis ın both 70S and 80S 
ribosomal systems?, and ıt acts by a different mechanism 
from other known inhibitors of protein synthests*-’. 
Evidence that sparsomycin acts at the peptide bond- 
forming step of protem synthesis is two-fold. First, ıt 
inhibits the reactions of puromycin and aminoacyl-tRNA 
with ribosome-bound peptidyl-tRNA*; second, it mhibits 
the peptidyl transferase activity of 60S ribosomal 
subunits*. In the presence of K+, Mg, and ethanol or 
methanol, 50S mbosomes from W. coli catalyse the 
reaction with puromyom of various N’-acyl-aminoacyl- 
ohgonucleotide fragments from #RNA, to give the corres- 
ponding N’-acyl-aminoacyl-puromycin’-“, This fragment 
reaction provides a highly resolved system for studying 
the mechanism of peptide bond formation and the mode 
of action of mbhibitors which act on the 50S mbosome 
subunit. There is good evidence that the reaction is 
catalysed by the enzyme, peptidyl transferase, which 1s 
responsible for peptide bond formation in protein syn- 
thesis, and that this enzyme is an integral part of the 505 
ribosomal subunit!*. In the fragment system the usual re- 
quirement for template, 309 subunit”, and intact pep- 
tidyl-RNA is obviated by the presence of alcohol. (The 
function of alcohol may be to promote interaction between 
substrate and 60S subunit.) Only ohgonucleotide 
fragments from N-acetylated or N-formylated transfer 
RNAs, for example, CAACCA-Met-F, CCA-Met-F, CACCA- 
Leu-Ac and CCA-Leu-Ac, are active as peptidyl donors in 
the fragment reaction. Fragments with a free ammo 
group, such as CACCA-Leu, are inactive. The fragment 
reaction is inhibited by a number of antibiotic inhibitors of 
protein synthesis, including sparsomycin'. Here we show 
that sparsomyem mduces the formation of an inert com- 
plex in the fragment system, between the 50 S subunit and 
the CCA-peptidyl moiety of the peptidyl donor substrate. 


Sparsomycln Inhibits protein biosynthesis by pence the formation 
of an Inert complex between the peptidyl donor su 
50S ribosomal subunit. 


strate and the 


In the standard conditions of the fragment reaction 
(with ethanol) ribosomes are quantitatively precipitated, 
whereas small oligonucleotides (up to about five residues) 
are soluble. Specific binding of radioactively labelled 
oligonucleotide derivatives to rbosomes was estimated by 
determination of radioactivity ın suspension before and 
after sedimentation of the mbosome precipitate by low 
speed centrifugation. In conditions where no presrpitate 
was formed, ribosomes were sedimented by high speed. 
centrifugation. Details of the method are given in Table 1. 


Sparsomycin Effects 


The general effects are illustrated in Table 1. In the com- 
plete system with 70S mbosomes and CACCA-*H-Leu-Ao, 
0-1 mM sparsomycin stimulated the binding to ribosomes 
of 60-70 per cent of the added radioactivity. Bub- 
stitution of 70S mbosomes by 50S subunits did not reduce 
the extent of sparsomycin-stumulated binding. 309 
subunits were mert. Little or no stumulation of binding 
occurred in the absence of K+ or Mgt or alcohol, but 
ethanol was effectively replaced by methanol. 

Table 1 shows that sparsomycin stimulated the binding 
to ribosomes of both CACCA-Leu-Ac and CCA-Leu-Ao, 
but not of CACCA-Leu or CCA. Other experiments 
indicated that UACCA-Leu-Ac, CAACCA-Met-F and 
CCA-Met-F were active. Thus the oligonucleotide moiety 
of the substrate can be as small as CCA without serious 
impairment of activity, but, in our conditions, the presence 
of an N’-acyl-aminoacyl group on the terminal adenosine 
is obligatory. The substrate requiremente for sparso- 
myecin-induced complex formation, as well as the com- 
ponents needed, are very similar to those for the fragment 
reaction’-", 

The complex induced by sparsomycin can be disinte- 
grated by dissolving the ribosome precipitate in buffer 
without alcohol. If the ribosomes are then sedimented, 
all of the radioactivity remains in the supernatant. To 
identify the eluted material, the sparsomycin-induced 
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Table 1, REQUIREMENTS FOR SPARSOMYOIN-STIMULATHD BINDING 


Sparsomycin-stimulated 
binding (per cent) 
Exp. 1 (0A pes ag -Leu-Ac) ha 
708 replaced erie y 60S ribosomes 66 
703 Teplaced by 805 ribosomes 6 
+ omitted 9 
nm. 2 (OACCA-*H-Leu-Ao) 

tandard system 70 
01 mM 0 
EtOH omitted 2 
EtOH replaced by MeOH 56 

Exp, See varied) 

AY ert -Ac 68 
OAOOA-(*H)-Leu 0 
COA+~?H)-Leu-Ao 47 

4 
(#P) OCA 0 

The standard incubathon mixture co talnod (bafo ore alenon addition) the 
ee components in a volume of 01 mL 1 T09: boson 


po: 
Cee ati ee Ac (7 IM; arg Raat ty a 
mM. KOI, an 8°50 Mt ris pH 7- Pi Toom- 
ponents m Tere onutted or roel at mceeee polarita as indicated. 


8,0009 at about 5° ©. 0 1ml of the supernatant was 
of Biay’s solution™ con 4 per cant Cab-O-Sil (Nuclear Chicago) ies a 
4 ml. vial, and the radioactivity estimated in a scintillation counter. 

The percentage of the fragment bound was estimated from the difference 
between the total radioactivity added and the radfoactivity remaming m the 
supernatant. Controls tn which sparsomycim was omitted gave 0-12 per cent 
b and varied somewhat with different preparations and conditions. 
Separate control determinations were made for each treatment and subtrac- 
ted from the binding values obtained in the presence of ey aye dag to give 
the estimates in the table for ‘‘sparsomycin-sttmulated bmding’’. In a few 
cases binding in the presence of sparsomycin was slightly lower than in the 
blank: such resulta re recorded as “0”, 

nok aaa eee in the conditions used in Exp. 2 (except 

for standard system assay was therefore modified as follows: 
incubation volumes were scaled up by a factor of 4, and samples were centri- 
fuged in 0 7 ml. tubes at 50,000 r p.m. for 90 min. to sediment the mbosomes 
lus bound fragment. oactavity in the supernatant was estimated by 


e oe procedur 

("P) CO. from ("P) iRNA (The Radiochemical Centre, 
Amersham) yee 15) y ton with RNase-Tl followed by high vol 
paper ionophoresis at pH 3-5. A component which migrated towards tl 
cathode wag re donophoressd successively at pH 6 5 and pH 4 0. Thea produet 
was identifed as CpCpA by standard methods'*. The specific activity was 
unknown, but was probably greater than 1 Ci/mmole. 


then mixed 


complex of CACCA-Leu-Ac with ribosomes was formed, 
isolated, disintegrated and the eluate characterized by 
paper 1onophoresis. Fig. 1 shows that at pH 6-5 approx- 
mately 87 per cent of the radioactivity migrated as a 
single band, X, at the same rate as a CACCA-Leu-Ac 
marker. Other results show that this material also 
migrates like CACCA-Leu-Ac at pH 3:5. When UACCA- 
Leu-Ac replaced CACCA-Leu-Ac as substrate, the product 
migrated at the same rate as a UACCA-Leu-Ac marker 
(at pH 3:5), (about twice the rate of CACCA-Leu-Ac). 
A minor component M, about 13 per cent of input radio- 
activity, 1s also apparent ın Fig. 1. This material might be 
a degradation product, such as Ac-Leu-adenosine, or a 
secondary product of sparsomycin action. We conclude 
that (a) disintegration of the sparsomycin-induced 
complex releases the initial substrate in unchanged form, 
and (b) sparsomycin induces interactions between sub- 
strate and 509 subunit which probably do not involve 
covalent changes in the substrate molecule. 

Incubation of CACCA-Leu-Ac with ribosomes in the 
presence of puromycin alone led to synthesis of Ac-Leu- 
puromycin, while incubation with sparsomycin, alone led 
to complex formation (Table 2). The sparsomycin-induced 
complex, once formed, was neither disintegrated by 
subsequent incubation with puromycin nor did ıt react to 


Table 2. INGAPAOITY OF COMPLEX TO ae WITH PUROMYOIN 


Incubation Additions oa Puromycin reac- 
time (min) 0-30 min 80-60 min ier oak ) tion (per cent) 
1 80 PM — 75 
2 30 Spar = 98 1 
8 60 Bhar PM 91 1 
4 60 P. Spar 26 70 
5 60 No addition Spar 90 2 
6 60 No addition F. 0 76 
7 80 ee — 74 12 
Incubation conditions as in Table 1, Exp. 1, except that the concentration 
of spar) was 50 uM and puromycin PM 1 mM was added where 


assayed for formation of Ac-Leu- ‘puromy a procedure using extraction 
with ethyl acetate (ref. 16° modified from an by and Bursztyn’’). 
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CACCA-LEU-AC 


c.p.m. 





10 5 0 5 10 15 20 
Distance from orgin (cm) 


Es. 1. Ionogiam (pH 6 5) of (A) CACCA-Leu-Ac mærke: and (B) eluate 
arsomycin-induced complex of CACCA-Leu-Ac and mbosomes. 
Pombetion conditions were as in Table 1 (standard system), but yin 

20 nM OACGA-Lou-Ac and 1 mg/ml 608 1 ribosomes, "After incuba: 


for 80 min, the sam centrifuged, and on imant ret e ord A 
E mM Na s Eho ae was buffer (pH ) plus 0. 1 mM Mg acetate The 


ribosome olution was then incubated at 25° O for 5 min (to ensure disrup- 
Hon. of the sparsomycln compan) and cen at 50, O00 r.p m Prah. 
ernatant was lyop m water and about 0:06 
acı Tae of ha mi material was 1onophoresed on Whatman 52 paper at 100 V/em 
for1h. One cm strips were cut out, immersed in soin tion finid, and 
the radioactivity estimated. Sparsomycin-stimulated binding amounted 
to 96 per cat of added CACCA- Leu-Ac. All the bound radioactivity was 
recovered Ín the mbogome eluate, and all the radioactivity applied to 
the jonogram was recovered im the area shown in Fig. 1 


give Ac-Leu-puromycin. The possibility that the apparent 
failure of puromycin to disrupt the complex could be a 
result of sparsomycin-stimulated-bindmg of Ac-Leu- 
puromycin was eliminated by the demonstration that 
pre-incubation with puromycin lowered the extent of 
sparsomycin-induced complex formation by an amount 
equivalent to the CACCA-Leu-Ac which reacted with 
puromycin. (The failure of Ac-Leu-puromycin to bind 
was confirmed in other experiments.) Other controls 
showed that pre-incubation effects were not caused by 
inactivation of the system. 

When puromycin and sparsomycin were added simul- 
taneously, part of the substrate reacted with puromycm 
and part with sparsomycin (Table 2). Other experiments 
showed that the relative extents of the two reactions 
could be controlled by varying either the relative con- 
centrations or the relative times of addition of the two 
antibiotics. 

These results prove that the sparsomycin-induced 
complex is unreactive towards puromycin, and that, 
once formed, it remains stable in our conditions. We 
conclude that sparsomycin inhibite the puromycin 
reaction by inducing the formation of an inert complex 
between a peptidyl donor substrate and a 50S ribosomal 
subunit. 

Table 3 shows that the binding of CACCA-Leu-Ac to 
ribosomes induced by sparsomycin is inhibited by 
chloramphenicol, spiramyecin III, carbomycin. strepto- 
gramin A and lincomycin. These antibiotics also inhibit 
the fragment reaction with puromycin, and there is 
evidence that, in spite of their diverse structures, they all 
bind to overlapping sites on the 50 S ribosomal subunit in 
a manner which affects activity of the peptidyl trans- 
ferase catalytic centre*-1***, Inhibition of both the 
sparsomycm and the puromycin reactions by these 
antibiotics is best explained by supposing that the two 
reactions have a sensitive step in common (see later). 
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Table 8. EFVEOTS OF VARIOUS ANTIBIOTICS ON COMPLEX FORMATION 


Jaai Final Percentage ae control 
on cone, sparsomycun-stim’ 
(mM) bmding 

None — 100 
Chloramphenicol 1 8 
Carbomycin 01 0 
Bpiramyan DT 01 0 
Streptogramin A 01 2 
Lincomycin 1 5 
Amicetin 1 27 
Gougerotin 1 42 


Compilation of data from several experiments. Assays were carried out as 
in Table 1, Exp. 1, except that concentration of sparsomycin (before ethanol 
addition) was 005 mM. Sparsomycin-stimulated binding was about 70 per 
cent in the control without other antibiotics. 


The antibiotics gougerotin and amicetin do not belong 
to the same functional group as chloramphenicol, even 
though they also inhibit the fragment reaction ®:6:823, 
They only partially mhibit formation of the sparsomycin- 
induced complex (Table 3). Other assays showed that 
ın the same conditions, but in the absence of sparsomycin, 
gougerotin and amicetin stimulated by 35 per cent and 
0-15 per cent respectively the binding of CACCA-Leu-Ac 
to ribosomes. It ıs probable therefore that these anti- 
biotics inhibited the sparsomycin reaction more than is 
apparent from the data in Table 3, but that new complexes 
were formed ım their presence. It is possible that the 
modes cf action of gougerotin and amicetin are related to 
that of sparsomycin, and that they compete for the same 
site, but that the inert complexes formed in their presence 
are less stable than sparsomycin complexes. 

The simplest interpretation of our results is that (a) 
sparsomycin induces interaction between the substrate 
and the 60S subunit by itself interacting with one or 
both of these components, and (b) the interactions of 
sparsomycin, like those of the substrate, involve only 
noncovalent bonds. Other experiments (to be published) 
indicate that a maximum of one substrate molecule can be 
bound per 50S subumt. It is reasonable to suppose 
therefore that the complex contams one molecule each of 
substrate, 50S subunit and sparsomycin. 

Formation of the sparsomycin-induced complex has the 
following characteristacs in common with the fragment 
reaction: (a) requirement for 50S subunits, Mgtt, K+ 
and alcohol, (b) similar substrate specificity and (c) 
mhibition by the same range of antibiotics. The hypo- 
thetical scheme in Fig. 2 provides some possible 
explanations for these similarities. 

In the first step (Fig. 2), a CCA-peptidyl group binds at 
the peptidy] site on the 509 subunit, in the vicinity of 
the peptidyl transferase catalytic centre. This step 
probably requires Mgt+ and K+, and is probably promoted 
by alcohol. In the second step (Fig. 2), the bound frag- 
ment either reacts with puromycin or interacts with 
sparsomyein to give, respectively, peptidyl-puromycin or 
the sparsomyem complex. Both reactions are essentially 
irreversible in our conditzons, and the products are 
non-interconvertible. The reactions are thus mutually 
exclusive and the effects of pre-incubating with sparso- 
mycin or puromycin are readily explicable. Inhibition by 
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Fig. 2. Hypothetical scheme to explain results, For discussion see text. 
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the chloramphenicol group of antibiotics could occur by 
interference either with step 1 or with some other less 
clearly defined step common to the action of both puro- 
mycin and sparsomyem. Puromycin or sparsomycin 
might interact with the mbosome either after (as shown) 
or before binding of the CCA-peptidyl group. 

There 1s still no conclusive evidence about the nature of 
the site at which sparsomycin acts, beyond the present 
confirming that the site 1s on the 50S subunit’, and the 
demonstration that sparsomycin does not compete with 
chloramphenicol-binding to the 50S subunit*. Gold- 
berg and Mitsugi® observed that mhibition by sparsomycin 
of the reaction between ribosome-bound polylysl--RNA 
and puromycin has kinetics suggesting competition of 
sparsomycin with puromycin. As these authors noted, 
however, the effect does not necessarily imply competition 
for a common site on the ribosome. Our results show that 
sparsomycin competes with puromycin for reaction with 
the bound peptidyl donor substrate, but again leaves open 
the question of whether or not the two antibiotics act at 
the same site. 

By analogy with studies of the puromycin reaction, it is 
reasonable to suppose that sparsomycm acts by essentially 
the same mechanism in the fragment system as in more 
natural systems, by mducing the formation of an inert 
complex between the 60 S subunit and the CCA-peptidyl 
moiety of peptidyl-cRNA. The observations that sparso- 
mycm stimulates the poly U-directed binding of N- 
acetylphenylanyl--RNA™ and the AUG-directed binding 
of pMet-tRNAg to E. coli ribosomes (unpublished results of 
D. V., J. A. Anderson, B. F. C. Clark and R. E. M.) are 
consistent with this mterpretation. 

Preliminary results indicate that sparsomycin also 
induces the formation of an mert complex in a fragment 
assay system using yeast mbosomes. The antibiotic 
appears to work by the same mechanism in both 705 and 
80S ribosomal systems. Because sparsomycin interacts 
with some key site ın the peptide bond-forming machinery, 
further knowledge of its action may help to elucidate 
the mechanism of protein biosynthesis. 

One of us (R. E. M.) is in receipt of a Huropean Molecular 
Biology Organization senior fellowship. The work was 
supported in part by the US National Institutes of Health. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Optical Candidate for Pulsar 
PSR 0833-45 


Two of the most si ar’ characteristics of the pulsar 
NP 0582 are ite short period (33 ms) and its association 
with a supernova remnant. This suggests that the next 
most promising candidate for detection of optical radiation 
from. a pulsar is PSR 0833-45 (ref. 1), associated with the 
Supernova remnant in Vela, which has a period of 89 ms. 

The colour measurements of NP 0532 (refs. 2-4) all show 
& strong ultraviolet excess. Because the radio dispersion 
of PSE 0833-45 is comparable with NP 06532 it is likely 
that the interstellar reddening is also comparable. This 
suggests that direct plates taken with U and B filters may 
be sufficient to identify stellar candidates. Accordingly, 
B. J. Bok took long exposure plates (103a0, UG2, 120 min; 
103a0, GG13, 60 mm; Eastman—Kodak Red Special, 
G2, 90 min) with the Curtis-Michigan 24/36 mch £/3-8 
Schmidt telescope at Cerro Tololo InterAmerican Observa- 
tory in Chile, 

The U and B plates were compared by blinking. Only 
one star (see Fig. 1) was found within the error rectangle 
of the radio position the U image of which was as strong 
as or stronger than the B image. Positions on the plate 
are shown in Table 1. 


Table 1 
a(1950.0) 6(1950.0) 
Radio position of pulsar 08h 83 m3895 1g —45° 0005" + 15” 
Measured position of can- 
didate 08 h 33 m 38-88 — 45° 00’ 027 


No other candidate with such a strong ultraviolet excess 
was found within 70 aro s of the radio position. 

Because there were no photoelectric standard stars 
present on the plates for calibration, 1t was not possible to 
measure accurately the magnitude of the candidate. But, 
by comparison with similar calibrated plates taken with 
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Fig. 1. Finder chart (GG 18 filter) for the pulsar candidate, which is 
located between the two mk lines. The brightest star on the chart 1s 
Smithsonian Oatalogue No, 220148 (my = 9-3, a(1950) = 8h 33 m 26 1048, 


6(1950) = — 45° 8’ 20 45”), and is approximately 4 arc minsouth-west of 
the candidate. 
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the same telescope, the B magnitude was crudely estimated 
at +19. Comparison of all three plates shows a flat 
spectrum similar to that found for NP 0532. 

The images on the U and B plates show a suggestion of 
faint nebular wisps emanating from the star. These 
wisps are so faint, however, that we are not certain of their 
nature or actual association with the star. 

We thank Dr Ray White, Miss Alce Hine and Mr Ed 
Howell of Steward Observatory for help and advice, and 
Dr Arthur Hoag of Kitt Peak National Observatory for 
the use of the blink comparator. 

W. J. Coozn 

M. J. DISNEY 

B. E. WESTERLUND 
Steward Observatory, 
University of Arizona, 
Tucson, Arizona 85721. 
Recelved March 24, 1969. 
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* Cocke, W. J., Disney, AL. J., and Taylor, D. J., Nature, 221, 525 (1969). 
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Pulsars and Neutron Star Formation 


THE current popularity of the rotating neutron star 
hypothesıs as an explanatıon of pulsars suggests that a 
re-examination of the problem of the formation of neutron 
stars 1s appropriate. In particular it ıs of mterest to 
know the: predictions of the theory of stellar evolution 
concerning the formation of neutron stara and the type of 
object from which they are formed. I present here a 
few plausible assumptions.that lead to some surprisingly 
general predictions. It will be suggested that pulsars are 
formed from massive O stars; observational testa of this 
hypothesis are possible and will be discussed. 

Hoyle et al.1 discussed the formation of neutron stars 
by the fragmentation of a rotating star undergoing 
gravitational collapse. Most investigations have taken 
a different approach, considering the neutron star as a 
remnant core of a spherically symmetric stellar explosion. 
Chiu? found that neutrino emission was adequate to cause 
collapse ın evolved stars the mass of which was above the 
Chandrasekhar limit (M/Mo)>1-45(2/u.)%. Fowler and 
Hoyle? have stressed that energy generation by thermo- 
nuclear burning will always dominate energy loss by 
neutrino emission as long as nuclear fuel is available. 
Exploratory computations‘ of the evolution of stellar 
cores through carbon, oxygen and silicon burning support 
this conclusion. The hydrodynamic collapse of a stellar 
core composed of iron (products of complete nuclear 
burning) was investigated first by Colgate and White 
(ref. 5 and see ref. 6). 

None of these analyses, however, allows estimation of 
which main sequence stars will form neutron stars at the 
end of therr lives (except that the total stellar mass of 
such stars must exceed the Chandrasekhar limit, other- 
wise only a white dwarf would result). 

Recent work’ suggests that if a direct electron—neutrino 
couplmg in the weak interaction does exist, then stars 
the cores of which are less massive than about 1 Mo at 
the end of helum burning will not ignite the 12C + 1C 
reaction immediately, but will develop highly degenerate 
cores. Investigation of the further evolution of such stars® 
suggests that ignition and detonation of the 1*C fuel will 
eventually result, causing a complete dispersal of the star 
into space, or that a white dwarf will result after non- 
catastrophic mass loss. 

I considered the evolution of a helium-burning shell 
which surrounds ea degenerate core of the carbon and 
oxygen which are formed in helium burning. As the shell 
burns its way toward the stellar surface it adds its reaction 
products to the degenerate core. This increases the mass 
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of the degenerate core, causing & contraction. The result- 
ing rate of release of gravitational energy per g, €g, 
mereases with increasmg central density peleg% per). 
This energy is radiated away by emission of plasma 
neutrinos. The energy loss rate for plasma neutrinos, 
e,, decreases exponentially with mereasing p1/?/7' for very 
high densities. In the relevant conditions such a decrease 
is just begmning to occur. The temperature is determined 
by the equality eg=€,, so that increasing density implies 
increasing temperature for sufficiently degenerate stars. 
Eventually the temperature will rise sufficiently to ignite 
the 12C + 1C reaction m the core. In the condition of high 
degeneracy a detonation wave develops. If no C were 
present in the core, a similar phenomenon would occur 
for 16O or any other sufficiently explosive fuel. 

Can such an explosion completely disrupt the star? 
In stars with dense degenerate cores, the gravitational 
binding energy of the core contributes almost all of the 
total gravitational binding energy of the star. The struo- 
ture of such a core is well represented by a degenerate 
electron configuration (“white dwarf” model). The 
maximum gravitational binding energy B of such an 
object (of mass M) is approximately 
BIM ~% 2-16 x 10*[1 — (27 x 10? pel po)! PIDI/1-42 M o)! 

(u2/2)*? erglg 
where pe is the central density and pe the mean atomic 
weight per electron. It can be shown that for our pur- 
poses we can take us=2 to & high degree of accuracy. 
Including general relativistic corrections, the hmitmg 
mass? 19 M=1:42 Mo, so that B/M<1-9+10" erg/g 
(pex= 23 x 10" g/om?). If the release of energy from explo- 
sive nuclear burning is much larger than this value, then a 
complete disruption of the star is to be expected. Numer- 
cal hydrodynamic computations support this expectation. 
Tt seems that stars of insufficient mass to ignite 10+ "C in 
this way will become white dwarfs. For the problem of 
neutron star formation I considered the energy release 
in several possible explosive burning stages. (1) In 
these conditions carbon burning is followed by igmition of 
160 +160, so that the reaction 


2120 + 24O—>Ni + 7-65 x 1027 erg/g 


is representative of combmed explosive burning of 1C 
and 1O. (2) In order to burn 40++*C0 hydrostatically 
(non-explosively), a star must be sufficiently massive 
(M29 Mo). Such stars have & carbon-—oxygen core of 
M~1 Mo; for such a core the gravitational energy 
generation following core helium burning is sufficiently 
large to overcome the rate of energy loss due to plasma 
neutrinos and igmte ##0+1%C in the initial contraction 
phase. Considerable *Ne is formed in hydrostatic carbon 
burning. After Ne photodisintegration there may be an 
explosive process which can be approximated by 

2160 + MMg—>*N1 + 5:35 x 1027 erg/g 
(3) Finally, if the star 1s massive enough to ignite 1*0 + 160 
in non-degenerate conditions (M2Z15 Mo), then the 
explosive process may be 

2**Gi—-s*Ni + 1-89 x 10” erg/g 

where the possible energy release 1s probably overestima- 
ted. Explosive ignition of carbon and oxygen, and of 
oxygen and magnesium, will disrupt the star, and no 
neutron star is to be expected. Explosive silicon burning 
is marginal, and after a hydrostatic phase of silicon burn- 
ing a degenerate core cannot be disrupted by stellar 
explosion. In this case some remnant will be left, either 
a white dwarf, a neutron star or an object collapsing to 
the Schwarzschild singularity. 

These arguments imply that non-violent ignition of both 
120 4.180 and 160+1*O 18 a prerequisite for neutron star 
formation; but for what range of mass do main-sequence 
stars undergo such non-violent ignition ? 

Stellar evolutionary calculations (H.-C. Thomas, private 
communication), which include neutrino emission, show 
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that a 9 Mo star can just barely ignite its 110 in a peaveful 
way and only a relatively mild carbon flash occurs. It 
would seem that such a star will probably ignite its oxygen 
under high degeneracy, so that to avoid an explosion at 
this stage higher masses must be considered, perhaps 
M~15 to 20 Mo. This estimate is uncertain, but it is 
clear that we are considering very massive stars, probably 
O stars. We note that removal of the envelope in the red 
giant phase will not affect the evolution of the core very 
much. 

If pulsars are produced from O stars, then correlation 
between the distribution of pulars and O stars is to be 
expected. Some pulsars would be expected to form near 
OB associations and the high velocity, “runaway” O 
stars could also be a source of pulsars. This correlation 
should be subject to observational test by comparing the 
distribution of O stars and of pulsars. For example, if 
the age of detectable pulsars is of the order of the lifetime 
of O atars (as is suggested by the rate of change of some 
pulsar periods), then we would expect to see as many 
pulsars as O stars within, say, 1 kps of the Sun. There 
are about thirty O stars withm such a distance, and 
present pulsar data seem to be consistent with this 
number. It is hoped that an accurate comparison of this 
type will eventually be possible. 

Pulsars have been associated with supernova remnants 
(the Crab nebula and the remnant in Vela) The mass of 
the filaments in the Crab nebula is estimated’? to be 
M~1Mo. The maximum mass of a stable neutron star is 
M<s2 Mo so that the sum is M~3 Mo which is smaller 
than the minyzmum main-sequence mass estimated above 
(M~15 Mo). To obtain consistency 1t must be assumed 
that significant mass loss occurs before the explosive 
phase, or that the actual mass ejected during the super- 
nova explosion was larger than the present estimates 
of the mass in the filaments. The large anomalous 
velocities for the Crab gas filaments and the 0-033 s pulsar 
(“central star”) found by Trimble”, although uncertain, 
suggest that the Crab could have resulted from the 
explosion of a “runaway” star. This would imply a very 
complex history for the object. In particular, in view of 
the explanation of “runaway” O and B stars by Blaauw?', 
the presupernova star which became the Crab nebula 
may have shed significant mass at the time when. its 
companion disrupted. This is especially true if it had 
a red-giant structure. The subsequent core evolution 
would then be relatively insensitive to the loss of the 
envelope. It is hoped that further investigation will 
show if any of these possibilities is plausible. 

The argumenta presented here are based on assumptions 
conventionally used in the theory of stellar evolution. It 
1s interestmg to note that these predictions are not 
obtained if a direct neutrino—electron coupling does not 
exist in the weak interaction. It should be stressed that 
although neutrino emission by the nuclear URCA process 
was not important in the evolutionary computations 
described here, changes in the somewhat uncertain input 
physics could produce a different result. Finally, I note 
that spherical symmetry has been assumed throughout. 
Although for hydrogen and helium-burning stages this 
assumption is correct, I have no observational evidence 

ing its validity for later stages of stellar evolution. 
It is not clear how a consideration of non-spherical effects, 
such as rotation, would affect the arguments presented. 
here. In spite of these uncertainties, however, a teat of 
the predictions presented here would be interesting. 

I thank Dr H.-C. Thomas for private communication 
of his results and Professors William A. Fowler, W. L. W. 
Sargent, P. Goldreich and Dr R. Schild for comments. 

W. Davip ABNETT 
California Institute of Technology, 
Pasadena, California. 
Received March 24, 1969. 
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Hydrogen Atoms in Interstellar Grains 


PHOTOMETER measurements of stellar fluxes in the 
vacuum ultraviolet/-? have shown that there exists a 
general flux deficiency below 1215 A (Lyman-«). This 
observation is supported by the photographic spectra of 
Carruthers‘, who suggests that this deficiency is not a 
result of line blanketaung ın the atmospheres of the stars 
studied, but 1s caused by absorption in some constituent 
of the interstellar medium. I examine here the possibility 
that the source of this absorption may be hydrogen atoms 
trapped at or near the surface of interstellar grains. The 
influence of a crystal environment on the Lyman-« 
transition, of atomic hydrogen was investigated. 

Detailed calculation of perturbations to the energy 
levels of an impurity atom trapped in a solid usually 
requires knowledge of a number of parameters which are 
not available for interstellar grains’. A more general 
approach is therefore necessary. I have used the con- 
tinuous dielectric model of Coulson et al.™!, which has the 
advantage that a reasonable estimate of the shift of an 
atomio transition of a trapped impurity can be obtained 
from one parameter: the dielectric constant. 

Following Jortner and Coulson® it is assumed that a 
trapped hydrogen atom resides in the centre of a spherical 





Fig. 1. 48 La Versus Re for various values of « the refractive index. 
Re is in atomic units. When 4AF La is negative Lyman-a is shifted to 
ahorter wavelengths. 
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cavity of radius R, in a continuous dielectric medium. 
This medium is characterized by an optical dielectric 
constant Do end a static dielectric constant Ds. The shift 
of the ground state, AH (1s), can be found from 


11 1X 7x 

=i— — —— pan 3 za 

eau al =, + a+ HX Jexp ( 4X) 

23 as 
HO)= — - — 
Co Nae 

21X 5X? 

1 = =e es, a 3 es 
K +X) exp (—2X) (1+ +5 +X) xp ( 4x) | 


and 
AK (18) = Hy (18) — E(2) 


where «=1—1/D,, X = AR, and Hy (1s) =the ground state 
energy of a free hydrogen atom. The shift of the 2p level is 
Bo cs) 
AK(2p) = JI bral? Vola c+ S | bap [Vardar 
with 


V(r) = (as e 


r 





J exp (~ 221) 


exp (= 29") 





+2 oe fut 
r 2 
and 
vo \ 1/3 a 1 
bao(t)=(<—) r exp (=v) wth = = 
30. s 2 


and ¢,=(1—1/D.). The shift cf Lyman-a is 
AETa= AH(1s)— AE(2p) 


This shift 1s plotted ın Fig. 1 for D,= D,=n*, where n 18 
the (real) refractive index. As a check on the validity of 
these approximations the shift of Lyman-a in solid argon 
is found to be ~ + 0-40 eV when Fo is taken as one-half 
the nearest neighbour separations. The experimental 
shift ıs + 0-36 eV (ref. 9). This agreement indicates that 
long range forces domimate the interaction between a 
trapped hydrogen atom and a matrix of neutral species. 

This calculation shows that, because R, for most 
materials lies in the range 2-5a,, the Lyman-« transition 
of a hydrogen atom trapped in a material of refractive 
index 1-1 or greater would be shifted to higher energies. If 
n=1-3 and R, is between 3 and 4a,, Lyman-« is shifted by 
about +0-4 eV regardless of the detailed structure of the 
material in the grain. Hydrogen atoms in interstellar 
grains would then give rise to a broad absorption feature 
centred about 1170 A. It is interesting that the flux 
measurements of Opal e al. seem to exhibit a minimum 
at ~1180 A. On the basis of this calculation, the dip in 
photon flux below 1215 A may be a result of absorption 
by hydrogen atoms trapped at or near the surface of 
interstellar grains. 

This research was supported by the National Research 
Counoil. 

W. W. Duty 
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Experimental Test of a Gravitational 
Effect suggested by Szekeres 


SZEKERES! recently suggested, on the basis of his earlier 
work?, an interaction that causes an electromagnetic wave 
to change its frequency while travelling through a com- 
bination of electromagnetic and gravitational fields. 
The work of ref. 1 was initiated by experiments by 
Sadeh et al.24, In one of these experiments the 21 om 
absorption line from Taurus A was observed. A decrease 
in the frequency of the line was found to occur when the line 
of sight approached the Sun. In the second experiment, a 
decrease in the frequency of -a terrestrial source was 
observed which was roughly proportional to distance. 
Sadeh suggested that this effect was a red-shift of an 
electromagnetic wave while 1t travelled through a gravita- 
tional field (an effect that‘ cannot be unted for by 
general relativity), while Szekeres suggested that it was a 
combined effect of the gravitational field and the trans- 
verse electric field of the Earth, and was dependent on 
direction. Szekeres’s suggestion ıs strengthened by 
evidence that the effect was not observed ın two-way 
experiments. 

The hypothesis by Szekeres can be checked in the 
laboratory. If in a two-beam interferometer a transverse 
electric field 18 applied on one of the beams, a beat should 
appear in the interference pattern. If an electric field 
E Vm- is applied along a path Lm long, the relative 
change in frequency should be 


Af 
F 


In the suggested experiment (the hght beam travelling 
. only in one direction in the electric field) we should thus 
observe a beat frequency 


Af=2x10-* f HL (2) 


In an experiment which I have performed using He-Ne 
laser light (f~5x 101 Hz), and a transverse electric field 
of 75x 108 Vm along a path of 46 cm, the beat fre- 
quency should be Af ~ 3-5 Hz. 

The result shows that Af < 0-2 Hz and possibly 
Af<10-* Hz (a more detailed account will be published 
later). This suggests that the Sadeh experiment cannot 
be explained by the Szekeres hypothesis, or that the 
effect also depends on the frequency of the electro- 
magnetic wave, and is stronger for long wavelengths. 

J. Suasme 


=2x10-° EL (1) 


Department of Physics, 
Technion—Israel Institute of Technology, 
Haıfa, Israel. 
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Time-symmetric Electrodynamics 
and Self Action 


Reopntiy I proposed! a mechanism for spontaneous 
emission as an alternative to that given by Hoyle and 
Narhkar*. In view of the pomts since raised by them?, 
it seems worthwhile to elaborate slightly further on the 
proposed theory and indicate the reason for its introduc- 
tion. 

The Hoyle—Narlikar theory, because it is based on 
absorber theory, sutomatically excludes any possıble 
effects of the electromagnetic zero point oscillations. 
Surely the justification for ignoring possible effects of 
these oscillations on the emission rate does not he in 
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whether they do or do not occur in a particular theory, but 
whether or not they exist ın nature. Whether or not we 
believe these oscillations to exist depends on there bemg 
possible satisfactory alternative explanations of such 
effects as the Casimir force, verified exper:mentally by 
Deriagin and Abrikosova‘, which 1s independent of the 
charge (or coupling constant) e, rather than of effects such 
as the charge-dependent Lamb shift‘, If these osculla- 
tions do exist, and have some effect, their existence should 
be recognized in any physical explanation of spontaneous 
emission. 

Conventional quantum electrodynamics does not offer a 
physical explanation of spontaneous emission, it merely 
provides a formula for calculating the emission rate. (In 
fact it is quite sumple to extract from the fundamental 
equations, which are basically tume-symmetric, a formule 
for a non-zero rate of spontaneous absorption.) Until now, 
the only explanation of the cause, or stimulation, of 
spontaneous emission seems to have been in terms of zero 
point oscillations, but the conventional expression of 
this mechanism predicts only one half of the observed 
rate. 

An important advantage ın the work of Hoyle and 
Narhker ıs that their approach gives a good physical 
explanation which predicts the correct emission rate. 
Unfortunately, if zero pont oscillations are real, a modifi- 
cation to the mechanism suggested by Hoyle and Narlkar 
is necessary. The modification I have proposed? uses the 
normally accepted association of zero-pomt oscillations 
with classical self-action. 

The relationship of absorber theory to the theory I 
suggested_on which this newly proposed mechanism might 
be based 1s that both theories are members of an infinite 
morphological class of theories formed by making the 
conventionally accepted postulates concerning emission 
and absorption intrinsically time-symmetric. These 
conventional postulates may be written as: (a) a body can 
undergo an emissive transition by means of its own self 
action (that is, a body can emit radiation whether or not 
another body 1s present to absorb this radiation), and (b) 
a body undergoes absorptive transitions only by means of 
the action (direct or indirect) of another body. Now (a) 
and (6) fit observed facts, but have the disadvantage that 
the arrow of time is introduced ad hoc. To remove this 
difficulty we can make these postulates time-symmetric 
(that is, make the absorption process and the emission 
process time mverses of each other), 1mpose time-asym- 
metric boundary conditions such as a given cosmological 
model, and then hope to recover results consistent with 
observed time-asymmetric phenomena. One possible 
method of making the postulates time-symmetric would 
be to remove postulate (a) and, instead, make emission 
the time inverse of absorption as described by (b). This 
would lead to absorber theory. Another member of this 
class of theories would be obtamed by replacing postulate 
(b) for absorption by the time inverse of (a). We might call 
such a theory “emitter theory” by analogy. The theory 
which I have actually proposed is the class member mid- 
way between these two extremes, and is formed by 
making one half of both emission and absorptaon conform 
to (a) and 1ts time inverse, and the other half to (b) and its 
time inverse. 

The real value of this proposed theory arises because, 
while being dependent on cosmology, 1t does not rely on 
one particular cosmological model and will still provide an 
explanation for spontaneous emission if the steady state 
theory is eventually disproved. This ıs apart from the 
retention by the theory of the concept of electromagnetic 
mass, which seems important from high-energy scattering 
experiments’. 

In conclusion, ıt is important to realize that various 
cosmological boundary conditions will produce the correct 
arrow of time when used in conjunction with only certain 
members of the class of intrinsically time-symmetric 
electrodynamic theories. In this light, ıt appears that 
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the work of Hoyle and Narlikar should not be taken, as 
they opine’, as gomg far towards demonstrating that the 
steady state model is the correct form of cosmology. 
Their work does, however, make absorber theory vulner- 
able to any cosmological observations agaist the steady 
state theory. 
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Electromagnetic Induction in the 
Earth by the Equatorial Electrojet 


MATHEMATICAL expressions relating the components of 
the Earth’s magnetic field and the components of the 
currents induced by this varying magnetic field in the 
Earth’s surface—the so-called Earth currents—have been 
derived!“. With the exception of Price’s theory‘, the 
resulting relations are inapplicable to induction problems 
in the equatorial electrojet region, because ın the deriva- 
tions it has been assumed that the space gradients of the 
mducing field are negligible. Price’s theory, however, 
does cover the case where there are appreciable space 
gradients in the inducing field and yields the expressions 


E,= =P oy Hz 
to oP 
Hy= oP a Hx 


where Er and Ey are the N-S and E-W components of 
the induced field, Hx, Hy and H, are the north, east and 
vertical components of the Earth’s magnetic field, P is 
a function dependent on the spatial distribution of the 
magnetic potential and v is a constant dependent on the 
dimensions of the inducing field. In practice, the determ- 
ination of a suitable function for P may be difficult, 
although Caner et al.§ have developed a tecbnique— 
involving observations from two stations—which enables 
Price’s theory to be applied more readily. 

In the region of the magnetic dip equator, however, it 
is possible to deduce relatively simple expressions relating 
the magnetic field components and those of the induced 
Earth currents if the following assumptions are made 
concerning the nature of the equatorial electrojet current 


system. 
(1) The H and E variations may be expressed as simple 
harmonics 
H= {Ay (a,2)i+ Hz(x%,z)k} efo(t + y/o) 
and 
E=({#x(2,z)1+ Hy(2,2)j} otot + y/o) 


where v is the linear speed of rotation of the Earth along, 


the latitude » (this speed being taken as constant for the 
range of latitudes considered, that is, approximately 6° 
on either side of the dip equator), x is m the magnetic 
north direction, with x=0 at the dip equator, y is in the 
east direction, and z is vertically downwards with z=0 at 
the Earth’s surface. j 

(2) Hy is very small compared with Hx and Hs in the 
equatorial electrojet region. 

(3) Hx is symmetrical with respect to the dip equator. 

(4) H, is antisymmetrical with respect to the dip 
equator. 
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(5) Ez=0 everywhere. 

(6) The magnetic permeabulity, p, is taken to be unity 
everywhere and the displacement current D is assumed 
to be negligible. 

Assumptions (2), (3) and (4) are based on our present 
knowledge of the equatorial electrojet and represent an 
average picture of the magnetic field distribution with 
reasonable accuracy*-§. Assumption (5) holds not only 
for the case where the source field is ın the x-y plane, but 
may also be taken as a reasonable approximation mm 


general‘, 
If Maxwell’s equations 
Curl H=cE (1) 
and : 
Curl E= —B (2) 
together with 
dE 
2B = kia 
y Sto a (3) 


which can readily be derived from equations (1), (2) and 
div E=0 (ref. 4), are now considered im the light of the 
stated assumptions, 1t can be shown that a simple solution 
of the equations gives 


Hza = (Hza)o cos kyx efo(t+y/e) (4) 

H= (Hza)x’ sin kx oiolt+yjo) (5) 

Eye=(Eye)o cos kyx efo(t+y/e) (6) 
and 

Exo= (Hxe)x’ sin kyx ciol +yh) (7) 


The second suffix, & or e, refers to the medium air or Earth, 
in which the component is measured, k, is a constant 
dependent on the latitudinal extent of the electrojet and 
(Hza)o and (Hye)o are the amplitudes of Hxs and By. at 
the dip equator at the Earth’s surface, while (Hraj and 
(Exel are the surface values of Has and Eze at wo’ = 1/2k, 
from the dip equator. 

Further, the depth of penetration, defined as the depth 
below the surface where the amplitude of the E components 
is reduced by a factor of 1/e, is found to be 

A 8 
P (8) 
where 
k? = k? — w? jv? — ipon 

An investigation is now in progress to apply these 
expressions to observations in the equatorial region, but 
some of the implications which arise from them can now 
be noted. For example, equations (4) and (6) show that 
Hz. and Hy. have maxima at the dip equator, while 
equations (5) and (7) indicate that Hy, and Exe are zero 
at the dip equator but have maxuma at the “edges” of 
the electrojet region. Observations in Ghana during the 
International Geophysical Year’, and recent observations 
in Zaria, Nigeria, and across the dip equator in Nigeria 
(private communication from J. A. Akintobi), seem to 
support the trends suggested by the equations for the E 
components while it is well known that the H components 
are in general agreement with these expressions, provided 
that k, (Hxa)o and (Hza) are all regarded as time-depen- 
dent functions. 

Five arbitrary constants, of which one is k,, arise in the 
solution of equations (1) to (3). The other constants are 
dependent on the Earth model considered. In the simplest 
case, where c=0 when z<0 and c=c when z>0, the 
boundary conditions have been applied to obtain expres- 
sions for the ratios of the amplitudes of the harmonics of 
the magnetic and Earth current variations. The simplest 
of these expressions is 


ear “ee (9) 


showing that, in general, the ratio is dependent not 
only on the period of the variation and the conductivity 
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of the Earth but also on the dimensions of the electrojet. 

The theory is now being applied to observational data 

from Nigeria with the object of estımating values of 

electrical conductivity in the Earth’s crust and mantle. 
I thank Professors A. T. Price and A. A. Ashour for 

helpful discussions. This investigation 18 & preliminary 

contribution to the Nigerian Upper Mantle Programme. 

ROSEMARY HUTTON 

University of Ibadan, 

Nigeria. 
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Organic Analysis on the Pueblito de 
Allende Meteorite 


On February 8, 1969, a meteorite fell near Pueblito de 
Allende, Chihuahua, Mexico. An elemental analysis of 
fragments, collected shortly afterwards, was published 
on February 28, 19691, and showed that ıt contamed 
Gbps 0-3 per cent carbon. In the meantime, 
samples of the meteorite were collected by one of us 
(B. R. 8.). We now report the analysis for certam organic 
constituents in that sample which was collected on 
February 15, 1969. The carbon content of the sample used 
in these studies was approximately 0-35 per cent. 

Dual analyses were performed between March 1 and 
March 10, 1969. The sample used was approximately 
egg-shaped, weighing 2-5 kg in total with a fusion crust 
over its entire surface. 

The surface of a 250 g portion, on which the analysis was 
to be performed, was removed to a depth of about 0:25 
inch, mncluding all of the fusion crust and an approxim- 
ately equivalent thickness of the fresh break which repre- 
sented one surface. This operation, and all succeeding 
operations, were carried out in a clean cabinet through 
which a filtered air stream was continuously passing. 
The chips and centre piece were analysed separately, 
according to the following flow sheet. 


250 g fragment 
g e el > 
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PUEBLITO de ALLENDE METEORITE 


mCis 
A. 40Gra OUTSIDE SAMPLE 


TOTAL ALIPHATIC HYDROCARBONS 
APIEZON L COLUMN IOOFTX0.0I in | D 
90°-300°C 2°C/ Min 

25ML/Min He 





200Gre INSIDE SAMPLE 









130° TEMP °C 


Fig. 1. Gas chroma’ 


of total alphatic hydrocarbons from extract- 


able o o material. Aerograph model 204 fio chromatograph 


equip with a flame ionization detector. About 1/10 of the n-heptane 

eluate was injected in each case. A, 0'5 p.p m. o hydrocarbons were 

detected in outside sample; B, 0 601 p.pm. of hydrocarbons were 
detected ın interior sample. 


The extractable organic compounds are shown in the 
chromatograms in Figs. 1, 2 and 3. In each case, the A 
chromatogram represents the analysis of the surface chips 
and the B chromatogram represents the analysis of the 
interior of the sample. The surface chips in all three cases 
contaimed between 0-1 and 0-5 p.p.m., as indicated specific- 
ally in the figures, while the interior contained 0-001 to 
0-002 p.p.m. as indicated. The identity of eack peek was 
obtamed by combined gas chromatography—mass spectro- 
metry. All mass spectra were taken by a combination of 
an Aerograph 204 gas chromatograph and an AEI M8-12 
mass spectrometer. The chromatogram of the organic ex- 
tract obtained from HF-HCl dissolution revealed no organic 
material at all. The amounts of solvent soluble organic 
matter found in the interior portions are several orders 
of magnitude smaller than that reported? for other 
carbonaceous meteorites. A limit of 0:1 part per bilhon 
of possible indigenous organic matter 1s indicated. 


40 g interior chips 
chips 1/4 to 1 inch chips washed with 20H 
Identical procedure i Rock crusher 
carried out as with 120 mesh powder 
Jnterior chips 
CH,OH : benzene (1 : 8) (with ultrasonte vibration) 
Redu > Organic solvent 
(For bound hydrocarbon- Remove solvent by 
fatty acid analysis) rotatory evaporator 
HF : HC (1:1) Coluran chromatography 
0 per cent-40 nt 
ie i n-heptane zene MeOH fraction 
fraction fraction 
Resldue HF-HCI For fatty acid 
anes G@C-MS* analysis GC-HMs* analysis s i 
Extract with Extract with Solvent 
benzene-MeO0OH benzene removed 
| BF-MeOH 
Combine these two extracts Mothy) esters 
rict 
Column chromatography as with initial organic extract GC-MB8 analysis 


* GC-MS = Gas chromatography and mass spectrometry. 


+ TLC = Thin layer chromatography. 
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PUEBLITO de ALLENDE 
METEORITE 


A BENZENE FRACTION 
40 6rs OUTSIDE SAMPLE 
APIEZON L CLMN 1000 œ" LD 
90°-300°C 2°C/MIN 
2SML/MIN He 














B. 200 Gm INSIDE SAMPLE 











Lae 


Fig. 2. Gas chroma: of total benzene fraction from extractable 

organic material. A, 0-2 p.p.m. of organic compounds were found in 

outside sample, B, 6 002 p.p.m of organic compounds were found in 
interior sample. 


250°C 200°C 150°C 
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PUEBLITO de ALLENDE METEORITE 


A. 40Gr OUTSIDE SAMPLE 
TOTAL FATTY ACIDS (METHYL ESTERS) 


APIEZON L Clmn. 100'x0 01" 1D 
90°-250°C. 2°C /MIN 
25ML/MIN He 















B. 200 Grs INSIDE SAMPLE 





200°C. (SO°C. Temp °c 





Gas chromatogram of total fatty acids (methyl esters) from 
acids were detected 
ds were detected in 


Fig 8 

extractable organic material, A, 01 p.p.m. of fa 

in outside sample; B, 0001 p.pm. of fatty 
iterfor sample. 


It 1s clear that the organic materal found in the surface 
layer of this meteorite 18 of biological origin and cannot be 
other than terrestrial contammation acquired even in the 
short period of time available to the meteorite, namely, 
between ite fall on February 8, 1969, and its collection on 
February 15, 1969. The speed with which this contamina- 
tion was acquired, and the diversity of the material 
contained in that contamination, make doubtful any 
interpretation of such organic materials that have been 
found in meteorites of unknown, or at least considerably 
longer, terrestrial history**. The presence of the mono- 
unsaturated Cı, fatty acid ın the Pueblito de Allende 
meteorite 18 additional confirmation of recent contamina- 
tion. Such unsaturation has not been found in the Pre- 
Cambnan rocks’. Furthermore, this exercise in analysis 
of rocks recently acquired on Earth makes all the more 
clear the need for the extreme precautions that are being 
taken ın preserving the returned lunar sample. 
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Recent Geological Investigations in 
the Irish Sea 


Aw area of Carboniferous rocks between the Isle of Man 
and Anglesey has been found during a recent geological 
and geophysical survey by the Institute of Geological 
Sciences in the north-east Irish Sea. Echo sounder records 
from this area mdicate a notably uneven sea bed, which 
locally has a relief of up to about 40 feet and probably 
consists of outcrops of solid rock surrounded by boulder 
clay or gravel. Rock samples were recovered with a gravity 
corer at fifteen localities and ıt seems likely that they were 
cored from outcrops rather than from boulders in boulder 
clay. The samples have been identified as follows (see 
Fig. 1 for localities): three cores of Manx Slates (close to 
the Isle of Man), three cores of rocks from the Mona Com- 
plex (close to Anglesey), four cores of Carboniferous 
(Westphalian) mudstones and siltstones, one core of Ordo- 
vician mudstone, and four cores of mudstone and siltstone 
of undetermined age. These have yielded no Carboniferous 
spores but are currently being exammed for any other 
microfauna. They may be of Lower Palacozore age. 

At two other localities cores were obtained of rocks of 
Permo-Triassic aspect. It is possible that these samples 
were cored from large boulders in boulder clay, but it 1s 
equally likely that they came from outcrops of solid rock. 

The palynological examination of twelve samples has 
been completed. The character of the residues recovered 
has permitted the samples to be readily separated into two 
main groups. The southern group of eight assemblages 
was composed of finely digested carbonaceous material and 
small carbonaceous rods. From one of the samples in this 
group three chitinozoans were recovered which have been 
identified as ? Oyathochitina campanulaeformis Eisenack 
and O. calis Eisenack and are taken to indicate an 
Ordovician age. The latter species, which has never been 
recorded from sediments younger in age than Caradocian, 
was recorded by Jenkins! from the basal Hope Shales of 
Shropshire which are of lower Llanvirn (D. bifldus Zone) 


"The northern group of samples dıffers markedly from 
those of the southern area ın possessing large quantıties 
of well preserved plant debris and large numbers of 
miospores. Representatives of the genus Lycospora—the 
dominant mıcrofioral element in all four samples—com- 
monly made up more than 80 per cent of the total assem- 
blago. Of the less frequent forms recorded, the following 
are of stratigraphical significance: Ratstrickia cf. superba 
(Ibrahim) Schopf, Wilson and Bentall, Dictyotriletes bire- 
tioulatus (Ibrahim) Schopf, Wilson and Bentall, D. retsculo- 
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cingulum (Loose) Smith and Butterworth and Vestispora 
peeudoretioulaia Spode, which were recorded by Smith and 
Butterworth? as o ing in Westphalan A to West- 
phalian C seduments:in the British Coalfields; Ratsirickta 
saetosa (Loose) Potomé and Kremp, Wndosporites globi- 
formis (Ibrahim) Schopf, Wilson and Bentall, Flortnites 
florini Imgrund, and F'. medtapudens (Loose) Potonié and 
Kremp which Smith and Butterworth recorded from 
Westphalian A to Westphalian D; and Florinttes millottt 
Butterworth and Willams, Vestispora costata (Balme) 
Spode and V. of. fenestrata (Kosanke and Brokaw) Spode 
which were respectively recorded by Smith and Butter- 
worth from Westphalian B to Westphalian D, Westphalian 
B to Westphalian C and Westphalian C to Westphalian D. 
An upper Westphalian B age is suggested for the samples 
from the northern area on the basis of the species recorded. 

Geophysical investigations by the mstitute? indicate 
that in the area of Carboniferous and Ordovician cores 
there is a large syiclinal structure in bedded rocks with a 
fold axis trending ENE-WSW. This presumed downfold, 
involving Ordovician and Westphalian rocks, lies south- 
west of the gravity high, which was mdicated by the work 
of Bott‘ to lie about 12 miles south-east of Douglas. It is 
separated by this high from Bott’s Manx—Furness basin. 

Outcrops of Carboniferous rocks in neighbouring land 
areas are of Dinantian age in Eire and the Isle of Man, 
and range in age from Dinantian to Westphahan to the 
south and east between Anglesey and Cumberland. This 
new discovery of Westphalian rocks lends support to the 
possibility that strata of similar age may be present in the 
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several sedimentary basins indicated by geophysical work 
in the Irish Sea. 
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Sea Floor Spreading as a Factor of 
Tectonic Evolution in Southern Chile 


DirFiouLt1Es have arisen in attempting to reconcile the 
tectonic evolution of contimental borders with the theory 
of ocean floor spreading. In the case of the Chilean 
coast, sea floor spreading has apparently been confirmed 
by magnetic evidence and disproved by the presence of 
undisturbed sediments in the trench. Scholl, von Huene, 
and Ridlon? have suggested that there are only four 
alternative solutions to this diffloulty, none of which is 
supported by experimental evidence. 

In this article I explore the possibility of a mechanism 
involving sea floor spreading which agrees with the 
tectonics of an active contmental border. New field 
observations m geology and geomorphology are contri- 
buted in an attempt to clarify the evolution of a little 
known sector of the Chilean coast. This sector is the 
epicentral area of the great 1960 earthquake. 

Near the mam epicentre of the 1960 earthquake is a 
body of brackish water connected to the Pacific Ocean by 
a 7 mile long tidal channel. (The epicentre of 1960 May 
22 at 1911Z is not precisely known. Two foreshocks of 
magnitude 74 obscured the onset of the seismogram at all 
stations. The magnitude of the mam shock was about 8$.) 
Both channel and lake are called Budi (Araucanian 
fudht: brackish, bitter). The normal level of the lake is a 
good gauge of mean sea level. Soundings along the shore, 
using pre-1960 landmarks and submerged wave-cut 
benches as references, yielded a value of the total subsi- 
dence of 2:06+ 0-15 m with respect to the pre-1960 stage 
of the lake. Field work was carried out in February— 
March 1968. This is believed to be one of the best 
documented measurements of subsidence along the 
Chilean coast; benchmarks along the ocean front were 
obliterated by the tsunami. 

Fig. 1 shows the drainage pattern of the region, and (in 
dark shading) the submerged areas. The extent of sub- 
Inergence was determined from aerial photographs taken 
before 1960 and in March 1961. Between the latter 
survey and 1968 there were small additional changes, 
amounting to about 20 am of subsidence. There was no 
evidence of a reversal or recovery of the original 1960 
subsidence, either along the lakeshore or at coastal points 
where 1960 photographs were available. 

The Budi coastal area appears on geological maps as 
part of the Pre-Cambrian metamorphic basement. Actually 
the lake was found to be totally set in a continental 
formation of Late Caenozoic age which has not been 
previously mapped or described. The new formation (to 
be called “Budi Formation” in this article) consists 


NATURE, VOL. 222. APRIL 26. 1969 


PYAUCHO 


39°00) 





z 


EXPLANATION 
Precambrian metamorphics 


Coostal bathatith 


Andaon aplstt 


o 


Recent voiconogs 


\ 


Direction of dispiscement of 
oetivity 









3 
Epican 





orea 


Kitometers 


50 9 $0 100 150 
pare E St Ree ieee 





Fig. 1. Tectonic Provinces of southern Chile, and the subsidence of Lake Budi after the 1960 earthquake. 


of horizontal layers of white, uniform sandstones and 
siltstones. Mudstones are finely layered and show the 
familiar surface cracks due to sun-caking. The best 
outerops are found in vertical cliffs fronting on the lake. 
Graminea reeds grow upright in the siltstone, suggesting 
slow in situ deposition. Fossil leaves of the laurel family 
are also common. The flora found in the Budi Formation 
is representative of genera still found growing in the low 
foothill and lakeshore environments of southern Chile. 

The Budi Formation is in faulted contact with the 
Pre-Cambrian basement of the east. The location of the 
fault was inferred from drainage patterns (Fig. 1), and 
confirmed in exposures found in roadcuts near Puerto 
Dominguez. A gravity profile measured in 1963 yielded 
a steep anomaly of 20 mgal just east of Puerto Saavedra’, 
which may be attributed to the fault. In that case the 
coastal block would be downfaulted by at least 1,500 to 
2,000 feet. 

Fig. 2 deseribes the remarkable changes which oceurred 
north of the Budi outlet after the 1960 earthquake. The 
course of the Imperial River was shortened as a result of 
the subsidence; it now reaches the sea about 10 km north 
of its original estuary. The latter has become a coastal 
lagoon. By analogy it is concluded that Lake Budi prob- 
ably originated through a similar process. The oblique 
photograph of Fig. 3 suggests that the lake may be 
oceupying an early meander of the lower course of the 
Imperial River. Strong evidence in support of this 
hypothesis is found in an erosional gap through the 
Budi Formation at Puaucho (Fig. 3), where the old river 
should have cut its channel toward the sea. 
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Fig. 2. Geomorphological changes caused by the 1960 subsidence and 
tsunami near Puerto Saavedra. The port has been cut off from the 
ocean and from the river. 
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The origin of this tidal lake must therefore be attributed 
to an ongoing marine transgression along the coast, This 
transgression must have been advancing at a fairly rapid 
rate. The probable sequence of events was as follows: (a} 
downfaulting of a slice of the Chilean coast with deposition 
of continental sediments; this must have occurred less 
than 10 my. ago, as witnessed by the Late Caenozoic flora 
and the rounded pebbles from Pliocene voleanic rocks in 
the Budi Formation; (b) the Imperial River carves out the 
present lake bed from the Budi Formation; (c) the marine 
transgression severs the bend in the I mperial River 
(dotted line, Fig. 3); (d) the lower outlet is filled by beach 
sedirnents and Lake Budi develops. 

The tectonic setting of Lake Budi according to this 
interpretation is represented by Fig. 4. Mocha Island 
was uplifted by about 2 m in the 1960 earthquake. The 
assumption that the present coastline of southern Chile 
is sinking and that the offshore islands (Mocha, Guafo, 
Guamblin) are emerging is supported by the work of 
Plafker’®. 








Schematic profile through Mocha Island and Lake Budi (not to scale). 


ISLAND 


Trench topography was taken from ref. 1 


The emergence of Mocha Island must be situated in the 
Plio-Pleistocene, for its surface geology is Late Tertiary 
marine. Hence the new phase in coastal tectonics of 
southern Chile began less than 10 m.y. ago. Within that 
same interval E. M, Herron and D. E. Hayes have re- 
ported evidence of a radical change in the pattern of sea 
floor spreading in the Chile Basin (paper presented at the 
Geol. Soc. Amer. Ann. Meet., Mexico, 1968). Also at that 
time, the extensive fissure voleanism in the Andes was 
replaced by a more basic type of strato-volcanism. 
Significantly, the new voleanic centres began shifting 
toward the west}. A similar trend has been observed in 
seismic epicentres as one goes from north to south’. It 
would seem that the westward migration of tectonic 
activity increases toward the south. Below 42° south 
the marine transgression has breached the Coast Range 
and submerged the Central Valley (Fig. 1). 

We suggest that this tectonic pattern may be interpreted 
consistently if it is admitted that the position of the off- 
shore axis of underthrusting became unstable near the 
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southern end of the Chilean active region, and began to 
shift westward. Fig. 5 explains diagrammatically the 
two types of ocean—continent interaction involved. A 
transition from type 1 to type 2 would be accompanied 
by coastal changes involving aceretion and buckling. 
Also, a diminishing rate of oceanic underthrusting, and 
hence a gradual decay of deep and intermediate-focus 
seismic activity, would be expected; this too is observed 
in southern Chile. 

If the edge of sea floor spreading interaction can shift 
outward to sea it is no longer necessary to expect large 
scale deformation of sediments in any particular area of the 
ocean floor. There will be no horizontal motion of the 
floor, except as required for buckling and block-faulting. 
On the other hand, one would expect steep ridges to form 
on the continental slope, with the typical “hanging basins” 
which have also been described in the Middle American 
Trench®, Eventually, such ridges will emerge to form 
offshore islands. Buckling of the crust will preduce the 
broad, sinking continental platforms typical of southern 
Chile, in contrast to the steep, rising coastal scarp of 
northern Chile. 

Although this model is as hypothetical as the original 
one, involving pure underthrusting of the continents by 
the oceanic plate, it may serve to point out that the 
tectonic evolution of southern Chile is not necessarily in 
contradiction with the theory of sea floor spreading. 
Rather, buckling and marine transgression may repre- 
sent a possible “second stage” of the tectonics of steep 
trenches and deep-focus earthquakes found in northern 
Chile and in some other active areas of the Pacifice border- 
land. 

Field work was sponsored by the Ford Foundation 
under the University of California—University of Chile 
cooperative program. I thank the Reverend Juan B. 
Wevering for his hospitality and assistance in Puerto 
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Dominguez. The fossils in the Budi Formation were 
found by George S. Lomnitz. 
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Hydrated Electrons in Seawater 


Many of the short lived chemical species studied by 
methods such as flash photolysis and pulse radiolysis are 
known to exist naturally as well as in the laboratory, and 
to play a vital part in many processes, including those in 
living systems. Hydrated electrons are possibly the 
most elementary of the species, and we have now used 
data on seawater to calculate the natural abundance of 
the hydrated electron. 

A principal source of hydrated electrons in seawater is 
the radiation from #K. The production from this source 
ean be caleulated from the potassium content of the oceans 
(380 p.p.m.), the abundance of #K (0-0118 per cent), the 
half-life (1-3 x 10° yr), the mean energy of the principal 
radiation emitted (one-third of the maximum §-ray energy, 
1:32 MeV), and the energy yield of hydrated electrons 
{assumed to be the same as in pure water, G=2-6 ¢,/ 
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100 eV). The rate is 13x 10" hydrated electrons g` s-i. 
The mass of the oceans is 1-4x 10% g, thus the global 
production from *K is 3-1 x 10? moles of hydrated elec- 
trons s+. Other radioactive sources can be neglected by 
comparison with K. Cosmic rays at sea level produce 
hydrated electrons at the rate of 15x 10° hydrated 
electrons g s~, again assuming (= 2-6. From the pene- 
tration of cosmic rays', the rate must fall off rapidly with 
depth, reaching that resulting from HK at about 60 m 
below sea level. The contribution of cosmic rays to the 
total global production of hydrated electrons is about 
4 per cent of that of *K. We also have to consider the 
transient production of hydrated electrons by light, be- 
cause numerous aromatic compounds are present in sea- 
water’, many of which are of types which have been shown 
to give hydrated electrons on illumination’. An approxi- 
mate upper limit for hydrated electron production by 
photolysis of organic compounds can be obtained by 
assuming rather arbitrarily that all the light of wave- 
lengths up to 325 nm which reaches the sea is absorbed 
by organic compounds, giving hydrated electrons with 
unit quantum yield. The total amount of such light 
reaches ~2x 10% photons em st! at zero solar zenith 
angle’. Clear ocean water absorbs 14 per cent of light of 
wavelength 310 nm/m (ref. 5). Thus at the surface of 
clear ocean water the maximum production of hydrated 
electrons is ~ 3x 10" hydrated electrons g~ s. Produc- 
tion will decrease with increasing depth, and will fall 
below that resulting from *#K within 160 m. In turbid 
ocean waters the transmission of light is such® that any 
high transient production at the surface will fall below 
that resulting from “K within about 35 m. 

From the chemical composition of seawater*?, and 
published rate constants’, it is clear that hydrated elec- 
trons will disappear chiefly by reaction with oxygen and 
carbon dioxide. The mean oxygen concentration in sea- 
water can be assumed (private communication, J. P. 
Riley) to be about 4 ml./l., corresponding to 1-8 x 104+ M. 
The rate constant for reaction of hydrated electrons with 
oxygen is 1-9 x 10!° M~ s~, so the first order rate constant 
for disappearance of hydrated electrons by reaction with 
oxygen is ~3-4x 10 s-1, The total carbonate content of 
seawater, in the forms of carbon dioxide, bicarbonate 
ion and carbonate ion, is ~ 2-2 x 10M. Use of Saruhashi's 
figures (see ref. 7) for the percentage molar fraction of 
total carbonate in the form of free carbonic acid (CO,) 
leads to molar concentrations of free carbon dioxide of 
~2x 10-5 M at pH 8-2 and 5x 10°° M at pH 7-8. The rate 
constant for reaction of hydrated electrons with carbon 
dioxide? is 7-7 x 10° M- s~, so the first order rate constant 
for reaction of hydrated electrons with the carbon dioxide 
in seawater is in the range ~ 1-5 x 105-4 x 10° 8°}. 

To obtain a typical rate constant for reaction of 
hydrated electrons with components other than oxygen 
and carbon dioxide, a sample of seawater from the Menai 
Straits, salinity 32-903 parts/thousand, was filtered 
through a half-micron filter, titrated to pH 4-5 with hydro- 
chloric acid, and then boiled and degassed by bubbling 
with argon to remove oxygen and CO,. The pH was then 
adjusted to 8-0 with sodium hydroxide. After a 0-5 us 
electron pulse delivered using the technique of Keene”, 
transient absorptions could be seen with maxima at 
360 nm and 720 nm. The peak at 360 nm was narrow 
and relatively long lived, and may be attributed at least 
partly to Cl,”. The absorption with a maximum at 
720 nm was broad and resulted from the hydrated electron. 
After a 100 rad, 0-1 us, pulse it decayed in a first order 
manner with k=2-2x 10% s-!. Adding this rate constant 
to those for oxygen and CO,, we obtain a total rate con- 
stant for disappearance of hydrated electrons in seawater 
of 38-40 x 10% s- 

The concentration of hydrated electrons equals the 
rate of production divided by the first order rate constant 
for disappearance, The principal error lies in the value 
adopted for the mean oxygen concentration. If the figure 
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used is correct to ~25 per cent, the permanent mean 
concentration of hydrated electrons at the surface of the 
oceans is 7+2x 10-75 M, and in the bulk of the oceans, 
6+1-5x 106 M. In strong sunlight the concentration at 
the surface may rise as high as 10- M. The total per- 
manent amount of hydrated electrons in the oceans 
is 8+2x 10 of a mole. 

Although these calculations deal with hydrated elec- 
trons, it must be pointed out that species such as 0,7 
and CO, must also exist in seawater, and indeed the 
likely existence of Cl,” may be inferred from the pulse 
radiolysis experiments. Many of these species have much 
longer lifetimes than hydrated electrons, so their natural 
abundance will be correspondingly greater. 

I thank Dr J. P. Riley for providing the seawater. 
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Non-hydrogen-bonded Hydroxyl 
Groups in Crystals 


AN intermolecular O-—H . . . O contact is usually deseribed 
as a hydrogen bond if the distance between the oxygen 
atoms is less than about 3-0 A, and on the basis of this 
criterion many X-ray structure investigations have 
prompted the conclusion that a free hydroxyl group in 
crystalline hydroxy compounds will be rare’. 

In the X-ray analysis of the crystal structure? of tar- 
tronie (hydroxymalonic) acid, a dubious hydrogen bond 
was found. The shortest intermolecular oxygen-oxygen 
distance involving the alcoholic hydroxyl group is 
3-02 A, the relevant H O distance 2:23 A and 
the angle between the O---H and O . . . O directions 28°. 
An intramolecular hydrogen bond is highly unlikely in 
a-hydroxyacids® so we assumed that the alcoholic hydrox yl 
group is not hydrogen bonded. 

The infrared spectrum of tartronie acid (Fig. 14) 
shows a sharp band at 3,500 em-! whie his near the 
stretching vibration frequency of about 3,600 cm- of a 
free hydroxyl group‘. Also observed is a broad absorp- 
tion band at 3,000 cm~ characteristic of the stretching 
vibration frequency of the hydroxy! group in hydrogen- 
bonded carboxylic acid dimers. The infrared spectra 
(Fig. 1B, C) of two acids related to tartronic acid, isomalic 
(methyltartronic) and DL-citramalic (a-methylmalic) acids 
similarly indicate a free hydroxy] group in these structures. 

Using distance as a criterion, the structures mentioned 
in Table 1 could contain a free hydroxyl group. Their 
spectra (Fig. 1) depict the presence of a free OH group, 
although the resolution from the band due to hydrogen- 
bonded OH groups is poor in some cases. There is a 
marked difference between the positions of the absorption 
bands resulting from hydrogen-bonded alcoholic OH 
groups (3,400 em) and hydrogen-bonded carboxylic 
OH groups (3,000 era~'). This is illustrated by the spectra 
(Fig. 2) of malonic acid and p-mannitol, both of which are 
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Table 1. HYDROXYL GROUP STRHTOHING FREQUENOY AND SHORTEST INTER- 
MOLECULARE CONTACTS OF THE NON-HYDROGER-BONDED HYDROXYL GROUP 


Infrared 
tion band Fig. O Oo OH H O’ Ref. 
atom 
Tartronic acid 3,500 14 802A 0924 2234 2 
Teomallo acid 8,480 1B bd 
. Di-a-methylmalic aad 3,450 10 » 
Oitric acid 3,620 1D 2 84 ii 11 
L-ascorbio acid 3,500 1E 2-08 82 2:28 18 
D-glucurono-y-lactone 3,500 8 80 1-0 274 6 
6-D-arabinose 8,550 16 3-0 0-8 21 8 
Sucrose 8,650 8-37 t 7,16 
Mothyla-D-glucopyr- 
anoalde 8,600 H 2 98 106 2-19 16 
6-D-glucose 8,540 1J 8-26 0-98 2:82 14, 15 
* No X-ray analysis performed. t Position of hydrogen atom not stated. 


known to be completely hydrogen-bonded!:*, Yet the 
stretching vibration of the free hydroxyl group in the two 
types is the samet’. Carboxyl groups in crystals are 
always found to be hydrogen-bonded and thus the detec- 
tion of a free hydroxyl group im crystals by infrared 
spectroscopy will appear to be efficient in hydroxy- 
carboxylic acids. 

The discrepancy between the interpretation of geo- 
metrical arrangement revealed by diffraction analysis, 
and that of infrared spectra, is illustrated in the following 
examples. In the X-ray analysis of 1-ascorbic acid} 
geometrical considerations mdicate that all hydroxyl 
groups participate in hydrogen bonding, whereas the 
spectrum clearly reveals a non-hydrogen-bonded hydroxyl 
group (Fig. 1E). The spectrum of anhydrous citric acid 
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Fig. 1. Infrared spectra of the region 8,000-4,000 cm~ of A) tartronic 
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Infrared absorption spectra (KBr golet) of (A) malonic acid, 
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Fig. 8. Infrared absorption Ray ee of B-pr-arabinose 
(Fig. LD) also depicts a free OH group. It has been sug- 
gested that the alcoholic hydroxyl group is hydrogen- 
bonded to an oxygen atom of one of the carboxyl groups. 
Because the distance between these oxygen atoms is only 
2-84 A it is therefore tempting to conclude hydrogen 
bonding is present. The position of this particular 
hydroxyl group H-atom has not been detected in the X-ray 
analysis and this example shows the hazards in using 
distance alone as a criterion for hydrogen bonding. 
An intermolecular O . . . O distance of 2-93 A has been 
found for methyl-«-p-glucopyranoside’*. In contrast, with 
citric acid, the pertinent H-atom has been located, but 
the O—H.... O angle is rather small (125°). Because the 
acceptor in this “hydrogen bond” is already donor and 
acceptor ın two other hydrogen bonds, this arrangement 
of atoms has been described as bemg at best a weak 
hydrogen bond. Although this O . . . O distance has been 
taken to be an appropriate hydrogen bond distance, the 
spectrum (Fig. 1J) confirms the (free) nature of this 
hydroxyl group. 

It is uncertain whether intra or intermolecular factors, 
or both, are responsible for the occurrence of non-hydro- 
gen-bonded hydroxyl groups in crystals. That intra- 
molecular factors by themselves are not decisive is demon- 
strated by the fact that, whereas the infrared spectrum 
reveals a free hydroxyl group ın §-D-arabinose (Fig. 1@), 
both X-ray’ and infrared data (Fig. 3) indicate the absence 
of a free hydroxyl group in §-DL-arabinose; none the less 
the molecular conformation is the same in the orystal 
structures of both the enantiomer and the racemate’. 

We thank Dr J. H. van der Maas for his interest in the 
work and preparation of the infrared spectra. 
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Structure of a Reduced Nickel(II) 
Tetradentate Macrocycle 


Tue Ni(II) complex of the macrocycle ligand I (CR) can 
be reduced catalytically with hydrogen to the system 
shown in IT (reduced hgand, CRH)!. We were interested 
in determining the structure of this reduced nickel macro- 
cycle because of the various possible isomers that can exist 
for the reduced macrocycle. The isomers onginate from 
both the posttions of the methyl groups and the positions 
of the three hydrogens of the NH system. The various 
isomers are stable species because the lone pairs of the 
nitrogen atoms are used in bonding with the nickel atom. 
The fourteen possible geometric isomers of Ni(CRH)*+ 
are schematically shown mn Fig. 1. 


H 
N — Ni N H—N — Ni—N— 
( [i gest oo a 
(CHa), N (CH), (CHa), N (CHa), 
H H 
I I 


The structure of the parent N1(OR) Br,-H,O has been 
reported’. The recent mterest in various other metal 
macrocycles*-* prompted us to determme the structure of 
Ni(CRH) (C10,) Other discussions of this type of 
isomerism have been published*,’. 

We report here the structural determination by X-ray 
diffraction of the reduced nickel(IZ) tetradentate macro- 
cycle 2,12-dimethyl1-3,7,11,17-tetraazabicyclo (11.8.1) hep- 
tadeca-1 (17), 2,11,13,15 pentaene. The compound belongs 
to the space ar a P2,2,2, with cell constants of a= 
25-25 A, b=10-95 A, c=7-16 A. There are four molecules 
of the complex per unit cell. 

The 1,331 mdependent X-ray intensities were collected 
on a Pailred automatic diffractometer with monochro- 
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mated MoKa radiation. The structure was determined 
by heavy atom technique and refined by least-squares 
method with individual isotropic temperature factors for 
all the atoms. The final R-factor 1s 0-13. Table 1 gives 
the coordinates and temperature factors for the structure. 
The atoms of the two perchlorates have very high tem- 
perature factors as is usually the case. The structure is 
shown ın Fig. 2. 












Table 1. FRACTIONAL OOORDINATHR AND MEATURE FACTORS FOR 
Ni(CBRH) (C10), 
Atom s y z B 
1 0 1186(1 0 2159 3 2 9(1) 
Gita 0 0895(4 01 9 0 5-8(2 
C2, 0 1441(4 0 6287(10) 0 6 1(3 
N(1 0 0789(9 peta —0 4 %5 
N(2 0-0608(10) 0 2 0 6-1(8 
N(3 0 1653(9 0 2 0 4:86, 
N(4 0 1698(9 0 10X2 0 3-25 
CL Oo 9 0:1682 0-044 2 56 
2 0 12 0 3 0 5 38 
c3 0 15 -0 8) 0 6 319 
Cl4 0 11 — 0 096(2. 0 44(7 
5 0 158810 — 0 008(2 0 3 1(7 
6 (g 9) — 0 087(2 0 2-8(6 
7 0 0886(13 — 0 188(8 —0 5 59 
8 0 0162(12 0 0658 0 6 K8 
9 —0 0185(11 0 188(2 —0 5 K8 
C(10) 0 0K18 0 204(3 0 6-8(9 
Cq11 0 {14 0 4) -0 56 8 
12 0 111017 0 470(4 -0 8 4(10) 
13 0 1633413 0 406(3 —0 5 1(8 
C(14 0 2211(18 EE 0 6-3(9 
15, 0 2860(10 0-8238(2 0 41 
1 0 1148{1 0 7234 0 17(2 
0(2, 0 1864(12 0 615(3 0 10(1 
3 0 1119(15 0 513 0 11(1 
of, 0 1544(16 0 poate 0 12(1 
5 0-1049(17 0 0586(4 0 16(1 
6 0 0403(18 0 1284 0 1&1) 
7 0 0882(16 0 228(4 0 387 1 R 
X8 0 1263(10 0-165(8 0 684 71 





B 
k 
I 
& 
© 


Numbers in parentheses are estimated standard deviations as give 
least-squares programme. 


The structure of the a-Ni(CRH) has the methyl groups 
on opposite sides of the ring (racemic form). The conforma- 
tion of the rings are such as to minmmize the H repulsion. 
The Ni—N bond distances of 1-89, 1-86, 1-89 and 1-80 
for Ni, Ny, N;, N4, respectively, are in the correct range for 
that expected for a low-spm Ni(II) complex. It ıs of 
interest that the Ni—N(4) distance ıs about 0-1 A shorter 
than the other Ni—N distances; this shortening to the 
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Fig. 1. 
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Schematic representation of the geometrio isomers of Ni(OBRH). 
low the plane; m by the iso 
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The (] represent methyl groups and the © H of the NH group. 
mer number indicates a meso form; all 


other isomers can exist as optical isomers. 
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pyridine nitrogen 1s also observed in the Ni(CR) complex’. 
The average C—C aliphatic distance is 1-57 A, the average 
C—C aromatic distance 1s 1-39 A, and the average C—N 
distance is 1:44A; these have estimated standard 
derivations of 0-03 A. 

One of the perchlorate oxygens is 2:77 A away from the 
nickel 10n. This is a longer distance than found in some 
perchlorate complexes [Co(II)—ClO, distance of 2-34 A 
(ref. 8), Ni(II)—ClO, distance of 2-19 ÅJ’ but shorter than 
others (Th(I)—CIO, distance of 2-88 A) (ref. 10). The 
infrared of a “bound” perchlorate is usually split?t.23, 
but in this case the compound has one “‘bound” perchlorate 
and one “ionic” perchlorate; a combination of these 
results in an unsplit band in the 1,000 cm- region. It 
should be noted that an unsplit infrared band of the 
1,000 em- peak 1s not definitive evidence of no interaction 
in perchlorate contaming materal. 





Fig. 2. 


Hydrogen adds trans across both double bonds of the 
Ni(CR) to yield the «-Ni(CRH) (see Fig. 2). Tho isomer 
produced in the reduction is No. 11 of Fig. 1. The various 
factors that control the production of this and other 
isomers are of interest, but any comments regarding this 
facet of the macrocycle’s chemistry are premature and will 
have to await further elucidation of the isomer products 
of the reduction reaction. 

We thank D. Busch of Ohio State University for the 
sample of «-Ni(CRH) (ClO,),. This work was supported 
by grants from the US National Science Foundation and 
ARPA. 
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Behaviour of the Critical Taylor ` 
Number in Dilute Polymer Solutions 


Friction in turbulent flow can be reduced by the addition 
of small quantities of soluble polymers of high molecular 
weight. It has been suggested that the effect is connected 
with non-Newtonian properties of the solutions such as a 
shear dependent viscosity or viscoelasticity. In solutions 
of the concentrations which exhibit drag reduction, 
however, no shear dependence of viscosity has been 
observed. 

Recent work on the theory of viscoelastic fluids in 
Couette flow has shown the importance of the critical Taylor 
number; that is, the value of the Taylor number at which 
the Taylor vortices first appear. For a system in which 
only the nner cylinder 1s rotated and the gap 1s relatively 
small the Taylor number 1s defined by 


= eee) 


where R, and R, are the radu of mner and outer cylinders 
respectively, d ıs the annular width, œ is the angular 
velocity of the rotating cylinder and v is the kinematic 
viscosity of the fluid at zero shear rate. Unfortunately 
there is conflicting evidence about the effect of polymer 
concentration on the critical Taylor number in dilute 
solutions. One report! indicates that the critical value 
increases monotonically with the concentration of the 
polymer, but that the dependence became less marked as 
the concentration is mereased. A second report show as 
decrease in the critical value as the concentration increases. 

During a more general investigation into the properties 
of dilute polymer solutions in Couette flow, I was able 
to study further the behaviour of the critical Taylor 
number. The polymer used was polyethylene oxide 
(polyox). The solutions were prepared by adding measured 
quantities of the polymer to boiling water, heating and 
stirring gently until they appeared homogeneous. The 
apparatus consisted of two vertical concentric cylinders, 
the inner of magnesium, the outer of glass, mounted so 
that the mner could be rotated while the outer remained 
stationary. The inner had a diameter of 3-65 om, the bore 
of the outer was 6:36 cm and the annulus was 60 cm long. 
The inner was driven from a variable speed hydraulic 
gear and its speed was measured with an electronic tacho- 
meter. For the purpose of flow visualization 15 micron 
polystyrene particles were added to the fluid, which had 
a density very close to that of water (that is, no appreciable 
settlmg was observed). The flow was observed at right 
angles to a collimated light beam, thus the particles 
appeared as bright spote against a dark background. The 
onset of instability was indicated by the appearance of a 
vertical component of velocity in the motion of the particles 
as the Taylor vortices began to build up. Particular care 
had to be taken when the oritical rotational speed for 
water was being obtained because the build-up of vortices 
was very slow. The results showed that the critical 
rotational speed increased as a linear function of the 
polymer concentration, a concentration of 1,000 p.p.m. 
giving approximately three times the critical speed 
observed ın pure water. 

Determinations of the viscosity, relative to water, were 
made by the method of capillary flow, measurementa being 
made with five different flow rates to test whether there 
was any dependence on shear rate. It was found that the 
viscosity mereased monotonically with concentration, 
having a two-fold crease at 1,000 p.p.m., and exhibited 
no shear rate dependence. 

The behaviour of the critical Taylor number is shown in 
Fig. 1. The concentration dependence 1s similar to that 
found by Rubin and Elata!, although the actual values 
differ. This is to be expected because the radii of the two 
cylinders are different. The conflicting results of Song 
and Tsai" may well result from their choice of flow 
visualization technique, ın which they observed the motion 
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Fig. 1. The behaviour of the critical Taylor number. 


of hydrogen bubbles generated in the annulus by electro- 
lysis. They state that the bubbles had an appreciable rise 
velocity and determination of the critical speed was not 


easy. 
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of Glasgow for facilities. 
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Coupling of Dyes to Various 
Macromolecules by means 
of Gamma-irradiation 


Durme studies of the ability of various substances to 
protect serum albumin solutions against radiation damage, 
it was found that some of the substances used were bound 
to the serum albumin. A 1-0 per cent bovine serum albu- 
min solution of pH 7-0 containng 0-5 mmoles fluorescem 
was irradiated with 2x 10* rad of gamma-irradiation from 
a “Co source (184 rad/s). Extensive dialysis against 
0:1 M NaCl solution and water showed that, although most 
of the fluorescein could be removed by dialysis, there was a 
part left which could not be separated from the protem. 
Dialysis against 8 M urea was also ineffective. Determina- 
tion of the visible spectrum of a sample that had been 
extensively dialysed against 0-02 M phosphate buffer 
(pH 8-0) showed that ıt was almost identical to that of 
fluorescein with the exception that the maximum was at 
497 nm instead of at 491 nm. 

Irradiation of water solutions of polyglutamic acid 
(0-3 per cent), calf thymus DNA (0-1 per cent) and poly- 
metacrylic acid (1-0 per cent) in the presence of fluorescein 
algo caused some coupling of the dye to the macromole- 
cules. The degree of binding was rather low for poly- 
glutamic acid and polymetacrylic acid, probably because 
they are relatively mert to radiation compared with 
serum albumin and DNA. Experiments with coupling of 
methylene blue, m-dinitrobenzene and N-DNP-glutathi- 
one were also performed. Irradiation of serum albumin 
in the presence of each of these substances resulted 1m 
coupling to the serum albumin. 

Tt 18 known that ionizing radiation has damaging effects 
on proteins in solution and in the dry state. The sub- 
stances studied ın this investigation were found to give 
protection against this damage. Gel filtration of a 1-0 per 
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cent serum albumin solution that had been irradiated 
with 2x 108 rad in the presence of 0-5 mmoles methylene 
blue at pH 7-0 showed that the degree of aggregation was 
less than one-third of the corresponding serum albumin 
sample irradiated without methylene blue. Fig. 1 shows 
the gel filtration diagrams of the two samples. Both the 
dimer and the monomer peaks were coloured and the 
elution volume of the monomer was the same as for the 
native monomer. 

To study if the irradiation and coupling of the dye 
had mtroduced conformational changes in the protein, 
measurements of the optical rotation and binding proper- 
ties were performed on the monomer fraction from the gel 
filtration of the serum albumin-methylene blue sample. 
The optical rotation, measured at five different wave- 
lengths, was found to be the same, with 2 per cent, as 
that for native serum albumin. Equilibrium dialysis 
against various concentrations of methyl orange in 0-1 M 
phosphate buffer (pH 5-4) showed a binding curve that 
was almost identical to that of natrve monomer. It 
therefore seems as if little or no conformational changes 
have taken place in the monomer. 

The mechanism for the coupling of the dyes to the 
macromolecules probably involves a radical reaction 
between a free radical form of the dye and a macro- 
molecular radical. This would result in the formation 
of a covalent bond between the dye and the macro- 
molecule, which is in agreement with the observed 
stability of the adducts formed. A probable sequence of 
the reactions is shown later (1)-(4). The macromolecule 
(RH) reacts with a hydroxyl radical from the water and 
a macromolecular radical R- is formed. This can then 
react with a dye radical (D-) formed according to (2) or 
(3), and the adduct 1s obtained (4). Reaction (3) is also 
a repair process in which protection against radiation 
damage is obtained. 


RH+OH—R-+H,0 (1) 


DH +OH-—>D-+H,0 (2) 
DHE +R-—-RH +D. (3) 
D-+R->DR (4) 


A similar type of radical-mmterceptor mechanism has 
been studied by Riesz e al.%. They introduced tritium 
into dry protems by means of gamma-nradiation in the 
presence of tritiated hydrogen sulphide. 

Different dyes have been studied ın this investigation, 
but 1t ıs probable that other types of substances can also 
be coupled. Reactions (2) and (3) indicate that the only 
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Bg. 1. ‘Sephadex G-150' elution ms of. ( ) 1 0 per cent serum 
albumin containing 0'5 mM methylene blue irradiated with 2 x 10* rad 
at pH 7-0, and (-——) same sample but irradiated without me lene 
blue. The buffer used in the gel filtration was 01 M tris of pH 7 4. 
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condition necessary is that the substance is a good hydro- 
gen donor. 

The method described here for coupling of dyes to 
macromolecules could be used for detecting radiation 
damage and labelling of the radio-sensttiive sites. The 
dye radical D- reacts according to (4) and thereby becomes 
attached on a site that otherwise would probably have 
been damaged. 
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L.-O. ANDERSSON 


Feasibility of Facile Proton 
Migration in Pyrimidines and 
Related Substances 


Snom Lowdin proposed! that proton tunnellmg could 
be important in DNA, the idea that proton migration may 
occur in biological macromolecules has attracted con- 
siderable attention**. In particular, Riehl? has sug- 
gested—on the basis of work done’ using model systems 
(which reveal that proton mobility in ice is comparable 
with the mobility of electrons in technically useful semi- 
conductors}—that proton migration across hydrogen 
bridges may even be used m such processes as the storage 
and distribution of information in the brain. Riehl has 
indicated that molecules, such as the hydroxy acridines’, 
which exhibit prototropy, may be of mterest as model 
substances in the biophysical studies of memory devices. 

We demonstrate here that for a carefully selected 
pyrimidine base, isocytosme (2-amino 4-oxopyrimidine), 
it 18 possible, by usmmg an appropriate electrode, to draw 
currents enormously greater (by factors of about 10%) 
than those usually associated with so-called organic 
semiconductors’?1, The significance of this work is that, 
provided similar electrodes can exist in living systems, 
much larger currents and very much more effective path- 
ways of energy transfer may be available than was previ- 
ously suspected. 

Isocytosine crystalizes in a rather unusual form!4*— 
two tautomers (A and B, Fig. 1) of the molecule coexist 


Fig. 1. Two tautomeric forms of isocytoaine coexist in the crystal. They 
may be interconverted by shiftmg the hydrogen atoms and electrons 
in the manner indi . 
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m the solid ın a 1: 1 ratio, their mode of attachment via 
hydrogen bonds being analogous"* to the pairmg of the 
bases ın DNA. If, as a result of the changes indicated in 
Fig. 1, molecule A captures an H atom at Na) and releases 
another at Ns), molecule A is converted to B and, hke- 
wise, B can be readily converted to A. We therefore 
argued that by using as anode a proton injecting electrode 
made of palladium powder saturated with hydrogen 
(see refs. 7, 14 and 15), the d.c. conductivity of 1socytosme 
should be greatly enhanced; ın addition, space- 
charge controlled currents* (characterized by a current 
dependence on the voltage raised to powers greater than 
two) would be observed. 

When ordinary silver paste or thin evaporated layers 
of gold are used as electrodes across the major habit planes 
of single crystals of isocytosine (space group Pim), the 
current density j at room temperature (at fields up to 
4,000 V cm-) does not exceed 10-85 A em-* (¢~5 x 10-18 
NQ- em~). When a guard electrode 1s incorporated, the 
current is immeasurably small (j< 10? A cm~ at 5,000 
V em or ¢<10-? O-1em-?). With the proton injectmg 
electrode (and a palladimized platinum cathode) there 1s a 
phenomenal current, which increases steeply with voltage 
at room temperature. Two typical current-fleld plots, 
obtained with separate smgle crystals, are shown in 
Fig. 2. The current density, at saturation (which probably 
arises because of the mability of the Pd/H electrode to 
maintain its facility to mject at high fields) is in the region 
of 10+ A om at a field of approximately 100 V cm~. 
Curves of these general types have been regularly found 
for a number of crystals—with and without guard elec- 
trodes—but the precise dependence of current on voltage 
varies somewhat from sample to sample (such that the 
range of n in the equation += V* is 2 to 5). Although there 
has been no irrefutable evidence of a vertical rise ın current 
for a trap-filled lmut*7 (f. 1ce), there seems hitle 
doubt that vanation ın trap concentrations (arising 
chiefy from lattice imperfections, see ref. 18) is one of the 
principal contributory causes of the variation in per- 
formance from sample to sample. A crude estate, using 
Child’s law?*-1’, which ignores the influence of traps on 
charge carriers, yields an effectrve proton mobility 
(assumed also to be independent of field) of 2 cm? s V=, 
This value is close to that found for ice, but many orders 
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of magnitude ın excess of the mobility in inorganic hydrates 
known to be protonic semiconductors. 

Preliminary experiments using resin electrodes similar 
to those used by Riehl for proton injection mto ice have 
yielded encouraging results. Certain biological mem- 
branes capable of proton exchange may be more effective 
injectors than the Pd/H system. Work now in progress 
is designed to test such possibilities, to assess the full 
extent of surface conductivity, the anisotropy of the 
mobility, and the general feasibility of convertmg other 
pyrimidine and related solids from bemg effective insula- 
tors to efficient, highly conducting materials. 

We thank Professor 8. Peat and Drs L. J. Bellamy and 
J. O. Willams for discussion and advice. We also thank 
the Ministry of Technology for support. 
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Mossbauer Effect Determination of 
Particle Size in Microcrystalline 
lron—-Manganese Nodules 


IRON-MANGANESH nodules from the ocean floor have been 
extensively studied}. But, because of the fine grain sıze 
of the particles of the nodules, structural identification 
by X-ray and electron diffraction techniques is difficult 
and the mineralogy of the iron oxide phase has not been 
well characterized. The observation of the Mossbauer 
spectrum—in which each nucleus absorbs y-rays inde- 
pendently—is not limited by particle size in the same way 
as 1s the observation of Bragg peaks ın diffraction measure- 
ments, in which radiation must be scattered coherently 
from a large number of atoms. The magnetic hyperfine 
splitting in the Mossbauer spectrum of magnetic materials 
18 affected, however, when the particles are so small that 
they become superparamagnetic’-"". We describe here 
an investigation using the *7Fe Mossbauer effect of two 
iron— ese nodules ın which the iron oxide phase 
could not be detected by X-ray or electron diffraction. 

The samples were collected during the RRS Discovery 
Indian Ocean Expedition of 1967. Sample 6243 No. 1 
from the Gulf of Aden consisted of coexisting phases of 
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10 A and 7 A manganite and was significantly enriched 
in manganese and depleted in iron and trace elements 
compared with deep sea specimens. Nodule 6273 No. 2 
from the flanks of the Carlsberg Ridge contained §-MnO, 
as the principal phase with an Mn/Fe ratio typical of deep 
sea nodules. Sample locations and analytical data are 
given in Table 1 (ref. 4). 


Table 1 
Sample No. cee No.1 6278 No. 2 
Sample description Mn felt from underside Spherical nodule 6 cm in 
of basaltic lava flow diameter, palagonite 
nucleus 
Latatude 12° 344’ N 54:9’ N 
tude 47° 395'E 60° 02-4’ E 
Dep 2,405 m 4,042 m 
Chemical composition Per cent Per cent 
Mn 82 2 18-5 
Fe 13 140 
8i0, 70 213 
Tr 0-078 0-402 
y 0 044 0 073 
Cr 0 003 0 002 
Co 0 088 0185 
Ni 0-480 0 698 
Cu 0 027 0 23 
in 0110 0 068 
ar 0 002 0-032 
Mo 0 049 0-088 
Pb = 0 075 
Surface area (m*/g) 814 213 


Analysis was carried out on a Direct Readout spectrograph. Samples were 
ignited at 420° O before analysis. 


The Mossbauer spectra were obtained using a source 
of 5Co ın chromium mounted on the vibrator system 
designed by Cranshaw!!. Spectra were measured at 290°, 
77°, 42° and 1:3° K, and are shown in Figs. 1 and 2. 
The zero of the velocity scale is the centre of the spectrum 
of pure iron at room temperature. Both samples showed 
a pair of lines at 290° and 77° K, with the same isomer 
shift § and quadrupole splitting AEgą (see Figs. 1(a) and 
2(a)). The values at 77° K were 8= (+ 0-43 +001) mm/s 
relative to iron and AHg=(0-78+0-01) mm/s. These data 
show that the iron in these nodules is present in the form 
of Fe?+ compounds. At 4:2°K both specimens showed 
magnetic hyperfine splitting with an effective magnetic 
field H» at the nuclei of about 500 kG, which is typical 
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Fig. 1 Mossbauer of nodule 6243 No. 1 (containing 13 per 
cent iron) at (a) 77° K, (b) 4 2° K and (0) 1 8° K. 
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of ferric 10ns. The lime-widths were over 1 mm/s which is 
five times the natural value, so that there must be two or 
more lands of ferric 10ns ın different crystal sites or 
mineral phases. The lme positions at 4-2° K for z-FeOOH™ 
and y-FeOOH (our unpublished results), which are possible 
constituents of the nodules, are shown ın Fig. 2c and d. 
The observed spectra are consistent with the nodules 
containing a mixture of both « and y-FeOOH, but other 
combinations of ferric compounds or a mixed oxide of 
iron and manganese could give a similar spectrum. 

In the iron-dilute sample (6243 No. 1) the lines were 
very broad at 4-2° K, with a strong central line as well as 
the sx-hne Zeeman pattern (Fig. 1b). This kind of 
spectrum 1s typical of that of fine grain superparamagnetica 
particles where the fluctuation time + of the magnetiza- 
tion 18 of the same order of magnitude as the Larmor 
precession time Ta of the nucle: in the hyperfine magnetic 
field H, (refs. 7-10). On cooling to 1:3° K the central line 

reduced in intensity, and the sıx lines became 
sharper (Fig. lc), showing that + had increased. In the 
more concentrated iron sample (6273 No. 2) no central 
lne was observed at 4:2°K and the spectrum did not 
change on cooling to 1-3° K, shcwing that the relaxation 
time is longer. 

The particle size can be estimated from the temperature 
T's at which the fluctuation time + 18 equal to the nuclear 
precession tıme tx. The fluctuation time is given by an 
expression of the form?’ 


T= 1 oko (1) 


where 1,%10-'° s, v is the particle volume and K 1s the 
magnetic anisotropy constant. We assume the value 104 
erg/em? for K found from Méssbauer effect measurements? 
on a-FeOOH. The nuclear precession time is given by 


= h 
E Jaunt a 





(2) 


Tr 


where gs and un» are the nuclear g-value and magneton ; 
from the observed value of 500 kG for H, it follows that 
ta=1-5xX10- 8. For the iron-deficient nodules we take 
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Fig. 2. Mossbauer spectra of nodule 6278 No. 2 (containing 14 per 


cent iron) at (a) 77° K and (b) 4 2° K, and line positions for (0) a-FeOOH 
and (d) +FeOOH. 
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T'n=5° K and from (1) we find a mean particle volume of 
4x 10-* cm’, which corresponds to a mean diameter of 
90 A if the particles are spherical. For the iron-rich 
nodules Tg hes between 4:2° and 77° K and the particle 
volume is larger by a factor of about ten. Thus the 
specimen with the larger surface area! (see Table 1) has 
larger particles of the iron oxide phase. 

These data demonstrate the power of the Mossbauer 
effect as a non-destructive technique for obtaining data 
on the chemical form, structure and particle size of iron 
in_mucrocrystalline particles, which are too small for 
coherent X-ray diffraction data to be available. 

We thank Mr L. W. Becker for assistance with the 
measurements, and Mr H. Elderfield, Mr C. P. Summer- 
hayes and Dr D. 8. Cronan for comments on the manu- 
script. 
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Selection of Electrolytes for 
Electrochemical Machining 


THE communication by Dr J. P. Hoare! was of interest 
to us because we are working along similar lines. We 
suggest, however, that there is a more fundamental 
criterion for assesamg the behaviour of a metal/electro- 
lyte system during electrochemical machming. Further, 
we propose that the characteristic of dimensional control 
attributed to chlorate electrolytes can also be achieved 
with simple sodium chloride solutions. 

T. P. Hoar* has summarized the influence that the anion 
concentration of an electrelyte can have on the surface 
finish produced on a metal durmg anodic polarization. 
Nobody has used these ideas for selecting electrolytes and 
our present research programme investigates the extent 
to which these concepts are applicable to the selection of 
electrolytes for electrochemical machining. 

Considering anodic dissolution in an electrolyte con- 
centration given by a in Fig. 1, little machining would 
occur because of the formation of passive films on the 
metal surface as the anode potential was raised above a’. 
Typical anodic polarization, curves for the concentrations 
at a, b and o are given in Fig. 2. 

At a high anion concentration c the zone of passivity is 
considerably reduced and electropolishing 1s possible at 
high rates of dissolution when the metal has been polarized. 
above a certam electrode potential. At mtermediate con- 
centrations such as at b we would postulate the same 
sharp transition between polishing ın the machining zone 
and passivity in the adjacent regions as shown by sodium 
chlorate solutions. 


378 


We have determined the anodic polarization character- 
istics of various metals and alloys in solutions of sodium 
chloride at various concentrations without stirring, and 
we have demonstrated these characteristics. For example, 
Fig. 3 shows typical results for nickel. In 20 per cent w/w 
NaCl solution anodic polarization of mckel gave the 
characteristic given by concentration c in Fig. 2 while 
the 13-65 per cont w/w solution behaved similarly to the 
curves produced by Hoare in sodium chlorate. 

Tests of the NaCl solutions ın electrochemical 
machining conditions (high flow rate, 50 A/inch’) indicate 
that the 13-5 per cent solution did in fact reduce the 
amount of stray current attack, but was not quite as 
successful as chlorate solutions, because of the greater 
number of pits produced in the stray current area. 


At constant pH 
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| 
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Fig. 1. The effect of anion concentration on the electrochemical machin- 
ing of many metals and alloys (Polarizations at concentrations a, b and 
c are given in Fig. 2.) 





conc. (b) 


conc. (a) conce (c) 


Fig. 2. Typical polarization curves of some metals and alloys in solu- 
tions of different concentrations of sodtum chloride. 
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Fig. 3. Anodic polanzation curve for nickel in 18 5 and 20 per cent 
NaCl solutions. 


It would seem that the important factor ın determining 
the effectiveness of an electrolyte for reducing stray current 
attack 1s the ability of any passive film formed to with- 
stand the penetrating nature of the anion. 

We suggest that in order to increase the pitting resist- 
ance of passive films, additions of sulphates, carbonates 
and other salts to sodium chloride solutions should be 
investigated. We have used the concept of electrode 
potential/concentration diagrams at Nottingham to 
optimize the selection of electrolytes for various metals 
and alloys. This will be reported elsewhere. 

P. J. BODEN 
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University of Nottingham, 
Nottingham. 
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Absorption, Scattering and 
Extinction of Light in Ice and Snow 


THe extinction of visible radiation in a diffusing and 
absorbing substance such as ice or water is composed of 
absorption and scattermg. An approximation connects 
the absorption, scattering and extinction coefficients 
(respectively given by x, r and u) by the relation 
p=x+r (1) 
Equation (1) can only be true for single scattering, in 
which process singly scattered light is effectively scattered 
out of the field of interest so that the effect is cumulative 
with absorption processes in contributing to the overall 
extinction. For media involving multiple scattermg, 
light scattered out of the direction of interest can equally 
be returned to this field by subsequent scatterings. This 
implies that in general the extinction coefficient is re- 
stricted by the relation 
ysx+r (2) 
The analysis of light attenuating processes involving 
heavy scattering in the absence of a scattermg model 
suitable to the medium requires a number of restricting 
assumptions, and it has been shown by Dunkle and Gier! 
that for extinction in a homogeneous medium in one dimen- 
sion only 
pts (cbr) (3) 
which, for small values of r, can be approximated by 





petro (4) 
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Further contraction to the simple form of equation (1) 
can be justified for sufficiently small values ofr. Equations 
a and (4) both obey the bounding restriction given by 


Weller and I? have used the expressions of Dunkle 
and Gier! to determine u, r and x for bodies of natural 
snow and ice in Antarctica. 

It is reasonable to assume that, for a given material, 
absorption 1s proportional to the mass of substance the 
light passes through and that the constant of proportion- 
ality is the same for all pure forms of an absorber; for 
example, ice and snow of different densities. Conversely, 
scattermg would be expected to be dependent on the 
physical condition of the basic material, determined by 
criteria such as grain size m snow or air bubbles in ice. 
Weller? has shown that grain size is far more mportant 
than density in determming extinction of light in snow. 
But he did not separate the scattering coefficient from the 
extinction in his analysis of Central Antarctic Plateau 
snow. Although when r>x, the extinction u is largely 
determined by r, the scattering cannot be considered 
proportional with any accuracy except for highly granu- 
lated snow. Because scattermg increases the optical path 
length of light the mass of absorber traversed is a beam 
increases when scattering occurs. Absorption and 
scattering coefficients are therefore not independent and 
for a given substance the absorption coefficient should 
be proportional both to the density of absorber, p, and to 
the scattering coefficient, resulting in the following expres- 
sion 

*~ oer or Ž = constant (5) 
er 
If true, this relationship would be useful because no use 
is made of the physical condition, such as grain size in 
snow. 

The data of Weller and myself? can be used to test 

equation (5). Table 1 summarizes the results. 


Table 1. DENSITY AND ATTENUATION PARAMBYERS IN CG8 UNITS 
kad 


e u x r p 
Bhe ice 088 0-0067 00011 00205 œ081 
Wmd packed snow 042 0 048 0 005 0190 0-062 


Although the available data are lımited, there is support 
for equation (5). Acceptance of this expression enables 
absorption and scattering coefficients to be calculated for 
cases for which only the simple determinations of 
extinction and density are available. This can be done 
for the data provided by Weler’. Table 2 shows 
Weller’s values of gram size, density and extinction 
coefficient for various samples of pure snow and ice with 
the addition of calculated values of absorption and 
scattering, using equations (3) and (5)—the constant 
for the latter being 0:062 cm? g. The table also shows 
the value of each attenuation coefficient multiplied by the 
grain size, s, resulting ın the dimensionless quantities 
xs, rs and us. It is possible to postulate a reciprocal 
relationship between r and s as well as u and 8 although 
the six samples avaiable do not constitute a sufficient 
test. But because of the initial successful assumptions, 
namely, that scattermg depends solely on the number of 
scattering faces and that absorption depends on this 
factor and the density of material, a reciprocal relationship 
might be expected between r and 8, but not in general 
between x and s. Furthermore, because the extmotion u 
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is a composite parameter involving the absorption x 
and scattering r, it also follows that m general a more 
accurate reciprocal proportionality would exist between 
rand 3 than for u and s. A test of this statement on the 
limited data available, shown in Table 2, is inconclusive, 
although it is evident that no general reciprocal propor- 
tionality exists between x and s as expected. 

Thus grain size is an imprecise method of describing 
ice and snow, simply because of the uregular geometry 
and distribution of dimensions involved. It has been 
shown, however, that from equations (3) and (5) the 
density of snow can be related to any of the three light 
attenuating coefficients, provided one of the latter and 
the density are measured. Because these can be determined 
with relatively high accuracy, an optically effective mean 
grain size can be calculated from the approximate recipro- 
cal relationship shown to be expected for this quantity 
and the scattering coefficient. 
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BIOLOGICAL SCIENCES 


Two New Haemoglobin Variants 
involving Proline Substitutions 


Aw abnormal haemoglobin with a substitution involving 
a proline residue might be expected to be either unstable 
or functionally abnormal because of the inevitable con- 
formational changes which occur. This has been borne 
out in the cases of haemoglobins Genova, Dhofar, Bibba 
and Santa Ana, all of which are unstable and associated 
with Heinz body anaemia'. Replacements involving 
proline residues do not, however, invariably result in 
these changes. Thus Hb-Chiapas** is not unstable and 
ita presence does not lead to clinical or haematological 
symptoms. We have recently observed two new haemo- 
globin variants of this type which are also not associated 
with marked molecular instability. 

Hb-Singapore. An acidic haemoglobin variant with 
electrophoretic properties similar to Hb-A,; was discovered. 
in an anaemic 2 year old child and two of her relatives in 
Singapore. The anaemia responded fully to iron therapy 
and, subsequently, neither she nor her affected relations 
showed any haematological abnormality. Investigations 
for the formation of red cell inclusion bodies and heat 
instability of haemolysates in phosphate buffer were 
negative. The haemoglobm variant, Hb-Singapore, 
comprised about 25 per cent of the total haemoglobin. 
Separation of the « and 6-chains of globin‘ from the pro- 
positus gave a normal @-chain and two «-chains, one of 
which was more acidic than normal and was eluted on the 
chromatogram in a position expected of an «-chain 
differing from aA by one negative charge. It comprised 
about 25 per cent of the total «-chain fraction. 


Table 2. PARAMETERS FOR SNOW AND IOE pred ON DENBITY Q, EXTINOTION H, ABSORPTION #, SOATTERING r AND GRAIN SIEE 8, EXPRESSED IN OGS UNITS 


n 0-06: x 

—=0-062g — r — 0-829 = r 8 rs xs 

$ 5 7 re a 240-0820 u P 

0 32 0110 0 020 0 0000 0100 0:0110 0 55 0-02 0011 0 0022 0-00012 
032 0 055 020 0 0099 0100 0 0055 0 28 0-08 0 016 0 0083 0-000338 
0-82 0 040 0 020 0-0099 0 100 0-0040 0 20 0-10 0-020 0-0040 0-00040 
0-85 0 022 0 022 0-0108 0104 0-0028 0-10 012 0 012 0 0028 0 00027 
0-42 0-048 0-026 0 0128 01138 0 0049 019 0-08 0015 0 0084 0-00089 
0-88 0 0087 0 055 0 164 0 0011 0 021 0-45 0 010 0 0030 0 00050 
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Peptide mapping‘ of the aminoethylated (AE) «Singapore. 
chain gave a normal pattern, except that peptide al4 
was present ın very small amounts. No additional spots 
were detected. It seemed probable that the small amount 
of «14 present had come from contaminating aA in the 
¢Singapore sample, for the original haemoglobin from which 
the globin was made was ın poor condition and our exper- 
ence has been that such material often gives rise to an 
«-chain derivative which elutes before «å m CM-cellulose 
chromatography. In subsequent peptide maps of 
AEHaSingapore prepared from purified Hb-Singapore made 
by repeated cycles of starch gel and block electrophoresis, 
al4 was completely absent. This suggested that in the 
AEoSmgspore-chain, the trypsin split between peptides 
a#12b.13 and a14 had not occurred, and that aSingapore}4 
was still attached to the “‘core”’ in the form of a composite 
aSiugapore]2b.13.14 peptide. This peptide was isolated 
from a trypsin digest of 30 mg of AEgSmgapore by precipita- 
tion at pH 6-5 (ref. 5). When the peptide map of a 
chymotrypsin digest of the «Singapore “core” peptide was 
compared with one from a digest of the normal aå12b.13 
“core” peptide, ıt was apparent that the peptide Thr.Ser. 
Lys, corresponding to the three C-terminal residues (Nos. 
137-139) of @412b.13, was missing and had been replaced 
by a more acidic peptide which had a higher mobility in 
the BAWF* chromatography solvent. This peptide had 
the composition Thr,8er,Lys,Tyr,Pro (the mcrease in size 
accounting for the decreased electrophoretic mobility). 
The argmine residue in «414 has thus been replaced by 
proline in qSingapore]4, and this substitution presumably 
affects the configuration of the chain sufficiently to prevent 
any substantial splitting of the Lys.Tyr bond at position 
1398-140 during normal digestion. After a long trypsm 
digest, however, small amounts of the dipeptide Tyr.Pro 
were identified after isolating the small molecular weight 
fraction from the soluble portion of the digest on ‘Sepha- 
dex G-50’, indicating that cleavage of the bond can take 
place. It can be concluded then that Hb-Smgapore is 
a,)1Prog,, 

Hb-Kharioum. During screening of haemoglobins from 
Khartoum on starch gel electrophoresis, a basic variant 
was observed with an electrophoretic mobility similar to 
Hb-8, and slightly faster than Hb-O (Arabia), both of 
which have been found previously in the area. The 
variant, Hb-Khartoum, comprised about 30 per cent of 
the total haemoglobin. No mtracellular inclusion bodies 
could be demonstrated and electrophoresis on starch gel 
revealed no free a-chains. The haemolysate containing 
Hb-Khartoum was, however, slightly less heat-stable 
than that of a normal control sample. The propositus 
and his family have not yet been available for further 
investiyation. 

Separation of the « and §-chains of globin prepared from 
the red cells of the heterozygote for Hb-Khartoum indi- 
cated an abnormal and more basic 8-chain, and peptide 
maps of the aminoethylated pXhartoum-chain showed that, 
like Hb-O (Arabia), the substitution had occurred in 
peptide B13. Amino-acid analysis of this peptide, however, 
shewed that both lysine and arginine were present, and 
that one of the two residues of proline was missing (Table 
1), indicatmg replacement of either Pro 124 or Pro 125 
by arginine. 

The fact that a tryptic split had not occurred at the 
substituted arginine suggested that Pro 124 might be the 


Table 1. AMINO-ACID COMPOSITION OF PEPTIDE fEbirtoum] g 





B518 B 18 
Lys 09)1 1 
Arg 08)1 — 
Thr 11)1 1 
Glu 2 8) 3 8 
Pro 0-9) 1 2 
Ala 21)2 2 
Val 10)1 1 
Tyr 08)1 1 
Sr 1-1) 1 1 





oP peed re The peptide was eluted from the peptide maD, math 
ETE 1 mg Phenol/m] 7 and hydrolysed for at 105° C. 
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altered residue, for ın the sequence 


121 122 123 124 125 126 
. Glu. Phe. Thr. Arg.Pro. Val... 


the Arg.Pro bond would probably be quite resistant to 
trypsin. Prolonged digestion of PK13 with a high concen- 
tratıon of trypsin (10 mg/ml. for 16 h at 37° C), however, 
produced small amounts of a peptıde wıth the composition 
Glu, Phe, Thr,Arg, confirming the predicted substitution. 
Hb-Khartoum is thus «,8,?*4A4re 

The loss of a proline residue might be expected to alter 
the configuration of the #-chain sufficiently to affect the 
stability of the haemoglobin molecule, but the absence of 
red cell inclusion bodies and of free «-chams in the haemo- 
lysate suggested that Hb-Khartoum 13 not grossly un- 
stable. Furthermore, unlike other unstable haemoglobins, 
the electrophoretic pattern was unchanged after prolonged 
storage at 4° C and no precipitate appeared in similar 
conditions. It was, however, slightly less stable than 
haemoglobin A at 50° C. 

In the aß, contact ın haemoglobin, Pro 124 (H2) of the 
B-chain is usually in contact with «-chain residues Glu 30 
(B11) Arg 31 (B12) Leu 34 (B15) (ref. 6). It might there- 
fore be expected that the replacement of Pro H2 by argin- 
ine would lead to a change ın the oxygen bmding proper- 
ties of the haemoglobm. It is proposed to study this 
possibility. 

The findings described here are different from most 
of those previously observed with haemoglobin variants 
mvolving proline substitutions which, with the exception 
of Hb-Chiapas*, have been shown to be unstable and 
associated with marked haematological abnormalities!. 
In Hb-Smgapore substitution of the terminal HC3 
residue might not cause conformational changes in the 
molecule, although the function of this residue is not yet 
clear, for it is not visible on electron-density maps’. In 
Hb-Khartoum the proline replacement evidently leads 
to only minor changes in the stabilty of the molecule. 
Thus neither haemoglobin seems to be unstable in vivo, 
and from the lack of clmical and haematological indica- 
tions in the patients no gross functional abnormalities 
seem likely, although we have not yet been able to check 
this latter point. J. B. Creac 
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DAOUD MUSTAFA 


Brazilian Variant of Glucose 6-Phosphate 
Dehydrogenase (Gd Minas Gerais) 

THERE are about fifty known variants of sex-lnked 
human glucose 6-phosphate dehydrogenase (G6PD) 
distinguishable by electrophoretic mobility or enzymatic 
characteristics'?. Among them, nine alleles occur in 
high frequencies giving rise to a polymorphism ın certain 
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MG, 


Fig. 1. Starch gel electrophoresis of G6PD fiom human haemolysates. Phosphate buffer, 
pH MG: 4m A, 


7-0. Slots, 1,5-8=B; 2=B/MG; 8= 


populations'?, We report here another G6PD variant, 
designated as Gd Minas Gerais (MG), found in a sample of 
1,068 famulies originating from north-eastern Brazil. 

Details on sampling procedures and data collection are 
described elsewhere‘. Blood samples collected during 
1962-1963 were suspended in 40 per cent glycerol and 
stored at —70°C. The stored blood showed excellent 
preservation of the red cell enzymes G6PD, phospho- 
gluconate dehydrogenase, adenylate-kinase and phospho- 
glucomutase. 

On starch gel electrophoresis using phosphate buffer 
pH 7-0 (ref. 5), a single slow moving band was observed in 
the mother of family 0200 from Minas Gerais state. Her 
husband was Gd B and their only daughter was hetero- 
zygous Gd B/Gd MG as expected (Fig. 1). 

The mother and two daughters of family 0627 were 
subsequently found to be heterozygous for the common 
B type and for a slow-moving variant. In parallel runs, 
using either phosphate buffer pH. 7-0 or tris borate-EDTA 
(TEB) buffer pH 8-6, the MG variant and “MG” (variant 
of family 0627) showed identical electrophoretic mobility 
as well as similar enzyme activity as judged from the 
intensity of the bands on the gel (Fig. 2). It is likely that 
both families have the same variant, although every 
carrier of the variant in family 0627 was in the hetero- 
zygous state which prevented further characterization. 

The blood of the propositus was subjected to further 
enzymatic characterization accordmg to the methods 
desombed elsewhere’. The G6PD activity of the MG. 
variant blood was more than 70 per cent that of the normal 
mean. Properties of the MG variant and other known 
variants associatied with very mild or no enzyme de- 
ficiency are summarized ın Table 1. The MG variant 
differs from Capetown (personal communication from E. 
Beutler) and Baltimore-Austm* with respect to Km 
values, rate of use of substrate analogues and pH optima. 
High voltage electrophoresis in starch gel using TEB 
buffer, pH 8-6, distinguishes the MG variant from the 
Ibadan—Austin® and Madrona’ variants. 

Several G6PD variants associated with very mild 
enzyme deficiency have boen reported but not character- 
ized. These are the Madison’, Andhra Pradesh", Lagos 


Table 1. 
Electrophoretic mobility 

GéPD activity* (percentage of normal) 

Gerais >70 Slow 
Balttmore—Austin 75 Slow, 90 
Tbhadan—Austin 72 Slow, 80 
Madrona 70-80 Slow 
Madison 100 Slow, 70 (EED) 

90 (tris 

Andhra Pradesh 100 Fast, 120 (pH 9) 
Kmg Comty 100 F 105 
Capetown 50 Slow, 50 
Lagos 100 Slow, 96 
São Paulo 2 100 Slow, 04 


* Activity is expressed as percentage of the mean of normal. 


and São Paulo 2 (ref. 12) variants. The electrophoretic 
mobilities (in TEB buffer) of the Madison (70 per cent of 
B+) and the Andhra Pradesh (faster than B+) are 
markedly different from that of the MG variant. The 
electrophoretic mobilities of the Lagos (96 per cent of B+) 
and the São Paulo 2 (94 per cent of B+) are similar to that 
of the MG variant. Because no kmetic properties of the 
two variants have been reported and the blood specimens 
were not available, it is impossible at present to determine 
whether or not these variants are identical to the MG 
variant. It is, however, noteworthy that the subject of 
São Paulo 2 variant is Brazilian, that the subject of Lagos 
variant is African and that the Brazilians have an average 
of 30-1 per cent African ancestry. 





1 2 3 4 6 6 7 8 


Fig. 2. 
pas E h T PotLE iMG": 64B/ MG”; 8B, Blot 8 1 tho 
ae =A OF BP MG’: 6B) MG": BaB, 

afpppeivun af anliy 0627, and slots 5 and 6 are her two daughters. 


Either inbreeding or polymorphism must account for 
the homozygosity of the propositus. Because ber parents 
were born in the same village as herself, mbreeding seems 
the most likely explanation. It ıs known that north- 


COMPARISON OF Gd-MIWAS GERAIS AND VARIARTS ASSOCIATHD WITH MILD OR NO ENZYME DMFICIHNOY 


Km for G6P Km for NADP 2-Deoxry G6P Activity as 
(uM) 


(u utilization function of pH 

41 4 9 Truncate 
68 31 <4 Truncate 
62-72 33 <4 Truncate 
82 3:5 <4 Truncate 

? ? ? ? 

? ? ? ? 
61 4 6 Truncate 
11-20 2-2-2 15 Biphasio 

? ? ? ? 

? ? ? ? 
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eastern Brazil has an average inbreeding coefficient of 
0-01 for couples born in the same place!*. To examine the 
frequency of the MG allele in this area, seven available 
samples out of twelve families from the same geographical 
location (municipio near 40° 03’ longitude and 16° 53’ 
latitude) were studied. All of them were found to have 
common B type. 
This work was supported by the US National Institutes 
of Health and the World Health Organization. 
ELIANA 8. AZEVEDO 
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Asian Lactose Intolerance and its 
Relation to Intake of Lactose 


Tars study is an extension of the pilot survey in Asians 
already reported?. The subjects studied were groups of 
Australian, Chinese and Indian students, and New Guinea 
natives. 

A lactose tolerance test was carried out using ether 
80 g or 50 g lactose. The larger dose of 80 g was used 
initially but, in view of the severity of the diarrhoea, 
abdominal pam and bloating, together with occasional 
vomiting, the smaller dose was substituted. Capillary 
blood samples were taken at 0, 30, 60, 90 and 120 min. 
We define a flat lactose tolerance test response as & MAXI- 
mum rise in blood sugar above fasting of less than 
20 mg/100 ml. To test for glucose-galactose tolerance, 
the same procedure was repeated with all subjects after 
the oral administration of either 40 g or 25 g each of 
glucose and galactose. 

Specimens of the jejunal mucosa were obtained from 
the upper jejunum 5-10 cm distal to the duodenal—jejunal 
junction, using the Crosby capsule*. The specimens were 
divided into two parts. On one, lactase activity was 
measured according to the method of Dahlqvist*. The 
other part was examined under both the dissectmg and 
light microscope. 

The control subjects were twenty-three asymptomatic 
Australian students of Caucasian background. There were 
forty-three test subjects, thirty being Chinese students 
from Hong Kong, Malaysia or Singapore; eight were male 
New Guinea natives and five were Indian students. 

In the control group the mean maximum increase in 
blood sugar after administration of 80 g lactose was 
34 mg/100 ml. with a range of 20-50 mg/100 ml. After 
administration of 40 g glucose and galactose the mean 
maximum rise was 43 mg/100 ml. with a range of 20- 
105 mg/100 ml. One subject who had diarrhoea after 
administration of lactose had a maximum rise: of blood 
sugar of 25 mg/100 ml. 
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The remaining control subjects were given 50 g lactose 
and the mean maximum increase in blood sugar was 
46 mg/100 ml. with a range of 20-80 mg/100 ml. After 
administration of 25 g glucose and galactose the mean 
maximum rise was 40 mg/100 ml. with a range of 10- 
70 mg/100 ml. No patient had diarrhoea after adminis- 
tration of 50 g lactose. 

In fifteen Chinese students, the mean maximum increase 
in blood sugar after administration of 80 g lactose was 
8 mg/100 ml. with a range of 0-30 mg/100 ml. The mean 
maximum rise in blood sugar after glucose and galactose 
was 56 mg/100 ml. with a range of 30-105 mg/100 ml. All 
subjects had diarrhoea after lactose administration. 
Thirteen of the fifteen lactose curves but none of the 
glucose plus galactose curves were “‘flat’’. 

In the fifteen Chinese students given 50 g lactose the 
mean maximum rise in blood sugar was 8 mg/100 ml. 
with a range of 0-25 mg/100 ml. The mean maximum 
rise after glucose and galactose was 44 mg/100 ml. with 
a range of 35-55 mg/100 ml. All but one subject had 
diarrhoea after lactose, and a ‘‘flat’’ lactose curve. 

In the five Indian students the mean maximum 
rise in blood sugar was 8mg/100 ml. with a range of 
0-30 mg/100 ml. After glucose and galactose, the rise 
was 32 mg/100 ml. with a range of 20-45 mg/100 ml. 
Four of the five subjects had a ‘‘flat’” curve after lactose. 

In the New Guinea natives the mean maximum 
rise in blood sugar after administration of lactose was 
3 mg/100 ml. with a range of 0-15 mg/100 ml. The mean 
rise after glucose and galactose were given was 41 mg/100 ml. 
with a range of 30-65 mg/100 ml. 

Jejunal mucosal specimens were obtained from six 
Australian and seven Chinese students. The mean 
lactase level ın Caucasian students was 3-9 U/g wet weight 
of mucosa with a range of 4-8-3-0 u/g. The mean lactase 
level ın the Chinese students was 0-4 u/g wet weight of 
mucosa with a range of 0-0-1-0 u/g. In the Chinese group 
were two students with a maximum rise in blood sugar 
more than 20 mg/100 ml. 

The histology of the biopsy specimens obtained from 
both groups was normal. There was no evidence of any 
abnormalities of the intestinal villi which are known to 
occur in a variety of mtestimal diseases associated with 
lactose intolerance. 

The patients ın this study complied with the accepted 
criteria for diagnosis of lactose intolerancet except that 
intestinal lactase activity was not estimated in all sub- 
jects. A “flat” lactose tolerance curve (maximum blood 
sugar rise over fasting of 0-20 mg/100 ml.) has been 
reported to be a reliable test for lactose intolerance, and 
it correlates well with intestinal lactase activity*-’, but 
there are discrepancies. In two Chinese students a rise in 
blood sugar of more than 20 mg/100 ml. was obtained 
after lactose ingestion. Diarrhoea was, however, pro- 
duced and subsequently they were found to have jejunal 
lactase activities of 0:3 and 0-4 u/g wet weight. 

This study shows lactose intolerance to be common in 
Chinese students, New Guinea natives and a small group 
of Indians. The only Chinese subject without diarrhoea 
after administration of lactose had a rise in blood sugar of 
25 mg/100 ml. and her jejunal lactose activity was 1-0 U/g 
wet weight. All the New Guinea natives were lactose 
intolerant as were four of the five Indians. 

Adult lactase deficiency could be a hereditary enzyme 
defect occurring with varying frequency in different 
ethnic groups. If it 1s a late manifestation of a genetically 
predetermined condition, it might be expected to occur in 
association with congenital lactose intolerance. There 
seams to be no such association and there is also no 
convincing familial ıncidence of the condition, at least in 
Caucasians. Further, the condition occurs too frequently 
to be a genetic mutation. 

Another, and to us a more likely, possibility is that the 
defect reflects a low level of milk consumption, resulting 
in a gradual adaptive decline in enzyme activity. 
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With the help of a trained dietitian, a preliminary 
dietary survey has been carried out on the Australian and 
Chinese subjects in this study. The lactose intolerant 
Chinese students all stopped drinking milk at weaning. 
On arrival in Australia they resumed milk drinking and at 
the time of testing were consuming approxmately 10 g 
lactose, or less than 4 a pint of milk a day. In comparison, 
the control subjects continued to drink milk after w 
and their present consumption 1s approximately 24 g of 
lactose, or 1 pint of milk a day. It would therefore seem 
likely that these subjects developed lactase deficiency 
after cessation of milk intake at weaning, and that lactose 
intolerance in Asians 18 adaptive rather than genetic. 

We thank Miss Ruth Morrison for assistance in the 
dietary survey. 

T. D. BorN 
A. E. Davis 


School of Medicine, 
University of New South Wales, 
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injection of 1,600 mg/kg, given 8 days after tumour 
transplantation, slowed tumour growth and caused partial 
tumour regression in three out of six rats. A single oral 
dose of DABI in the range 50-1,600 mg/kg had no effect 
on tumour growth. 


Kron 


1-(4-Dimethylaminobenzal)-indene 
Fig. 1 
These results led us to test DABI for carcinogenic 
activity because related compounds, such as 4-dimethyl- 


ammostilbene, exhibit carcinogenic as well as tumour 
inhibitory activity?-. 


Prince Henry Hospital, Table 2. NHOPLASMS OF INTERNAL ORGANS IN OB RATS TREATHD WITH DABI 
Sydney. No. of Histopathology of 
R Treatment Sex Of developed (figures in parentheses mil 
. n Vi gures paren! B 
Received September 16, 1968; revised February 17, 1969. ate in indicate times of alve 
deaths ın months) 
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Induction of Mammary and Other 
Subcutaneous Neoplasms in Rats by 
l-(4-Dimethylaminobenzal)-indene 


1-(4-DIMBTHYLAMINOBENZAL)-INDENE (DABI, Fig. 1) 
was examined for tumour inhibitory activity against 
subcutaneous transplants of the Walker carcinosarcoma 
256 at the request of Professor C. T. Bahner (Carson— 
Newman College, Jefferson City, Tennessee). The method 
used for this test has been described elsewhere}. A single 
intraperitoneal or oral administration of DABI in doses of 
up to 1,600 mg/kg did not kill 6 week old rats, although 
there was marked loss of body weight in the rate that 
received doses of more than 400 mg/kg. One intra- 
peritoneal injection of DABI within the range 100-1,600 
mg/kg completely mhibited the growth of tumour tissue 
implanted 24 h previously, and one mjection of 50 mg/kg 
inhibited tumour growth by 75 per cent m comparison 
with untreated control rats. |A single intraperitoneal 


DABI in arachis 2 18 8 1 Malignant granulosa-cell ta- 0 
oll mour of ovary (15) 

1 oo adenoma of adrenal 

ae adenoma of pancreas 

1 cea sarcoma (15) 8 

1 Local 1 homa of lung (15) 

1 Islet ce. moma +2 exocrine 
aiienanias of pancreas (15) 

None 


7 
None 8 


Debt nareshis cy 18 3 
o 


Arachis oil only Ẹ 12 0 
Arachis off only ¢ 12 0 


Eighteen male and eighteen female 6 week old rats of 
the Chester Beatty Wistar strain were given, at intervals 
of 2-3 days, six doses of 10 mg DABI in 0-5 ml. of arachis 
oil by gastric instillation. Twelve rata of each sex were 
treated similarly with arachis oil only. A variety of sub- 
cutaneous tumours began to appear from the second 
month of observation onwards (see Table 1). Tumours 
with epithelial components, undoubtedly of mammary 
origin, were seen in male as well as female animals. We 
are uncertain whether the sarcomas and lipomas that arose 
were also derived from mammary elements. It is not clear 
whether the neoplasms of internal organs (Table 2) are 
attributable to treatment with DABI for, with the excep- 
tion of the malignant granulosa cell tumour of ovary, 
neoplasms of all the types listed may occur in untreated 
rats of the same strain’. Furthermore, some of the control 
rats that are still alive may already have mapparent 
tumours of the same or other types. 

After the carcinogenic potency of DABI had become 
apparent in the present test, we learnt that Folk’ had 


Table 1. MAMMARY TUMOURS, SUBOUFANEOUS SARCOMAS AND LIPOMAS IN OB RATS GIVHN SLX INTRAGASTRIO INSTILLATIONS OF 10 MG 1-(4-DIMOFTHYI- 
AMINOBENEAL)-INDENH (DABI) Ix 05 ML. OF ARACHIS OIL 
No. of rats that No.ofratain Eietopathology of largest No. of rats that died No. of rats 
too ose WO ES upom os nooplsus (figures in parentese s imei (igaroa in i6 montin 
Treatmen ex tumo! or neo m neo mon 
rats suboutaneous were Caliente monta whan cate times after start 
sarcomas multiple first palpated) age deaths in months) of treatment 
DABI in arachıs ol ẹẸ 18 16 14 6 Adenocarcinoma (6, 7, 8, 2 (11, 18) 0 
thet 10) 
2 romyxosarcoma (18, 
o Fibroadenoms (8, 8, 8, 8 
2 Baa (2, 8) 
I in arachis oll 18 7 2 5 1 Adenocarcinoma (10) 8 (6, 6, 8, 12, 18, 14, 15, 16) 8 
Dap $ Fibrom: (14, 4 (None with palpable 
14, 14, 15) tumours) 
Fibrosarcoma (12) 
1 orphic sarcoma (7) 
Arachis oil onl g 12 3 0 2 Fibroadenoma (9, 14) 2 (14, 16) T 
erie 1 Adenoma (14) , (One with a palpable 
subcutaneous tu- 
mour since 16th 
month) 
Arachis 0 9 (6, 7, 12, 12, 13, 16, 16, 16, 3 
ear d a P 5) f : (Rone with palpable 
tumours) 
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previously reported the induction of subcutaneous 
“adenomas” (presumably of mammary gland origin) in 
Lewis rate given intraperitoneal mjections of DABI. 

The results reported here are of special interest because 
they suggest an alternative to the Huggins technique® for 
the experimental induction of mammary tumours in the 
study of mammary tumorigenesis and ite inhibition. 

The fact that DABI has been found to be carcmogenic 
ig not entarely surprising because the compound can be 
regarded as the cyclic vinylogue of 4-dimethylaminostil- 
bene, itself a potent carcmogen®*. On the other hand, the 
data available from studies of the latter compound do not 

that limited oral administration of DABI would 
have so dramatic an effect on tumour incidence, nor that 
the mammary glands and subcutaneous tissues would 
generally be the principal target organs. 

This work was supported by grants to the Chester 
Beatty Research Institute (Institute of Cancer Research: 
Royal Cancer Hospital) from the Medical Research Council 
and the British Empire Cancer Campaign for Research, 
and by a Public Health Service grant from the National 
Cancer Institute, US Public Health Service. 
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Antitumour Activity in a Series of 
bisDiketopiperazines 


Furst! has argued that most drugs which retard the 
growth of human or experimental neoplasms are actual 
or potential chelating agents. Although the correlation 
of the two properties is probably often no more than coin- 
cidental, the idea of attempting to influence the growth of 
cells and tumours with chelating agents has been exam- 
ined*-§, It is an attractive idea because many enzyme 
systems depend on or contain trace metals. 

Ethylenediamine tetra-acetic acid (EDTA), one of the 
most powerful chelating agents for divalent cations, has 
no significant antitumour activity*, which is not surprising 
because it is a highly polar molecule and would not be 
expected to penetrate readily to vulnerable intracellular 
sites’. Less polar derivatives of EDTA might well do so 
and if, once in the cell, they broke down to yield effective 
chelating agents, they would be more likely to affect 
tissue growth. They would also have the advantage of 
being more likely to pass the blood-brain barrier. Most 
anti-leukaemioc drugs fail to do this and so their capacity 
to eliminate leukaemic cells 1s reduced®. 

Antitumour agents were sought among the less polar 
derivatives of EDTA. The first two compounds tested, 
the ethyl and methyl esters of this acid, were inactive. 
In studying the reaction between EDTA and formamide 
in an attempt to prepare the tetraamide, it was found 
that by using sufficiently vigorous reaction conditions, 
ammonia was eliminated and the diimide was formed. 
Initial screening results with this compound, 1,2-b4s 
(3,5-dioxopiperazin-l-yl) ethane (ICRF 164), were very 
encouraging, and so further derivatives were made. 
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Systematic variation of the structure showed that 
experimental antitumour activity was confined to a group 
of substances very closely related to ICRF 154. Activity 
was retained by methyl but not by ethyl substitution of 
the central ethylene chain. Thus (+)-1,2-bis (3,5-dioxo- 
piperazin-l-yl) propane (ICRF 159) and both its optical 
isomers hed very significant activity, as did ICRF 193, 
meso-2,3-b1s (3,6-dioxopiperazin-l-yl) butane (although 
this was much more toxic), whereas the corresponding 
derivatives of (+)-1,2-diaminobutane and 2-methyl-1,2- 
diaminopropane were inactive. A variety of acyclic 
analogues including NN’-dicarboxamidomethyl-NN’-di- 
carboxymethy1-1,2-diaminoethane, the product of hydro- 
lysis of ICRF 154, failed in the screening tests. 

Thus although antitumour activity has been found m 
derivatives of EDTA which might be expected to act as 
latent chelating agents, this activity seems to be restricted 
to derivatrves which have a highly specific structure. 
This that their activity may not depend on 
chelation as does the fact that ICRF 164 has no effect on 
calcium output in rats. Probably antitumour activity 
depends on some form of interaction with a cell component 
capable of assuming a complementary (specific) structural 
conformation. 


Table 1. ANTITUMOUR HFFMCT OF IORF 154 AND IORF 159 


ICRF 154 IORF 159 
Ta mage  contege mago centage 
mours cen! cen! cen cen 
Dose(s) mean tumour Dose(s) mean tumour 
mg/kg animalwt inhibi- mg/kg inhibi- 
change T/O tionțt change T/C tiont 
8180 30x5 +4/+29 Q1 80x5 —6/+27 93 
Ca755 15x4 +2/+11 88 10x8 =2/+15 85 
Bhriich 
solid — — — 30x7 +15/+28 H 
Ascitlo 80x5 — 60 80x5 — 60 
Walker 200x1 — 35 250 x 1 +22/4+17 29 
15x8 +14/+28 37 60x8 +12/+28 48 
11210 
early 30x9 — 67* 80x18 — 137* 
Advanced 30x4 — 116* 80x 5 — 59* 


All doses given intraperitoneally and suspended in carboxymethyl cellulose. 
* Increase in survival time over controls. 


. 10nn { Mean weight of treated tumours) 
+ Tumour inhibition: 100 (eae ee ee a x100} 


T/Om Percentage mean anunal wel ee o of troated 
Percen mean animal weight o of oon 
os Canal wie oatcy 


All the compounds were examined’ for their potential 
antitumour activity against two tumours, the sarcoma 
S180 and the leukaemia L1210, and if they showed activity 
against these tumours they were also tested on other 
tumours (Table 1). Compounds were given as suspensions 
in carboxymethyl cellulose and treatment started 24 h 
after tumour inoculation. Table 1 shows that significant 
inhibition of growth of §180 or increase in survival time 
of mice inoculated with L1210 leukaemia occurred after 
treatment with either ICRF 154 or 159. When treatment 
of the L1210 leukaemia was delayed until the day before 
the expected day of death, highly significant prolongation 
of survival times was still obtained. A number of other 
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mouse tumours, including Ca755, and the Lewis lung 
tumour, can be inhibited by these compounds to varying 
degrees. 

There was, however, little effect on ascitic tumours 
(even S180 in this form) when the compounds were given 
by routes other than intraperitoneal injection. Even by 
direct intraperitoneal injections neither of the compounds 
was able to prevent the growth of Ehrlich ascites tumour. 
Tests on the Walker carcinosarcoma have shown the 
compounds given as a single injection to be only partially 
effective, whereas melphalan (1 mg per kg bodyweight) 
as a positive control was wholly effective in producing 
total inhibition. Suppression of the growth of Rous 
sarcoma paralleled suppression of the growth of the 
chicks. There seemed to be no specific inhibitory activity 
against this tumour. 

The results in Table 1 are typical of many experiments 
carried out with ICRF 154 and 159. They and ICRF 193 
are active in oil as well as CMC and by all routes. Table 2 
shows a comparison of their relative effectiveness as anti- 
tumour and immunosuppressive agents. 

Attempts to produce regressions of established $180 
were not successful when mice were treated for 1 week 
and observed for another week. There were indications, 
however, that a longer period of observation may be 
required to reveal involution of the tumour. Fig. 1 shows 
a clear relationship between dose and response in the case 
of sarcoma $180. This makes it seem likely that anti- 
tumour activity was not merely a by-product of a more 
genera] toxicity, but was the result of a specific reaction 
of the active compounds with some essential cell constitu- 
ent or constituents. 

When ICRF 154 or 159 was given to normal mice in 
doses greater than 30 or 100 mg/kg/day respectively there 
was a failure to gain and eventual loss of weight followed 
by death. This therefore suggests that normal cells are 
also vulnerable and that these substances exploit for their 
antitumour effects the differential rates of replication of 
tumour and normal cells, rather than qualitative differ- 
ences between them. 








15 
10 
5 
me/ke Control 3:75 75 15 30 
T/C (weight) = 0-50 0-14 0-08 0-04 


Fig. 1. Dose response relationship of ICRF 154 against 5180. The 

tumours were dissected out and weighed 8 days after implantation. 

Treatment started 24 h after inoculation of tumour. Total number of 

doses given was five. T/C is the mean of the treated tumours divided by 
es the mean of the weight of the control tumours. 


385 
Table 2. COMPARISON OF bisDIKETOPIPERAZINES AS ANTITUMOUR AND 
IMMUNOSUPPRESSIVE AGENTS 
Code Compound TI Is 
0 
Z 
fT 


(ICRF) (given orally); Ro = ON H (S180) (homograft reaction) 
/ 





oO 
154 B’—CH, CH; R 44 - 
159 R'—CH,—CH—R’ 98 + 
CH, 
CH, 
193 R'—CH — CHR’ 6-7 N.T, 


CH, 
TI, Therapeutic index; calculated from the formula: 
Maximum tolerated dose; 
TED T 


E Ds being the dose causing 90 per cent inhibition of tumour growth). 
IS, Immunosuppressive activity as judged by the ability of the compounds 
to prolong skin allograft survival in mice. —, No immunosuppressive 
activity. +, Barely significant activity. N.T., Not tested, 


In this connexion it is noteworthy that neither of the 
compounds significantly prolonged skin homograft sur- 
vival in mice (Table 2). This lack of immunosuppressive 
effect is of some significance because it may indicate that 
if the homograft reaction requires the emergence of a new 
generation of sensitized lymphocytes then there are some 
non-malignant replicating cells particularly of the lym- 
phoid system which may after all be unaffected. These 
compounds are now being tested on malignancies in man. 

We thank Dr R. J. C. Harris for the tests on the Rous 
sarcoma. One of us (A. M. C.) thanks Dr M. M. Coombs 
for advice and encouragement. 
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Platinum Compounds: a New Class 
of Potent Antitumour Agents 


CERTAIN platinum compounds completely but reversibly 
inhibit cell division in Gram-negative rods'-*, These 
compounds have been tested for antitumour activity 
and we report some of the preliminary results. The 
platinum compounds inhibit sarcoma 180 and leukaemia 
L1210 in mice. 

The most efficacious compounds tested so far are: 
(1) e#s-Pt(IV)(NH,).Cl,; (2) ets-Pt(1I)(NH,).Cl,; (3) Pt- 
(T)(NH,CH,CH,NH,)Cl, ; and (4) Pt (IV)(NH,CH.CH,- 
NH,.)Cl,. These compounds were injected intraperiton- 
eally into mice in 0-5 ml. of saline or buffer solutions. No 
inoculations were given to the controls, and no positive 
controls were used. Sarcoma 180 tests were performed 
in our laboratory using ICR mice and a tumour line pro- 
vided by Dr S. Poilly of the NIH. Protocols of the Cancer 
Chemotherapy National Service Center? (CCNSC) were 
rigidly observed. The results of these tests are given in 
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Table 1. Because inanition could, from the recorded 
weight losses, cause at most a T/C x 100 value of 50 
per cent? these compounds are effective in inhibiting the 
tumour. Some treated mice have been kept alive after 
treatment and have remained free from tumours for 
6 months. Palpation indicates that the initial tumour 
transplant has disappeared. The mice appear normal and 
healthy. 


Table 1. INHIBITION BY PLATINUM COMPOUNDS OF SARCOMA 180 AND 


LEUKAEMIA L1210 


Platinum 
compound 


Mean weight 


Dose schedule change (g) Efficacy 


Tumour mass inhibi- 


Sarcoraa 180 Days 1-10 tion (T/C x 100) 














Į 2-5 mg/kg daily -43 
500, s -t6 
Wo, a ~15 
Control ora 
it 05 mg/kg daily +03 75 
PO 35 y -43 44 
20 = ,, Sy -56 1-8 
Control 1-1 [0-524 g*} 
Wit 1:25 mg/kg daily ~ 2-3 17 
et v ~ 3-6 13 
D> 35 =f4 3-6 
Control +h {0-524 g*} 
Iv 4-62 mg/kg daily -1-1 54 
1:25 ,, bs 8 32 





25o p u 23 
DO ,, 20 
Control {0-524 g*] 
Leukaemia Increase in mean 
L1210 Days 1-5 survival time % 
I 25 mg/kg days 1-9 ~33 49 
if 1-25 mg/kg days 1-9 2-7 8&7 
50 mg/kg day 1 only ~ 14 59 
10-0 mg/kg day 1 only —36 > 83t 


* Mean control tumour weight, 


+ Three of ten mice were alive and tumour free when discarded on day 30, 
Mean survival time of untreated controls was 9-10 days. 


The activity of compounds (1) and (2) against leukaemia 
L1210 was evaluated by Microbiological Associates, Inc., 
under contract to the CCNSC in accordance with standard 
protocols for primary sereening®:’. Their optimum results 
in the dose levels tested for BDF, [(C57B1/6 x DBA/2)F,] 
mice are shown in Table 1 and indicate that (2) is a potent 
antileukaemic agent. The National Cancer Institute is 
now investigating the antileukaemie activities of these 
compounds. 

We conclude that some platinum compounds have 
antitumour activity. Collier and Kraus? found two 
ruthenium compounds to have “a definite effect against 
mouse sarcoma’, and Taylor and Carmichael? found 
RbCl, inhibits mouse mammary adenocarcinoma and 
sarcoma. This suggests that inorganic platinum metal 
compounds form a new class of antitumour agents. At 
present, inorganic chemistry is largely unexplored for 
this property. 

Tolerance tests which are in progress show that higher 
doses of these compounds affect the intestinal erypt cells, 
causing a gelatinous appearance of the intestines in 
autopsies and a reduction in the size of the spleen. These 
effects are reversible and animals survive if injections are 
stopped a few days before death would have oceurred. 

Tissue culture tests with Chinese hamster cells (CHEF- 
125) and human amniotic AV, cells show that incubation 
of these cells with the platinum compounds represses 
mitotic division, and distorts the chromosome morphology 
in the few cells that do divide. Membrane leakage also 
occurs. 

We have, at present, no knowledge of the fate of the 
compounds injected into the animals or of the mechanism 
of action against the tumour cells. 

This work was supported by a US National Institutes 
of Health research grant and a US Atomic Energy Com- 
mission contract. We thank Mr T. Krigas, Dr E. Postow, 
Miss J. Toth, Mrs B. Rabin, Miss G. Valentine and Pro- 
fessor E. Beneke of Michigan State University, and 
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Response of the Testicular Capsule to 
Acetylcholine and Noradrenaline 


WE have used the testicular capsule as an isolated tissue 
preparation for pharmacological studies, and we describe 
here the first response of the capsule to a pharmacological 
agent. 

The testicular capsule has long been considered an inert 
tissue. The very brief histological descriptions which are 
available imply only that the capsule is a membrane 
composed essentially of dense white fibrous tissue, com- 
monly known as the tunica albuginea. 

During tn vitro metabolic studies of rat testicular tissue 
we have for the past 5 yr peeled off and discarded the 
capsule before slicing the testis with a Stadie-Riggs 
microtome. It recently oecurred to us that it would be 








Fig. 1. Photograph of the isolated testicular capsule of the adult rat 

after removal of all the seminiferous tubules and underlying tissues, The 

capsule has been turned inside out before placing the superior and 

inferior threads, in order to remove completely all the interior tissue of 
the testis { x 3). 
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quite easy to prepare and save the capsule of the rat 
testis as an intact tissue provided the seminiferous 
tubules were first removed from the interior of the organ. 
We knew of no pharmacological studies of the testicular 
capsule, so 1t seemed of interest to investigate the effect of 
acetylcholine and noradrenaline on an isolated intact 
capsule of the rat testis, using a standard isolated organ 
bath. 

The animals used in these experiments were 90 day old 
male Sprague-Dawley rats weighmg approximately 325 g. 
After the animal had been killed by decapitation, the 
testis was exposed through a mid-line abdominal incision 
by applying gentle pressure to the scrotum. The testis 
was removed and placed in cold Tyrode solutiont, 
epididymis wag carefully dissected and a small Piece of the 
inferior end of the 18 cut, leaving a hole measuri 


ferous tubules had been removed in this way, the capsule 
was turned inside out, allowing the ining seminiferous 
tubules to be gently teased away, together with the 
testicular artery (Fig. 1). The resulting intact isolated 
testioular capsule resembled a thin hollow sao, approxi- 
mately 2 om long and 1 cm wide and with a wet weight 
of approximately 75 mg. The testicular capsule was then 
tied at the superior and inferior ends with 4-0 surgical silk 
thread and mounted in a 10 ml. isolated tissue bath 
assembly. Care was taken when placing the thread at the 
inferior end of the capsule to leave about 25 per cent of the 
original small hole open. The inferior end of the capsule 
was then tied directly to the tıp of the aeration tube. The 
thread from the superior end of the capsule was attached 
to a linear motion transducer which was connected to a 
Texas ts ‘Oscillo-riter’ recorder with a paper 
speed of 0.25 mm/s. The attenuation of the recorder was 
set at 1 K. The physiological salt solution m the organ 
bath was Tyrode solution warmed to 32° C. 
tion was carried out with air. The added volume of cach 
drug dissolved ın Tyrode solution was 0.1 ml. 

Fig. 2 shows 
adrenaline of the isolated 






dent. The maximal resp 
occurred at a dose of 1 


Fig. 2. Contraction of isolated testicular capsule of the adult rat with 
various doses of acetylcholine (a) and noradrenaline (b). Drug concen- 
trations are exp 
ghiortde and Saaremale typical ora aaia 
from the same prepara of a total of five 
performoi. RnG magnification was x 25. 


as ug of organ bath volume for acetylcholine 
. The recordings shown were obtained 
similar experiments 
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meximal response of the testicular capsule to acetylcholine 
seemed to be approximately twice that observed with 
noradrenaline. In every cass, maximal contraction of the 
testicular capsule was reached in 2min after addition of the 
drug. The testicular capsule was found to relax slowly 
after it had been caused to contract, so a slight extra 
weight was added to the load to assist itg recovery. This 
enabled doses to be added once every 20 min. 

These experiments have shown a contraction of the 
testicular capsule by acetylcholine and noradrenaline. 
Our initial description of the rat testicular capsule as an 
isolated tissue preparation seems to imply that the 
testicular capsule may serve uniquely as a model system 
for the pharmacological investigation not only of capsular 
tissue but of fibrous membranes in general. It seems 
interesting to speculate on the posaible mechanisms of the 
contractions induced by acetylcholine and noradrenaline, 
for definitive histological demonstrations of smooth 
muscle and autonomic efferent innervation of the testi- 
cular capsule are at present lacking. Moreover, ıt would 
be interesting to know whether acetylcholine and nor- 
adrenaline receptor sites in the testicular capsule have a 
physiological role both in the regulation of testicular size 
and in testicular function, Experiments are now in 
progress in our laboratory to attempt to answer these 
questions. 

This work was supported by a US Public Health 
Service research grant from the National Institute of 
Child Health and Human Development. G. A. L. is a 
predoctoral trainee of the US Public Health Service. 


Joser R. Davis 
GEORGE A. LANGFORD 


Department of Pharmacology, 
Loyola University Stritch School of Medicine, 
Hines, Illinois. 


Received January 17; revised February 17, 1969. 
1 Tyrode, M. V., Arch. Intern. Pharmacodyn., 20, 205 (1910). 


Tubular Transport by Human Kidney 
stored at £C 


PRESERVATION of kidney tissue for transplantation 
involves the problems of preserving vascular integrity 
and the maintenance of renal 
tubular cell function. Current investigations havo 
focused chiefly on the methods of hypothermic kidney 
storage which on subsequent transplantation achieve 
the best survival of function’. Cellular biochemical 
functions of stored renal tissue have not been extensively 
studied. Because of the importance of specific membrane 
processes in renal function we have examined the intrinsic 
transport properties of renal tubular cells in a simplified 
system—that of stored renal cortical slices in oxygenated 
buffer. We have used the system to examine the in viro 
accumulation at 37° C of amino-acids and sugars by human 
renal cortical slices maintained at 4° © for up to 168 h. 
Specimens of human kidney cortex were obtained within 
30 min from kidneys removed surgically from patients 
on the Urology Service, Hospital of the University of 
Pennsylvania, who required kidney extirpation because of 
structural or neoplastic abnormalities of the uri tract. 
Renal function was known to be good in the removed 
kidney and the renal cortex was essentially normal. 
Alpha-methylglucoside («-MG) and a-aminoisobutyric 
acid (ATB) were used as non-metabolizable models for the 
glucose and neutral amino-acid ort systems, re- 
spectively. L-Lysine, although metabolizable, can be used 
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Fig. 1. Accumulation of a-methylglucoside by human kidney cortex 
slices, Cortex slices, 0-4 mm thick and a Droxmately 80 mg each, were 


stored at 4° O in 25 ml. flasks conta 5 ml. of Krebs-Ringer bi- 
carbonate buffer, pH 7 86, and gassed dally with O,-O0, (95/5 v/v). 
Slices were removed various periods of time fresh tissue; 


©, 
®©, 24h; O, 48h; Á, 72h; A, 98h; A,120b; E, 144'h; D, 168 h). 
proxumatel 10 mg segments, and mcubated 
ar Oe tee Co5/s v/v) in 2 ml. of Krebs-Ringer 


2 u01 of HO a-MG. Determinations 
were performed f a leat at various mcubation times 


to 90 min. 
Tissue concentration of a-MG was determined by extraction in warm 


water and assay of the extract radioactivity by liquid scintillation‘. 
Distribution ratio (abscissa), the concentration of the substrate in 
intracellular fluid to that in the media, was calculated as us. previonaly 
described‘ with correction for inulin space determined f. d for 
each day of storage’. Inulin space was 40-54 per cent of wet tissue 
welght before storage and increased slightly after 24 h. Total tissue 
water, 88 per cent of wet tissue weight, did not change throughout the 
storage penod. 


as a model for basic ammo-acids because the tissue radio- 
activity after incubation with lysine “C is essentially all in 
the form of this amino-acid, as shown by chromatographic 
analysis. Alpha-MG-U-“C, AIB-1-“C and x-lysine "C 
were obtained commercially and found to be chromato- 
graphically pure before use. 

The in vitro accumulation of a-MG by stored cortex 
slices prepared with a Stadie—Riggs microtome is shown 
in Fig. 1. The ability to accumulate a-MG against a 
concentration gradient is represented by the distribution 
tatio—the ratio of the sugar in intracellular fluid to that 
in the incubation media. A distribution ratio greater 
than one is indicative of active transport. The drawn 
line represente the clustered data for the normal curve of 
uptake of the model sugar. In tissue from patients 1 and 
5, normal accumulation occurred at 72 h of storage with 
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diminished capability of accumulation after 96 h at 4° ©. 
Tissue from patient 8 showed normal uptake during 
storage for 48 h. Similar results were obtained with 
tissue from two other patients using an incubation time of 
only 30 min. 

Fig. 2 shows the ability of stored tissue slices to 
accumulate the amino-acids AIB and lysine. Renal cortex 
from patients 4 and 6 had normal ability to form a con- 
centration gradient for AIB for 72 h of storage (re- 
presented by the drawn line) while tissue from patient 8 
showed a normal accumulation for 48 h in the cold. The 
storage time for maintenance of normal uptake of lysine 
paralleled that of AITB except in the tissue of patient 4. 
Slices from the latter tissue showed a discrepancy in the 
length of normality—72 h for AIB uptake and 144 h for 
lysine accumulation. Slices from tissues 5 and 8 appar- 
ently mamtained normal accumulation for the sugar and 
the amino-acids for the same length of storage. 

The establishment of a concentration gradient for 
a-MG and AITB in fresh tissue was found to be dependent 
on oxygen and the presence of sodium ion, so the effect of 
their deprivation was studied in tissue stored for 72 and 
96 h. Almost complete mhibition of «-MG and AIB 
uptake was observed after both storage intervals, the 
former when the uptake was normal and the latter when 
diminution of the function was observed. Thus the 
mechanism for active transport in the preserved tissue 
has characteristics similar to that functioning in fresh 
tissue, which implies that the same transport system is 
operative. 

Our results show that in the simplest of storage condi- 
tions membrane function of the human renal tubular 
cells can be maintained for about 3 days. This time 
interval corresponds to that seen for successful perfusion 
reimplantation experiments with dog kidneys. Our 
observations with human tissue are similar to previous 
reporte that renal cortical cells of the rat maintain normal 
amino-acid and transport mechanisms for 48—72 h 
storage at 4° C57. It is of interest that, in the present 
experiment, the storage media did not contain glucose 
nor any energy yielding substrate and none was added 
during the uptake experiments. The tissues survived 
and transported the sugar and amino-acids by using 
intrinsic energy stores. In our previous studies with 
stored rat tissue, once the transport became defective the 
addition of energy producing metabolic intermediates was 
unable to augment the failing process. The decrease in 
active accumulation on prolonged storage may represent 
either a general metabolic deterioration or a specific 
membrane defect or both. 

The stored cortical slices have been examined micro- 
scopically. Structure was completely intact for 24 h 
with minimal focal necrosis after 48 h. Focal necrosis did 
not become marked until after 96 h. Electron microscopy 
was not performed with the stored human tissue, but rat 
cortical slices in the same conditions have been examined, 
reves alterations in mitochondria and microvillae 
after 48 h6. 

Further study of the uptake of amino-acids and sugars 
by renal cortical slices on prolonged storage seems 
warranted. By alteration of the storage conditions and 
use of our in vitro transport experiments as an assay 
procedure, it may be possible to find optimal conditions 
for preservation which can be applied to perfusion fluids 
for whole kidneys. But besides contributing to the 
solution of problems related to renal preservation and 
transplantation, investigations of this type may have 
important implications in the general understanding of 
renal transport phenomena. Our results may also have 
significance for the study of renal tubular transport 
disorders. The knowledge that function can be easily 
preserved for up to 72 h would enable slices made from 
kidney biopsy specimens obtained at one medical centre 
to be shipped to others where active investigation of 
membrane diseases is taking place‘. 
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c acid (a) and L-lysine (b) by human kidney cortex slices. Methodology was identical to that for 
concentration of the amino-acids in the media was 0165 mM. Symbols as in Fig. 1. 


Red Cell ATP and Malaria Infection 


SEVERAL genetic polymorphisms involving haemoglobin 
and glucose-6-phosphate dehydrogenase are thought to 
provide a measure of protection against human malarias?. 
These are all single gene traits, but quantitative vanables 
within the human red cell may also be of importance. 
Thus Brewer and Powell? have demonstrated a strong 
positive correlation between the level of erythrocyte ATP 
and the rapidity with which a parasitaemia of 1,000 
per mm? is reached durmg experimental infections of 
humans with falciparum malama. The higher the level of 
red cell ATP, the more rapidly parasitaemia develops, 
at least in the early stages of infection. This study was 
designed to investigate the relationship between red cell 
ATP level and the development of parasitaemia in a 
different species infected with a different form of malaria. 
‘We have used male rhesus monkeys (Macaca mulatta), 
all of approximately the same age (18-24 months as 
estimated from body weight). None had had any previous 
known infection with malaria of any sort. The animals 
were inoculated with infected whole blood contaming 
about 0:5x10* parasites of Plasmodium oynomolgi 
(bastionelli strain). Parasite counts (of the asexual 
forms withm the red cells) were done every 24 h for the 
duration of significant infection (at least 30 days). Blood 
samples for ATP assay were taken from the animals 
Immediately before wnfection (see ref. 3 for methods). 
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Fig. 1. Relationship between peak parasitaemia and red cel ATP 
jewel in rhesus monkeys infested with P cynomoin. r= +069; P<001. 


Our findings show that the level of erythrocyte ATP is 
an important factor in infections of rhesus monkeys 
with P. cynomolgi. High ATP was associated with rela- 
tively high peak parasite counts (see Fig. 1) and, ag in 
humans, with a more rapid development of the parasitae- 
mia (Table 1). Among the correlations shown in Table 1 
1s that between ATP and “ratio’”—the maximum ratio 
between successive 24 h counts after the parasitaemia, had 
exceeded 0-1 per cent infected cells which is a measure of 
the maximum speed of development of parasitaemia. 
This ratio correlates well with ATP and with peak para- 
sitaemia. Two other correlations, peak parasitaemia 
against weight (which serves as a control of the age of 
the animals) and ATP against day of peak parasitaemia, 
were found to be non-significant. The mean ATP levels 
in rhesus monkeys were approximately the same as those 
which have been reported for humans*“, although the 
range is considerably greater. 


Table 1. OORRELATIONS OF THB LEVEL OF RED CELL ATP AND THE LEVEL OF 
PHAK PARASIPAHMIA WITH VARIOUS FAOTORS IN RHESUS MONKEYS INFECTED 


WITH P 
Correlations Correlation P 

coeficient value 
ATP versus peak parasitaemia +0 698 <001 
ATP versus ratio” +0 587 <0-05 
Peak parasitaemia versus ratio +0°647 <001 
Peak parasitaemia versus weight —0 080 NS 
ATP versus day of peak parasitaemia —0 008 NS 


* See text for explanation. t Not significant at the P=0-1 level. 


These results support earlier work? on experimental 
infections of humans with falciparum malaria, which 
was, however, limited to the period of very early infection. 
(Parasitaemis in humans could not be allowed to exceed 
5,000/mm* or about 0-1 per cent infected red cells.) We 
have now been able to observe the full course of the 
infection and have found that the maximum rate of 
development of the infection (expressed as “‘ratio”) and the 
ve infection are both strongly correlated with levels of 

In an earlier article‘ it was reported that levels of ATP 
are in part inherited, and that Negroes have significantly 
lower levels of red cell ATP than Caucasians. It was 
suggested that this difference might be the result of 
selection. This implies that the mortality from malaria 
infections (in Africa) among those with higher red cell 
ATP levels is greater than among those with average or 
below average levels of ATP. The present results make 
this an even stronger possibility, for it hag now been shown 
that, in rhesus monkeys mfected with P. cynomolg, 
ATP levels are an important determinant of the severity 
of malaria infection. 

The way in which low levels of red cell ATP tend to 
inhibit the rate of development of infection and reduce the 
maximum level of infection is still not clear. Two possi- 
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bilities have previously been discussed’. The first is that 
red cells with low levels of ATP do not have the structural 
integrity necessary to contain the developing parasite 
for the period necessary for asexual reproduction. If 
lysis of the cell were to occur before the parasite had had 
a chance to mature, the immature parasite would probably 
not survive and the infection would be proportionately 
retarded. The second possibility is that the ATP (or the 
adenine part of it) 1s used ın some form by the parasite 
in the course of its maturation. If this is so, then the 
ATP content of the cell may well be a rate limiting factor, 
governing the development of the parasite in ita erythro- 
cytic stage. These two possibilities are not, of course, 
mutually exclusive. 
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Stimulation of Ascospore Release in 
Venturia inaequalis by 
Far Red Light 


Venturia inaequalis (Cke.) Wint. is the fungus which 
causes “scab” disease of apple. Its perithecia develop in 
fallen apple leaves late in winter, and ascospores mature 
during spring. Various wcrkers, for example, Hirst and 
Stedman:, have established that the ascospores are not 
released unless the leaves are wetted. I have found that 
greater numbers of ascospores are released when the wetted 
apple leaves are in the light than when they are in dark- 
ness*. Results reported here are from an investigation of 
release of ascospores by V. inaequalis in light of different 
bands. 

In V. inaequalis the ascus elongates through the ostiole 
of the perithecium until its tip 18 about 40 microns above 
the ostiole. The ascus tip then ruptures and the eight 
ascospores are discharged in rapid succession. The spent 
ascus shrinks back into the perithecium. Only one ascus 
from a perithecium discharges at a time, although one or 
several other asci sometimes emerge through the ostiole 
before the first one has discharged. 

The time between first appearance of an ascus tip at the 
ostiole and its subsequent discharge was found to vary 
from 3:5 to 120 s?. The number of mature asci in each 
perithecium at one time can be in the order of thirty—fifty 
or more. It therefore follows that, after a leaf with perithe- 
cia is wetted, an appreciable time must elapse before all of 
the mature ascospores are released. 

Equipment consisted of a small wind tunnel with a 
pump which drew air over the leaves in the tunnel and 
into an impactor, where ascospores released into the air 
were trapped on a sticky microscope slide for counting. 
Airflow was 17-5 l./min through the system, with an 
airspeed of about 13 cm/s in the tunnel. Apple leaves 
with perithecia were fixed flat on a thin layer of silicone 
grease spread on a metal block the surface of which— 
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Fig. 1. Rate of release of ascospores as No./80 min, from leaves ilumin- 

ated continu with white light. Slides were d at intervals of 

30 min from 0 to the third hour, and at intervals of 60 min from the 
third to the seventh hour. The leaves were continuously wet. 


7-6 cm square—formed part of the tunnel floor. Leaves 
were held at a constant temperature of 22-5°-23-5° O 
throughout the experiments by thermostatic control of the 
block temperature’. 

Light entered the wind tunnel through a ‘Perspex’ 
window directly above the leaves. The light source was a 
100 W tungsten filament lamp, with a reflector, above the 
window. Filters over the window provided illumination 
in a range of spectral bands. For total darkness the 
window was covered. 

For white light illumination the lamp was set 27-5 cm 
above the leaves, giving about 480 foot-candles of incident 
light on the leaves. When filters were used, the amount 
of total radiant energy reaching the leaves was maintained 
at the same level as for white light by adjusting the 
height of the lamp above the wind tunnel. A thermopile 
at leaf level was used to find the appropriate lamp height 
for each filter. 

Transmittance of filters, tested with a spectrophoto- 
meter, was as follows: blue, Wratten No. 47B, 890- 
492 mu, peak 430 my; green, Wratten No. 58, 484- 


Table 1. PEROHNTAGH TRANSMITTAMNOE OF RHD AND INFRARED FILTERS 
IN DIVFERAXT WAVELENGTHS, AND THE EFFEOT ON ASOOSPORE RHLHASH 


Red Near red Far red Infrared 

Wavelongth Wratten Baird-Atomic Baird-Atomic Wratten 

(my) No. 20 No. B3-660 No. B8-780 No. 884 
800 0 0 0 0 
610 0 0 0 0 
620 12 0 0 0 
630 52 0 0 0 
640 70 0 0 0 
650 78 8 0 0 
660 78 57 0 0 
670 78 83 0 0 
680 78 88 0 0 
690 78 55 0 0 
700 78 2 0 0 
710 78 0 8 0 
720 78 0 46 0 
730 78 0 73 6 
740 78 0 75 27 
750 78 0 78 44 
760 78 0 23 61 
770 78 0 4 53 
780 78 0 0 58 
700 78 0 0 59 
800 78 0 0 68 


Stimulated Inhfbited 
ascospore ascospore 
Telease Telease 


Stimulated Inhibited 
ascopore ascospore 
release Teleage 
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612 mp, peak 530 mp; red and infrared filters are 
described in Table 1. The apple leaves used in the 
experiments were of Red Delicious variety, gathered in 
late autumn and held outdoors during the winter for 
development of perithecia. The experiments were 
carried out in spring, during the period of natural asco- 
spore discharge. Leaves were taken indoors several 
days before an experiment and were kept dry to ensure 
that perithecia contained mature ascospores. The leaves 
were held at 27-5° C, 100 per cent relative humidity, in 
total darkness, for about 16 h before each experiment. 
Conditioning them m a warm humid atmosphere in this 
way prepares perithecia for discharge’. 

Transfer of leaves from the dark conditionmg box to 
the wind tunnel took about ö min. In the earher experi- 
ments the transfer was carried out in dim natural light of 
about 2 foot-candles incident on the leaves. For later 
experiments the laboratory was completely blacked out, 
and manipulation of leaves was done under a “‘safelight’’ 
with a green filter, Geva-Filter No. U531, transmitting 
only 496-594 my. 

After the leaves were fixed to the temperature-controlled 
block they were wetted by spraying with distilled water. 
The lid of the tunnel was closed and the air pump was 
turned on. An experiment continued with the same leaves 
for 7 h or more and the leaves were kept wet by spraying 
at intervals of 30 min. Each experiment consisted of a 
programme of changes in the kind of light on the leaves. 
The ascospores released and trapped under each type of 
illumination were counted on the corresponding sequence 
of microscope slides taken from the impactor. 

Under continuous white light (Fig. 1) the rate of 
release of ascospores rose to a peak during the fourth 
period of 30 min, and after 2-5 h most of the ascospores 
had been released. Thereafter ascospore release continued 
at a relatively low, and falling, rate. 

Release of ascospores was slight in darkness and in light 
of wavelengths below 620 mp (Fig. 2), but was stimulated 
by a broad spectral band of hght of wavelengths greater 
than 620 my. Infrared light (Fig. 3) and near red light 
(Fig. 4) both inhibited release of ascospore, evidenced by 
the interrupted patterns in Fig. 3 and Fig. 4, compared 
with the pattern in Fig. 1. In an experiment not described 
here, microscope slides were changed on the mpactor at 
intervals of 5 min before and after a change from red light 
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. 2. Release of ascospores from leaves in & ce of 2 h periods of 
ering illumination. The red filter used was Wratten No. 29. The 
leaves were continuously wet. 
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Fig. 3. Rate of release of Tes as No, 29 min, from leaves Illumin- 

ated alterna with red (Wra No. 29) and infrared (Wratten No. 

884) light. Slides were changed at intervals of 30 min. 
continuously wet. 
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Pg. 4. Rate of ascospore release, as No./10 mın, from leaves held for 
1:5 h in darkness, then illuminated alternately with far red (Baird- 
Atomic No. B3-730) and near red (Balrd-A. c No. B3-880). Slides 
were chan at intervals of 30 min, except for one of 20 min of far red 
and one of 10 min of near red at the first The leaves were 
continuously wet. 


to total darkness. The numbers of ascospores were high 
for the first 5 min of darkness; thereafter they fell 
sharply to near zero. This indicated that asci which had 
begun the process of discharge under the stimulation of 
the red light completed the process in darkness. It can 
therefore be assumed that the relatively high rates of 
release of ascospores shown for the first 30 min of 
infrared light in Fig. 3 and for the first 10 min of near red 
light in Fig. 4 were in fact carryover from the previous 
illumination. 

A summary of results is given in Table 1. The con- 
clusion drawn by comparing the transmittance of the 
filters with therr effects on ascospore release is that the 
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light which stimulates ascospore release by Venturia 
inaequalis is within the band 710-730 mu. 

This is the first record of stimulation of active spore 
discharge in a fungus by far red light. The similarity 
between the active spectral band and the action spectrum 
for the far-red-absorbing form of phytochrome? is possibly 
significant. 


Plant Diseases Division, 
Department of Scientific and Industrial Research, 
Auckland. 
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The Arctic as an Environment for 
Research on Rhythms 


Many hold the view that the Arctic during summer (a 
tıme when light is contanuous) lacks obvious diel time cues 
and therefore provides an environment suitable for re- 
search on circadian rhythms in man. Several studies 
based on this assumption have been published'?; another 
is now being contemplated’. This communication 1s 
designed to correct this assumption. The facts available 
show the Arctic to be unsuitable for this purpose except 
perhaps in the exceptional and unpredictable event that 
uniform heavy overcast persists throughout the experi- 
mental period. 

Even near the northernmost limita of land (82°-83° N), 
physical variables show diel periodicity in summer. 
During complete overcast such periodicities may be slight. 
but at other times they are pronounced. Fluctuations in 
light intensity and in temperature near the ground are 
the most evident of these. For human subjects there 
is another important consideration. During the Arctic 
summer the Sun remains continuously above, yet close to. 
the horizon; so its azimuth position is especially obvious. 
Given a fixed reference eo (for example, a tent, a 
landmark on the horizon, the richer plant growth on south- 
facıng slopes), a person needs only a day or two before 
becoming aware of the approximate time. Indeed, it is 
easier to tell the time by the Sun in the Arctic than at 
lower latitudes. 

These diel tıme cues result, directly or indirectly, from 
changes in the altatude and azimuth of the Sun. In the 
Arctic, changes of altitude of the Sun disappear only at the 
pole; those of azimuth (given a fixed reference pomt). 
nowhere. Except for a short period ın mid-winter when the 
Sun remains continuously more than 18° below the horizon 
Arctic sites are usually unable to provide conditions 
of sufficient uniformity for rhythm research. Uniformity 
of light mtensity and eos (the two variables 
experimentalists have sought to control by choosing 
Arctic study sites) can be secured more effectively and 
cheaply in other ways®. 
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Book Reviews 


PROGRESSIVE THINKING 


Eugenics and the Progressives 
By Donald K. Pickens. Pp. xi+ 260. (Vanderbilt Unirver- 
sity Press: Nashville, November 1968.) $7.95. 


Proressoz Pioxmns, who is a historian and not a geneti- 
cist, is concerned not with the scientific merits of eugenics 
as such, but with the very considerable effect which the 
writings of Sir Francis Galton and his followers had on 
public opinion and social policy in the United States 
between about 1890 and 1930. 

This was the period of the various reform movements 
together known as “progressivism’’, most of which came 
to an end during the slump of 1929, to be resuscitated in a 
much altered form m the New Deal. The progressives 
believed in centralized planning and ın the politacal mani- 
pulation of society, and they were basically authoritarian 
in outlook. Being themselves almost all white Anglo-Saxon 
Protestants, they took it for granted that their own 
prosperous class had got where it was on its own merits, 
and was therefore best suited to control the destmies of 
the nation, 1f not of the world. At that time progressives 
were very far from being egalitarian, and many of them 
were avowedly racialist m their attitude towards both 
the negro population and the more recent immigrants 
from southern and eastern Europe, and even from Ireland. 
Selective immigration control, by the quota system and 
otherwise, was then regarded as an example of progressive 
legislation. 

So, in the first few decades of the present century, 
progressive sociologists were favourably disposed towards 
the ideas of eugenists, who sought to improve the human 
stock, or at least to check the decline which many of them 
thought to be inevitable, by using fiscal and other political 
measures to promote reproduction by those having what 
were regarded as desirable characteristics, and to dis- 
courage indiscriminate breeding among the socially and 
biologically inferior. 

All this was brought to an abrupt end by the Depres- 
sion, which caused the old-fashioned progressives to lose 
confidence ın themselves and their policies. At the same 
time, and for quite different reasons, the essentially pre- 
Mendelian ideas of the old-fashioned eugenists were 
coming increasingly under attack from a new generation 
of neo-Darwinian geneticists in the United States, led by 
H. J. Muller among others. Nowadays, if progressive 
views need not necessarily be inconsistent with authori- 
tarian tendencies, those who hold them nearly always 
firmly believe in human equality, and a progressive racist 
seems almost s contradiction in terms. And the eugenists 
also, whose élitist and racist ideas were thoroughly dis- 
credited in Nazi Germany, quite apart from any scientific 
criticisms, are now more interested in attempts to improve 
the individual human lot by welfare, and foreign aid, 
and above all by population control, than in worrying 
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about whether in the long run these policies may not 
have a dysgenic effect on the human species. 

But the climate of opmion could change agam, and 
powerful tools are being developed, which would be 
effective in operating eugenic policies, if we dare to use 
them. Already symptomless heterozygotes for a few 
recessive hereditary diseases can be identified, and further 
advances in this field are to be expected soon, so that 
negative eugenics could be practised to eliminate these 
defective genes in a single generation, provided only that 
the otherwise usually quite normal heterozygous indi- 
viduals can be prevented from breeding. And we now 
understand a great deal more about the processes of 
polygenic inheritance than was so even 20 years ago, so 
that reliable positive eugenics, in planned breeding pro- 
grammes for example, may become possible as soon as, 
if not sooner than, they are morally acceptable. In the 
more distant future, artificial insemination and ovum 
transference, used in conjunction with long-term gamete 
storage, would make progeny testing and cloning in man 
a practical possibility. 

It 1s right therefore to look into the past history of the 
eugenics movement, when theories that are now seen to 
have had rather little in the way of genumely scientific 
justification had a large effect on progressive thinking in 
public affairs, and perhaps a good deal more so than many 
much better supported ideas today. Pickens’s book 
provides an excellent commentary, from the point of view 
of a social historian, on these battles of long ago, which 
may indeed have more relevance to the future than at 
first sıght appears. He certainly opens up a hterature not 
otherwise now easily accessible, and in particular the 
34-page “Bibliographical Essay” at the end, being a 
systematically organized annotated review of many 
hundreds of references, will be a boon to thesis writers, 
especially in sociology and in.the history of science, and 
to anyone else interested in delving deeper into this 
somewhat specialized field. C. B. GoopHart 


STIMULATING COMMUNICATION 


Animal Communication 

Techniques of Study and Results of Research. Edited by 
Thomas A. Sebeok. Pp. xvui+686. (Indiana University 
Press: Bloomington and London, February 1969.) $20; 
186s. 


THERE can be few subjects within the realm of zoology 
which are as all-embracing as communication, enclosing 
as it does aspects of physiology, natural history, evolution 
and behaviour. Though the transfer of information can 
be extended to include genetic transfers, this book 
concerns itself only with information transfer through 
the senses from one individual to another, usually of the 
same species. Little attention is paid to communication 
between plants and animals, so well exemplified by the 
remarkable adaptations of various orchids to attract 
quite specific Hymenoptera. 

The editor, T. A. Sebeok, sees animal communication 
semiotics as zoosemiotics as opposed to anthroposemio- 
tics, the exclusively human sign system dependent on 
language. Zoosemiotics are those signs which can be 
shown to be the end-products of an evolutionary series 
and may be detected in man’s repertoire of communication 
signals. Indeed, Sebeok’s introductory article very 
usefully relates the other twenty-three contributions to 
linguistics and to theories of language. 

The book is divided into five main parts; the introduc- 
tion, techniques of study, some mechanisms of com- 
munication, communication in selected groups and, 
finally, implications and applications. 

The tape recorder and sonograph make observations 
and experiment with sound easy in comparison with work 
with visual signals; chemical signals present the greatest 
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problem. Without desaribing the details of techniques, 
the authors of the four papers i part two consider the 
problems of observation and experiment. Analyses by 
“‘message-meaning” and by design features are shown as 
methods of approach which have their own special 
advantages. What comes out with force here, and is 
echoed by a paper by Moles in the last part, is the prob- 
lem of applying the mathematics of communication theory 
by determining redundancy and the like, when it is very 
rare to be able to describe the syntactical structure of the 
signals. One of the difficulties 1s the role of context in 
determining the meaning of a signal; thus, the red breast 
of a robin 1s a threat only when the bird is on its own 
terntory. Indeed, the same signal can serve different 
purposes according to circumstances. A young herring 
gull seeks food from an adult by making a single wheezing 
call; but if 1t sees food on an adult’s territory the young- 
ster’a wheezing call attracts other gulls, both young and 
adult, to the food. 

Smith points out that the “message” represents some 
aspects of the central nervous state of the anımal com- 
municating. One can thus look at the bee dance as 6 
“statement” of the result of the bee’s most recent foraging 
activity. But in spite of the fact that the message com- 
municates the present state of the sender, it is essentially 
predictive; indeed, much of our analysis of animal com- 
munication depends on the observer’s knowledge of the 
animal’s behaviour patterns and his ability to foretell the 
results of the recipient’s response to the signal. 

The major classes of signals are reviewed in part three 
with chemical systems (Wilson), visual systems (Marler), 
acoustic communication (Busnel) and a special plea for 
the consideration of echolocation in this context by 
Griffin. 

Studies of the pheromones used by insects in com- 
munication have developed considerably m recent years, 
advances which have been made possible by the use of 
methods of chemical analysis which require very small 
amounts of the substance. Molecular size and constitution 
have been selected for adaptation to production in very 
small glands and for the variety of substances which can 
be differentiated from each other. Yet in spite of this 
potential variety there is remarkable lack of species 
specificity; differentiation appears at a lower taxonomic 
level. 

The failure to realize that animals do not react auto- 
matically to a signal but only if ther motivation is high— 
a satiated animal will not, for example, react to a food call 
—has, according to Busnel, led to much musunder- 
standing between hearmg physiologists and behaviourists. 
He asks for more experimentation using the same simu- 
lated call at a graded series of intensities; in this way, the 
semantic value of the message can be indicated. In his 
review, he points to the personalization of bird songs by 
the incorporation of imitations of the rival’s calls into 
the territory owner’s threat song, apparently a good use 
for imitation which so often seems to have no adaptive 
value. 

Communication in the major animal groups is reviewed 
in chapters by Alexander (arthropods), Wenner (bees), 
Frings (other invertebrates), Tavolga (fish), Blair (amphi- 
bians and reptiles), Hooker (birds), Tembrock (land 
mammals), Poulter (marine mammals) and Altmann (prim- 
ates). All these contributions are very complete with 
excellent bibliographies; often they form a complete 
summary of all that is known on the group. 

The last part deals with anthropological (Diebold) and 
psychological (Bastion) perspectives, the evolution of 
language (Lennerberg), redundancy and coding (Bateson), 
communication theory (Moles) and practical uses (Frings). 
Disagreements with other contributors are freely aired, 
thus making another most stimulating section. 

This 1s a splendid collection of facts and theories which 
will be a source of ideas on many aspects of communica- 
tion for a long time to come. J. D. CARTHY 
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ATTITUDES 


Poyenologlca Foundations of Attitudes 

ited by Anthony G. Greenwald, Timothy C. Brock 
and Thomas M. Ostrom. (Social Psychology : a Series 
of Monographs, Treatises, and Texts.) Pp. xvı+ 407. 
(Academic Press: New York and London, December 
1968.) 116s 8d. 

As Leon Festinger says in the foreword, “this work is 
frankly and explicitly an attempt to present theories 
about attitudes that are different from theories centering 
about the concepts of dissonance or balance”. With the 
current exciting state of attitude theory, for which these 
two approaches are responsible, it is very appropriate 
that such a work should be published. Because the aim 
is to represent “‘the others”, however, the contributions 
are necessarily miscellaneous. There cannot really be a 
theme, although the first chapter on the history of attitude 
theory, by Ostrom, and Greenwald’s concludmg chapter, 
comprising a résumé and critique of the book, do provide 
some cohesion. 

The remaining part of the book is divided into two 
sections : learning—behaviour theory and cognitive 
interaction theory approaches, but again within these 
sections the topics and approaches are as varied as 
might be expected were they different articles in a journal. 
To review them properly each chapter would have to 
have its own critique. This 1s, of course, not possible; 
all a reviewer can do is to give his generel and personal 
impressions. 

I must admit to disappointment with the chapters 
which attempt to relate attitude acquisition or modifica- 
tion to conceptions of the learning process as studied in 
anumals; that 1s, the chapters by Staats, Lott and 
Lott, Rosnow and by Weiss. I felt that the workers 
were more interested in finding analogies with theories 
in which they have s large investment than in really 
attempting to add to an understanding of the process 
of attitude change. Often, too, the study of some overt 
behaviour, such as the latency of pressing a lever when 
one agrees with an opinion statement (Weiss), is too easily 
equated with attitude. I was always left wondering what 
else was affected besides the variable the investigator 
chose to measure. My main feeling was of suffermg from 
an overdose of a Zeigarnik effect. This was particularly 
strong with the Weiss chapter, which I read three times 
without really finding out what procedures were used. 
How many trials were given ? How does rate of respond- 
ing change during the “learning” process? I was left 
feeling that we already know more about the acquisition 
of attitudes than we do about what is learned during the 
running of a maze by a rat. 

I am much happier with the rest of the book. MoGuire’s 
analysis of the persuasion process and his contention 
that personality factors such as self esteem and anxiety 
can operate on the receptive and the persuasive stages 1n 
conflicting ways add something important to our under- 
standing of asion. Greenwald tackles the problem 
of the relation (or lack of it) between the learning of argu- 
ments and their effects on attitudes. Bem puts forward 
sound reasons for believing that we sometimes ( ?) deter- 
mine what our attitudes are in the same way that we 
discover those of other people. “I must like brown bread, 
I’m always eating it.” His experimental evidence is not 
so convincing. Brock stands exchange theory on its head 
and argues for the effectiveness of persuasion by the use 
of “‘secreta’’. It does, indeed, seem that people believe 
“leaks” rather than proclamations. Is this to be explained 
on a scarcity-equals-value hypothesis ? Brehm/’s position 
is that we have a need to feel free and react to persuasion 
attempts negatively to the extent that we see them as 
attempts to reatrict it. 

Baron feels that actions which people are persuaded to 
carry out, contrary to their attitudes, do not fall into the 
single class of situation implied by dissonance theory, 
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but can be divided into moral and hedonic dilemmas 
and the behaviour resulting can then be explained m non- 
dissonance terms. Janis and Mann suggest that we strike 
balances (echoes of exchange theory again !) of arguments 
pro and con, and that, in spite of dissonance theory’s 
opposite contention, conflict exists before any commit- 
ment 18s made. Personally, I see this work fitting into a 
very slightly modified dissonance model which assumes 
that any knd of cognitive work implies commitment. 
On the whole the book is well worth reading. Its main 
function must be the equivalent of a set of reprints of 
journal articles rather than that of a text for a teaching 
course. But at least they are interesting and, I would 
guess, important articles. KEE QIBBINS 


DISCOVERING ECOLOGY 


Perspectives in Ecological Theory 

By Ramén Margalef. (The Chicago Series in Biology, 
Vol. 1.) Pp. vini+111. (University of Chicago Press: 
Chicago and London, February 1969.) 40s. 


Szent-Gydeeyr defined discovery as ‘“‘seeing what 
everyone has seen and thinking what nobody has thought”. 
Margalef’s book not only discovers basic principles of 
ecology but makes the reader think in such a way that it 
allows him to discover. 

The author analyses the control of succession, and in 
so domg throws new light on the process. It seems 
somewhat of a paradox that a new insight into succession 
should come from the study of planktonic ecosystems in 
which succession sensu stricto seems impossible. This is, 
however, the keynote of the book, ‘‘get out of the rut of 
conventional thinking and discovery must follow”. 

The concept of climax which has for too long simmered 
in the ecological melting pot is replaced by the concept 
of maturity refocusing on the organismal approach to the 
ecosystem. The intamate relationship between organism 
and ecosystem is explored through the relationship of 
evolution and succession. The maturing ecosystem 
creating within itself abiotic stability assures safe sites 
for the complex of biota, which can only coexist as part 
of the system. Destruction of the system means loss of 
the biota but allows species which can cash in on the 
catastrophe to form less mature, ephemeral systems with 
an existence time biotically controlled by succession. 
The question, does biological success he in “assurance” or 
“insurance”, is thus posed but is not answered. 

Sunilarly, the idea of the importance of the function of 
the components of ecosystems 1s stressed, yet the author 
flatly denies that an understanding of the behaviour of 
different species falls within the scope of ecology. 

The book is full of stumulating hypotheses and tan- 

izing unanswered questions. It lives up to ite title, 
looking towards the horizons of ecological theory, yet ıb 
leaves much of the foreground out of focus. Perhaps this 
is why it is so successful, for it is within this hyperspace 
that the reader can himself experience the satisfaction of 
discovery. Davin BELLAMY 


ROCK BEHAVIOUR 


Fundamentals of Rock Mechanics 
By J. O. Jaegar and N. G. W. Cook. Pp. xiv+ 513. 
(Methuen: London, February 1969.) 120s. 


THe construction of larger dams, higher buildings, the 
development of deep open-pits and mining at great depths 
have made it progressively more important for the civil 
and engineer to possess more than an intuitive 
grasp of rock behaviour. This subject is poorly re- 
presented in the literature, this book being only the 
second major and comprehensive treatment of rock 
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mechanics available in the English language. As one 
would expect from these two authors, the book 1s well 
written and clearly presented. The emphasis throughout 
is upon the mechanical behaviour of rock. Consequently, 
there is a comprehensive treatment of stress, infinitesimal 
strain, friction, elasticity theory (the authors emphasize 
that the theory deals only with linear stress-strain 
relationships), fluid pressure effects and mechanisms of 
fracture. All these topics are carefully linked to the 
actual behaviour of rock. There are also chapters dealing 
with the specifically practical aspects of rock testing in 
the laboratory, underground measurements and the 
application of the various principles propounded in the 
book to mining and engineering problems. ‘Together, 
these various chapters provide a fund of theory and fact 
which will be invaluable to the engineer. There are also 
brief accounts of the behaviour of ductile materials and 
time-dependent effects. Because these topics, at present 
anyway, are of relatively minor importance to the engineer, 
they occupy a total of only thirty pages. There is also 
a short chapter on the application of rock mechanic 
principles and stress analysis to geological problems, in 
particular the development of faults and intrusions. 
Included in this chapter ıs a short treatment of the 
elements of finite strain theory. 

The authors write with such clarity and insight that the 
reader will often wish that they had treated a particular 
topic in greater detail. A completely encyclopaedic 
approach to this subject, however, is not possible in a book 
of 600 or so pages. Moreover, the authors provide 
abundant references (over 600 are listed), so enabling the 
reader to pursue any particular interest. 

It is almost inevitable that the reader will wish to 
compare this book with the small monograph Elasticity, 
Fracture and Flow by the senior author. The Funda- 
mentals covers a wider field, especially in the more practical 
topics. The treatment is also more expansive, with ample 
explanations in the text and the extra step or two inserted 
in the mathematical arguments, thereby making this 
book altogether more readable than the monograph. 

Clearly, this excellent book will be an invaluable source 
book and reference for all engineers concerned with rock 
behaviour and should also be on the reading list of all 
geologists interested in engineering and structural 
problems. NEVIE J. PRION 


ENGINEERING CYBERNETICS 


Cybernetics Simplified 

By Artbur Porter. (New Science Series.) Pp. x+ 159. 
Universities Press: London, March 1969.) 22s 

paper; 35s boards. 


Taa science of cybernetics has borne the label “new” 
and the concomitant implication “not very respectable” 
for long enough. A quarter of a century’s life-span is 
short on an arithmetic time scale; but as delimiting an 
integral under an exponential curve of scientific growth it 
carries more weight. Professor Porter’s authority as a 
“control” man has itself been spread over most of this 
period, and his book is lucid and helpful. About twenty 
years have passed, at any rate, since scientists struggling 
to understand how control servos really work first adopted 
this author as a basic reference, and he has not deserted 
them now. 

There are, I think, two criticisms to make, neither of 
which is more a caveat about the scope of the book rather 
than a complaint about what is actually ın it. One con- 
cerns the essentially interdisciplinary nature of the science 
of control; the other is about the size and complemty of 
the systems with which cybernetics sets out to deal. 

The claim of this science has to be about the generality 
of control principles, about the abstract qualities of being 

“in control” or “out of control” for any system at all. It 
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does not matter whether we discuss engines and com- 
puters, brains and endocrine glands, anımal populations 
and managerial groups, or economics and societies, says 
the cybernetician. In any large, complex, interactive 
system there are conditions of ‘‘controlledness’? which 
must be observed—or else there is chaos: oscillation, 
explosion, death. If this claim is rejected, then cyber- 
netics is not a science, but an anthology of anecdotes 
about control. 

The author seems to take the point. If there are n 
domains in which control principles apply across the inter- 
disciplinary board, then there are n diverse experiences of 
control to be synthesized into a unitary disciplme. But 
unless the n individual sciences which already successfully 
cope with these n experiences are singularly incompetent, 
we may expect to find n models of the generalized nature 
of control. These do indeed exist: in biology, ecology, 
economics, neurophysiology and so on. For the author, 
however, there seems to be no more than one model, 
that from servomechanics, although there may well be 
n applications thereof. 

And so to the second caveat. For the very large systems 
treated by some of the sciences, the building blocks of 
single-loop servos can offer no more than a start in 
erecting the edifice of a total, viable system. These bases 
remain very important; and in particular the servo 
approach to time constants and systemic lags is vital 
(and has been underestimated). But there 1s more to the 
dynamic structure of these systems than the present 
account admits. 

These two caveats are surely justified in the embar- 
rassingly scant reference to seminal work ın cybernetics 
which has no servo-mechanical base. The author copes 
with Pavlov, Uttley and Grey Walter, it seems, because 
these workers reduced certain biological mechanisms to 
the kind of model which he purveys. But we cannot 
really pretend today that there is no neuro-cybernetics, 
no social cybernetics, no medical cybernetics; nor can we 
ignore a host of diverse workers such as McCulloch, 
Manksy, Sommerhoff, Rashevky ... and especially Ashby. 

Yet these remarks would be cavilling 1f only the book 
admitted its scope—if it were called, for example, 
“Engineering Cybernetics Simplified’. Read it m that 
context for the excellent book ıt 1s. 

STAFFORD BEER 


EARLY MECHANICS 


Mechanics in Sixteenth Century Italy 

Selections from Tartagha, Benedetti, Guido Ubaldo and 
Galileo. Translated and annotated by Stillman Drake 
and J. E. Drabkin. Pp. xn+428. (University of Wiscon- 
sin Press : Madison and London, March 1969.) 119e. 


In the past few years much has been published, from 
America especially, of the work of the mediaeval philo- 
sophers who concerned themselves with the study of 
mechanics. Equally, we have seen, before and after the 
tercentenary of his birth, much important scholarly work 
on Galileo. Now the University of Wisconsin Press has 
included in 1te “Publications in Medieval Science” a 
work which for almost the first time attempts to fill the 
gap between Galileo and his mediaeval precursors. There 
1s a scholarly introduction by Professor Drake, represen- 
tative selections from sixteenth century Italian writers 
(including the young, ‘‘pre-Galilean’’, Galileo) and a biblo- 
graphy organized along lines suggested in the introduction. 
It is a most useful book for scholars, and ıb is very well 
produced. 

As Stillman Drake points out in his introduction, we 
cannot hope to understand the full development of the 
study of mechanics after the fourteenth century without 
considering the mechanical tradition in Italy which 
was, if anything, crystallized by the introduction of 
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printed texts. Dujksterhuis pointed out some years ago 
that sixteenth century writers generally saw two tradi- 
tions: one, essentially dynamical, stemmmg ultimately 
from the Mechanical Problems then ascmbed to Aristotle; 
the other, essentially statistical and mathematical, deriv- 
ing from Archimedes. Drake sees other traditions, especi- 
ally traceable to the Alexandrian writers on theoretical 
and practical problems associated with machines, of whom 
Hero of Alexandria (first century AD) is the most impor- 
tant; the sixteenth century learned with fresh interest 
of Hero’s writings on pneumatics, on mechanics and on 
machinery. All these works were newly printed or newly 
translated ın the sixteenth century, and all stimulated the 
mechanical writers of Italy. 

These seem to have been separated into two schools, 
with little sharing of ideas or methods. In north Italy 
were to be found such men as Tartaglia, Cardan and 
Benedetti, notably concerned with the practical aspecta 
of mechanics ; ın central Italy were such men as Com- 
mandino, Guido Ubaldo del Monte and Bernardino Bald, 
who concerned themselves with rigorously mathematical 
mechanics and problems arising from the study of ancient 
texts. Both groups shared an admiration for Archimedes, 
and the attitude of all towards Aristotle was highly ambi- 
valent. All of them made egregious errors, all accepted 
some truth and some falsehood from the past, all helped 
im various ways to advance the understanding of various 
mechanical problems, none helped the practical man to 
solve his problems. 

In mechanics we see clearly that paradox of the relation 
of science and technology in the sixteenth and seventeenth 
centuries : that learned men, mathematicians especially, 
wrote at great length on the theory behind practical 
machines (as the writers of later antiquity had also tried 
to do) but without thereby influencing the development 
of technology itself. Tartaglia’s writings on ballistics, 
illustrated by cannon with a gunners’ quadrant stuck in 
their mouths, have an air of practicality which is un- 
doubtedly spurious. He himself says “I had had no actual 
practice ın that art” (how to get the maximum range from 
@ cannon) and it does not seem likely that his quadrant 
ever had much experience either, for doubtless gunners 
knew how to elevate a gun somewhere near 45° without 
assistance. The interest 1s ın Tartaglia’s working out of a 
theory of smooth trajectory and explormg, with difficulty 
and many false steps, problems of mechanics. The 
avowedly anti-Aristotelian Benedetti 1s concerned with 
the same sort of problem, while Guido Ubaldo deals, hke 
the pseudo-Aristotle of the Mechanics Problems, with the 
five simple machines. And, finally, we have the young 
Galileo trying his hand at a very premature ‘Dialogue on 
Motion”, where some of the ideas developed by Benedetti 
appear, though it seems hkely that Galileo had not yet 
read Benedetti. 

Here, more clearly than ever before, it ıs possible to 
watch modern mechanics struggling to be born. These 
writers knew both ancient and mediaeval traditions; 
unlike many modern historians, they found them difficult 
to reconcile. In their writings it 1s possible to see how 
much Galileo had to do to change mechanics from what 
he knew and espoused about 1590 to that which he set 
out so firmly in The Two New Sctences of 1638. 

Marm Boas HALL 


ATTENTION, LORD SNOW 


Portnoy’s Complaint 

By Philip Roth. Pp. 278. 
308. 

Lorp Snow believes that the consistency of Jewish 
intellectual excellence may rise from a “gene pool” kept 
fairly intact over the centuries. Philip Roth has a different 
theory. Hus hero, Alexander Portnoy (or Albert Einstem 
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the Second as his parents proudly troduced him to their 
friends when he was a boy), maintains that lus IQ of 158 
was bred in the bone by his parents, using guilt and threat 
of castration as their tools. He turned out to be a bright 
young man all right—at 33, assistant commissioner for 
human rights ın the city of New York—but also morbid, 
hypochondriacal and an absolute beast to women. His 
psychoanalyst, to whom Portnoy pours out the contents 
of this monumental book, diagnoses the trouble as 
Portnoy’s complaint: “a disorder in which strongly felt 
ethical and altruistic impulses are perpetually warring 
with extreme sexual longings, often of a perverse nature”. 
For all this, Portnoy blames his parents, particularly his 
mother. ‘These two are the outstanding producers and 
packagers of guilt in our time”, he wails to his analyst. 


“What was it with these Jewish parents, what, that they 
were able to make us little Jewish boys believe ourselves 
to be princes on the one hand, unique as unicorns on the 
one hand, geniuses and brilliant lıke nobody has ever been 
brilliant and beautiful before ın the history of childhood 
... and such bumbling, incompetent, thoughtless, helpless, 
selfish, evil little shits, little ingrates, on the other I” 


Portnoy says that he is hving his life, his only life, in the 
middle of a Jewish joke: “My son, the doctor, 1s drown- 
ing!”. But, saya Portnoy, the anguish is real, the man 4s 
drowning. To which the parents, and Lord Snow, might 
retort: the accomplshment 1s real too—the man 1% & 
doctor. 

But Roth’s accomplishment is far more than exposing 
the destructiveness of inbred Jewish family Lfe. He has 
produced what may be the funniest and most honest book 
about sex ever written and he has made masturbation a 
fit subject for literature. The adolescent Alexander 
Portnoy 1s probably one of the champion masturbators of 
all time, hour after hour, barricaded behind the locked 
bathroom door, while his mother, believing him to have 
diarrhoea from eating gentile-made hamburgers, demands 
to be let in. His ingenuity in finding analogues to the 
unavailable female receptacle might be, in itself, a proof of 
Lord Snow’s thesis—cored apples, baseball mitts, pieces of 
liver, sweet wrappers and his sister’s brassière. A few 
years later, moving on to the real thing, he 1s still in 
trouble: only the flaxen-haired, white Protestant shikees 
(the very mention of which are as taboo in the Portnoy 
family as that disease which begins with C-A) interest 
him, and even they must change m number and position 
to suit his insatiable and varying demands. As a result, at 
33, for all his lavish expenditure of seed, Portnoy has no 
children and, on a visit to Israel, finds himself impotent. 

At first go, the sexual episodes in this novel obscure all 
else. There are four-letter words in wasteful abundance, 
and there is enough fellatio to satisfy even John Updike 
(whose recent Oouwples seems prudish ın comparison). 
But on second reading, the book turns out to be about 
America. It is America’s complaint and Portnoy con- 
fesses as much, to his analyst, when he says that his desire 
is not so much to seduce these blonde Protestants as to 
conquer America. As a Jew, he was an outsider in the 
real America, looking everywhere and hearing on the radio 
the “Real Americans”. There is a wonderful scene when, 
as a college freshman, he defies his parents and goes to 
spend Thanksgiving in Iowa with a real American family, 
who have yellow hair, talk to their dog and live on Elm 
Street. Portnoy might not have been a real American, 
but he loved his country: ‘I am a child of the forties, of 
network radio and World War Two, of eight teams to 
a league and forty-eight states to a country”. Take a 
country in which the majority of people worship the norm 
and feel that they are shut out of it and you have America 
of the sixties. 

This book is a major event. As a literary achievement, 
perhaps nothing since Sylvia Plath’s last poems have 
come so close to writing on the nerve. Her boldness 
probably drove her to suicide, but Roth is made of stronger 
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stuff. His tragic book 1s hilarious and ıt may have 
stopped ın her tracks the mother who says to the son: 
“Tell me, please, what horrible things we have done to you 
all our lives that this should be our reward ?”. Roth has 
answered that question with a book that may be the best 
Jewish joke of all. His family should be very, very proud. 
BRENDA MADDOX 


Kurt Jacoby 


Kurt Jacosy, senior editorial vice-president of Academic 
Press, died on September 1, 1968, aged 75. His career as a 
distinguished publisher of creative scientiflo works spanned 
fifty years of historically mcomparable growth and 
development in a field to which he contributed greatly. 

He was born on December 25, 1892, m Insterburg, 
East Prussia, now part of the USSR. After graduating 
from the University of Munich, he joined a Leipzig 
publishing house and later became a member of Julius 
Springer and B. G. Teubner, respectively, publishers of 
scientific books and journals. After the First World War, 
in which he served as an artillery officer, he joined his 
father-in-law, Dr Leo Jolowiez, m establishing the 
Akademische Verlagsgesellachaft of Leipzig as one of the 
leading scientific publishers in Germany. The firm became 
justly famous for its publications, such `as the Zeitschrift 
fir Physikalische Ohemie, Handbuch der Hapertmental- 
physik, Bronns Klassen und Ordnungen des Tierreiches, 
Ergebnisse der Hneymforschung and Ergebnisse der 
Vitamin- und Hormonforschung. 

During the Nazi regime, he was imprisoned and sub- 
sequently escaped from Germany, travellmg to the 
United States via Japan. In 1941 Kurt Jacoby and his 
brother-in-law, Walter J. Johnson, made a new start with 
the foundation of the present Academic Press in New York. 
With only the most modest means he introduced innova- 
tive concepts of commercial scientific publishing on & 
scholarly level, which had previously been the exclusive 
domam of the university presses and professional 
societies. 

Starting with Vitamins and Hormones, followed by 
Advances in Protein Chemistry and Advances in Carbo- 
hydrate Chemistry, a full range of more than sixty serial 
publications was ultimately developed. Archives of 
Biochemistry led the array of seventy journals created 
durmg twenty-five years, including the Journal of Mole- 
cular Biology. Of the notable treatises and reference 
works he helped to produce, The Enzymes, The Proteins, 
The Oel, Methods in Enzymology, The Bacteria, The 
Carbohydrates, The Hormones and The Nucleic Acids are 
only a few. 


Correspondence 


Indian Science Policy 


Sm:,—Ashok Parthasarathi (Nature, 221, 909; 1969) shows 
convincingly that “appearance” and “reality” ın Indian 
science policy are not synonymous, and he tends to put 
the blame on the complexity of the organizational 
machinery. But do the priorities of Indian science, on 
which policy should depend, fit the social needs ? 

Current policy emphasizes the sciences of atomic 
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energy and industrial technology, and is to some extent an 
inheritance from Professor Homi Bhabha, who was killed 
in an aeroplane crash on Mont Blanc in January 1966. 
Bhabha was a great man and a great scientist, described. 
by Yehudi Menuhin as “the twentieth-century Leonardo” ; 
but having heard him lecture on the needs of science in 
developing countries, I cannot believe that in this particu- 
lar respect his ideas were right. Attractive as may be the 
switching of surplus agricultural workers into urban 
industries and of scientific excellence in atomic physics, 
nearly all the people of India will continue to depend for 
their civilization on biological productivity. 

There is almost no mention of biology in Ashok 
Parthasarathi’s article. But Cinderella will some day 
find that the shoe fits. 

Yours faithfully, 


E. B. WorTHIneron 


International Biological Programme, 
Central Office, 

7 Marylebone Road, 

London NWI. 


Laboratory at Porton Down 


Sm,—As one who was privileged to be present at the 
recent opening of the new Physics Laboratory at the 
Chemical Defence Experimental Establishment by Mr J. 
Morris, Minister of Defence for Equipment, I feel that the 
brief note in your issue of March 29 (Nature, 221, 1187; 
1969) does an injustice to those responsible for the design 
of this fine building. The perspective of the photograph, 
reproduced in black and white, does not show to advantage 
the elegant proportions of the building nor can the picture 
reveal the striking but pleasing contrast between the 
colour of the brickwork with that of the panels under 
the windows. Where there is a conflict between architec- 
tural and functional requirements, as in most laboratory 
buildings, some sacrifice of aesthetic appeal is bound to 
be made, but m this case the Ministry of Public Buildmg 
and Works has been remarkably successful in producmg 
a design which is far superior to the boxlike structures 
so often inflicted on us ın the present age. 

If there are detractors of research in chemical warfare 
who might be foolish enough to rejoice, as you suggest, 
at a lack of architectural distinction, then, by the same 
token, they would gnash their teeth in rage at the 
interior of the building with its attractive décor and 
finely equipped suites of special purpose laboratories. 
The taxpayer has been well served and the staff has 
reaped a just reward after nearly five decades of working 
under adverse conditions in primitive factory-type build- 
ings. Here is a building which will delight the hearts of 
physicists and will provide an environment attractive to 
young men and women who are prepared to dedicate 
themselves to defence science while, at the same time, 
being given almost unlimited opportunities to make 
worthwhile contributions to aerosol physics, industrial 
hygiene and the like, for the benefit of mankind at large. 

Yours faithfully, 
H. L. GREEN 
Milford Hall, 


Castle Street, 
Salisbury, Wiltshire. 


University News 


Mr R. A. G. Savigear, University of Sheffield, has been 
appointed to a second professorship in the Department of 
Geography at the University of Reading. 

Dr T. G. Taylor, Poultry Research Centre, Edinburgh, 
has been appointed to the Rank chair of applied nutrition 
at the University of Southampton. 
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Dr J. G. Taylor, Queen Mary College, London, has been 
appointed to a chair of theoretical physics at the Univer- 
sity of Southampton. 


Dr A. H. Uhl has been named the Edward Kremers 
professor of pharmacy at the University of Wisconsin. 


Dr R. C. Smith, University of Keele, has been appointed 
professor of mathematics of the Open University. Mr 
D. J. Simpson, University of Glasgow, will become 
librarian and director of media resources of the Open 
University. 


Professor W. A. C. Stewart, vice-chancellor of the 
University of Keele, has been appointed chairman of the 
Universities Council for Adult Education. 


Appointments 


Dr Edward Chin, associate professor, Texas A and M 
University, Marine Laboratory, Galveston, Texas, has been 
appointed program director for biological oceanography, 
Environmental and Systematic Bıology Section, Divi- 
sion of Biological and Medical Sciences, at the National 
Science Foundation. Dr Philip L. Johnson, formerly 
associate professor, School of Forest Resources and 
Institute of Ecology, University of Georgia, has been 
appointed program director for environmental biology in 
the same section at the National Science Foundation. 


Announcements 


Dr D. A. Hilding, Yale University, has been presented 
with the Harris P. Mosher Award of the Triological 
Society for his research on the development of the cochlea. 


Dr G. E. Adams, Mount Vernon Hospital, has been 
awarded the Radiation Research Society’s Research 
Award for 1969 in recognition of his contributions to 
radiation research. 


Dr C. M. Williams, Harvard University, will receive the 
1969 Howard Taylor Ricketts Award from the Univer- 
sity of Chicago in recognition of his discovery of juvenile 
hormones in insects. 

The Patron’s Medal of the Royal Geographical 
Society has been awarded to Rear-Admiral R. N. M 
Panzarini, formerly director of the Argentine Antarctic 
Institute, for services to Antarctic Exploration and 
Research. The society’s Founder’s Medal has been 
awarded to Dr R. Thorsteinsson and Dr E. T. Tozer, 
Department of Mines and Technical Surveys, Canada, in 
recognition of thear contributions to exploration and 
economic development in the Canadian Arctic. The 
Victoria Medal has been awarded to Marcel Aurous- 
seau, former secretary to the permanent committee on 
geographical names; the Murchison Grant to Professor 
J. T. Coppock, University of Edinburgh, for agricultural 
studies; the Back Grant to Mr A. J. Lee, Fisheries 
Laboratory, Lowestoft, for contributions to oceano- 
graphy; the Cuthbert Peek Grant to Dr E. C. F. 
Bird, University of Melbourne, for coastal studies; the 
Gill Memorial to Dr R. M. Prothero, University of 
Liverpool, for population studies; the Ness Award to 
Mr R. G. Clarke, Hovercraft Commander, Geographical 
Magazine Amazonas Expedition, and the Cherry Kear- 
ton Medal and Award to Alan and Joan Root, for 
contributions to natural history and nature photography. 


Errarom. In the article “Will ELDO Last?” (Nature, 
221, 1183; 1969) it was incorrectly stated that the 
chairman at the first meeting of the newly created Com- 
mittee of High Officials was Professor H. Bondi. In fact 
Professor Bondi took the chair (representing the chairman 
of the European Space Conference, Minister Dr G. Stolten- 
berg) while the Committee elected as ita chairman 
Professor G. Puppi. 
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International Meetings 


April 22-80, International Chemical and Petroleum 
Engineering Exhibition, London (F. W. Bridges and 
Sons, Ltd, Commonwealth House, New Oxford Street, 
London WC1). 


May 10, Basic Genetics—L. J. Stadler Memorial Sym- 
posium, Missouri (Dr G. Kimber, Department of Genetics, 
University of Missouri, Columbia, Missouri 65201, USA). 


May 26-28, 52nd Chemical Conference of the Chemical 
Institute of Canada, Montreal (Chemical Institute of 
Canada, 151 Slater Street, Ottawa 4, Ontario, Canada). 


May 26-28, Diversity and Stability in Ecological 
Systems, New York (Symposium Committee, Brook- 
haven National Laboratory, Associated Universities Inc., 
Upton, LI, NY 11973, USA). 


June 9-27, Marine Geochemistry, Rehovot (Weizmann 
Institute of Science, London Foundation Office, Rex 
House, 4/12 Regent Street, London SW]). 


June 23-July 6, Chemistry of Solid/Liquid Interfaces, 
Cavtat (Professor B. Težak, Institute “Ruder Bošković”, 
POB 171, Zagreb, Yugoslavia). 

July 10, Measurement and Mathematical Techniques 
in Combustion/Heat-Transfer Systems, Leatherhead 
(Mr G. G. Thurlow, Director B, BCURA Industrial 
Laboratories, Randalls Road, Leatherhead, Surrey, UK). 


July 13-16, Physiology and Biochemistry of Muscle 
as a Food, Wisconsm (Mr E. J. Briskey, Muscle Biology 
Laboratory, College of Agricultural and Life Sciences, 
University of Wisconsin, Madison, Wisconsin 53706, USA). 
July 28-31, Computational Physics, Culham (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW]). 


August 18-22, Marine Biomedicinals, Oregon (Dr P. 
Catalfomo, School of P , Oregon State University, 
Corvallis, Oregon 97331, USA). 


August 24-29, Gasdynamics of Explosions and Re- 
active Systems, Novosibirsk, USSR (International 
Academy of Astronauts of the International Astronautical 
Federation, 250 Rue Saint-Jacques, Paris 5, France). 


August 25-29, [Xth International Embryological Con- 
ference, Moscow (Professor A. 8. G. Curtis, Department 
of Cell Biology, The University, Glasgow W2, UK). 


September 1-5, Hormones and the Environment, 
Sheffield (Profeasor J. G. Philips, Department of Zoology, 
University of Hull, or Dr G. K. Benson, Department of 
Veterinary Anatomy, University of Liverpool). 


September 3-5, Product Development and Manufac- 
turing Technology, Glasgow (Mr R. J. Brown, Informa- 
tion Officer, University of Strathclyde, George Street, 
Glasgow C1). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratorles, Nature 
advertises the needs for housing of familles about to 
take up perlods of sabbatical leave. To begin with, 
no charge will be made for advertisements like thls. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 


whether they are effective, 


Wanted: Furnished, 3 or 4 bedroom house m 
London, convenient for University College, for one 
year beginning September 1, 1969. Please contact 
Dr Martin J. Kushmerick, Room B1-09, Building 2, 
National Institutes of Health, Bethesda, Maryland 
20014, USA. 





BRITISH DIARY 


Monday, April 28 


Socrary OF CHEMICAL INDUSTRY, Foop GROUP (in the Congress Theatre, 
Eastbourne), at 2.80 p.m.—Meeting on “The Influence of Food Technology 
on the Changing Patterns in the Catering Industry”. 


ENGDOHERS (at Savoy Place, London, WO2), 
“Educational Television”. 


I¥8TITUTION OF ELHOTRIOAL 
at 5.30 p.m.—Mr W. Kemp: 


Tuesday, April 29 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2)— 
Colloquium on “Distnbuted Parameter Systems”. 


Ca FOUNDATION (at the Royal Institute of British Architects, 66 Portland 
Place, London, W1), at 5 p.m.—Professor Giuseppe Moruzzi (University of 
Pisa)! “Sleep and a fustinclive Behaviour” (21st (annual) Ciba Foundation 


Soomty oF ENGINEHRS (at Hanover Grand Bie Theatre, 6 Hanover 
Street, Tondon, Wi), at 5.15 Pm. —Sir Ohristopher Cockerell, CB 
‘Developments in Hovercraft’; Film—‘The Last Great Journey on pe 


INSTITUTION OF ELBOTRIOAL ENGINENRS (at Savoy P London, WO2), 
at 5 80 p.m.—Dr L R. Smith and Mr P. A. Nisar: “A B esa Self-excited 
Three- Synchronous Machine”. 


INSTITUTION OF MHOHANIOAL ENGINEERS, AUTOMATIO CONTROL GROUP 
(oint meoting with the osutati of Ia oa a nnan, ad 1 Birdcage 
ndon, 8W1), @ m.—Disonsion mee on “Systems Approach 

ays Basle for Enginecring 


ucation’’. 
Wednesday, April 30 


BRITISH POSTGRADUATRH MEDICAL FEDERATION, UNIVERSITY OF LONDON 
(at the aoe of Child Walt, 80 Guilford Street, London, WC1), at 5.80 
M. G. Humble: “Leukaemias” (last “The 


of three lectures on 
iui Be Bass of Dentistry”). 


L¥STITUTION OF BLHOTRICAL KNGINERES (at Savoy Place, London, WO2), at 
5.30 p.m.— Discussion meeting on ‘Transistor Microwave Amplifiers”. 


INSTETUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W02), at 
5.80 p.m.—Mr G. H. Hi MAL der: o Transfer through 
Transformer Generator Units’; Mr H. L. White: urge Transference 
Characteristics of Generator Transformer talno", 


BOGETY FOR ANALYTIOAL CHEMISTRY, MIOROGHEMICAL METHODS GROUP 
(at ‘The Feathers”, Tudor Street, London, EC4), at 6 80 p.m.—Drscusston 

meeting on ‘The Use of Instruments in the Analysis of Organic Materials” 

introduced by Mr A. G. Jones. 


SOCETY OF CHEHIOAL INDUSTRY, OILS AND FATS GROUP (at 14 Belgrave 
Square, London, SW1), at 6.80 p.m.—Dr B. J. F. Hudson: "The Changing 
Soene in Lapid s 


Thursday, May | 


RoyaL SOOIETY Bry Ae 6 Oarlton House Terrace, Tondon, 8W1), at 4.80 p.m.— 
Dr F. Sanger, FRS: “Sequences in Nuclele Acids’ 


UNIVERSITY COLLEGE LONDON (in the Chemistry Thos Theatre, Gower Stree 
Tondon, WO1), at 5.80 p.m.—Dr 0. A. Vernon: “Boe Vonom” (Ina 


ee OF REFRIGERATION (at the National College aut Henting 
Ventilla Refngeration and Fan Bouthwar 
London, 8 Tema m DINER, Dariington: “‘The Use of Tiong {trogen 
tm the Hist of OF Retrlgenation 


BOOTY oF OHBMIOAL 
tational Olub, 86 St James's Street, London, SW1), 
General Meeting, followed by discussion meeting on ““ 
Microbiology Group”. 


SOOTY oF CosimeTIO CHEMISTS OF GREAT BRITAIN (at the Ro: Bouioty 
of Arta, John Adam Street, Tondon, WoO2), at 7.80 pm Leo: 
Matohan: “An Industrialist Looks at the Coamotio Industry” (Medal 
Lecture). 


INDUSTRY, MICROBIOLOGY GROUP (at the Consti- 
at 6 p.m.—Annual 
Propar Aims of the 


Friday, May 2 


ROYAL INSTITUTION, PHOTOOHESOSTRY Discussion GROUP (at 21 Albe- 
marie Btrest, London, lon, $TD, ab 1 pa 1 pm rir T E MoKollar: “Photochemical 
Problems in the D; 


ROYAL reer ee einer at (at Burlington Monae, Hcy Tpndoii 
Wi ud at m —Geo wwoussion on “Anisotropy in pper 
Maz ’ “Chairman: ophyalcal 8. Thirlaway. 


INSTITUTION OF BLEOTRONIO AND RADIO ENGOTHERS, JOINT Savoy Placas 


OoMPUTER GROUPS (at the Institution of Electrical Engineers, Ba 
London, WO2), at 5.30 p.m.—Discusaion meeting on Computer. dap t 


Monday, May 5 


INSTITUTE OF PHYSICS and the PHYSICAL Soormry (at the Institution of 
Electrical Engineers, Bavay Place, London, aoe on “Organiza- 
tion and Management of Research and Development”, 


INSTITUTION OF ELECTRICAL ENGINEERS (at PATO: Place, London, WO2), 
at 5.80 p.m.—Mr B. 8. D. Jones: “VLF Naviga 


BOOLETY OF OHEMIOAL INDUSTRY, FINE Sg Ne es GRoupP (at 14 Belgrave 
Square, London, SWD, at 6.80 p.m—Dr R. E. Bowman: “Profadol—a 
New Potent Analgesto”’, 
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REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Aslib Occasional publies tion No. 2: Use Made of Technical Libraries. By 
Margaret Slater and Pamela Fisher, Pp. vi+86. (London: Aaslib, W 


Solenes Bulle No. 1: The Education and Employment of Scientists. 
Pp. 4. (London: Department of Education and Sciences, 1969.) pee 
Quarterly Literature Reports. Polymers, October-December 
By Dr A. D. Jenkins. Pp. 28. (London: Kogan Page Publications, 


1989. 
Research Institute 1968. 32. (Stoke P Fulmer Reecarch 
Institute, 1969.) Ep: : pees: [108 
Industrial Council for Educational and Training Technology. First Annual 


and ata 1967-1968. Pp. 7. (London: Industnal Counci for “Boctional Pp 


Technology, 1969. i, 
The I tion of British By G: B. Cuter. Second edition. 
igs ‘Gublcation No. 623.) (London: British aia ame 


Institute of Personnel Management. Reforming the Redundancy 
ments Act. By Dr ih ne Rideout. Pp. 48. (London: Institute of Per. 
some EPA oD ae trial Diamonds, 12. (Lond ied 

on. 1888 0 us on: us- 
trial Diamond Information Bureau, 1969.) PP: [128 
arauon, Midland Group. Review of Progress 1968. 

od Ist October, 1967, to 80th September, 1968, 

families.) Pp. 40. (Sheffield: Brith Be 


No. 7: The Clupeoid Fiahes by Bloch and Schneider. By P. J. P. 
White Pp. 20127048 plates. don: British Museum (Natural 
Histo; 1989.) 1 [188 


asdal R & D Unit—e Research, Development, ee 
ment and Aavigory Service for Industry centred at Harwell. Pp. 8 


The Zoological Record. 1966, Vol. 108, ‘Beetion ae 
a WoL 105, Section p: M ed 
986, on 9: Mollusca.“ Compil 
Ei ae d Anandi Balasubramanian, Pp. 160. UK and Eire 60s.; 
anonton. Zoological Society of London, 1989.) 
PRA. (London: Natural Rubber Producers’ R 


Advisory’ Gone uittee on Gas Council Researches. Report for the 
ending 81 March, 1967. Pp. 25. (Leeds: The University, oR fas 

Organio Magnettc Resonance, Vol. 1, No. 1 (February 1969). Published 
bi-monthly. Pp. 1-92. Su tions (including postage): ONS for branes, 
university departments, establishments and all other multiple- 
reader Institutions—with one copy of spectral supplement £16 10s. 0d. (USA 
$40) per annum, with two copies of spectral supplement £20 10s. Od. per 
annum; (B) for private subscribers ordering directly from the publishers 


certifying that the ournal is for their perso: ine only, be Oe Oe SA $15) 
per annum, (London: Heyden and son, Ltd, 1969.) [248 

Gurr’s Service Bulletins. No. 101: Notes on Cervical Cytology. £ = 
No. 102: Romanowaky and Allied Stains and their Role in Haemato! 


Pn Ro, 108: Geom T pnan of Tr aera Embedding Waxes. Pp. 8 
Ltd., 1969 (248 

‘Annual Reese of the Ciba ts on for the Promotion of International 
re eration in Medical and Ohemical Research for 1968. Pp. 65. (London: 
m trocoodins fing ot obs 1 ity of Newcastl Tyne Philosophical 
e Univers o ew e upon cal 

Society. Vol. 1, No. 183: Local Sea Fogs on the Nowthumbsrland events 

Frank Evans. . 162-169. Vol. 1. No. 14: Musical Sand, Part 3. By 
W. A. Campbell, . M. Jones and E È. Thomas. . 170-177. (Newcastle 
Be ag University of Newcastle upon Tyne Philosophical Society, ioe 
3 


Other Countries 


, Mines and Resources. Geological Survey 
h Lake, British Columbia 1010). By 
.V+28 $1.50. Paper 68-183; Fort Nelson, 


Department o of 
of Tane: Pa 


British Columbia (965), By C. Taylor and D. F. Stott. Pp. v+23. 
$1.50. Paper 68-18: Stratigraphy and Palynol of a Permian Section, 
Tatonduk River, Yukon Terntory. By B ber and M. S. Barss. 
Pp. Ep: vS 89 KR platee). > S150: -geolo Geological Aton EA Frellminary Series. Map 

ta d B 
iias 1968 and 1989.) í pa Ques 


New South Wales State Cancer Council. Publication No. 14: Cancer 
Diatheals in Man, First Survey. Part OI: Additional Anthropometry and 


HOW TO BUY NATURE 

Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. E 

The direct postal price per subscription for one copy of NATURE 
each week is: 


*12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire 

(by air frelght) 

(by am frelght) 
Elsewhere overseas by surface mall 
(Charge for delivery by air mall on application) 
*Shorter periods pro rata. (Minimum three months.) 
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Multivariate Va Pp. 82, (Sydney: Australasian Medical Publishing 


Co., Ltd. 
aies Research Board of Canada. Technical Report No No. 101: sxplor 
ing for Uses of Ocean Quahauga: Obstacles and Opportunities. By C 


Medcof and R. A. Chandler. aoe? iv+8. (St. Andrews, N.B.: Fisheries 
Research Board of Canada, 1! (108 
Canada: ent of Tgy, Mines and Resources. Annual Repo 
1967-10968. in+65. (Ottawa. Queen’s Printer, 1968. 108 
World Health Organiza Technical Report Series, o. 411: Com - 
ve Studies of Amencan and osomiasis—Report of a WHO 


African Trypan 

Sorentafic Group. Pp. 89. (Geneva: W Health Organization; London: 
HM. ae Btatlonery O: Office, 1969.) 8 Sw. francs; 6s.; $1. 113 
Nickel Company of Canada, ‘Limited. Annual Report 1 


Pp. 48. = er Cliff, Ontario. International Nickel Company of Canada, 
a 1s 


tera: < 
, 1968): Redescriptions of Anachis 
venel) with Notes on some Related Species (Prosobran 
e). By Amele H. Sdheltema. Pp. 10. No. 805 (31 Decembar 4908): 


Totens iamm a New Sea Urchin from Panama. 

Chesher. Pp. 18 o. 806 (81 December, 1968): A Now Species z oF 
Bleutherodactylus (Amphibia, entia) from the Guayana Bo 

Solivar, Venezuela. Pp. 11. No, 807 (B1 December, 1988). A New STs pacios 
O a a, 

oF Eya (Amphitis 


Pete froni. ioe Venezuelan Guanana, By Jaen 


Unusual Bermudian. ponds Natural ent of Form and Com: fiom 
Sy Stephen d. Gould. Pp. 13. No. 309 (81 December, 1968): Variability of 
cisor Enamel as Viewed in Thin Sections and the Microstructure of 


the mare in Fossil and Recent Rodent Groups. By John H. Wahlert. 
Annual Report Bp the Museum of Comparative Zoology, Harvard 
University, 1967-19 . 66. (Cambridge, Mass.: Museum of Compara- 
x ard va 1968 and 1989.) pzs 
«Proceedings of the California Academy of ae ig KOU Series. Vol. 
$2, No. 20 (November 29, 1090): A Flora of the San Bruno Mountains, San 


Mateo County, California. By Elizabeth McOlintock, Walter t, in 
collaboration with Nell Fahy. Pp. DET BTH tes. Vol. 85, No. 20 
(November 14, 1968): The Olassification of the atidas Œ non 


apie: Chaleidotdea). By Richard L. Doutt and G. gglani. 
1. 86, No. 9 (November 14, 1008): f Silicoflagellates the 
Eocene and Miocene of California, U By York T. Ca Pp. 231-277. 


(San Francisco: California Academy € or f Bolencas, 1008) ae 
Report of the Tropical Fish Cul titate Tor 109 1967. Ea ik 
Qlalacca, West Malaysia: Tropical Fish Culture iute, 


1968.) 
Blectron Technology, Vol. 1, No. 1. . 1-124. arsaw: Inatituts of 
Electron Technology, Polish Academy | of Sciences, 1968.) (123 
Bulletin of the can Museum of Natural History, Tok J0 Attalo 4: 


Mixodectidae, Microsyopidae, and the Insectivore-Primate tion. By 
Frederick 8. ‘8 Pp. 198 98-880 + plates 17-57. (New York: American 


Musenm of Na Tibr 1969.) 123 
piate of California: Marme Research Committee. California Co-o tive 
Ocean Investigations. Reporte, Vol. 12, 1 July 1966 to June, 
1967. Pp. 69. (Terminal eae ‘ornia; State Fisheries Laboratory, 
California, Department of Fish and Game, 1968 ) 128 
National Academy of Sciences. Publication 1702- Systems of 
Extended Paduranes in the 1-100 Kilowatt Range for Un A pica- 
ons. (A Report by the Panel on Energy Sources of the Commit 
Undersea Warfare, National (Washington, 


Research Council.) Pp. 182. 
D.C.: National Academy of Sciences, 1968.) $4.50. {183 

World Health ization. Technical Series, No. 412° Health 
Factors Involved in 


WHO Scientific Group. Pp. 32. (Geneva: agin 
London: H.M. Btatlonery Office, 1009; ) 38w. franos; oa [13$ 
United States National Museum Bulletin 290: Klew. of the Genus 
ehdae- Coleoptera). 


ca North of Mexico ( 
. 124, (Washington, D.C.: Smithsonian Institu- 
le from U.8. Government Printing ote) 


T formation Process Personnel Survey, 1968. (Conducted Bra 
American Federation Pe Information Procesaing Societies; The 
Processing Mana ent Association; and The Numerical Control aS > 
Pp. wi+78. ontvale, N.J.: Amencan Federation of Information 

Societies, 1989.) 85, [188 

Organization for Economic Co-operation and Development. Uranium 
Production and Short Term Demand. (Jomt Report by the European 
Nuclear Energy agency and the International Atomic Energy Agency.) 
Pp. 20. $ .B.C.D.; London: H M. Stationery Office, 1900: 4 

ca; 78. 


Cryptocenkalus m. Ameri 
By E. White 
uon Press, 1968. Obta 
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The Wave Mechanics of 
Atoms, Molecules and lons 
C. J. H. SCHUTTE 84s. net 


‘The book can be thoroughly recommended for 
advanced undergraduates and post graduates for 
the light and understanding it sheds on various 
aspects of theoretical chemistry and its inherent 
mathematical manipulations.’ Education in Chemistry 


The Structure and Reactions 
of Heterocyclic Compounds 










M. H. PALMER 75s. net 
‘This is an excellent book, and a notable addition to 
the chemical literature .. . . The book is well written 







and beautifully printed—the reproduction of formulae 
Is particularly clear. This is a “must” for all who 
work or teach in this field; the more so because it 
nicely complements existing “orthodox” texts.’ Nature 


Infra-Red Spectra and 
Structure of Organic 
Long-Chain Polymers 

ARTHUR ELLIOTT 35s. net 


The wide contemporary interest in polymers is two-fold; 
they are technologically very important, and they con- 
stitute a large part of the structure of living organisms. 
This new book has been written mainly for those 
engaged or interested in molecular biology and polymer 
technology. It may also be read by those who have 
studied in fields other than physics or physical 
chemistry, and will be suitable for undergraduates 
in their final year and for postgraduate students. 


Corrosion and Oxidation 
of Metals: 


First Supplementary Volume 
ULICK R. EVANS £6 10s. net 


After careful examination the author has decided 
not to revise his work Corrosion and Oxidation of 
Metals, but has prepared a supplementary volume 
along the lines of a German Erganzungsband. This 
new book covers entirely fresh work during the period 
from 1960 to 1966 and includes supplements to the 
chapters of the previous book. The second half 
contains papers, reports and lectures and presents the 
entire argument of each topic under consideration. 
‘A comprehensive and critical work bringing the 
treatment of this vast subject up to date. It will be of 
particular interest to both research and practising 
metallurgists.’ As/ib 


An Introduction to Industrial 


Mycology 
Sixth Edition 

GEORGE SMITH 80s. net 
In revising the text for this new edition the author 
has endeavoured to take account of all Important 
publications in the realm of Industrial Mycology. 
The book has been entirely reset and will continue 
to be the most rellable source book for students and 
graduate workers in the brewing industry and other 
industrial processes concerned with the use of fungi. 


Edward Arnold 


41 Maddox Street, London, W.1 
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BOUNDARY CONTROL AND LEGAL 
PRINCIPLES : HOW SURVEYORS 
LOCATE LAND BOUNDARIES, 

Second Edition 


by Curtis M. Brown, Land Surveyor, with contributions by 
H. Frederick Landgraf, Attorney at Law, and Francols D. 
Uzes, Licensed Land Surveyor 







Describes where to locate the legal land boundarles 
after field measurements have been made. Principles, 
rules and exceptions to rules are stated and explained. 


April 1969 371 pages 115s. 














INTERMEDIATE ALGEBRA, 
Second Edition 


by Roy Dubisch, University of Washington and Vernon E. 
Howes, American College in Paris 






A revised and up-dated treatment of intermediate 
algebra that emphasizes principles rather than rules, 
proofs and precision of mathematical language. 


April 1969 351 pages 65s. 











INTERNATIONAL CONFERENCE 
ON RADIOACTIVE ISOTOPES 
IN PHARMACOLOGY 


edited by B. Glasson, Professor of Drug Biochemistry, 
University of Geneva and Peter G. Waser, Professor of 
Pharmacology, University of Zurich 


with the collaboration of A. Benakls (Geneva), Y. Cohen 
(Paris), R. A. Collet (Geneva), H. Kerberle (Basel), 
R. Straub (Geneva) 


In making new methods for the application of isotopes 
the main topic, the Second International Conference 
on Radioactive Isotopes in Pharmacology recognized 
that the rapid progress made over the last ten or 
fifteen years has slowed down. The moment was 
ripe to take stock of the new methods, new apparatus 
and new techniques which had now had sufficient 
time to be evaluated and become established. The 
book contains also papers on the combination stabi 
techniques with other physicochemical principles 
such as autoradlography and mass spectrometry, which 
facilitate the tracing of a labelled molecule and 
shorten the time of identification considerably. 
Also Included are some of the old problems of isotope 
work, and finally a few examples of successful research 
with Isotopes in specific flelds such as biochemical 
studles on metabolism and mechanisms of drug 
action. 























due May 1969 500 pages approx. 120s. 
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Classified Advertisements 


All Is subject to the approval of the Pub- 
lihera? who retain the right to refuse or 
withdraw advertisements at thelr discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care ıs taken to avoid mistakes. 
Semi-displ ed £6 per single column inch. 
Minimum B: each additional 1/12th of an inch 
lOs. Full page £158, Half e across £80. 
Colour (orange) £20 extra. 6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Inn, Strand, London, W.C.2. Telephone: 
017405 174a: Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


UNIVERSITY OF LIVERPOOL 
SECOND CHAIR OF ORGANIC 
CHEMISTRY 


Applications are invited for the SECOND 
CHAIR OF ORGANIC CHEMISTRY. 
The salary will be with the mange ap- 
proved for full-time professorial appoint- 
meats. 

Applications (twelve copies), together 
with the names of three ref should 


erees, 
be received not later than May 17, 1969, 
by the undersigned, from whom farther 


Sbtained. PI te 
Ret : ny TARIN. SN, 


Candidates overseas may send one copy 


only, by airmail. 
H. H. BURCHNALL, 
Registrar. 


The University, 
P.O. Box 147, 


Liverpool, 
L69 3BX. (1457) 


UNIVERSITY OF BIRMINGHAM 
THE MEDICAL SCHOOL 


DEPARTMENT OF EXPERIMENTAL 
PATHOLOGY 


required 
charge of the Rheumatism W: and 
esearch. Applicants sbould bold 


to asst with 1 

the F.LM.L.T. or equivalent. Preference will be 
given to candidates with experience of clinical 
chemistry or blochenrstry but a broad tuolozical 
background wilt also bo favoumbiy considered. 


and experience. 

Applications with fall details to Personnel Ad- 
viser, Umversity of Birmingham, P.O. Box 353, 
Birmingham, 15, quoting reference MCT 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
DEPARTMENT OF BIOLOGY 


Vacancies In the fields of plant physiology, 
plant ecology and cytotaxonomy 
this Department, which 


to work as part of a group investigating the me- 
floristics of Newf /Labrador. Appoint- 
ments could be made at the level of Assistant or 
Associate Professor, with starting salaries ranging 
up to $11,000 and $15,000 Tespectively. Rank 
and salary commensurate with qualifications and 


iqui and applications with résumé should 
be addressed: Marshal! Laird, PHD., D&., 
Professor and Head, Department of Biology, 
Memorial University of Newfoundland, St. 
John’s, Newfoundiand, Canada. ¢ 





MSc. or PhD or Physiology 
Tı and fellowships ere avai- 
able, A crevel allowance is peyebic. fur- 









































Ministry of Overseas Development 
pick iin E N I cs leks 


Fisheries Adviser 


(£3975 to £4525) 


This senlor advisory post is based at the Ministry's London headquarters 
but will involve extensive travel in overseas countries to which HM 
Goverment is giving assistance on fishenes questions. The holder 
will (a) advise on all technical and professional aspects of plans and 
projects for development and research, mainly in tropical conditions; 
(b) advise on the recruitment and training in the UK of overseas 
fisheries staff. He may be required to represent HM Government at 
International and other meetings when matters relating to technical 
assistance In the fisheries field are under discussion. 


Candidates (men only) should normally be at least 45 years of age 
and have an honours degree in a relevant subject and other appropriate 
qualifications. They must have had considerable practical experience 
at a senior level of applying their knowledge to the Improvement of 
manne and freshwater fisheries (including research problems) in 
developing countnes, particularly in tropical conditions. Candidates 
under 45 will be considered only rf they have had considerable 
experience In a senior capacity. 


Starting salary could be above the minimum of the above scale: 
non-contnbutory pension scheme. 


Fuller details of this appointment may be obtained by writing to the 
Civil Service Commission, 23 Savile Row, London, W1X 2AA, 
or by telephoning 01-734 6010, ext 229 (01-734 6464 ‘“‘Ansafone” 
service after 5.30 p.m.). At all times please quote 7157/U. Closing 
date 15th May 1969. 


(1531) 


(Research) Ltd. wish to appoint a 
TOXICOLOGIST 


to fill a position in the Toxicology Section at Godalming, Surrey The post 
will appeal particularly to a young male graduate who has already had 2-3 
years’ experience in the field of general toxicology and who now seeks 
Increased responsibility as well as the opportunity to broaden this experience. 
Alternatively, a senior techniclan with appropriate training and experience 
would be considered. 


Also a 


HAEMATOLOGY 
TECHNICIAN 


to be responsible for routine haematology within the Toxicology Section, but 
algo with some opportunity to assist In research on blood coagulation. The 
successful applicant will most probably be an Associate of the ILM.L.T. or 
hold an equivalent qualification, but lack of such should not deter otherwise 
sultably-experionced Individuals from applying. 

The Toxicology Sectlon forms part of the rapldly-expanding Biological 
Research Department, and thus offers excellent opportunities for future 
progression as well as providing Interesting and varied work, the Section 
being well-equipped to carry out Investigations In a variety of species, 
including primates. 


Applications should be addressed In the first instance to the Head of the 
Biological Research Department, BDH (Research) Ltd., Godalming, Surrey. 


(1584) 
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DEPARTMENT OF 
PHYSIOLOGY 
UNIVERSITY OF OTTAWA 


FACULTY OF MEDICINE 
OTTAWA, CANADA 


Physiologist with Ph.D. or Medical 


Applications, with comeutam vitac, Let 
of publications, reprints, and the names of 
two referees, should be seat to Professor. 
M Beak. 


UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 

Applications are invited for posts of LEC- 
TURER/ASSSSTANT LECTURER as listed 
below. Candidates should have at least a good 
honours degree with suitable teaching and re- 
search expemence in addition to the special 
qualifications where stated for the respective 
posts. 

DEPARTMENT OF CHEMISTRY: (2 posts). 
For the lectureship, a doctorate is normaly re- 
quired. Preference will be gtven to candidates 

ve 


who in one of the following 
fiekis: (a) Chemical Technology, (b) Inorganic 
Chemistry, (c) Organic Chemistry, and (d) Physi- 


Adequate facilities for research 
are available. 


DEPARTMENT OF MATHEMATICS: (5 
posts). Candidates should have surtable qualifi- 
cations in ps st the following fields: (a) Pure 
Mathematics, (>) Applied Mathematics, and (c) 


DEPARTMENT OF PHYSICS: (3 posts). 

COMPUTER CENTRE: (1 post). 

Salary Scales: Goprozimate sterling equivalents 
at current exchange rates) a Lecturers, £1,498 
by £65 to £1,889/£1,954 by E53 to £2,320 per 
annum; Assistant ers, £1,303 by £65 to 
£1,433 per annum. In addition to basic salary, 
the following allowances are payable: Variable 
allowance, 35 per cent of basic salary, subject 
to certain mauma ding on marital status. 
Minimum £244 per annum, maxmum £651 per 
annum. 

Inducement AHowance: (if awarded) varies, (a) 
for Lecturers, up to £488 per annum; (b) for 
Assistant Lecturers, up to £326 per annum. 
Housing will be provided, if avaliable, for which 
a cent of £163 to £204 per annum will be 
charged. 


Provident Fund: Staff member contributes 5 
per cent and University 15 per cent of basic 


Further particulars and appHcation forms are 


The closing date for receipt of 
applications b May 7, 1969 





AND TECHNOLOGY 


tlon to some tea duties, will pursuc research 
interests compatible with the current activities of 
the Diophysies group which include’ physical 
chemical and electrical studies of materials of 
blological enterest ; photosynthesis, pattern rec- 
ogmitton. Salary scale: £1,240 to £2,735 per 
annum. 

Apphcation forms (to be returned by May 15, 15, 
en and further deta 


ae and Technology, Manresa Road, Lon- 
don, S.W3 (1573) 


G. K. BUREAU 
Offer Free Personal Service To 
SCIENTWFIC AND TECHNIOAL STAFF 
eapecially 
Agricultunaiiss, Applied Biologists, 
Metallurgists, 


Chemusts, 
Geologists, Physicists and Technicians 
Ring or Woilte as 
Interviews ere by Appointment Only 
17 Shaftesbury Avenue, W 1, 734 7232 ) 
(1501 
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Research 
Manager 


Qualified scientist with drive and initiative to 
manage a research and development team at our 
Research Division situated at Basildon, Essex. 
Essential requirement is an aptitude for 


converting scientific and technological advances 
into production processes. 


Candidates should be aged between 30 and 40 
and should have a Ph.D qualification and 
preferably a background in chemistry. 


The commencing salary for this appointment will 
be of interest to candidates already earning 
around £3,000 per annum. A Company car will 
be provided and there are generous pension 

life assurance and other fringe benefits. 


Applications giving brief details of qualifications, 


experience and present salary should be 
addressed in complete confidence to: 





UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 


The College inwtes applications for the follow- 
ing positions: 

SENIOR LECTURER IN ENGINEERING 

SOIL MBCHANICS 

Qualifications: Applicants should possess a 
Ingber degree and have research experience m the 
field of soil mechanics or related subjects. 

Interest and/or experience in developing a geo- 
mechanics approach to teaching and research 
embracing soil and rock mechanics studies would 
be an advantage. 

Duties: The successful applicant will be re- 
quired to assist with lectures and tutorials at 


in his par- 
ticular fekis of interest. 

Salary: The salary range for Senfor Lecturers 
1s $A7,500 by $A250 (5) to $A8,750 In addi- 
tion a Northern Allowance of SA60 is payable. 

Date of taking up Duty: The successful appli- 
cant will be required to take up duty as soon as 
possible after appointment. 

The College provides Superannuation similar to 
the FS.S.U. Scheme, housing assistance, study 
leave and travel grants Reasonable travci and 
removal expenses are payable. 

Additional information and applcation forms 
may be obtained from the Secretary-General, 
Associaton of Commonwealth 
(Appts), 36 Gordon Square, London, W.C.1. 
Applications close on May 30, 1969 a 588) 





Personnel Director (NGP) 
Carreras Limited, 
Christopher Martin Road, 
Basildon, Essex. 


(1609) 


UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF CHEMISTRY 


Applications are invited for post of Research 
Assistant in High-Resonance Molecular Electron 
Spectroscopy, mcluding the evaluaton of a 
recently completed Czerny-Turner grating vacuum 


London, Gower Street, W.C.1. 


UNIVERSITY OF SHEFFIELD 


ASSISTANT LECTURERS OR 
LECTURERS IN COMPUTING 





SCIENCE 
Apphcations are invited for two posts of 
ASSISTANT or LECTURER in 


tenable from October 1, 1969, or such other date 
as may be arranged ‘Experience of 1900 series 
computers and software would be helpful, but 
not essential. Initial salary according to queLfi- 
cations and experience in the range £1,240 by 
£115 to £2,735 wth F.8SU. provision. 

Further ree a the Registrar, to 
whom applications (three copies), should be sent 
by May 19, 1969. Quote Ref.: RG in 
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Western Australia 


State Public Service 
Department of Fisheries and Fauna 


CHIEF RESEARCH 
OFFIGER 


(permanent) 


Salary: 
Qualifications : 


WYE COLLEGE 


$A7,970 (gross) per annum. 


University degree in science, preferably with an appropriate 

bee graduate degree in the biological field. Preference will 

given to dates with a wide experience in population 
dynamics as applied to exploited fish populations. 


The appointee will be in charge of the Fisheries Research 
Branch, The function of the Branch is to undertake research 
directed towards the management of loited fish popula- 
tions, and the gevel opment of potential fisheries. The present 
staff is 7 research rs together with technical officers and 
assistants. There is one research vessel 67 ft. in ote Tho 
Branch js located at the Western Australian Marine 
Laboratories 14 miles north of Perth. These laboratories are 
equipped with aquarium facilities with continuous flowing sea 
water. The m research pro es are upon cray-fish 
and prawns ; and include such other fish as required from 
time to time. 

Research work is undertaken in con unction with the Division 
of Fisheries and Oceanography, C.S.I.R.O. The pro es 
are under the general direction of the W the Western Fisheries 
Research Committee, of which the plicant would 
be a member Co-ordination is achieved paree ap the Commit- 
tee’s project leader. 

Passages for appointee and dependent family under 16 years 
of age plus a reasonable amount for removal of 
essential personal effects, subject to the appointee entering 
into an agreement to serve the State for one to three years 
according to amount of assistance given. 

Three months’ lon service leave after seven years’ continuous 
service, three weeks’ annual leave pus 13 Statutory Public 
Holidays erous cumulative sick leave entitlements, super- 
Hondas, nefits and other general conditions applicable to 
permanent public servants. 


to the Public Service Commissioner, 184 St. George’s 
Terrace, Perth, Western Australia, 6000, closing May 


30, 1969. 
(1605) 


UNIVERSITY OF READING 


(UNIVERSITY OF LONDON) 


LECTURER IN ANIMAL 
PRODUCTION 


The Governing Body of Wye Coliere -in 
the post of L 


Production, with 
ence to pigs, in che Department of Agri- 


cul 


the teaching of anımal and mg 

to first degree aod to postgraduate stuw- 
dents, and to undertake research work on 
nutdtion, metabolism and management of 


the pg. 


ture 

Candidates should have a degree m Agri- 
culture or a celated Science with post- 
greduate 


FOOD TECHNOLOGY 
St. George's Avenue, Weybridge, Surrey 
SENIOR 
LABORATORY 
TECHNICIAN 


The appointment is offered within the 


Lecturer 
£1,240 to £2,735. 
ted 


and the salary, depending 
on. well be within the scale 


Apply io writing to the Principal of the 
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NATIONAL COLLEGE OF 


Vecancy for a Senior Technician in the 
Microbiological Laboratories of the College. 


Unorversity Technical staff rates of pay 
Start- 


Say week. Superannuation scheme. 
facilities, 


NEW ZEALAND 
New Zealand Forest Service, 
Forest Research Institute 
Apphcations are invited for the position of 
SCIENTIST (PATHOLOGIST) 


at the Forest Research Institute, which as located- 
t Whakarewarewa within two mules of the City 
of Rotorua in the Central North Island. 
Qualfications: Ph.D. or honours degree. 
Duties: Studies on the ecology, biochemistry 
or chemical control of forest - Initially 
the work wHl be mainly confined to the needle 
pine blight of pines caused by Dothistroma pini. 
Salary ranges from 5260 per annum to $5,990 
per annom n qualifications and ex- 
Promotion beyond $5,990 per annum: 
on scieatific ment. 
pa amaa for the appointee and his family wilh 
be paid, and the cost of transporting light per- 
sonal effects to New Zealand, up to a specified 
ae may be chimed. 
Some housing is avaiable at a low rental in 
modern bungalows at the Institute. Houses are 
avaflabie for sale, but few for rental, ir 


Applicaton forms and further particulars arc 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 

y 23, 1969. Please quote reference B 13/ 
8/40/ 691 when inquirmg. 

Fureher particulars are also available from the 
Director of Research, Forest Research Institute, 
Private Bag, Rotorua, New Zealand. (1568) 


INFORMATION SCIENTISTS 
The editor of sx abstracting journals wishes 


the editorial staff in London. 
have a good degree in one of the biological 
sciences. Salary will be excellent and not less 
than £1,200. 
Apply to Dr. E. S_Krudy, Information Re- 
trieval Limited, 38 Chancery Lane, London, 
W C2. 1477) 


BURTON-ON-TRENT HOSPITAL 
MANAGEMENT COMMITEE 
GENERAL HOSPITAL 
BURTON-ON-TRENT 


BIOCHEMIST (Basic Grade) required to work 
under the Principal Biochemist in well equipped 
laboratory at the above hospital. Whitley Coun- 
ci salacy and conditions (starting salary £960 per 
annum; £1,080 for Honours Degree). Own ac- 
commodatzon in a house shared wath other pro- 
fessional colleagues at reasonable rental for lady 
apphcants. Fnquirles welcomed from candidates 
exptcting to graduate in 1969. 

Further mformation from the Principal Bio- 

General Hospital, Burton-on-Trent. 

Apphcations to Group Secretary, Burton Dis- 
trict Hospital Centre, Belvedere Road, Burton- 
on-Trem. (1581) 


UNIVERSITY OF BELFAST 
ASSISTANT LECTURESHIP IN APPLIED 
MATHEMATICS 


The Senate of The Queers Univermty of Bel- 
fast invites applications for an assistant lecture- 
Mathematics 











in astrophysics. space physics, quantum chem- 


mtry or colhsion theory. The salary scale m 
21.240 by £115 (2 to £1,470 per annum plus 
F.S.S.U pacing on this scale will de- 


pead on experience and qualifications Letters 
of appiicaton (one copy), giving the names of 
two referecs, uld the undersigned by 
May 9, 1969. 

Further particulars may be obtained from the 
Secretary, Tbe ’s University of doar 
rthero Ireland. 





RESBARCH ASSISTANT REQUIRED FOR 
a jot ject in che department of pathology 
at Wi gton Hosmtal, Manchester M20 8LR, 
and the University of Manchester. The project 


more of these fichds 1s desimable, and the post w.ll 
be suitable for either a science graduate or @ 
laboratory technician with final exammaton in 
histology. Salary between £1,000 and £1,500 ner 
annum according to qualifications and experience 
—Further details from Dr. E. Tapp, Consultant 

in naming 


- Ref. 
15518). (1569) 
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AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
Appltcations are invated for (a) SENIOR LEC- 
TURESHIPS LECTURESHIPS 


given to speciahsts in ‘Transportaton, Public 
Health Engineeceng or Hydrology. Salary scales: 

(a) £N2,275 to £N2,575 per ancum ; D £N1.200 

to £N2,175 per annum (£NI=£1 3s. 4d. sterting). 


Family Dassages ; various allowances 5: superan- 


referees by 
Comal, 90/91 Tottenham Court Road, London, 
‘WIP ODT, from whom perticulars are see 


PLANT PATHOLOGY 
LABORATORY 


MINISTRY OF AGRICULTURE, FISHERIES 
AND FOOD 

HATCHING GREEN, HARPENDEN, HERTS 

CHEMIST (graded Expermental Officer) re- 
quired to work on orobéems amociated with 
reacheng agreement on éntermationalky acceptable 
methods for cvaluaung pesticide» fonmulations. 
In tho fist sostance methods for measorng 


Qualifications 1 Degree, HNC, or equivalent 
in appropriate subject with experience of in 
Tenmnon of formulation. Age normally 26 to 

Salary: £1,514 to £1,910 

Non-contributory pension. 


pects. 
APPLICATION FORMS are obtainable by 


uon, Savile Row, London, WIX 2AA, or by 
telephoning 01-734 6010, ext. 229 (after 5.30 p.m. 
01-734 6464 “ Ansafone ” servie) Please quote 
8/94-95/MAF/3. Closing date May 18, fia) 
(1533. 


Promotion pros- 








UNIVERSITY OF 
WESTERN AUSTRALIA 
READER IN ELECTRICAL ENGINEERING 


Applications are invited git a nor of Reader 
Galary SA9,900 per annum) in the Department 
of Electrical Engineering. will 
given to candidates with experience in the fick 
of system theory, integrated circuit synthesis or 
electrical communicanon The is 
active ın and has good facilities for research in 
thin film and mhcon device technology, adaptive 
control systems and teievision mgnal processmg. 
Direct and remote control access to the Univer- 
sity 32K dme-shared PDP-6 computer with 
swapping system and a high precision CRT des- 
Play with light pen are avedablke. 

Intenchng are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appointment before submitimg applications. 
Ths information is available from the Secretary- 
General, Assocation of Commonwealth Unrver. 
sities (Appts), 36 Gordon Square, Lonan, 
W.C.1. Applications close on June 14, 1969. 

The Head of the Department, Professor A. R. 
Bilhogs, well be én the Ubited Kingdom from 
May 15 o June 6 and may be contacted by 
prospective candidates, c/o Appointments De- 

partment, Association of Commonwealth Univer- 
has (1540) 


UNIVERSITY OF ABERDEEN 
LECTURBSHIP IN ZOOLOGY 
Apphcations are invited for above Aas aay 

on scale: 21585. 40 £2,735 with 
according to qualhfications and fo eigenen 
Superannianon @Œ.S.S.U.) Tand removal allow- 


Further paneculam from the Secretery, The Uni- 
versity, Aberdeen, with whom apnhcations (aght 
copies), shouid be iodged by May 24, pee 


SENIOR BLECTRON MICROSCOPE TBCH- 
maan required with experience in E/M tech- 
niques used in biology particularly section cutting 
and day to day microscope maintenance Ex- 








vantage. 
(£1,350 to £1,912 per annum).—Applcattons, 
with ful and names of two referees, to 
the Director, M.R.C. Rheumatism Unit, 
Canadian Red Cross Memorial Hospital, ane 


Applications are inwWted for the three follow- 
ing posts. 


chemical crystallography. 





GOVERNMENT OF NORTHERN IRELAND 
MINISTRY OF AGRICULTURE 


SCIENTIFIC OFFICER CLASS 


CROP AND ANIMAL HUSBANDRY DIVISION, Hillsborough, 

Co. Down. 

Senior Scieanfic Officer/Sclemufic Officer required to undertake investigations into the 
production and utiideation of gress. 

Qualifications : lst or 2nd dass Honours Degree in Agriculture, preferably with 
appropiate postgraduate expenence. 

Reference SB 54/69/64. 


PLANT BREEDING DIVISION, Loughgail, Co. Armagh. 
Scientific Officer required to essiet in a gress breeding programme mainly involved in the 
mmprovement of lolum perenne and lolmm mukiforum. 


Qualifications : Preferebiy tm or 2nd class Honours Degre 
cukura! Botany or equivalent sod a sound knowledge of ehe pnmciples of genetics and 
practical plant breeding. Applicants with a good pass Degree end appropriate expen- 
ence may be considered, 

Suirccemial: caddidaios may. bö`fenuieod, 10 uideriako. tésóbljg; pees: 15: the. Fectiy "o 
Agncouare, 


Queen's University, 
Salary Scales: Senior Scientific Officer £1,925 to £2,372 
Scientific Officer £1,020 to £1,740 
Reference S.B.55/69/64. 


EXPERIMENTAL OFFICER CLASS 


Canttidates must be at least 21 yeam of ege. 


PLANT BREEDING DIVISION, Loughgall, Co. Armagh. 
Expermmental Officer/Assmeant Experimental Officer required for dutes maloty concerned 
with vius testing and seed muitiplecation in a potato breeding programme, 


Qualifications : O.N C. or HNC. (Brology) or an appropnate Degree (Agricukure, 
Botany or Agricultoral Botany) 
Reference S B.56/69/64 


PLANT PATHOLOGY DIVISION, Belfast. 
Assstam Experimental Officer required for fled and saboretory investigations into crop 
diseases 


Qualifications : ON C. Bioiogy) or equivalent, or appropriate Sacace Degree. Some 
practical 


ferming would be en edvantage. 


Assistant Experimental Officer £830 (age 21) 
to £1,150 (age 26 or over) to £1,385. 
Experimental Officer £1,514 to £1,910 
Reference S.B.57/69/64. 

Appomtments are permanent and pensionable. 


Application fonms, from Secretary, Civil Service Commission, Stormont, Belfast BT4 3SZ, 
mos be returned by May 19, 1969. Pease quote tho appropriate reference. ee 


expenence of 


Salary Scales : 





UNIVERSITY OF READING 
DEPARTMENT OF CHEMISTRY STATION 


HARPENDEN, HERTS 
A LECTURESHIP, for a specialist in 


ROTHAMSTED EXPERIMENTAL 


HORTICULTURIST for Borang Department 


have a degree in botany, or a degree or diplome 
or try. This appolounent: malbo ın horticukure, and a; 
for a penod not exceeding three years. pointment in grade of 
3. A TEMPORARY LECTURESHE, in in- Omtives (£830 at age-2L; £1150 at ase 26 (maxi 
organic c ; preference will be given to mum on entry) to £1,385). Superana 
applicants in transition Apphcauons, neming two deferces and noting 
chemistry. This appointment will be for one reference 1052/126 to the Secretary by May 15. 
year only (1556) 
Further particulars may be obtained from the -~ 
Registrar (Room 208, Whiieknishts House), the TOBACCO RESEARCH COUNCIL 


later than May 31, 1969. 


UNIVERSITY OF MANCHESTER 
LECTURER AND ASSISTANT 
LECTURER IN PSYCHOLOGY 


Applications invited oe these posts from can- 
didatezs with special in 
phymological or mathematical y psychology. Salary 
um: Lecturer, £1,585 to £2,735 ; 
Assistant Lecturer, £1,240 to £1,470. FS8.U. 
particulars and application forms (re- 
turnable by Mey 21) from the Registrar, the 
University, Manchester, M13 9PL. Quote ref.: 
81/69/Na. (1591) 


LABORATORIES 


Appheations ere invited for a senior post in 
the Department for Respiratory Research at these 
Laboratones. Applicants should be graduates 
in Medicine, Veterinary science or one of the 


parfticofars 
tails of quelrfications and 
sonnel Officer, Heclow Hii, HARROGATE 
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TECHNICAL INFORMATION 


ORGANIC CHEMISTS 


We have three posts in our Process Research Department at Welwyn 
Garden City, Hertfordshire. We are seeking : 


1. A Ph.D., expert in assigning structures using spectral data; he 
will also be familiar with modern theories on reaction mechanisms. 


2. A Ph.D., who need not have had previous industrial experience, 
to join the department and learn our methods of process research 
chemistry. 


3. A young B.Sc., recently graduated or expecting to graduate this 
year, He will join one of the Yield Control Groups in the department 
and learn all aspects of the work. 


We are a member of one of the world’s largest chemical and pharma- 
ceutical organisations. 


Write in confidence for further information, quoting reference H/N 
to the Head of Personnel at: 


ROCHE PRODUCTS LIMITED 
15 MANCHESTER SQUARE LONDON WIM 6AP 


UNIVERSITY OF LEIDEN 
THE NETHERLANDS 


The RACULTY of SCIENCE iwkes applications or suggestions for the poskion of 


Professor of Pharmaceutical Chemistry 


involves teaching and 
eepectally with regard to the correlation of the 
soch compounds with their pharmacological effect. 


The Departmen of Pharmacy comprises sccuons of (1) pharmaceutical 
(2D phanmeceutical chemistry, (3) oharmaceutical techoology, and (4) pharmacognosy. 
Salary H.F1.52.000 ($14.300). 


Applications, incuding curriculum vitae and references, or suggestions, should be sent 
es soon as possible to: The Faculy of Gcience, Uaremiy hier Rapenbacg 46, 
Leiden, The Netherlands (1525) 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Physics Department bas two vacan- 
EXPERIMENTAL 


ee ESD ASSISTANT 


NATIONAL INSTITUTE FOR 


There 
four staff engaged in these services, which 
includes patent work. 


Applicants should possess a science de- 


Energy 
Priestley Road, Basingstoke, Hampshire, 
(1550) 


FFICERS to asist in the preparation of 
maintenance of apparatus, and 
measurement of records in applying (1) X- 
Tay ctystaHography and (2) gas chromato- 
graphy to matenals, smcluding 
dairy products, 

For post (1) minimum qualifications are 
“A” jeva in Physics and/or Chemistry, 
with mathematics or biology ; or HNC. n 
Physics. For post (2), “ A ” level in chem- 
istry, with physics, mathematics or biology, 


some experience of gas chromatography. 
Starting salaries up to £1,150 according to 
age, in scale to £1,385. Apply on forms 
obtainable from the Secretary, N.I.R.D.. 
Shinfield, Reading RG2 9AT, quoting 
reference 69/13. (1510) 
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JOHN WILEY & SONS LTD. 


Chief 
Subeditor 


(Chemistry/Litfe Sciences) 


Intemational publishers of scientific 
and technical books wish to appoint 
a Chief Subeditor to their staff. 
Constderation will be given to Chemists 
(Graduate, FRIC or equivalent). 


Knowledge of subeditorlal pro- 
cedures is essential and the successful 
applicant will be experienced In 
preparing manuscripts for the printer 
and handiilng a book through all 
stages. The ability to train and super- 
vise junior staff Is also required. 

Salary Is negotiable according to 
background and experience. 

Please write in the first instance 
giving full details to the Production 
Manager, John Wiley, & Sons Ltd., 
Baffins Lane, Chichester, Sussex. 


(1548) 


PHARMITALIA 


(the U.K. subsidiary of Fermitatia, Milan, 
part of the Montecatini Edison Group) 


secks a 
TECHNICAL/MEDICAL 


INFORMATION OFFICER 


to esteblish a service to the medical and 
pharmaceuticel professions. Wall probably 
suk a young woman graduate in one of the 

sciences. Experience in the 


Suburban 
Kene Sects: and on; the eee. of the Grota 
Wre to N Herdman, ao bemalie 
(UK) Ltd., Kingmaker Baroct, 
Hers, or phone 01-440 na (1553) 


RADIOLOGICAL 
PROTECTION SERVICE 
Deparment of Health and Social Security 


and industrial production programmes. 

Qualifications : Good honours degree in 
Physics. Salary on a scale rising to £2,275 
per ennom. MAR.C, Conditions of Service. 

AppHcations, with the name and address 
of two professional referees, to the Direc- 
toc, Radiological Protection Service, Chif- 
ton Avenue, Belmont, Sutton, Surrey. 


(1582) 
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UNIVERSITY OF KENT AT 
CANTERBURY 


LECTURER / ASSISTANT 
LECTURER IN PHYSICS 
Applications ere inated for the post of 

\Assisten' 


Lecturer): t Lecturer m Physics from 
October 1, 1969, or from en earlier date by 
arrangement. Some 


Deeference may be 


retume? oot later 
1969, quotmg Reference 
(1590) 


UNIVERSITY OF DUNDEE 
invited for the post of 
in the ISOTOPES 
should have, 
” levels induding two 


are 


Part do the general work 


of the laboratory and to assist with prac- 
tical classes and research projects 


Sztery scale £352 (age 16) to £595 (age 
supplemen 


t for required 
wons. 


“oO” 


KENNEDY INSTITUTE OF 
RHEUMATOLOGY 


OBIEF TECHNICLAN-IN-CHARGE required 
for Difino of Expermental Pathology, one of 


UNIVERSITY OF ADELAIDE 
CHAIR OF BOTANY 


Applications are invited for the above-men- 
tioned appointment a fe to be 


Regestrar, 
5001, not deter than Jone 15, 
(1607) 


Department of Medicine, Royal Free H 
Gray's Inn Road, London, W.C.1. 












NORTHERN POLYTECHNIC 
HOLLOWAY ROAD, LONDON, N.7 


Hm OQI Y. pereeo wil be given 
to candidates with experience or apecial 
interesis in animal physsology the suc- 


eppircam will 
in this fled to BSc General Degree stu- 
dents Salary scale £1,725 to £2,280 pius 
£85 London Allowance (under Teview). 


Aoply for further particulars end form of 
appHcation, 
R. H. CURRELL, 
Clerk. 
(1559) 


THE = 
UNIVERSITY OF. 


DEPARTMENT OF 
INORGANIC AND 
STRUCTURAL CHEMISTRY 
Applications are invited immediately 


for one or more posts of 


The duties wall inckode the supervision 
and instruction of undergraduate stu- 
dents in to laboratory, the design and 


ve responsbiluty. 
Appointments wild be made at a point 


UNIVERSITY OF BRISTOL 


Applications are invited for the post of 
or ASSISTANT LECTURER 


(1544) 





UNIVERSITY OF MELBOURNE 
CHAIR OF OTOLARYNGOLOGY 

The University wil cstabfish the first Chair 
of Otolaryngology in Australia with the ald of 
funds which have deen provided by 
appeal and a gift from Mass Mande Gibson m 
memory of her father the late Witham Gibson. 
The Chair will be at the Royal Victorian Eyo 
and Ear Mosmtal. The Professor appointed will 
be head of the University Department of Oto- 
laryngology and will be en Inpatient Surgeon at 
the Hospital. The appointment will be for three 
years in the first instance, bub it ıs hoped to 
. The salary 


i 
-General, Aatocia- 
don of Commonweakh Untversities CAppi.), 36 
Gordon Square, London, W.C.1. Applications 
close on May 31, 1969. (1539) 
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UNIVERSITY OF SYDNEY 
LECTURESHIP IN VETERINARY SURGERY 
Applications ere invited for the 
menuoned post. The appointee will be expected 
to carry out the gencral duties of a surgeon 
participating in lectures, 


superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application from the » Associa- 
tion of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.1. Applications 
close on May 30, 1969. (1563) 

ae 


UNIVERSITY OF HONG KONG 
LBCTURESH# / ASSISTANT 


and have 
teaching and/or research experience in engineer- 
ing mathemanecs. 


to $HK33,280 by $HK2,000 to $HK45,280 by 
to SHK49,600 (£1,836 to £3,409) 
(woman). Assistant urer, $HK20,800 by 
SHK1,440 to $HK25,120 (£1,429 to £1,726) 
man); SHK15,760 by SHK1,520 to $HK20,320 

1.083 to £1,396) (woman), 

Further particulas and application forms may 
be obtamed from the Secretary-General, Assoc- 
don of Commonwealth Universities (Appts), 36 
Gordon Square, London, WC.1, or the Regis- 
tar, University of Hong Kong. Closing date for 
apptications June 6, 1969. (1564) 


UNIVERSITY OF HONG KONG 





>» S$HK20,800 by 
20 (£1,429 to £1,726) 
SHK1,520 to $HK20,320 
(£1,083 to £1,396) (woman) 

Further paruculars and apphcation forms may 
be obtained from the Secretary-General, Asso 


UNIVERSITY COLLEGE OF 
RHODESIA 
Apphcations are ae for @) SENIOR i 


or 
PHYSICAL GEOGRAPHY. Salary scales: 
(Rhodesian currency £6 Rhodesia=£7 sterling): 


@) £2,808 to £3,768 per annum; (b) £1,812 to 
£2,916 per annum. F; passages ; Sabbancal 
and vas with travel > super- 


valla 
(1578) 


MEDICAL RESEARCH COUNCIL 


LABORATORY OF MOLECULAR BIOLOGY 
HILLS ROAD, CAMBRIDGE 
which makes exteosive use of online computer 
control requires a PHYSICIST interested in de- 
sign of electronic equipment related to this field. 
Apply to the Administrative 1830) 
¢ 





XXXVIII 





UNIVERSITY OF IFE 
NIGERIA 


Applications are invited for the following ap- 
pointments in the DEPARTMENT OF AGRI- 
CULTURAL MICS tenable 
September, 1969° 


(a) PROFESSOR. Candidates must posces a 
preferably in Agriculroral 


kms of agriculture. 


more areas 


service in the in 
Preference given to candidates with 
ability in theoretical and rigorous analysis. 


steriing). in range £455 to 
£600 per ann education alow- 
ances children’s holiday visit passages pay- 


referees by May 23, , to Inter-Univemty 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are —_ 





UNIVERSITY OF QUEENSLAND 
LECTURER IN CIVIL ENGINEERING 


Tho University invites applications for the posi- 
in the Department of Cavil En- 


Ctvil 
have had at least five years’ professional experi- 
ence. Experience in structural design and con 
struction management i requred. A imowkdge 
of steel fabrication procedures would be an ad- 
The successful appicant will assist in 


The s required to give 
lectures at undergraduate ievel and to assist in 

structures courses. He wall be 
required to assist in the structures testing and 


The salary range for a Lecturer is $A5,400 to 
$A7,300 per annum. Co: salary will be 
determined and 


of Lecturer status and above. 
Addtional information and appbcation forme 
be supplied upon request to the Secretary- 


General 
W.C.1 Applications close 
Brisbane on May 23, 1969. 





UNIVERSITY OF IFE 
NIGERIA 


Applications are invited for the following ap- 
pompnents in tho DEPARTMENT OF ANIMAL 
SCIENCE tenable from September, 1969: 

(a) PROFBSSOR IN ANIMAL SCIENCE. 
Preference given to candidates with interest in 
Animal Husbandry and Breeding and 
Genetics. 


(b) SENIOR LECTURER IN FOOD TECH- 
NOLOGY. Applicants must have postgraduate 
experience bn research and teaching 1n Food 
Science and Technology. 

Salary scales: (a) £N3,000 per annum; (b) 
£N2,275 to £N2,575 per annum (EN1=£1 3s 4d. 
sterling). Salary supplemented in range £455 to 
(sterling) and education allow- 


RESEARCH COUNCIL 
BRITISH ANTARCTIC SURVEY 


SENIOR PRINCIPAL 
SCIENTIFIC OFFICER 


VACANCY 
LIFE SCIENCES 


Applicetions ere invited for a Senior 
Principal Scientific Officer et the British 
Antarctic 30 Gillingham Street 


bra 7 
London, W C.2, quoting Ref 
Closing date: May 19, 1969. 





applications candidates 
undemigned paracu- 
for the filing of tbe 





lars as to the 
post. Latest date for receipt of applications is 
3 pm., on Friday, 30 May, 1969. 
D. L. WHYTE. 
Secretary. 
(1558) 
UNIVERSITY OF LAGOS 
NIGERIA 
Applications are invited for the CHAIR OF 
MECHANICAL ENGENEERING in the Faculty 
of Post tenable from September, 
1969, or soonest thereafter. Salary £N3,000 per 
su £600 per annum 


regular overseas kave. 
‘Detailed applications (six copies), naming three 
refi une 15, 1969, to Inter-University 


UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOGRAPHY 


May 15, 1969. 
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CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 


Applications are invited for a position of Re- 
search Assistant/Fellow to work in the baopbysics 


D o ean anne 
UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
TEMPORARY READER/SENIOR 
LECTURER /LECTURER IN ENTOMOLOGY 

of the absence of a member of the 


versivy teaching in 
fiekis of insect and morphology. 
They shouid have a knowledge of insects of agti- 


36 Gordon Square, London, 
WC.1. Applications close in London and Bets- 
bane on May 30, 1969. (1587) 


UNIVERSITY OF HONG KONG 





LECTURESHIP/ASSISTANT LECTURESHIP 
IN ZOOLOGY 
Applications are invited for she above- 


to ; 
Annual salaries (supecannuable) (approximate 
sterling equivalent at current rate of exchange in 
are: Lecturer, SHK30,880 by 

$HK1,440 to SHK49,600 (£2,122 to £3,409) 
(man) ; 720 by $HK1,760 to $HK33,280 
by SHK2,000 to SHK45,280 by SHK1,440 to 
SHK49,600 (£1,836 to £3,409) (woman). Assist- 
ant Lecturer, SHK20,800 by $HK1,440 to 
$UK25,120 (£1,429 to £1,726) (man); SHK15,760 
by $HK1,520 to $HK20,320 (£1,083 to £1,396) 


Gordon Square, 
trar, University of Hong Kong. 
applications May 9, 1969. 
UNIVERSITY COLLEGE CORK 
LECTURESHIP IN DAIRY AND FOOD 
CHEMISTRY 





pension 
Before submitting applications candidates 
should first obtain from the undersigned par- 
ticulars as to the requirements for che filling of 
the post. Latest date for receipt of applicanons 
h 3 p.m. on Friday, May a, te 


L. WHYTE, 

a529) 
RESEARCH ASSISTANT/TECHNICIAN FOR 
vhemin biochemistry end assay. Commencing 
skly up to £950.—. in writing, to 
the Secretary, The College of St. Bar- 


Medical 
tholomew’s Hospital, West Suuithfield, E.C.1, 
quoting Ref. 172. (1580) 
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UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are inwited for the post of Lec- 
turer or Assistant Lecturer in By ten- 
able from July 1, 1969 or such later date as may 
be arranged. Applicants may be Biochemuns 
with an interest in Electron Microscopy or Elec- 
tron Microscopists with 
istry. The main duties 


Particulars from the Registrar to whom 
appleations (three copies), should be sent by 
May 19, 1969. Quote Ref.: R 73/G. (1545) 


UNIVERSITY OF IFE 
NIGBRIA 


Applications are invited 
ARTMENT 


for post of PROFES- 
SOR IN DPP, PLANT SCIENCE 


Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom culars are ere ble. 
70) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 
COMMONWEALTH INSTITUTE OF 

BIOLOGICAL CONTROL 

Vacancies enst for ENTOMOLOGISTS aie 


Govern- 
official 
(1600) 





UNIVERSITY OF 
WESTERN ONTARIO 
LONDON, ONTARIO, CANADA 
DEPARTMENT OF BOTANY 


penodism and rhythmic 
Initial annual salary $10,000. 


provided 

Apphcations, together with names of three 
Teferees, should be addressed to Professor C. J. 
Hickman, Head, Department of Botany. 


(1604) 
NATIONAL VEGETABLE 
RESEARCH STATION 
PLANT BREEDER 


There is 2 vacancy for a SCIENTIFIC 
OFFICER/SENIOR SCIENTIFIC OFFICER at 





Further information and application forms (to 
be completed by May 17, 1969), obtainable from 
Secretary. (1539 
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UNIVERSITY OF MALAWI 
SOCHE HILL COLLEGE 


Applications are invited for LECTURESHIP 
IN GEOGRAPHY. The 


versity additon of £360 per annum or sup- 
nted by £275 per annum (normally tax-free) 
appropriate case under British triates 
Supplemeatanon Scheme. Gratuity. Superan- 
nuation Scheme. Famly passages; various 
allowances ; overseas leave. 


referees by May 30, versity 
Council, 90/91, Tottenham Court Road, London, 
WIP ODT from whom particulars are sylabie: 


NATIONAL HOSPITAL FOR 
NERVOUS DISEASES 
AND 


INSTITUTE OF NEUROLOGY 
MEDICAL COMPUTER PROGRAMMING 





given to applicants with relevant previous experi- 
ence, consideration wH also be given to candi- 
dates pith good 


Apphcations, in writing, should be 
the » Institute of Neurology, 
ational Hospital, Queen Square, 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 
PROFESSORSHIP OF OCEANOGRAPHY 





further information should 


Pror to appkcation, 
fro Secretary of the College. 


be obtained m the 





the Collège de France. Salary in the 
Fr 2000 to Fr2,500 per month following 


ee ee ee 
FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon H: Park Farm Rd., 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. 
Offer top prices for: 

BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 











Wanted and for Sale 
Scieatific and Technical 





WANTED: FURNISHED HOUSE OR FLAT 
in or ncar London (2 or 3 bedrooms) for visiting 
Amencan professor, wife and two sons (7 and 5) 
September, 1969 to June 1970. Would consider 


trade for furnmshed 3 bedroom, 2 bathroom 
house in Lexington, Massachusetts. Large hyng 
room, large children’s playroom and large yard. 
Outstanding schools. Within 30 minutes car ride 
to all Boston area universities—Please contact 
Professor R. Arnowitt, Department of Physics, 
Northeastern University, Boston, Mass. 02115. 
U.S.A (1551) 





MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE- 
writing Service Confidential—Jultz Pratt, B Sc., 
30 Craven Sueet, Strand, London, W.C.2. Tele- 
phone 01-839 2861, XD 












FELLOWSHIPS AND 
STUDENTSHIPS 


THE 
UNIVERSITY OF. 
LEEDS | 


HOUNDSWORTH SCHOOL 
OF APPLIED SCIENCE 


Applications are invited from physi- 
cists, chemists and others with appro- 
prate background for RESEARCH 


or challengmg m- 
vestigations in the field of inorganic 


Poamble areas of work incinde 
solid-state reacuions in oxide and in 
nitride systems, diffusion in a tempem- 
ture gradient, fabrication and proper- 
tes of composite materials anvolving 
glasses, mecobanical properties of basic 
refractories, control of mucrostructure, 
crystal structure, and electrical proper- 
ues of oxkes Grants wib be in 
accordance with SRC rates. 
Applications (three copies), stating age, 
Qualifications and experience, together 
wah the names of three referees, 
should reach Professor J P. Roberts, 
Department of Ceramics, The Univer- 
sity, Leeds LS2 9JT (from whom fur- 
ther particulars may be obtained), as 
goon as possibic. (1526) 





ULSTER 
THE NEW UNIVERSITY 


RESEARCH FELLOWSHIPS 
AND STUDENTSHIPS IN 
CHEMISTRY 


Applcetions are lovited for Pomdoctoral 


Research F ips end for Research 
Studentships leading to M.Phil. end D.Phil, 
degrees, AH awards are tenable from 
October 1, 1969. 


Further particulars and application forms 
may be obtained from the Registrar, The 
New University of Ulster, Coleraine, N. 
Ireland (1529) 





UNIVERSITY OF WALES 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
CARDIFF 
RESEARCH STUDENTSHIPS 


summer for POSTGRADUATE RESEARCH 
STUD S tenable in the folowing De- 
partments . 


APPLIED BIOLOGY 

APPLIED PHYSICS 

ARCHITECTURE 

BUSINESS AND SOCIAL STUDIES 

CHEMISTRY 

CIVIL ENGINEERING AND BUILDING 
TECHNOLOGY 


ELECTRICAL ENGINEERING 
ENGLISH AND LIBERAL STUDIES 
MARITIME STUDIES 
MATHEMATICS (including STATISTICS and 
COMPUTING) 
MECHANICAL AND PRODUCTION 
GINEERING 


Cathays 
(1528) 
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@SIRO 


POSTDOCTORAL 
FELLOWSHIP IN 
SOLID STATE PHYSICS 


AUSTRALIA 
DIVISION OF PHYSICS 


Applications are invited for appointment to a Research Fellowship in Solld 
State Physics with the Division of Physics of the Commonwealth Scientlfic 
and Industrial Research Organization. The Division forms part of the National 
Standards Laboratory and ıs situated in the grounds of the University of 
Sydney. 


The Division has research groups working on the transport properties and 
thermal properties of solids and liquids both at low and high temperatures, 
as well as paramagnetic resonance In crystals, and on solar physics. The 
Laboratory Is chiefly responsible for the development and maintenance of 
physical standards in Australia; therefore good faclittles exist for accurate 
measurement of a wide range of physical quantities, and there are Instrument, 
electronic and optical workshops which can assist the research groups. 


QUALIFICATIONS: Applicants should have a Ph.D. degree in physics 
or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. They should have 
active research experlence In solid state physics. 


PERIOD: Two to three years. 


SALARY: Upwards from minimum of $A5,321 for a person completing 
a Ph.D. degree to substantially higher levels depending on qualifications 
and experience. Fares paid for the appointee and his dependent family. 
Further particulars supplied on application. 


Applications (quoting Appointment No: 770/383), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant’s academic and professtonal 
standing, should reach :— 


Mr. R. F. Turnbull, 

Chief Sclenttfic Llaison Officer, 
Australian Sclentific Lialson Office, 
64-78, Kingsway, 

LONDON, W.C.2. by the 23rd May, 1969. 


(1585) 





UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 


POST-DOCTORAL RESEARCH 
FELLOWSHIP 


It 1» proposed to appoint @ Research Fel- 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF AERONAUTICAL 
ENGINEERING 


Applications are mvited from Graduates with 
good honours degrees in Engineering or Physics, 


or eq quahfications, for admision as 
STUDENTS in Department of 
Aeronautical Engin: Final year honours 


» reference to composte 
materials, and would be suitable for submission 
to che Umveraity for a higher degree. Suitably 
qualified apphcants may be nominated for 
Science Research Council studentships. 


Imperial College, London, S.W.7. Closing date 
June 15, 1969. (1561) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF MATHEMATICS 
fees srk NSSE 


annum and the maximum tenure is four 

years. 
Application forms and further particulars 
btained from the Regstrar, King’s 


UNIVERSITY OF 
MANCHESTER 


RESEARCH STUDENTSHIPS 
IN SCIENCE 


Appheations are invited for the above 
Studentships, normally ¢enable for three 
years and of a veloc comparable that 


every effort wil be made to consider late 
applications from candidates who have had 
to await publication of degree results. 

A tions should be zent to the Regis- 
trar, Universtty, Manchester M13 9PL, 
from whom further particulars and forms 
of application may be obtained. 
quote ref. 72/69/Na. (1499) 





UNIVERSITY OF 
WESTERN AUSTRALIA 
DIORGANIC CHEMISTRY 


Applications are invited for appointment to the 
AUSTRALIAN TITAN PRODUCTS POST- 
DOCTORAL RESEARCH WW SHEP 


thon of Commonweakh (Appts.), 36 
Gordon Square, London, WC.1. Applications 
chose on May 24, 1969. (1536) 





GRANTS & SCHOLARSHIPS 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH AWARDS 
Fuads are available from industriel sources 


88, Manchester M60 10D, to whom ell applica- 
tions should be submitted. (i574) 
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CONGRESS i 


International Congress 


Of Cybernetics september 2 to 6, 1969 
Imperial College, London 


This congress ıs organised by the Internationa! Cybernetic / 
Congress Committee and ıs sponsored by several Inter- 
national Organisations concerned with Management, 
Labour, the Sciences, Cybernetics and Technology. 


Details and application forms from. 


The Hon. Secretary 1.C.C.C., 

Dr. J. Rose, 

c/o Blackburn College of Technology and Design, 
BLACKBURN BB2 1LH, 

Lancashire, England. 


ANNOUNCEMENT 








Thursday, May 8, 1969 


Imperial College Open Day 


ROYAL COLLEGE OF SCIENCE 
ROYAL SCHOOL OF MINES 
CITY AND GUILDS COLLEGE 


Selected exhibits of work at Imperial College 
will be on view from 14.00-19.00 


IMPERIAL COLLEGE OF SCIENCE & TECHNOLOGY, LONDON, SW7 


L_ (1599) 





LECTURES AND COURSES 


NORTHERN POLYTECHNIC, Holloway, London, N.7 


Refresher Courses for 
Teachers of Science and Mathematics 


The following part-time courses will be held on Wednesdays during the 
Session 1969/70: 


ADVANCES IN PHYSICS gaftemooni and evenings). 


MODERN ASPECTS OPE 


There are also the following evening courses: 
GEOLOGY COURSE FOR TEACHERS (Monda 
RADIO-CHEMISTRY FOR TEACHERS Monday) 


Apply for further details and application form to thoappropriate Head,of Departmen a0) 














-UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS . 


M.SC. IN 
X-RAY CRYSTALLOGRAPHY 


A -postgraduate course in X-ray Crystal 
lography, leading to the exammations for 
the degree of M.Sc., m held o ths Do 
partment The entrance qualificaton is‘ 


either a first degree ‘in the physical 
sciences, or the Grad‘RI.C or the Grad 


Inst P 

A detailed account of the theory of the 
main branches of X-ray taHography us 
presented, and supplemen by a scheme 
of practical work and by a;study project. 
Additional lectures on computung methods 
are available The next course begins m 
October, 1969 

Both fullktume and day-release students 
are accommodated. The day-cclease 
scheme requires attendance on one full day 
per week. 

The course has been approved by the 
Science Research CouncM for the tenure 
of ks Advanced Course Studentships. 

Fol details and application Nghe may 
be obtained from Professor V cena 


Surrey, G Surrey. be is 
Guildford (OGU3) 71281. (1363) 





LIVERPOOL REGIONAL COLLEGE 
OF TECHNOLOGY 


M.Sc. Courses in 


RADIATION AND NUCLEAR CHEMISTRY 
INSTRUMENTAL CHEMICAL ANALYSIS* 


One-year full-time courses commencing in 
September, 1969. Both courses consist of formal 
teaching and practical work followed by a re- 
search project, which may be carmed ow in 
mdomry 


Further details and application forms may be 
obtained from the Head of Department, Depan- 
ment of and Biology, Livempool 
Regional College of Technology, Byrom Street, 
Liverpool L3 3AF. 051-207 3581. 

*This course ws accepted by the Science Re- 
search Council for the tenure of us Advanced 
Course Studentships (1601) 


UNIVERSITY OF GLASGOW 
ZOOLOGY DEPAR1 MENT 
DIPLOMA IN ENTOMOLOGY 


A falltime postgraduate course of one year’s 
duration will commence in the Autumn Term 
1969 Ths wall compre ihe study of insect 
morphology and symematics, insect physiology, 
insect development, ecology, fundamental expects 
of applied entomology such as agriculturel and 
stored prodacts entomology, medical and veterin- 
ary entomology, ansects and plant dscases, bio- 
logical and chemscal control of insets Jastruc- 
uon wal be by means of jectures, tutorials and 
semnacs supplemented by practical studacs in the 
laboratory and museum and at the Umversty 
Field Station Inchomve fee £79 for UK su 
dents, £250 for overseas students. 

The final date for applications is July 1, 1969 
Further anformation from the Secretary, Zoology 
Department, The University, Glasgow, My - 





UNIVERSITY OF LONDON A COURSE 
of three lectures entitled (1) “ Problems of stellar 
evohxion I"; (2) “ Problems of stellar evol- 
ton IL”; G) “ Problems of steMar pulsation” 
wall be delivered by Professor R. Kippenhahn 
Co at 530 pm on Aonl 30, May 2 sod 

at Queen Mary College (Mathematics Lecture 
Theat Mie End Road, E1. Admmzsion free, 
without ticket—M A. Baatz, Academuc Regs- 
trar (1566) 


VERTEBRATE EVOLUTION 


NATO ADVANCED STUDY INSTITUTE 
Istanbul, Turkey, August 4-15, 1969 


Write * 


Dr. Max K Hecht, 
Dept. of Biology, 
Queen’s College, 

Finshing, New York, USA 
11367 (1603) 
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ask fora 
demonstration 
of the new 
compact... 


et ll 







DESK MODEL PHYSIOGRAPH™ 


It’s a precision engineered life science re- 
corder, capable of accurately measuring 
and recording up to five physiological 
parameters simultaneously. In addition to 
four rectilinear or curvilinear recording 
channels, it features an optional servo 
channel for full chart width recording of 
a fifth parameter. It accepts E & M’s com- 
plete range of transducers, preamplifiers 
and accessories. 

The Desk Model Physiograph is also 
rugged, student proof, reliable, flexible, 
and, in addition to being compact, it is 
amazingly simple to operate. 

Seeing is believing. Call or write for a dem- 
onstration in your lab or office . . . at your 
convenience. 


*Trademark of E & M Instrument Co., Inc. 





Write for 48 page Illustrated catalog No. 107. 


E & M INSTRUMENT CO., INC. 


P. O. Box 12511 7651 Alrport Blvd. Houston, Texas 77017 USA 
Telephone (713) 644-7521 < > 
NARTIJ 


A NARCO COMPANY 
Cable: FISIO 
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JSM-2 


Scanning Electron Microscope 


250A resolving power 
140,000 useful magnification 
5—5OkV accelerating voltage 
0.5V voltage contrast 


Transmitted electron image and 
other capabilities 





Senos Spinichromogenes 
Harnada et Okami 





Shakespeare Road, London, N.3 
Telephone: 01-346 7211 







ra : me a of Stainless Steel 
s L” ET A subsidiary of Japan Electron Optics Laboratory Co., Ltd 


> 
a) 


if 
3 


r 
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Labelled E 
Carbohydrates 








CH20H 








The Radiochemical Centre offers a wide range of labelled 
carbohydrates of high purlty, high specific activity and at 
competitive prices. 


The range [Includes material specially prepared and 
packaged for specific applications e.g. for pharmaceutical 
use or for enzyme assay. 


Compounds of interest recently added to our list Include: 

Carbon-14 labelled H 
D-Glucose-C1 4 (U)-1-phosphate, potassium salt 
D-Glucosamine-1-C14 hydrochloride high specific activity 
(HydroxymethyI-C1 4)-Inulin 

Inulln-(carboxylic acld-C1 4) 

Xylitol-C1 4(U) 

ac' Trehalose-C1 4(U) 

OH Tritium labelled OH 
D-Glucose-1-T 

myo-Inosltol-2-T 

Sorbltol-1-T 


Ask for free batch analysis sheets on any compound in 
which you are interested. They provide details of purity, 
notes on preparation and recommendations for storage. 
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New labelled 
substrates 


Jdecially prepared, 
-Sted and packaged for 


inzyme 
issays 
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Precise product yield can be calculated because the 
substrates are supplied at accurately measured 
specific actrvities 
Assay sensitrities are safeguarded by meticulous 
control of purity including measurement of typical 
blank values 
Preparation of reagent is simplified by supplying 
packs containing indrvidual test quantties, each 
with accurately measured total actvity 
Radiation decomposition problems are minimised by 
choice of low specific actmty material 
Adenosine-8-C1 4-5’-triphosphate, sodium galt 
S-Adenosyl-L-methtonine (methyi-C1 4) 
L-Arginine (guanido-C14) monohydrochlonde 
L-Agsparagine-C1 4(U) 
L-Citrulline (carbamyl-C14) 
D-Glucose-1-C14 
Sodium bicarbonate-C14 


Full information available on request 
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assay for disulfides 


Because previous methods of assay 
have suffered from: low sensitivity and 
non-specific reducing agents, a specific 
and sensitive new assay for the disul- 
fide groups has just been developed 
and is available from NBCo, It is based 
on the reduction with DTE (Dithio- 
erythritol or DTT (Dithiothreitol). The 
resulting monothiols are determined 
with 5, 5’ Dithiobis (2 Nitrobenzoic 
Acid) (DTNB) in the presence of Arse- 
nite. (1) This assay allows the deter- 
mination of disulfides over a con- 
centration range of 8 to 25 „M. The 
reduction time of about 20 minutes has 
been found to be adequate. 

Zahler and Cleland report that DTE or DTT 
reduce disulfides to monothiols. By addition of Ar- 
senite, which forms a tight complex with Dithiol, 
the resulting monothiols can be determined accu- 
rately with DTNB. They indicate that DTE is the 
reagent of choice because of the lower rate of reac- 
tion of its arsenite complex with DTNB. 


DITHIOERYTHRITOL D.T.E. 
M.W.: 154 S:41.6 M.P.: 80-82° C. 


25 gm. bottle . . gm. $21.00 
5 gm. bottle. d . . gm. 22.00 
lgm. bottle .. . . gm. 23.00 

500 mg. bottle. . . 2... btl. 13.50 
100 mg. bottle. . . 1... btl. 4.25 


DITHIOTHREITOL D.T.T. 
(Threo 2, 8, Dihydroxy, 1, 4 Dithiobutane) 
Cleland’s Reagent 
M.W.: 154.2 S$: 41.6 M.P.: 40-41°C. 


25 gm. bottle... ... gm. $ 7.25 
5 gm. bottle. . . . . gm. 8.70 
1l gm. bottle... ..., gm. 11.25 


(1) W. L. Zahlerand W.W. Cleland, J. Biol. 

Chem. 248,40, 716 (1968). The literature references 
should not be interpreted as either endorsement or’ 
disapproval of the biochemicals by the investigator. 
To order, phone 216 662-0212 collect (USA only). 

If desired, 24-hour delivery anywhere in the continen- 
tal USA; 80-hour delivery anywhere in the world. Send 
for our free catalog containing more than 3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


N utritional 
: Biochemicals 
Corporation 


26201 Miles Road + Cleveland, Ohio 44128 
Phone 216 662-0212 
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Seravac 


ENZYMES 





SERAVAC LABORATORIES (Pty.) LTD. 
Holyport Berkshire England Tel: Maidenhead 21343 


In the U.S A. Seravac Products are obtainable from: 


GALLARD-SCHLESINGER CHEMICAL MFG. CORP. 
584 Mineola Avenue, Carle Place, L.I.; N.Y. 11514 






DIAMONDS 
for scientific 
applications 


Because of thelr unique properties dlamonds have 
found numerous applications in physics research 
and industry. The extreme hardness and cutting 
ability are well known, but these are not the only 
important properties of diamond. Diamonds also 
have extremely high thermal conductivity and they 
have recently been used as heat sinks for some 
kInds of solid state electronic device. 









The photograph shows some diamond heat sinks - 3⁄4 mm 
cubes of specially selected high punty type IA diamond. This 
type of diamond has a thermal conductivity at room tempera- 
ture which is more than 5 times that of copper. The cubes 
are employed as heat dissipating substrates for avalanche 
diodes, Gunn diodes, and similar devices where the perfor- 
mance is limited by problems of heat dissipation from the 
achve matenal, Useful power increases of several-fold have 
been obtained this way, 


ee ee uaa 


D. Drukker & Zn. N.V. of Amsterdam are suppliers 
of all kinds of diamonds. Write for leaflets about 
our "“Dubbeldee" diamond micron powders, or 
our "‘Dubbeldee” type IIA diamond heat sinks or 
for Information about any other type of diamond 
which Interests you. Small diamonds are not 
expensive and our advice ıs free. 


D.Drukker en Zn. nv. 


Sarphatikade 12, Amsterdam, Telephone 020-67321 


Dubbeidee Diamond Company Ltd. 


123 Audrey House, Ely Place, London E.C. 1, 
Telephone 01-242-9367 


Dubbeldee Diamond Corporation 


576 Fifth Avenue, New York, N.Y. 10036, Tele- 
phone 212-JU2-8976 i 

















-i 
Also offices in Geneva, Milan, Paris, Stockholm, 
and associated companies throughout the world. 
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Classified Advertisements 


All copy ts subject to the approval of the Pub- 
lishers, who retain the mght to refuse or 
withdraw adverusements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept lability for printers’ errors, 
althou ough every care ts taken to avoid mistakes. 


Sem! layed £6 per single column Inch. 
Minimum m £5. each add uona 1/12ch of an inch 


10s. Full page each a Half e across £80. 
Colour (orange) £20 extra. 6 is charged 
for the re-direction of replles to advertuse- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clament's 
Inn, Strand, London, W.C.2. Telephone: 
ees 4743, Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


UWIST 


CARDIFF 


LECTURER IN APPLIED 
PHARMACOLOGY 


Applicants should preferably have teaching ex- 
perience and possess a postgraduate degree. The 
successful 


(Personnel), Uaiversity of Wafes, Institute of 
Scvence and Technology, Cardiff. (699) 


NEW ZEALAND 


University of Canterbury 
Christchurch 


SENIOR LECTURER OR 
LECTURER IN 
MATHEMATICS 


Appications are invited for the above-men- 
toned position, Qualifications in esther pure or 





partment Tho University os equipped 
IBM 1620 ead en IBM 360/44 computer 
The salary ecale for Lu sturezs ts $NZ3,100 by 
$NZ200 to $NZ4,700, $NZ4,800 per annum, and 
Lectures $NZA4,700 by $NZ200 to 


Approved feres to Christchurch will be atiowed 
for an appointee and his dependent family, to- 
gether with actual removal expenscs witha 


Assoasation of Common 
wealth ‘Universities (Appts), 36 Gordon Square, 
London, W.C.1. 

Applications close on June 2, 1969. (1645) 


RESEARCH ASSISTANT 
SCIENCE GRADUATE (female) for blochemi- 





who can start within 

The work involves the Investigation of the bio- 

chemical changes that occur during ischaemic 

heart disease. Suitable candidates woukl have 

the opportunity to register for a higher degree. 
Appheations to the House Governor, The 

London Hospital, E 1. (1648) 
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National Agricultural Advisory Service 


Regional Adviser 
in Bacteriology 


£2913 to £3683 


The National Agricultural Advisory Service within the Ministry 
of Agriculture, Fisheries and Food provides farmers and growers 
with technical and management advice on agricultural and horti- 
cultural matters. The Service is organised on a county and 
regional basis throughout England and Wales. ‘The successful 
candidate will take charge of a regional laboratory, the staff of 
which act in consultative and advisory capacity to the county and 
district advisers. He will also be responsible for field surveys and 
investigations. The work entails travel throughout the region. 


Candidates (men or women) should normally be aged at least 45 
and must have a degree in an appropriate agricultural or natural 
science, or an equivalent qualification. They should normally 
have had at least 15 years’ relevant experience. This experience 
should have included responsibility for directing the work of a 
team of scientists, preferably including one covering microbiology 
in relation to horticulture and agriculture. 


Starting salary may be above the mmimum of the above scale ; 
non-contributory pension. Promotion prospects to higher posts 
within the Advisory Service. 

Fuller details may be obtained by writing to the Civil Service Com- 
mission, 23 Savile Row, London WIX 2AA, or by telephoning 
01-734 6010, ext. 229 (01-734 6464 “ Ansafone” service after 5.30 
p.m.). At all tumes please quote 7131/U. Closing date June 5, 
1969. Candidates who have recently applied should not do so 
again, (1642 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON 


ANIMAL DISEASES 
COMPTON, NR NEWBURY, BERKS 


Applications ere invited for the post of 
ASSISTANT EXPERIMENTAL 
OFFICER 


in the above Ineaute The pemon com 
cerned wil probably have a degree in Agri- 
culture wath an enterest in research work 


ave gressiand management expenments 
which involve the use of unusual types of 
forages. 


Salary £830 per annum m age 21, sing 
to £1,385 per annum with superanouetion. 
ee eT should tie hanes OF ING 

together with mms of two 
poreress aot later than sey 23, 1999500) 





UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOGRAPHY 


Applications are mvited for two TUTOR- 
assis with tutonal groups in- 
of students end to 


practical map classes, 
Se ae oe eon. October 
1, 1969, end are for one year m the frm 
instance. Salary in the range £1,010 ¢o 
aaa ennum, together with FSS.U. 


Further gears quoting Reference 
btained fi 





GRADUATE TECHNICIAN (TECHNICAL 
Officer grade) required to join the M.R C. Intes- 
tinal Malabsorption Umit at the Royal Postgradu- 
ate Medical School, to work on 1 
metabolism. ‘The posi- 
irom: the beginning of 
July. The salary uw in range £1,165 to 


smith Hospital, London, W.12, quoting ref.: 
2/241. < (1630) 
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: 
| 
Chief Scientist Ei 
to | 

direct research for 1 
a major industry | 
| 


e An international reputation in a biomedical or 


biochemical field is required. 
e Salary is negotiable above £ 10,000. 


Write in confidence to us as advisers. Nothing 
will be disclosed without permission. Letters 
should be addressed to P. G. Oates. 


JOHN TYZACK & PARTNERS LIMITED 


Io HALLAM STREET: LONDON WIN 6DJ 


For further Classified advertisements see p. xxx 
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BIOGRAPHICAL NOTES upon BOTANISTS 

The New York Botanical Garden Library 
Compiled by John Hendley Barnhart, this biographical file contains information on 44,700 botanists 
from early times to the present. The entry for each name includes the botanist’s dates, education, and 
professional activities; sources of information are also indicated. 
44,700 catds reproduced in 3 volumes Price: $302.50 


Dictionary Catalogue of the 

YALE FORESTRY LIBRARY 
This catalog of the largest and oldest continuous forestry library in the United States covers all aspects 
of the science of forestry and its history in America. Especially valuable are entries for periodical articles 
analysed from the Journal of Forestry and its forerunners, dating back to 1900. 
217,000 catds reproduced in 12 volumes Price: $924.00 


INDEX TO GRASS SPECIES 

Maintained in the Division of Grasses, Museum of Natural History 

Smithsonian Institution 
Compiled by Agnes Chase and Cornelia D. Niles, this index is an alphabetical list of the world’s grasses 
described from the time of Linnaeus to 1962. Species and varieties are arranged in alphabetical order 
after each genus to which they are referred. Each entry gives the full specific name of the grass and 
the bibliographic citation. In most cases, entries also include the basis for combination; where, when 
and by whom the original specimen was collected; and references to other pertinent literature, 
cross-indexing, etc. 
a 62,700 cards reproduced in 3 volumes Price: $275.00 


Prices include 10% additional charge on orders outside the U.S. 
Descriptive material on these titles and a complete catalog of publications are available on reg:æst. 


G.K. HALL & CO. 70 Lincoln Street, Boston, Massachusetts, U.S.A. 02111 





NITROGEN - 15 
5% Chemistry 
with enrichments of $30% for research in $ Biochemistry 
95% Physics 
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ile esp Bbc ne cn rerea Manet anger DOOK on ra 
a ce ard technology. Inspection is always Invited in ow 
Maina awed Hern te este A: 


POSTAL SERVICE 


We pride ourseives ee Fi apinl ot rarity and Hager! supply 
some of the largest Indostrial undertakings in Britain and overseas. 
Annual sobscriptions taken for any British or foreign jowal, 


Call, write, or phone 


CLAUDE Gj] | [ Books 


481, OXFORD STREET, LONDON, W.L. 
GRO 5664 (7 thees) 1 mia, Marble Areh 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States............. ccc cece eeaes $48 
Canada moeren n nesiwebechew $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 
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Modeling of Thinking 
and the Mind 


N. M. Amosov, Head of the Institute for Thoracic Surgery, Kiev, USSR 


A thought provoking account of the principles of information processing and modelling in 
complex living systems. The author, an eminent Soviet scholar and Lenin Prize winner, 
offers his original hypothesis concerning programmes of man’s functions and outlines 
methods of imitating them employing contemporary computers. 


192 pages £6 








Prospects for Simulation and 


Simulators of Dynamic Systems 


Edited by G. Shapiro and M. Rogers 


Deron papers presented at a symposium held in Baltimore and sponsored by the U.S.A.F. 
Office of Scientific Research and the Westinghouse Defence and Space Center. 


‘This is a book wory of a place in any applied-science library and while it will appeal to 


the simulation specialist it should prove of interest to the general reader.’ 
—Electronic Engineering. 







304 pages £6 I0s 





Technical Information 
Center Administration 


Volume 3 
Edited by A. W. Elias, Drexel Institute of Technology 


Supplementing the previous volumes of TICA I and 2, this volume contains information 
on the organization, administration and management of information receiving and 
distribution centres. 


‘... for librarianship students or for scientists newly involved in setting up information 
centres, the book provides a useful summary of techniques.’ —Nature. 


150 pages 75s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: 
Spartan Books, 432 Park Avenue South, New York, N.Y.10016 
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is the computer expert? 


Any of them. Any time. 


it’s that easy with the new PDP-12. 


The really nice thing about Digital's 
new PDP-12 computer is what you do. 
You and your research team get on with 
the creative work While the PDP-12 
forms a fast, flexible link between test 
equipment and final results 

The really nice thing about the 
PDP-12 Is what you don't do You 
don’t have to spend valuable time 
learning computer talk Or talking 
computer talk. 

The PDP-12 understands English 
And the PDP-12 “talks back” ın 
English via its 7” x 9” scope. It asks you 
just the right questions to give a smooth 
start to your research programme. 
Gives you the ability to interact 
at any stage. To alter parameters 
midway through a process. 


The PDP-12 comes from the 
computer company with the greatest 
experience in the research field. So the 
PDP-12 comes with a vast store of 
application programs. 


The PDP-12 ıs a complete laboratory 
system. All the necessary peripheral 
equipment—like the ‘scope’, magnetic 
tape, analogue to digital converter, 
Teletype—are included in the system. 


The PDP-12 has got major advances 
on tts predecessor the LINC-8, too. 
Like full-buffered peripherals for more 
through-put. Greater speed. Greater 
power. 


The PDP-12 sounds like a very 
expensive computer ? Wrong. It’s 
exactly a £14,000 computer. 


COMPUTERS: MODULES 


Digital Equipment Co. Limited 
Arkwright Road, Reading, Berks. 

Tel: (ORE 4) 85131 and 13 Upper 
Precinct, Walkden, Manchester. 

Tel: (061) 790 4591 


Offices also in Parts, France Munich and 
Cologne, Germany, Stockholm, Sweden; 
The Hague, Netherlands, Oslo, Norway: 
Sydney and West Perth, Australia; 
Carleton Place, Toronto, Montreal and 
Edmonton, Alberta, Canada; and in 
principal cities of the USA. 


vni 3 NATURE, MAY 3, 1969 





OXFORD BOOKS FOR STUDENTS 





*A German Source-Book in Physics The Philosophy of Science 

K. B. BEATON and H. C. BOLTON Edited by P. H. NIDDITCH 

This selection of extracts in German is intended as a companion The twelve papers reprinted ın this book illustrate topics and 
to a modern study of physics. Tho passages are from original methods of analysis and discussion which have been dominant 
papers and important books published during this century in the philosophy of science during the past twenty years or so. 
that are significant in the development of physical ideas. They are concerned with questions of central interest in the 
Each extract is introduced in English with an explanation of current philosophy of the natural and social sciences. None of 
the physics and its significance. The book will be useful to the papers presupposes a knowledge of advanced mathematics 
undergraduate or postgraduate students learning to read or mathematical logic. The contributors are P. K. Feyerabend, 
scientific literature in German, and also to chemists and G. Schlesinger, Carl G. Hempel, Ernest Nagel, May Brodbeck, 
mathematicians, especially those studying physics in parallel Nelson Goodman, Robert Ackermann, Max Black, Peter 
with their main course. K. B. Beaton is Lecturer in German, Achinstein, S. F. Barker, and J. L. Mackie. paper covers 10/— 
University of Sydney, and H. C. Bolton is Professor of net Oxford Readings in Philosophy 


Theoretical Physics, Monash University. 70/- net paper 
covers 35/— net 


Man and Aggression 
Edited by M. F. ASHLEY MONTAGU 
*Elementary Wave Mechanics with Applications to The purpose of this collection of articles is to inquire into the 
Quantum Chemistry validity of the views on human nature expressed in the books 
of Robert Ardrey and Konrad Lorenz. The contributors— 
Wi: HEITLER among them Edmund Leach, Sir Solly Zuckerman, and 
-This book, written primarily for chemists and non-mathe- Ashley Montagu—propose that Ardrey and Lorenz are 
matical readers, sets out to illustrate the methods of quantum interpretative rather than objective in their use of research 
mechanics and its application to chemical problems. The and throw considerable doubt on their theory of human aggres- 
treatment of the general theory covers the experimental basis sion. 42/6net paper covers 17/— net (Galaxy Books) 
of ce mechanics and the derivation of the wave equation, 
includi e time-dependent wave equation. The chemical . 
applications covered {include the periodic system, diatomic Exploring the Atmosphere G. M. B. DOBSON 
and polyatomic mo es, the homopolar bond, and valency. , i 
Firs published in 1949, the bool has borom a clasate. Tho ‘Muchas been sent abont tho cath atmosphere since the 
second edition (1956, still available in hard covers at 25/- knowledge, obtained largely through the use of rockets and 
net) is now available for the first time in paper covers. Second artificial earth satellites, has been incorporated in the present 
edition 43 text figures paper covers 12/6 net edition. The book begins with a review of the whole atmosphere 


up to heights where it merges into outer space; then the reasons 
for the existence of the troposphere, the stratosphere, and the 


Science in Antiquity BENJAMIN FARRINGTON thermosphere are set out. The formation of cloud, rain, hail, 

p and thunderstorms is discussed, and there are chapters on 
The purpose of this book is to trace the history of Greek ozone in the lower stratosphere, on the ionosphere, and a new 
science from its origins in the 6th century B.C. until its virtual chapter on the recently discovered magnetosphere and the 
disappearance about the 6th century A.D., and to put the Van Allen belts. The author was formerly Reader in 
Greek achievement into its historical setting between the Meteorology, University of Oxford. Second edition 42/— net 
science of the old civilization of the Near East and that of paper covers 21/— net 


modern times. The text and bibliography have been revised 
in the light of new knowledge and historical interpretations. 


Secondedition paper covers 7/6net OPUS An Introduction to Applied Mathematics 
J. C. JAEGER 
Introduction to COBOL ANNA LYSEGARD This textbook is primarily concerned with the means of applying 


mathematics (particularly differential equations) to the study 
This book gives a fundamental description of COBOL, a new Of physical and engineering problems. It is intended as a course 
ing | 


and increasingly popular computer programming language which is more useful to students of engineering and physics 
specifically design for the formulation and solution of business than those courses usually followed by specialist mathema- 

and administrative problems. Primarily designed for use in ticians, but it is not inferior in developing mathematical 
programming courses at college and university level, the book technique. The book is still available in hard covers at 55/— net. 


should also prove useful to experienced programmers. 50/- net 95 text figures paper covers 30/— net 
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NATURE 


Another Doctors’ Dilemma 


Tue progress of the Abortion Aot, which came into 
law a year ago, has illuminated some ungentle aspects 
of the relationship between the medical profession and 
the publio which it serves. Some 35,000 legal abortions 
were performed in the first year of the Act, a volume 
of demand which seems to have surprised even the 
advocates of the Act. But rejoicing over the women 
saved from the back street abortionist or the children 
born unwanted has not been universal among the 
medical profession. The joint pressures of population 
growth and future medical advances pose & host of new 
social and medical dilemmas, of which the Abortion Act 
and the Family Planning Act are perhaps the first 
serious tests. They have not been passed with flying 
colours. 

It is no matter for congratulation that there are still 
regions of Britain where the Abortion Act is not bemg 
fully implemented and where women with good grounds 
for abortion are being denied their legal rights. The 
British Medical Association has given the lead to those 
individual doctors who disagree with the wishes of 
the public and Parliament. In its annual conference 
held in June last year, after the Abortion Act had 
become law, the council of the BMA objected to the 
so-called social clause of the Act as being “completely 
at variance with medical tradition” and in effect 
threatened with expulsion any doctor who carried out 
an abortion on the grounds permitted by the clause 
(Brittsh Medical Journal, Suppl., p. 25, July 6, 1968). 

Despite the evident fact that an abortion case 
requires less of a hospital’s space and time than a 
pregnancy and birth, the gynaecologists of the National 
Health Service are either unable or unwilling to satisfy 
the demand for abortions. In the first three months of 
this year, almost half of the 10,000 notified abortions 
were carried out by private clinics, and the doctors 
who run them have often been pilloried by their 
colleagues. It is true that the clinics are not run at 
a logs, but this is relevant only in that it emphasizes 
that abortions remain harder to get for the poor than 
for the rich. It is also true that in a few clinics the 
standards of medical care and facilities seem to be 
unwarrantably scrappy, which should not be allowed 
to conceal the fact that the clinics exist only because 
the National Health Service is failing to fulfil the 
legitimate demand. The petulant voices warning that 
London will become the “‘abertion capital of the world” 
discredit only their owners. 

Perhaps the sorriest situation the Abortion Act has 
brought to light is not the attitudes of its opponents 
but the sexual illiteracy of the British population. A 
survey by Mr P. L. C. Diggory has disclosed that of 249 
women applying for abortion, 30-5 per cent usually 


used no contraceptive and 47-8 per cent were not using 
contraceptives at the time they conceived (Lancet, i, 
873; 1969). A similar survey by the Birmingham 
Pregnancy Advisory Service found corresponding pro- 
portions of 45-8 per cent and 73-5 per cent among 491 
women seeking abortions. Nothing can justify more 
eloquently the need for the Family Planning Act, or 
give greater cause for despondency at the foot-dragging 
pace with which the local health authorities are imple- 
menting it. According to a survey conducted by the 
Family Planning Association in July last year, only 
thirty-four of the 204 local health authorities in England 
and Wales were providing the full family planning 
service empowered by the Act, and thirty-nine had 
taken no action at all. Some authorities have no doubt 
been handicapped by lack of funds at a time when 
money for new services is short, but it also seems that 
part of the inertia springs from bumbledom: there is 
nobody to point out that the money spent on family 
planning will reduce future demands on the services 
provided by other departments. 

Even the fullest implementation of the Act, however, 
is unlikely to make knowledge of modern contraceptive 
methods genuinely available to all who need it. This 
basic human right can probably be met only by 
deliberate instruction in schools. Here perhaps is a 
crusade for Mr Edward Short, and one more worthy 
of a Minister for Education and Science than his 
advocacy of the Bible. Would not the demographer’s 
slide rule suit him better than the prophet’s loin cloth ? 
The demographers’ predictions would certainly occasion 
less alarm if the medical profession among others were 
to show itself rather more adaptable to change than 
the section of it which has opposed the Abortion Act. 


FOOD ADDITIVES 


Who is the Piper? 


Tae British Industrial and Biological Research Associa- 
tion, which acts for the British food industry as an 
independent watchdog on the toxicology of food addi- 
tives and which thus resembles a private Food and 
Drug Administration, seems to be doing more impor- 
tant work than most research associations in Britain. 
There is no better evidence of that than the generous 
financial support the British Government is giving 
BIBRA, exceptional at a time when the general line 
with the research associations is a hard one and when 
the Government is tending to give funds by merit, 
not just habit. The Ministry of Technology matches 
every pound that the industry manages to raise with 
£1-5. But in spite of this great bargain and the invalu- 
able work that BIBRA does for the British food indus- 
try, the industry managed to raise a grant earning 
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income of only £70,661 in 1968. As a result, with cur- 
rent rates of inflation, the association was probably 
worse off than in 1967 when the grant earning income 
was £67,780. The food industry, which has a turnover 
measured in hundreds of millions of pounds, apparently 
lacks even the commercial commonsense to nce an 
organization almost exclusively devoted to insuring 
it from selling products hazardous to health. 

BIBRA spends most of its energy on toxicology tests 
of food. additives, colourings and flavourings, and at 
the end of 1968 had fifty-six evaluation tests in progress. 
During the year it had also conclusively proved that 
some of the expensive test procedures demanded by 
the Government for some classes of compounds give 
misleading results. Apart from speeding up testing, 
this discovery has lowered the cost of tests for these 
compounds from £35,000 to £25,000 each. 

The association’s work necessarily requires close 
cooperation with the Ministries of Health, Agriculture 
and Technology, not to mention the agricultural and 
medical research councils. The Government provides 
more than half the association’s funds excluding, of 
course, those paid by individual companies for 
specific research projects, the results of which are 
confidential. Unless the industry shows a sudden 
change of heart, there is a strong case for asking why 
the Government does not take over the association. 
The industry would certainly have only itself to blame 
if the Government were to decide that it was high time 
that it called the tune as well as paying the piper. 

There will inevitably be more toxicological screening 
necessary as the food industry becomes increasingly 
sophisticated. Some independent organization will 
have to do the work, and if the industry is unwilling 
rather than unable to provide the necessary support, 
the Government should take the problem out of its 
hands altogether. As things stand, the industry has an 
overwhelming majority on all the policy-making com- 
mittees of the association, but this is much less evident 
in the balance sheet. The old argument that the 
food industry has no desire to blacken its name by 
slowly poisoning its customers would carry more weight 
if it were more generous. 


COMPUTERS 


Legalizing Privacy 


Tux threat to privacy posed by the increasing use of 
computerized “data banks” to store personal informa- 
tion has alarmed British politicians and lawyers to the 
point at which they have drafted a Data Surveillance 
Bill to prevent the misuse of this information. This 
will make a probably fleeting appearance in the 
House of Commons on May 6 under the ten minute 
rule. The Bill is proposed by Kenneth Baker, the 
Conservative member for Acton and a member of the 
Parliamentary Civil Liberties Group, and the sponsors 
hope that it will provoke discussion on the efficacy of 
legal and technical safeguards against the abuse of 
computer information and on the extent to which 
people are prepared to sacrifice privacy for increased 
inistrative efficiency. 

Computers have not so much made new inroads on 
privacy a8 exaggerated the problems associated with 
any filing system. The Data Surveillance Bill deals 
with the first of these by proposing that all data banks 
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holding personal information (but not police er counter- 
espionage records) should be registered with the Regis- 
trar of Restrictive Practices, that print-outs of stered 
data should be sent to the individuals concerned (and 
should state what the information is for, who has a 
right to see it and who has seen it), and that everyone 
should have the right to dispute the contents of the 
print-outs. 

The law as it stands seems to cover many aspects 
of the problem. For publicly owned computer organiza- 
tions, there is usually some sort of legislation to prevent 
misuse of information, such as the clause in the Post 
Office Bill, now before the House of Commons, which 
says that information held in GPO computers may not 
be disclosed except as part of officially defined duties 
or as required by law. Customers of privately owned 
computer systems are usually protected by their con- 
tracts. The law of confidence which prevents informa- 
tion being used against a person who gave it in cen- 
fidence Pp be used to prevent the unauthorized 
transfer of information from one organization to 
another, although it has not yet been used to prevent 
one department of an authority from disclosing in- 
formation to another and it also allows disclosure 
when this is “in the public interest”. The laws of 
defamation and negligence might also be used as 
weapons against the abuse of computer information. 

Mr Baker’s bill is the first attempt in Britain to 
legislate for a specific threat to privacy. In the United 
States, a House of Representatives Special Subcom- 
mittee on Invasion of Privacy recommended in 1968 
that, if a national data bank were set up, the priority 
of privacy should be asserted and that it should be 
established under an independent commission. At the 

inning of this year, the Johnson Administration 
decided that, because of the mistrust aroused, Congress 
should not be asked this year to approve the establish- 
ment of a data bank. Britain is farther away from 
having a central computer bank, although Mr Tony 
Smythe, General Secretary of the National Council 
for Civil Liberties, fears that the GPO’s National 
Data Pr ing Service is an embryonio national data 
bank. Other plans for major British computer systems 
include the National Police Computer, which will 
process police records for the whole country, the earn- 
ings-related benefit scheme and the register of blood 
donors run by the Department of Health and Social 
Security, the collection of taxes by the Inland Revenue, 
the administration of legal aid, and possibly a computer 
for all medical records. 


GRADUATE EMPLOYMENT 


No Way to the Top 


Wrr fewer students unwisely assuming they would 
find places at the universities, and with more of them 
as a result applying for teacher training places and 
industrial jobs (see Table 1), the annual report for 
1967-68 from the Durham and Newcastle Universities’ 
Appointments Board is encouraging reading for these 
who share the views of the Swann Committee. But the 
appointments board has some mordant comments on 
the organization and finance of postgraduate vocational 
training and graduate recruitment in Britain. 

In 1968, the output of first degree graduates from 
British universities rose by between five and six per 
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cent, but there was no corresponding increase of 
public money for postgraduate academic work. The 
report says that “the student grapevine can be æ sur- 
prisingly sensitive mechanism for transmitting quickly 
news about such changes” and it is no coincidence that 
applications for teacher training courses rose by 20-25 
per cent. Unhappily, if the experience of Durham and 
Newcastle is typical, the colleges and departments of 
education are not prepared for this increase in demand, 
which if anything is likely to increase still further in 
the next few years. The Swann Report urged that more 
graduates should be attracted into teaching. Gradu- 
ates may be more inclined to become teachers, but the 
lessons of 1967 and 1968 are clear—more opportunities 
are needed for teacher training. 

The board says that, outside teaching, the provision 
of postgraduate training courses is hopelessly inade- 
quate and bears little relation to national manpower 
needs. The graduate who wants to go into town and 
country planning or business management, for example, 
finds it extremely difficult to obtain a grant, whereas 
the graduate entermg postgraduate academic work can 
usually obtain a grant—and on more favourable terms. 
The report says that “we can only hope that if the 
proposal for the Department of Education and Science 
to take over responsibility for all postgraduate training 
grants does materialize, a system of awards will result 
which is related to manpower needs”. 


Table 1. DESTINATIONS OF DURHAM AND NEW 


FIRST DEGREE GRADUATES, 1968 


Teacher training 
Other professional traimmg 


Available for employment 


Gained employment 

Seeking employment, December 31 
Not seeking jobs 

Status unknown 


Total completmg courses 


With many more students applying for jobs, industry 
has been able to demand higher standards of its recruits 
and has apparently preferred to leave vacancies unfilled 
than to take graduates of lower standard. But the 
appointments board complains that the severe shortage 
of opportunities for getting good industrial experience 
in the summer vacation continues, especially where 
there is competition from sandwich course students. 
If industry is finding it easy enough to recruit as things 
are, there is, of course, very little incentive to organize 
vacational work for undergraduates. The civil service, 
on the other hand, seems to be an energetic recruiter 
just now, while local government authorities seem to 
be looking harder for graduates. 

The Durham and Newcastle board says that it has 
succesafully been able to use the national clearing 
house scheme for graduate employment, a welcome 
innovation introduced by Manchester University 
Appointments Board as a pilot project in 1967 and 
for the first time on a nationwide basis last year. The 
scheme is that the Manchester appointments board 
compiles a list of all vacancies from about 700 employ- 
ers in May. All the universities receive copies, so that 
graduates have a comprehensive detail of jobs avail- 
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able. In June, the Manchester board sends a second list 
giving all the unfilled vacancies. So far, Manchester 
University has footed the bill for the operation but this 
year the other universities are to pay two-thirds of the 
cost. The clearing house is still. very much in its 
infancy but, from informal talks with the employers, 
the Manchester board seems confident that it is proving 
& success. 


BRITISH ASSOCIATION 


Paying to Attend 


Tum British Association’s new membership structure 
will be in operation for this year’s meeting at Exeter, 
and participants will have the pleasure of paying £7 
for their week of scientific stimulation or £3 10s if 
they are students. Previously, the annual membership 
fee of four guineas has included attendance at the 
meeting, but the financial plight of the BA has pointed 
to the need to make the meetings pay their way. There 
is now a separate membership fee of £2 for ordinary 
members and £1 for students. 

The new junior branch, the British Association Young 
Scientists (BAYS), will pay 10s a year and £1 15s to 
attend the meeting, and junior BAYS, the under 
fifteens, will pay 4s a year and attend the meeting 
free. It is too early to tell whether the new charges 
will affect attendance, but BA devotees are not likely 
to be put off by the need to make a more realistic con- 
tribution, and now that BAYS are operating in several 
areas, there should be more enthusiasm among younger 
participants. 

Exeter’s contribution to the cost of this year’s 
meeting so far amounts to about £5,000, and. the total 
is likely to be much the same as that raised in previous 
years by other cities in Devonshire and Somerset 
where there is not a great deal of local industry to dip 
generously into its pockets. Towns are usually told 
that it will cost them £10,000 to £12,000 to be hosts to 
the BA, and contributions vary between £8,000 and 
£15,000, averaging about £11,000 to £12,000. Industry 
is the most usual source of funds, although once, in 
Nottingham, in 1966, the population at large contri- 
buted through an increase in the rates. 

The meeting this year will follow the trend of 
previous years in catering more for the layman, with 
five public lectures about immunology, sleep, pulsars, 
gambling and resources from the sea-bed. Two all-day 
plenary symposia will be devoted to some well known 
British problems—how to make economic use of inven- 
tiveness in industry and how to manage the national 
environment efficiently to keep it unpolluted with room 
for people to live, work and move in reasonable com- 
fort. 

As usual, the sixteen special sections will be reviewing 
the year’s progress and giving prominence to some 
topical subjects, such as geophysics and space research. 
which the physics and mathematics sections will be 
discussing jointly. The general and education sections 
will also be combining, to ask what is the use of a 
PhD? The conflict of views from industrialists and 
academics should be well worth hearing. The tendency 
to provide more joint meetings is a sign that the BA 
now recognizes a growing category of members who are 
active scientists eager to learn what is happening in 
disciplines other than their own. 
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TRANSPORT 


London Street Crowds 


from our Planning Correspondent 


Car commuting into central London seems to be on 
the increase again after signs in the past few years that 
the upward trend was being halted. According to the 
latest annual report from the London Transport Board 
(HMSO, 98 6d), the average number of cars entering 
the central area between. 7 a.m. and 10 a.m. was 3,800 
more in 1968 than in 1967, an increase of 5 per cent. 
While private cars represented 80 per cent of the total 
volume of wheeled traffic, they carried less than two- 
fifths of the total number of passengers. Two-thirds 
of the cars carried only the driver, while more than 
four-fifths of the remainder had only one passenger. 
On the other hand, London buses carried 60 per cent 
of passengers entering central London by road while 
representing only a seventh of the volume of vehicular 
traffic. While there is continuing demand from the 
public for bus travel, people’s journeys are being in- 
creasingly frustrated by traffic jams. In 1968, the 
total mileage lost through traffic congestion totalled 
2-8 million miles, representing 1-2 per cent of the total 
scheduled mileage. This loss compared badly with the 
1967 figures although it was still 20 per cent below the 
1966 level. The widespread delays, the report says, 
have nullified the effects of introducing shorter routes. 

The number of passengers carried on the buses and 
the underground in 1968 was 2,601 million, about 39 
million (1-5 per cent) less than in the previous year. 
The decrease, however, compares reasonably well with 
the annual drop of 3-3 per cent between 1956 and 1966. 

Plans for the future, which are being discussed with 
British Rail as part of a programme for railway develop- 
ment in the London area in the 1970s and on into the 
1980s, include the possible construction of two new 
tubes—one crossing London from south-west to north- 
east which could absorb the Aldwych to Waterloo 
branch of the Piccadilly Line, and, the other, an 
extension of the Bakerloo Line to Camberwell Green 
and Peckham. These long-term proposals are in addi- 
tion to the Fleet Line on which the board hopes to 
start work early in 1970, and the extension of the 
Piccadilly Line to Heathrow airport, the construction. 
of which, the board says, could start at very short notice. 

The financial position of the board does not promise 
well for the proposed takeover of the London Transport 
by the Greater London Council. Although the board’s 
deficit in 1968 was £0+9 million less than in 1967, the 
deficit totalled £10 million. Receipts came to just over 
£105 million, an increase of £2:6 million over the 
previous year, but the higher fares introduced in 
August and September were “too little and too late” 
to avoid a loss before charging interest. 


MUSEUMS 


More Popular than Ever 


Tum Manchester Museum, which manages successfully 
to cater for its university and civic audiences, seems 
to go from strength to strength. What other university 
museum in Britain can boast not only of a city corpora- 
tion which matches pound for pound the money from 
the university chest but also of six consecutive years 
in which the number of visitors has increased? Last 


os 


NATURE, VOL. 222, MAY 3, 1969 


year, total attendances reached 190,000, and the 
director says in the report for 1967-68 that attendances 
should exceed 200,000 this year. 

Although there was nothing like the bicentenary of 
John Dalton to celebrate during the 1967-68 year, the 
museum maintained its tradition of special exhibitions 
of local interest with a photographic display of the 
Formby nature reserve and, capitalizing on the wave 
of sentiment for the steam locomotive, an exhibition 
of photographs, models and documents illustrating the 
history of the local company, Beyer and Peacock, 
which built railway engines from 1854 until a few years 
ago. This exhibition was supplied by the curator of 
the Manchester Museum’s new neighbour, the Man- 
chester Museum of Science and Technology. One way 
and another, Manchester looks like being better served 
by its museums than any city outside London. 

The teaching activities of the museum also flourish. 
At one end of the scale, nineteen school classes attended 
the museum each week of term, while university 
interest in the museum increases. It is not exclusively 
the stamping ground of the university taxonomic 
biologists and geologists—the professor of Latin is 
arranging to teach some classes in the rejuvenated 
classical gallery. 

The museum has also managed to find more space— 
some rooms in the basement of the physics department 
—to house its collection of bird skins, which has slowly 
been barricaded behind school class impedimenta as 
teaching activities have expanded. And even the 
museum’s finances have improved; in place of last 
year’s deficit of £2,262, it had a lus of £430 this 
year, but there is still a total deficit of £537 1 to work off. 


Earth—Moon System ? 


Tue Leningrad astronomer Dr Nikolai Kozyrev 
has made another remarkable spectrographio 
observation of the Moon’s vulcanism, according 
to Novosti. It purports to link earthquakes on 
the Earth, particularly in the United Arab 
Republic and off the coast of Japan on March 31, 
with the venting of gases from the Aristarchus 
crater on the Moon on the following day (April 1). 
Dr Kozyrev is said to hold that this shows that 
the Moon “responded” to the earthquakes. Dr 
Kozyrev is also quoted as saying: “My investiga- 
tions dealt with the Aristarchus crater. Two 
spectrograms of the inner slope of the crater 
(from its western side) showed an unusual red 
spot approximately one to two km across. Such 
things are already familiar to scientists. But 
after measurements of the spectrograms obtained 
by the Crimean observatory, it was established 
for the first time that this spot is the result of 
an escape of gases—molecular nitrogen and 
cyanic gas.” 





ROWETT INSTITUTE 


Nutritional Research 


THe Rowett Research Institute in Aberdeen was 
founded in 1922 to encourage the then much needed 
research into nutritional problems. The 1968 report, 
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now published, shows that the institute, which is 
largely supported by funds from the Department. of 
Agriculture and Fisheries for Scotland and by the 
Agricultural Research Council (and by industrial 
concerns as well), is full of life. A scientific and experi- 
mental staff of more than a hundred works in seven 
research departments on topics ranging from the bio- 
chemistry of animal and plant tissues to nitrogen 
metabolism of rumen bacteria and the effects of iron 
compounds on the virulence of E. coli. 

Investigations are in progress on the release mechan- 
ism of thyrocalcitonin which is the hormone released 
from the light cells of the thyroid gland when blood 
calcium levels are higher than normal. According to 
Dr A. D. Care, glucagon can also stimulate thyro- 
calcitonin release; thyroid perfusion experiments in 
vivo have demonstrated that cyclic 3’5’-AMP increases 
the stimulatory effects of hypercaleaemia and inhibitors 
of 3'5'-AMP diesterase also have this effect. 

The metabolic role of zine is of special interest. 
Dr J. Quarteman, who is one of the organizers of the 
European Symposium on Trace Elements Metabolism 
which is to take place in Aberdeen in July 1969, has 
summarized in the report the institute’s recent work on 
zine metabolism. 


FISH BIOLOGY 


Trouble in Greenland 


Acarsst a background of international concern about 
the survival of the Atlantic salmon (Nature, 222, 316: 
1969), the Fisheries Society of the British Isles began 
its spring meeting on April 25 with an account of some 
of the research in progress on the salmon fishery off the 
west coast of Greenland. Mr A. Swain (Ministry of 
Agriculture, London) said that a fishery did not 
develop in this area until 1961. To start with, all the 
salmon were taken in inshore waters by local fishermen 
using gill nets, but in 1965 an offshore fishery using 
drift nets and involving other countries began to 
operate. It is this development which is causing the 
most concern—the estimated total catch in 1968 was 
1,200 metrie tons. Greenland has only one salmon 
river of any note, and so most of the fish being caught 
by the offshore fishery must have come from elsewhere. 
The Canadian stocks are probably being affected most 
by the developing industry, but tagging has shown 
that fish from Iceland, England, Scotland, and Ireland 
are also involved. But nobody seems to know the 
precise effect of the fishery on home stocks—whether 
the salmon would have returned to their home waters 
if they had not been caught in the high seas. So far, 
the fishery does not seem to have had a marked effect 
on British stocks. 

Annual visits have been made to Greenland since 
1965, but it has not been easy to collect data. For one 
thing, only about a third of the fish caught by gill nets 
were in a fit state to be tagged. In 1968, long-line nets 
were tried out but even these were not completely 
successful because the baited hook sometimes stuck in 
the fish’s guts. Modifications are being made for this 
year’s research. Of the 1,326 fish tagged (mostly 
caught by gill nets) in the three years 1965-67, Mr 
Swain reported that thirty-five had been recaptured in 
local (Greenland) waters and nine in British waters. 
It will naturally take time to get anything like quantita- 
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tive effects of the Greenland fishery on national stocks, 
and some authorities fear that by the time the statistics 
have been collected the fish may be on the verge of 
extinction, 

Mr J. W. Smith (Ministry of Agriculture, Aberdeen) 
talked about parasites as a source of information on the 
biology of salmon and hake, Certain fish parasites can 
give clues to the origin of species and their migratory 
movements. The hake, Merluccius merluccius, fished 
off the British Isles seems to have a distinctive parasitic 
blood fluke which could be used as a biological tag. 

Mr J. M. Hellawell (Freshwater Biological Associa- 
tion) has been studying the effects of coarse fish on 
salmonids, particularly salmon parr, in two salmon 
rivers (Lugg and Llynfi) in the Wye area. Of the 
thirteen coarse fish in these rivers, chub, dace, roach 
and grayling are the most common, but contrary to the 
views of some anglers Mr Hellawell found that these 
fish were not seriously competing with the salmonids 
for food. His conclusions confirm the results of other 
studies which have indicated that the diets of fresh- 
water fish overlap only slightly. Although no fish has 
a completely specific diet, each species has particular 
preferences for certain food. Salmon parr may indeed 
be subjected to greater competition from the other parr 
and from trout in the river rather than from the 
coarse fish. 


UNIVERSITY ARCHITECTURE 


Chemical Engineering at Bradford 





The chemical engineering building at the University of Brad- 
ford was opened on April 26. Designed by Building Design 
Partnership in association with the university’s resident 
architect, it is the first completed section of the continuous 
linear academic building included in the Development Plan. 
Partitions, ceilings, services and their distribution systems in 


the new building can be moved and the plan rearranged, 


PLANNING 


London’s Sprawl 


from our Planning Correspondent 


ANOTHER call for more decentralization of office 
employment in central London is made in a new 
broadsheet from PEP (Political and Economic Plan- 
ning) (London’s New Towns, PEP Broadsheet 510, 
10s). The author, Ray Thomas, an economist on 
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three years’ leave from the planning department of 
the Greater London Council, would like to see half a 
million jobs moved out of central London in the next 
decade, and he suggests that employers could be given 
more encouragement to move out by enlarging the 
scope of the Location of Offices Bureau, by tightening 
up the Office Development Permit System and by 
special taxes and incentives. With London’s resident 
labour force declining steadily, the imbalance between 
the levels of employment and population will increase 
dramatically unless large scale decentralization takes 
place. There could in fact be an employment surplus 
of 700,000 by 1981, the broadsheet says. If this hap- 
pened, there would need to be heavy investment in 
improving the railway systems and road networks. 
The idea of preserving a green belt around London 
would seem utopian and London would sprawl as it 
never sprawled before. 

The crux of the problem is the concentration of 
1,300,000 jobs in the centre. This concentration is 
inherited from the days of barges and ships, carriages, 
stage coaches and steam trains, servants and messenger 
boys, quill pens and inkstands. The usual means of 
communication involved a visit or a letter in the penny 
post. These means of communication have been 
replaced by delivery vans, containers and articulated 
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London’s new towns. 


lorries, motor cars, jet planes, subscriber trunk dialling, 
computers and xerox machines. Unfortunately, the 
central business district of London has stagnated during 
this revolution, the broadsheet says, and little has been 
done to improve people’s journeys to work. The 
situation could be eased, however, if the lessons from 
London’s new towns were taken to heart. These towns 
(Basildon, Bracknell, Crawley, Harlow, Hemel Hemp- 
stead, Stevenage and Welwyn Garden City), the pro- 
duct of the policy proposed in Abercrombie’s Greater 
London Plan in 1944, have shown the way to a solution 
of London’s journey to work and housing problems. 
Mr Thomas shows that they have acted as counter- 
magnets to London’s growth because they have pro- 
vided nearly 200,000 jobs in the Outer Metropolitan 
Area, Contrary to many reports, he has found the 
new towns self-contained and balanced communities 
for living and working. 

As a case study, the broadsheet takes the impact 
of the development of Basildon on its hinterland of 
Thameside Essex. The new town has helped to remedy a 
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massive deficit in employment in this area by gaining 
30,000 jobs, but only 20,000 residents in employment. 
One in seven of the resident employed population in 
Basildon travels to London to work (a higher proportion 
than any of the other new towns), but the proportion 
travelling from Basildon is much smaller than from 
any other parts of Thameside Essex. More than one in 
five commute to London from the Southend area. 
There is a deficit of 40,000 jobs there, and unemploy- 
ment rates justify development area status. Southend, 
together with its neighbours, Benfleet, Canvey Island, 
Rayleigh and Rochford, probably has the largest 
employment deficit and the longest journey to work 
in the country. The broadsheet says that if London’s 
third airport were sited at Foulness—a few miles to 
the east-—the situation in the area would be changed 
rapidly as it was in Basildon, and there would probably 
be a substantial drop in the numbers commuting to 
London. 


POWER 


New Method of Combustion 


Tue National Coal Board is determined to convince 
both the Central Electricity Generating Board and the 
British Government that its new efficient method of 
burning coal known as fluidized combustion has a 
rightful place in the power stations of the next decade. 
Mr L, Grainger, member for research at the coal board, 
revealed the advanced stage of research on this tech- 
nique at the NCB research station at Stoke Orchard, 
Gloucestershire, last week. He said that if all of several 
hurdles were successfully jumped in the months ahead, 
there could be a 660 Megawatt power station using 
fluidized combustion in operation by 1976. 

The benefits of using fluidized combustion instead 
of conventional plants for producing steam are quite 
substantial, and the CEGB may well be regretting its 
decision to opt out of the fluidized combustion pro- 
gramme a few years ago. The special feature of the 
process is that, by blowing air through finely ground 
coal, it is possible to increase the rate of transfer of 
heat in the furnace by a factor of three. Furthermore, 
the operating temperature can be lowered from the 
normal 1,200°~1,600° C to the much less corrosive 
800° C, and the size of the combustion chamber itself 
can be considerably reduced. The coal fragments can 
also be relatively coarse. It is the fluidizing effect of 
the air on the coal that allows these considerable 
benefits to be achieved. 

The saving of capital costs by building a fluidized 
combustion plant rather than a conventional power 
station is estimated at about 10 per cent, with a reduc- 
tion of running costs of between 5 and 10 per cent. 
Why, then, is the implementation of fluidized combus- 
tion in power stations in question ? 

The answer is tied up with the future of the coal 
industry. The CEGB estimates that nuclear power will 
increase its share of electricity production in Britain 
from the present 10 per cent to about 25 per cent by 
1975. At the same time, the coal industry reckons that 
after 1975, about two-thirds of the coal produced in 
Britain will be for power generation. There is clearly a 
delicate balancing act ahead for the NCB. Nuclear 
power stations cost considerably more to build than 
coal power stations. of course, but Mr Grainger con- 
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ceded last week that if, by some chance, nuclear 
generating costs were reduced to, say, 0-35d per unit, 
the 0-5d foreseen for the fluidized combustion power 
station would look rather sick. But present forecasts 
of nuclear generating costs are still about 0-5d, and 
Mr Grainger was optimistic about the viability of 
fluidized combustion stations for the late 1970s. Nuclear 
power stations are also most economical on base—load 
operation, so that Mr Grainger says that there is bound 
to be a considerable demand for coal-produced power 
for peak usage. 

Design and feasibility studies are at presentunder way 
for the construction of a prototype 20 MW fluidized 
combustion generator using a 20 foot by 40 foot bed. 
A decision on whether to proceed with this prototype 
is expected later this year, and the NCB hopes then 
to embark on its plans for a full scale 660 MW station, 
probably at Grimethorpe in Yorkshire, for completion 
in 1976. 

A test section 3 foot square has been built at Stoke 
Orchard, and the trials are considered encouraging. 
Research is also going on at the British Coal Utilization 
Research Association at Leatherhead on the possibility 
of using pressurized air to increase further the rate of 
heat flow in the furnace. About 80 per cent of the heat 
is extracted by water tubes in the bed, and 20 per cent 
by means of a gas turbine, and if the problem of excess 
waste material in the turbine can be overcome the 
pressurized process could bolster the economic saving 
in fluidized combustion still more. 

An extra benefit of fluidized combustion is the 
reduction in sulphur dioxide emission which is already 
attracting American companies worried by the recent 
anti-pollution legislation. The sulphur dioxide is 
removed by the addition of a fine limestone to the 
furnace. It appears that the US National Air Pollution 
Control Administration has already allocated $20 
million for research on fluidized combustion. The 
NCB is devoting about £0-5 million to this project. 


FRUIT RESEARCH 


Progress at East Malling 


from our Botany Correspondent 


WHEN the Agricultural Research Council’s Ditton 
Laboratory, once an outstation of the now defunct 
Low Temperature Research Station at Cambridge, 
ceased to exist on March 31, its staff and equipment 
were redeployed to other ARC institutes, principally 
the nearby East Malling Research Station. At the end 
of July, Dr H. C. Pereira takes over as director of the 
new merged organization, which has been formed as 
part of the ARC’s efforts to end some of the duplication 
of activities in different research stations, 

East Malling’s contribution to the merger is a 
flourishing programme of research concerned with most 
aspects of fruit production. The latest annual report 
(price 21s, from East Malling Research Station) tells 
of some particularly important advances in the control 
of wilt disease in hops, which is caused by the fungus 
Verticillium albo-atrum. As well as the new resistant 
varieties of hops, ‘Alliance’ and ‘Progress’, there are 
signs that the disease could be controlled if farmers 
used less nitrogen fertilizer. Hops grown on experi- 
mental plots at East Malling were less infected with 
Verticillium, with no loss of yield, when the soil was 
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treated with 60 and 120 units/acre of nitrogenous 
fertilizer rather than 180 units/acre. Hop farmers 
often put down between 180 and 240 units/acre of this 
fertilizer, and it looks as if they would be better advised 
to use less, 

Another of the important activities at East Malling 
recently has been the sereening of crops for viruses 
that produce no noticeable symptoms, although they 
may be having some adverse effect on growth and 
development. A survey of cherry trees in Kent, 
Berkshire and the West Midlands has revealed that 
British production of cherries is at least 30 per cent 
less than it could be if the trees were not so heavily 
infected with viruses. 

With hops, too, the situation seems to be similar, 
Plants free from viruses can be grown from cultures of 
the stem tips, or meristems, and, compared with in- 
fected plants, they grow better in every respect. 
Healthy clones have also been produced from meristem 
cultures of strawberries, blackeurrants and goose- 
berries, The strawberries will be cropped for another 
year before they are released to the growers and the 
other two clones are ready for fruiting trials. Other 
work, with apples and cherries, has been so successful 
that after heat treatment both rootstocks and scions 
can be supplied free of viruses. 


POLICY 


National Biology for Australia 


AUSTRALIA’s unique flora and fauna will be neglected 
no longer if the latest recommendation of the Auge 
tralian Academy of Sciences is taken up by the Ause 
tralian Government. A report made by the Academy’s 
Flora and Fauna Committee last October— Proposal to 
Establish a Biological Survey of Australia—has just 
been published. It is the fruit of many visits to state 
museums and herbaria, which are at present responsible 
for the scientific study of local animals and plants. 

The museums and herbaria are apparently doing 
valiant work, but they have meagre resources and are 
largely concerned with the situation in their own states, 
although flora and fauna do not recognize state boun- 
daries. The proposed biological survey is envisaged as a 
national body, situated in Canberra, which will work 
closely with the state organizations, systematically to 
collect and describe animals and plants. There would 
be two divisions, zoological and botanical, and one of 
the objects of the botanical division would be to pro- 
duce a new flora of Australia. The only comprehensive 
descriptive list of the plants of the continent now 
available was completed more than a hundred years 
ago, and deals with only a fraction of the plants now 
known in Australia. 

The Academy of Sciences is hoping that the Govern- 
ment will act quickly to implement the recommenda- 
tion, and remedy the present situation whereby Australia 
is the only advanced country in the world that has no 
national biologica) survey or equivalent institution. 
Australia, the committee’s report says, is deplorably 
Jacking in properly trained taxonomists, although 
adequate taxonomy is essential for advances in 
economically important subjects such as horticulture, 
pest control and the chemistry of natural products as 
well as pure biological research. The biological survey 
would be the solution to this lack of taxonomists. 





408 


NUCLEAR REORGANIZATION 


Role of UKAEA 


Suapow boxing is the best way to describe the 
encounter last week between the subcommittee on the 
nuclear power industry of the Select Committee on 
Science and Technology and the deputy chairman of 
the United Kingdom Atomic Energy Authority, Sir 
Charles Cunningham, and Dr Hans Kronberger, the 
member of the authority for reactor research. The sub- 
committee is still picking up hints of the line of 
questioning to take in its inquiry into the reconstruc- 
tion of the British nuclear power industry. And, like 
all good promotions, the subcommittee seems to be 
saving the fireworks for nearer the finale, when the 
Ministry of Technology will be on the stand. But 
Sir Charles was able to confirm that one of the two 
nuclear fuel companies, TNPG, hed issued firm offers of 
employment to 140-150 of the staff of the URAEA fast 
reactor design office at Risley and of the engineering 
office of the prototype fast reactor at Dounreay. Sir 
Charles had hoped that a larger number would be 
involved in the offer. which was open for a fortnight 
and expired this weekend. 

Sir Charles also explained that the UKAEA has a 
20 per cent shareholding in BNDC and in TNPG— 
the companies earmarked as the basis of the nuclear 
power industry’s new two-company structure. BNDC 
was in effect set up in October last year and is to build a 
power station at Hartlepool, but, because of BNDC’s 
lack of interest, the fast reactor work was switched 
to the second company, TNPG. The UKAEA 
intends TNPG to complete the prototype fast reactor 
at Dounreay and to carry out research into fast 
reactor technology. The subcommittee will soon 
have its chance to question the companies, who are 
next in the dock. 

As a shareholder, Sir Charles said, the UKAEA 
hopes to take a full part in the two companies through 
its directors, one on the BNDC board and two on the 
TNPG board. The companies will be licensed for all 
the reactor systems the UKAEA has developed and 
will be given all technical help. This unusual situation 
stimulated the chairman of the Select Committee, Mr 





Parliament in Britain 


Mrs Surriey WILLIAMS, for the Department of Educa- 
tion and Science, said that the Government has no 
intention of changing its mind over the decision not to 
participate in the 300 GeV project. The views of the 
SRC’s chairman, Professor B. Flowers, are well known 
to the Government. (Oral answer, April 24.) 


Nuclear Power Stations 

Mr R. Freeson, of the Ministry of Power, gave the 
following estimates for unit costs of electricity from 
three of the four AGR power stations under construc- 
tion: Dungeness B, 0-56d a kWh; Hartlepool, 
0-52d a KWh; and Hinkley Point B, 0-52d a kWh. 
The estimates are based on the assumption that the 
power stations will have a 25-year life and a 75 per cent 
load factor. Mr R. Mason, the Minister of Power, said 
that the fourth AGR power station at Wyfla was now 
expected to come into service early in 1970. He 
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Arthur Palmer, to remark that, with shareholdings in 
two competing companies, the UKAEA is in a position 
of the left hand fighting the right. Sir Charles foresaw 
competition in the home market but cooperation 
abroad, and said that the UKAEA will be completely 
fair in giving information to the two companies. 

Mr Erie Lubbock was concerned for the future of 
BNDC, now that the fast reactor team is being trans- 
ferred to TNPG. Sir Charles said that the fast reactor 
work will be communicated to BNDC under licence, 
and Dr Kronberger added that there is no mystique 
about fast reactors. As for the steam generating heavy 
water reactor, which neither company seems eager to 
take up, Sir Charles said that both companies will be 
interested, but not in taking over the authority's 
resources. Whether or not there will be a commercial 
SGHW reactor in operation in Britain within ten years 
depends on the economics of the various reactor systems. 
Sir Charles promised that the Reactor Policy Committee 
will press the Central Electricity Generating Board— 
one of its members—for a decision on the SGHW. 

Last week’s inquisition threw little light on the 
inactivity which has followed the first report by the 
Select Committee on the nuclear power industry, pub- 
lished in 1967. Mr Palmer rather wistfully pointed 
out that in 1967 the Select Committee adopted a 
one-company structure as its chief recommendation, 
and wondered whether this solution would have been 
quicker. Sir Charles said he was preaching to those 
who had converted him, and admitted that some of his 
staff would have preferred the single-company structure. 

As for the proposed new nuclear fuel company, this 
is being held up by the tight parliamentary time- 
table. It will have roughly 7-8,000 employees, and is 
in effect the fuel production part of the UKARA. 
Discussions are going on with the Ministry about the 
legislation required to set up the new company. 

In the future, Dr Kronberger saw the UKAEA 
carrying out generic work and asking the nuclear 
companies to design and tender for the prototype 
reactors which may be needed. He disagreed with 
Mr Palmer that there will be little left for the authority 
to do. There is still work to be done for which the new 
companies do not have the facilities, such as on the 
AGR and on the improvement of fuels. 
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declined to estimate the costs of the delays in con- 
struction resulting from buckling in the steel reactor 
structure, but said the estimate of the base-load 
generating cost per kWh remains O-7d. (Written 
answers, April 22, 23.) 

Women Engineers 

Mrs S. WiLLrams said the Government is spending 
nearly £100,000 a year on publicity to recruit women 
into the engineering profession and drew attention, to 
the recently launched “Women in Engineering Year”. 
(Oral answer, April 24.) 

British Museum 

Miss J. Ler, for the Department of Education and 
Science, said that a large proportion of the collection 
of the British Museum has little popular appeal. 
She said that, in general, she would like to see all 
museum opening hours extended to suit public demand. 
Mr. Mellish, Minister of Public Building and Works, 
assured Mr G. Strauss that the Government has not 
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SELECT COMMITTEE 


More Questions for NERC 


THE subcommittee of the Select Committee on Science 
and Technology last week continued its inquiries into 
the running of the Natural Environment Research 
Council, this time with three witnesses from head- 
quarters. By all appearances, the officials of the council 
are satisfied with their relations with the Government 
and with the type of work they are sponsoring, but 
they are anxious to speed up publication of their plans 
for the future. 

Professor V, ©. Wynne-Edwards, chairman of NERC, 
thought that the Nature Conservancy can only have 
benefited from its absorption into NERC when the 
council was set up. He said that the growth rate of 
the conservancy has been as great since the takeover 
as before, which must be good. But the Nature Con- 
servancy now has to report to NERC, and in day to 
day policy making cannot be completely independent. 
He did not think that there is any friction between the 
conservancy and NERC, and it is an advantage for a 
very small organization to have become part of a much 
larger one with, if necessary, a louder voice. 

Professor Wynne-Edwards was satisfied that NERC 
is right to devote 32 per cent of its annual expenditure 
to the sciences of the solid Earth. He said that the 
council recognized at an early stage that it was in the 
national interest to give much more attention to the 
shallow seas and continental shelf. The council tries 
hard to identify studies which show promise of economic 
and social benefit and which deserve special attention. 
The problem of sharing out NERC’s resources is much 
greater than that of obtaining sufficient funds. Mr 
R. J. H. Beverton, secretary of the council, said that he 
finds relations with the Council for Scientific Policy, 
which advises on the allocation of money to NERC, 
most helpful and fruitful. Only once has the CSP 
requested NERC to change its proposals, when a year 
ago it gave advice on the reshaping of plans for the 
continental shelf, 

On the question of transferring to the Ministry of 
Technology, Mr Beverton thought that there would be 


409 


no advantage in being responsible to this ministry 
rather than to the Department of Education and 
Science. NERC is concerned with all kinds of research 
from basic to applied, and the DES has no pressures 
to apply as other ministries closely concerned with 
industry might have—the Ministry of Technology, for 
example. Mr D. J. Maclean, deputy secretary of 
NERC, pointed out that it is necessary to maintain close 
relations with the chief Government departments. 

Eventually there should be a spate of reports about 
the future of the environmental sciences. Mr Maclean 
said that NERC is trying to develop master plans of a 
strategy for research in each of the chief disciplines 
dealt with, based chiefly on economic and practical 
needs. The master plans are now well advanced for 
hydrology, forestry and work in the Antarctic. The 
plan for geophysics and geology will take a little longer, 
but Mr Beverton explained that at a recent meeting 
professors of geology were asked to help with such a 
plan and gave a very enthusiastic response, 

There should also be a report on the biochemistry of 
marine organisms, with plans for the future, similar 
to the recent reports on enzymes and polymers produced 
by the Science Research Council. Mr Beverton also 
explained that the first outline of NERC’s marine 
Science strategy was ready some time ago and was 
transmitted to the recent Government report on marine 
science and technology. In the context of this report 
NERC will now publish its own plan. The progress 
with most of these plans is, however, not as fast as it 
might be, because of the difficulty of finding people 
with both the expertise and time to sit down and write 
them. He agreed that, when ready, the plans should 
be made public, because there is a need to attract 
more scientists, particularly physicists, to apply for 
grants from NERC. 

Professor Wynne-Edwards said that he was not 
disappointed by the response of the universities to 
NERC, but there is a need to show students what new 
developments are important, rather than what was 
important ten years ago. The forthcoming master 
plans are to be the beginning of this sort of com- 
munication with the universities, but they will not be 
the only means of communication. 
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disposed of any of the properties in Bloomsbury that 
had been acquired for a site for a new British Museum 
Library. The Government is awaiting the report of 
the Dainton Committee before doing anything. (Writ- 
ten answers, April 21, 22.) 

Murders in Scotland 

Mr N. Bucuan said that the number of murders made 
known to the Scottish police in 1968 was 41—242 per 
cent more than in 1957. Over the same period, crimes 
of violence increased by 221 per cent from 1,116 to 
3,586. There have been eight recruits to the Scottish 
police forces so far this year. (Oral answer, April 23.) 


Computer-aided Design 

SINCE its formation in July 1967, the committee on 
computer-aided design has made ten recommendations 
which involve possible contract action by the Ministry 
of Technology. Dr J. Bray, for the ministry, said two 
contracts have been placed, two are being approved 
and five did not attract the support of the industries 
concerned. (Written answer, April 21.) 


AEA Research 

Tue AEA accounts for 1968-69 are not yet available, 
but Mr J. P. W. Mallalieu, for the Ministry of Tech. 
nology, said that the net cost of civil research and 
development was about £58 million. Net cash costs 
amount to nearly £30 million. Of the £28 million 
balance, £2 million was spent on international projects, 
£18 million on interest and depreciation and £8 million 
was spent at sites other than the authority’s civil 
research and development. establishments. (Written 
answer, April 21.) 


Male Contraceptive Pill 

In the House of Lords, Baroness Serota, for the Depart- 
ment of Health and Social Security, told Lord Arran 
that the Government does not feel justified in spending 
public money on research on contraceptive pills for 
men. Baroness Summerskill added that she believes it is 
not in the interests of families to expose both man and 
wife to “that dangerous medicament known as the 
pill’. (Oral answer, April 23.) 
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NORTH AMERICA 


Shaky Start in Washington 


THE new Administration has made an awkward start 
in its dealings with scientists in the United States. 
The planned lassitude which seems to be Mr Nixon’s 
style may have worked wonders in dealing with the 
Korean crisis, but there is a danger that it may infect 
his Cabinet colleagues and officials not with the well 
poised deliberation at which he seems to aim but, 
rather, with indecision. And this is only the most 
charitable interpretation of the events which have led 
to the strange muddle, in the past few weeks, over the 
appointment of a new director for the National Science 
Foundation. The circumstances are these. The incom- 
ing Administration has made no secret of its wish to 
replace Dr L. J. Haworth, the present incumbent, 
when his current term runs out on June 30. Several 
weeks ago it became known that Dr Franklin A. Long, 
professor of chemistry at Cornell University, had been 
offered the job, and there was a period of mounting 
speculation about the delay in confirming his appoint- 
ment. All kinds of explanations were offered—the 
funeral of President Eisenhower, the Korean crisis 
and the visit of Mr Nixon to Europe, for example. In 
Congress, it was even being suggested that the delay 
had come about because the Administration did not 
wish to embarrass Dr Haworth during the appropria- 
tions hearings on the National Science Foundation 
budget at the end of March. In the event, however, 
it has emerged that Dr Long’s appointment was eventu- 
ally frustrated because of the way in which he joined 
in the opposition to the Sentinel ABM system a year 
ago. 

The reaction to this development has been under- 
standably quick and hostile. The most striking 
development has been the formal disapproval of the 
National Science Board, which is, among other things, 
responsible for the nomination of candidates for the 
job which Dr Long has now been denied. There is, 
at the same time, great resentment among scientists 
at the way in which a distinguished colleague has been 
humiliated in this way, and it is hard to see how the 
outcome can make for a cheerful relationship between 
government and scientists in the next few months. 
Events may even show that. the mishandling of the 
appointment of the director of the National Science 
Foundation may cancel out all the good works which 
the Administration has attempted in the past few 
weeks, 

There are several independent issues to be deter- 
mined, and not all of these are as clear-cut as eritics 
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of the new President and his science adviser, Dr L. 
DuBridge, are proclaiming. To begin with, there is 
the question of whether the appointment of the director 
of the National Science Foundation should be deter- 
mined, in part at least, by political considerations. 
Nobody pretends that the functions of the National 
Science Foundation are political in any sense, and 
nobody would wish to see a change in this state of 
affairs, so that in an ideal world it would be good to 
think that the director would be chosen by pure reason, 
the best man for the job. In the real world of Washing- 
ton, however, matters are more complicated than this. 
Because the National Science Foundation must— 
beginning this year—justify its budget to Congress 
once a year, it is inevitable that the appointment of 
the director must be seized on as a political issue by the 
legislators. But does it follow, as seems to have 
happened in the case of Dr Long, that directors of the 
National Science Foundation should be politically 
acceptable to the more influential members of the 
appropriate committees ? This, of course, is where the 
Administration’s influence can be brought to bear, 
and there is very little doubt that it would have been 
possible for Mr Nixon and his people to have made 
Congress accept Dr Long with good grace if they had 
chosen to do just this. In other words, although 
Congress may now be quoted as the chief impediment 
to Dr Long’s appointment, responsibility really lies 
with the President and his advisers. Fair play, Mr 
Nixon seems prepared to accept that this is so. 

So why is the new Administration so alarmed about 
the appointment of somebody who is known to be an 
opponent of the deployment of ABM systems at a 
time when all kinds of scientists are similarly exercised ? 
It is important that Dr Long has, in his time, worked 
for the United States Arms Control and Disarmament 
Agency, and that his position on the ABM system is 
no better known than his reputation as a level-headed 
professional and a capable administrator. Mr Nixon 
has now suggested that Dr Long’s appointment would 
have been interpreted as weakness on the Administra- 
tion’s part if it had been confirmed, and that, of course, 
is bound to be a matter on which his opinion must be 
paramount. Here again, the world is not ideal, and 
it would be unreasonable to expect that the President 
would ever delegate to the National Science Board full 
responsibility for deciding who should run the National 
Science Foundation. Indeed, it is inevitable that 
vaguely political considerations should play some part 
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in what is essentially a personal appointment— 
Washington is well used to considerations like that, 
and it is folly to pretend otherwise. It is also likely 
that by this time the new President is somewhat 
embarrassed by the number of people not known 
as dedicated members of his own party who have been 
asked to fill quite senior jobs in the Administration. 
All this can. be forgiven or, at least, understood. What 
will stick for a long time in many people’s throats is 
the way in which the Administration has allowed the 
intended appointment of Dr Long to become a public 
issue. Surely the arguments which have now dis- 
qualified him should have been exercised at the begin- 
ning. 

Who is to blame ? Although the President has man- 
fully shouldered the responsibility, there seems very 
little doubt that he would not have been personally 
involved in the detailed negotiations. That task fell 
to Dr DuBridge, and the most lasting damage done by 
this incident is likely to be the damage to the new 
Science Adviser's credibility. As things now seem, 
Dr DuBridge has been got at, and has been irresolute 
in what must have been his initial conviction that 
Dr Long would be the right man for the National 
Science Foundation. Quite apart from the difficulty 
there will now be in talking to other candidates, inter- 
ested parties on other issues will tend to think of him 
as pliable. It is true, of course, that all this may be 
an edueative mistake in the initiation of somebody 
who is new to the real polities of Washington—advisory 
committees are another matter—but it will be for 
Dr DuBridge to show that he has learned something 
from the trouble which he has now created. 

This is a misfortune, because Dr DuBridgehadseemed 
to have made a reasonable if somewhat fuzzy beginning. 
The decision that the National Science Foundation 
should be given an extra $10 million in the current 
fiscal year has been widely interpreted as a sign of the 
way in which the wind would be blowing, while the 
euts in the operating budget for the next fiscal year, 
which President Nixon announced on April 15, have 
left Federal expenditure on scientific research largely 
untouched. (The National Science Foundation itself 
has literally the same budget, and the chief restrictions 
fall on agencies such as the AEC.) It is true, of course, 
that Dr DuBridge’s appearance before the Daddario 
sub-committee in March was a disappointment to 
those who had hoped that he would have something 
intelligent to say about the future lines of policy 
towards agencies like the NSF and towards outside 
institutions such as the universities. It would surely 
have been possible to say something about the flood 
of proposals there have been for a more direct acknow- 
ledgment of Federal responsibility for graduate 
education without compromising the development of 
future policies. But this is the direction in which 
the machinery of the government of science in the 
United States now needs to be developed. One essen- 
tial ingredient in the new pattern should be a stronger 
National Science Foundation. It will be sad if all this 
bungling makes that harder to achieve. 


ASTRONOMY FUNDING 


Feeling the Pinch ? 


Ix a year that has already seen the discovery of light 
flashes and the speeding up of radio bleeps from 
pulsars, it comes as a surprise that Federal support 
for ground-based astronomy is decreasing. This is in 
spite of a gradual increase over the years in the level 
of support from the National Science Foundation, 
which distributes roughly half of the Federal funds 
which go to ground-based astronomy. The reason is 
that the increase in NSF support is more than over- 
taken by cuts in spending by the Department of 
Defense. But radio astronomers are more likely to 
feel the pinch than their optical colleagues. Federal 
expenditure on radio astronomy is expeeted to drop 
22 per cent from $7 million in the financial year 1968 
to $5-45 million in 1970, while over the same period 
funds for optical astronomy are to drop by roughly 
10 per cent. The $7 million in 1968 was spent by six 
Federal agencies on seventeen large programmes on 
radio astronomy in non-Federal institutions. 

Expenditure on ground-based astronomy by the 
NSF in the financial year 1970 is expected to be $68 
million, compared with a predicted figure of $67 
million in 1969 and an actual spending of nearly $6-2 
million in 1968. But the foundation is going to favour 
the radio astronomers. Spending on optical astronomy 
is actually going to decrease from just over $4 million 
in 1968 to $3-8 million in 1969 and 1970, while in the 
same period spending on radio astronomy is to go up 
from just more than $21 million to $3 million. The 
NSF provides most of the astronomy grants to univer- 
sities, and is responsible for the National Radio 
Astronomy Observatory at Greenbank, West Virginia, 
and the optical observatories at Cerro Tololo in Chile 
and Kitt Peak in Arizona. 

NSF spending on ground-based astronomy followed 
the same pattern in 1968 as in 1967. Most of the grants 
for optical astronomy were for work on stars, while the 
grants for radio astronomy were for solar system work, 
for interstellar matter and for cosmology. But, follow- 
ing the pattern, the percentage of grants for radio 
astronomy went up from 15 per cent to 25 per cent. 


CANADIAN GEOLOGY 


Spending the Funds 


Canapa is a superb laboratory for geology, and the 
National Advisory Committee on Research in the 
Geological Sciences exists to make sure that oppor- 
tunities are not wasted. Each year the committee 
produces a workmanlike report of the work which it is 
fostering, with suggestions of further problems which 
deserve study. The report for 1967-68 is now pub- 
lished (Geological Survey of Canada, $1-50) and 
announces changes in the committee’s philosophy for 
distributing the money which the Geological Survey 
has available. Over the years, support for geology 
from the Canadian National Research Council has risen 
from next to nothing in 1951 to a predicted $1-8 million 
in 1968, completely overshadowing the $220,000 
distributed last vear by the Geological Survey, and it 
is hardly surprising that the Geological Survey is 
finding that up to 80 per cent of applicants for its 
money are already receiving help from the NRC. It 
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is not that the applicants are greedy—-NRC grants on 
average run to less than two-thirds of the amount 
asked for-—but the Geological Survey understandably 
feels its cash deserves a better fate than merely to 
supplement NRC awards. Thus the National Advisory 
Committee is asking its subcommittees on various 
aspects ef Canadian geology to suggest projects 
deserving of support once the 20 to 25 per cent of 
applicants not receiving NRC awards has been looked 
after. It looks as if many of the recipients of NRC 
money are going to be harder pushed to find the extra, 
but the new arrangement should be more rewarding 
than the present somewhat indiscriminate distribution. 

The views of the eight subcommittees contained in 
the report provide a glimpse of the work of Canadian 
geologists and of the problems they are facing. Over- 
lapping of effort in the development of instruments 
particularly concerned the subcommittee dealing with 
the application of geophysical methods; workers in 
rock mechanics are rediscovering techniques discarded 
years ago by geophysicists, for example. There is also 
some anxiety that as the scale of research activity 
expands, criteria for granting funds may sometimes 
obscure originality and ability. The subcommittee on 
mineral resources is asked by the Government. whether 
geologists in the universities and research institutions 
are too preoccupied with laboratory projects instead of 
field work, and that on mineralogy, geochemistry and 
petrology is predicting a shortage of staff for new 
research laboratories. The subcommittee on scholar- 
ship and research training, on the other hand, is worried 
that the trainmg which foreign students are receiving 
in Canada is in some cases too specialized to fit them for 
jobs in their own countries. 

The National Advisory Committee is especially proud 
of its subcoramittee on the storage and retrieval of 
geological data, which has itself now reached the stage 
of hiving off various activities into a further family of 
subcommittees. There is to be a national system for 
dealing with Canadian geological data, and it is hoped 
to impress visitors to the International Geological 
Congress planned for Montreal in 1972 with a working 
data processing display. 


BIOLOGICAL RESEARCH 


Tae International Biological Programme, now in its 
second year, is at last showing signs of getting up steam 
in the United States. Backed by Congressmen G. P. 
Miller and E. Q. Daddario, in the House of Represen- 
tives, and by Senator E. 8. Muskie in the Senate, the 
IBP is to receive $5 million from the National Science 
Foundation in 1970. This is ten times the NSF 
support in the current fiscal year, but, even so, it is 
small beer for the NSF—it is little more than one per 
cent of the foundation’s budget of $499 million for 
1970. 

The details of projects described in the second of a 
series of reports from the US IBP committee neverthe- 
less give some measure of the growth of the programme 
since the first report was published in September 1967, 
The first report listed five major studies and 104 
projects involving a mere eighteen universities and 
agencies. The second describes eighteen major studies 
and 162 other projects involving over 2,000 scientists in 
142 institutions in forty-six states. The theme of the 
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US programme is man’s survival in a changing world, 
and the eighteen major studies, thirteen of which have 
been formally accepted and five of which are still at the 
planning stage, fall into two categories—man’s adapta- 
tion to the environment and the environment. itself. 
Wisely, the studies are not all devoted to dwindling 
populations of primitive peoples in a state of nature, 
although Eskimos, South American Indians and 
Andean populations are receiving their fair share of 
attention. The US programme involves two studies 
nearer home—the ecology of poor migrant labourers 
moving from the deep south to such places as Chicago 
and New York, and a study of nutritional adaptation 
to the environment with particular reference to the 
worldwide trend of migration from rural to congested 
urban areas where, as the report puts it, “cultural 
patterns are confusing and directions of improvements 
not well established”. It also includes a US Army 
study of the relationship of diet to the performance of 
the combat soldier designed to discover what the 
stomach of the marching soldier should be filed with. 
On the whole, however, overt military research seems 
to have been excluded from the programme. 

Eight of the thirteen proposals accepted and several 
of the planned studies fall into the environmental 
management group and range from physiology of 
colonizing species and convergent and divergent. 
evolution to crop production under stress and nitrogen 
management and the balance between nitrogen ferti- 
lizers and nitrate pollution of food and water. The 
smaller research projects cover an even wider range of 
applied and academic research into the environment, 
but the emphasis is on work with obvious economic 
potential. The list of the 162 projects abounds with 
topics such as farmstead windbreaks, crop production 
in the tropics and breeding disease resistant plants. 


MONTREAL UNIVERSITY 


Molecular Biology at Montreal 


Frexcu Canadians have long resented the hegemony 
of the English speaking McGill University in the heart 
of Quebec and French Canada. But Laval University 
in Quebec City and l'Université de Montreal, the largest 
French speaking university outside France—perhaps 
better known outside Canada as the place where 
President de Gaulle made his “Quebec libre” speech— 
have in the past several years come into their own. 
The latest grant announced by the Canadian National 
Research Council is for $300,000 for a laboratory of 
molecular biology at the University of Montreal, 
The grant, spread over the next three years, is one of 
several awarded by the council since 1967, when it 
inaugurated a programme to assist Canadian universi- 
ties to establish research centres in the burgeoning 
sciences. 

To begin with, at least, Montreal’s molecular biology 
laboratory will be centred around Dr G. H. Cousineau’s 
group working on the synthesis of macromolecules in 
developing and differentiating cells. It hardly needs 
saying that the aim of the laboratory is to foster inter- 
disciplinary research, with cooperation between the 
new laboratory and the university’s physics and chemis- 
try departments in work on proteins. Apparently, 
further expansion of molecular biology at the university 
will very much depend on the success of the laboratory 
in the next few years. 





NATURE, VOL. 222, MAY 3, 1969 


NEWS AND VIEWS 


Cleaning LASA’s Window 


ONE of the chief problems in using large optical instru- 
ments is that of coherence. Big telescopes suffer from 
a lack of coherence across the wavefront—beyond a 
certain diameter they are mere light-gatherers, not 
yielding a much greater resolving power than their 
smaller companions. Interferometers (until the advent 
of the laser) were limited in length by lack of coherence 
of “ordinary” light along the ray path. The same prob- 
lems have now arisen in the use of large instruments in 
seismological observations. 

The seismic signal from an earthquake or explosion 
is limited in time for obvious reasons. Any signal 
which has traversed the deep interior of the Earth is 
unlikely to last more than 20 seconds and character- 
istically is a short wave train with a frequency of about 
1 Hz. When the first arrays were built in the United 
States, a dozen seismometers were deployed over an 
area about 2 kilometres across. The signals from all 
instruments could be added together without any 
processing because the aperture was small compared 
with the wavelength of the upward coming waves and 
so the array had a broad cone of receptivity. The 
improvement was in signal-to-noise ratio and depended 
on the signal being coherent. (which it was) and the 
noise being incoherent. In fact noise, generated both 
locally and from other seismic events and including 
signal generated noise, was partially coherent across 
the array, so the improvement of signal-to-noise ratio 
was somewhere between 1 and the optimum VN, 
where N is the number of instruments. 

In order to decrease the noise coherence, larger arrays 
were needed, but there was the attendant risk that the 
signal would also lose its coherence. Just as slightly 
variable structure in the atmosphere can distort the 
plane wavefronts of light from stars, variable geology 
beneath an array can perform the same mischief on 
seismic wavefronts. The UK Atomic Energy Author- 
ity arrays with a 25 km aperture and about twenty 
instruments have, on the whole, managed to keep 
the baby while draining the bathwater—at least to 
1/VN of its original level. These arrays, which are 
comparable with or greater than a wavelength in size, 
need to be turned to face the incoming signal, so data 
from all instruments have to be stored for later “steer- 
ing” by the introduction of time delays. Experience 
with the four arrays, in Canada, Scotland, India and 
Australia, has shown that (with the possible exception 
of the last) the time delays appropriate to a plane wave- 
front could bring all signals into good register. At 
the same time, the noise is incoherent so that the 
arrays behave in textbook fashion. 

Only one array has gone up a further order of magni- 
tude in size—LASA in Montana. It has an aperture 
of about 200 km and 525 instruments are deployed in 
a set of concentric circles. Each circle has four sub- 
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arrays in it (with one at the centre) and a sub-array 
consists of twenty-five seismometers with an aperture 
of about 7 km. Long period seismometers for the 
observation of surface waves are also deployed within 
each sub-array. 

The array is a seismologist’s dream—his Jodrell 
Bank or his Illinois accelerator. Each sub-array is 
substantially better than any standard seismological 
station. For routine work, channels within the sub- 
arrays can be added without steering and then the sub- 
arrays can be steered. LASA is capable of producing 
a very rapid bulletin of seismic events based on this 
process. If a better signal is required for special 
studies, all 525 seismometers can be steered, even 
though at the cost of substantial computing time. 
Even then, cunning information processers have a 
dB or two up their sleeves. Up to the present, however, 
seismologists do not really seem to have been able to 
use LASA for anything of great excitement—at least 
nothing which has appeared in published papers. 
Technical notes, contractors’ reports and internal 
memoranda have appeared by the hundred, and are 
occasionally to be referred to in journals to the 
fury of those who read them. What seems to be 
holding things up is the complication of the Earth’s 
crust beneath LASA. Its window on the world 
is rather badly distorted by variable sub-surface 
geology. 

The question is whether it is possible to regain 
coherence across the wavefront. And if it can be 
done for the first five seconds, will later signals also 
be coherent, bearing in mind that complex refraction 
effects may appear later in the wave train? A recent 
paper by P. Glover and 8. S. Alexander in the Journal 
of Geophysical Research (74, 505; 1969) shows the sorts 
of problems which are being faced and the solutions 
which are emerging. Two points should be noted 
before a simple analogy with an optical telescope is 
taken too far. The unevenness in the window is not a 
random fluctuation with time but can be specified 
onee and for all. And this is not simply a signal-to- 
noise problem in which a longer period of observation 
would help. The signal is brief and the need is to 
recover its entire shape. 

Glover and Alexander have accumulated an impres- 
sive amount of data—geological, magnetic, gravita- 
tional and seismic—in the search for an understanding 
of what lies beneath LASA. Incoherent the wave- 
fronts certainly are. Amplitudes can vary at different 
seismometers by a factor of two. Times of arrival can 
differ from those predicted on a plane wave approxima- 
tion by at least 0°5 seconds. Variation in these anom- 
alies with azimuth is very strong. On the basis of all 
the evidence available, Glover and Alexander propose 
that there are two major regions under LASA and that a 
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fairly well defined dividing line can be drawn separating 
the two—the line passing approximately through the 
centre of the array. This explanation leaves some 
questions unanswered and it is clear that we are only 
just beginning to sort out the reasons why LASA is 
so troubled with distorted {wavefronts. With luck, 
it will be possible within a year or two to construct a 
hemisphere beneath each sub-array containing time 
and amplitude corrections as a function of azimuth 
and angle of incidence. But although this will clean 
up the first few seconds of the signal, the remainder of 
it, in which reverberations in the crust play a part 
and which seismologists are beginning to decipher, may 
still not be as substantially improved by array proces- 
sing as one would hope. The situation is not unlike 
that of studying a pulsar with a telescope half of the 
aperture of which is red and the other half green. Details 
of time and amplitude could be found by diligent calibra- 
tion, but spectral information would be much more 
inaccessible. Seismologists are now as much concerned 
with spectra as are astronomers. One can only hope 
that LASA will eventually be able to satisfy their 
demands. 

Jt would be all too easy to laugh this off as a gross 
error in planning and here ask what could be expected 
of an array which sits at the boundary between the 
Rocky Mountains and the Great Plains. With hind- 
sight, LASA would probably have been sited in Canada, 
which is a much more stable area. Certainly the 
financial advantages of having an array in an area with 
facilities for telecommunications have been offset 
by the cost of calibrating and correcting for the 
crustal variations. It can only be hoped that the next 
LASA-NORSAR in Central Norway will have better 
luck, and perhaps the ocean bottom should seriously 
be considered for later ones. 
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SELENOLOGY 


Six More Lunar Oddities 


from our Astronomy Correspondent 


Ir is reported from the Jet Propulsion Laboratory of 
the California Institute of Technology that radio 
tracking of Lunar Orbiter spacecraft has provided 
evidence for six new mascons—the mass concentrations 
of dense material believed to be buried beneath the 
surface of the Moon. This brings the number of 
known mascons to twelve. The new discovery was 
announced at the fiftieth annual meeting of the 
American Geophysical Union in Washington last week 
by W. L. Sjogren, P. M. Muller and P. Gottlieb of the 
Jet Propulsion Laboratory. Muller and Sjogren were 
responsible for the discovery of the first six mascons 
last vear (Science, 161, 680; 1968). 

Locations of five of the six new mascons are circled 
in black on the accompanying Mercator projection of 
the Moon, which has north at the top and west to the 
left. The sixth new mascon is at Mare Humboldtianum, 
to the north of the northern boundary of the map and 
near the eastern limb of the Moon. The first six mascons 
reported last year are circled in white, each coinciding 
remarkably well with the positions of large plains 
ringed with mountains. The six new mascons follow 
the same pattern. Four of them are beneath ringed 
plains which are sufficiently well delineated to have 
names: Mare Orientale, the crater Grimaldi, Mare 
Humboldtianum and Mare Smythii. The other two 
are associated with unnamed areas at 27° E, 5° S and 
70° E, 15° S, which nevertheless have the appearance 
of partially obliterated mare regions, The technique 
for finding mascons, which relies on the radio tracking 
of spacecraft and the detection of spacecraft accelera- 
tions due to gravity anomalies. cannot unfortunately 
tell anything about the possibility of mascons beneath 
the hidden face of the Moon. 

So far, the question of what the mascons are is wide 
open (Science, 162, 1402; 1968). Gravity anomalies 
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such as that in the Mare Imbrium could be caused by 
an object roughly 20 millionths of the mass of the 
Moon buried 50 km below the surface. The obvious 
explanation, that the hidden bodies are the remains of 
asteroids which excavated the ringed maria, does not 
seem to be feasible. The object under Imbrium is 
equivalent to a nickel-iron sphere 100 km across and 
centred at a depth of 50 km, yet a bombarding 
asteroid would have blown itself to pieces at the high 
speed of impact. Others have skirted the problem by 
saying that the bombardment hypothesis could still 
be correct if the maria were excavated by low velocity 
asteroids, which might have left some debris behind. 
For these hypothetical asteroids to have had a suffi- 
ciently small velocity relative to the Moon, they must 
originally have been in Earth orbit. An alternative 
explanation is that the maria contain lava flows denser 
than the surrounding rocks. Gilvarry has revealed his 
ingenuity once again with an explanation in terms of 
his hypothesis that there were once copious amounts of 
water on the Moon (Nature,221, 732; 1969), and Goudas 
has the elegantly simple explanation that the maria 
are at a higher altitude than previously thought 
(Nature, 220, 1111; 1968). 


SPACE RESEARCH 


Experiments in Satellites 


from a Correspondent 


Ir was a pity that the meeting at the Royal Society on 
April 22 was restricted solely to United Kingdom 
experiments on NASA and ESRO satellites. Although 
some useful information was exchanged between 
various British groups working in the field, many of 
the experiments discussed were so obviously part of a 
wider European or American programme of research 
as to make the discussion at times fragmentary. 

One subject that attracted attention was the inter- 
action of the magnetic fields of the Sun and the Earth. 
A contribution from Mr R. M. Freeman, Mr K. Norman 
and Professor A. P. Willmore, of University College, 
London, described measurements on plasmas in space 
out to distances of about 20,000 kilometres. Rapid 
changes were found in the density of charged particles 
near the boundary of the Earth’s magnetic field, thus 
corroborating and extending previous measurements. 
Dr P. C. Hedgecock, of Imperial College, London, 
described the large fluctuations in magnetic field that 
he observed in the region where the magnetic fields of 
the Earth and the Sun interact most clearly. He also 
mentioned the results of a French group working on the 
same satellite, in which has been found an anti- 
correlation between the number of particles and the 
field strength in this region of space—which means 
more particles at lower field. 

The study of X-rays and gamma rays from outside 
the solar system is producing some promising results. 
Professor G. W. Hutchinson, of the University of 
Southampton, presented some preliminary data recor- 
ded on the OGO-5 satellite using a spark chamber—a 
sophisticated piece of equipment for use in a satellite. 
His group has studied 50 MeV gamma rays and has 
succeeded in measuring the direction of arrival of 
individual photons to an accuracy of about three 
degrees. The implication is that a strong flux of 
gamma rays is coming from the direction associated 
with the galactic plane. 
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The changing chemical composition of the ionosphere 
was discussed by Dr G. L. Wrenn, of University College, 
London, who reported experiments carried out in the 
upper ionosphere on the satellite Explorer 31. During 
the past five years, the concentration of helium in the 
ionosphere seems to have been steadily decreasing, but 
Dr Wrenn has found that this trend has now reversed 
and concentrations of helium are once more increasing, 
Another set of measurements on the satellite also 
demonstrated rather well how the charged particles in 
the ionosphere seem to move in strata parallel and 
perpendicular to the Earth’s magnetic field. This 
phenomenon derives from the potential barrier to 
motion perpendicular to the Earth’s magnetic field. 


MAGNETIC DISTURBANCES 


Regular Pulsations in Orbit 


from our Magnetosphere Correspondent 


REMARKABLY regular pulsations have been found in 
the magnetograms from the geostationary satellite 
ATS 1 (Cummings et al., J. Geophys. Res., 74, 778; 
1969). The pulsations are nearly monochromatic 
and usually nearly linearly polarized, the polarization 
ellipse being almost perpendicular to the steady 
magnetic field. The sensitivity of the magnetometer is 
about ly (10- gauss) and amplitudes up to 10y have 
been observed. The pulsations are observed only 
during magnetically quiet periods (Kp <3) and chiefly 
between 0400 and 1600 local time. With these condi- 
tions, they are detectable for a few per cent of the time. 

The pulsation events lasted for up to 460 minutes 
and the pulsation period usually varied little during 
an event. A histogram for the periods shows two 
groups, one centred on 190 seconds and the other on 
102 seconds. The longer period occurred in very quiet 
conditions and never during local night-time. Cum- 
mings et al. suggest that these pulsations are related 
to the “giant micropulsations”’, observed on the ground 
near the auroral zones, discussed in the 1930s, and 
this seems plausible. Following earlier suggestions, 
their notion is that quasi-transverse hydromagnetic 
standing waves can occur for which the disturbance is 
concentrated near one line of force, in line with the 
observed localization of giant micropulsations. When 
the disturbance in the magnitude of the field is neg- 
lected, so that the disturbance is purely in direction, 
the hydromagnetic equations for weak disturbances 
simplify in such a way that only spatial variation along 
a field line is involved so that normal modes can be 
calculated for a field line. Cummings et al. have earried 
out normal mode computations for the first six har- 
monics and several density models. They point out 
that the odd harmonics have no magnetic disturbance 
at the equator and that it is most plausible that the 
pulsations they observed on ATS 1 are the second 
harmonic. For giant micropulsations, the phase rela- 
tions between conjugate points also require even 
modes. 

The periods agree satisfactorily with the assumption 
that the plasmapause is outside the synchronous orbit 
when the longer period is observed; the plasmapause 
is known to move out in the very quiet conditions corre- 
sponding to the longer period. The computations also 
show that the amplitude should be an order of magni- 
tude larger at the reflecting surface than at the equator, 
while the pulsations observed at the ground seldom 
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exceed 10y. It is likely, however, that the amplitude 
at the ground is much reduced by the ionosphere, and 
large disturbances have been found above the auroral 
ionosphere, though their nature cannot be elucidated 
from a single rapidly moving satellite. 

It is most unlikely that such pure, even modes 
would be excited by any hydromagnetic mechanism. 
The alternative explanation is a “velocity space insta- 
bility, involving energetic particles”, and an instability 
driven by particles in bounce resonance has been 
proposed (Southwood. et al., Nature, 219, 56; 1968). 
This mechanism requires the phase of the pulsations 
to vary rapidly with longitude and it is hoped that this 
phase variation can be tested by combining the data 
from ATS 1 with those from DODGE, the orbit of which 
is not quite synchronous. The mechanism would 
account for pulsations in the radial (or vertical) com- 
ponent of the magnetic field, but the observed direction 
is typically 30° away from this direction. 


ALLOYS 


New Forms of Strengthening 


from our Materials Science Correspondent 


Dispersion-hardening is the standard strategy for 
strengthening intrinsically weak metals. Small particles 
of a hard phase are distributed uniformly in the metallic 
matrix, either by precipitation in situ or by sintering 
together. ‘Duralumin’, the “Nimonics’, thoria-disperse 
nickel (TD-nickel) and sintered aluminium powder 
(SAP) are examples of the genre. It has always been 
assumed that the metallurgist should aim to achieve 
the greatest possible uniformity in dispersion so as to 
optimize the resistance to plastic flow. N. Hansen, of 
the Danish Atomic Energy Commission, has now shown 
this to be unnecessary (Acta Metallurgica, 17, 637; 
1969). He has atomized aluminium powder, covered 
the particles with a thin layer of aluminium oxide (no 
technical details of preparation are offered), and con- 
solidated and extruded the material. The product 
embodies a three dimensional network of oxide particles, 
a few hundred Angstroms in size, forming cells of the 
order of a micron, in diameter, 

One unusual feature of the material is that, unlike 
SAP and other uniformly dispersion-hardened alloys, 
the extruded alloy readily recrystallizes. The recrystal- 
lized alloy contains large grains partitioned into much 
smaller cells by a close elongated network of alumina 
particles. Slip planes cross many cells; the flow stress 
of the alloy varies with cell size according to a Hall- 
Petch relationship, which indicates that the network 
walls are effective in arresting the passage of disloca- 
tions. The slope of the Hall-Petch plot is in accord 
with the hypothesis that dislocations eventually break 
through the barrier by the Orowan mechanism. The 
efficacy of strengthening is almost as great as for 
uniform dispersion. 

Some interesting work now needs to be carried out 
to assess whether the material will keep its strength at 
high temperature in spite of its readiness to recry tal- 
lize. SAP and TD-nickel depend at least in part for 
their good mechanical properties on the stable disloca- 
tion pattern produced during processing (for example, 
Guyot and Ruedl, J. Materials Sci., 2, 221; 1967) 
and the retention of these dislocations at moderately 
high temperatures because recrystallization is inhibited. 
Hansen’s new material may be less dependent on the 
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presence of an artificially induced dislocation popula- 
tion and stand or fall according to the stability of the 
cell structure itself. It is also possible that a coarse- 
grained dispersion-hardened material will have advan- 
tages in applications, such as for canning nuclear fuel 
elements, in which good creep resistance is important. 

Another category of strong materials currently 
exciting interest is the directionally solidified eutectic 
composite. The argument here is that it is always 
difficult to make good reinforced composites by con- 
solidating matrix with prefabricated fibres or whiskers, 
because some damage to the latter is bound to result 
from the fabrication process itself. There is thus a 
clear advantage in making the reinforcement in situ: 
not only is damage avoided, but the bond between 
matrix and reinforcement is necessarily better. A. S. 
Yue, F. W. Crossman, A. E. Vidoz and M. I. Jacobson 
(Trans. Met. Soc. Amer. Inst. Min. Metall. Engrs, 
242, 2441; 1968) adopted this strategy in making 
specimens of Al-CuAl, alloy of eutectic composition, 
directionally frozen so that a single eutectic colony is 
formed, its platelets aligned with the direction of heat 
flow. The samples were tested in compression in various 
directions, and found to be particularly good when 
tested parallel to the platelets. On yielding, the alloy 
buckles and forms well defined kink-bands in which the 
plates adopt different orientations. At 45° to the plate- 
let plane, the compressive strength is at a minimum. 
The paper incorporates an analysis of the mechanics 
of a platelet structure deformed in compression. 

The mechanical properties can be enhanced by heat 
treatment so as to precipitation-harden the matrix, 
which is supersaturated with aluminium: the material 
thus benefits from the combination of two quite dis- 
tinct strengthening mechanisms. 





CARBON FIBRES 


Prospects for Composites 


THE properties of carbon fibres have been known for 
several years now, but how to make use of these thin, 
strong threads of carbon for engineering purposes is 
still very much an open question. Translating the 
recognized potential of fibre composites into practical 
engineering applications is often far from straight- 
forward, and the Institute of Physics and the Physical 
Society organized a lecture and exhibition on fibre 
composites at the University of Reading last week to 
bring these facts home to both engineers and materials 
scientists. 

In a survey of the history of materials, Professor 
J. G. Gordon of the University of Reading explained 
that although a high strength to weight ratio gives 
fibre composites their supremacy over conventional 
materials, other factors also enter the engineering 
balance sheet. The ability of fibre composites to 
maintain low strains at large stresses is often crucial— 
there is no point in having a strong, light aeroplane 
wing that bends through ninety degrees under stress. 
The expense and difficulty of manufacture of compo- 
sites are factors on the debit side, but it seems that 
there is a whole class of objects whose manufacture in 
fibre composite form is both feasible and economic. 

Among the items being developed at the Royal 
Aircraft Establishment, Farnborough, from carbon 
fibre-plastie composites are skis, car suspensions, 
lightweight ladders and neutron choppers. The last 
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of these will attract the interest of physicists studying 
elementary excitations in solids in liquids, for the 
prospect of faster monochromating rotors afforded by 
the use of light, strong composite materials offers 
hope for valuable improvements in resolution in neutron 
scattering experiments. A gain in rotor speed of a 
factor of two is forecast. 

Carbon is not the only material being developed in 
fibre form. There is a select group of substances with 
stress-strain characteristics similar to those of carbon, 
and work is also in progress on several of these. Boron 
whiskers are being studied in the United States, and 
research is being carried out at the Explosives Research 
and Development Establishment in Britain on silicon 
carbide and silicon nitride whiskers. Although silicon 
carbide whiskers can only be grown to a fraction of the 
length of carbon fibres, their chemical stability in most 
metals, including aluminium, makes them potentially 
valuable in the development of fibre-metal composites. 
Research into sapphire whiskers, which are stable in 
metals even at elevated temperatures, is being pursued 
at the Atomic Weapons Research Establishment at 
Aldermaston. 

Although carbon fibres can be manufactured more 
than twice as stiff and only one quarter the density 
of the best high tensile steel, they have to be incorpor- 
ated into some matrix to be of use as a structural 
material. It is clear that further evaluation of the 
properties of fibre composites needs to be made before 
their full potential can be estimated. 


PHYSICS 


More Attention for Liquids 


from a Correspondent 


A WELL attended conference, sponsored by the 
Institute of Physics and held at the University of East 
Anglia from April 15 to 18, gave a clear indication of 
the increasing interest and importance of the study of 
the liquid state. Whereas the gaseous and ery stalline 
states have been intensively studied, little attention 
has been paid by physicists to liquids. This is no doubt 
partly due to the difficulty of the field and because until 
recently it was possible to make a mark in solid state 
physics much more easily. It may well be also that 
physicists have been psychologically inhibited by the 
lack of a logically clear and useful zero order approxima- 
tion for a liquid, comparable with the perfect gas and 
the harmonic erystal models. One clear conclusion 
from the conference is that this deficiency has now been 
remedied. It seems clear that the “hard sphere” fluid 
is a suitable zero order approximetion and that not too 
severe modifications of this model lead to tolerably 
realistic treatments of the liquid state, at least for 
atomic liquids. The conference was expected to confine 
itself to classical atomic liquids, that is, liquefied rare 
gases and liquid metals, which in principle should be 
simpler than molecular liquids and are certainly still 
complicated enough. It is clear, however, that experi- 
ment and theory on molecular liquids, even water, 
are bursting out all over. A great increase can be 
expected in the interest and effort devoted to liquids by 
physicists—it is to be hoped that they will not find that 
the subject has been taken over already by the more 
enterprising chemists and engineers, in the name of 
technology. 

At the conference there were several review papers, 
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which introduced most of the topies under discussion, 
as well as contributed papers. B. Widon (Cornell 
University) presented the essentially thermodynamic 
approach and the modification of the hard sphere model 
by the addition of weak long range attractive forces, 
of which a particular case is a Ven der Waals type 
attractive term. He has suggested some experimental 
tests of the validity of this model as a “first order” 
theory for a simple liquid. J. E. Enderby (University 
of Sheffield) discussed the liquid state with special 
attention to the structure factor and particularly as 
regards liquid metals and liquid alloys. He also pro- 
posed. a novel solution of the YBG (Y von-Born-Green) 
equation. P. Schofield (Harwell) discussed the theory 
of generalized transport coefficients which is clearly 
in a very excited state. Computer studies of liquids 
were reviewed by A. Rahman (Argonne) and L. Verlet 
(Orsay) and this oe still clearly has great promise of 
further successes. Fgelstaff (Harwell) expressed 
his usual enthusiasm Por the primacy of the method of 
neutron scattering for the study of liquids and almost 
convinced his audience. J. G. Powles (University of 
Kent) reviewed the various types of information 
obtainable by light scattering by thermodynamic and 
macroscopie (turbulence) fluctuations in liquids and 
their application to both scientific and technological 
problems. 


STRESS 


More Catecholamines Excreted 


from our Medical Biochemistry Correspondent 


Tue excretion of the catecholamines adrenaline and 
noradrenaline is said to be increased in conditions of 
stress, which is often regarded as an underlying cause 
of many medical conditions. Jewitt et al. (Lancet, i, 635 
1969) have investigated the excretion of noradrenaline 
and adrenaline in patients with acute myocardial 
infarction and found that the mean excretion of 
catecholamines in nine patients who died was signifi- 
cantly greater than in forty-three who survived. There 
were significant correlations between high levels of 
catecholamine excretion and the development of 
pulmonary oedema and arrhythmias-—irregular heart 
beat-—particularly ventricular and multiple arrhyth- 
mias. They could find no significant difference in the 
incidence of supraventricular arrhythmias and heart 
block in groups of patients who excreted different 
quantities of catecholamine. Multiple type arrhyth- 
mias and atrioventricular heart block were signifi- 
cantly more frequent in patients with more than 400 
units of heat-stable lactate dehydrogenase (LDH) (the 
concentration of heat-stable LDH is a measure of the 
amount of damage to heart muscle). There was only a 
moderate degree of correlation between the concentra- 
tion of heat-stable LDH in the serum and the amount 
of catecholamine excreted, which suggests that damage 
to muscle is not the only factor responsible for the 
increase in catecholamine excretion in these patients, 
Nestel has re-examined the interesting relationship 
between stress, catecholamines and blood pressure 
(Lancet, i, 692; 1969) and found that young patients 
with labile hypertension lack a greater reaction to 
mental stress than a group of controls. The two groups 
were similar in age and sex distribution, and the stress 
was a forty minute mental test given at noon, Urine 
was collected before and after the test so that the 
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content of catecholamine could be estimated, and 
blood pressure was measured for four hours before the 
test and each minute during the first ten minutes of 
the test. The hypertensives had significantly higher 
resting blood pressures than the controls, but the 
slightly greater basal catecholamine excretion was not 
significant. All subjects increased. their blood pressure 
and adrenaline excretion as a result of carrying out the 
test; but the increases were always significantly greater 
in the hypertensive group than in the controls. Systolic 
and diastolic pressures in the control group increased by 
10 per cent and 15 per cent respectively, while in the 
hypertensives the increases were 24 per cent and 26 per 
cent respectively. In the hypertensives, adrenaline 
excretion more than doubled under stress, from 0-56 to 
1-30 wg/h, but the mean increase in the controls was 
only 0-14 ug/h. Less noradrenaline was excreted 
during stress by some of the controls, and in any case 
the increase was only 0-02 ug/h, but the increase in the 
amount of noradrenaline excreted by the hypertensives 
was much greater—0-50 ugh. Here is further proof 
that mental stress can increase the excretion of catechol- 
amines and raise the blood pressure, but for some reason 
patients already showing signs of hypertension have 
an increased sympathetic nervous system response to 
this type of mental stress. 


PESTS 


Veterinary Pesticides 


from a Correspondent 


Wuen the Fine Chemicals Group and the Pesticides 
3roup of the Society of Chemical Industry held a 
joint meeting in London on March 31 and April 1-2, 
the need for liaison between various disciplines soon 
became evident, for there were very few present who 
could bridge the gap between pure chemistry and bio- 
logy. Recognizing this gulf, the chairmen of the four 
sections gave an introductory review of the biology 
of the organisms involved and the diseases and economic 
losses they cause as well as the general problems of 
controlling the diseases in domestic stock. 

Fasciola hepatica was introduced by Mr W. T. Row- 
lands (Ministry of Agriculture), who emphasized that, 
although so much is known about biological methods of 
control, the farmer usually asks for something with 
which to treat affected sheep. Evidently safer and 
more effective agents against the immature stage of 
the fluke are still required. Molluscicides have not been 
investigated or applied sufficiently in the control of the 
amphibious snail which is the intermediate host, and a 
paper on the control of Lamnaea truncatula by N- 
tritvlmorpholine emphasized that although much is 
known about the general biology of the snail, there is 
still a need for more information about the timing and 
frequency of application of molluscicides. 

Mr J. E. N. Sloan (Cooper Technical Bureau) intro- 
duced the tapeworms. The three chemical groups 
that act on tapeworms are dialkylnaphamidines, 
aromatic and alicyclic isothionates and alkylpiperizines. 
Dr H. Loewe (Hoechst AG), talking about the last of 
these, gave a beautiful exposition of the logie by which 
the chemist proceeds. He is still in the last resort 
limited by pure trial and error as far as biological 
activity is concerned, but the chemical train of thought 
was immaculate. 
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Coccidiosis was introduced by Dr S. B. Kendall, 
who mentioned particularly the incidence in the chicken, 
which is economically the most important host. 
Several species of parasites are involved, and the disease 
significance of the different species has changed 
recently, partly because of the change to more intensive 
husbandry methods. More efficient drugs have emerged 
to prevent infection and give maximum growth rate, 
but there are further problems because of the absence 
of immunity in the birds and the development of 
resistance by the parasite to some of the drugs. 

Dr S. F. Barnett (University of Cambridge) reviewed 
the problems of controlling ectoparasites, remarking 
that more fundamental work is needed on insect and 
invertebrate physiology and biochemistry in the hope 
of producing precision insecticides with activity that 
can be contained to this group of parasites and 
perhaps even to the species they seek to control. 
A paper on the effectiveness of some thiadiazalone 
compounds against normal and resistant Boophilus 
ticks gave some practical details about the in vitro 
and animal tests used, and suggested that dipping 
intervals of 9, 9 and 21 days would most effectively 
control Boophilus. 


PROTEINS 


Coiled Coiled-coils 


from a Correspondent 


Is the «-helical fibrous proteins, the «-helix is usually 
thought to be coiled, the resultant structure being 
termed a coiled-coil. Caspar, Cohen and Longley (J. 
Mol. Biol., 41, 87; 1969) have recently reported a 
further degree of coiling in crystals of tropomyosin, 
so that the structures can be described as coiled 
coiled-coils. 

Tropomyosin is a constituent. of the thin filaments of 
muscle and is responsible with troponin for the calcium 
sensitivity of the myofibril. As isolated at high ionic 
strength, it occurs as a rod-like molecule approximately 
20 A wide, 400 A long and with molecular weight 
70,000. It is remarkable in having an «-helical content 
greater than 90 per cent and its two polypeptide chains 
are thought to wind round each other in a coiled-coil 
2-helical structure. 

But in muscle, of course, tropomyosin does not. exist 
as individual molecules but in an organized array, and 
so it is desirable to study the packing of tropomyosin 
molecules to provide clues of their arrangement. in the 
thin filament. One type of aggregate is the crystalline 
form obtained by salting out at the isoelectric pH. 
Electron microscopy of fragments of these crystals 
had revealed an open. mesh with protein confined to 
strands 40 A wide which cross one another at regular 
intervals, leaving holes filled with solvent. Because 
the strands are not straight but wavy, the holes appear 
kite-shaped. 

Caspar et al. have used electron micrographs to 
provide the phase information for an X-ray analysis 
of the projection of the crystal along the a axis. Three 
dimensional analysis must await further phase informa- 
tion. Apparently the tropomyosin molecules are polar 
and arranged end to end in the same direction to form 
indefinitely long filaments. The mesh seen in electron 
micrographs is not a planar structure and it appears as 
it does because the crystals are perforce always viewed 
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along the same axis. What is seen is therefore a 
projection of the crystal along the a axis. Each 
“strand” of the mesh is actually the projection of two 
of the filaments arranged along different diagonals of 
the unit cell. The wavy appearance of the “strands” 
is attributed to the supercoiling of the filaments with a 
pitch of approximately 400 A. 

This analysis has important repercussions on two 
aspects of muscle structure. Tropomyosin may wrap 
around the grooves of the actin helix in the thin 
filament. If there, too, its molecules were arranged 
end to end, the structure formed would also be a coiled 
coiled-coil. The crystal resembles only superficially 
the structure of the Z line, and this will renew the 
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debate on whether tropomyosin is also a constituent of 
the Z line. 

The crystals are considerably 
diffraction pattern is limited to 20 A. This is dis- 
appointing, for tropomyosin is the only «-protein 
which can be crystallized, and a structural determina- 
tion to atomic resolution would reveal whether any 
regularity of sequence underlies the coiling of the 
structure. This is the first reported case of the coiled 
coiled-coil; if found in the other «-proteins, it would 
help to explain certain discrepancies in measured 
X-ray spacings. 

Seven other aggregates have also been studied, two 
of them net-like, the others paracrystalline with the 
axis of the molecules parallel. Striking electron 
micrographs reveal strong transverse striations at 
intervals of approximately 400 A in these paracrystals. 
Tn some paracrystals the pattern of fine striations 
indicates that the molecules all point in the same way, 
in others the structure is not polarized. The periodicity 
fits in well with current concepts of their filament 
structure, namely that the J band striation is caused 
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by troponin molecules bound to tropomyosin at 
intervals of approximately 400 A. 


THIRST 


Stimulating Hormone 


from a Correspondent 


MecHAnisms by which mammals control their drinking 
have been less thoroughly investigated than those 
by which water losses are adjusted, yet intake is regu- 
lated just as accurately as excretion and is no less 
significant. Until recently, shrinkage of the cellular 
compartment, as a consequence of osmotic loss of water 
into the extracellular space in response to a water 
deficit or a solute excess, was widely thought to be the 
only really important stimulus of drinking. This was 
A. V. Wolf’s view in the only substantial recent mono- 
graph on the subject (Thirst, C. T. Thomas, 1968), 
and it was echoed in many later publications. It is 
now clear, however, that extracellular depletion, in 
which neither osmotic pressure of the body fluids nor 
the volume of the cellular space is changed, is a stimu- 
lus of comparable importance to cellular shrinkage. 
Fitzsimons (J. Physiol., 159, 297; 1961) was the first 
to show conclusively that this kind of depletion of 
extracellular fluid could reliably produce thirst, a 
result which has now been replicated several times 
using different techniques. In the April issue of the 
Journal of Physiology (201, 349; 1969) Fitzsimons 
described the way in which extracellular stimuli can 
induce drinking. 

When the vena cava was ligated, lessening the venous 
return to the heart, rats drank substantial quantities 
of water, but this drinking was abolished or much 
reduced if the kidneys were removed. The essential 
role of the kidneys in this effect suggests that they 
release some hormonal factor which affects thirst. 
This possibility was confirmed by the finding that 
kidney extracts do indeed stimulate drinking of 
satiated rats. The effective substance seemed to be 
inseparable from renin, the hormone released from the 
juxtaglomerular cells of the kidney, which stimulates 
aldosterone release by activating plasma angiotensin, 
Thus renin produced in response to reductions of blood 
volume not only stimulates sodium retention by the 
kidneys under control of aldosterone, but instigates 
replacement of lost fluid by drinking. Furthermore, 
angiotensin seems to be involved in the thirst mechan- 
ism, for infusions of this substance also cause rats to 
drink. 





PLASTIDS 


More Autonomy 


from our Cell Biology Correspondent 


Reports of differences between the sedimentation 
coefficients of cytoplasmic and plastid ribosomes and 
the chromatographic behaviour of cytoplasmic and 
plastid transfer RNAs are now commonplace, but the 
report by Buck and Nass (J. Wol. Biol., 41, 67; 1969) 
that the specific mitochondrial (RNAs from rat liver 
mitochondria are not acylated by cytoplasmic amino- 
acyltRNA synthetases is more out of the ordinary. 
Buck and Nass have compared the mitochondrial and 
cytoplasmic tRNAs by chromatography and on methyl- 
ated albumin kieselguhr. They find that the mito- 
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chondria contain species of leucyl, tyrosyl, aspartyl, 
valyl and seryl-(RNAs which are not in the cytoplasm. 
Of the six species examined, only the phenylalanyl- 
{RNA in mitochondria and eytoplasm could not be 
resolved. A series of control experiments rules out 
the possibilities that the differences between cyto- 
plasmie and mitochondrial tRNAs are the result of 
nuclease digestion, bacterial contamination or some 
highly selective migration from the cytoplasm to the 
mitochondria during isolation of the latter. 

The differences between the mitochondrial and cyto- 
plasmic (RNAs are not, of course, surprising. Others 
have made similar observations with Neurospora, 
Tetrahymena and rat liver. The interesting observation 
is that cytoplasmic aminoacyl-tRNA synthetases from 
the cytoplasm are twelve to seventy-five times more 
active when cytoplasmic {RNAs are used as a substrate 
than when mitochondrial {RNAs are used. The cyto- 
plasmic synthetases can only acylate the #RNAs 
in mitochondria which are common to the cytoplasm. 

In the reciprocal experiment, mitochondrial synthe- 
tases did not have this specificity; the mitochondrial 
enzymes acylated the mitochondrial and cytoplasmic 
tRNAs equally well. This may be the result of 
cross contamination of the mitochondrial enzyme 
preparations. But the fact that the cytoplasmic 
enzymes fail to acylate mitochondrial iRNAs is yet 
another strong argument for the notion that the protein 
synthesizing machinery of mitochondria is distinct 
from that of the cytoplasm. 

In the same issue of J. Mol. Biol. (page 121). 
Hoober and Bloebel report the sedimentation proper- 
ties of chloroplast and mitochondrial ribosomes of 
Chlamydomonas reinhardi. In brief, they find that the 
688 ribosomes of the chloroplasts contain 16S and 225 
l s whereas the 80S cytoplasmic ribosomes contain 
18S and 25S RNAs. In other words, the Chlamydo- 
monas chloroplast ribosomes fall into the same broad 
group as the chloroplast ribosomes of higher plants and 
bacterial ribosomes. Chloramphenicol stabilizes chloro- 
plast polysomes whereas cycloheximide stabilizes the 
evtoplasmic polysomes as expected. 








MEMBRANES 


Toil and Spin 


from our Molecular Biology Correspondent 

Few exercises are more lowering to the spirits than to 
read at one sitting the collected abstracts of a large 
conference, The issue of the Biophysical Journal 
devoted to the Biophysical Society's annual junket last 
February in Los Angeles is no exception, but, viewed 
as a scientific fashion parade, it is nonetheless moder- 
ately instructive. One of the strongest impressions is 
the ever increasing volume of work on membranes, 
especially now on structural and conformational 
aspects. Since the newest preoccupation of biophysical 
chemists is also the use of spin labels, it comes as no 
surprise to discover a series of effusions concerned with 
the spin labelling of membranes. 

It would probably be generally agreed that the appli- 
cation of optical methods, such as circular dichroism, 
to intact membranes has, despite some enthusiastic 
protagonists, not so far proved altogether a succes fou, 
and it may indeed be that the spin label technique lends 
itself especially well to the study of such systems. 
The procedure consists of introducing into the system 
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a ligand, which contains an unpaired electron spin, and 
observing the electron paramagnetic resonance signals 
which it generates. The electron spin resonance spec- 
trum is subject to environmental perturbation, and 
has been used for the most part as an essentially 
empirical marker, in much the same way as absorption 
spectroscopy, optical rotatory dispersion and the like, 
to follow conformational processes in proteins. Neither 
has it often appeared to possess any striking advantages 
over these other methods. It does, however, have the 
important attribute that the line-widths reflect the 
degree of rotational freedom of the label, and it is 
this effect which has been primarily exploited in 
membranes. 

Some interesting results are described by McConnell 
(the original begetter of the spin label method) and 
Hubbell (Biophys. J., 9, A25; 1969). A spin label, 
a piperidine derivative, will evidently enter the phos- 
pholipid layers of nerve fibres and excitable muscle 
membranes, and it is found to have an isotropic rota- 
tional relaxation time of 10-°-10-!° seconds, from which 
it seems that the ligand is effectively a solute in a 
liquid medium. A larger ligand, containing a steroid 
nucleus, has a more restricted motion, involving 
rotation about its long axis, with a time of less than 
10-8 seconds, and very slow tumbling about this axis. 
How the fluidity of the phospholipid relates to transport 
phenomena is not clear. McConnell and Hubbell have 
found, however, that local anaesthetics, which are 
known to act at membranes, increase the fluidity, as 
judged by the behaviour of the spin label. 

Griffith (ibid., A25) reports that a stearate derivative 
containing a spin label group can be biologically incor- 
porated into the phospholipid fraction of Neurospora 
mitochondria. This is clearly a promising situation, 
and it will be interesting to see the results. 

Inesi and Landgraf (ibid., A143) are concerned with 
the interaction of calcium, ATP and the sarcoplasmic 
reticulum membrane. The spin label was a thiol 
reagent, and was found to be present in two environ- 
mental states, characterized by different degrees of 
mobility. ATP produced a change in the balance 
between these two states. This and other spin labels 
responded to operations leading to disruption of the 
membrane structure. Spin labelling of red cell mem- 
branes and the effect of gross conformational changes 
are reported by other authors (Sandberg and Piette, 
ibid.. A178; Holmes et al., ibid., A179). 

An essentially empirical, but often sensitive, method 
of following conformational effects in proteins is to 
observe the emission intensity from certain fluorescent 
ligands, the best known of which is 8-anilino-1-naph- 
thalene sulphonic acid. The fluorescent intensity has 
a primary dependence on the dielectric constant of 
the medium (though other effects will necessarily con- 
tribute). Tt is a hydrophobie-seeking ligand, and has 
been shown to enter membranes readily. The response 
of the fluorescence of the dye in mitochondrial mem- 
branes to calcium ions, and the kinetics of the change, 
are described by Chance et al. in a paper given at 
another symposium (FEBS Letters, 3, 10; 1969). The 
fluorescence is much enhanced by a local anaesthetic, 
on a time scale of some 200 ms, which—it is suggested 
—corresponds to some kind of structural change in 
the membrane. Restraint should, of course, be the 
keynote in the interpretation of such results, but the 
potential value of conformational markers of this 
kind is clear enough. 
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Science, Industry and Government 


by This article is based on a public lecture delivered by Professor 


B. H. FLOWERS 
Sclence Research Council, 
High Holborn, 

London WCI 


BRITAIN has to contend with the heritage of a past in 
which it owned half the world and ıts resources and policed 
much of the rest. Our habits of mind and our institutions, 
once the envy of the world, adapt themselves only slowly. 
In our new surroundings we find it difficult to compete 
in terms of wealth even with countries much smaller 
than our own which have never enjoyed our former 
advantages and responsibilities. In the end, most of 
our wealth derives from the efforts and profite of pro- 
ductive industry; but our mdustry collectively has never 
quite succeeded in meeting the rising competition from 
abroad. 

It has been a source of bewilderment to many that a 
country traditionally so eminent in research and tech- 
nological vention should have met with such difficulties. 
The hist of British Nobel Prizes and of inventions making 
profits for foreign firms is a long one. But it has been 
lmown since the classic studies of Carter and Williams 
that excellence at research and development alone is 
certainly not sufficient to guarantee national prosperity. 
A few figures will make this clear. Crvil research and 
development throughout Britain absorbed about 1:6 
per cent of the gross national product (GNP) during the 
early 1960s, while in the decade up to 1965 the growth of 
production was 33 per cent and of exports 37 per cent. 
In the United States over the same period the comparable 
figures were 1-5 per cent of GNP devoted to civil research 
and development, with 48 per cent production growth 
and 41 per cent export growth. In Germany, only 1-2 
per cent of GNP on research and development must be 
contrasted with 85 per cent production growth and 166 
per cent export growth; while in Japan with 1-5 per cent 
of GNP consumed by research and development, produc- 
tion rose over the decade by as much as 274 per cent and 
exporta by 377 per cent. 

Comparisons between the United Kingdom and the 
US or Japan are perhaps difficult to make, but Williams 


makes what is likely to be a meaningful comparison with . 


Germany when he says that “it appears that the UK 
uses twice as many qualified scientists and engineers as 
Germany in trying to create new science and technology, 
and half as many in trying to apply science and technology 
to industry”. 

Cottrell! quotes a recent study by the US Department 
of Commerce’ which shows that only a quarter of the cost 
of launching the average invention in industry is absorbed 
in research, development and design of the invention 
itself; the remaining three-quarters is taken up with 
solving the engineering problems and setting up the tools 
of production, and in marketing expenses. Yet the 
development of inventions is itself only a small part of 
industrial activity; most of it is concerned with improv- 
ing, producing and marketing existing goods. Cottrell 
says that in 1964-66 Britain spent £770 million on research 
and development. Outlay on new plant (a rough measure 
of our activity on technological innovation in industry) 
was £2,400 million, about three times that on research and 
development, while the total annual output of our manu- 
facturing industry was £11,500 million, about fourteen 
times larger than research and development costs. As 
far as our stock of qualified scientists and engineers is 
concerned, excluding those engaged in teaching, twice as 


Flowers, chairman of the Science Research Council, at the University 
of East Anglia on March 25. He traced the history of Government 
Involvement In science and Industry and described some SRC 
schemes for encouraging more scientlsts into Industry. 


many were engaged in work other than research and 
development, in management, engineering design, techni- 
cal marketing and sales. 

This is why Cottrell emphasizes that one must look 
largely outside research and development for greater 
product reliability, better quality and especially for 
mcreased productivity. 

Productivity 13 most simply the added value per man 
employed of the goods he works on. In the USA a working 
population of 70 millon produces annually an added value 
of about £350,000 million, or about £5,000 per man on 
average. In the UK, the corresponding added value per 
working man 1s only £1,300. Since we cannot economically 
pay a man on average a salary greater than his added 
value, the average British citizen is worse off than his 
American counterpart by a factor of about 4—a factor 
which moreover is increasing with time. If we want a 
standard of living comparable with that of the Americans 
we must quadruple our productivity; even if we reject 
that aim, possibly on the grounds of not wishing to accept 
the social strains which could result, we still must make 
substantial improvements even to achieve and maintain 
the all-too-elusive balance of payments. Cottrell points 
out that “It has often been supposed that the high pro- 
ductivity of American industry is due to the very large 
amount of capital equipment available to the average 
worker, and this is in part true. [But] American mvest- 
ment in plant and machinery, relative to output, is about 
the lowest of the technically advanced countries. This 
means that capital resources as well as manpower resources 
are used to good effect and hence that the real basis for 
high productivity lies in good management. The key 
industrial investment is in brain-power”. 

Not enough of our graduates from the universities, still 
less their teachers, are attuned to the needs of industry; 
and of those who are, far too many think of the matter 
in terms of research and development rather than in terms 
of the total needs, most of which lie outside research and 
development. Industry does not successfully compete 
for ite fair share of the best brains it so desperately needs. 
The achievement of a higher productivity and the market- 
ing of new technologies are not matters for the second rate, 
nor solely for graduates in arts and commerce however 
first rate they may be. 


Research Councils Set Up 

The logical starting point is the history of Government 
support of research. The Government’s support in its 
modern form can be said to have started with the creation 
of the National Physical Laboratory in 1900, at which 
time the universities received leas than £100,000 per annum 
in total from Government. In opening the laboratory the 
Prince of Wales (later King George V) said: “The object 
[of the NPL] is to bring scientific knowledge to bear 
practically on our everyday industrial and commercial 
life, to break down the barrier between theory and 
practice, to effect a union between science and commerce”. 
We are still having to say this today ! 

The first research council was the former Department of 
Scientific and Industrial Research. Its title did not 
include the words “research council’? because it predated 
by a few years a Government white paper, the Haldane 
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report, which after fifty years is still regarded by many as 
the official creed of the research councils. The Haldane 
report emphasized the importance of scientific research 
in the formulation of Government policy. The concept 
that ıt established was of autonomous bodies that are free, 
within the general oversight of a senior minister and 
within financial limits laid down by Government, to 
determine their own scientific policies and research pro- 
es without day to day interference. Moreover, 
1t was held that the responsible minister should be neutral 
rather than the head of a department concerned with the 
applications of scientific research, since the work sup- 
ported in this way would be of general applicability. 

The Medical Research Council was created in 1920. 
Although it 1s financed by public funds and is responsible 
to a senior minister, 1t is not a Government department, 
its staff are not civil servants and its policy 1s determined 
by a council of independent members appointed from 
the relevant scientific and medical circles, a most impor- 
tant principle flowing directly from the Haldane doctrine 
of independence. All subsequent research councils fell 
into this general pattern, and all have served thy same 
three basic purposes in their respective fielda, which are 
to carry out research in their own laboratories or units; 
to make grants for research in universities and other 
institutions; and to make awards to students for selected 
postgraduate training. 

Under this system was seen an astonishing increase in 
the amount of basic research performed in the United 
Kingdom, and especially of funds made available to 
universities for the purpose, which amounted to about 
£50 million per annum by 1965, including a substantial 
proportion of University Grants Committee funds. 


Ministry of Technology Set Up 


By 1965, however, the problem had somewhat changed. 
It was no longer so much a matter of encouraging research 
as such, but rather of encouraging its application with the 
aim of assisting industry to make greater profits. The 
Haldane doctrine of independence under a neutral minister 
may have been partially responsible for the failure of 
industry to be sufficiently competitive, for so much 
qualified manpower had been engaged in establishments 
insufficiently responsive to real industrial needs and 
especially to those aspects other than research and develop- 
ment. The Science and Technology Act of 1965 effected 
a major reorganization of civil science in which the indus- 
trial activities of DSIR passed to a new Ministry, the 
Ministry of Technology, while the remainder of DSIR, 
primarily the side concerned with the support of univer- 
sity research, formed the nucleus of the Science Research 
Council and also of the Natural Environment Research 
Council. At the same time, the SRC was made responsible 
for international commitments to the European Space 
Research Organization (ESRO) and to the European 
Organization for Nuclear Research (CERN). Without 
this, it would become increasingly difficult for us to work 
at all in the areas of “big science”. 

The new Ministry of Technology, far from being neutral, 
immediately set about a massive reshaping of industry 
and is now using the resources of its establshments to 
help bring this about. The ministry is the principal 
sponsor of industry and employs about 9,000 qualified 
scientists and engineers. These resources are the most 
extensive in facilities and manpower available to any 
Government other than those of America and Russia. 
The ministry’s resources to support civil industries include 
not only most of the former DSIR establishments and the 
research associations, but also the former Aviation 
Ministry's establishments and those of the Atomic Energy 
Authority. It makes extensive use by way of contracts 
of private industrial laboratories and of university depart- 
ments. 

These resources are, more and more, being put at the 
disposal of industry, not only to improve selected areas 
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where rapid technological growth may be expected, but 
also more generally to try to raise the level of productivity 
of all industry by dissemination to a wider circle of the 
knowledge of production techniques that exists in the best 
firms. All too often the real competition is not between 
our own firms but with our competitors abroad; some of 
the fruits of increased efficiency at home can thus be 
devoted to international competition. 

Mintech is now the sponsor department for virtually 
all of the engineering industries, and this role can best be 
illustrated by examples. 

In computers there is a double national interest. First, 
there is the need to encourage a sound and competitave 
domestic industry. Until recently the computer industry 
was too fragmented to withstand the terrific competition 
of American computer industries, despite the distinguished 
and continuing achievement of Britain in the development 
of computers, not least in the universities. Through 
various channels public money has now been made avail- 
able to strengthen the ability of the industry to carry out 
the research and development which enables it to market 
new and better products. At the same time, the leading 
computer manufacturers have been encouraged to merge 
until there is now some real hope that the remaining large 
firm, International Computers Ltd, will be able to com- 
pete on reasonable terms with the bigger American 
firms 


A second national interest is the wide application of 
computers. There are two ways in which Mintech has 
tried to help. It has encouraged Government agencies to 
buy British computers wherever possible, for the sake of a 
sound industriel order book. The Computer Board, 
over which I preside, has tried to help by asking that 
universities should purchase British machines unless there 
is & clear case to the contrary. But in the long term the 
benefits of productivity and efficiency will be seen, not 
merely by automating manual or clerical processing, thus 
freemg men and women for more skilled occupations, but 
by using computers as design tools in engineering, and by 
optimizing the use of resources with control systems which 
reinforce management. Thus Mintech has placed con- 
tracts with a number of universities for the intensive study 
of computer aided design, computer controlled typesetting 
and the development of more sophisticated ways of 
obtaining access to a computer. 


Shipbullding and Mintech 

Another industry sponsored by Mintech 1s shipbuilding. 
Only twenty years ago we launched more than half the 
world’s shipping; now we launch less than 10 per cent 
of world tonnage. This decline has taken place in spite 
of the fact that in research and development, with the 
Ships Division of the National Physical Laboratory and. 
the British Ship Research Association, we are still one 
of the leadmg countries in the design of more efficient 
hull forms for high speed cargo lmers, tankers and 
trawlers—work which, all too often, has been taken up 
by competitors abroad. 

The chief aims here of Mintech have been to group 
many of the shipyards into a smaller number of more 
viable enterprises. Following the Geddes report?, the 
Shipbuilding Industry Board was set up with powers to 
recommend credits for home orders up to £200 millon. 
This is a selective use of pubho funds to achieve greater 
productivity and profitability, rather than a general 
subsidy to the industry as a whole. At the same time, 
the research and development programme of NPL and 
BSRA 1s being more closely geared to the needs of the 
reviving industry. It is a singular pity that the publicity 
given to the Queen Elizabeth 2 affair, now happily 
resolved, cast a temporary shadow over the very real 
achievements in this field. 

In summary, Mintech is trying hard to see industry’s 
problems threugh the eyes of industry from a an 
commercial viewpomt. 
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It 18, however, also necessary to take a wider view. If 
I may quote from a recent speech of the Mmuister of 
Technology: “To talk of industrial policy within the 
context of Britain alone would be to leave out of account 
the growing tendency for international corporations to 
come mto being, operating on a global scale. When we 
talk of the technological gap, we are really talkıng about 
the very large American corporations that sustein the 


dominant position of -tho United States. ... Giant cor- 
porations like these hold the future of the world’s high 
technology industries ın their hands. . . . The choice... 


lies between allowing these American corporations to 
swoop in and pick up our growth pointe... and starting 
to build viable units first on a national, then on an inter- 
national basis”. 

Considerations such as these have led both political 
parties, in turn, to apply for membership of the European 
Economic Community. I am bound to say that I cannot 
see how an adequate strengthening of industry can come 
about in the British context, still less the European 
context, without direct Government intervention in 
some form. It is, after all, largely through the selective 
manipulation by the American Government of large 
defence contracts that the so-called free economy of the 
United States has reached its present dominance. 

The Ministry of Technology 1s also concerned that 
cooperation with universities should be effective. Its 
establishments are becoming more closely linked with 
particular universities, for example, the Royal Radar 
Establishment at Malvern with the University of Birming- 
ham and the Explosives Research and Development 
Establishment with the University of East Anglia. These 
arrangements provide for collaboration in research, ex- 
change of staff and joint use of expensive facilities, and 
for the joint supervision of students working for higher 
degrees. An Advisory Board on Relations with Uni- 
versities on which the SRC is represonted exists within 
Mintech especially to promote increased cooperation, 
between universities and industry. 


Research Councils 


But, of course, the principal responsibility for sponsoring 
science and technology in the universities lies with the 
research councils, and especially with the Science Research 
Council, together with the University Grants Committee 
which 1s responsible for the general maintenance of the 
universities as a whole. 

It is often said that the present ministerial arrangement 
separates the responsibility for science from that for 
technology, and that this is a pity. There is a misunder- 
standing here. The Ministry of Technology is responsible 
for both science and technology; its task, as I have briefly 
explained, is to help industry to apply science and tech- 
nology in order to make a profit. Likewise, the SRC is 
responsible for both science and technology. Its primary 
interface, however, is with the universities, the bodies it 
chiefly exists to serve. The other research councils are 
equally interested in the application of the more limited 
fields of science they sponsor—medicine, agriculture and 
natural environment; much of their resources is devoted 
to the encouragement of the early application of the results 
of basic research. The division of responsibilities is not 
between the disciplines ef science and technology; it 
is a functional split between the support of industry, 
on the one hand, and the support of universities on the 
other. 

All five research councils are now within the oversight 
of the Secretary of State for Education and Science who, 
although still neutral from the point of view of scientific 
research in accordance with the Haldane doctrine of inde- 
pendence, is also m charge of the whole educational sys- 
tem of the country. For the research councils in general, 
but especially for the SRO, this close lnk 18 significant. 
Together with the UGC, they are the organizations respon- 
sible for encouraging, and in a broad sense guiding, the 
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postgraduate activities of the universities in science and 
technology. 

For the SRC in particular the emphasis has perceptibly 
changed over the years. In addition to being interested 
in research for 1ts own sake, whether pure or applied, and 
in postgraduate training for research, it is now in- 
creasingly interested in the education of people at the 
postgraduate level. To be sure, it believes that this 
entails postgraduates and their teachers being engaged 
in research of the highest significance and quality. At 
the postgraduate level, teaching and research are truly 
inseparable even to the extent that the roles of teacher 
and taught are far from distinct, but the motivating force 
has changed subtly from preoccupation with science for 1ts 
own sake somewhat more to research as an educational 
process for men and women who must enter all walks of 
hfe. With something lke 7,000 fresh graduates in science 
and technology entering postgraduate studies each year, 
attention must be paid to the needs of society for post- 
graduate education. 

Just as the Ministry of Technology is trying as far as 
posatble to see industriel problems from the point of view 
of industry but with an eye to national needs, so the SRC 
tries to see university problems from the point of view of 
the universities but again with an eye to national needs. 
This 1s done through the structure of the council with its 
boards and specialized subject committees which between 
them comprise about 150 active scientists and engineers. 
Of these, 100 are academics who keep the council close 
to the grass roots of its problems; the remaining fifty 
come from mdustry and from elsewhere in Government, 
especially from Mintech establishments. 

The council owes a great debt to all these patient 
advisers, and I believe we can justifiably claim that the 
SRC is now a true partnership between universities, 
industry and Government. It would be easy to devise 
& more efficient scheme for getting decisions quickly, 
but we are not prepared to lose the links with the com- 
munity we serve that are provided by our committees. 
The SRC is not a headquarters organization handing out 
quick decisions, but a forum within which, as far as 
possible, the scientific community is itself encouraged to 
decide on what is best, and in this way we try to give 
effect to the Haldane principle of independence. 

So what are the policies of the SRC for the support of 
postgraduate activities in universities, which in one way 
or another absorb most of our annual budget of more 
than £40 million? I shall confine myself chiefly to our 
work in connexion with the applied sciences and engineer- 
ing, but must stress that we have no intention of neglecting 
our responsibilities for the pure sciences also, even though 
I shall say httle about that here. 


Significant Research 


“The (Science Research) Council”, as we said in our last 
annual report, “exists primarily to enable good scientists 
and technologists in the universities to do significant 
research. The council (conceives) ite essential function to 
be to create cultural, scientific and technological assets 
through the training of highly skilled manpower and 
through the support of research which leads to the dis- 
covery of new knowledge and techniques. The assets so 
created are of value in their own might; they eventually 
permeate society as a whole; but they can only be gener- 
ally seen to benefit the community after they have been 
appled to immediate aims by other organizations in 
industry, commerce and the public services. The council 
will therefore continue to support both postgraduate 
training and research proposals of high quality over the 
broadest front.” We shall try to back excellence wherever 
we find ıt. “However, within each area of activity re- 
sources will be concentrated on schemes which seem mest 
likely to yield mgnificant scientific advance, and in the 
longer term the basis for economic or social benefit.” 

I must emphasize my council’s conviction that it must 
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make its support of research, whether pure or apphed, 
more selective, both in the selection of particular fields of 
science meriting concentrated attention and in the selec- 
tion of university departments in which to support it. 
A great deal of careful thought is being put mto the 
golection of areas of science which might justify an enhanced 
measure of support. In determining the significance of a 
particular field its potential as & growth point in science, 
its relevance to developments in other areas or to ite 
possible application, its usefulness to ımdustry or to 
society generally, are all considerations that must influence 
us in our choice. The problem is made more difficult by 
the inevitable consequence that when funds are short 
increased resources for certain selected areas must be 
balanced by decreases somewhere else. But we are also 

to ensure that our system provides opportunities 
for individuals of ability and imagination, however 
unorthodox may be their ideas. 

The criteria which must be used in selecting areas for 
special encouragement will be somewhat different in pure 
science from those in technology and engineering, where 
application to some social or other need is a more immedi- 
ate objective. In engineering, accuracy and rigour are 
relevant, just as they are in science, but time and cost 
are of the essence. In pure science, on the other hand, 
the end will usually justify the means, so that time and 
cost are little more than irritating facts of hfe. We are 
especially anxious to encourage the application of science 
to industry and the development of university engineering 
departments. It is here that we have been making 
increasing use of our industrial members. We are trying 
to find ways of developing and applying these different 
criteria in making our judgments, so that in particular 
considerations appropriate to the pure sciences do not 
hinder the proper development of engineering. 

With limited resources, the council must limit the 
number of universities at which it can give substantial 
support in any one field. The aim must be to create viable 
groups endowed with adequate equipment and ancillary 
staff of appropriate expertise rather than to scatter our 
resources indiscriminately. The limitation must apply 
particularly to the creation of research groups requiring 
expensive facilities, or in flelds where expertise is short. 


Centres for First Class Work 


One of the flelds in which we are trying to coordinate 
university effort selectively is radio astronomy, where there 
are just two schools, those of Jodrell Bank and Lords 
Bridge. For the time bemg the council bas decided not 
to give support elsewhere except in a very minor way. 
And in nuclear physics most of the available university 
effort is being channelled into our two national labora- 
tories, and through them to the international laboratory 
of CERN at Geneva. Only in this way can we provide 
viable opportunities for first class work in this field; 
and second class work is useless. Similarly in space 
research we are attempting to coordinate the work of 
the many university departments involved, and our policy 
is to devote a larger proportion of our resources to inter- 
national collaboration so that the enormous overheads 
can be shared with other countries, particularly those of 
Europe. This will enable us to reduce our home pro- 
gramme in these “big science” areas, 80 freeing some 
resources for other activities. 

Another example is control engineering, the automatic 
control of plant and systems in industry, particularly 
with the aid of computers. 

To remain in the forefront of this nationally important 
activity, a university department needs to have a viable 
and interdisciplinary team, as well as sophisticated equip- 
ment, to enable a variety of expertise to be available for 
the vast range of problems thrown up in the automatic 
control of complex industrial plant—people who know 
about computers, people who know about instrumentation 
of plant, and people who understand the processes being 
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controlled. Clearly, therefore, to build up a major centre of 
this sort is expensive not only in money but also in scarce 
manpower. Yet while there is an acute shortage of suitable 
people from whom to build up research teams in computer 
control, at the same time there are many universities 
aspiring to build up such groups. 

These considerations have led to the development in 
SRC policy of a three tier system of support for this 
subject which will encourage grouping and collaboration. 
We have decided that initially not more than three top 
level control engineering centres can be supported, 
namely, Cambridge, Imperial College, and the University 
of Manchester Institute of Science and Technology. The 
SRC has invested substantial sums in each of these 
centres. The total investment in control engineering at 
Cambridge, for example, amounts to more than £0°5 ml- 
lion, enabling the university to develop experiments based 
on real operating data recorded in real industrial plants, 
as opposed to the purely theoretical approach on which 
much of the work ın this subject ın other universities has 
been concentrated. Any p of ths kind of 
necessity leads to industrial collaboration of just the kind 
the SRC wishes to encourage in universities. 

Because of the money mvested, these three major 
control engineering centres have a special responsibility 
towards other leas well supported departments. It 18 
recognized, however, that there are a number of second 
tier departments in which specialized lines of research are 

valuable contributions to the subject, and it is 
from these departments that any new top level centre of 
the future may most likely develop. We therefore support 
a number of these, but expect them to collaborate closely 
with the top three. It seems likely that the approach we 
have adopted for the support of control engineermg will 
serve as a model, no doubt to be modified, for the support 
of other activities also. 

Our policies of concentration of resources on viable 
groups, whether national or international, within selected 
areas of activity, will be seen to be closely parallel in the 
university context to the corresponding policies of Mintech 
in the industrial context. 

We appreciate that there are dangers in planning science 
too closely, but we believe, where lmmited resources have 
to be spread over a wide area, that the dangers in not 
planning are even greater. These decisions will inevit- 
ably lead to our puttmg more pressure on university 
departments to collaborate for mutual as well as national 
benefit. The council has no desire to get nto a position. 
where it has to formulate detailed plans for university 
research; it is very conscious of the importance of univer- 
sity autonomy. But it is inevitable that it must increas- 
ingly take decisions of this kind ın consultation with the 
University Grante Committee and with the universities 
themselves—some of which will be unpopular. 

The council considers it very moportant that the 
reasons for these decisions and the methods by which 
the decisions are reached should be clearly understood. 
For that reason we intend to publish as much information 
as we can regarding our studies of the areas of science and 
technology singled out for selective treatment. Reviews of 
astronomy, space and radio, and of plasma physics have 
already appeared; others are following dealing with cer- 
tain aspects of chemistry and engineering. We welcome 
constructive critacism of our policies; indeed, we cannot 
do our work without it. We look forward. to a lively debate. 


Postgraduate Education 

DSIR policy in supporting postgraduate education in 
science and technology was primarily to help ensure an 
adequate supply of research scientists and university 
teachers, and therefore our postgraduate awards were all 
in the form of research studentships giving three years’ 
support towards a PhD. This support has grown steadily 
and is undoubtedly fulfilling its purpose. In the process 
of their training, the students make an indispensable 
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contribution to the research effort of the universities and 
of the nation. Postgraduate support was extended in 
1957 by the award of advanced course studentships of one 
year’s duration, which were to enable new graduates to 
specialize or convert to another discipline without neces- 
sarily undertaking any research. This scheme has grown 
by deliberate encouragement so that 40 per cent of our 
awards are by now of this knd. Advanced course traimng 
helps to develop interdisciplinary activities wherein lie 
many of the growth points of science and technology; 
1b also helps to meet the demand for scientists and tech- 
nologists who, generally speaking, will not be researchers 
but users of science. In the past three or four years the 
council has begun to concentrate this type of support on 
about fifty courses primarily selected as traming relevant 
to careers in industry. Last year there were, for example, 
ninety-five studentships awarded to seven advanced 
courses in the managerial techniques of operational 
analysis, an example mcidentally of the kind of scientific 
activity which supports industry m its non-research and 
development aspects. 

It is clear that this support by the SRC of postgraduate 
education can be used to encourage suitable broad training 
for those areas of the economy where scientists, engineers 
and technologists are most needed, and by a judicious 
control of awards we can encourage & net flow towards 
these areas. But it must not be forgotten that the flow 
is determined, in the last analysis, not by us but by the 
willingness of universities to accept our judgments in 
which they themselves take part—and, of course, by the 
wishes of the students themselves, for there can be no 
compulsion on individuals. 

The council has recently reviewed its policy on post- 
graduate awards as a contribution to, and later as a means 
of implementing, the recommendations of the Swann 
report on the flow into employment of scientists, engmeers 
and technologists. University expansion will be very 
slight for the next few years. The requirements for new 
university staff will therefore also be limited. But there 
is a clear need by industry for more engmeers and tech- 
nologists, and fer those able to understand and make use 
of the results of science. There 1s also a clear need to 
reduce the flow overseas of able scientists and technolo- 
gets and especially of engineers. This has been emphas- 
ized by the Jones report on the brain dram. A study of 
the figures makes ıt clear that a large proportion of 
graduates in science and technology, particularly the most 
able, have tended to stay in universities for further educa- 
tion, for research or for teaching. Unversity education 
culminating in the PhD is at its best an admirable pre- 
paration for scientific research and teaching, but in many 
fields 1t seems to be out of touch with the wider problems 
of industry and is rarely aligned to the problems of science 
and technology outside the research laboratory. Without 
doing harm in any way to the PhD at its best or to the 
proper needs of scientific research, we therefore wish 
to see the spectrum of possibilities for postgraduate 
studies broadened by the inclusion in some cases of 
work which is not traditionally regarded as scientific 
research 


With all this in mind we have agreed to maintain an 
adequate support for training for research and university 
teaching, to ensure a lively advance in science both pure 
and applied. In doing this, however, we shall try to ensure 
that most support is given in the areas of science and 
technology where advance is of greatest significance, not 
in any intellectually narrowing way, but by mtroducing 
more correlation between the award of studentships and 
the award of grants for research. In particular, we shall 
try to ensure that more encouragement is given to research 
training broadly relevant to the needs of industry and m 
touch with the realities of industrial problems, even though 
this may have to be done for the tyme being by slowimg 
down further expansion of pure research until a better 
balance has been established. 
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Alternative to PhD 


We are keen, in particular, to see whether it is possible 
to develop a training ın science and technology as intel- 
lectually challenging to the most able students as the 
PhD. The traditional PhD as a ing for research 
must show a student how to penetrate in depth at a partic- 
ular point ın his subject albeit within a wider context. 
But to deal with many problems in industry or admumuis- 
tration, what is needed is a capacity to grasp essential 
facts and ideas over a very wide area, and by seeing in 
depth the mterrelations between them to plan the right 
action. We are anxious to help any university prepared 
to try to devise tramıng of this land with a frankly 
experimental approach to a very difficult problem. 
Accordingly we have this year set aside a number of awards 
earmarked for this purpose: we call them “Swann 
Awards’. 

Even though the full dividends cannot readily be quanti- 
fied, brain power 1s a precious asset. The only valid con- 
clusion therefore is that education, particularly of the most 
able people, should be mamntamed at the highest level that 
the country can afford. SRC support for postgraduate 
education 18 provided for only one in six of university 
graduates in science and technology, and we do not believe 
that this 1s too high a proportion. In this we are in full 
agreement with the Swann report. 

It is therefore our policy to maintain support at the 
present level of about 3,500 of those newly graduating 
each year, but to make changes within this level of the 
type of education to be supported along the lines I have 
described. As well as our scheme for concentrating on a 
number of advanced courses selected ın the light of ndus- 
trial and other national needs, other special schemes for 
the linking of some research training with mdustry, and 
for encouraging graduates to learn more about careers in 
industry and teaching, are also showing particular promise 
of success. For example, our Co-operative Awards in Pure 
Science (CAPS for short), which are demgned to enable 
graduates working in pure science departments to under- 
take in real collaboration with mdustry research of direct 
interest to industry, have proved very popular, and we 
attach great importance to them and will increase their 
number from 128 in 1968 to 180 in 1969. It is significant 
that, ın 1968, in the technological subjects none of 
the eligible candidates for SRC studentships failed 
to win an award; all the rejections were ın pure 
science. 

We are, however, well aware that if this policy is to 
succeed, any restraint in support for pure sciemce must 
be matched by greater attraction of scientists and tech- 
nologists to industry, otherwise the result may simply 
be an increased flow overseas. Last year we warned 
universities of the sight restraint which was bemg placed 
on support for research in the pure sciences, and advice 
was given to industry that there might be more science 
graduates seeking employment with them. Preliminary 
evidence so far is that industry has found recruitment, 
both in numbers and in quality, better in 1968. 

We can all, universities and industry, do a lot more to 
adapt ourselves and eur attitudes to the requirements of 
society; if we do not, we shall not achieve a healthy 
economy, we shall not even be able to afford to have 
universities | There is at least a danger that if we do not 
adapt, the next expansion of the universities, only a few 
years off, will take place wholly at the expense of research, 
and that would be a disaster. But I believe that the chief 
initiative must still come from mdustry, for industry has 
more to gain directly from it than the universities; it is 
they who need our output of people and ideas. 


1 Cottrell, Bry Science and Technology (Cantor Lecture, Royal Soolety of 
Arts, 1 $ 
2 Tesknological Innovation: Its Environment and Management (US Depart- 
ment ef Commerce, 1967). 
Report of the ry bai Ingutry Oommities 1965-1966, Omnd 2987 (HM&O, 
Londen, 1966). 
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Att important biological polymers are made up of dissym- 
metric monomer units (L-amino-acid, D-sugar phosphates 
and so forth), so that they all possess the attribute of 
optical activity. In the limiting case of a random, un- 
structured polymer, the optical activity, and indeed the 
spectroscopic properties in general, will be expected to be 
almost those of the isolated chromophores. This situation, 
however, will be rare, for, as much recent work has shown, 
only a limited range of angles of rotation about the bonds 
of a polymer backbone are energetically favourable, so 
that the chromophores of the backbone will on average 
be in a dissymmetric environment, with the possibility 
that the optical activity will be modified by perturbations. 
In the extreme case essentially rigid structures may be 
formed—as in DNA or «-helical polypeptides, which may 
be seen as one-dimensional crystal lattices—and the 
spectroscopic properties, particularly the optical activity 
may be drastically changed. Such large changes in a 
readily measurable spectroscopic parameter offer perhaps 
the most universally useful means of identifying conforma- 
tional states, following conformational changes in various 
circumstances and sometimes observing the behaviour of 
single groups in or attached to the molecule. 

The purpose of this review is to survey the present state 
of optical rotatory dispersion (ORD) and circular dichroism 
(CD) of proteins, nucleic acids and related substances, 
and to indicate the rationale underlying the methods that 
are used. We cannot consider here the basic theory of 
optical rotation and circular dichroism and the relation 
between them. Excellent reviews are available’. It 
will suffice to recall that the two functions ORD and CD 
are analytically interconvertible by use of the expressions 
known as the Kronig-Kramers transforms’, and are 
therefore equivalent. (The effect of remote transitions 
in the far ultraviolet cannot be taken into account and 
these may give rise to an maccessible though smooth 
background by which the calculated curve differs from the 
observed. For «-helical polypeptides the experimental 
curves can be closely reproduced in terms of contributions 
from the three known Cotton effects alone*.) In practical 
terms, however, there are considerable differences. ORD 
may be observed away from the region of absorption. In 
these circumstances all the light is transmitted by the 
solution and the measurement is simple and can be very 
precise. This has advantages where it is desired only to 
use the optical activity as a sensitive marker of some form 
of change. Furthermore, measurements are possible even 
in the presence of substances, for example, solvents, which 
are opaque in the region of absorption. Conversely, how- 
ever, the optical rotation at any wavelength arises from 
contributions of many Cotton effects, and its origins are 
therefore hard to identify. A system of overlapping Cotton 
effects in ORD cannot easily be resolved into individual 
contributions. CD, on the other hand, which involves 
the measurement of a relatively small quantity in the 
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present state of the field is reviewed in this article. 


Theoretical and experlmental advances have led to a reassessment 
Yale ah of optical rotatory dispersion and circular 


nucleic acids, proteins and related compounds. The 


presence of high absorbance, is instrumentally more 
demanding, but is fundamentally more informative than 
ORD: the Cotton effects of mdividual optically active 
absorption bands may be resolved from one another, and 
considered separately just like the bands of an absorption 
spectrum. Excellent instrumentation is now available 
for the measurement of both ORD and CD. 
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Fig. 1. 
two-stranded (rice dwarf virus) RNA (4). 
curves. 
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Nucleic Acids 


The standard ribonucleotides and deoxyribonucleotides 
are optically active, and their ORD curves are those of the 
anit configuration about the glycosidic link. In DNA it 
has long been known that the optical activity is enhanced, 
and that when the double helix is melted it reverts to 
something fairly close to the constituent monomere’. 
There is a Cotton effect centred at about 260 nm, and some 
further Cotton effecta at shorter wavelengths‘ (Fig. 1). 
The magnitude of the 290 nm extremum of the Cotton 
effect in ORD was found to be a linear function of base 
composition. Two-stranded synthetic ribonucleotides, 
poly(A + U), poly(G@+C)5, have characteristic Cotton effects 
in the same region which are much bigger than those of 
DNA (Fig. 2). The large Cotton effect observed in fully 
paired viral RNA‘ (Fig. 1) indicates that the geometry 
of RNA generates higher optical activity than that of 
DNA. It was shown’ that at a temperature below the 
melting temperature, or on addition of ethanol, the 
Cotton effect amplitude of DNA increasea before the sharp 
diminution which accompanies melting. This is to be 


NATURE, VOL. 222, MAY 3, 1969 





220 240 260 280 800 320 
Wavelength (nm) 
Fig. 2. ORD of (a) poly(A+U) and (b) poly(G+0)*. 


attributed to a conformational change, also reflected in 
changes of other physical parameters, which 1s most 
probably a transition from the B to the A form: the latter, 
which exists in fibres at low humidity, has tilted bases, 
and is much more like the structure of two-stranded RNA. 

It was ORD measurements which first led to the recog- 
nition that unpaired synthetic polynucleotides in solution 
are not m general in a disordered randomly coed state. 
It 18 now recognized that the nucleic acid bases are 
“sticky” molecules, which tend to associate with each 
other in a “‘stacked’’ mode. Thus dinucleoside phosphates, 
such as ApA, are ın a partially stacked form ın aqueous 
solution, and unstack as the temperature 1s raised m a 
manner governed by a single equiliubmum constant. 
(This process contracts with the melting of double helices 
which occurs in the sharp cooperative manner of a phase 
transition.) The structure of ApA results ın a large change 
in optical activity and the pattern of Cotton effects 
shown in Fig. 3. The new Cotton effects arise, ın a man- 
ner which will be discussed, by the mteraction between 
adjoining bases; and as the cham becomes longer, and the 
proportion of bases which have neighbours on both sides 
increases, so the amplitude of the Cotton effects creas s, 
reaching an asymptotic maximum ın the high polymer, 
poly A (Fig. 3 inset). This 1s accompanied by corre- 
sponding decreases in absorbance (hypochromicity). The 
strength of the stackmg mteractions in heterodimers 
varies greatly®. UpU and poly-U, for example, are hardly 
stacked at room temperature. Fig. 3 also shows the 
effect of stacking in CpC, and the forms of the ORD and 
CD are clearly quite different. 

The form of the optical activity for structured polymers 
has been considered by Tinoco’. Two types of interaction 
can lead to the new Cotton effects in a system of ordered 
chromophores. (1) Interaction between identical transi- 
tion dipoles, ın other words, exciton interaction; Tinoco 
shows that this situation leads to conservation of overall 
rotational strength, with a positive and negative Cotton 
effect on either side of the absorption maximum (Fig. 4). 
(2) Interaction between different transition moments; 
in this case the transition dipole of the given transition 
interacts with the principal polarizabilities of adjoining 
bases. This ıs thus a dispersion interaction. It is not 
conservative ın character. The magnitude of the two 
types of interaction depends, of course, on the interaction 
energy of the various transition dipole vectors, and thus 
on the geometry of the structure’. In single-stranded 
poly-A (1) predominates, in poly-C (2) (Fig. 3). (The 
double-stranded hemi-protonated forms of these poly- 
nucleotides, which exist at acid pH, give quite different 
curves.) It may be noted that the corresponding deoxy- 
tibopolymers are much less stacked ın solution’*. It 1s 
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also worth noting that in a heteropolymer such as a natural 
nucleic acid the unpaired, denatured form shows consider- 
able stacking, and thus quite high optical activity". 
Tinoco’s calculations apply equally to single and double- 
stranded polynucleotides, and his elegant paper’ explains 
also how the base tilt n RNA leads to the greater optical 
activity compared with DNA. The sixteen dmnucleoside 
phosphates (involving A, U, G and C) all have their charac- 
teristic ORD curves, which have been determined m 
Tinoco’s laboratory'*. The total optical activity ın single- 
stranded polymers is the sum of the dimer contributions, 
taken pairwise along the cham, and so the ORD of an 
unpaired RNA chain can be satisfactorily predicted from 
the sequence", and, as it turns out, from the composition, 
assuming & random sequence, if the sequence is not known. 
This procedure gives good agreement with experiment, 
for example, for tobacco mosaic virus’? and mbosomal!! 
RNA, at low ionic strength, when there is no base-pairing. 
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Effect of Base-pairing 


When base-pairing 1s present the difficulties are greater. 
It can be assumed" that the ORD of a paired RNA may 
be described by contmbutions from poly(A +U) and poly- 
(G+C) only, but this 1s a gross simplification, for the opt- 
cal activity arges from “vertical” interactions and not 
just base-pairing. Moreover, the hypochromicity of such 
molecules has a strong length dependence!’ and there 18 
good reason to suppose that the optical activity hkewise 
depends on the length of the double helical parts of an 
RNA. For RNA species contaiming base-pairs therefore, 
the agreement with experiment is relatively poor’? 
and there is some ambiguity about how the effect of 
pairing on the ORD should be computed", though its 
qualitative fluence is obvious, and its presence can be 
inferred from the curves**\4, It does seem that, for 
fully paired DNA‘ and RNAS, the agreement 1s much 
better. The method, despite quantitative problems, has 
been used to examine mbosomes", virusea!®, nucleohis- 
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tones!" and the like, and has shown that the nucleic acid 
conformation in these complexes is essentially the same 
as that ın the free state. Artrficial nucleoprotein complexes 
with different structures have also been discovered?*. 


Viruses 


A drfferent and interesting situation is encountered in 
the DNA bacteriophages, where the amplitude of -the 
Cotton effect is found to be a function of the total content 
of the phage head’*. This result is as yet unexplained, but 
it 18 interesting to note that a large change in the ORD 
of DNA occurs at very high salt concentrations*". Now 
recent X-ray work?! has shown that the helix geometry 
of two-stranded synthetic polynucleotides is continuously 
variable with the amounts of added salts, which must be 
present at very high concentration in fibres, and the same 
effect, corresponding albeit to a very small change in pitch, 
is noted with DNA in the dissolved state, as judged by 
changes in superhelical twists in circular molecules™*. 
It therefore seems likely that the effective ionic strength 
in the phage head, which will be a fanction of denmty of 
packing, may be the factor which determines the ORD 
curve. 
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Double helical nucleic acids have a large Cotton effect 
in the region of 190 nm. This is reasonably acces- 
sible with modern instrumentation, but there are instru- 
mental difficulties, and most solvents and reagents absorb 
disastrously. It does seem, however, as though this 
Cotton effect may be very sensitive to conformational 
disturbances**, and minor changes in {RNA in the 20°-40° 
C range have been reported?? on this basis. 

Finally, ORD and CD have been used to study the opti- 
cal activity of chromophoric lgands on nucleic acids. 
Good information has emerged about the mode of bindmg 
of dyes™, antibiotics*® and various other biodynamic 
substances to the nucleic acids. 


Proteins 


It has been known for many years that the denatura- 
tion of proteins causes changes in optical rotation, and a 
large difference between the Drude constants, Ag, associ- 
ated with the native and denatured states was observed 
in 1924. When synthetic polypeptides became available, 
which could be converted from a random coil to an 
a-helix and back by changes of pH, solvent or tempera- 
ture, it became possible to rationalize the changes observed 
ın. proteins. The «-helical polypeptides are among the 
relatively few optically active substances the ORD of 
which, well away from the absorption region, does not 
obey & one-term Drude equation. The reason that so 
many molecules do obey such an equation is that the ORD 
is dominated by the contribution of the nearest Cotton 
effect. Cotton effects at shorter wavelengths produce a 
much smaller effect, which 1s, however, enough to modify 
the value of 9, @ parameter which thus loses its physical 
meaning (as the wavelength at the maximum of the optic- 
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ally actave absorption band). The peptide chromophore 
in the «-helical array was treated theoretically by Moffitt?*, 
who showed that exciton coupling of the chromophores 
would lead to a splitting of the strong n—>n* absorption 
band into two components. Each was supposed to give 
rise to a Cotton effect, and the ORD on the long wave- 
length side would therefore be determined by two Cotton 
effects very close together and would not follow e simple 
Drude law but rather a two-term relation. By mathemati- 
cal simplifications this was reduced to the well known 
Moffitt equation consisting of the sum of one Drude-type 
term and a term containing the square of the same 
Drude term. Because the randomly coiled polypeptide 
in which the exciton splittmg is absent would follow a 
simple Drude law, the second term would then vanish, 
and its magnitude in general would be supposed to roflect 
the proportion of a-helix present. For synthetic poly- 
peptides the method worked well**, and its scope 18 
discussed in the classic review of Urnes and Doty”. In 
spite of errors recognized in Moffitt’s theory, and the 
discovery (discussed later) that a transition of insignificant 
absorption, the n—>r* transition of the peptide group, 
contributes a major Cotton effect with a dominant role 
in the ORD, there ıs little doubt that the Moffitt proce- 
dure gives reliable resulta where only «-helical and random 
conformations are involved. It 1s obvious that other two- 
term equations can be devised and their use bas indeed 
been advocated, but in order to put such expressions into 
a manageable form arbitrary assumptions have to be made, 
and no advantage in the use of these equations is, in 
practice to be discerned”. 


The a-Hellx 


With the general availability of instruments to measure 
the ultraviolet Cotton effects of polypeptides and proteins 
directly, the use of an inferential treatment like the 
Moffitt equation becomes unnecessary, and for most 
practical purposes it should, in our view, be regarded as 
obsolescent. Some advantages remain, however: in fully 
characterized systems, such as the «a-helical proteins 
from muscle, the Moffitt equation remains a simple and 
rapid method of monitoring samples. It will continue 
to be used also in situations in which the far ultraviolet 
is obscured by solvent absorption, for example, and a 
difference method based on the Moffitt equation has been 
devised to detect very small changes m protein conforma- 
tion from the ORD outside the absorption region”. 
A final point to be borne in mmd is that an increasing 
number (probably the majority) of proteins are now 
known to have “extrinsic” Cotton effects due to the 
aromatic residues (discussed later), and these have a 
severe effect on the value of the Moffitt constants, which 
then become quantitatively uninterpretable. One may 
also caution agaist an all too common practice, in which, 
= example, allosteric activators or inhibitors are added 

to protein, and Moffitt plots are used uncritically as 
evidence for conformational changes: because many of 
these ligands have chromophores which acquire Cotton 
effects when asymmetrically bound to the macromole- 
cules, this in itself will lead to a change in the Moffitt 
parameters. 

We now consider the Cotton effects of the polypeptide 
chain. Fig. 5 shows ORD and CD curves for a polypep- 
tide chain in the random, «-helical and -chain form. The 
hypothetical curves for various proportions of these forms 
within a molecule may be constituted from these curves. 
Whereas the characteristics of the «-helical and random 
states seem to be quite universal, the B-form ıs variable’! 
probably because of the fairly generous possibilities of 
geometrical variation within this general type of structure. 
The present lmmits are indicated ın Fig. 5. The a-helical 
system of Cotton effects is farly well understood: the 
negative and positive Cotton effects at about 206 and 
190 nm originate fram the two limbs of the split n—>n* 
transition of the peptide chromophore, and that at 222 
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nm arises from the n—>r* transition. The mechanism 
whereby the latter electronically forbidden transition 
acquires large rotational strength has been elucidated by 
Schellman*, and 1s of a quite general kind: a perturbation 
from a dissymmetric distribution of charge, in this case the 
static field of the groups ın the «-helix, gives rise to a com- 
ponent of the electronic transition moment in the direction 
of the magnetic transition moment, so that their vector 
product becomes fimte. The n—+n* transition can in fact 
give rise to a very similar Cotton effect in the absence of 
a-helices, indeed, ın small molecules, as Litman and 
Schellman and others have shown. This Cotton effect 
cannot therefore be regarded as diagnostic of an a-helx, 
though there ıs at present no reason to believe that it 
arises in other ways in globular proteins. The CD curve 
of a left-handed helix of u-residues (poly-B-methyl-1- 
aspartate) has been examined*4. The Cotton effects are 
reversed in sign and seem to differ considerably from those 
of the mght-handed helix, especially in relation to the 
206 nm Cotton effect which largely disappears. 


The Random Coil 


Tho optical activity of the random coil in polypeptides 
1s not well understood, for it differs considerably from 
that of, say, a dipeptide. Whether the coil m fact 
has some kind of short-range order is not known: ıt is 
by no means improbable, and especially in the charged 
water-soluble polypeptides, which are the most extensively 
studied in the Cotton effect region in the coil form, charge 
repulsion, at least at low ionic strengths, may be expected 
to introduce further restramts. Very considerable 
changes in optical rotation on complete removal of sup- 
portmg electrolyte from such polymers**, which causes 
them to expand and stretch out, have indeed been noted. 
For heteropolymers such as proteins in the random state, 
1t seems to be possible to express specific rotations such as 
[«]o by the sum of contributions from the drfferent 
residues. Values for several protems in guanidine hydro- 
chloride have been so computed**, 

The optical activity of the B-form has been qualitatively 
explained by two groups?’ though there are some unex- 
plained disagreements between their results on the 
relative importance of exciton contributions to the rota- 
tory strength. A contribution from the n+n* transition 
is expected. Calculations for other structures have also 
been performed, including the polyproline I and II helices 
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and collagen**, the polyprolines agreeing quite well with 
experimental data. Good data are available?’ for the two 
polyproline forms, the one a left-handed helix with the 
residues in the trans configuration about the mino bond, 
the other right-handed and cis, and for collagen, the struc- 
ture of which is related to the first. 

In proteins the fit of the expermmental ORD and CD 
curves with admixtures of the standard structures 1s 
variable. The a-helical fibrous proteins show curves 
closely resembling those of «-helical polypeptides, but in 
globular proteins of known structure, such as lysozyme 
and ribonuclease, the fit in terms of the known propor- 
taons of irregular, «-helical and extended chain structures 
1s rather poor (for example, ref. 40). The reason for this 
is only partly clear: the unordered polypeptide chain is 
clearly very variable, and many examples are available 
of proteins which evidently have a very low «-helix con- 
tent, and show a remarkable variety of, mostly rather 
small, Cotton effecte in the peptide absorption region*. 
Whereas some of them doubtless mvolve side chain 
chromophores, others clearly do not, and must be thought 
to arise from perturbations of particular peptide groups in 
a defined environment. That this 1s so is seen from the 

atterns of Cotton effects present in small peptides, both 
linear and more especially cyclo, On the other hand, 
because these are for the most part small effects, they are 
probably not the principal reason for the breakdown of 
the predicted fit in the cases cited. In mbonuclease the 
minimum of the ORD Cotton effect falls at 228 rather 
than at 233 nm. This can only m mumor part be a 
consequence of the #-structure in the protein, and 
Schellman and Lowe suggest that the n= 1n* transition 
1s displaced towards shorter wavelengths, an effect which 
would be expected if the hydrogen bonds in the «-helices 
were appreciably bent away from the C=O axes. (This, 
however, cannot be a very general phenomenon, for a 
survey of published protem curves most often shows a 
minimum at within 1 nm of 233 nm, when the Cotton 
effect is reasonably large.) 


Aromatic Chromophores 

A farther source of difficulty is the prevalence in globu- 
lar proteins of Cotton effects arismg from the aromatic 
chromophores. In ORD, and especially CD, these can 
be seen ın probably most globular proteins (for example, 
ref. 44) in the region around 280 nm. They disappear when 
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the protein 1s denatured, for the contribution of the 
aromatic chromophores in isolation is too small to play 
a significant part in the optical activity of the chain as 
a whole’. Such Cotton effects appear in some model 
compounds such as the appropriate diketopiperazines** 
(Fig. 6b). The Cotton effects vary considerably in detail. 
A selection is shown in Fig. 6. Their origin in proteins 
can be two-fold: two chromophores lying close together 
can give rise to a Cotton effect in consequence of exciton 
interaction as we have discussed. A more general mechan- 
ism would be the effect of a close-lying charge, which can 
cause a perturbation leading to a component of the 
electronic transition moment in a new direction. The 
effect can clearly lead to enormous rotational strengths, 
in which the ORD and CD of a globular protein can be 
dominated by the contributions of a few tyrosme or trypto- 
phan residues‘”*, A Cotton effect arising from the 
14-+10, type benzenoid transition in the 270-290 nm 
region will be expected generally to be accompanied by 
another ın the tA—>'Z, transition near 230 nm, which 
will then interfere with the analysis of the peptide Cotton 
effects. The relative magnitude of these two effects will 
depend on the disposition of the perturbing field relative 
to the two transition moments. Schellman and Lowe 
give cogent reasons for believing that the contribution 
of the tyrosines of ribonucleases, which produce a Cotton 
effect at around 280 nm, 1s not important at the short 
wavelengths. There is no reason to think, however, that 
this will necessarily be so ın other proteins. Rosenberg**® 
has shown that the aromatic chromophores ın the free 
amino-acids generate much larger Cotton effects in the 
shorter wavelength region, and in addition changes m 
the ionization states of the amino-acid cause large changes 
in the ORD. It may be noted that at high pH an 1onized 
tyrosyl residue can also give rise to a Cotton effect of its 
own‘, The large rotatory strength of the cystinyl 
chromophore must also be considered in proteins posses- 
sing disulphide bridges*®**. In CD the band appears at 
about 250 nm in proteins as well as model compounds, 
and is clearly severely subject to vicinal effects. It may 
be positive or negative (compare, for example, insulin 
or ribonuclease"? and oxytocin®!). The disulphide group 
existe in two epimeric forms, which can be visualized as 
having left and mght-handed helical configurations. 
These forms are associated with Cotton effects of opposite 
signs®t, but it is not established whether this considera- 
tion or vicinal perturbations are the factors primarily 
determining the appearance of the cystinyl Cotton effects 
of proteins. The system of Cotton effects observed in 
a-helical poly-t-histidme* also suggests that contribu- 
tions from this residue are possible in proteins (Fig. 6). 


Use of ORD and CD Measurements 


Tt is fairly clear then that ın globular proteins generally 
the prospect of analysing a CD curve into its constituent 
parts has receded. At the same time we feel that such 
analyses, even were they possible, would contribute little 
of value to protein chemistry. The «-helix content of a 
globular protein is not, n an ere of crystallography, a 
sufficiently high-grade structural parameter to justify 
much effort. Exceptions are fibrous protems, where ıt is & 
eriterion of importance. The uses of ORD and CD 
measurements of proteins and related compounds are 
numerous; for example, for the study of conformational 
stability and denaturation equilibria and kinetics the 
method 1s unrivalled. It has been used to detect stages 
in refolding of enzymes. It has been used as a spectro- 
scopic (and therefore superior) marker for association— 
dissociation equilibria. It has been used to identify 
particular groups (in general aromatic) involved in 
ionization and binding phenomena. It has formed the 
basis of sensitive enzyme assays. Most of all, ıt has been 
applied to the detection and observation (and sometimes 
identification) of small conformational changes, for 
example in allosteric systems, on aggregation and on 
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attachment of a variety of ligands and prosthetic groups. 
It has also been found useful for studying the mode of 
interaction of such groups as haem and of heavy metal 
jons with enzymes, and it is also beginning to play a part 
in the identification of conformational states of molecules 
in complex systems, such as chloroplasts or membranes. 
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also has a weak system of Cotton effects in the reglon of 265 nm, 

which are not shown. d, Poly-L-histidine, pH 5 8 (ref. 84). 


A discussion of the applications is beyond the scope 
of this review, and we merely mention some salient features 
which should not be overlooked in future work. Studies 
on denaturation are too numerous to mention. Com- 
monly a set of ORD or CD curves measured through the 
course of a denaturation process show “‘isorotational’’ 
points indicating a two-state system. Sometimes this 1s 
not so, and, for example, a recent report? on the helix- 
coil transition of polyglutamic acid and polylysine indi- 
cates the appearance of an intermediate conformational 
state. 

The effect of aggregation on the optical activity 1s stil a 
somewhat open issue. Polyglutamic acid in what 1s 
believed to be the fully «-helical state gives changes in 
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ORD and CD, when it aggregates™, which seem to reside 
in the n>r* Cotton effect. Changes in optical rotation 
often also accompany the aggregation of proteins®® and 
have been used to follow such processes. There are many 
interesting examples of changes on binding of allosteric 
effectors or other ligands. In two enzyme systems a 
change m x-helix content on bmding of activator or 
substrate has been identified®*, and among the many 
studies of ligand-protein interactions can be mentioned 
recent work on the relation between protein and prosthetic 
group in lipoproteins*’?. Discussions of conformational 
changes in conjugated proteins are very numerous; 
for example, there ıs the effect of coenzymes on their 
enzymes** and of changes occurring during dissociation 
and association of haemoglobin chams* and of antibody 
chains*!, It ig important to be cautious, however, m 
attempting to interpret a change ın rotatory properties 
in terms, for example, of formation or breakdown of «- 
helix in systems offering the possibility of changed extrin- 
sic Cotton effects or interaction between peptide and 
prosthetic groups*®. Many interesting results have been 
obtained on metalloproteins in various states (for example, 
ref. 61), 

In complex systems, especially inhomogeneous ones, 
such as membrane suspensions, gels and films, it is impor- 
tant to guard against artefacts which occur when there is 
optical anisotropy. scattering or inhomogeneity of the 
optical fleld. Artefacts which may well bear on results on 
membranes have been discussed**; their importance will 
depend on the design of the instrument used. Liquid 
crystalline systems produce very large and uninterpretable 
optical activities. Much successful work, however, has 
been done on unoriented films**, and recently good curves 
of protein erystals in mulls have been obtained“, With 
improving instrumentation the study of ORD and CD 
18 still an expanding field, and it will remain for some time 
to come an indispensable part of the armoury of the 
physical biochemist. 
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or Martian Life 
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The return of extraterrestrial material may present a hazard to man 


or other species. 


Laboratory of Soil Microblology, 
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Ithaca, New York 


AT a conference about the possible risks of contamination 
of the Earth by material derived from the planets, it was 
stated that the existence of life on the Moon cannot 
rationally be precluded, the physical conditions on the 
lunar surface bemg such that lfe could have developed 
and might still be present. Although it was felt that the 
probability of life existing on the Moon’s surface 1s low, 
the partacipants in the conference were unanimous in 
stating that “extraterrestrial lıfe and the concomitant 
possibility of back contamination must be presumed to 
exist’’!. The fact that a quarantme programme has been 
established by the US National Aeronautics and Space 
Administration suggests that responsible individuals in 
that agency also believe there is a finite probability that 
life exists on the Moon and that such life forms could 
conceivably affect man, species on which man relies, or 
organisms about which man is concerned. 

It is difficult to anticipate whether representatives of 
some non-terrestrial biota would survive or establish 
themselves on Earth. Should biochemical evolution on 
the Moon or Mars have followed a different course from 
that which resulted in terrestrial life, 1t 18 hkely that lunar 
organisms thrust into the alien environment of the Earth 
would not replicate and would soon die. In the absence 
of experience with extraterrestrial life, however, it is not 
possible to provide unequivocal a priori arguments to 
show that an organism developmg in one biosphere might 
not indeed become established and use untapped environ- 
mental resources which it can utilize or which ıt exploits 
more efficiently than any terrestrial species. 

Certain microorganisms inhabiting extreme environ- 
ments—extreme by terrestrial standards at least—grow 
readily when brought into less harsh circumstances. A 
variety of halophiles, barophiles and acid-tolerant hetero- 
trophs develop, occasionally quite luxuriantly, in condi- 
tions more characteristic of the habitats of animals and 
higher plants*“*. An organism originating in an environ- 
ment as extreme as that of the Moon or Mars might also 
have a broad range of tolerances and not only proliferate 
in terrestrial habitate but even develop more profusely 
than in its original domicile. 

An effective quarantine provides a useful and essential 
means to minimize the contamination of one region with 
organisms derived from another. The rigour of the pro- 
gramme contributes to its effectiveness, but so also does 
the lack of vigour, aggressiveness and evasiveness of many 
pathogens. The various procedures used commonly reduce 
the number of potentially invasive organisms to the extent 


that the residual population is economically, ecologically 
or physically manageable, but no quarantine is perfect. 
Decontamination of infested inanimate materials 13 
feasible, but complete sterility is often impossible to 
achieve. Decontamination of an infested astronaut, on 
the other hand, presents problems as yet unsolved, and 
elimination of all microorganisms from a manned vehicle 
apparently cannot be achieved with current technology. 
The deputy surgeon general of the US Public Health 
Service stated, “We must make an arbitrary approach to 
quarantine, but must also realize that quarantine is a 
crude concept and a crude approach to a problem of this 
sort. I would not feel safe in placing a large part of my 
faith in it as a security method”. 

The identities, behaviour, ecological relationships, 
nutrient requirements, physiological attributes and patho- 
genic capabilities of extraterrestrial organisms are totally 
unknown. Guidelines for a quarantine protocol clearly 
can only be based on knowledge of the current biota of 
this planet but with the view that there is a finite possi- 
bility that life forms arising elsewhere might have o 
significant influence on terrestrial species. ‘Terrestrial 
saprophytes metabolize a variety of organic compounds 
not believed to be present in any protoplasmic combina- 
tion generated during the course of evolution .on the 
Earth‘, and a similar enzymatic versatility may be found 
in the starving alien provided for the first tıme with a 
terrestrial repast. 

Populations of regional groups, varieties or species of 
higher organisms which have not been exposed to a 
particular pathogen may be decimated as a result of the 
accidental introduction of the disease agent. Such disas- 
ters have allegedly occurred even in recent times to 
isolated human populations which came into contact with 
European explorers and settlers. Fungi and insects 
attacking higher plants have also been inadvertently 
transported from one region to another and have had 
significant deleterious effects on the growth of crop or 
non-crop species. The medical, agricultural] and biological 
literature contains innumerable instances showing th» 
disastrous consequences following the introduction of 
pathogens and other pests into previously unexposed 
communities. 

Previously unknown microorganisms have been observed 
for the first time very recently. Thus the first algal virus*, 
the first well documented instance of a virus parasitizing 
a filamentous fungus’, a virus whose host is a Basidio- 
mycete®, several new types of free-living bacteria®-13 and 
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bacteria which live ectoparasitically on other bacteria’? 
have only been discovered in the past few years. 

It is hkely that several as yet uncharacterized microbial 
types exist in various of the Earth’s ecosystems, but 
suitable procedures have not been devised for their cultiva- 
tion. In soils, for example, the total count 1s invariably 
much greater than the viable count’, Parasites of 
aquatic algae have also yet to be grown in vitro!5. Certain 
mucroorganisms living in or on higher anmals and plants 
have not been grown apart from therr hosts, and the 
presence of these organisms could easily go unrecognized 
because of the absence from the quarantine site of the 
specific host. Some species for which suitable cultural 
techniques have yet to be devised are clearly pathogenic; 
for instance, the bacter1um causing leprosy, a number of 
disease-producing fungi and a variety of obligately para- 
sitic protozoa}s-19, 

If extraterrestrial life exists, ıt is thus reasonable to 
assume that some of the forms will not be able to grow, 
will not proliferate readily or will not be recognized during 
the quarantime period. Biologists cannot propagate many 
terrestrial species in vitro, so 1t is not too fanciful to pro- 
pose that they will not be able, particularly in a short 
period of time, to recognize the presence of life forms 
from space. 

The quarantine designed to prevent exobiological con- 
tamination of the Earth will undoubtedly involve a num- 
ber of healthy, well nourished, largely white, adult males. 
Yet various pathogens having no deleterious action on 
certain imdividuals affect mdividuals of another race, 
sex, age, humans suffering from malnutrition and those 
exposed to various forms of therapy?”2!, The nutritional 
status, the environment and growth conditions likewise 
markedly alter the susceptibility of crop species to infec- 
tion. Plants exposed to one set of circumstances may 
show no symptoms or be only moderately affected by a 
parasite, whereas disease of the same host species may be 
quite pronounced in other circumstances*?)*, 

A microorganism may itself not cause disease, but it 
may make the anımal or plant harbouring it more sus- 
ceptible to potential terrestrial pathogens. Predisposition 
of plants or animals to one microbial agent by a second is 
widely recognized**-**, An interaction requiring a terres- 
trial and a non-terrestrial species might be detected during 
the quarantine. On the other hand, the appropriate 
terrestrial organism may not be indigenous to the few 
teat individuals, although its presence might become only 
too apparent in other individuals once the quarantme is 
lifted 


Alternatively, an environmental stress may result in 
the flare-up of a pathogen which resides for long periods in 
harmony with its host. The animal or human harbouring 
a latent infection may be healthy until some apparently 
non-specific stress makes it more vulnerable, at which time 
clinical symptoms first appear**. Similar phenomena are 
known in planta; for example, the rhizosphere of healthy 
hosts teems with potential root inveders, but only when 
the natural barriers are overcome does the pathogen gain 
entry. 

Assuming that an agent harmful to man or livestock 
was introduced from the Moon or Mars, one might expect 
that a vaccine could be produced to cope with the invader. 
But the problems of developing a vaccine to counter- 
act an organism the identity of which might not be recog- 
nized, the physiological attributes of which may be ill 
defined and the susceptibility of which to current proce- 
dures for vaccine production might be untested could easily 
be unresolvable in a short period of tame. Moreover, 
an exotic form of life could not only be resistant to 
phagocytosis but also might not provoke antibody 
formation. 

Lumitations of space, time and money dictate that just 
a select few potential suscepts for lunar or Martian para- 
sites will be included in any quarantine. Various economi- 
cally important animals, crops and tree species will 
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necessarily be ignored. Yet many parasites are notori- 
ously host specific, and, though not pathogenic to plants 
or animals of direct concern to American or Soviet 
agriculture or ecosystem dynamics, cause major losses 
in the populations of organisms which serve as food for 
Africans, Asians and Latin Americans. 

Man 1s peculiar in desiring to maintain certain organisms 
for aesthetic reasons. Many of the techniques required to 
assess ecological disturbances, however, are so imprecise 
that a decline in the population density of some species 
would probably go undetected until the change became 
pronounced. Species which man neither consumes nor 
cherishes also have tremendous importance in nature. 
For example, the introduction from the Moon or Mars of 
& parasite of freshwater or marine algae might well have 
a profound impact on fish production and, because algae 
are important contmbutors to the regeneration of atmo- 
spheric oxygen, the very existence of animal life. 

Fanciful speculations such as these are warranted if 
indeed man will return from the Moon or one of the 
neighbourmg planets bearing alien materials. Not only 
may the indigenous species of the terrestrial biosphere 
be exposed for the first time ın their evolutionary history 
to certain bizarre organisms, but the biosphere itself 
could become permanently contaminated with these forms. 
The outcome of such contamination clearly cannot be 
predicted. 

The quest for life m space and the study of the physical 
and chemical properties of our celestial neighbours are 
important. These investigations satisfy man’s innate and 
insatiable curiosity. But it is not essential that the studies 
be conducted, particularly in the absence of adequate 
biological information and techniques. The risks are far 
too great. The cost in dollars may be calculable, but the 
cost in life and in environmental modification cannot be 
determined. 
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Persons high on marihuana have subtle difficulties in speech, primarily 
in remembering from moment to moment the logical thread of what 


Is being said. Marihuana may interfere with retrieval of information 
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Is a previous report of our double-blind experiments with 
marihuana in man}, we noted that chronic users of the drug 
became high in a neutral laboratory setting while mari- 
huana-naive subjects did not. We did not, however, 
attempt to define what being “high” is. 

The greatest puzzle about marihuaną is the enormous 
discrepancy between its subjective and its objective mental 
effects. A person high on marihuana in a neutral setting 
may tell the experimenter that he is “stoned” and is having 
a major psychopharmacological experience, yet the ex- 
permmenter 18 unable to show objectively that the subject 
18 different in any way from one who 1s not high. In fact, 
all of the psychological testing done to date on high 
subjects has picked up only the non-specific effects of 
any intoxicant; 1t has not shown any specific or character- 
istio mental change associated with being high. 

The experience of previous researchers? has been that 
if tasks are made complicated enough, subjects who are 
acutely intoxicated on marihuana will show across-the- 
board decrements in performance. Unusually high doses 
of marihuana given orally or of potent synthetic deriva- 
tives cause similar non-specific performance decrements, 
and the decrements are greatest ın persons least familiar 
with the effects of the drug. But experienced users seem 
to be able to compensate for the acute effects of marihuana 
on ordinary kinds of performance (ref. 1, and R. T. Jones, 
work in pro ; A. Crancer, J. M. Dille, J. C. Delay, 
J. E. Wallace and M. D. Haykin, unpublished manuscript 
on marihuana and driving ability; L. Clark, unpublished 
manuscript). 

At the moment, the only way to know someone is high 
on marihuana is for him to tell you so—hardly a satıs- 
factory criterion for psychopharmacologists. It is there- 
fore a matter of priority to find some specific, consistent 
change in mental function that can be taken as a reliable 
index of marihuana action. 

On the basis of extensive interviews conducted with 
users of marihuana and of observations of volunteer sub- 
jects, we were led to look to speech as a possible territory 
in which to find such an indicative change. 

Substantial indirect evidence makes this possibility 
likely. For example, even experienced marihuana users 
commonly report that they have difficulty talking to 
others when high. The essence of their difficulty is a fear 
of not making sense, of forgetting what one is saying and 


from immediate memory storage in the brain. 


of saying “crazy things”. Interestmgly enough, very few 
non-users can actually detect any difficulty in a user’s 
speech, but after hstening to many high subjects we are 
convinced it is there. Consequently, we incorporated 
into our experiments the collection of a 5 min verbal 
sample. In this article we describe the technique of 
collection and analysis of the sample, outline the kinds of 
objective changes in speech we think occur under mari- 
huana and offer suggestions for other experiments to 
document these changes more completely. 


Testing the Subjects 


A full description of our experimental design has been 
reported previously". Briefly, chronic user subjects were 
tested only once on high doses of marihuana (2-0 g of 
marihuana containing 0-9 per cent tetrahydrocannibinol). 
Naive subjects were tested three times on high dose, low 
dose (0-5 g) and placebo. Only the naive group was 
tested in double-blind fashion. All drugs and placebos were 
administered as cigarettes to be smoked ın a prescribed 
manner. 

Immediately before smoking and at 50 min after com- 
pletion of smoking, a verbal sample was collected from 
each subject. The subject was left alone in a room with a 
tape recorder and instructions to describe “an interesting 
or dramatic experience” in his life until he was stopped. 
After exactly 5 mın he was interrupted and asked how long 
he thought he had been in the recording room. The 
recordings were subsequently transcribed and analysed as 
follows. 

(1) Oloze method. In Cloze analysis’, verbal material 
(either recorded or transcribed) is mutilated by the dele- 
tion of every fifth (or nth) word. Judges are then asked to 
fill ın the blanks as best they can. Because normal 
spoken language is highly redundant, it is possible to fll 
in blanks quite easily, and the ease with which it can be 
done is a measure of the understandability of the verbal 
sample. LSD has been shown to impair understandability 
ag measured in this way*. 

(2) Seven-point bipolar scale*. Judges were also asked 
to rate the transcribed verbal samples on an arbitrary 
scale (— 3 to +8) in each of nine categories. The following 
categories were used. 


* We thank Miss Carol Welch, of the Behavioral Pharmacology Labora- 
tory, Boston University School of Medicine, for her help in constructing this 
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(a) Narrative quality: is the sample a formal narrative 
(+3) or not (— 3)? (b) Coherence: very coherent= +3. 
(c) Unity : does the subject tell a complete story (+3) 
or does he wander from the central theme (—3)? (d) 
Awareness of a listener: 18 the subject aware of a listener 
and does he try to orient him (+3) or not (—3)? (e) 
Thought completion: within the sample does the subject 
complete his thoughts (+ 3) or not (— 3) ? (f) Time orienta- 
tion : does the subject attempt to describe past events 
(+3) or is his attention caught by the present and his 
immediate environment (—3)? (g) Free associative 
quality: is this weak (+3) or strong (—3)? (h) Degree 
of intumacy: is this slight (+3) or great (—3)? (i) Nature 
of imagery: 18 it very concrete (+ 3) or bizarre and dream- 
like (— 3) ? 

On the assumption that bemg high would be reflected 
by a shift toward the minus end of the scale in all cate- 
gores, judges were then asked to guess whether the samples 
were pre or post-drug and whether the naive subjects 
had taken a high dose, low dose, or placebo. 

(3) Gottschalk—Gleser content analysis scales. These 
scales’ are standardized systems for ratmg the content 
of verbal samples for levels of anmety, hostility, social 
alienation and so on. 


Results of Tests 


In view of the fact that the naive subjects had minimal 
subjective effects after smoking low or high doses of 
marihuana, ıb 1s not especially useful to look for changes 
in their verbal behaviour. Even though changes did 
occur (to be described later), they cannot be taken as 
indices of bemg high simply because the subjects were 
not really high. 

The chronic users, by contrast, all became quite high 
in their own judgment on the high dose of marihuana. In 
most instances their verbal samples changed grossly after 
smoking the drug; however, the changes were not con- 
sistent from subject to subject. 

In neither group were Cloze scores affected by mari- 
huana. That 1s, marthuana did not ımpair understand- 
ability as measured by this procedure. This result was 
somewhat surprising in view of the obvious distortion 
seen in transcripts of users post-drug. (See example 
given and Table 1.) What it means 1s that the distortion 
did not occur on the level at which words are combined 
into sentences according to the prinoiples of English 
syntax; all the normally redundant patterns of English 
speech were retained even though the transcripts looked 

strange’ to the judges. With the seven-point bipolar 
scale correlations between scores and dose came out 
generally as anticipated; that is, neutral judges, m blind 
conditions, assigned greater mmus scores to samples 
collected after marihuana from both groups, although the 
magnitude of change was greater for the chionic-user 
subjects. As a result, these judges were able to guess 
correctly most of the time which were the before and 


Table 1. RESULTS OF OLOZH ANALYSIS ON THE PRE AND POST-DRUG VARBAL 
SAMPLES REPRODUCED 


The p sample- was cut at the end sgo as to be exactly the same length 
g sam Every fifth word was deleted from the 
ee of the two samples; each then contained seventy-five blanks. 
mutilated transcripts were presented undependently Eo five judges, each of 
whom was asked to fill in the blanks as best he could. Judges were scientists 
and non-selentists who did not know ee or from whom the samples 
were collected. 


Blanks correctly filled m (out of seventy-five total) 


Judge Pre-drug Post-irug 
1 39 41 
2 47 45 
8 41 41 
4 49 44 
5 43 45 


in Cloxe scores were found pre-drug versus 


In a similar way, no c 
c user subjects or for any of the nalve subjects 


post-drug for the other chro 
on drug. 
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Table 2. RESULTS OF THE 7-POINT BIPOLAR BOALE SOORING ON THM PEB AND 
POST-DRUG VERBAL SAMPLES RAPRODUCED 


Judges were scientists and writers who ware Instructed in the uso of the scale 
but who did not know the purpose of the scoring. They also did Dot know 
how or from whom the'samples were collected. 


BE etit door 

Judge 1 2 a 4 5 1 2 3 g 4 5 

Category 
A (narrative) +8 +3 +8 +2 +48 -2 -3 -2 -38 -2 
B (coherence) +3 +3 +8 +2 +8 -2 -1 -1 -2 -1 
C (unity) +3 +2 4+8 4+2 +8 -2 0 -1 -8 -2 
D (listener) +2 42 +38 +2 +2 +2 +2 48 +1 +2 
E (completion) +2 +1 +2 +1 +2 -1 -2 -2 -2 -2 
F (tame) +8 +3 +8 +8 +2 -3 -3 -3 -3 -3 
G (assocation) +8 +2 +2 +2 42 -2 -1 -1 -2 -1 
H (intimacy) -2 -2 -1 -2 -2 0 +1 -1 0 0 
I (imagery) +3 +3 +3 42 43 -2 -8 -1 -8 -2 
Total +20 +17 +21 +14 +18 —12 —10 -9 -17 -11 


Scoring patterns for the other chronic user subjects showed the same trend 
to minus values post: ; the trend was also present for naive subjects on 
drug but was of much er magnitude. Further data will ne be pe 
however, because of the two serous deficiencies of this firs colection 
verbal samples: (1) the narve subjects were not high and (2) the chronic user 
subjects were not tested ın double-blind conditions. Because tho scale looks 
promusing m this p: study 1t will be used again on a chronic user 
population, this time in a double-blind seriea. 


which the after samples of users and for naives on high 
dose. (See example given and Table 2.) 

The trouble is that although the total score correlated 
well, no one category changed consistently for all subjects. 
Thus one subject used dreamlike imagery constantly but 
made fewer wanderings and better efforts to orient the 
listener on placebo. Another showed a marked mcrease 
in free association after marihuana, whereas before he 
tended to complete thoughts and resist free associations. 
Overall, the following patterns were noted: marihuana 
tended to cause greater and more vivid imagery, shift of 
time orientation from past or future to present, increased 
free associative quality and intimacy, and decreased 
awareness of a listener. 

As an example of the kinds of changes seen, we repro- 
duce below the full transeripts before and after a high 
dose of marthuana from one of our user subjects (subject 
10) with scormg profiles from five judges. 

(1) Pre-drug (dots indicate pauses) : “Well, I guess the 
most interesting event recently that I can think of would 
have to do with turning my draft card ın, which happened 
on January 29, 1968, and—uh—one of the most interesting 
things to be about handing in my draft card to the Resist- 
ance was that I hadn’t planned to do so before I did it. 
In fact, the 29th was the day the—uh—Spock arraignment 
took place, and I had gone downtown to the Federal 
Building to the demonstration that was called for that 
event and—uh—went on to the Arlington Street Church 
without actually knowmg that there was anything 
planned there. I just heard about it at the demonstra- 
tion. And—uh—I had been anxious to turn my draft 
card in actually, just feeling that that was what I ought 
to be domg since October, but have been held back from 
it because I have this difficulty in my ... my hvmg 
situation where . . . where I’m raising my daughter myself. 
Uh—if I do happen to get arrested it could kind of mess 
up my life and hers a bit, and—uh—that had been holding 
me back up to that point, and I think that... I just 
began to feel more and more that... that... that that 
situation was really restricting my freedom to too great 
a degree and that I had to... I had to assert a freedom 
from their control over my life, and this really shifted my 
attitude after that ... my attitude toward my situation 
and my existence was more one of that I had done some- 
thing that I knew I should do and really the next move 
now is up to them. If they want to try to mess me up, 
then I’ll have to deal with it when it comes. At least I’ve 
made a statement. It was Father Dan Berigan .. . now 
let’s see . . . Philip Berigan . . . the Berigan who’s the 
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priest from Baltimare who gave a talk that day. I think 
168 Philip Berigan. He’s the fellow who’s been indicted 
for pouring blood on the draft board records in Baltimore, 
and it was really, I think, his talk at that service that... 
that kind of convinced me because. . . well, his talk was 
different. It wasn’t a terribly emotional or passionate 
appeal, and it wasn’t very ... it wasn’t very sharply 
ideological. It was a kind of very matter-of-fact tone. 
I was first of all impressed by the fact that Berigan’s 
appearance would really put him far from me. He looks 
like a very Insh sort of fellow, crew-cut—uh—and—uh— 
not at all the sort of fellow that would be sympathetic to 
me if [’d seen him on the street. But I was impressed 
with how matter-of-factly, how plainly he stated the case. 
There really didn’t seem to be more than one thing to 
do. Uh... he talked about being jailed in Baltimore 
for his little draft board episode and about how the Irish 
cops—Cathole cops—were rather appalled to find a 
priest in jail for this kind of thing and how it was his 
realization that they should have been appalled several 
years ago, that he wasn’t there several years ago rather 
than that he was there now. And—uh—by the time his 
talk was over, I began to feel simply that he was land of 
saying to me personally something lke—uh—in a very 
low-keyed manner, something like, ‘Well, you up there, 
what are you doing with your draft card in your pocket ?’ 
or ‘Have you still got your draft card in your pocket ? 
Why ?? Something on that score.” 

(2) Post-drug: “Uh ... yes... well, the present is a kind 
of interesting event in my life with A. [an experi- 
menter] going out the open door. He’s now closing it 
behind him with a kind of . . . how shall I say ?...anen- 
dearing little smile, full of care, full of the doctor’s care 
for his patient [laughs]... . I guess . . . I guess that’s 
about all the interest I can drum up for that little moment. 
What is he going to do now with the door closing?... 
Yes, well, an interesting or dramatic event... . Hell, you 
know, they’re all alike [chuckles]. . . . Um... okay... 
beginning of event . . . quote . . . [apparently, subject 
goes to washbasin and runs water at this pomt]. ... You 
think that’s something, wait till you hear the cold [runs 
water again]... . Yes, well—uh—I’d better fill some of 
this up, I guess, because you’re probably getting very 
bored listenmg to ıt. Ob—{clears throat]}—you know, 
the tro- . . . the trouble 1s that—uh—the present 1s more 
anteresting now than events in the past. I mean the idea 
of sittmg here and talking about something that’s already 
happened instead of—uh—you know—instead of happen- 
ing now—instead of just bemg now—the present—is 
kind of ridiculous. It doesn’t really make sense to do 
that, so I guess I’ll—uh—just sort of being now—things 
that are gomg through my mind—uh—fclears throat]... 
okay ...alot of Yeats...alotof... Yeats going through 
my mind, which is funny because I don’t usually think 
about that. Recently, . . . it’s just been a couple of 
years that I think about that kınd of thing much.... ‘A 
shudder in the loms engenders there/The broken wall, the 
burning roof and tower/And Agamemnon dead.’ Like 
that . . . [long pause] . . . It’s interesting to wonder what 
you could tell from the room. ... The tape recorder has 
been going rather steadily. The room... the room is 
just so goddam confused and noisy—noisy in a visual 
sense. This whole thmg—it’s hard to get any sense of it 
at all. It’s just kind of like an absolutely random collection 
of things. It’s hard to get a sense of people living m here. 
This is obviously a laboratory, where ... where nobody 
permanently bas their office, ıt would seem. It doesn’t 
look like any person really lives in here all day. It looks 
just hke a general kınd of a room that a lot of people 
use. ... I think they’re coming after me. Yes, they’re 
coming after me. They’re here. He’s return——...” 

No consistent patterns in post-marihuana speech were 
detected with the Gottechalk—Gleser content analysis 
scales. In view of users’ consistent reports that mari- 
huana acutely induces euphoria, we attempted to assay 
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mood by means of a self-rating bipolar scale developed by 
Smith and Beecher* to evaluate subjective effects of 
morphine. By allowing subjects to rate themselves 
within a given category of moods, on an arbitrary scale 
from —3 to +3, it mmumizes suggestion and is thus more 
neutral than the checklists often used in drug testing. 
The twelve categories include such entries as uneasiness, 
alertness, dreaminess, cheerfulness, confidence, worry 
and so on. Smith and Beecher showed that morphine 
influenced those 1tems m the scale associated with ‘mental 
clouding” and thus caused shifts in mood in the direction 
of greater slowness of thought, dreaminess and grogginess. 
Using the same scale, we found that marmhuane caused no 
consistent changes ın mood either in narve subjects or ın 
chronic users in our neutral laboratory setting where 
suggestion was reduced to an absolute minimum. 


Speech Difficulty 


The methods described here show something of the 
nature of the difference ın speech samples before and after 
intoxication, but these differences would not account 
for the difficulty marihuana users report they feel in 
talking when they are high. The difficulty was detected 
by the judges on all samples and can be noticed in the 
example given here. If the existence of this subtle speech 
retardation is demonstrable, what, then, is the source of 
it? 

On the basis of careful listening to users high on the 
drug, we think the problem is this: a high individual 
appears to have to expend more effort than when not 
intoxicated to remember from moment to moment the 
logical thread of what he is saymg. Our subjects reported 
this need for mcreased effort whatever highly variable 
mood change occurred, which leads us to suspect an actual 
change in brain function rather than a change resulting 
from a difference in motivation because of an affectful 
response to drug intake. This speech difficulty has two 
principal manifestations: sunple forgetting of what one 1s 
going to say next and a strong tendency to go off on 
irrelevant tangents because the lne of thought is lost. 
As a result, ın the post-drug speech sample given here, the 
subject typically sticks to the concrete present by com- 
menting on the room. These comments have a greater 
free associative quality than in the pre-drug narrative 
about his draft card and, when the post-drug present 
oriented pattern falters, the flight is to a highly evocative 
poetic image which contrasts with his pre-drug concern 
with the priest’s matter of fact tone. This post-drug 
sample maintains an awareness of the listener, which 
many do not, although the concern with the listener has a 
curious concrete quality. This sample does not have the 
quality of personal intimacy which many other samples 
showed. It must be emphasized, however, that these 
manifestations are fine and not readily apparent except 
to persons who listen very carefully for them. 

Here are descriptions of the phenomenon by two heavy 
users of marihuana. (l) (24-year-old male medical 
student): “I’ve learned to do a lot of things when I’m 
stoned and seem to be able to function quite well in all 
spheres of activity. I can also ‘turn off’ a high when that 
seems necessary. The one problem I have, however, is 
talkıng to straight people when I don’t want them to 
know I’m stoned. It’s really scary, because you con- 
stently imagine you’re talking nonsense and that the other 
person is going to realize you’re high. That’s never 
happened, though, so I conclude that I don’t sound as 
crazy to others as I do to myself. It’s worst on the 
telephone. Someone will call up and be talking to me, 
and when he stops I’ll have no idea what he just said. 
Then I don’t know what I’m supposed to answer, and I 
have to stall until I get a clue as to what’s expected of me. 
Again, even though this 1s very disconcerting, the other 
party never seems to notice that anything’s wrong, 
unless he’s a heavy grass smoker, too, and then it doesn’t 
matter.” 
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(2) (25-year-old male lawyer): “I very much agree 
with the idea that marihuana does somethmg to memory 
when you're trying to talk normally. For one thing, I’ve 
noticed that conversations in groups where everyone has 
been smoking marihuana are peculiar in a specific way 
that supports this hypothesis. Very often, the last state- 
ment made by a member of the group is totally ignored, 
as if everyone had just forgotten it, and the next remark 
refers to something said a minute or so earlier. But, 
eventually, conversation returns to the forgotten state- 
ment. Also, I’ve found myself that if I’m distracted or 
interrupted m any way while talking when I’m high, 
I forget what I was saying and have to wait a minute or 
80 to get ıt back. Most people I know have had the same 
experience.” 

The next step 1s to document these effects in the labora- 
tory in appropriately controlled conditions. One of us is 
about to start another series of double-blmd human 
experiments in San Francisco, a principal goal of which 
will be to show that persons high on marihuana have this 
lind of difficulty speaking. A simple test is suggested 
in the second description given: interrupting a subject 
durmg a narrative and then asking him what he was 
about to say. 

If this effect can be demonstrated, ıt 18 likely that it 1s, 
itself, a manifestation of a more general acute effect of 
manhuana on a specific mental function: namely, an 
interference with ultra-short-term (or immediate) memory. 
By immediate memory we mean memory over the past 
few seconds. To be more precise, the mterference seems 
to be with retrieval of information while it is ın an immed- 
late Memory storage; once it passes into the next (recent- 
memory) storage, it again seems to be easıly accessible to 
consciousness. Indirect evidence for this kind of mter- 
ference 1s abundant. (1) (28-year-old male physician): 
“I often drive my automobile when I’m high on martı- 
huana and have never had any actual problems domg so. 
But I do have some purely subjective difficulty, which 
perhaps you'll understand. My reflexes and perception 
seem to be O.K., but I have problems like this: I'll come 
to a stop light and have a moment of panio because I 
can’t remember whether or not I’ve just put my foot on 
the brake. Of course, when I look down, it’s there, but 
in the second or two afterwards I can’t remember having 
done it. In a similar way, I can’t recall whether I’ve 
passed a turn I want to take or even whether I’ve made 
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the turn. So all of this difficulty must have something 
to do with some aspect of memory.” (2) (26-year-old 
male graduate student—a naive subject in the previous 
experiments describing his reaction to the high doses): 
“Time seemed very drawn out. I would keep forgetting 
whet I was doing, especially on the continuous per- 
formance test, but somehow every time an ‘X’ [the oritical 
letter] came up, I found myself pushing the button.” 
(See ref. 1 for explanation of the test.) 

We therefore propose to conduct experiments on user 
subjects (assuming we find a placebo for smoking accept- 
able to them) to document this hypothesized interference 
with immediate memory retrieval during a marihuana 
high. We will do this both by examming verbal behaviour 
more intensively and by usmg established psychological 
tests of ummediate memory’. (It will also be useful to 
repeat the Bipolar Scale and Gottschalk—Gleser Scale 
analyses on user subjects who we know will become high 
in & neutral laboratory setting, this time ın double-blind 
fashion.) Ifinterference with immediate memory retrieval 
can be demonstrated in controlled conditions, it will be 
the first specific, objective psychological change found 
in persons high on marithuana and may serve as an index 
of marıhuana effect ın the design of more complicated 
experiments. 

This work was conducted in the Behavioral Pharma- 
cology Laboratory of the Boston University School of 
Medicine and at the Boston University Medical Center, 
Boston, Massachusetts. It was sponsored and supported 
by Boston University’s Division of Psychiatry, m part 
through US Public Health Service grants. We thank 
Mr J. Finkelstein of 650 Madison Avenue, New York 
City, for his support, and Dr Peter H. Knapp, professor 
of psychiatry, Boston University School of Medicine, for 
his suggestion of the speech sample technique and for his 
suggestions on analysis of verbal samples. 
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The Stroop Test: Selective Attention to Colours and Words 


by 
ANNE TREISMAN 
STEPHEN FEARNLEY 


Institute of Exparimentál Psychology, 
University of Oxford 


In 1935 Stroop! devised a test requiring selective response 
to one attribute of a set of stimuli and measured the inter- 
ference produced by another attribute of the same stimuli. 
He asked subjects (a) to name the colours, of a set of 
words, ignoring the words which themselves were the 
names of other colours; (6) to read the words, ignoring 
the colours in which they were printed, comparing these 
tasks with the control conditions; (c) to name colours of 
colour patches and (d) to read black words. He found 
that while the colours ın task (b) produced negligible 


Results of a card sorting experiment su 
for the Interference between words an 
In the Stroop Test. 


est a new interpretation 
colours that Is displayed 


interference with reading the words, the verbal content 
of the words slowed up the colour naming in task (a) by 
as much as 74 per cent. This experiment has been repeated 
frequently in many forms (see Jensen and Rohwer*), At 
least four explanations seem possible. 

(1) Selective attention: subjects are able at the per- 
ceptual level to refrain from analysing colours and attend 
selectively to the words, but cannot so efficiently shut 
out the words while attending to the colours. If the total 
capacity available for perceptual processing is limited, 
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this would lead to inefficiency in Stroop’s (a) condition. 
Klein? showed that mterference with colour naming was 
greater from neutral words than from asterisks, but was 
leas from the neutral words than from colour names. 
The former result suggests that part of the interference 
may be due to perceptual distraction by words, but the 
latter. result shows that there 1s some further source of 
difficulty. 

(2) Response competition: the more familar and 
practised reading response conflicts with the less familiar 
colour naming response. This is the explanation put 
forward by Stroop and most widely accepted. 

(8) Mismatch between stimulus attribute and response: 
in both of Stroop’s tasks, subjects are asked to produce 
words—in task (a) to match colours, and in task (b) to 
match words. If it were possible for subjects to generate 
colours, the reverse result might be obtained, that is, 
the “colour” response might be more difficult to the 
stimulus of words than to the stumulus of colours. 

(4) Finally, the explanation may be a combination of 
(1) or (2) with (3). Interference with selective attention 
or response might arise only when the irrelevant stimulus 
attribute belongs to the same class as the response, that 
is, when the irrelevant attribute and the required response 
are both words, or when both are colours. 

To test these possible accounts of Stroop’s results we 
used a constant response which was neither a word nor a 
colour. Subjects were given a same/different card sorting 
task in which they matched either words to words, colours 
to colours, words to colours or colours to words. Three 
packs of forty-eight cards each were prepared in clear 
handwriting with felt pens as follows, using an ensemble 
of the six colours and six colour names, red, blue, brown, 
green, orange, purple, together with either black words 
(“no colour”) or coloured Xs (“no word”): pack A, two 
words, one coloured and one black; pack B, & coloured 
word and a row of 4 coloured Xs; and pack C, a black 
word and a row of 4 coloured Xs. 

The two items on each card were aligned vertically, the 
first mentioned being placed above the second ın each case. 
The task was always to match one attribute of the upper 
item to the single attribute of the lower item on each card 
(black counting as word only and Xs as colour only). 
If these matched, they were sorted into the “same” pile; 
if they were different they went into the “different” pile. 
The three packs were equated as far as possible in the 
particular words or colours they combined; for example, 
if the first card in pack A was the word “red” written in 
blue ink, with the word “blue” written in black, the 
first card in pack B would be the word “red” written in 
blue ink with a row of red “Xs”, and the first card m pack 
C would be the word “red” written in black nk with a 
row of blue “Xs”. 

For twelve cards ın each of packs A and B the two items 
differed both within and across attributes (for example, 
in pack A, the word “red” written in orange with the word 
“green” m black); for twelve cards they matched both 
within and across attmbutes (for example, in pack A, 
the word “red” written in red with the word “red” in 
black); for twelve cards the items matched within one 
attribute (word or colour) but differed across attributes 
(the word did not match the colour of the other item, 
for example, in pack A the word “red” written ın orange 
with the word “red” written in black) and for twelve cards 
the items differed within one attribute (either the two 
words or the two colours differed) but matched across 
attributes (for example, in pack A the word “red” written 
in orange with the word “orange” ın black). 

Each of these packs can be sorted into two equal piles, 
a “same” pile and a “different” pile, and with packs A 
and B, this sorting can be done in two different ways. 
With pack A one can match as “same” either the two 
words or the colour of the upper word to the name of the 
lower one. With pack B one can match either the two 
colours or the name of the coloured word to the colour 
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of the Xs. With pack C one simply matches the word 
and the colour of the Xs. Thus half the cards m packs 
A and B had some form of mismatch and, of these, half 
were positives and half negatives on each sorting criterion. 
Half the positives had a conflicting mismatch across 
attributes when sorting within an attribute and half had 
a mismatch within attributes when sorting across attri- 
butes; the reverse was true for the negatives, half of 
which had a conflicting match across attributes when 
sorting withm and half a conflicting match within 
attmbutes when sorting across. Table 1 may clarify the 
five conditions and their umplications. 


Table 1. THE FIVE SORTING CONDITIONS USED 
Match within 
Matching task or across Source of 
attributes interference 

Pack A (1) Word to word Within Colour 

1i Colour to word Across Word 
Pack B i Colour to colour Within Word 

1 ord to colour Across ur 
Pack O Word to colour Acros None 


If the simpler selective attention hypothesis is correct 
and words are harder to ignore than colours, conditions 
A(ii) and B(i) should be slow; if the response competition 
hypothesis is correct and if the degree of competition 
varies with the degree of stimulus-response compatibility 
or practice, all conditions should be equal, for the com- 
patibility of a particular hand movement with a colour 
word and with a colour is unlikely to be very different; 
if the difficulty is due to matching across rather than within 
the attributes of word-shape and colour, tasks A(i1), B(u) 
and C should all be equally slow; finally, if selective atten- 
tion breaks down only when the conflict is within one of 
the attributes across which one 1s matching, conditions 
A(u) and B(i) should be slowest. 

The experiment was run on undergraduates in two 
psychology practical classes (N= 14 and 18) at the Univer- 
sity of Oxford. The subjects first tried the four conditions 
of the usual Stroop test with four cards of forty-eight 
words colours or coloured words, to be read or named 
aloud. This was simply to demonstrate the effect for 
which an explanation was sought. They then sorted the 
experimental cards twice in each of the five conditions 
listed here, different random orders being used for different 
groups of subjects, and the second run through reversing 
the order of the first for each subject. The total times in 
each condition were recorded to the nearest second with a 
stop-watch. 

Table 2 gives the mean times in each condition for the 
two experimental groups (that is, the two practical classes) 
and for the combined groups. The data were subjected 
to analysis of variance, which showed that the overall 
effect of conditions was significant for both groups (F= 
28:3, df.=4, 52, P<0-001; and F=61-7, df.=4, 68, 
P<0-001). A Newman-Keuls test on these means showed 
that the differences between A(i) and B(i) were insignificant 
for both groups, and so was the difference between A(i1) 
and B(ii) for group 1; for group 2 1t was significant at 
P <0-06 level, as was the difference between B(ii) and ©. 
All other differences were significant at least at P<0-01 
level. Clearly conditions A(i) and B(i), ın which subjects 
matched within attributes with interference across 
attributes, are fastest and almost identical. Conditions 
A(1i) and B(i), ın which they matched across attributes 
with interference from within one attribute, are the slowest 
and again differ very little. Condition C, in which they 
matched across attributes with no interference from within, 
is intermediate in difficulty. (One plausible explanation 


Table 2. MEAN SORTING TIMAS (IN 8BOONDS) IN BACH CONDITION 


Condition Group 1 Group 2 Mean 
A @ 61:0 60 2 60-5 
A( 78-6 83 6 814 
B 4 61:0 67-1 58 8 
BC 793 774 782 
(8) 706 718 71-3 
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for the shghtly greater difficulty of condition A(i) than 
Bhi) is that “no colour’ may be less adequately repre- 
sented by black than ‘‘no word” is by a row of four Xs. 
Thus the black colour of the lower word may have pro- 
duced extra interference over and above that produced 
by the word in the top colour.) 

What light do these results throw on the possible 
explanations suggested? (1) The selective attention 
hypothesis that ignoring words is harder than ignoring 
colours would not explain the difference between condi- 
tions A(n) and B(1) and between A(i) and B(uz), nor the 
fact that C 1s harder than B(i). (2) The explanation in 
terms of greater response competition from the practised 
and familiar reading response than the colour-naming 
response 18 irrelevant to the present task. (3) The greater 
difficulty of matching across rather than within attributes 
is confirmed by the finding that conditions A(u), B(ii) 
and C are harder than A(1) and B(i), but this does not 
explain the greater difficulty of A(u) and B(ii) compared 
with C. (4) To explain this difference one must assume 
an additional source of difficulty, which seems to be the 
interference from a competing value within one attribute 
when one 1s matching across attributes. Unfortunately 
the experiment did not include the simplest control 
condition in which subjects match within one attribute 
with no competition from another, so we cannot say 
whether there is any residual mterference ın conditions 
A(1) and B(i). If there is any interference here, however, 
it ıs clearly much less than that in conditions A(i) and 
B(i1). 

Logically, ın order to compare a word and a colour, one 
must first identify each separately. Thus it is impossible 
to “switch out either analyser” (see Sutherland‘ and 
Treisman’), When one ıs comparing word to word or 
colour to colour, however, the analyser for the other 
attribute necd not be used at all, or, if ıt is, the outputs 
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from it need never be compared with those from the other 
analyser. (These alternative strategies for selective atten- 
tion are discussed in more detail by Treisman’.) 

The final question 1s how far inferences from this card 
sorting task to the standard Stroop test are justiflable. 
The nearest equivalent to Stroop’s interference condition 
is condition A(u) in the present experiment. The fact 
that interference ıs almost as great in condition B(1i) 
suggests that the interference ın the Stroop test 18 nothing 
to do with either the greater familanty of the reading 
response to words than the naming response to colours, or 
any inherently greater distraction from words in selective 
attention to colours than from colours in selective atten- 
tion to words. The main difference between this task 
and Stroop’s 1s that subjects in this task match two 
attributes of stimuli while m Stroop’s test they generate a 
response to match one attribute of a stimulus. The results 
seem. sufficiently similar to suggest that the main sources 
of difficulty are the same ın both cases, namely, (1) 
matching across rather than within the classes of colour 
and word (it is only ın this sense of the word that stimulus- 
response compatibility may contribute to the difficulty 
of the Stroop test), and (2) interference from an irrelevant 
value on an attribute which is relevant to the matching. 
Attention in this task appears to select less efficiently 
within than between analysers. 

This work was partly supported by a grant from the 
Medical Research Council. 
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Optical Variations in Quasi-stellar Objects 


ey Photometric observations of thirty quasl-stellar objects have been 


J. V. PEACH* 


Mount Wilson and Palomar Observatories, 
Carnegle Institution of Washington, 
California Institute of Technology 


property. 


Ortar vanability was placed among the identification 
criteria for quasi-stellar objects (QSOs) soon after their 
discovery. While this still seems reasonable, in that all 
of these objects which have been intensively investigated 
for variability in the optical region by photoelectric 
techniques have shown significant variations, systematic 
observation of a large sample of the whole class of identified 
QSOs has been limited to photographic monitoring of 
those brighter than about 17 magnitude by Penston and 
Cannon! and of a selection of those brighter than 18-5 
magnitude by C. Barbien and L. Abati-Erculiani (unpub- 
lished resulta). We present here photometric results for 
thirty QSOs from a programme of photographic observa- 
tions with the Mount Palomar 48 inch Schmidt camera 
of those objects the identification of which had been 
confirmed by October 1966. Results for further objects 
will be published in due course. 

Subject to weather conditions, plates have been taken 
monthly of the programme objects on Eastman Wad 
or 103a0 emulsions with a G@-13 filter to give a B magni- 
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made and seven new varlables have been discovered. No correlation 
was found, however, between varlabılity and any other observed 


tude response. Exposure times were usually 10 min; 
the limiting magnitude of the plates varies with seeing 
conditions and sky bnghtness but is typically B=20 
magnitude. Ten comparison stars were selected withn 
a few minutes of arc of each QSO and these were measured 
with the QSO on each plate using an iris diaphragm 
photometer. 

The comparison sequences have been calibrated by 
photographic transfer from photoelectric sequences in 
NGO 188 (ref. 2), NGO 5272 (ref. 3) and Selected Areas 
57 and 68 (unpublished results of W. A. Baum). Transfer 
exposures were as closely spaced as possible ın both time 
and zenith distance, and were made on plates from the 
same emulsion batch and developed together. Each 
transfer was repeated. Standard and comparison 
sequences were then measured consecutively m the 
photometer, with the sky background reading adjusted 
to a constant value for both plates. Iris readings were 
then directly compared to give a calibration for the 
comparison sequence after an extinction correction. We 
have divided our comparison sequences into two classes— 
those for which the interagreement of repeated transfers 
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and the matching of the transfer plates indicated a zero 
point error of less than B=0-3 magnitude, and those for 
which the zero point is less certain. For the first class 
we derive B magnitudes on an absolute scale, while for the 
second we give magnitudes on a relative scale the zero 
point of which 1s undetermined but which is expected to 
approximate closely to a Pogson scale over the region of 
interest. 

Relative changes on the scales defined by our compari- 
son sequences are much more easily measured than the 
zero points. Probable errors are calculated for each 
magnitude determmation from the plate calibration curve 
of magnitude against ims reading. For the best plates 
the probable error ıs 0:05 magnitude and in the worst 
case is 0:16 magnitude, the mean probable error of an 
observation being about 0:07 magnitude. It is not 
possible therefore to detect changes of less than about 0-2 
magnitude without repeated observations. In the follow- 
ing we have accepted the criterion of variability to be an 
apparent change of at least two probable errors or about 
0-2 magnitude between two observations, although 
individual cases are considered on their merits. 

Fig. 1 gives hght curves based on our observations for 
twenty-seven QSOs over the period from October 1966 
to March 1968. In Table 1 are listed approximate B 
magnitudes of these objects with references to previous 
work on ther variability and with a judgment as to their 
variability based on the data of Fig. 1. 

Our observations of PHL 658 confirm the brightening 
of 0-25 tude found by Penston and Cannon! between 
JD 2439700 and 2439800 and indicate its continuance 
as far as JD 2439906; the smooth rise of 0-4 magnitude 
of PHL 1078 between JD 2439714 and 2439821 is un- 
doubtedly real. In our results for PHL 1093 there is 
evidence for rapid fluctuations between JD 2439773 
and 2489821, with a 0:3 magnitude brightening ın 21 days 
followed by a 0-4 magnitude fall in 27 days and a subse- 
quent rise of 0-4 magnitude in 38 days. The only other 
QSOs in our sample showing similar behaviour are 30 147 
and 30 196. 

In PHL 3740 an obvious brightening of 0-5 magnitude 
over 200 days was followed by a 0-3 magnitude decline, 
and in 80 57 there is some indication of a decrease of 
0-2 magnitude during the period of observation; the 
brightening at JD 2439822 must be considered suspect. 
Our observations of PHL 1377 suggest a brightening of 
0-2 magnitude between JD 2439496 and 2439715, in 
agreement with the rising trend in Penston and Cannon’s 
observations for the same period. In 30 93, however, 
there ıs clear evidence for a dimming of 0-35 magnitude 
over 100 days. Our magnitude measures of 30 147 
include the two nearby fant companions which cannot 
be resolved at our plate scale. The sharp drop of 0-35 
magnitude between JD 2439772 and 2439794 is real and 
there ıs no doubt about the gradual rise and fall of 0-5 
magnitude between JD 2430468 and 2439884. 

There ıs an obvious brightening of 0:5 magnitude in 
30 181 and variations of this magnitude have been 
reported by Lü and Hunter‘. 30 186, however, must be 
considered a very marginal case, but the fluctuations in 
30 196 between JD 2439468 and 2439555 appear to be 
real. The only evidence for variability in PKS 1049-09 
is the isolated pomt at JD 2439469. Penston and Cannon 
have a better tume coverage of 3C 249-1; on the basis 
of our evidence it must be considered only marginally 
variable. For 30 268-4 there ıs clear evidence for a 
dimming of 0-4 magnitude. PKS 1229-02 ıs definitely 
variable during the observing period; C. Barbieri and 
L. Abati-Ercuhani (unpublished results) found fluctua- 
tions with an amplitude less than 0-5 magnitude. 

Our measurements of 30 287 include the faint compan- 
ion and there ıs no evidence for any variabilty. The 
structure of the mage of 30 287 and its companion was 
investigated for possible changes in a hypothetical 
intervening nebulosity by Matthews’, who clarmed to 
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have observed variations in a period of the order of a year, 
but more extensive observations by Kristian and J. V. P.’ 
failed to detect this effect. 

Three QSOs are listed in Table 1 for which there are 
no photometric data m Fig. 1. One of these, 30 43, is 
either at or below the plate lumit on seven plates taken 
during our observing period and an upper limit of B= 20-0 
magnitude can be set on ite brightness during the period 
with no direct evidence for any changes. The decrease in 
brightness of 0-9 magnitude observed? between 1953 
and 1965 appears to have halted. The second object, 
80 119, ıs within 2” of a brighter star and 1s unresolved 
in our plate matenal. Eight plates taken during the 
observing period show no change of more than 0-1 magni- 
tude ın the combined umage. The third object, 3C 175, 
18 very difficult to observe because there 1s a foreground 
star of 17-5 magnitude within 5” and the two images 
cannot be effectively separated ın a photometric measure- 
ment. From eight plates changes of more than 0-5 magni- 
tude ın 30 175 can be excluded. 

Out of the sample of thirty objects, eloven have been 
found to vary at the 0-2 magnitude level during the 
observing period of 18 months. The total number of 
variables among the sample including the results of previ- 
ous investigators 1s thirteen and the total number of 
confirmed and suspected variables 1s seventcen. The 
rate of discovery of new variables suggests that all QSOs 
would be found to vary at this level when observed over 
periods of a few years. The time resolution of our observa- 
tions 1s such that we cannot detect variations on a tıme- 
scale shorter than about 20 days. Changes over periods 
as short as this with an amplitude of about 0 3 magnitude 
were found m only three (PHL 1093, 3C 147, 30 198); 
the more common form of variation detected is an appar- 
ently gradual change with a characteristic time of about 
100 days and an amplitude of leas than 0-5 magnitude 
(PHL 658, PHL 1078, PHL 3740, PHL 1377, 3C 93, 
3C 181, 30 268-4, PKS 1229-02). We have searched un- 
successfully for correlations between the existence of 
variability of these two types and the following observable 


Table 1 
References to Variability on 
Qso Approximate previous work the basis of the 
B magnitude on variability present work 

PHL 658 165 Mom y 

8C 9 18-5 (2) = 
PHL 028 176 — — 
PEKS 0106 +01 18 5 — — 

80 48 200 (4) (VY) —— 
PHL 1078 18 0 (2) v 

PHL 1098 170 — v 

PHL 8740 185 — v 

80 57 16-5 (2) v? 
PHL 1805 170 — — 
PHL 1377 16 5 (1) (Y?) Vv 

PES 0287-23 170 — — 

80 98 190 — Yv 
MSH 03-19 16-5 — — 

8C 119 >20 0 — — 

3C 138 18 5 — — 

80 147 18-0 — v 

80 175 175 — — 

80 181 19-5 (5) (V) Vv 

80 186 180 — vo? 

80 191 185 — — 

30 196 180 (8) (V) v 

80 204 19-0 — — 
PES 1049-09 170 = Tt 

80 2491 155 (1) (¥) y? 

8C 268 4 190 — v 

PES 1217+02 165 (1, 2) M) = 

80 2701 190 — iors 
PKS 1229-02 17-0 (2) V) v 

8C 287 18 — — 
References to previous work on variability—(1) ref. 1, (2) unpublished 


results of O. Barbieri and L. Abati-Erc! ; (8) refs 4 and 5; (4) ref. 9; 
(5) ref. 6. Vand V? in columns three and four indicate that variations are 
certainly present or suspected respectively. B magnitudes in the second 
column are given to the nearest half magnitude. 
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Fig. 1. B magnitudes of twenty-seven QSOs between October 1966 and March 1968. Probable errors are indicated. Those objects for which 
no standard magnitude sequences with mown xero point have been determined are plotted on relative scales with unknown zero points, x. 
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properties—red-shift, apparent magnitude, broad band 
colours, radio surface brightness, radio flux and spectral 
dex, and the presence or absence of absorption lines 
in the optical spectrum. 

The most mgnificant conclusion from these observations 
is the absence from the sample of any QSOs showing 
variations with amplitudes greater than 1 magnitude; 
preliminary inspection of smilar plate material for forty 
further QSOs provides confirmation of this result. It 
would seem that large amplitude, short period variations, 
which have so far only been found in 30 279 (ref. 10), 
30 346 (ref. 11), 30 446 (ref. 12) and 30 454:3 (refs. 5, 6, 
13), must be less common than has been previously 
supposed!. If such objects form a permanent sub-set 
of the QSOs they appear to comprise less than 10 per cent 
of the total; or if they represent a stage ın the evolution 
of each member of the class, this stage laste less than 10 
per cent of their lifetime. The variational pattern found 
for 30 273 by Smith and Hoffleit** would appear to be 
typical of the majority of QSOs. If variations of this type 
(amplitude <1 magnitude) are indeed the most common, 
then it seems unlikely that any kind of mean apparent 


vy 
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magnitude derived from the light curves can usefully 
reduce the present scatter of 2 magnitudes about the 
regression line in the red-shift-magnitude diagram for 
these objects. 

I thank Dr A. R. Sandage for advice and the Carnegie 
Institution of Washington for a fellowship at the Mount 
Wilson and Palomar Observatories. 
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Alignment of Interstellar Grains by Cosmic Rays 


by 
E. E. SALPETER* 
N. C. WICKRAMASINGHE 


institute of Theoretical Astronomy, 
Cambridge 


IT 1s generally beleved that interstellar polarization 18 
due to selective extinction by elongated (or flattened) 
dust grains which are systematically ahgned. If the long 
axes of such grams lie preferentially ın planes normal to 
some fixed direction the polarization of starlight 1s greatest 
1f the line of sight is perpendicular to this direction, and 
the electric vector of polarization is parallel to the same 
direction. Observations of the position angle of inter- 
stellar polarization! indicate that this preferred direction 
lies close to the galactic plane. Although the precise 
extent of coincidence with the mean galactic magnetic 
field (ın the solar neighbourhood) 1s somewhat uncertain, 
both directions seem to deviate from the direction of 
galactic rotation in the same sense as the line of galactic 
longitude 45° (or 225°). 

The processes hitherto discussed for the alignment of 
grains fall mto two categories: (a) processes involving 
magnetic relaxation ın spmning grains‘*, and (b) dyn- 
amical alignment’ involving the streaming of gas relative 
to dust. Both these alignment mechanisms were verified 
numerically by Purcell’ by means of Monte Carlo studies. 
Magnetic processes give alignment of paramagnetic grams 
with their long axes preferentially perpendicular to the 
magnetic field. The resulting direction of polarization 1s 
in accord with the observations’*, but the magnetic field 
strength required to produce adequate alignment depends 
on the detailed properties of the grains (see reviews by 
Greenberg*?°) and on the gas density n. For many cases’? 
1t seems that the required field strengths exceed a few 
times 10 G, about ten tme some recent estimates of 
the mean galactic magnetic field. For grains which are 
inefficient polarizers the magnetic field requirement could 
be excessively high, >10— G. This may be the case for 
large core-mantle grains if the overall asymmetry of the 

* Permanent address: Cornell University, Ithaca, NY. 


The alignment of interstellar grains, required by the polarization of 
starlight, may result from the combined effects of radiation pressure 
from the central bulge of the galaxy, gas collisions and Isotropic 
bombardment by cosmic rays. 


mantles 1s slight, and the polarization arises chiefly from 
the central graphite flakes. Graphite grains with dielectric 
mantles are considered plausible for other reasons”, 30 
ıt is conceivable that an efficient, nonmagnetic alignment 
process operates in the interstellar medium. 

Gold? proposed a dynamical ahgnment mechanism 
which would operate whenever there is a net streaming 
motion of gas relative to grains. Gas atoms colliding with 
a grain contribute angular momentum chiefly transverse 
to the streaming velocity Vs and the effect is to make the 
long axes of grains preferentially parallel to vs. This 
alignment process is particularly strong when Vs exceeds 
the thermal velocity of the interstellar gas. 

Although the Gold alignment process does not depend 
directly on the magnetic field, Purcell? pointe out that 
each grain must carry a net electric charge and gyrates 
many times about the galactic magnetic field during one 
“relaxation period” of the stream alignment. Hence only 
the component of the streaming velocity Vs parallel to 
the magnetic field B can contribute systematically to any 
alignment. The sense of this alignment 1s therefore to make 
the long axes of grains parallel to B, resulting in a direc- 
tion of polarization which is m conflict with the observa- 
tions. We shall show here that isotropic bombardment of 
grains by cosmic rays together with the type of streaming 
discussed could invert the sense of the alignment to con- 
form with the observations, provided the cosmic ray flux 
is sufficiently intense. 


Direction of Gas—Dust Streaming 


A systematic driving force on the grains might be 
provided by radiation pressure from integrated starlight. 
Purcell® has considered radiation from nearby parts of 
the galactic disk, but the total stellar radiation from the 
direction of the central bulge of our galaxy could be fairly 
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intense and almost unidirectional, at least in the visible. 
The condition for the mamtenance of a steady supersonic 
gas-dust drift by such a “hght beam” 1s 

Qor traa > 2 tugas (1) 
where tgas, tiraa are respectively the thermal energy 
density and the energy density of the radiation field, and 
Qpr 18 the efficiency factor for radiation pressure on @ 
grain. The numerical coefficients in condition (1) are 
evaluated for gas atoms sticking to a grain surface and 
re-evaporating with lower energy. As a typical estimate 
for the radiation density we use 


Urea œ 0-5 eV om~ (2) 
Assuming a gas temperature 7'~100° K we have 
Ugas © nx 0-013 eV cm- (3) 


The quantity Qpr may be calculated from the Mie theory 
as a function of the wavelength for a given grain model. 
For core-mantle grains which fit the extinction data! 
it turns out that Qpr 1s close to ~ 0:5 at the visual wave- 
length. Using Q..20-5 and equations (2) and (3), ıt 
turns out that condition (1) is fulfilled provided the gas 
density n<10cm-. In relatively dense clouds the gas 
and dust would still remam coupled, but in “average” 
regions of the galaxy the dust would be drifting radially 
outward (in the galactic plane) through the gas at speeds 
of several km s-}. 

As remarked above, only the component of a streaming 
velocity along the field direction can lead to a considerable 
net drift velocity. For purposes of gram alignment it 18 
not important which particular mechanism leads to a 
streaming velocity. The effect mentioned in this section 
is merely one of several mechanisms and happens to have 
a velocity direction fairly close to that of the mean 
magnetic field (due to an indirect effect of galactic rota- 
tion). Although the Gold alignment would operate purely 
by this effect, we have already pointed out that the sense 
of the resulting polarization would then be m discord with 
the observations. It would turn out, however, that such 
streammg combined with isotropic bombardment by 
cosmic rays could invert the sense of the alignment in the 
appropriate direction. 


Cosmic Ray Alignment 


A low energy cosmic ray particle passing through a 
dust gram loses energy chiefly by ionization, but the 
transfer of momentum to the grain is chiefly through 
multiplo small-angle scatterings. Only the squares p,? 
of the transverse momentum changes add systematically 
and these are related to the mean-square scattering angle. 
For a proton of energy E (in MeV) traversing a length L 
(m microns) of material of density p (in g cm), atomic 
weight A and atomic charge Z, one obtains!* a momentum 
loss pı given by 


pat LeZ* 1 78,000 mA 
ag ~ma eO aa) a) 


wth M the proton mass. Cosmic ray bombardment thus 
tends to increase the square of any momentum com- 
ponent of the grain linearly with time. We substitute 10 
for the slowly varying logarithmic term, and integrate 
over the cosmic ray spectrum, evaluating averages for a 
spherical grain of radius a (in microns). The cosmic ray 
contribution (per unit surface area) 1s then 


ae ph spf A : 
mr: f (80 eV cm- g-1) 4 3 y (5) 
=bJ 
where 
% 1 MeV 
J = (fr Z}) f F(E)dE Fz (8) 
1 1MeV 


and F(E)dE 1s the (number-) flux of cosmic reys with 
energy # per nucleon. f, is the fractional abundance (by 
number) of cosmic ray particles of charge Z, and we 
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have excluded E<1MeV because of slowdown in mm- 
dividual very large grains. 

The corresponding contribution to the 
due to gas bombardment is 


= (E) = mG ey @ 


driving term 





(7) 
~ n (500 eV cm- 8-1) ( 5 at) 


The averages are to be carried out for v, the absolute 
value of one cartesian component of gas velocity, and the 
second expression in equation (7) apples to a thermal 
distribution for-v at temperature T. 

In the absence of magnetic effects, the dynamic steady 
state 18 controlled by the drag force on the particular 
momentum component due to the gas bombardment 
which 18 proportional to (V/v), with V the corresponding 
velocity. In units corresponding to equations (6) and 
(7) the drag contributes 


d t 
I (Sar) = -2n (Me V’) <o) (8) 


with Me the mass of the grain, and the equilibrium value 
of V 1s obtamed by equating the sums of equations (6), 
(7) and (8) to zero. In principle one should also add a 
drag term due to the cosmic rays, but this is negligible 
compared with the gas drag because the coamic ray protons 
have much higher velocities than the gas atoms. 

For the sake of stmpheity we derived equations (6) to 
(8) for a cartesian component of the gram kinetic energy 
(4 Me V*), but we are really interested ın Hy, the kinetic 
energy of rotation of the grain about a given axis through 
its centre of mass. Taking moments and considering 
drag torques instead of forces, one obtains equivalent 
results except for numerical coefficients. Evaluating these 
coefficients for a spherical grein, we find for the equilibrium 
value of the spin energy 

4/5) bJ + 2n My? 
it OS Og iy 
n <v> 
where v 1s now a velocity component for gas atoms in 
the plane perpendicular to the spm axis, 6 and J are 
given in equations (5) and (6) and » 1s the number density 
of the interstellar gas. 

Ea ın equation (9) ıs a non-monotonic function of the 
mean gas atom velocity <v> relative to the dust grains. 
When the second term in the numerator 1s much larger 
than the first, this expression reduces to the usual equi- 
partition of energy 





Ea ~ <4 Mv» (10) 
when the first term dominates to 
Eo ~ (2/5) bJjn <v> (11) 


With a net streaming velocity vs of the gas relative to 
the dust along the magnetic field lines, <v> is smaller 
(nearly thermal) for a spin-axis parallel to the field than 
for the two perpendicular axes. In the absence of a large 
cosmic ray flux and without magnetic relaxation, equation 
(10) then leads to preferential alignment of the spin-axes 
perpendicular to the field lines and hence to alignment 
of the long axis of a non-spherical grain parallel to the 
field. On the other hand, if the cosmic ray flux J is 
sufficiently large for ZH» to be approximated by equation 
(11), then HZ» 18 largest when the spin-axis coincides 
with the magnetic field and the long axis 1s aligned in the 
plane normal to the field, m accord with the observations. 
The magnetic relaxation introduces an additional term 
into the denominator of equation (9) for perpendicular 
spin-axes but not for the spm-axes along the field. Hence 
the streaming effect enhances the magnetic relaxation 
alignment when equation (11) holds, but opposes ıt ın the 
previously discussed case of equation (10). It should be 
emphasized that we have assumed throughout that the 
cosmic ray flux is completely isotropic. 
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Cosmic Ray Intensity 


For the cosmic ray alignment discussed here to be 
effective the expression ın equation (5) must be larger 
than that in equation (7). For n<10, T~100° K, and 
with (a@pZ%/A) of order unity, for instance, this requires 
J > 60 cm- s- with J defined in equation (6). The ques- 
tion arises whether the imterstellar flux of low-energy 
cosmic rays could be sufficiently large to satisfy this in- 
equality. Using data from several cosmic ray experi- 
ments!t1š one can now infer interstellar cosmic ray fluxes 
for energies H (per nucleon) down to about 20 MeV. The 
contribution to J from #>20 MeV is quite insufficient 
for our purposes, but the inferred flux 1s still rising steeply’ 
with decreasmg E near 20 MeV and the mtegral in 
equation (6) strongly favours the flux at low energies. 
For example, a simple extrapolation of the inferred flux 
down to H=10 MeV, discussed by Pottasch!*, would 
already give J250 om- s-t. Furthermore, detailed 
analysis"? of the observational data indicates that the 
mean path-length X since production or acceleration for 
one component of the interstellar cosmic ray flux satisfies 
X<30-1 gcom-*. These data are compatible with (but do 
not require) X<0-1 g cm in which case even lower 
energy cosmio rays could survive. For example, uf X 
were leas than 0-01 g cm-*, about the range of a 5 MeV 
proton, one could have values lke J~300 cm? s+ 
coming chiefly from H~5 MeV without contradicting 
direct observations on cosmic rays. 

Until further direct observations on cosmic rays of 
very low energy become available, we have to rely on 
upper hmits for the quantity J obtamed indirectly from 
astrophysical evidence. One effect of such low energy 
cosmic rays or “suprathermal particles’ 1s the heatmg 
and ionization of H I regions, as origmally suggested by 
Hayakawa et al.®. Fortunately, the same integral over 
the energy spectrum as in J is involved in these effects. 
. Recent theoretical discussions'**.?° favour values for J 
of the order of (20 to 50) em~ s-}, but considerably larger 
values of J could still be compatible with observed 
temperatures and ionization. (The degree of ionization, 
for example, is proportional to (J/n)!/* and there is con- 
siderable uncertainty ın n.) We can be fairly confident 
with J <200 cm-? s- (with the lower values more likely). 


Destructive Effect on Grains 


We have also to ensure that the large fluxes of cosmic 
rays implied by a large value of J do not destroy the 
interstellar grains. One effect of a cosmic ray encounter 
18 the ejection of a molecule from the surface of the grain 
by the same transverse momentum transfer as we used 
to “spin up” the grains. (Ejection by secondary electrons 
is less important.) With D denoting the crystal binding 
energy per molecule we calculate the cross-section for 
transverse energy transfer of more than D and integrate 
over the cosmic ray energy spectrum. Multiplying this 
cross-section by ten to allow approximately for ejection 
at exit from the grain and the possibility of a molecule 
shghtly inside the surface receiving enough energy to 
escape, we find for the ejection probability per surface 
molecule 


Pa~ J (0-1 eV/D) x 10-7 s- (12) 


with J ın units of cm-*s-. This has to be compared with 
the rate at which molecules can be re-deposited from the 
interstellar gas. With A the atomic weight, f the frac- 
tional abundance (by number) in the interstellar medium 
of the relevant atoms, S the probability of a gas atom 
sticking to the surface after impact, the deposition prob- 
ability per surface molecule (assuming surface area ~ 10- 
em? per molecule) ; 


Paep ~ (FSA) nx 10- s- (13) 


For graphite or 1ce grains (fsA-1*)~10~ and Pej< Paep 
even for J ~ 200 cm-*s-!. For grains with solid H, mantles, 
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D is about 10 times smaller but f is about 10° times larger, 
so the inequality is even better. 

We have further to compare the heating of a dust 
grain due to ionization energy loss of cosmic rays passing 
through ıt with the main heating due to absorption of 
starhght. The ionization energy loss also depends on the 
game integral over cosmic ray energy as J and the cosmic 
ray heating per unit surface area is 


Ia ~ Ja x 10 eV om s- (14) 


with a the mean radius of the grain in microns. The heat- 
ıng rate from starlight is 


qatars ~ Qabs X 4 x 10° eV cm- s7! (15) 


with Qabs the efficiency factor for optical absorption. 
With Qaz 0-2 and 420-5 micron we again have ga < 
stars for J $200 om-* s+. The cosmic ray heating comes 
in bursts, but the energy deposition in one cosmic ray 
transit ıs less than kx 10° K per gram atom. This type 
of “peak heatmg” is therefore unlikely to produce any 


significant enhancement of the evaporation rate of grains. 


Size Dependence of the Alignment 


It was first pointed out by Greenberg’ that small 
graphite flakes of radu 0-05 micron could not produce 
the mean observed wavelength dependence of the inter- 
stellar polarization. Subsequently, N. C. W. and others’? 
showed that graphite particles with radi: slightly 
larger than 0-1 micron, or graphite cores of radii 0-05 
micron with somewhat larger dielectric mantles would 
reproduce the general features of the wavelength depend- 
ence of polarization. It would then seem necessary to 
have an alignment mechanism which selectively operated 
on the larger sized particles of a size distribution. Purely 
magnetic or purely collisional alignment models do not 
produce any such selective alignment. The cosmic ray 
alignment process suggested here has a bias towards 
alignment of relatively large sized particles, via the value 
of b occurring in equation (9) and defined ın equation (5). 

We thank Professors T. Gold, J. M. Greenberg, S. 
Hayakawa, R. D. Davies and H. C. van de Hulst for 
interesting discussions and communications. 


Note added in proof. Dr E. M. Purcell has kindly pomted 
out to us that the discussion following equation (9) 1s 
oversimplified. This equation applies only when the gas 
velocity 1s perpendicular to the spin axis. Our discussion 
on the reversal of the sense of onentation 18 still qualita- 
tively correct in general, but the amount of the asymmetry 
in Ee has a finite upper lmit (in the absence of magnetic 
effects), no matter how asymmetric the velocity 18. 
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In 1965, Dewey, Mann, Wilson and Jackson! reported an 
apparent interaction between the sex-linked Xga blood 
group system and the secondary sex ratio of man. The 
initial investigation had been prompted by the thought 
that maternal—foetal incompatibility with respect to the 
Xg* system might lead to the preferential loss of daughter 
conceptions. Only daughters, or normal diploid offspring, 
could possess antigens not possessed by their mothers. If 
this ncompatibihty manifested itself relatively late ın 
gestation, one might expect evidence either of haemolytic 
disease in the newborn, or of an immune response on the 
part of the mother, or both. While we are not aware that 
either of these events has been found, neither are we aware 
of any systematic search for them. Changes of this nature 
are unlikely in view of the rarity with which immunization 
to this system has followed transfusions. 

If immunological incompatibility occurred early ın ges- 
tation, 1t 18 conceivable that the usual responses to anti- 
genic differences on the part of the foetus or the mother 
would not be evoked, and that only foetal loss would occur. 
This loss would presumably alter the secondary sex ratio 
whenever it occurred. If the loss were very early, say, 
less than a month after conception, there would only be 
circumstantial evidence for incompatibility. The weight 
of such evidence would depend on its freedom from biases 
which might obscure a real effect or create a spurious one. 
It is difficult to preclude such biases; moreover, an argu- 
ment besed on changes in the sex ratio often lacks con- 
viction because of the numerous extraneous variables 
which have been shown to mfluence the sex ratio m one 
way or another’. Finally, X chromosome inactivation 
or Lyonization could concervably dampen the predicted 
changes somewhat. 

The data presented in Table 1 have ther origin in & 
continuing study? of the Amish of Adams County, 
Indiana. It is clear from this table that the sex ratio 
does not deviate from that expected on the assumption 
that the sexes are conceived and presented equally fre- 
quently except when the father is Xga positive and the 
mother is Xg negative, and all daughters could be 
incompatible with their mothers. If the birth of the first 
daughter were to sensitize the mother to the Xg* antigen, 
the sex ratio might be expected to inarease after birth of 
the first daughter. The direction of these deviations 18 
also compatible with the hypothesis proposed. When, the 
sex ratio data are distributed simultaneously with respect 
to incompatibulities in the Xga, ABO, MN and Rh systems, 
there 1s no evidence that the latter three contribute to 
the observed discrepancies ın female births. 

Examination of individual families tails to disclose 
possible biases derivmg from markedly disproportionate 
contributions by one or a few families. We cannot assert 
categorically that these data are unbiased, but we can 
assert that, with the means at our disposal, there is no 





the Sex Ratio in Man 


An eS incompatibility between mother and foetus In 
the sex-linke i 
preferential birth of males. 


Xg blood group system may help to explain the 


Table 1. SEX RATIO FOR VARIOUS Xgs MATING OATRGORIES IN THR AMISH 
STUDY 


Male: Female Ratio 


Offspring 
birth of 
Total first daughter 
Xge+ Father x Xga— Mother 118 : 82 85 : 56 
Xge+Father x Xga -+ Mother 881 : 868 299 : 268 


Xga—Father x Xgs— Mother 18 : 26 12 : 20 
Xgs-— Father x Yge+ Mother 


Table 2. SUMMUARIZATION OF SEX RATIO DATA FOR PROPOSED IXOOMPATIBLE 
MATINGS 


Sex Ratio 
Xge+Father x Xgs— Mother Matings 


first daughter 
Boys Girks OyB Girls 
1965 report? 121 78 63 26 
Present report 113 82 _85 56 
Total “ead 160 148 “BE 


obvious reason, except possibly intuition, to suspect these 
observations. 

The earlier data! were collected from two sources: a 
series of families studied for linkage information, and 
obstetrical patients of two hospitals and therr spouses and 
children. Although the samples were small, no significant 
differences between them could be demonstrated and they 
were pooled for analysis. Among a total of 199 children, 
121 were males (60-3 per cent); more importantly, among 
eighty-nine children born subsequent to the birth of the 
first daughter, srxty-three were males (70-8 per cent). 
Simple analysis by chi-square revealed the proportion of 
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Fig. 1. Expected percentage of incompatible matings with various 


Xgs gene frequencies*. 
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males born subsequent to the birth of the first daughter 
to be significantly greater than the proportion before 
and including the first female (y?=6-78, df=1, p<0-01). 
When these data are combined with those from the Amish 
(Table 2), a total male : female ratio of 234: 160 16 
obtained with 148 : 82 after the birth of the first daughter 
(y2= 5-62, df=1, p< 0-05). 

Conceivably further support for this hypothesis might 
be forthcoming from an examination of the predictions 
which follow. Thus, for example, if p is the frequency of 
the Xg@ gene and g the frequency of its allele (or the sum 
of the frequencies of its alleles, 1f more than one), and if 
mating is random, then the frequency of the incompatible 
mating (father Xg positive and mother Xg% negative) 
will attain its maximum when P=0-338. The proportion 
of males in a population of newborns might be expected 
to increase as the frequency of the Xg* gene approaches 
this value of P. Fig. 1 presents the expected frequency 
of incompatible matings as a function of the frequency of 
Xg (a+) gene. Unfortunately, because of the nature of 
sex ratio data and the limited number of populations 
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studied!, a mgorous test of this prediction is not possible 
at present. We are now analysing the factors which 
maintain polymorphism ın the Xg system despite the 
disproportionate loss of Xg* negative genes entailed by 
the present hypothesis. 

We present these observations in the hope that further 
data will appear concerning the possible interaction of 
the Xg@ system and the sex ratio in man. Irrespective of 
the ultimate role of this system ın determining the second- 
ary sex ratio, the idea that some ummunological X-linked 
system might influence man’s sex ratio merits further 
attention. 

This work was supported by the US Public Health 
Service and the US Atomic Energy Commission. 
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Polynucleotide Chain Lengths of Rapidly Labelled and 
Ribosomal RNA of Mammalian Cells and E. coli 


by 
W. T. RILEY 
British Empire Cancer Campaign, Cell Blology Unit, 


Sir William Dunn School of Pathology, 
University of Oxford 


Hers I describe an investigation of the polynucleotide 
chain lengths of rapidly labelled RNA (rl RNA) and 
ribosomal RNA (r RNA) of animal cells and of Æ. cols, 
which suggests that such RNA molecules are composed 
of smaller subunits. à ; 

The work began when I attempted to devise a method 
for estimating the polynucleotide chain length of rapidly 
labelled RNA in animal cells. In brief, the technique 
involves preparing a specific population of radioactive 
RNA molecules, for example, 169 r RNA, then mixing 
this with a non-radioactive population of RNA molecules, 
for example, 289 r RNA, and degrading the mixture with 
an exonuclease. If the enzyme makes no distinction 
between the end groups of the two populations, then, ın 
a given time, equal lengths of polynucleotide will, on 
average, be digested from the molecules m each popula- 
tion. If the mean cham length of the radioactive RNA 
population is defined as one unit, the mean chain length 
of the unlabelled molecule («) is then given by 


m 
a=a 
m+l1-—a 


specific activity of degradation products 
specific activity of the original mixture 
_ total ultraviolet absorption of unlabelled RNA 
~ total ultraviolet absorption of radioactive RNA 


When the ultraviolet absorption of the radioactive com- 
ponent is too small to measure, (m/[m + 1—a]) approaches 
unity and (a) becomes a direct measure of («). 

This method is critically dependent on the choice of 
exonuclease. There are two absolute requirements. First, 
the enzyme must be free of endonuclease activity. The 
creation of very few new end groups in each RNA chain 
would rapidly swamp any initial differences in their 
frequency. Second, the enzyme must be capable of 
completely degrading any RNA chain presented to it. 





where a = 





m 


Rapidly labelled RNA and ribosomal RNA of HeLa and E. coll 
cells may be composed of smaller subunits. 


5,000 


Optical extinction at 260 my 


Radioactive disintegiations counted 


5,000 





Fraction No. 


. 1. 20 per cent w/v to 3 cent xy sucrose density gradient 
entation of radioactive HeLa rl RNA (O) in the presence of 
(a) 28S r RNA (@ (0) 168 r ENA 1 ). phe gre ts contained 0 1 AL 
NaCl, 001 M trs/HOl pH 74 and 5x104 i 
ed for 8 h at 35,000 r.p.m. in a Bp 
4° 0. Ma sediment from the right to the 1 of the diagram. Cells 
were cultured, RNA isolated and sucrose density gradient sedimenta- 
tlon performed by procedures desciibed by Bramwell and Harns*’. 
rl RNA was prepared from nuclei of HeLa cells that had been incubated 
in Eagle’s medium for 30 min before the addition of radioactive pre- 
cusor: the cells were harvested 60 min later. ri RNA sedimenting 
faster than 285 was collected after a preliminary centrifugation. 





% 
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I chose an enzyme obtamed from culture media of 
Bacillus subtilis (Marburg strain) which can be prepared 
free of endonuclease activity? and completely degrades 
both RNA and DNA. RNA is attacked from the 6’ end 
with the production of nucleoside-3’-phosphate esters. 
The most sensitive test for contaminant endonuclease 
activity is to see whether any differences of chain length 
are revealed in RNA species the chains of which are 
thought to be of different size. Peak II of the enzyme 
preparation described by Okazaki et al.* was used. 


HeLa Celf Rapidly Labelled RNA 


Fig. 1 shows how a single preparation of HeLa rapidly 
labelled RNA sediments in two sucrose denmty gradients. 
In one gradient the rl RNA had been mixed with HeLa 
28S r RNA and in the other with HeLa 165 r RNA. 
Although “458” and “35S” rl RNA are present, most of 
the rl RNA in this preparation sediments as if it were of 
very high molecular, or particle, weight. 


8 


Percentage of total radioactivity reloased 
Percentage of total radioactivity released 





8 50 
0 10 


100 
20 
Percentage of total ultraviolet absorbing material released 


Fig. 2. Degradation of rl RNA by exonuclease in the presence of 285 
r RNA (0) or 16.91 RNA (@). e ordinate represents the proportion 
of total radioactivity not precipitated by dilute HOIO, at 0°C. The 
abacisea shows the proportion of the total ultraviolet absorbing matertal 
in the same supernatants. The two plots are on different scales: the 
0-20 scales refer to 288 r RNA, the 0-100 scales refer to 169 r RNA. 
bar aul degradation of RNA was performed at 87° O ın 0 2 M 
KOH buffer pH 9-0 containing 8x 10 M CaCl,. Sufi 
added to grve a final conoentration of 2 ODgg units/ml. The reaction 
mixture contained bovine plasma albumin (Armour Pharmaceutical 
that had been extracted with bentonite. Suffictent enzyme was add 
to make 60 per cent of the RNA acid-soluble in 1 h. In these conditions 
the enzyme is almost saturated with substrate 0-5 ml samples were 
added at intervals to 0-5 ml. of ice-cold 08 M HOlO,. The sam 
were centrifuged after standing 1 h m an 1ce bath. The optical extmction 
of the supernatant was measuied at 260 mu. loactivity was 
measured on 0:4 ml. samples in a Nuclear Ohicago model 725 liquid 
scintillation counter in comparison with Nuclear Ohicago quenched 
NA and the RNA mixtures were heated 
M HOIO, at 100°C before estunating thelr specific 
activity It was important to count these latter samples first, for 
this material slowly precipitates fiom toluene—ethanol sointullation fuid. 


Fig. 2 shows the relative rates at which the components 
of the mixtures shown in Fig. 1 were degraded by the B. 
subtilis exonuclease. Incubation of r RNA in the reaction 
buffer alone does not alter its sedimentation properties 
and the difference ın behaviour of 289 and 16S r RNA 
precludes the presence of sufficient endonuclease activity 
to vitiate the measurement. The relative rate of degrada- 
tion of each RNA species remams constant until the 
smaller species is 50 per cent degraded. In this experiment 
the measured chain lengths relative to HeLa 16S r RNA 
were: 289=1:85; rl RNA=1-04. Other values obtained 
in different experiments with 28S r RNA=1-7, 2-05, 2-00, 
1-80, 1:82, 1-69, 1-97, 1:88, 2-1, 1-96, 1-82, and with rl 
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RNA ranged from 0:93 to 1-01. The chain length of 
“458° RNA (a gift from M. L. Fenwick), isolated 
by phenol extraction at 60°C (ref. 3) after labelling of 
HeLa cells for 20 min, was 0-95. The nature of the radio- 
active precursor of the rl RNA, whether cytidine, uridine 
or adenme, was immaterial. 

I believe the variation in measured chain length for 
28S r RNA 1s not solely a result of expermental error 
(see later). The sumilarity in mean chain length between 
rl RNA and ribosomal 168 RNA ıs in good agreement 
with that found by Tamaoki and Lane‘. This low chan 
length suggests that the sedimentation and electrophoretio! 
properties of rl RNA reflect either non-specific aggregation 
or more defined structures composed of subunits. 


E. coli RNA 


Estimates of the chain lengths of H. coli K12 169 and 
23S r RNA suggest that the chain length of E. colt K12 
239 r RNA is equal to that of its 169 r RNA, about 
1,500-1,600 nucleotides*. This estimate for 16S r RNA 
agrees with physical measurements of the molecular 
weight*4 (0-55 x 10°). Others find, by alkali degradation, 
chain lengths of 1,300 for 16S r RNA and 2,100 for 235 
r RNA’. 

Fig. 3 illustrates the isolation of radioactive 23S and 
16S r RNA from lysates of E. coli K12 Hfr, cells. Fig. 4 





20 80 
Fraction No, 
Fig. 3. E coli Ki2 r RNA was isolated from DNase treated cell 
lyzates*. The lysate was centrifuged for 5 min at 10,000g and the 


supernatant extracted with phenol and sodium dodecyl sulphate in the 
usual way. Excessive losses of E. coli) RNA on repea extraction 
with cold 2M NaCl could be avoided by including 10 per cent v/v 
isopropanol ın the salt solution. Preparative sucrose density dient 

mtation was ormed for 20 h at 24,000 r.p m. in the 25°83 
rotor of a Spinco L2-50 centrifuge at 10° O. The gradients contained 
01M Na0l, 001 M trs/HOl pH 7 4, 5x10 M MgCl, (a) Shows the 
sedimentation of the totalr RNA; the bracketed fractions were ethanol 
precipitated and centrifuged separately. The results of these two 
gradients are plotted in (b), ın which the brackets indicate the fractions 

collected from the appropiate gradients. 
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¢.p.m. 


Optical extinction at 260 mz 





Fig: 4. Sucrose poy gradient sedimentation of mixtures of radilo- 
activi A (0) 
The ntained 01 M Nal, 

The materials were cen 


+ RNA, E. cols 285 r BNA; (c) HeLa 169 r RNA, E. cols 165 
The chain lengths relative to HeLe 16S r RNA were estimated as 


shows sucrose density gradient sedimentations of samples 
of mixtures of the radioactive HE. coli r RNA and un- 
labelled HeLa r RNA. These mixtures were degraded 
with the B. subtilis exonuclease to give the relative cham 
lengths shown on the figure. In ent with previous 
reports‘ the chain length of Æ. cols K12 Hfr, 23S r RNA 
is approximately equal to that of 1ts 165 r RNA and the 
game result was obtained whether the RNA was isolated 
from whole cell lysates or from separated 50S and 30S 
ribosomal subunits. The chain length of E. cols 16S r RNA 
is also greater than that of HeLa 165 r RNA. Other 
values for this ratio are 1:35, 1-37, 1-27, 1:40. If each 
E. colt 169 r RNA molecule contains 1,500-1,600 nuc- 
leotides the chain length for HeLa 169 or HeLa rl RNA 
is 1,100-1,200 nucleotides. My result 1s m agreement with 
the values of 1,400 nucleotides obtained by alkalı degrada- 
tion for 169 r RNA? and 1,100-1,200 nucleotides for rl 
RNA‘ in mouse L cells. 

There 1s a disparity between these measurements of the 
mean cham lengths of HeLa r RNA and the particle 
weights obtained by physical measurements. This is 
most simply explained by assuming that animal cell 16S 
r RNA contains two chains each of 1,100-1,200 nucleo- 
tides, which corresponds to a particle weight of 0-8 x 10°; 
this 1s close to the 0-67 x 10° given by physical measure- 
ments’. If the best value for the relative chain length of 
28S r RNA compared with 169 r RNA 18 two, then two 
chains (of about 2,300 nucleotides) ın the 289 r RNA 
indicate a particle weight of about 1:6 x 10. This 1s in 
excellent agreement with the value of 1-64 x 10° obtained 
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by physical measurements” °. Fig. 5a and d shows pos- 
gible subunit structures for HeLa r RNA and E. coli r 
RNA. 


E. coli Rapidly Labelled RNA 

Fig. 6 shows the total RNA isolated from H. coli K12 
Hfr, protoplasts labelled with *H-uridine for 40 s. The 
mean chain length of the radioactive RNA was found by 
exonuclease degradation to be 0-49 times that of the 
ribosomal RNA. This corresponds to a mean chain weight 
of about 2-8 x 105. 


Transformation of RNA 

Ribosomal RNA from animal cells is isolated in two 
chief forms, 28S and 16S, from the large and small ribo- 
somal subunits, but other forms may be found. RNA 
sedimenting between 28S and 16S r RNA has been called 
925 RNA. Some forms sediment more slowly than 
16S r RNA; of these, 8S RNA has been clearly recog- 
nized"1*, Polyacrylamide gel electrophoresis appears to 
resolve each of the forms found in RNA sedimentation 
studies nto further components'*. These may be due to 
homologous families of structures like those reported for 
the RNA of the smaller mbosomal subunits**?*. 

Methods designed to produce such transformations in 
vitro are poorly reproducible. It has been argued that 
these changes may provide evidence for a subunit struc- 
ture in RNA16-%, The more general view, however, 
seems to be that the lack of reproducibility reflects the 
activity of variable traces of endonuclease contaminant". 
While variation of response to particular procedures does 
indicate variation in the history of the RNA, there does 
not seem to be any good reason for adopting a firm and 
specific view that it is always due to endonuclease attack. 

I attempted to measure any changes m chain length 
which might accompany such transformation of ribosomal 
RNA. 


HeLa Cell 8S RNA 

Fig. 7 shows the effect: of transformation on the measured 
chain lengths of 285 and 16S HeLa r RNA. The bulk of 
the material sedimented, after transformation, at approxi- 


Lorge Small rl 


E coli Kl2 


Heo Schematio structures of ribosomal and rapidly labelled RNA 

of Hela cells and E. coh K12. The circle at the end of some chains 

gives the suggested postion of terminal nucleosides sensitive to sodium 
periodate. The drawing 18 approximately to scale. 
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Fig. 6. Sucrose density gedient sedimentation, in the conditions of 
Fig 4, of the total R. 4 prepared from E. coli K12 Hfr heroplasta : 
that had been moubated with 1 mOi *H-uridine for 40 s Cree, Je 


mately 8S. The experment indicates first that transforma- 
tion of 16S r RNA to “8S”? RNA does not, essentially, 
involve RNA cham breakage. The change could be due 
to separation of the two chams postulated in Fig. 5a. 
Second, it suggests that transformation of 28S to 8S RNA 
involves the exposure of end groups which were previously 
hidden. 

The transformed 28S and 16S r RNA used in this 
experiment were isolated together from the same HeLa 
cells. On the first centrifugation the materials showed 
quite normal sedimentation. The RNAs were ethanol 
precipitated and centrifuged again in 0-1 M NaCl, 5 x 10-3 
M MgCl, 0-1 M rss/HCl, pH 7-4. 28S r RNA is reduced 
to the same apparent chain length as 169 r RNA in 
conditions ın which the chain length of 16S r RNA ig 
unaltered. This suggests that endonuclease action 1s not 
involved ın this change. 

Enzymatic degradation studies indicate that the trans- 
formation of 285 r RNA to 8S RNA involves the exposure 
of two end groups. In the model shown in Fig. 5a the 
simplest view of the structure of 285 r RNA would now 
be that given in Fig. 5b. 


HeLa Cell 225 RNA 


Repeated centrifugation of 28S r RNA often leads to 
the formation of 225 RNA (Fig. 8). Fig. 9 shows the 
sucrose density gradient sedimentation of a different 
preparation of 229 RNA, centrifuged together with 28S 
and 165 r RNA obtamed from another HeLa cell prepara- 
tion. The 289 r RNA has undergone transformation 
partly to 225 RNA and partly to material sedimenting 
close to 16S r RNA. The 165 r RNA 18 also partly trans- 
formed to more slowly sedimenting materials. The mean 
chain length of the 225 RNA of Fig. 9 was found to be 
1-28 that of HeLa 16S RNA. 

This transformation may be the basis of variation m the 
measured chain length of 28S r RNA. It is possible that 
transformation of 285 r RNA to 22S RNA during prepara- 
tion involves the exposure of one hidden end group, and 
that reversion to a form sedimenting with unaltered 289 r 
RNA does not prevent enzyme attack at that position. 
Alternatively, exposure of a hidden end group may 
precede the change in sedimentation properties. 

The formation of 225 RNA (Figs. 8 and 9) does not 
involve concomitant production of material sedimenting 
re slowly than 16S. It 1s therefore likely that formation 
22S RNA from 28S r RNA is purely a conformational 
pge. If formation of 225 RNA involves the exposure 
g.tudden end group the predicted mean chain length 
NA is 1:33 that of 169 r RNA, because RNA 
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equivalent to four of the constituent chains of 169 r RNA 
(Fig. 5) would be degraded at three end groups. This is 
im good agreement with the experimental value of 1-28. 
If 28S r RNA was circular (Fig. 5c) formation of 22S 
RNA would correspond to Ting opening. 

Transformation of H. coli K12 235 r RNA to material 
sedimenting close to 16S r RNA (Fig. 10) does not seem 
to mvolve chain breakage. This 1s consistent with the 
structure shown in Fig. 8d. 


Chemical Estimation of Chain Lengths 


The chain lengths of E. coli K12 239 and 16S r RNA 
measured by the periodate-C-isonicotanie acid hydrazide 
method™ are approximately 1,500-1,600 nucleotides’. 

i cells contain polysaccharıdes!? which interfere 
with the periodate-isonicotinic acid hydrazide method of 
estimating chain length. This interference can be reduced 
to low levels by extraction with 2M NaCl both before 
and after incubating the RNA preparation with bacterial 
a-amylase (B.D.H.) in 0-05 M trts/HCl buffer at pH 7-4 
containing 0-1 M NaCl and 3 x 10-8 CaCl,. Further sucrose 
density gradient sedimentation -of the RNA has only 
marginal effects on the results. As with rabbit reticulo- 
oyte® and E. coli RNA“, the chemical reactions have no 
appreciable effect on the sedimentation properties of the 
RNA. 


8,000 


4,000 







: 
L soo § 
3 4,000 
“4 
È g 
3 
12,000 


8,000 


10 20 30 


Tube No. 


. Sucrose rig gradient sedimentation, in the conditions 
given im the legend to . 4, Of radioactive H r ENA (O) and 

ormed HoLa r RNA (@). The samples were: (a) oactive 
HoLa 16S r RNA and ormed HeLa 165 r RNA; radioactive 
HeLa 285 r RNA and transformed HeLa 168 r RNA; 


HeLa 285 r RNA and transformed HeLa 285 r RNA. The chain lengths 
are expressed relative to radioactive 165 r RNA. 
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The chain length of HeLa 289 r RNA measured by 
this method is equal to that of the 16S r RNA; both are 
ın the region of 2,000-2,400 nucleotides. This valus agrees 
with the data of Hunt’, who found that 1 mole of iso- 
nicotinic acid hydrazide reacted with approximately 10° g 
of rabbit reticulocyte ribosomal RNA. His results also 
suggest that 289 and 169 r RNA have similar chain 
lengths as measured by reactive end groups. These data 
suggest that only half of the end groups of animal cell 
RNA shown in Fig. 5c are reactive. This 1s anomalous 
because the 3’ end groups of animal cell r RNA are thought 
to consist largely of normal nucleosides which would be 
expected to react. 

Tt is difficult to magine that a terminal nucleoside 
reacting with sodium periodate would not react with 
isonicotinic acid hydrazide, so that any block to these 
reactions is more likely to occur at the first stage. Con- 
sequently, I examıned the effect of sodium periodate on 
the 3’ termunal end groups of total ribosomal RNA. 

RNA washed with cold 0:2 M HClO, was degraded in 
0-5 M KOH at 37° C for 18 h. Nucleosides were separated 
from orthophosphate esters by two passages through 
columns of DEAE ‘Sephadex 4-25’. Orthophosphate 
esters were eluted with 1 M HClO.. Ultraviolet-absorbing 
mpurities were largely separated from the nucleosides 
by ethanol precipitation. It was convenient to separate 
uridine from other nucleosides by passage through a 
column of AG 50x4 resin (California Biochemicals) at 
pH 1:5. The bound nucleosides were eluted with 
0-5 N NE, solution. The nucleosides were finally purified 
for estimation of ultraviolet absorption by chromato- 
graphy on columns of AG 1x4 resin (California Buio- 
chemicals). Uridine was eluted m 0-1 per cent w/v sodium 
tetraborate, 0-2 per cent w/v NH,Cl. Adenosine and 
cytidine were eluted with 0-1 per cent w/v sodium tetra- 
borate, 0-1 per cent w/v NH,Cl. 

End groups from unoxidized r RNA. of rat liver and 
Ehrlich-Lettré (mouse) ascites tumour cells consisted of 
adenosine, cytidime and undine; no guanosine was 
detected. The amounts of these materials indicated & 
mean chain length in the range of 1,400-1,600 nucleotides. 
The distribution of bases among the terminal nucleosides 
was different from that observed by Lane and Tamaoki? 
in mouse L cells. All the terminal nucleomdes isolated 
interacted with borate ions m ion-exchange chromato- 
graphy, confirmmg that they might be expected to react 
with sodium periodate. ‘Table 1 gives representative 
results. After oxidation, those end groups which may be 
isolated as nucleosides, and those which react with iso- 
nicotinic acid hydrazide, are mutually exclusive categories. 
These results aro consistent with a chain length of about 
1,200 nucleotides rather than 2,400 nucleotides. The 
chain length of 2,000-2,400 nucleotides was only obtained 
for r RNA isolated rapidly from small quantities of tissue. 
Where RNA was isolated from the larger quantities of 
material, necessary for identification of the end groups, 


Table 1. 8-OH THRMINAL RESIDUES OF RIBOSOMAL RNA 
Percentage of the total end groups 


accounted for by Overall 
RNA Isonicotunic chain 
Adenosine Oytidine Uridine acid length 
hydrazide 
Rat liver 36 5 14:9 486 — 1,550 
Oxidized rat 
liver 0 02 — 99 98 1,220 
Lettré ascites 83 6 28-4 48-0 — 1,460 
Oxidized Lettré 
ascites 17:9 10:8 15 69 8 1,800 


Recoveries of terminal nucleosides from sodium. 
-unoxidized ribosomal RNA. RNA was extrac from Ehriich—Le 
ascites tumour cella by the method used for HeLa cells. Ten adult rat livers 
were blended for 1 min in 250 ml, of ice-cold 0-2 M NaGlO,. 80 ml. of water- 
saturated phenol was added and blending continued for 5 min After centri- 
fogation 4 volumes of cold ethanol was added to the supernatant. The 

recipitate was extracted with phenol saturated water and isolation of 

NA continued as desorbed for HeLa cells. ATkali dation and reaction 
with sodium periodate and isonicotinlo acid hydrazide were performed as 
described in the text. 


odate-oxidized and 
ttré 
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Fig. 8. ta Shows total HeLa r RNA on suciose gradient sedimentation 
in 01 M NaCl, 001 AL trs/HCI pH 74, 5x1 M AgCl, for 18 h at 
24,000 r.p.m ın a Spinco W 251 rotor. Tho bracketed fractions of 
285 r RNA were combined and ethanol recipitated. (b) Shows the 
sedimentation of this 289 r RNA in a fur sucrose density gouent 
contamıng 0 05 M NaC}, 001 M t::8/HC] pH 7-4, 2x10" dium 
ethylenodiaminetetraacetic acid, 22,000 r.p.m.° 18 h. The RNA was 
ethanol precipitated. (c) Sedimentation as in (b) was repeated. The 
arrows mark tho position of a 16S r RNA peak in gradients run in parallel. 


the preparation took longer and the chain length, 
estimated by reaction with sodium periodate and 180- 
nicotinic acid hydrazide, was reduced. All three methods 
are now In agreement, giving & mean chain length of 
about 1,200 nucleotides for the ribosomal RNA of anımal 
cells, The materials protecting certain end groups from 
oxidation appear to be labile during the early stages of 
RNA preparation and are susceptible to alkaline degrada- 
tion. ‘The variation in reactivity with sodium periodate 1s 
inversely related to the recovery of adenosine and cytidine 
reaidues. The uridine residues were almost completely 
destroyed by oxidation. This suggests that where the 
RNA from the ascites tumour has not lost its protection 
against sodium periodate, the uridine residues, which 
account for almost half of the total 3’ termm, bear the 
main weight of the attack. 

The structural model proposed for animal cell ribosomal 
RNA (Fig. 5a, b and c) extends that of Petermann and 
Pavlovec’ for ribosomes themselves, but it does not agree 
with their model of rat liver RNA™. Structure 6 
proposed for Æ. colt mbosomal RNA is similar to th 
suggested by Midgley’. 

With all three methods I have used, hidden end 
complicate interpretation of the results. Steric hj 
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seems to have an effect in enzymatic degradation, and 
chemical variation of end groups affects both alkali 
degradation and the periodate—isonicotinic acid hydrazide 
reaction. Hach method used here, however, gives a value 
for the minimum possible particle size. Where all three 
methods agree, it is likely that the mean subunit chain 
length will have been found. 

If my estimates of mean chain lengths of mammahan 
and bacterial r and rl RNA are accepted, their inter- 
relationship presents a difficulty. One would expect those 
cellular features most closely connected with growth and 
reproduction to be the most resistant to evolutionary 
change. Thus is difficult to reconcile with the exstence 
of important differences between the structural organiza- 
tion of ribosomal RNA ın bacterial cells ag opposed to 
animal cells. It would seem more reasonable to suppose 
that this difference is trivial and that the relationship 
between ribosomal and rapidly labelled RNA is basically 
the same in both instances (Figs. 5c and 6). 238 r 
RNA of E. coli B shows. on enzymatic degradation, 
a cham length equal to HeLa 16S r RNA. The relation. 
ship between the mean chain length of E. cos B 
23S r RNA and H. coli K12 239 r RNA is thus similar 
to that between HeLa 225 RNA and HeLa 289 r RNA. 
This suggests that the 235 r RNA particles of H. coli B 
consist of one RNA chain of about 1,600 nucleotides and 
two others averaging 800 nucleotides each. It is not 
certain whether this is a true structural difference between 
the strains. It is posstble that the 50S ribosomal subunit 
of E. coli B 1s subject to endonuclease attack durmng 
preparation. 
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Fig. 9. BNA from two HeLa pre tions sedimented under conditions 
ven in the legend to ae 4, 

ormed 285 (a) and 169 (c) r RNA from a single 

adient (b) contained 22S RNA obtained from a erent preparation 

of 28S r RNA treated according to the legend to Pig. 8. 
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Fig. 10. Radioactive RNA from E. coli K12 Hfr cells (©), sedimented 
in the conditions given in the le d to Fig. 4 ether with HeLa 


tog 
BNA (@). The samples were: (a) ala 285 r RNA, y transformed 
E. coh 288 r RNA; (b) Hola 285 r RNA, E. coli 169r RNA; (e) Hela 
16S r RNA, E. ooh 185 r RNA, 


It may be that in both E. coli and anımal cells, the 
capacity of three 3’ end groups per mbosome to react 
with sodium periodate is not coincidental. Æ. cols 16,9 
r RNA, for example, could be made up of two chains 
such as are found ın its rapidly labelled RNA, and linkage 
of these chains could provide a mechanism for blocking 
a non-functional end group. 

A second mtriguing feature of my data is that the 
relationship between the mean chain length of rapidly 
labelled RNA and ribosomal RNA 18 apparently so simple. 
Rapidly labelled RNA is not considered to consist en- 
tirely, or even largely, of mbosomal RNA precursors. 
There are, however, certain similarities to be seen between 
rl RNA, r RNA and r RNA precursors in Æ. coli2#—0, 

The work of Tamaoki and Lane‘ and my experiments 
suggest that rapidly labelled RNA is not synthesized as 
giant molecules, which are then cut to size, but as shorter 
chams which are linked together to form polymeric struc- 
tures. Samarma et al.*1 have suggested that a single 
long RNA chain is associated with a number of protem 
particles, and that the RNA is most probably found on 
the surface of these particles. The 305 particles, ‘‘in- 
formofers”, may be separated by the action of traces of 
ribonuclease, and ina et al. suggest that this disso- 
ciation is brought about by hydrolysis of short RNA 
bridges. When the material is prepared in the absence of 
a mbonuclease inhibitor, the greater part of the material 
18 recovered as 30S particles, from which 8-55 RNA may 
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be isolated. These expermments can be reconciled with 
those presented here by postulating rapid investment of 
the individual RNA subunits in protein. A similar distri- 
bution of protem may account for the discrete changes 
observed in the sedimentation of RNA isolated from 
ribosomes that have been subjected to mild mbonuclease 
attack. ‘The sedimentation changes observed by Fenwick” 
in E. colt 235 r RNA seem to parallel the effects of trans- 
formation in anımal cell 28S r RNA, suggesting a structural 
correspondence between tho two. Such a pattern would 
be expected if the chain junctions in Fig. 5e were particu- 
larly susceptible to the enzyme. 

The nature of the linkages between subunits is obscure. 
A number of authors have implicated divalent metal 1008 
in the transformation of RNA revealed by changes in 
sedimentation!*17.33, but hydrogen bonding does not seem 
to be an important factor**. And there is no reason to 
think that all linkages between subunits are identical] ın 
either mbosomal or rapidly labelled RNA. Indeed, the 
structure of E. colt ribosomal RNA proposed m Fig. 56 
would preclude this. 

At the degree of resolution so far attained, there seems 
to be a uniform subunit structure in both rapidly labelled 
and ribosomal RNA. This imphes a corresponding pattern 
in the DNA. It may be that the existence of short, single 
stranded chains found during DNA replication?” correlates 
with the occurrence of the RNA subunite suggested by the 
present work. 

I thank Professor H. Harris for his helpful comments 
and support, and Dr M. L. Fenwick for his advice on the 
preparation of RNA from E. colt. Mr D. Morley helped 
with the experiments. 
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Biosynthesis of Glycoproteins and its Relationship 


to Heterogeneity 


In glycoproteins the amino-acid sequence of the polypeptide chain 


b is determined by the usual tem 
y addition of sugar residues to t 
however, Is directed by highly s 
This probably accounts 
groups within a single species of glycoprotein molecules. 


A. GOTTSCHALK 


Max-Planck-Institute for Virus Research, 
Tubingen, West Germany 


GLYCOPROTEINS are naturally occurring compounds in 
which carbohydrates and proteins are covalently linked. 
Their chemical composition reflects the whole spectrum 
of the natural monosaccharides and amino-acids, the 
weight ratio of carbohydrate to protein varies widely 
(from 0-006 to 5-7), their molecular weights range from 
16,000 to several millions, but they all have the same 
fundamental structure: a polypeptide chain or chains to 
which are linked one or more carbohydrate (prosthetic) 
groups!. These groups are invariably either hetero-oligo 
or heteropolysaccharides of molecular weight 512 to about 
3,500 with no recognizable repeating unit and of pre- 
dominantly branched structure. The reducing end of the 
heterosaccharide is linked O-glycosidically to peptide- 
bonded serie or threonine? or hydroxylysine® residues or 
N-glycosidically through peptide-bonded asparagine’. 


late mechanism. The stepwise 
e growing carbohydrate chain, 
ecific but not unfalling transferases. 


for the heterogeneity of carbohydrate 


One of the most intriguing aspects of glycoprotein 
research 18 the biosynthesis‘. There seems to be little 
doubt that the protem part is synthesized by the orthodox 
RNA template mechanism, and there ıs also a near 
consensus of opinion, based on fairly good evidence®-*, that 
glycosylation takes place after synthesis of the complete 
polypeptide chain. 

Dunng recent years much attention has been paid to 
the intracellular site of the synthesis of the carbohydrate 
portion of the glycoprotein and to 1ts attachment to the 
polypeptide chain. Using labelled N-acetylglucosamuine, 
galactose, mannose and sialic acid as markers, the follow- 
ing picture has emerged. Attachment of the first sugar ' 
residue—in the tissues investigated invanably N 
acetylglucosamine—might occur when the polypepti? 
chain remains attached to the polyribosomes®:?°; 
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question needs further investigation, however (for review 
see ref. 11). In the rat liver galactose, mannose, more 
N-acetylglucosamine and sialic acid are added to the 
polypeptide at the rough and smooth membranes of the 
mıcrosomes after the polypeptide has been released from 
the ribosomes and passes through the channels of the 
endoplasmic reticulum on its way out of the cell#11-14, 
Similar subcellular incorporation sites for labelled Dp- 
glucosamme ım the biosynthesis of glycoproteins have been 
described for rat intestinal mucosa" and for tissue cultures 
of chick embryo fibroblasts. 

Using lymph node cells D’Amico and Kern” found that 
incorporation of “C-labelled galactose into an endogenous, 
specifically coprecipitable, gamma-globulin occurs at the 
rough membranes of the microsomes, whereas N-acetyl- 
neuraminic acid and probably most other sugar residues 
are added to the growmg carbohydrate chain in the cyto- 
plasm surrounding the endoplasmic reticulum. Thus the 
bulk of the gamma globulin, isotopically labelled in its 
protem moiety, was isolated ın the microsome fraction, 
whereas more than 90 per cent of the globulin, labelled 
only in the carbohydrate moiety, was restricted to the 
particle-free cell sap?*. The polypeptide chain is synthe- 
sized at the mbosomes without any lag period, whereas 
the aseembly of the carbohydrate group requires a period 
of 15-20 min. 

Evidence for the stepwise addition of sugar residues has 
been provided chiefly by work in Roseman’s laboratory. 
Roseman et al. have isolated and purified a series of mono- 
saccharide glycosyltransferases each of which transfers 
one type of sugar residue from the corresponding sugar 
nucleotide either to the functional group of the side 
chain of a peptide-bonded amino-acid residue or to a 
monosaccharide unit already present (for review see 
ref. 19). 

An N-acetylgalactosaminyl transferase obtained from 
sheep submaxillary glands transfers the amino sugar from 
its UDP derivative to the polypeptide cham of ovine 
submaxillary glycoprotein freed of its carbohydrate. 
The enzyme is highly specific with regard to the acceptor 
molecule. Of some fifty potential acceptors, only the 
polypeptide of the ovine submaxillary glycoprotein was 
active. On the basis of the alkali-lability of the glycosidic 
Imkage formed ıt was assumed that the amino sugar was 
transferred to serme and/or threonime residues of the 
polypeptide chain (see refs. 20 and 21). Recently, however, 
Hagopian end Eylar** showed that the basic protem 
encephalitogen from bovine spinal cord, which 1s carbo- 
hydrate-free, also acts as acceptor for N-acetylgalactos- 
amine transferred from 1te UDP compound by a polypep- 
tidyl: N-acetylgalactosamine transferase purified from 
bovine submaxillary gland membranes. The transferred 
amino sugar was found to be O-glycosidically linked to 
peptide-bonded threonme residues. The importance of 
the size of the acceptor was demonstrated by a 60 per 
cent loss of activity after trypsm digestion of the sub- 
maxillary glycoprotein and by a complete loss of activity 
after pronase treatment of the spmal cord protein. 

Another relevant observation was made by Spiro and 
Bpiro*. They prepared an enzyme from rat kidney cortex 
which transferred a galactosyl residue to the OH group of 
hydroxylysine in glomerular basement membrane and 
collagen. Free hydroxylysine or hydroxylysine present 
im small peptides was not active as acceptor. Another 
enzyme from the same tissue transferred a glycosyl 
residue from UDP-glucose-“C to hydroxylysine-linked 
galactose. Acceptors included galactosyl-hydroxylysine 
and galactose linked to hydroxylysine in small or large 
peptides. Butler and Cunnmgham? have presented 
evidence that the disaccharide glucosylgalactose of tropo- 
collagen 18 linked O-glycosidically to a hydroxylysine 
residue in the unusual sequence -Gly-Met-Hyl-Gly-His- 


Sialyltransferases' transfer N-acetyl or N-glycolyl- 
euraminic acid from CMP-sialic acid to acceptors con- 
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taining terminal “galactose, N-acetylgalactosamime or 
sialic acid residues (the latter only in ganghosides). These 
transferases are highly specific not only for the type 
of sugar they transfer but also for the acceptor molecule. 
This is well documented by the following observation: 
the sialyl transferases obtained from goat colostrum trans- 
fers N-acetylneuraminic acid from its CMP compound 
to the terminal galactose residue of lactose, N-acetyllactos- 
amine and desialysed glycoproteins prepared from a,-acid 
glycoprotein and fetuin. The rate of activity of the enzyme 
18 strongly mfluenced by the nature of the penultimate 
sugar (glucose or N-acetylglucosamine) and by the position 
of the carbon atom in N-acetylglucosamme to which the 
galactose residue ıs linked (the galactosy] (8, 1+4)-N- 
acetylglucosamme and the 6, 1—>3 and 8, 1—6 position 
1somers were tested). 

Further examples of the specificity of transferases for 
the acceptor molecule come from studies on the biosynthe- 
sis of blood group specific structures. Thus an N-acetyl-c- 
D-galactosaminyltransferase found ın the milk of women 
of blood group A or AB and in preparations from human 
submaxulary glands of group A or AB donors trans- 
fers N-acetyl[“C]galactosamme from UDP-N-acetyl[#C]- 
gealactosamine to the galactose residue (most probably at 
C;) ın 2’-fucosylgalactose (O-a-1-fucosyl-(1—2)-galactose), 
in 2’-fucosyllactose (O-a-L-fucosyl-(1—2)-0-8-p-galactosy!- 
(1-+4)-p-glucose) and in lactose-N-fucopentaose I (O-a-L- 
fucosyl - (1—2) - O - B -D - galactosyl - (1—3) - N- acetyl - B-D- 
glucosamınyl- (1—>3)-O -B-D -galactosyl- (1—4)-D -glucose). 
Thedıisacoharıdes 3-0-8-p-and 4-0-B-D-galactosyl-N-acety]- 
glucosamine and lactose, the trisaccharide 3’-fucosyllac- 
tose and the pentasaccharide lacto-N-fucopentaose II (in 
which the 1-fucose residue 1s attached to the penultimate 
N-acetylglucosamine) do not serve as acceptors, indicating 
that substitution of the accepting galactose residue at 
carbon atom 2 by L-fucose 1s a substrate requirement of 
the transferase™)?5, An enzyme with the same specificity 
requirements, present ın milk from individuals with blood 
types B or AB, transfers D-galactose from UDP-galactose 
to the galactose residue of the above acceptors*®. 

It would appear from these data that the transferases 
catalysing the transfer and binding of a sugar residue to 
peptide-bonded serine, threonine or hydroxylysine exhibit 
a high specificity for stretches of the amino-acid sequences 
containing the acceptor amino-acid. It must be concluded 
that in the spinal cord protem there is an amino-acid 
sequence around a threonine residue which 1s very similar 
to or identical with the sequence m the natural acceptor 
bovine submaxillary glycoprotem. The transferases 
elongating the carbohydrate chain are also highly specific. 
Ther substrate requirements are not satisfied by the 
presence of the correct ultimate sugar residue in the correct 
anomeric configuration, but include also the penultimate 
residue (monosaccharide and amino-acid respectively). 

At present the possibility that di or trisaccharides 
can be added to the growing carbohydrate cham ıs not 
excluded. UDP-disaccharides and trsacchandes have 
been isolated from the secretaons of birds and mammals?”, 
but so far enzymes transferrmg these oligosaccharide 
residues to potential acceptors have not been found. 

There is no evidence that the sequence of the sugar 
residues ın the carbohydrate group of glycoprotems is 
determined by an RNA-template mechanism. It must 
therefore be assumed that the high degree of transferase 
specificity, described here, directs the lnkeage sugar to 
the correct amimo-acid residue within the peptide chain 
and determines the sequence of the sugar residues and 
the branching pomts in branched structures‘. Ambigui- 
ties in the translation of the genetic code have been 
described for the protem-synthesizing systems of Escheri- 
chia colt and of rabbit reticulocytes, and the suggestion 
has been made that the different species of heemoglobulm 
molecules in the same strain of animal are the producte 
of the same gene and arise as a result of ambiguities at the 
translational level**. On the whole, however, the template 
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mechanism of protein synthesis operates with a high degree 
of accuracy. 

Enzymatic, non-ribosomal mechanisms cannot claim 
the same degree of exactness. This is clearly demonstrated 
by some products of Baotllus brevis, an organism which 
produces the antibiotic tyrocidine, a cyclic decapeptide, 
by a non-template mechanism**. The synthesis of tyroci- 
dine ıs unaffected by inhibitors of protem synthesis and 
does not depend on the continuous synthesis of RNA. 
Three forms of tyrocidine, A, B and C, have been described ; 
they differ from each other by single amino-acid substitu- 
tions involving phenylalanine and tryptophan? (see Table 
1). The synthesis of the different molecular forms of 
tyrocidine 1s apparently influenced by the environmental 
concentration of the amino-acids involved ın these substi- 
tutions. Thus the addition of u-phenylalanine to the 
culture in minimal medium resulted in the almost exclusive 
synthesis of tyrocidme A. When L-tryptophan was added 
to the minimum medium, a new tyrocidine D was pro- 
duced which contamed three tryptophan residues and no 
phenylalanine*. Mach and Tatum"! have suggested that 
these small polypeptides are synthesized by an ordered. 
stepwise addition of ammo-acids directed by a series of 
specific enzymes, perhaps in a multienzyme complex. 
Gevers, Klemkauf and Lipmann?! have recently shown 
that in the non-template biosynthesis of gramicidin S the 
component amino-acids are activated with ATP by en- 
zymes which, though carboxyl-activatmg synthetases, 
are distinct from the ammoacyl--RNA synthetases. The 
heterogeneity of the tyrocidines shows that the enzymatic 
mechanisms involved ın their synthesis cannot distinguish 
between two structurally related amimo-acids with absolute 
specificity. 








Table 1. STRUCTURES OF TYROOGIDINES A, B, O AND D 
A B c D 
Torn J-leu: -pne mae PaaS say 
oe va aepeo oe tayo 
L-tyT L-phe aires chi aad 
| | 
L-gluNH,—1L-aspN H,—pD-phe —D-phe —D-phe —D-try 


Biosynthesis of the carbohydrate groups in glycoprotems 
18 probably of the enzymatic, non-ribosomal type. The 
observed heterogeneity of the carbohydrate groups within 
a single glycoprotein species may be the result of this 
mechanism. The composition of the single olgosaccharide 
prosthetic group of ovalbumin 1s not identical m. all ovalbu- 
min molecules"*. The ratio of the two constituent types of 
sugar, mannose and N-acetylglucosamine, varies from 
2-6 to 1-1. In bovme pancreatic ribonuclease B (ref. 34) 
a single carbohydrate group 1s linked glycosidically to 
asparaginyl in the sequence -Asp(carbohydrate)-Leu-Thr- 
Lys-. Again the carbohydrate consists only of mannose 
and N-acetylglucosamine in ratios varying from 3 to 2-5. 
In tropocollagen most of the ten constituent hexoseresidues 
are linked to hydroxylysine as disaccharides of the struc- 
ture O-a-p-glucosyl-(1—2)-p-galactose. One or two 
hydroxylysine residues, however, are glycosylated by the 
monosaccharide galactose only**. Heterogeneity of the 
carbohydrate groups has been reported for many more 
glycoproteins, among them «,-acid glycoprotemn**, fetuin®’, 
transferrin®*, thyroglobulin**, blood-group specific sub- 
stances*®, human immunoglobulins A and G“ and human 
ceruloplasmin‘?. Other factors, such as enzymatic degra- 
dation, may also contribute to this heterogeneity. 

Little mformation is available on the chain-terminating 
or breaking factor(s) active m the biosynthesis of the 
carbohydrate groups. When sialic acid and fucose are the 
terminal non-reducing ends of linear carbohydrate chains, 
as they are in ovine submaxillary glycoprotem and in 
a,-acid glycoprotein, they may act as terminating signals. 
When, however, sialic acid and fucose are attached as 
branches to the main chain, the chain may grow even 
after glycosylation of one of its units. Another signal 
may be provided by the anomeric configuration of the 
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terminal sugar residue. Thus it 1s known that in human 
blood-group A and B substances the terminal residues 
N-acetylgalactosamme and galactose respectively are in 
a-D-configuration, whereas the other sugar residues m 
these two substances, as far as is known, are ın £-D- or 
«-L-configuration*®. 

The regulation of glycoprotein synthesis 1s a completely 
open question. There ıs suggestive evidence that the 
pool size of the required sugar nucleotides is controlled 
by a feedback mechanism**. 


Recerved December 23, 1968 
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RNA from the bacteriophage R17 can be specifically 
fragmented by an enzyme preparation (RNase IV ) to 
yield a 40 per cent fragment containing the 5’ end of the 
RNA and a 60 per cent fragment from the 3’ endi. 
When used as messenger RNA for in vitro protein synthesis 
the 60 per cent fragment is able to direct synthesis of 
the R17 RNA synthetase protein while the 40 per cent 
fragment is not}, The RNA synthetase cistron must 
therefore reside in the 60 per cent fragment. The location 
of the coat protem cistron is not unequivocally shown by 
these experiments, because both fragments direct synthe- 
sis of some coat protein-lke material but with a low effic1- 
enoy. We failed to detect significant in vtro synthesis 
of the third R17 protein (the A assembly protein) so the 
location of this cistron was not revealed. 

Another property or function of R17 RNA is the bind- 
ing of coat protein molecules?. Some of the coat protem 
made during R17 RNA directed in vitro protein synthesis 
remains bound to the R17 RNA and sediments with it 
at 305S (ref. 2). It was subsequently shown that isolated 
RNA and coat protem of phage MS2 can mteract to form 
two sorts of complexes?. When a few molar equivalents of 
coat protein are mixed with an equivalent of RNA, from 
one to aix molecules of coat protem bind to each RNA 
molecule forming a complex (I) that sediments at the 
same rate as the free RNA®, When the ratio of coat 
protem to RNA ıs increased, another kind of complex (IT) 
18 formed, which 1s phage-like but not infectious. 

The interaction between coat protem and RNA has 
been implicated in control of translation because incuba- 
tion of phage RNA with 5-20 moles of coat protein per 
mole of RNA reduces the messenger activity of the RNA 
in an in vitro protem synthesizing system and depresses 
synthesis of RNA synthetase*-*, Tho fact that certain 
amber mutants of the coat protein cistron of f2 over- 
produce RNA synthetase supports the notion that in 
the infected cell the coat protein may specifically inhibit 
production of RNA synthetase’. 

Here we report that, ın the ionic environment néeded 
for in vitro protein synthesis, 1 mole of coat protem binds 
specifically and tightly to 1 mole of RNA. The specific 
binding site for coat protein 1s confined to the 60 per cent 
fragment coming from the 3’ end of the RNA and may be 
the site at which coat protem acts as a repressor for 
RNA synthetase. 


Characterization of Fragments of RI7 RNA 


R17 RNA, partially degraded by RNase IV and frac- 
taonated on sucrose gradients, yields three peaks: 269. 
RNA which sediments like the origmal R17 RNA, a 225 
fragment and a 15S fragment (see Fig. 1). The 15S frag- 
ment contains pppGp—— and thus comes from the 8’ 
end of the RNA}. Fig. 1 shows evidence of the homo- 
geneity of such fragment preparations. The 26S RNA 
re-isolated after partial degradation contains a variable 
amount of degraded RNA (Fig. 1b). The 22S fragment 
preparation is slightly contammated with 15S (Fig. lc), 
while the 15S preparation is essentially homogeneous 
(Fig. ld). The mobility of RNA in these conditions 18 
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A 60 per cent fragment of RI7 RNA from the 3’ terminated end 
contains a binding site which specifically binds one molecule of 
RIZ coat protein. This may be the binding site involved In the 
inhibition of translation of the RNA synthetase cistron by coat 


inversely proportional to the log of molecular weight’. 
Taking the molecular weight of native R17 RNA as 
1-1 x 10° (ref. 9), and using Æ. coli ribosomal RNA as a 
reference, we calculate from Fig. 1 that the molecular 
weight of the 22S fragment 1s 660,000 + 10,000 and of the 
15S 18 430,000 + 10,000. 

To measure the molecular weights ın the absence of 
secondary structure and, more important, to look for any 
possible hidden breaks in the RNA, samples treated with 
formaldehyde were analysed as described by Boedtker! 
except that sucrose density gradients were used instead of 
free sedimentation in the analytical ultracentrifuge (Fig. 
2). In formaldehyde the native R17 RNA sediments at 
only 13-89 because of the loss of its secondary structure’. 
The **P marker RNA in each gradient of Fig. 2 shows only 
slight tailing, which indicates that very few molecules 
contain hidden breaks. The two RNA fragment prepara- 
tions also have relatively homogeneous peaks showing 


ODse 





Distance from origin (cm) 


Fg. 1. Electrophoresis of R17 RNA and its fiagments a, Native R17 
RNA, b, 26S A Te-isolated after partial Qegrada sian by RNase IV, 
c, 229 ent RNA, d, 15S ent RNA The anode is to the 


left and migiation is fiom 1ight to left. The electrophoresis on 2 6 per 
cent pol lamide gels was acco to Bishop et al.*, using about 
15 ug o: RNA per gel and scanning the gels with a modifled Gilford 
spectrophotometer at 260 mz R17 RNA and RNase IV Le oar ee 
and the conditions for RNA fragmentation have been described'. After 
RNase TV treatment sodium dodecyl sulphate and phenol were used to 
stop the degradation and extract the A and its fragments. 
eral paca T a ENA pana AP gen geroes 
en chons er on Totor for Spinco 
aa L-2, 6-20 per cent fu a 0 NA, 0 O1 M sodium acetate, 
pH 46, for 17 h at 27,000 r.p.m.). The RNA was then precipitated 
with ethanol and redissolved in 0 001 AL sodium acetate, pH 46, and 
stored frozen. 
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Fig. 2, Sedimentation of formaldehy 
, 2639 BNA re-isolated after parti 





to left. Formaldehyde treatment was carried out as described by Boedtker?’. 
radon. QH 8 5), is made 3 per cent in formaldehyde and heated to 63° O for 15 min, then cooled in ice 


ta. gradients contained 01M sodium 
ntrifugation was for 65 h, 4° ©, 50,000 r.p.m., 
determined on each fraction. 


that they, too, have very few breaks. On the other hand, 

re-solated 26S RNA conteins hidden breaks (Fig. 2a). 
From the relative sedimentation rates m Fig. 2 and the 

empirical equation relating sedimentation rate in form- 
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as a marker (1 gg), plus 50 ug of: 

tRNA. Sedimentation is from right 
The RNA sample, prem ee dogger in 01M sodium 
ore centrifugation on sucrose 


hosphate buffer, 1 M formaldehyde and RNase free (Mann) sucrose (5-20 per cent). 
r whioh drops were collected from the bottom of each tube and *P and 
The 3*P labelled R17 RNA was prepared as 


aldehyde to molecular weight (Siow=0-05 M°*)? we 
calculate the fragment molecular weights to be 640,000 + 
40,000 and 430,000 + 40,000 for the small fragment. (The 
relative sedimentation rates are caloulated assuming a 
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Fig. 3. Binding of coat protein to natave R17 RNA. a, In ut ratio of coat protain to BNA in molar e 


10, input ratio 10 0. 
run for 25h at 50,000 r.p.m. and 4° O. 7H leucme lab 


ice at a concentration of lesa than 8 mg/ml. in 0-001 M acetio acid. 
It is possible, however, to keep the phage: 


RNA (85 jg) wms sadod to O imal o 


buffer at 4° C. 
were lay on sucrose gradients and cen 
a 


The sucrose gradients in TMK buffer (0-01 M magnesium acetate; 0 01M tris, pH 7-5; 0 08 M potassum 
coat rotein Was prepared ss dosotibod by eae 
coat pro retained its ability to bind to the RNA for 
suspension on ice for several wee needed. The “P 
The appropriate amount of coat protein was then added and 10 min later samples 
trifuged. The fractions were collected 
‘ties were: *H eoat protein: 85 c.p.m./uaM; **P RNA: 290 c.p.m./upeM. 


valents 0 40; b, input ratio 1 0; 
chloride) were 
ama st al." and was stored on 


and extract coat protein when 
onto Whatman GFB filters, dried and counted. The specific 
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0 1 5 10 
uM coat protein added per uM R17 RNA 
Fig. 4. Binding of coat protein to native RNA-(saturation curve). 
The ratio of coat protein RNA in the peak fraction of the sucrose 
gradients in Fig. 


3, and of many other sucroge gradfents run in parallel, 
1s plotted as a function of the varying input ratio of coat protein to RNA. 


dinear relationship between distance sedimented and S 
valuet, These calculated S values agree with those 
determined by analytical centrifugation of the fragments 
in formaldehyde. This compares very well with the 
estimates of 660,000 + 10,000 and 430,000+ 10,000 from 
the electrophoretic mobilities. We conclude that the 
fragments are intact, relatavely homogeneous ın size, and 
that they represent 40 per cent and 60 per cent pieces of 
the original R17 RNA. 


Binding of Coat Protein to Native RNA 


Coat protein extracted from purified R17 phage forms 
& complex with purified R17 RNA in the same way that 
M82 RNA complexes with MS2 coat protein’. The 
characteristics of the binding, however, depend on the 


*H Leu c.p.m. (x10) O---O 


10 
Fraction No. 
Input ratio of coat protein to RNA fn molar pqnivälenta: a, 20; b, 100; o, 200. 


Formation of complex IL 


Fig. b. 
Fig. 3 but for 70 min; o the conditions are as in Fig. 3. 
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ionic environment. In 0-1 M tris buffer 1-6 coat protein 
molecules bind per RNA molecule, but in more physio- 
logical conditions we find a more specific binding. Fig. 3 
shows the bindmg of *H leucme labelled coat: protem to 
3P labelled RNA at input ratios of.0-4, 1-0 and 10-0 coat 
protem molecules per RNA molecule in the ionic environ- 
ment needed for tn vitro protein synthesis; that is, m a 
buffer contaming 0:01 M magnesium acetate, 0-08 M 
potassium chloride and 0-01 M tris at pH 7:5 (TMK 
buffer). The bound coat protem sediments with the RNA 
(complex I) at the same rate as free RNA (305 in TMK). 
From the ratio of °H to "P we can calculate the ratio of 
coat protem to RNA in the complex. When the ratio of 
coat protein to RNA in the mixture is 1-0 or lower, essen- 
tially all of the coat protein sediments with the RNA. At 
higher ratios a large proportion of the coat protein. 
molecules sediment between the complex and the meniscus. 
Control experiments show that, in absence of RNA, all 
of the coat protein stays at the meniscus. This suggests 
that ın addition to the strong mteraction of some coat 
protein with the RNA there is some weaker binding 
between RNA and more coat protein, which is washed off 
during centrifugation. Fig. 3c shows an extreme example 
of this where the input ratio was 10. In this case the ratio 
of coat protein to RNA found in the peak (1-58) is some- 
what elevated due to the excess coat protein bemg washed 
off. 

From similar experiments with varymg input ratios we 
constructed a saturation curve relatang the wymoles of 
coat protein bound by a constant amount of RNA to the 
increasing input ratio of coat protem to RNA. Fig. 4 
shows that such a curve is biphasic. The initial slope 
represents strong binding that saturates at one coat 
protem per RNA molecule. The second shallow slope 1s 
due to the weaker binding of additional coat protein 
molecules, most of which are removed durmg sucrose 
gradient centrifugation. The saturation value of unity 
suggests that each RNA molecule has one specific binding 
site that can bind one coat protem molecule. It 1s, how- 
ever, conceivable that, for example, 50 per cent of the 


w 
“P c.p.m. (x10) e—@e 
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: *H coat protein: $4 C.p.mn./wuM; 


BNA: 16,200 
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Eig. 6. Binding of coat protein to 
A. The conditions are as in Fig. 


ratio of coat protein to RNA was 28 m all cases, on a molar basis assum: 


ts. a, 269 RNA re-tsolated after RNase IV treatment, b, 225 fragment RNA; c, 159 fragment 
except that unlabelled RNA was used and its concentration was determmed by OD. 


y A input 
molecular weights of 640,000 and 480,000 for the 229 and 15S 


fragments respectively. 


RNA molecules each have two binding sites while the 
rest have none. This seems unlikely but has not been 
ruled out. 

If the input of coat protein 1s greatly creased, complex 
I is converted to complex H (Fig. 5) which 1s presumably 
analogous to the phage-like particles formed in 0-1 M irist. 
In TMK as in tris the formation of complex I appears to 
be a cooperative interaction of the coat protein molecules 
because the RNA is found ın either one complex or the 
other with little sign of intermediates. This mmplies that, 
as additional coat protein molecules are added to complex 
I, stability increases, finally reaching a point where the 
protein survives the washing effect of sedimentation 
through sucrose. 


Binding of Coat Protein to RI7 RNA Fragments 


Fig. 65 and c shows that the 60 per cent fragment binds 
coat protein while the 40 per cent fragment does not bind 
any coat protein. Experiments simlar to those shown in 
Fig. 4 but performed with the 60 per cent fragment show 
that this fragment algo binds 1 mole of coat protein per 
mole of fragment. The re-isolated 269 RNA remaiming 
after RNase IV treatment binds very little (Fig. 6a) coat 
protein and, as we have shown, this material contains 
ludden breaks in contrast to the other RNA species. The 
extent of these breaks varies greatly from preparation to 
preparation as does the ability of the RNA to bind coat 
protem. Apparently the hidden breaks result in loss of 
the binding site which may reappear if the fragments are 
separated. This raises the possibility that secondary 
structure is mportant in determining the binding site. 

Possibly the Taing of coat protein at a single specific 
site on the RNA 1s an essential first step ın phage assembly. 
This does not, however, seem to be the case. If excess coat 
protein is added to the 60 per cent and 40 per cent frag- 
ments, both can form a complex II type structure. The 
small fragment that lacks the initial binding site can still 
bring about the condensation of protein as if it were on its 
way toward making a phage particle. 


Because coat protein has been implicated m the direct 
inhibition of translation of the RNA synthetase cistron, 
it is tempting to think that the single specific binding site 
we have defined is the site of this mhibitory actuon. The 
location, of both the binding site and the synthetase cistron 
in the 60 per cent fragment of the RNA 1s consistent with 
this notion, and Lodish*, using a fragment of f2 RNA 
from defective phage particles, has shown that the coat 
protem prevents synthesis of a formylmethionine peptide 
which 1s presumed to be the initial sequence of the RNA 
synthetase. Lodish’s result also implies that the coat 
protein sıte cf action 1s in the same region of the RNA as 
the synthetase cistron. But the discovery of one bmding 
site in “native” RNA and one in the 60 per cent fragment 
does not necessarily mean that the two sites are identical. 
It 18 conceivable that the secondary structure c. s 
involved in producing the 60 per cent and 40 per cent 
fragments lead to disappearance of one binding site and 
creation of another. We are now tr to discover 
whether the regions of native and fragment RNA to which 
the coat protein 1s bound have simular sequences. 
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the US National Science Foundation. M. F. was a 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Crab and Vela Pulsars 


WE have attempted optical observations of the Vela pulsar 
PSR 0833-45 (ref. 1) and measurement of linear and 
circular polarization in the Crab pulsar NP 0532 (refs. 2, 
3, and unpublished work of R. Lynds, 8. P. Maran and 
D. E. Trumbo) with a 74 inch telescope. 

The equipment comprised a photomultiplier type FW 
130 (S20) feeding pulses to a bank of ten scalers which 
were activated in turn for one-tenth of the pulsar period. 
Although this gave only limited resolution of the pulse 
shape, it was adequate for the purpose and had advantages 
in detecting faint objects. The accumulated counts were 
presented as vertical displacements on an oscilloscope 
the time-base of which was synchronized with the period 
to give a live display as the observation proceeded. A 
frequency synthesizer was not available, so the period was 
determmed by a vanable divider driven by a 5 MHz 
crystal oscillator the frequency of which could be changed 
to give a fine adjustment. The oscillator was contmuously 
checked by counting twice the frequency for 10 s intervals 
determined by an atomic clock. The timing of an observa- 
tion was interlocked with the period generator, ensuring 
that both the start and stop occurred only at the end of 
& period. 

Molonglo coordinates for PSR 0833-45 are Araso- o = 
8h 33m 39840568, 8ısoo=—45° 00 12°45" (A. J. 
Turtle, private communication). No star appears within 
this error box on a 90 min red (1038-E + RG2) exposure 
with the 50/65 om Schmidt telescope of the Uppsala South- 
ern Station, or on the Whiteoak extension of the Palomar 
Sky Survey. On February 19 and 20, 1969, we observed all 
stellar objects within about twice the error box of the 
Molonglo position. The detector period was set to the 
geocentric period‘ (~ 89:21 ms), and the integration time 
was 90 s; this gave about 26,000 counts per channel on 
the sky. None of the objects was observed to pulsate. We 
then covered the error box with integrations through an 
aperture 6 arc s square, which was shifted 3 arc s by the 
offset guider between integrations. For one position a 
possibly significant signal was received in one channel 
relative to the remaining nine. This position ıs a= 
8 h 33 m 39-0 s, 8= — 45° 00’ 08”. The signal was slightly 
higher than three times the r.m.s. scatter of the other 
nine channels about their mean. If the signal 1s not 
spurious but represents the optical counterpart of PSR 
0833-46, then this would have a brightness (integrated 
over the whole period) between 20 and 21 magnitudes, 
and would not show up on charts of the area. Further 
observations are planned to establish whether or not the 
signal is real. In any case, the limiting magnitude for our 
experiment is about 21. 

If we assume that PSR 0833-45 1s at the same distance 
as the Vela X supernova! (~ 500 pe), its absolute visible 
brightness integrated over the whole period 1s fainter 
than 12 magnitudes (the estimated absorption is about 
0-2 magnitudes (ref. 6)). Kristian’ has shown that OP 0960 
and OP 1133 have absolute visual magmitudes fainter 
than 19-3 and 18 respectively, for distances given by the 
frequency dispersion in pulse arrival times. The Crab 
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pulsar has absolute visual magnitude ~3 (unpublished 
work of R. Lynds, S. P. Maran and D. E. Trumbo). It 
seems clear that the visible hght output can vary from 
pulsar to pulsar by many orders of magnitude, which is 
consistent with the quantized synchrotron radiation theory 
of Chiu, Canuto and Fassio-Canuto’, m which the magnetic 
field strength of the pulsar determines the frequency of 
the “optical” radiation. 

Chiu et al.* predict that pulsar radio radiation is 100 per 
cent limearly polarized (as observed‘, for example, in PSR 
0833-45), and that the optical radiation ıs 100 per cent 
circularly polarized. We tried to measure the optical 
polarization of the Crab pulsar, using a mounted rotatable 
polaroid and a mica quarter-wave plate to measure circular 
polarization, and the polaroid alone for linear polarization. 
The instrumental polarization was evaluated by observing 
unpolarized standard stars and the highly polarized Crab 
nebula background’; the instrumental linear polanzation 
1s 0-5 per cent and the circular polarization 1s negligible. 

We were unable to measure the Stokes parameters of 
the Crab pulsar reliably with our aingle-beam equipment. 
—we find that the pulse amplitude fluctuates by at least 
40 per cent on a time scale of minutes. Fig. 1 shows the 
changes of primary and secondary pulses during about 
10 min, measured through an aperture of 12 are s 
diameter with no filter or polaroid. The primary pulse 
changed significantly within a few minutes, while the 
secondary pulse remained constant within the accuracy 
of the measurement. As shown by the bars at the left of 
the figure, the secondary pulse is more sensitive to back- 
ground fluctuations than the primary. Other observations? 
have shown that the secondary pulse can also vary con- 
siderably. The relative constancy of the secondary pulse 
count and the lack of correlation of primary and secondary 
pulse counts indicate that the pulse amplitude fluctuations 
are real, and are not caused by instrumental effects or 
by bad guiding. Double-beam equipment may be needed 
for accurate polarization (and colour) measurements. 

Integrations for the linear polarization were made at 
several position angles of the polaroid, and show that the 
linear polarization is probably less than 15 per cent. To 
measure the circular polarization, the privileged directions 
of the quarter-wave plate were set accurately in position 
angles 45° and 135°, and integrations made with the 
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Fig. 1. Counts for prim: and secondary pulses from NP 0582 during 
mne integrations of 20 a. Bars at left represent statistical finctuations 
of the background. 
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polaroid in position angles 0°, 90°, 180° and 270°. Pulses 
100 per cent circularly polamzed would disappear in 
position angles 0° and 180°, or in 90° and 270°, depending 
on the handedness of the polarization. Both primary and 
secondary pulses were prominent at all position angles. A 
formal solution for the Stokes parameter V for the primary 
pulse gives [V/Z]=0-13+0-11 (standard deviation) (I 1s 
the pulse intensity and [V/I]=1 for 100 per cent circularly 
polemzed light). This large standard deviation is due 
chiefly to pulse amplitude fluctuations, and the count 
statistics correspond to a standard deviation of 0-01 im V/I. 

We conclude that the Vela pulsar has a visible bright- 
ness fainter than 20 magnitudes and that the optical 
radiation from the Crab pulsar is probably less than 25 
per cent circularly polanzed. 

We thank Dr K. Serkowski for advice and Mr M. J. 
Miller for measuring some star coordinates from the 
Uppsala Schmidt plate. G. L. 1s working under contract 
with the Swedish Natural Science Research Council and 
K. F. holds a Queen Elizabeth IT fellowship. 

Since this communication was submitted, more recent 
optical observations of March 19, 1969, failed to confirm 
the signal near the magnitude limit of the Vela optical 
pulsar. The lmit of the latest observations mside the 
error box of the Molonglo radio position is 21-5 magnitudes. 
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Radio Pulses from Cosmic Ray Air 
Showers at 44, 105, 239 and 408 MHz 


Ravio pulses from extensive air showers have previously 
‘been observed at a number of frequencies below 100 MHz 
(refs. 1-7), and at 520 MHz (ref. 8) by the Dublin group. 
‘The present theories*:#°, however, predict that very little 
emission will occur at frequencies greater than about 
100 MHz, and it is therefore of considerable interest to 
find the spectrum of emission at high frequencies. The 
experiments reported here confirm and extend the results 
of the Dublin group. 

Observations were made at different times on the 
frequencies 44, 105, 239 and 408 MHz using aerial systems 
directed at the zenith using E-W polanzation. The 
properties of the aerials and receiving systems are sum- 
marized in Table 1. Recordings were made when the 


Table 1. SYSTEM PROPERTIES 


Aer 
centre fre- Bandwidth beamwidth effective perature (sky back- 
quency MHz ọ deg area m’ ground-+recatver) °K 
44 3 120 6 10,000 
105 1} 4 54 Q 2,500 
239 3 6 85 40 500 
408 (8 8 16 7 200 


L, Linear detector used. $S, Square law detector used. 
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arrival of a cosmic ray air shower was detected by an 
array of scintillators. In each case the detected outputs 
of the intermediate frequency amplifiers following the 
high frequency preamplifiers and mixers were displayed 
after suitable delay and photographed on a wide band 
oscilloscope, the timebase of which was triggered whenever 
a coincidence occurred between three liquid scmtillators 
placed at the vertices of an equilateral triangle of side 
50 m. The photomultiphers were set so that the most 
probable shower size was ~ 3x 10° particles giving a rate 
of ~5 events h-t. The senals were placed next to each 
other within 10 m of the centroid of the triangle. 

Each event was analysed by a pulse counting technique. 
A section of the osalloscope tumebase was divided into a 
number ot channels each of width equal to the reciprocal 
of the recerver bandwidth. The channel number of the 
largest pulse occurring in this section of timebase was 
noted and a histogram built up of counts versus pulse 
position. A rise was found in the expected position for 
each frequency of observation, a sufficient number of 
counts being taken such that the probability that this rise 
was due to noise alone was less than 1-7 per cent. This 
figure was found by noting that the number of counts ın 
a given channel is distributed according to a binomial 
law which, in the lmit of a large number of counts, tends 
to a Gaussian distribution. Photographs were also taken 
with dummy loads connected to the receiver terminals; 
no significant rise was then found using a similar analysis. 
The proportion of all the tmgger events that have radio 
pulses sufficiently large to be detected in the analysis 18 
compared in Table 2 with the proportion of events which 
are expected to fall within the aerial beam width p. If 
we assume that the intensity of cosmic ray air showers’? 
varies ag a function of zenith angle 0 as cos? 0, then this 
proportion is ~ (1—cos’ /2). It can be seen that approxi- 
mately all the showers that fall within the aerial beam- 
width at 239 MHz give rse to detectable radio pulses. 
This system has the largest collecting area and therefore 
is the most sensitive, suggesting that there are more 
radio pulses of small amphtude, ın agreement with the 
pulse height spectra obtamed at other frequencies?:**. 


Table 2. PROPORTION OF AIR SHOWERS THAT ARE RADIO EVAKTS 
Percentage of showers Percentage of showers 


Radio fi within that are radio events 
frequency ac beam (errors ale ~ + 50%) 
44 99 9 
105 57 5 
230 22 26 
408 66 2 


Ten oscilloscope traces with radio events detected by 
this analysis method have been sampled and integrated 
and a mean ratio of pulse amplitude to root mean square 
noise level found for each frequency. The flux density F 
of the radio pulse 1s then related to this signal to noise 
ratio S and system parameters by the relationship 


kT 
F=S—- 


for a square law detector, and 


2. kL 
=- 2 
F zs S 1 


for a linear detector. k is Boltzmann’s constant, T the 
system noise temperature and A the effective area of the 
aerial used. The flux density found at each frequency is 
shown m Fig. 1. It can be seen that the flux density 
decreases as frequency increases. 

All the proposed emission mechanisms rely on the spatial 
coherence between emitters across the shower front for an 
explanation of the powerful emission at long wavelengths, 
and it 18 expected that this coherence will be lost when 
the wavelength becomes comparable with the shower 


NATURE, VOL. 222, MAY 3, 1969 


1O-1 





PETES 


Flux density (WA 


18 





10 = 


10 100 1,000 
Frequency (MHz) 


Fig. 1. Spectrum of radio pulses from cosmic ray air showers. 





thickness. ‘The results indicate that coherence is progres- 
sively lost in this way at wav ngths Jess than one metre, 
The continuation of the emission to shorter wavelengths, 
which we now observe, may, however, be related to the 
strength of incoherent radiation, which gives a flux 
density proportional to frequency. If the present observa- 
tions are indeed showing a component of incoherent 
radiation, then they suggest that radio pulses may be 
observed at radio frequencies much higher than those 
eonsidered hitherto. 
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Weighted Observation of the Corona 
during the Total Solar Eclipse of 
September 22, 1968 


We compare here the prediction of the coronal features 
made by Schatten! with the photographic observation 
made by us in Yurgamish, Siberia. 

We used four cameras having 100 mm lenses with a 
focal length of 1,526 mm. The type of film used was LS 
Pan Kodak, 50 ASA, the sensitivity limit of which is 
near 6400 A. Radial dimmers carefully centred were set 
in the focal plane, in contact with the film. We also used 
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focal low-pass filters with a limit of 5500 A set to restrict: 
the wavelength interval to about 900 A in order to obtain 
a greater sharpness of the coronal image? We obtained 
four good photographs of the corona at a maximum of 
solar activity; that shown here (Fig. 1) was obtained 
with an 8 s exposure and shows details to about 5 s of are. 

In order to compare the predicted with the observed 
corona we have made a sketch of the main features of the 
latter shown by the solid lines in Fig. 2 on to whieh we 
have also superimposed the predicted shape using dotted 
lines. Although there is a general similarity between the 
two drawings, we indicate here some obvious disagree- 
ments, 

Near the north pole plumes are predicted; the corona 
shows no plumes there, but shows instead small arches 
and faint streamers. In the north-east, the prediction 
gives a cluster of curved plumes, but the photograph 
shows a straight jet edged by dark fringes, running out 
of a very strong and active plage, on the limb. This 
may indicate a conspicuous flare. But it is possible that 
this activity occurred after the last observation used for 
the computation of the model. 








1, Observed; Lo. 


Fig. 2. +, predicted, 
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The north-west part of the limb shows a complex high 
and flat prominence topped by a eurtain-like streamer 
with parallel edges (that is, an imbricated arches promin- 
ence seen from the side). In the position east-east—south, 
there is another streamer of the same type; the asso- 
ciated prominence is less obvious at the limb, being a few 
degrees behind it. 

The predicted corona shows neither the first nor the 
second of these features with parallel edges but, in the 
same regions, shows a bunch of the usual arch shaped 
tapered streamers. 

In the south, both the photograph and the prediction 
show plumes in good agreement which stay in the middle 
of two classical streamers with arches. Those streamers 
correspond to both ends of a line of filaments running 
between latitudes 50° and 60°. 

In the position north—north-east, there is a narrow 
streamer nearly parallel to the axis of the Sun. Tf this 
were controlled by a magnetic field, whether dipole or 
extruded from the source surface at 0-6 of the solar radius, 
the direction would be, if not at right angles, at least at 
60° from the observed direction. 

These comparisons show first that possibly the source 
surface is disturbed by local variations of the force-free 
field, Second, the observed corona in an eclipse photo- 
graph is a highly subjective picture showing ehiefly the 
features of the actual corona very close to the plane of 
the visible limb. The other features cannot be seen 
because they are projected on the brighter parts of the 
corona, thus showing little contrast. 
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Validity of the f cos i Theorem for the 
Absorption of Very Low Frequency 
Radiowaves in the lonosphere 


Martyn? proved theoretically that, provided the effect 
of the Earth's magnetic field was neglected, the absorption 
of a radiowave of frequency f incident obliquely on the 
ionosphere at an angle of incidence i was equal to the 
absorption of a vertically incident wave of frequency f 
cos i multiplied by the factor cos 7 (Martyn’s absorption 
theorem). Experimental investigations of the theorem 
were undertaken by Beynon? and Allcock*, both of whom 
coneluded that its accuracy was considerably improved 
if the cos ¢ multiplying factor was omitted. Later theo- 
retical work! supported the omission of the cos ¢ term. 
“The simple ray-theory on which Martyn’s theorem is 
based breaks down at low frequencies because conditions 
in the ionosphere change appreciably within the distance 
of one wavelength. Alleock* demonstrated experiment- 
ally, however, that to a first approximation the theorem 
was valid even at low (LF 30-300 kHz) and very low 
(VLE 10-30 kHz) frequencies. It has since become 
eustomary to express the reflexion coefficients of LF and 
VLF radiowaves propagated at oblique incidence in terms 
of vertical incidence propagation at an equivalent vertical 
frequeney of f cos i and to assume that the reflexion 
coefficient will be the same for all paths having identical 
values of f cos i Furthermore, effects resulting from 
changes of path direction relative to the Earth’s magnetic 
field have also been neglected and no distinction drawn 
between the reflexion coefficient (nAi) and the conversion 


coefficient (124) for angles of incidence less than 50°. 
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In order to test the assumption that for a particular 
ionosphere the reflexion coefficients are a unique function 
of f cos į, the reflexion parameters for various ionospheric 
models have been evaluated by means of the full-wave 
method’. The calculations were made for a fixed azimuth 
assuming the angle of dip and the gyrofrequency to be 
68° and 1-28 MHz respectively. Two types of electron 
density profile have been considered: first, an exponential 
model in which the electron density increased from 1 to 
10° electrons/em’ in a height interval of 30 km and, 
second, a model® for summer noon conditions over 
southern England during sunspot minimum, 

The reflexion coefficients (ni) of the exponential 
model were calculated for frequencies of 15, 30, 45 and 
60 kHz propagated in the west to east direction at angles 
of incidence ranging from 0 to 85° in 5° steps. The electron 
collision frequency is held at a constant value of 8 x 10° s7? 
throughout the layer. In Fig. | these results are pre- 
sented as a function of f cos 7 for each frequency and it is 
evident that the reflexion coefficient at a particular value 
of f cos į has no unique value. Some of the curves show a 
distinct minimum, at the so-called quasi-Brewster angle, 
and this feature further complicates the variation in the 
reflexion coefficient with f cos i. In nearly all the cases 
considered the variation with angle of incidence of the 
reflexion coefficient (Ru) 18 more complicated than that 
of conversion coefficient (ndez). 

The calculations for the exponential model discussed 
here have been repeated with the collision frequency 
increased by a factor of 100 throughout the layer, and the 
reflexion coefficients are presented in Fig. 2 as a function 
of f cos i for each frequency. These results indicate that 
for a given value of f cos è the reflexion coefficients are 
approximately the same for all frequencies in agreement 
with the modified theorem. Quasi-Brew ter-angles are 
still present but these are now a less pronounced feature 
of the curves. It must bs emphasized that the results of 
Fig. 2 are for an idealized layer with a eollision frequency 
greatly in excess of the values normally ascribed to 
D-region heights. 

The variations of the reflexion coefficients with angle 
of ineidence for the same frequencies as shown in E l 
and 2 have also been calculated for more realistic 
distributions of electron density and collision frequency 
with height! For these calculations the azimuth cor- 








responding to the GY A-Leicester path, 147 degrees east of 


magnetie north, has been used. The reflexion coefficient 
changes in a complicated manner with f cos ¢ as shown 
in Fig. 3. Many quasi-Brewster angles are present which 
tend to move to greater angles of incidence as the fre- 





1 
od 
oot 
= 0-001 

G-B00T weve ree oie en 

0 10 20 30 40 50 

J eos i (kHz) 
Fig. 1. Results of calculations carried out using an exponential elactron 


density model and a constant collisional frequency of Rx 10° s9, In 
all figures A represents caleulations made at a frequency of 15 kHz, 
R at 30 kHz, C at 45 kHz and D at 60 kHz. 





60 


Reflexion coefficient Gilly) 


Reflexion coefficient Gia) 







NATURE, VOL. 222, MAY 3. 1969 


O41 





0-01 
0-001 
08-0001 
0 10 20 30 40 50 60 
J cos i (KHz) 
Fig. 2. Results of calculations carried out using an exponential electron 


density model and a constant collisional frequency of 8 x 107 s7. 
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Fig. 3. Results of calculations carried out using electron density and 


collisional frequency models®. 


quency is increased, Clearly the f cos ¢ theorem would 
not hold to any degree of accuracy for these results. 

These preliminary calculations have been confined to 
frequencies below 100 kHz and only the variation of the 
reflexion coefficient Ru has been described. The results 
indicate that the relationship between Ry and f cos ¢ is 
complicated except for the case presented in Fig. 2. It 
is only for this physically unrealistic model which has a 
very high collision frequency that the calculated values 
of Ri, show some degree of agreement with the f cos + 
law. Although there is some experimental evidence which 
suggests that the f cos 7 theorem can be applied to the 
reflexion coefficients of VLF radiowaves, the present 
calculations indicate that considerable errors can occur 
when comparing the reflexion coefficients by means of 
this simple law. 
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‘‘Weather-type’’ Frequencies and the 
Recent Temperature Fluctuation 


Lams! has recently drawn attention to the striking fluc- 
tuation in frequency of the westerly “weather type” over 
the British Isles in the last five decades. The frequency 
of westerly airflow has declined dramatically since the 
1920s and 1930s, and this change has contributed to an 
increase in severe winters and cool summers since 1940. 
Dzerdzeevski? suggested that. ‘‘all changes in, temperature 
and precipitation . . . are associated with changes in 
frequency and duration of large-scale circulation patterns”. 
It is equally possible, however, that changes in the weather 
characteristics of individual circulation types may account 
for some climatic fluctuations, and a preliminary test of 
this idea has been carried out using daily maximum and 
minimum temperatures at Eskdalemuir (55° 19’ N, 03° 12° 
W), elevation 242 m, for January, April, July and October 
1925-35 and 1957-67. This upland observatory was 
selected because it has an unchanged site and surroundings 
and because the observational standards can be guaranteed 
to be of the highest order. The differences between the 
two periods of the mean daily minimum in July and 
October and the mean daily maximum in October are 
significant with Student’s ¢ test (Table 2), while those of 
the January maximum and April minimum are just out- 
side the 5 per cent level. The other three differences are 
not significant. This rather unsatisfactory feature of the 
data has had to be ignored in the present exploratory 
study in view of the work involved in the ealeulation of 
weather-type averages for even a limited number of years. 

Table 1 gives the mean daily maximum and minpnum 
temperature for Lamb’s categories of “‘weather-type” for 
each of the four months in 1925-35 and 1957-67. The 
effect of changes in type frequency and of temperature 
changes within-type on the change m mean monthly 
temperatures between the two periods can be assessed 
separately. If we assume that the mean daily temperature 
for type A (Ta) remains unchanged from the first period 
to the second, then the effect of a frequency change in 
that type is AFa/N (Ta— T) where AF, is change in 
frequency of type A, N is total number of days in month 
for the 11 year period and 7, mean daily temperature 
for the month for 1925-35. The effect of a temperature 
change within type A is ATa.Fy4,, where AZT, is the 
difference in mean temperature for type A between the 
two periods and Faya, is the frequency of type A in the 
second period, 1957-67. Table 2 summarizes the main 
results of this assessment for daily maximum and minimum 
temperatures. Values of the frequency-change component 
for types that occur only in 1957-67 use T, as an estimate 
of 7. 

Tables 1 and 2 indicate that both frequency changes 
and within-type changes are important. In January the 
decreased frequency of westerly type in the 1957--67 
period was the chief reason for a lower mean temperature. 
The lower mean temperatures with easterly types in 
1957-67 were a contributing factor, although the decrease 
here was largely offset by warmer conditions with anti- 
eyclonic type. The differences in temperature on anti- 
eyelonic days in 1957-67 compared with 1925-35 are 
significant at the 2 per cent level. In April there was 
virtually no change of type frequency from 1925-35 to 
1957-67, but the mean daily maximum and minimum 
temperatures were respectively 0-8° C and 0-9° C higher 
in 1957-67. The rise in the maximum was chiefly because 
of warmer anticyclonic cases (the difference in maxima 
between the two periods is significant at the 0-1 per cent 
level), while anticyclonic, westerly and cyclonic types 
have higher minima in the second period. Only westerly 
type shows a significant difference in minimum tempera- 
ture between the two periods, however. In July, tempera- 
tures of all individual types decreased from 1925-35 to 
1957-67, except the mean minimum for north-westerly 
type and the mean maximum for northerly type. The 
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Table l. MEAN 
January April 

1925-35 1957-67 1925-35 1957-87 

NW? ia) 48 (13) 53 (16) 90 (29) 97 (14) 
(h) ~1L0 -~ 0-6 -0-2 24 

Nt (a) 21 (10) 2-1 (38) 86 (29) 10-3 (35) 
(h) ~ 2-6 24 -O1 1-3 

NE* (a) 0 = - L7 (7 — T8 (8) 
ib ME -45 is 0-6 

R ia) 30 (19) 1-4 (50) 83 (44) 7-9 (40) 
(b) D4 -24 10 12 

Bit (a) oe O4 (5) ~ 93 (5) 
(b) 7 -42 —— L9 

g (a) 57 (31) 54 (41) 11-7 (39) 107 (40) 
(b) LI 0-6 34 44 

wW (a) 62 (157) 4 (37) OT (57) 10-3 (53) 
ih) 1-0 0-2 1-9 a1 

AW (a) 62 (a) 59 (14) 10-8 (15) 12-2 (10) 
(b) -4 1-4 26 37 

CW (a) 65 (16) 49 (7) 83 (6) 99 (9) 
(h) L8 0-3 ~O4 2-8 

A (a) 29 (45) 41 (43) 107 (38) 136 (57) 
(b) ~ 43 -2-1 -08 0-7 

& ta) 32 (32) 3-9 (41) 87 (52) 8-8 (36) 
{b) OB -06 1:3 3-0 

Mean (at) 5-1 (341) 3-8 (B41) 0-5 (330) 10:3 (830) 
(b) -0-3 E a. 1-2 21 
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DAILY MAXIMA AND MINIMA AT ESKDALEMUIR FOR “WEATHER TYPES” OF THE UNPUBLISHED LAMB CATALOGUE, 1925-35 AND 1957-67 (°C) 


July October 

1925-35 1957-67 1925-35 1957-67 

NWw* (a) 17-2 (22) 16-2 (38) 94 (16) 107 (12) 
{b) 8&2 8-5 La 44 

N* (a) 16-3 (6) 16-7 (44) 6-8 (21) 93 (29) 
ib) $0 76 0-0 21 

E* (a) 18-8 (19) 175 (15) 106 (20) 121 (14) 
(b) 9-9 9-5 46 ron 

SE* (a) — ~ = 14-9 (12) 
tb) — — — 41 

s* (a) 198 (14) 18-0 (18) 11-9 (19) 139 (42) 
(b) 10:3 9% 62 65 

WwW (a) 16-9 (115) 164 (60) 11-2 (128) 112 (76) 
(b) 98 9-2 45 51 

AW (a) 18-4 (19) 17-5 (20) 12-2 (10) 11-6 (15) 
(b) 10-0 85 50 53 

Cw (a) 15-8 (14) 154 (6) 10-2 (20) 117 (14) 
(b) 9-4 Bs 3 T4 

A (a) 21-1 (50) 18-8 (38) 113 (52) 121 (54) 
(b) 79 ne 16 4:7 

C (a) 16-6 (63) 16-6 (80) oS (46) 114 (54) 
(b) 9-6 9¢ oF D4 

Mean (a) 17:9 (341) 17-0 (341) 10-6 (341) 11-7 (341) 
(b) 94 85 34 51 


NW, anticycionic-northwesterly, northwesterly, and cyclonic-northwesterly types, and so on; W, westerly type; AW, anticyclonie westerly type; 
CW, eyclonic westerly type; A, anticyclonic type; C, cyclonie type. a, Mean daily maximum; 6, mean daily minimum. Numbers of cases are shown 


in parentheses. Daya recorded as “unclassifiable” are omitted. 


Table 2. 


CONTRIBUTION OF CHANGES OF TYPE FREQUENCY (AF) AND TEMPERATURE CHANQES-WITHIN-TYPE (AZ) TO THE DIFFERENCE IN MEAN DAILY 


MAXIMA AND MINIMA BETWEEN 1925-35 AND 1057-67 (°C) 


Maximum Minimum Maximum Minimum 
January April 

AF IT AF AT AR AT AP AT 
Nw +011 
N ~ 0-25 ~ O19 +018 +015 
È -025 ~23 —O-41 
8 ~O12 +012 
wW ~ 0-39 — O46 +010 +023 
A +015 +028 +050 -010 +023 
C +019 

Observed 

change ~L3t —O8 +08 +09 


Changes <[0-10° C] omitted. 

* Significant at the 5 per cent level by Student's / test, 
+ Significant at the 1 per cent level. 

t Marginally outside the 5 per cent level. 


change in the mean minimum was caused by the cumula- 
tive effect of small temperature decreases with almost all 
types, rather than to changes in type frequeney. The main 
contribution to the lower mean maximum for July 1957-67 
was made by anticyclonic type which accounts for a 
decrease of —0-4°C. The 2-3°C difference in maxima 
between the two periods with this type is significant at 
the 2 per cent level. The frequency of westerly airflow 
decreased by almost 50 per cent from July 1925-35 to July 
1957-67, but this had the effect of a slight relative increase 
in the mean maximum because the average maximum 
for westerly type in July is below the mean for the month. 
Similarly, there was an increase in the mean maximum and 
minimum for October from 1925-35 to 1957-67 in spite 
of a large decrease in the frequency of westerly type. The 
main contributions to the overall increase were due to 
internal changes in northerly, southerly and cyclonic 
types for maxima and northerly, anticyclonic and cyclonic 
types for minima. Of particular note are the increments 
in the mean minimum of +0-5°C due to anticyclonic 
type and of +0-4° C due to cyclonic type; the difference 
between the minima for the two periods with each type 
is significant at the 2 per cent level. 

Although a larger sample is necessary to check the 
reality of the changes, the analysis suggests that the 
recent temperature fluctuations at Eskdalemuir are not 
solely a result of changes in frequency of particular airflow 
types, especially in April and October. Dzerdzeevski’s 
hypothesis needs to be modified therefore at least on the 
local scale in Britain. Further investigation is necessary 
to establish whether or not the same trends are present 
at stations in other parts of the country. Such a study 
will also serve as a preliminary to consideration of the 
possible causes of within-type changes of meteorological 
parameters. 
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Simultaneous Lidar and Refractometer 
Soundings of Layer Structure in the 
Troposphere 


THE structure of isothermal and inversion layers in the 
troposphere is of interest in many aspects of radio- 
meteorology. These layers, which can often be detected 
by ecentimetric radar, are now known to occur more 
frequently than many workers had previously thought}, 
They are usually associated with large variations in 
humidity and therefore in radio refractive index. Con- 
sequently, they often cause relatively strong reflexion or 
seattering in very high frequency radio propagation 
beyond the horizon, The structure of these layers and the 


NATURE, VOL. 222, MAY 3, 1969 


nature of atmospheric turbulence within and near them 
are, however, complex subjects on which much further 
research is required. We summarize here some preliminary 
experiments (carried out by the Radio and Space Research 
Station in October 1968 at Cardington, Bedfordshire) in 
which simultaneous soundings of elevated inversion layers 
were made with balloon-borne refractometers and ther- 
mometers and ground-based lidar (pulsed laser). Some 
earlier experiments* showed that stratified echoes, pos- 
sibly associated with inversions, could be detected by 
lidar probing of the troposphere. The purpose of our 
experiments was to study the precise loeation of the 
aerosols causing the lidar echo in relation to large changes 
in the vertical distribution of refractive index, temperature 
and wind velocity. Such information is valuable in 
developing improved models of tropospheric structure 
and in extending theories of turbulent motion. 

The lidar was of the solid-state neodymium type operat- 
ing at a wavelength of 1-06 microns with a pulse-width of 
35 ns, a pulse energy of 100 mJ, and a repetition rate of 
about 90 pulses per min. The beam divergence was 
slightly less than 1 mrad. The receiver included a reflect- 
ing mirror 30 cm in diameter and a photomultiplier 
detector. The back-scattered signal was displayed as 
brightness modulation on an oscilloscope sereen. Up to 
180 consecutive “shots” were displayed on a 2-min, 
horizontal scan having a maximum vertical deflexion 
corresponding to a range of 1-5-2 km. Each sean was 
photographed on Polaroid film. The lidar equipment was 
located 200 m from the launching site of a large tethered 
balloon carrying a microwave refractometer, thermometer 
and anemometer. The lidar beam was directed vert ically 
at a point just upwind of the instruments supported 60 m 
below the balloon. 

The refractometer, which comprised four open, sampling 
cavities and one closed, reference cavity, was developed 
from an earlier model*, The use of spaced cavities to 
measure simultaneously the refractive-index fluctuations 
at several points in space greatly facilitates studies of 
small scale variations and of related theories of turbulent 
motion. Here, however, we discuss only the main features 
of the vertical variation of refractive index. A rotating- 
cup anemometer and a platinum-wire resistance thermo- 
meter were also attached to the refractometer. The 
variations measured by all three instruments were tele- 
metered to the ground and recorded on paper charts and 
magnetic tape. The height of the equipment at any time 
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was obtained from the known length of the supporting 
cable, corrected for stretching and curvature. 

Some simultaneous soundings in elevated inversions 
were made on October 4 and 21, 1968. The results from 
the former date are of special interest. On this day there 
was an anticyclone over Belgium and a southerly air-flow 
over SE England, with a ground temperature at Carding- 
ton of about 16°C. The patchy cloud observed during 
the morning at about 1 km height dispersed during the 
day to give substantially clear conditions except for some 
haze layers associated with inversions. Two balloon 
soundings were made, one between 1030 and 1200 h 
BST and the other between 1430 and 1600 h BST. The 
main features of the two soundings were similar. In both 
there was a temperaturo inversion of almost 5°C at a 
height of 1-2 to 1-5 km, and a much weaker inversion of 
0-5°-1° C at about 0-5 km. The height-distribution of 
refractive index, temperature and wind velocity measured 
in the afternoon sounding is shown in Fig. 1. The greatest, 
changes in refractive index, temperature and wind velocity 
across the upper inversion occur in a vertical distance of 
about 10-20 m. The relative humidity decreased through 
the inversion from 90 per cent to 30 per cent. Marked 
wind shear across the layer was also observed. 

Fig. 1 also shows the location of the lidar echoes observed 
at 1423 and 1510 h BST as the refractometer moved 
through the two inversion layers. Fig. 2 shows the height- 
time scan photographed at 1510 h. The heights of the 
scattering layers in Fig. 1 were deduced from the range 
calibration of the lidar with a small correction for deviation 
of the beam from the vertical. One scattering layer, 
about 80-100 m thick, is located immediately below the 
upper, main inversion. A second, thick scattering zone 
with an irregular, diffuse upper boundary extends from 
ground level up to the weak inversion at about 600 m. 
The diffuse nature of the lidar echo immediately beneath 
this lower inversion may be a ult of the turbulent 
mixing produced by irregular wind-shear at 500-600 m. 

Further results showing the location of the upper 
scattering layer in relation to the height of the inversion 
are illustrated in Fig. 3. This shows the position of the 
seattering layer between 1115 BST and 1530 BST to- 
gether with the height of the base of the inversion as 
measured by the balloon-borne thermometer. The scatter- 
ing layer, which increased in thickness during the observa- 
tions, is located immediately below the inversion in each 
simultaneous sounding. 
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Fig. 1. 


Comparison of lidar echoes and simultaneous measurements of refractive index, temperature and wind velocity. Cardington, October 4, 1968. 
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The results obtained on October 21, 1968, showed some 
features similar to those on October 4. An extended anti- 
eyelone over NW Europe gave light southerly winds over 
most of England and at Cardington there was a tempera- 
ture inversion of 0-5°-1° C at a height of 0-6-0-7 km in 
the balloon ascent at 1415 h BST. The lidar sounding 
showed an echo extending from ground level up to about 
6 km and the photograph obtained was very similar to 
the lower portion of Fig. 2. Agam there was a large 
decrease in humidity across the inversion layer and some 
evidence of wind shear. 

We conelude from these experiments that stratified 
echoes on vertical-ineidence lidar are caused by baek- 
scattering from layers of aerosols which are trapped below 
temperature inversions. By observing how the echo 
pattern changes in space and time it is possible to study 
the detailed structure and motion of elevated layers in the 
troposphere, 

The work at Cardington was carried out with the co- 
operation of the Ministry of Technology and the Meteoro- 
We thank Mr E. Golton, Mr R. J. B. 
stance in the 
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refractometer soundings and Mr A. Dagnall for his 
contribution in developing the lidar equipment. 
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Striated Pavement of the Upper 
Pre-Cambrian Glaciation in Brazil 


OceuRRENCE of an extensive outcrop of glacial abraded 
Pre-Cambrian quartzites directly overlain by Late Pre- 
Cambrian diamictite is evidence for a Late Pre-Cambrian 
glacial age in South America. 

“Pre.Cambrian” diamictites and conglomerates inter- 
preted as tillites and fluvio-glacial deposits have been 
reported from several localities in Brazil’. These deposits 
are spread discontinuously over an area of 1,000,000 km? 
and we are re-examining them to establish their true 
nature, and to draw a general palaeogeographic picture 
of this glacial age in Brazil. 

We present a brief deseription of a striated, polished 
and grooved surface developed on Pre-Cambrian quartzites 
in central Minas Gerais State, south-eastern Brazil, The 
pavement is exposed over an area of more than 180,000 
m? and is directly overlain by diamictite of probable 
Late Pre-Cambrian age (D. F. Campbell, personal eum- 
munication). 

The Pre-Cambrian stratigraphy of the area is under 
diseussion, The abraded quartzite beds seem to be an 
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extension of the Espinhaco “Series™? 
quartzites cropping out at the Serra do 
Cabral, 20 km to the south-ea The 
Espinhaco “Series” rocks were affected to 
the south-east and north-east of the present 
locality by a tectonism with a radiometric 
age of 1,100-1,400 m.y. (ref. 3). The over- 
Iving diaanictites and associated sediments 
everywhere rest discordantly on the Espin- 
haco “Series” quartzites!*. We designate 
these rocks the Jequitaf Formation. 

The Jequitai diamictites pass gradually* 
or are discordantly overlain’ > by the silt- 
stones, shales and limestones of the Bambuí 
Group. The age of the Bambuí Group is 
considered Infra-Cambrian or Upper Pre- 
Cambrian because of a report of an isochron 
age of 600+ 25 m.y. for shales of the Sete 
Lagoas Formation, in the lower part of the 
Bambui Group’. The diamictites and asso- 
ciated sediments of the Jequitai area could 
have a similar or slightly older age. 

The striated bedrock crops out in the 
north-eastern slope of the Serra da Agua 
Fria, 10 km south-west of the village of 
Jequitat (Fig. 1). At least three principal areas of striated 
pavement, each elongated toward the north-west, are 
exposed over a transverse distance of almost 800 m cross- 
ing the road from Jequitai to Franciseo Dumont. The 
total area covered by the features is about 180,000 mè. 

Areas of eroded quartzite and a cover of recent alluvium 
or decomposed diamictite separate the three main areas. 
The southernmost limit of the pavement is formed by an 
extensive outerop of diamictite (Fig. 4). Unstriated 
quartzites project above the abraded bedrock to the south- 
west and west of the striated area. The quartzites that 
bear the striae form part of the east limb of a northerly 
plunging anticline’. Dips of the quartzite beds are mostly 
57-10" to the east. The surface of the pavement undulates 
somewhat, but has a general inclination of 5°-10° to the 
north-east at its eastern side; along the western edge the 
pavement is nearly horizontal or shows a dip of 12° 
toward north-west. In some places in the striated area 
erosion and exfoliation expose current ripple marks on 
the bedding plane of the thin bedded and highly indurated 
quartzite, 

The striae vary from very fine scratches that have pro- 
duced a polished effect on the pavement. to grooves up to 








Fig. 3. 








Fig. 2. 


Stoss-and-lee features on the pavement. 


General view of part of the abraded surface looking south-west, showing striae 
and grooves. 
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Direction of ice-movement from left 
to right. 

20 em wide and 5 cm deep (Fig. 2). Alignment of the 
striae and grooves is remarkably uniform over the whole 
area, averaging N 45° W magnetic. Small divergences 
from this average occur only locally, and particularly in 
the direction of the large grooves, some of which show 
inflexions. Most of the striae and some of the large grooves 
are V-shaped in section, but U-shaped large grooves also 
occur. The grooves bear striae on their internal surfaces, 
including the walls that in some cases are slightly over- 
hanging, giving a compound appearance to them, especially 
the wider U-shaped ones. Striae and grooves also vary 
considerably in length, up to 18 m, with no widening or 
shallowing at the ends. 

Besides the striae and grooves, three other minor 
features were found on the pavement: crescentic cracks 
associated with the U-shaped large gouges; stoss-and-lee 
topography related to small bosses of the bedrock (Fig. 3), 
and possible nail-head striations. The first are more easily 
seen on the walls of the grooves and are interpreted as a 
type of erescentic mark. 

The Jequitai diamictites are well compacted and second- 
ary silicification is extensive. Quartz venules cut the 
dhamictites and the enclosed clasts. There is, however, no 
evidence of intense metamorphism affecting 
these rocks. 

The diamictites have a sandy matrix, are 
light grey, or yellow-brown or light pink 
when weathered, and include clasts varying 
in size up to 30 or 40 em in diameter and 
some are faceted and striated. Quartzites, 
granites, phyllites or schists and quartz 
predominate and these rocks could be 
derived from local or from distant sources. 

In the striated area the diamictite shows 
signs of stratification parallel to the surface 
of the pavement, especially immediately 
above the contact. This zone is, however, 
concretionary as a result of the deposition 
of imonite by percolating water. In this 
area the maximum thickness of the sedi- 
ments reaches 6 m (Fig. 4). 

Examination of the exposures along the 
road to Jequitai indicates that diamictite 
and possibly sandstone interealations 
constitute a fairly thick unit. The dia- 
mictite outcropping on both sides of the 
road near Jequitai is probably stratigraphi- 
cally above the diamictite that rests on the 
pavement. QOutcrops of diamictite are also 
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Fig. 4. Diamictite directly overlying striated quartzite. 


found along the banks of the Jequitai River. The total 
thickness of the diamictite, including possible interbeds, 
exceeds 30 m locally. 

The notable extension of the abraded surface, the 
nature of the striae and of the overlying diamictite indicate 
a glacial origin for these features. The features are not 
internal and thus an origin through faulting is highly 
improbable. All the features investigated seem to indicate 
that the quartzite was indurated before the engraving of 
the striae. Study of the small features associated with 
the striae (stoss-and-lee morphology, crescentic marks and 
nail-head striations) indicates that the ice moved con- 
sistently towards the south-east. 

We thank Drs J. F. Rigby and U. G. Cordani, University 
of São Paulo, for discus 
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Definition of the Catapsydrax 
stainforthi Zone in the Saucesian 
Stage, California 


Many attempts have been made to establish better corre- 
lations between the Miocene marine geological strata of 
California and those of Europe and tropical regions. The 
two chief difficulties have been that many of the impor- 
tant zonal fossils of one region are absent in other regions, 
and even those important faunal indices that are common 
to the different areas have differential ranges when com- 
pared with one another. Discovery of the Catapsydrax 


stainfortht planktonic foraminiferal fauna on Erben 
Guyot!— guyot located about 800 miles west of San 
Diego--made it possible to correlate these planktonic 


fossils with the standard planktonie zones 
but unfortunately not with the 
Miocene Stages of Kleinpell®. 

Recently, Bramlette and Wilcoxon? suggested a general 
correlation of the C. stainforthi Zone within the Saucesian-- 
Relizian Stages of California (Neogene Zone 6); their 
correlation was based on nannofossils and no precise 
placement of the zone was indicated. Lipps*> has reported 
evidence for the precise correlation of the California 
middle Tertiary stages with standard tropical zones, 
based on both planktonic Se E and calcareous 
nannofossils. He correlated the C. stainfortht Zone of the 
tropics with the middle Relizian Stage of California. 
Blacut and Kleinpell® have correlated the C. stainforthé 
Zone with the upper part of the Saucesian Stage of Cali- 
fornia; however, their correlation is not based on plank- 
tonic species 

By contrast with earlier reports, we have now discovered 
the concurrence of populations of planktonic species of 
©. stainfortht Boili, Loeblich and Tappan, Globoquadrina 
dehiscens (Chapman, Parr and Collins), Globorotalia scitula 
(Brady) praescitula Blow, Turborotalia opima (Bolh) 
nana (Bolli) and others (Figs. 1 and 2) in the upper part 
of the lower Saucesian Stage of Reliz Canyon. California. 
This association is typical for the C. stainfortht Zone of the 
tropies and it supports the correlation of this important 
tropical planktonic zone with part of the Saucesian Stage 
of Kleinpell?—a significant advance in correlating the 
California lower Miocene with lower Miocene tropical 
planktonic zones of Bolli? and Banner and Blow®. 

Kleinpell’s Miocene stages were based on benthic 
foraminifera and his section in Reliz Canyon is one of the 
type sections of his study. The four samples of our study? 
are from “Siphogenerina—Planulina zonule” in the lower 
part of the Saucesian section, within the upper part of 
the Vaqueros Sandstone. Durham! later mapped this 
section defining members. That the associated benthic 
foraminifera belong to the lower Saucesian Stage of 
Kleinpell is verified by the occurrence of the following 
foraminiferal species—-Astacolus mayi (Cushman and 
Parker), Bulimina inflata Seguenza subsp. alligata 
Cushman and Laiming, Hanzawaia crassisepta (Cushman 
and Laiming), Oridorsalis umbonatus (Reuss), Planulina 
appressa Kleinpell, Plectofrondicularia miocenica Cush- 
man, P., miocenica Cushman subsp. directa Cushman 
and Laiming, Valvulineria casitasensis Cushman and 
Laiming, V. depressa Cushman, Rectuvigerina kleinpellé 
(Cushman), R. transversa (Cushman) and others. 

Tt is suggested that the next older planktonic zone 
(Fig. 1), the C. dissimilis Zone of the tropics, is equivalent 
to the lowermost Saucesian Stage of California and the 
C. dissimilis Zone is about equivalent to the N.5 Zone of 
Banner and Blow’. The C. stainforthi Zone is equivalent 
to the N.6 Zone and it equals the upper part of the lower 
Saucesian Stage and perhaps the lower part of the upper 
Saucesian. The superjacent planktonic zone, the C. 
stainforthi-Globigerinatella insueta Zone, is the N.7 Zone 
of Banner and Blow; it is equivalent to part of the upper 
Saucesian Stage. 


of tropical areas 
standard California 
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Epoch 
California Stagea 
Neogene Zones 


Planktonic Zones 


Cataupsydrax stainforthi Bolli, Loeblich and Tappan 
Globigerina augustiumbilicata Boli 

Globigerina concinna Reuss 

Globigerina praebulloides Blow 

Globigerina woodi Jenkins subsp. woodi Jenkins 
Hobigerinita glutinata (Egger) 

Globoquadrina dehiscens (Chapman, Parr and Collins) 
Globorotalia scitula (Brady) subsp. praescitula Blow 
Globorotaloides suteri Bolli 

Turborotalia bella (Jenkins) 

Turborotalia continussa (Blow) 

Turboretalia mayer (Cushman and Ellisor) 
Teurborotalia opima (Bolli) nana (Bolli) 

Twrborotalia pseudocontinuosa (Jenkins) 


Fig. 1, 
modified from those of Boli, 


Planktonie foraminiferans, Lower Saucesian. Upper Vaqueros Fm., Reliz Canyon, California. 
anner and Blow, Bandy and Ingle, and Jenkins’, 
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y i Planktonic foraminiferal zones are 
Ranges given are those represented by these authors 


for general tropical zones. 


Radiometric data are presented by Funnell >, Selli and 
Tongiorgi!®, Bandy and Ingle and Turner. The oldest 
date for the base of the C. stainforthi Zone is no older 
than about 22 or 23 m.y. and the upper limit is probably 
no younger than about 21 m.y. 

Our discovery and definition of the C. stainfortht Zone 
within the upper part of the lower Saucesian Stage of 
California indicate that a re-study is needed for other 
postulated correlations of tropical zones with the Cali- 
fornia Stages. 

This work was supported by the US National Science 
Foundation and was conducted in the micropalaeontology 











2, Four species of planktonic foraminiferans. Top, Catansydrax 
atainforUa; middle, Turborotalia opima nana; bottom left, Globorotalia 
scitula praescitula, bottom right, Turborotalia mayeri. G, setiwea 
praescilula has the coarse pitted wall of the sub-species, otherwise this 
specimen resembles G. scitula scitula. The final chamber was broken 
away showing that the apertural lip is resorbed. Other specimens 
show the lip. 

















laboratory of the Department of Geological Sciences, 
University of Southern California. Foraminiferal illustra- 
tions were made by R. ©. Wright in the Central Electron 
Microscope Laboratory of the University of Ilinois on a 
Cambridge Stereosecan Mark 2. We thank Professor B. 
Vincent Hall and Dr William W. Hay, Mr Lee Dryer, 
Mr Richard Harmer and Mrs Olive Stayton for their 
assistance. 
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Development of Electric Potentials 
in Clay Minerals and Alumina — Silica 


Systems 


Durna DC conductance measurements on 0-5 em thick 
eylindrical pellets of kaolinite and halloysite at low 
pressures (10-°-10-? torr) and high temperatures (500- 
1,190° C) using platinum electrodes, it was found that 
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potential differences of —8 to +5 V developed across the 
samples. The magnitude and signs of the voltage peaks 
changed w ith temperature and were reproducible for any 
given elay (Fig. 1). On cooling and reheating the samples 
several times, two of the peaks were lost and the others 
reduced m intensity (Fig. 1), but when the mineralogical 
reactions were completed by heating to 1,400°C no 
further voltages were obtained. When the sample was 
held at constant temperature, the voltage showed no 
tendency to decay away. Reversing the cell leads 
changed the observed sign but not the magnitude of the 
voltage. Separate pellets of reagent grade silica and 
alumina gave no voltages. Voltages were observed with 
silica-alumina ‘“‘sandwiches”, but these gave fewer 
voltage peaks (Fig. 2). Similar effects were observed with 
bayerite and BDH aluminium silicate (Fig. 2). 

The voltages were not caused by induction from the 
furnace, because all measurements were made with the 
furnace switched off and the measured temperature 
gradient across the sample was too small to account for 
the observed potentials. The voltages do not arise from 
the streaming potentials observed by Plaul’ during low 
temperature drying, because these were very small and 
occurred at much lower temperatures. Again, the absence 
of voltages in samples fired to 1,400° C suggests that the 
voltages are not of similar origin to those observed in 
electrical porcelain’. The present potentials may be 
related to those reported by Tauber and Schmidt’ but 
were obtained without the use of any alumina ‘‘reference 
material”. 

Because the potentials are apparently connected with 
the mineralogical reactions occurring in the sample, and 
the thermal asymmetry of the apparatus is too small to 
account for the observed potentials, the asymmetry must 
be chemical in nature. While this is clearly true of the 
silica-alumina sandwich, in the case of the hydrous 
minerals (the first decomposition product of which is 
gaseous) the chemical asymmetry may be caused by the 
vapour gradient resulting from the evacuation of the 
apparatus from one end only, tabulation and comparison 
of the various peaks of all the samples (Table 1) lead to 
tentative assignments, based on the known mineralogical 
reactions. 
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Table 1. COMPARISON OF OBSERVED VOLTAGE PEAKS 
Sample Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 

Kaolinite 640° C+) 750° C(-) 810° C(+) 890° C(-) 980° CC) 
Kaolinite 

(first rerun) — 740° C{—) 820° C(+) 890° C(~) ~ 
Kaolinite 

(second rerun) = — 710° C(—) ? 890° C(—) 
Al silicate — —_ 840° C(+) — 950° C Com} 
Bayerite — — 810° C(++) 880° C(~) 950° O(—) 
Silica-alumina 

cell — 750° C(+) 820° C(-) 920° C(+) 980° CC) 


Peak 1 is related to dehydroxylation, for it is lost on 
reheating. The direction of proton drift and therefore 
the sign of the potential difference are determined by the 
vapour gradient, which depends on the pumping direction. 

In kaolinite peak 2 may be caused by a counter- 
migration of silicon to the proton deficient regions, as 
required by the inhomogeneous dehydroxylation mechan- 
ism of Taylor’. In the silica alumina sandwich, the sign 
of the voltage peak is determined by the net diffusion 
direction, which in this cell is always towards the alumina 
component?, 

With regard to peak 3 in the hydrous minerals and 
aluminium silicate, the protons remaining after about 
80 per cent dehydroxylation have been shown by mass 
spectrometry to be eliminated at low pressure as gaseous 
hydrogen (my unpublished results). In this event the 
vapour gradient will again de termine the proton drift 
direction and hence the sign of the potential difference. 
The elimination of Si as BIO at low pressure may also occur 
at this stage, especially in the silica~alumina cell, resulting 
in a dependence on pumping direction. 

The likelihood of SiO elimination from kaolinite 
increases with the depletion of protons (peak 4). A 
polarization effect caused by changes in the alaminiaum 
coordination number may also set in at this temperature. 
Such a polarization at the interface of the silica-alumina 
eell could account for the observed potential difference 
sign change. As for peak 5, in bayerite, polarization may 
result from aluminium coordination changes leading to 
the formation of the defect y-alumina spinel, and similar 
effects are conceivable in kaolinite and aluminium silicate 
at this temperature. Polarization may also arise from the 
replacement of Si by Al, particularly in the interface 


region of the silica-alumina cell. 
These explanations take no account of possible gas- 
cell reactions. 
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might be important in determining the magnitude and 
sign of the measured potential difference. 
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Dynamic Response of Lipid—Cholesterol 
Membranes to Mechanical Oscillations 


CELL membranes are not static systems; they continually 
respond to the dynamies of their environment whether it 
be to concentration gradients, fluid pressure gradients or 
temperature gradients!. We feel that the dynamics of 
membrane response to dilation (strain) are not understood, 
nor have techniques been devised for such studies. In the 
past the method of capillary ripples? has been developed 
to measure the dynamic force balance at liquid-liquid 
interfaces in the presence of monomolecular films. The 
surface force balance includes surface tension, the surface 
tension gradient parallel to the interface and the surface 
visco-elastic constants. The capillary ripple method 
cannot be applied directly to biological membrane models, 
so we have investigated normal mode vibrations in 
spherical membranes. The response of spherical mem- 
branes to such motion would also relate to the membrane 
foree balance. 

The two key items of our apparatus are a double 
micromanipulator stage for precisely handling the trans- 
ducer and a bubble forming device, and a 0-1 MW He-Ne 
laser for delivering a precisely orientated pencil of light to 





Fig.1, The photograph was taken through the microscope focused on the 
upper surface of the lipid bubble. The centre dark patch is the tip on 
whieh the bubble sits. The bubble axis runs from the tip through a 
point close to the laser image; this axis is nearly perpendicular to the 
photograph. The laser pencil grazed the bubble coming from the 
“4 o'clock” position out of the plane of the photograph going toward 
the ‘10 o'clock" position behind the plane of the photograph. The angle 
between the bubble axis and the laser pencil was e. 30°. The oscillating 
tip was moving at 70 Hz which was about 10 Hz away from the “in-phase” 
frequency (60 Hz in this case). 
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frequency and D the bubble diameter. The solid line indicates the 
probable trend, Zero order theory predicts that vD should be constant 
with D, 


the surface of the bubble. The bubble is observed through 
a B and L microscope, magnification x 10- x 30. 

The lipid-cholesterol solution (5-0 ml. lecithin solution 
(0-226 g/100 ml. CHCI,)+0-2 ml. cholesterol solution 
(0-224 9/100 ml. CHCI,) + 3-5 ml. hexane + 1-5 ml. ethanol) 
is placed in a 1 ml. beaker suspended below the surface 
of a 0-1 N NaC} solution (substrate) contained in a light 
scattering cell of about 50 mi. volume. A ‘Teflon’ tipped 
capillary mounted on one of the manipulators and contain- 
ing substrate is dipped into this solution. A small amount 
of the lipid solution is drawn into the capillary by a lead 
screw controlled syringe coupled to the capillary with a 
tygon tube. The capillary is withdrawn into the surround- 
ing salt solution and the excess lipid solution is expelled. 
A bubble of controlled radius is then blown in the substrate 
and carefully transferred to sit on the vibrating glass tip. 
The tip (about 0-5 mm) is smaller than the bubble and is 
sheathed in ‘Teflon’. The tip is coupled by a bent glass 
shank to a 1 inch speaker. A Hewlett Packard test 
oscillator provides the signal which is frequency counted by 
a Hewlett Packard counter operating in the frequeney 
mode. The signal is run through a power amplifier and fed 
into the speaker. Thus it is easy to force a small patch of 
the bubble into a controlled amplitude oscillation at a 
precisely known but adjustable frequency. This source 
generates a wave that travels around the bubble. 

We found that one characteristic of the wave motion 
could be followed by analysing the oscillating image of a 
laser pencil which grazed the bubble surface. The bubble 
brings the properly orientated laser pencil back to a focus 
as a tiny spot on the upper surface of the bubble. At a 
given frequency in the range 10-100 Hz the spot expanded 
into a lissajous figure as the signal amplitude was in- 
creased (Fig. 1). The phase of the figure varied with 
frequency so that the slant line characteristic of an in- 
phase lissajous figure occurred at a well determined 
frequency. This characteristic frequency varied with 
bubble diameter as shown in Fig. 2, The slant line shape 
usually occurred around 60 Hz. The bent glass shank 
coupling the bubble to the speaker had a resonant fre- 
quency centred at 40 Hz. Within 10 Hz of that frequency 
the tip lateral motion was of the same magnitude as the 
vertical motion. Outside of that range, the vertical 
motion predominated. The resonance frequency did not 
shift with the bubble in place. 

We observed that the bubble membranes scattered 
light to a measurable extent. In the opinion of one of us 
(J. A. M.) the scattering power of the membrane was 
sufficiently greater than the scattering power of the 
solution for the two effects to be separable, thus enabling 
measurement of the intrinsic light scattering power of the 
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film. Measurement of the membrane light scattering 
power could lead to documentation of the membrane free 
energy properties from the view of a balance of coulombic, 
van der Waals and steric forces operating between the 
membrane surfaces*:‘. 

J. À. M. has analysed the fluid dynamics of membrane 
motion in terms of intrinsie equations of motion coupling 
the surrounding fluid to the membrane motion through 
boundary conditions (unpublished results). The mem- 
brane must be thought of as a surface moving in a three- 
dimensional space. This theory requires non-Euclidean 
surface metrics in order to develop the correct stress- 
strain tensors, the two dimension Navier-Stokes equation 
and the two dimension continuity equation for surfaces 
of arbitrary shape. To study the force balance quanti- 
tatively, quantities relating to the wave number and 
damping coefficient for the wave motion must be measured. 
The film density must be known and can be modelled on 
the basis of measurements of film thickness. Viscosity 
and density of the surrounding solution are also used in 
order to introduce membrane solution coupling. 

From these data membrane stress-strain relations can be 
established. The damping coefficient, however, has not 
yet been measured—laser holographic techniques might 
make this possible. Until this measurement can be 
accurately performed on these oscillating membrane 
systems, we must: be content with a more limited analysis. 
The most primitive membrane dispersion equation is 





Ku 


where T is the membrane density, w{=2nv) the circular 


2n\ 2 ‘ 
frequency, = 55 ) the wave number and Ky the elastic 


constant derived frorn the membrane tension gradient. In 
the case of a spherical bubble the dispersion formula’ is 





with J=2, 3, 4,... The solutions for the differential 
equations controlling the motion involve spherical 
harmonics. Assuming the ability to work with a given 
normal mode, then 


Ku 


T 


y R = constant * 


so that for a given film composition and thiekness 
v Rọ = constant 


Fig. 2 shows such a relation which changes about 20 per 
cent over the range of bubble size investigated. That 
variation is a smooth function of the radius of the bubble. 
The zero order dispersion formula is not good enough to 
fit the data closely. This dispersion formula, however, 
does not take into account coupling to the substrate; 
it does not include terms involving the pressure drop 
across the membrane. The magnitude of the pressure 
drop depends on the radius of the shell and the membrane 
tension. Further, the bubble platform is not a point 
source. The trend of the data does suggest that the 
variable group vD is a proper choice for representing the 
motion of the bubble. Such groups were found con- 
venient in the development of the capillary ripple dis- 
persion equations (see ref. 2). The theoretical details will 
be published elsewhere. 

Our method suggests a new and potentially powerful 
approach to the problem of membrane structure through 
the detailed analysis of the visco-elastic response to time 
dependent strain. 
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Variation of Effective Surface 
Emissivity with Angle and Implications 
for Clinical Thermography 


INFRARED scanners! now find considerable application in 
clinical thermography. The image is interpreted in terms 
of differences in surface temperature, and local variations 
in apparent temperature of 2° C have been regarded as 
possibly indicative of pathology in, for example, attempts 
at early detection of breast cancer*. The energy received 
by the detector from any point in the field of view, 
however, depends on both the temperature and the 
emissivity of the skin surface. 

We have concluded?! that, in the wavelength range of 
2-5 microns over which the indium—antimonide detectors 
are sensitive, the skin emissivity at normal incidence is 
between 0-95 and unity, which will not lead to differences 
in apparent temperature of more than about + 0:5° C. 
But anatomical regions are not always viewed at normal 





AGA THERMOVISION 





Fig. 1. 

ture (black) for surfaces viewed obliquely. (An inverted image has 

been superimposed in order to show up the background as white on 
the thermograph.} 


Thermograph of a breast showing apparent reduced tempera- 
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incidence and there is evidence in the thermograph 
(Fig. 1) of a reduction in apparent temperature for skin 
surfaces which are viewed obliquely. Theoretical con- 
siderations using Maxwell’s equations for a dielectric 
interface (as an approximation to a skin surface) can 
predict the variations of emissivity with the angle (9) 
between the scanner axis and the normal to the surface. 
This can be interpreted in terms of apparent temperature 
from the Dreyfus rule’ which can be regarded as valid 
in these particular conditions (our unpublished results). 

The details of this analysis, and of the computer caleu- 
lations, will be published elsewhere, but these indicate 
a reduction in apparent temperature with increase in the 
angle g. For an emissivity of 0-98 at normal incidence 
the difference in apparent temperature is less than 0-5° C 
for 9 0— (7/4), but then rises sharply to 2° C for @ about 
65° and over 10° C for a surface viewed very obliquely. 

These conclusions are confirmed qualitatively in a 
thermograph of an isothermal cylindrical phantom and 
the effect should be borne in mind in clinical applications. 
It seems that a “hot spot” could appear to be at a lower 
temperature and so pass undetected if the surface is 
viewed obliquely. 
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Critical Tension in a Liquid 
under Dynamic Conditions of Stressing 


EXPERIMENTS have been described’? in which a pulse of 
compression is propagated upwards through a liquid 
column and then downwards as a pulse of tension after 
reflexion at the free surface of the liquid. Here we report 
that the maximum tension in the reflected pulse tends to 
an upper limiting value as the peak pressure amplitude 
in the incident pulse is increased, thus showing quite 
convincingly that there is a critical value for the maximum 
tension which the liquid can sustain in these conditions. 
Briefly, the liquid was contained in a vertical steel tube 
fitted with a piston at its lower end and with the upper 
end open. A pressure pulse was generated in the liquid 
by firing a lead bullet so as to strike the lower end of the 
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Fig. 3. Results for deionized water. 


piston normally at its centre. The (pressure, time) 
variation at any depth D below the free surface was 
recorded by a piezo-electric pressure transducer mounted 
into the side of the steel tube. 

The general shape of the incident pressure pulse is 
shown in the first curve of Fig. 1. There is a fairly rapid 
rise in about 50 us to a peak pressure P followed by a 
more gradual decay, and the whole pulse has a duration 
z, where 7 varies from about 300 us to 800 us according 
to the length of the piston. Ife is the velocity of propaga- 
tion of this pulse in the liquid, then, provided 2D/e> +, 
the reflected tension pulse does not overlap the incident 
pulse in time and the state of affairs at a depth D in the 
liquid is as shown in Fig. 1. The maximum tension in 
the reflected pulse is denoted by 7. 

A large number of records was taken in which P was 
gradually increased by using different kinds of bullets 
and different pistons of varying lengths. In each case 
the corresponding values of P and T were recorded. Two 
liquids were investigated: ordinary tap water and 
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deionized water which had been boiled to remove dis- 
solved gases. In Figs. 2 and 3 the variation of T with P 
for both liquids is shown. 

Each curve can be considered to consist of three regions. 
For small values of P the value of T increases linearly 
with P indicating an absence of cavitation throughout 
this range. In the second region the curve departs from 
linearity and finally, in the third region, becomes hori- 
zontal. In this third region the recorded value of T has 

a 
reached a limiting value 7’ which we interpret as the 
maximum or “critical” tension which the liquid can with- 
stand, that is, the value that always induces cavitation. 
The second region of the curve indicates cavitation of a 
more sporadic nature, that is, cavitation occurring at 
certain isolated points in the liquid at tensions somewhat 


A 
below 7. The end of the first linear portion in the curve 
for tap water shows that such sporadic cavitation can 
occur at a tension of about 7 atmospheres. The corres- 
ponding value for the boiled water is about 9 atmospheres. 


* 
The critical tensions are ‘’= 8-5 atmospheres for ordinary 


tap water, and T = 15-0 atmospheres for boiled deionized 
water. The higher value in the second case is what one 
would expect as the removal of much of the dissolved gas 
would increase the ability of the liquid to withstand 
tension. 
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Cyclotron Resonance Studies of 
Chemi-ionization in the O-- C,H, 
Reaction 


DURING an investigation into the kineties of the O+ C,H, 
reaction in a flow system by electron spin resonance 
(ESR) spectroscopy (unpublished results of J. N. B. and 
R. 8. T.) an intense signal with an effective g value of 
2-00 was detected. The following evidence showed 
that it was the result of cyclotron resonance of free 
electrons. The signal appeared with a TEs: cavity, with 
electric lines of force perpendicular to the d.c. magnetic 
field, but not with a cavity operating in the TE,,, mode. 
The application of a d.c. potential to tungsten electrodes 
inserted upstream of the cavity reduced the signal and 
produced a measurable current but did not affect the 
ESR signals. The signal was up to 107 times more intense 
than that of the normal radical electric dipole transition 
and was characteristically broad and unsymmetrical with 
a g value of 2-00 (refs. 1 and 2). The signal versus reaction 
time profile was similar in shape to those reported? for 
the system using Langmuir probe and mass spectrometer 
detection. 

Because the electron concentration will equal the concen- 
tration of ions, the technique can be used to study the 
kinetics of chemi-ionization. Atom, radical and ion con- 
centrations can be measured simultaneously and there is 
no interference with the flow, such as can occur with 
the probes and sampling orifices which have been used 
previously. Furthermore, the volume within which 
measurements are made is better defined. 

The kinetic studies have shown that the rate of ioniza- 
tion is proportional to [O], at constant [C,H], and total 
pressure. At a fixed [O], the rate is roughly proportional 
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to [C,H], up to [(C,H,],~ 10[0], and to total pressure up 
to 2-3 torr (Fig. 1). This provides strong evidence that 
the rate-determining step is either the primary reaction 


O + C,H, -~ CO + CH, 
or a parallel reaction to it, such as 
O + C,H, -> CH + CHO 
and is not dependent on secondary reactions such as 
O + CH, — CO + 2H 
O + CH, -> CH + OH 


Coupled with the results of previous investigations®*, 
it seems likely that the common precursor to the major 
ions CHO*, CsH,* and C,H,+ is CH* and that the excited 
state is not the ?A state observed in chemiluminescence 
experiments which shows higher order dependences** than 
observed here, It seems that the use of emission measure- 
ments in the interpretation of chemi-ionization mechan- 
isms is open to criticism, 
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Vibrations of Turbine Blades measured 
by Means of a Laser 


A RELIABLE method of measuring the vibrations of the 
blades of a turbine while in motion is needed’. A non- 
contact method is clearly preferable to one involving 
transducers (such as strain gauges coupled to slip-rings 
or miniature transmitters). We have been investigating 
the possibility of using a laser Doppler system for such a 
measurement. 

The arrangement is shown in block diagram form in 
Fig. 1, and is the optical analogue of a microwave Doppler 
radar. In this system the coherent light from a Helium- 
Neon laser is focused on to a moving blade to which has 
been attached a small piece of “Scotehlite’ adhesive tape 
which acts as a slightly cooperative target, and conse- 
quently also serves as a convenient stroboscope. The 
back-scatter--which is shifted in frequency by the 
Doppler effect—is compared at a photodetector with the 
light from a reference mirror, the whole forming a two- 
beam interferometer. 

The current in the photodetector has a component at 
the difference frequency of the two beams (that is, the 
Doppler frequency) and this component is amplified in 
a tuned intermediate frequency amplifier. From there 
it is passed through a limiter to a frequency discriminator 
which converts frequency to voltage. Although a separate 
local oscillator with a fixed frequency offset is not used, the 
receiver is a true superheterodyne as distinct from the 
more usual homodyne type used in optical receiving 
systems. The centre frequency of the intermediate 
frequency amplifier is chosen equal to that of the average 
Doppler shift caused by a blade during its period of 
observation, and its bandwidth is sufficiently wide to 
accommodate all Doppler frequencies encountered while 
the blade sweeps through the angle 9. In our case this 
bandwidth is 2 MHz, which is considerably greater than 
that of conventional homodyne laser velocimeters used 
for measuring small velocit as 

Fig. 2 shows a typical measurement. The blades under 
observation were rotating at 900 r.p.m. and at the peri- 
phery their velocity was about 10 m/s. The ordinate 
represents a deviation in velocity from some fixed value 
close to 10 m/s. In the figure the variation is equivalent 
to a vibration of the turbine blades at a frequency of 
175 Hz, of peak velocity +40 cm/s and of amplitude 
036 mm. (A change in velocity of 4-0 em/s is equivalent 
to a change in Doppler frequency of 118 kHz.) The 
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Oscillograph showing variation of the relative velocity of the 


Fig. 2. 
turbine blades with respect to a reference mirror. Abscissa, 50 ms per 
division; ordinate, 29 mm/s per division. 


trace is made up of a series of vertical lines, each of which 
is treated as a single sample and is the velocity of a blade 
averaged over the angle 6. In general the deviation 
recorded in this manner could be the result of changes in 
turbine speed, vibrations of the mountings or vibrations 
of the blades themselves. 

The engineering parameters of importance were n 
continuous laser power of 0-5 mW and wavelength 6328 A. 
The intermediate frequency was 30 MHz and the band- 
width 2 MHz, the output time constant 20 ps and the 
discriminator characteristic 1-15 mV/kHz. 

Interpretation of results is not always easy because 
data are only available as a series of samples, and it is 
desirable to be able to examine the detail inside the sample. 
At present this is difficult to do because of the large fluctu- 
ations in the signal strength caused by the effects of the 
‘Seotchlite’, in spite of the use of a limiter of large dynamice 
range. Removal of the ‘Seotchlite’ and reliance on back- 
scatter from the blade itself reduce the fluctuation to 
manageable proportions but only at the cost of signal to 
noise ratio. 

In conclusion, the method shows promise. Techniques 
are available to improve the signal strength. The use of 
an electronic local oscillator and mixer would make pos- 
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Block diagram of laser Doppler system for measurement of vibrations on a rotating turbine. 
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sible measurements on turbines of any velocity using a 
single fixed intermediate frequency amplifier. Smaller 
vibrations can easily be measured by stopping down the 
electronie bandwidth to improve the signal to noise ratio. 
We thank members of the staff of the Electrical Engin- 
cering Department, University of Surrey, for help and 
practical assistance, particularly Professor D. R. Chick 
for his support, and Professor J. M. Zarek and members 
of the Mechanical Engineering Department for discussion. 
Q. V. Davis 
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Holographic Reconstruction of 
Animate Objects 


Is conventional holography the object must usually be 
held stationary to within a feackion of a wavele ngth 
during the exposure. This means that in order to make 
bright reconstructions of animate objects one must either 
use a pulsed ruby laser! or resort. to one of the oe 
processes (ref. 2 and unpublished work of J. D. R.). Here 
we show that if one ean tolerate dark reconstructions, 
much more movement of the object can be allowed. 








Pig. i. 


Two views of the reconstruction of a hand. 


Consider, for example, white background screens 
assembled in the object space of any apparatus for making 
holograms. If the baekground is stationary to better than 
& wavelength it is, of course, capable of reconstructing 
nnen T But if an animate object such as a living hand 
is held between the Becigaaunk and the hologram plate 
during the oe the reconstruction of the background 
will be partly obscured, In effect, a three-dimensional, 
hand-shaped Hele is reconstructed. Although, of course, 
this reconstruction contains no information about the 
surface texture it ean be used to make measurements in 
three dimensions just as if it were bright. Fig. 1 shows 
two photographs of a reconstruction from a hologram 
made in this way using a 10 mW = helium-—neon laser. 

The technique may also be useful in the study of 
dynamic piabene beeause any object which moves 
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considerably more than the normal holographic limit in 
effect digs a three-dimensional hole in the reconstruction 
space. An insect, for example, would leave behind a dark 
reconstruction of its flight path. The brightness of any 
given part of the reconstruction depends on the propor- 
tion of exposure time for which the background is ob- 
seure d. This property might be usefull y oo in ti he 
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BIOLOGICAL SCIENCES 


Transfer of lons against their Chemical 
Potential Gradient through Oil 
Membranes 


Ligvip organie solvents have been used to simulate 
biological membranes by making the organie solvent act 
as a bridge between two aqueous pools. The transport of 
ions (both K* and Nat) from one pool to another across 
such oil membranes has been studied’*. We report 
here a number of very interesting and perhaps useful 


features in the application of such mem- 
branes. 





We suggest that the transfer of anions 
between aqueous phase 1 and aqueous phase 
2 is ifapaenple. and that only a of 
cations is possible between Pha ao Tt is 
precisely this situation which can be achieved 
in the laboratory’. Assuming that the nega- 
tive ions are immobilized in their respective 
aqueous phases, then the number of positive 
ions leaving phase 1 must be balanced by a 
like number of ions leaving phase 2 and 
entering phase 1 to maintain electroneutral- 
ity. This coupling allows us to assert that 
the sum of the free energies for transferring 
a positive ion from phase I to phase 2 plus 
that for transferring a positive ion from 
phase 2 to phase | must be negative if the 
process is to be spontaneous at constant 
temperature and pressure, but we cannot 
insist that the individual free energies be 
negative. Thus 


AGr = AGa + AGE <0 

















is the criterion for a spontaneous process in which AGa 
and AG are the free energies associated with the transfer 
of ions from phase 1 to phase 2 and from phase 2 to phase 
l, respectively. If the electrical potential in phase j is 
denoted by 9j. the electrochemical potentials are 


AG, = RTIna,~ RT Ina, + ZF (9.— 9,) 
AGy = RTinb, — RTInb, + ZF (@,— pa) 









where @,. da, b, and b, are the activities of ions @ and 6 in 
phases 1 and 2, respectively. The charge of both ions is 
assumed to be the same and equal to Z and Faraday's 
number is denoted by F. The net change in free energy 
is then given by 





AG? = RT In (a,b, jaba) 
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Fig. 1. Na* concentration as a function of time. 


The requirement for a spontaneous process in which type b 
ions are transported from phase 2 to phase 1 along with a 
flow of type a ions from phase 1 to phase 2 is thus 


a,/a,<b2/b, 


Such a process has been reported by Schulman, who used 
two aqueous phases, one containing 50 mM NaCl and 
50 mM KCl, and the other containing 50 mM NaCl and 
no KCl. The organie bridge was pentanol plus cephalin. 
Cephalin can exchange hydrogen for sodium or potassium: 
the extent of exchange is governed by pH. The cephalin 
ion then serves as a carrier, transporting positive ions 
from one aqueous phase to the other through the oil 
phase. There is no carrier for anions and the chloride 
content of each phase is fixed. In the experiment of 
Schulman eé al. the concentrations of the ions are arranged 
so that the potassium experiences a large gradient or 
difference in activity and the potassium is therefore 
transferred from one phase to another down its chemical 
potential gradient. The sodium is driven in the opposite 
direction and against its concentration gradient. For 
example, after 24 h Schulman observed that the concentra- 
tion of sodium in phase 1 had increased from 50 to 
54 mM while the concentration of potassium had de- 
creased from 50 to 46 mM. The process will continue 
until the ratio of the sodium activities in the two chambers 


i a 
equals that of the potassium: that is = _ =. 
ay 2 


This same ion exchange system can be used in a different 
way. Because the exchange of sodium or potassium with 
hydrogen depends on pH, it is possible to make the 
sodium in the more concentrated chamber have less 
affinity for the carrier than in the chamber of lower 
concentration. Thus one can make sodium move against 
its concentration gradient, coupling it to a movement of 
hydrogen ions in the opposite direction. 


To test this an aqueous phase consisting of 50 mM 
NaOH was placed in one chamber (pH=12-7). The 
second chamber contained 50 mM HCI and 50 mM NaCl 
(pH =1-3). The oil phase was pentanol containing small 
quantities of stearic acid. The results are shown in Fig. 1: 
Na collects in the chamber of low pH. This experiment 
illustrates that chemical energy can be used to pump 
sodium or potassium across membranes against their 
chemical potential gradients. 

J. H. Moore 
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Stimulation of the Potassium 
Transport System in Low Potassium 
Type Sheep Red Cells by a Specific 
Antigen Antibody Reaction 


Some sheep have high concentrations of potassium in their 
red blood cells (HK type) and some have low concentra- 
tions (LK type)!. The gene for LK (Kat) is dominant. to 
that for HK (ka). Rasmusen and Hallt? reported an 
association between potassium type and an antigen (M) 
on the red cells of adult sheep. All HK type but only 
some LK type red cells were M-positive, that is, they 
were haemolysed by the isoantibody anti-M. They 
suggested that genes controlling potassium concentra- 
tions also controlled the M antigen, sheep homozygous 
for M (MM) being HK type (katka*), and sheep homo- 
zygous for m (mm) that is M-negative, being homozygous 
for the gene for LK (KalKal). The heterozygous LK 
sheep (Kalkah) were also heterozygous for M (Mm). 
The red cells of all newborn lambs contain more potas- 
sium than those of adult HK type sheep'’, and in 
those lambs which carry the gene for M, the cells do not 
react fully with anti-M until adult potassium concentra- 
tions are reached®:?.. The conclusion was that the presence 
of M antigen per se was not essential for the maintenance 
of a high intracellular content of potassium, and it 
was suggested that if the hypothetical m factor could be 
identified, it might prove to be directly involved in 
active potassium transport. The work reported here 
sets out to test this hypothesis. 

Sheep of the genotype katkatMM were immunized 
with KalKalmm red cells and an antibody was produced 
(anti-m) which, after suitable absorptions, reacted with 
all LK type red cells, but not with HK type cells (Table 1). 
The titre was higher (1 in 32) against homozygous than 
against heterozygous LK type cells (1 in 8). 


Table 1, RESULTS OF TESTING 173 SHEEP OF HK AND LK PHENOTYPE WITH 


ANTI-M AND ANTI-m 


No. of sheep 
K 


Phenotype LK H 
M 0 48 
Mm 58 0 
m 87 0 


Techniques for measuring uptake of K+ and (Na+ + K*)- 
activated ATPase activity in red cells are well established, 
and both have been shown to be three to four times 
higher in HK type sheep red cells than in LK cells*-’. 
An experiment was therefore designed to determine 
whether the presence of an antibody to the M or m 
factors affected the mechanism of active transport in 
red cells of the three different genotypes. 

A 2 per cent suspension of red cells in saline was incu- 
bated for 1 h at 32° C in an equal volume of a l in 4 
dilution in saline of anti-M, anti-m or control sera from 
HK and LK sheep, and also in sera containing isoanti- 
bodies of a specificity different from that of M and m, 
Such sensitized cells did not agglutinate, and were indis- 
tinguishable microscopically and. electrophoretically from 
non-sensitized cells; only when complement was added 
did haemolysis occur. Sensitized or control cells were 
then incubated in a *K-labelled medium with and 
without the addition of ouabain (10-! M). Samples taken 
at 30 min intervals during 3 h were washed three times, 
haemolysed and counted on a Packard y-scintillation 
spectrometer. Results were expressed as the mean 
ouabain-sensitive component of #K-uptake, computed 
as the difference in slope of the two uptake curves. 
Permeable ghosts were also prepared from washed sheep 
red cells by a modification of the Dodge method™=2, 
After treatment with the various sera for 1 h at 32° C, 
(Na+ + K*)-activated ATPase activity was assayed as 
previously described”. 
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The results clearly demonstrate a large specific stimu- 
lation of both the ouabain-sensitive K+-uptake and the 
(Na* + K*)-activated ATPase activity in LK red cells 
sensitized with serum specific for m antigen (Tables 2 
and 3). These effects were obtained with both homo- 
zygous and heterozygous LK red cells, but not with 
HK cells. Other antibodies, including the anti-M reagent, 
and control incubations with sera from all phenotypes, 
had no such effect on either HK or LK cells. 


Table 2. EFFECT OF ANTI-M AND ANTI-m ON THE POTASSIUM UPTAKE IN 
SHEEP RED CELLS 


Quabain-sensitive K* uptake 


Sheep mM/L packed cells/h 
Control Anti- Anti- 
No. Type serum M m 

J141 mm (LK) 0-137 0-141 0-942 
R53 min (LK) 0-123 — 0-890 
X75 mm (LK) 0-180 = 0-590 
W116 Mm (LK) 0-132 — 0-576 
H139 Mm (LK) 0-150 0-188 O51 
R61 MM (HK) 0442 0-468 0-446 
R94 MM (HK) 0-504 0-462 0-482 


Cells were incubated at a haematocrit of 0-05 in a solution of: 10 mM KEI 
(containing “KCN, 140 mM NaCl, 2 mM CaCl, 1 mM MgCl, 5 mM glucose, 
10 mM tris, pH 7-6, and washed three times in fifty volumes of unlabelled 
mediam. 


Table 3. EFFECT OF ANTI-M AND ANTI-M ON THE (Na‘ + K-)-ACTIVATED 


ATPASE ACTIVITY OF SHEEP RED CELL GHOSTS 
(Na*+K*) activated ATPase 


Sheep activity ~moles/mg protein/h 
Pi 
Contral Anti- Anti- 
No. Type serum M m 
F141 mm (LK) 0-0245 — 0445 
75 mm (LK) 0-0200 0-0214 0-145 
R53 pun (LK) 0-0157 ©0151 9-0720 
R94 MM CHK) O71 OTF O-174 
T40 MM (HK) 9-193 O-197 0-183 


Ghosts were incubated with 140 mM NaCl, 12-5 mM KCI, 1-5 mM tris-ATP, 
1-6 mM MgCl, 0-1 mM EDTA and 10 mM tris, pH 7-4 for th. 


Although extensive inheritance studies have not yet 
been carried out, it seems reasonably certain that the 
new antibody is identifying the antigenic product of an 
allele at the M locus. Furthermore, these results sub- 
stantiate the evidence of Rasmusen and Hall? that the 
potassium type and M system are under the same genetic 
control. Using anti-M and anti-m reagents, it is now 
possible to type sheep red cells for potassium without 
actually measuring their content of potassium. The 
fact that the lytic reaction of anti-m is stronger with 
homozygous than with heterozygous LK red cells suggests 
that there may be a quantitative difference in m sub- 
stance between these two types. In this respect it is 
interesting to note that heterozygous LK cells have on 
average a slightly higher potassium concentration than 
homozygous LK cellst?, Even in the heterozygous state, 
however, there is apparently sufficient m substance to 
render the cell LK type rather than an intermediate 
type. 

The dramatic stimulation of the active potassium 
transport system in an LK cell by sensitization with 
anti-m effectively confers on it the properties of an HK 
cell. Both lamb cells, and immature red cells, even in 
LK type animals. have higher potassium concentrations 
than adult HK cells, and so it seems likely that the anti- 
body reaction restores the potential for active transport 
originally present in the cell. Tentative support for 
this theory is the fact that the net ouabain-sensitive 
uptake of K* in LK cells sensitized with anti-m is appa- 
rently higher than in an adult HK cell. Any interpretation 
offered for this effect must be speculative at this stage. 
Because the antiserum does not remove m from the 
cell, it must be changing its position or conformation, 
and it seems likely that the m antigen blocks the potas- 
sium pump either directly by an allosteric inhibition of 
the potassium sites, or indirectly by altering the con- 
formation of the enzyme-complex within the membrane. 
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Studies with labelled cardiac glycosides should give 
further information to elucidate this mechanism. 
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Accumulation of Fallout Caesium-137 
in Newborn Infants 


Wilson and Spiers’ reported that fallout Cs in 
powdered milk accumulated in the body of infants whose 
body burden could be fitted by an exponential model of a 
single compartment. Our ealeulations based on the model 
of Wilson and Spiers have shown that the concentration 
of Cs in the infant, expressed as pCi/kg of body weight, 
increases from birth to a maximum at about 50 days and 
then decreases slowly until the infant is 180 days old, 
when the observations ceased. The maximum concentra- 
tion in infants is more than twice that in the mother. 

Independently, we have conducted a similar experiment 
in which ten bottle-fed infants consumed powdered milk 
of known fallout 17Cs content and were measured for 
their body burden of Cs using a plastic-scintillator 
whole body counter*. We also found that the Cs 
concentration in the infants was higher than that in their 
mothers during the period between 80 and 170 days of age. 
Here we explain the high concentration of }*7Cs in these 
infants by assuming a metabolic model of Cs and the 
intake of powdered milk. We also estimate the bio- 
logical half-life of Cs in our infants by fitting the 
calculated body burden to the experimental data, and 
show that the internal dose of Cs can be critical in 
infants between 0 and 180 days old. 

The metabolic model of Cs for the infants is assumed! 
to be 





= P(t)—K Q(t) (1) 


where Q(t) is the "Cs body burden in the infants, P(t) is 
the '"Cs intake from milk, K is a rate constant, 0-693/7', 
(biological half-life), and £ is time. 

The intake of powdered milk was evaluated from the 
results of Wilson and Spiers! and our own results, and was 
fitted by linear functions of time as follows 


I =3536xt 
From 1 to 28 days, I=136x:+340 (2) 
From 28 to 180 days, [= 0-184 x (+ 66-84 


From 0 to 1 day, 


where I is the average intake of the powdered milk in 
g/day and ¢ is time in days. 
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The intake of 1%Cs is thus obtained by multiplying the 
10s content in the powdered milk (pCi/g) by the milk 
intake. 

The "Cs content in powdered milk in Japan was re- 
ported to be between 0:5 pCi/g minimum and 9-4 pCi/g 
maximum during 1963°. The Cs content of milk in 
different countries during 1963-65 varied between 30 and 
1,000 pCi/l.4, which is nearly equivalent to 0-3-10 pCi/g of 
powdered milk. We supplied our infants with powdered 
milk containing 0:65 pCi of ™"Cs/g from an identical 
production lot. 

The body weights of the infants were estimated from our 
measurements and the average weight was fitted by 
linear functions of time 


From 0 to 10 days, body weight (kg) = — 0-015 x t+ 3-15 
From 10 to 20 days, body weight (kg)=0-15 x#+1:50 (3) 


From 20 to 180 days, body weight (kg) = 0-025 x t+ 4-00 
Equation 1 can be integrated by substituting for P(t) 
the appropriate equation from expression 2 and assuming 


the biological half-life and concentration of "Cs at birth. 
Thus the following equations are obtained: 


from 0 to 1 day, when P(t) = at, 


A a 
ER COET S 2 
from 1 day onward, when P(t)=at+b, 
a a 
t pan = K(t—-te) — —— ae 5 
Qi) + Ce- etx (5) 
ae b) 
and C = ic to) = iz -ptE afl (5) 


where Q(t) is the ™7Cs body burden at time t=f, days 
from birth. 

For our infants, Q(t) was calculated using “7Cs content 
of the powdered milk (0-65 pCi/g) and assuming biological 
half-lives of 10, 13 and 15 days. The results are shown in 
Fig. 1, together with three experimental points which are 
the average values for the ten infants, and fall within the 
range of the half-lives between 10 and 15 days. The 
87Cs concentration was calculated by dividing Q(t) by the 
body weight (BW) (equation 3) as shown in Fig. 2, where 
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Fig. 1. Change of Cs body burden (nCi) in infants with age (days). 


Q(O) =0-18 nCi (mother’s concentration ~ 60 pCi/kg). Cs content of 

the powdered milk = 0-65 pCi/g. The three calculated curves correspond 

to biological half-lives (Te) of 10, 13 and 15 days. The three experi- 

mental results shown by circles with ranges of deviation are the average 
values +1 standard deviation for ten infants measured, 
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Fig. 2. Change of Cs concentration (nCi/kg) in the infants calculated 
by dividing the °’Cs body burden shown in Fig. 1 by body weight. The 
experimental results are shown by circles with ranges of deviation. 
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Fig. 3. Changes of +*7Cs body burden and concentration in f bottle-fed 
infant. Q(0)=03 nCi (mother’s concentration 2100 pCi/kg); 10s 
content of powdered milk = 10 pCi/g; T»= 25 days, 


the experimental values are also plotted. The value of 
Q/BW increased rapidly from birth to a maximum at 
about 60 days and then decreased slowly up to 180 days. 
The concentration of Cs at birth (Q(O)) was assumed to 
be equal to that of the mother'—about 60 pCi/kg. The 
calculated concentration at maximum was about three 
times that of the mother. 

Q and Q/BW were calculated for varying amounts of 
1837s in powdered milk and biological half-lives. Fig. 3 
shows an extreme case of high 1°’Cs content (10 pCi/g) in 
powdered milk and long biological half-life (25 days)’; 
Q/BW reaches a maximum (4 nCi/kg) at about 100 days of 
age and then decreases slowly. Extrapolating the curve of 
Q/BW to 360 days, the internal dose of the infants would 
amount to 30 mrads/yr. This must have been the case for 
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infants in Japan and many other countries during 1963- 
64, but the highest @/BW observed in adults was 
0-8 nCi/kg in Japan. The high concentration of '**Cs in 
infants is caused by the high #’Cs content of milk and the 
low body weight (the biological half-life in infants does not 
shorten in proportion with their body weight). We are 
now using these results to calculate the internal dose of 
bottle-fed and breast-fed infants born in Japan during 
1962 and 1967. 
We thank Dr R. Ichikawa for his critical reading of the 

manuscript. 
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Components of the Genetic Repair 
Mechanism are not confined to the 
Nucleus 


Ir has been shown that radiation-sensitive mutants in 
separate genes, which presumably affect different steps 
in the repair of damaged DNA, can complement in 
Escherichia coli‘, or yeast? and Ustilago diploids. Could 
such strains complement each other's deficiencies in 
heterokaryotie cells? Such complementation would not 
be expected if the repair mechanism was completely 
confined to the nucleus. Recently. mutants of Neurospora 
two or three times more sensitive to the lethal effect of 
ultraviolet light than wild type have been reported to 
complement in heterokaryons’. We have tested this 
further with three radiation sensitive (uvs) mutants of 
Ustilago maydis which are 10-30 times more sensitive to 
ultraviolet light than wild type cells, and which are 
believed to be deficient in ability to repair damaged 
DNA‘. These mutants are recessive, unlinked and comple- 
ment in diploid cells. Heterokaryotie cells were obtained 
using the conditions devised by Puhalla> which allow 
strains of opposite mating type to fuse to form hyphal 
cells containing nuclei of opposite mating type. although 
we used a different medium (Ustilago liquid complete 
medium supplemented with 1-7 per cent Difco cornmeal 
agar). Groups of heterokaryotic cells were removed with a 
needle from compatible matings between strains with like 
or different ws mutations, and spread on a plate of 
complete medium. The plate was irradiated with 960 
ergs/mm? ultraviolet light from a standard germicidal 
lamp. This dose kills about 20 per cent of wild type cells 
and at least 98 per cent of wus cells. After overnight 
incubation, 150 heterokaryotie cells of each type were 
scored for viability under a low power microscope. On 
this medium viable heterokaryons grow to form a micro- 
colony consisting largely of haploid cells. The parent 
strains each carry complementing auxotrophic markers, 
and so it is easy to show that the surviving colonies are 
not diploids by replica plating them to unsupplemented 
medium on which only diploids will grow. The results of 
the tests are shown in Table 1. 
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Table 1. SURVIVAL OF HETEROKARYOTIC CELLS AFTER TREATMENT WITH 


ULTRAVIOLET LIGHT 
ayb, pan-1 


uvs-i uvs-2 ups-3 
uvs-1 0 122 99 
a,b, adi me-15 - uvs-2 124 0 110 
(uvs-3 113 95 3 





The figures are numbers of surviving cells among 150 tested, {Control 
survival (wild types @,b,+@.b,): 125/150. 


We conclude from this result that components of the 
repair mechanism are diffusible between nucleus and 
cytoplasm, and cannot therefore be completely confined to 
the nucleus. From this we surmise that DNA outside the 
nucleus (for example, mitochondrial DNA) might also be 
repaired by the same mechanism used for repairing 
damaged nuclear DNA. 

One of us (M. A. R.) is supported by a US Public 
Health Service postdoctoral fellowship from the US 
National Cancer Institute. 
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Microsurgery of Inner Cell Mass of 
Mouse Blastocysts 


Mouse eggs can be immobilized for injection}? or for 
microsuction?, and rabbit blastocysts can be held to permit 
excision of trophoblast cellst. I describe here the use of a 
micresuction system? to manipulate the inner cell mass of 
the mouse blastocyst. 

To extract cells from the inner cell mass, a hybrid mouse 
blastocyst of agouti C3H/HeJ-albino BALB/c was held 
at the end of a pipette by negative pressurel:?, A suction 
micropipette, which has a capacity of about 5,000 cubic 
microns at the terminus and an oblique tip with an orifice 
of 5-12 microns in diameter, was made to penetrate the 
zona pellucida, enter the segmentation cavity, and insert 
into the inner cell mass. Removal of elements of the latter 
was accomplished by adjusting the serew-syringe or by 
regulating the finger tip on-and-off control of the micro- 
suction system? so that the micropipette terminus was 
filled and refilled. The position of the tip of the suction 
pipette in the blastocoele was verifiable beeause liquor 
could be suctioned back and forth making the cavity 
close and open repeatedly. When the tip of the micro- 
pipette reached the inner cell mass, cell fragments 
appeared in the terminal part of its lumen (Fig. 1). The 
suspending medium for the blastocysts was a phosphate 
buffer saline plus bovine plasma albumin (20 mg/ml.), 
penicillin (100 u/ml.) and streptomycin (50 yg/ml.); its 
pH was 6-8 — 7-0. 

After the operative procedure, the blastocysts were 
usually shrunken and their cavities closed. When they 
appeared severely damaged, or disorganized, by partial 
removal of the inner cell mass, they were disearded. The 
remaining contracted blastocysts were cultured in small 
drops of sterilized medium’ under mineral oil in a Petri 
dish, and their appearanee checked on the following day; 
survival was accompanied by reappearance of the blasto- 
coele and normal appearance of the cells. 
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Fig. 1. A mouse blastocyst in process of microsuctioning; the inner cells 

are being extirpated by suction into the micropipette terminus. Two 

blastocysts (above) have been microsuctioned and are contracted. 
Below the micropipettes are two unoperated blastocysts. 


In this study seventy-three blastocysts were obtained on 
day 4 and each subjected to the removal of 5,000 to 15,000 
cubic microns of inner cell mass material. Twenty-eight of 
forty-nine cultured blastocysts appeared viable on the day 
following the operation, as indicated by re-establishment 
of blastocoele cavities (Table 1), and were transferred to 
the uteri of thirteen BALB/c albino recipient females; 
seven of the latter became pregnant. Five dark-eyed 
foetuses were observed in five mothers at autopsy on the 
seventeenth day of gestation; three young were delivered 
at term by the two other mothers. 


Table 1, SURVIVAL OF MOUSE BLASTOCYSTS AFTER MICROMANIPULATION OF 
INNER CELL MASS 
No, of 
Treatment blastocysts No. surviving 

Partial microsuctioning of inner cell mass 73 49 (67%) 
Culture of micromanipulated blastocysts 49 28 (57%) 
Implantation and development after micro- 

suction and culture 28 8 (29%) 


Foetuses which developed from blastocysts from which 
part of the inner cell mass had been removed did not show 
obvious abnormalities. One foetus was small, but the 
other foetuses and the three full-term young were within 
the normal size range. Histological comparison of foetuses 
developed from control and experimental blastocysts did 
not reveal differences. 

It is known that one blastomere of a two-celled ovum 
of the rabbit® or mouse’, as in the case of each twin blasto- 
mere of echinoderm eggs*, can produce a complete 
individual. In contrast, many invertebrates—for example, 
molluses and annelids—develop structural defects when 
only a small portion of the early cleavage egg is removed’. 
Cells dissociated from advanced amphibian gastrulae, 
but not from blastulae, may give rise to differentiated 
organ structures in culture!*, The fact that micrurgical 
destruction of partial removal of the inner cell mass of the 
mouse blastocysts in this study did not result in obvious 
abnormality may have been due to repair by the remaining 
cells of the inner cell mass. Both injection? and micro- 
suction? techniques appear to indicate that the blastocyst 
retains the capacity of regulation exhibited by cells in 
earlier stages of development. 
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Binding of Tritiated Actinomycin and 
Cell Differentiation 


CHANGES in the degree of resistance of DNA to acid 
hydrolysis have been demonstrated during spermato- 
genesis and early embryonic development!. These 
changes can be demonstrated by a cytophotometric 
study of the kinetics of the Feulgen reaction in the nuclei 
of different parts of the neurula, the larval chondrocytes 
and erythrocytes, spermatocytes, spermatids and sper- 
matozoa. It is not easy, however, to give an exact 
biochemical explanation of these variations; results 
merely suggest that the binding of DNA to various 
proteins, which might be important in the control of 
genetic transcription, could vary from one cell type 
to another. 

More precise information about the regulation of gene 
activity during cell differentiation at the level of trans- 
cription ean be obtained by a method based on the 
“staining” of tissue sections with labelled actinomycin, 
followed by autoradiography®?. There is increasing 
cytochemical? and biochemical* evidence that fixation of 
labelled actinomycin by the nuclei is closely linked to the 
degree of repression in chromatin: proteins block the 
binding sites on the DNA molecules. 

The present work deals with Pleurodeles embryos and 
spermatogenesis in the mouse. Ficq’s? technique was 
used as follows. The material was fixed with acetic 
alcohol at 0° C for 15-60 min and immersed for 1 h in 
8H-actinomycin® solution (9 pCi/mmole or 5 wCi/mmole). 
The slides were exposed for 3-7 days, the time varying with 
the radioactivity of the solution. Counting was carried 
out on 20 to 100 nuclei, according to the density of 
labelling. Nuclear areas were estimated with a “reticule”, 
the chosen unit being a square of sides 25 microns. 


Table 1 
Gastrulae Ectoblast: 144-4; 1121 Average: 128-2 
Entoblast: 413-6; 262-7 iš 338-1 
Neurulae Ectoderm: 65:5: 505; 34:8 E 50:3 
Nervous system: 1866; 82-0; 112-4 p 127-0 
Mesoderm: 126-1; 1312; 674 sé: 108-2 
Endoderm: 222-0; 179-3; 71:3 ” 157:5 
Larvae (5 months old) Chondrocytes: 1817 
Erythrocytes: 142-2 
Brain: 448:3 
Mouse testis Spermatocytes: 226 
Spermatids: TZ 
Spermatozoa: 8-8; 14 fav, 26) 


The results are summarized in Table 1, which gives the 
number of grains per nucleus in two or three different 
embryos. 

These results fit extremely well in the available bio- 
chemical and biological data if there is a parallel between 
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actinomycin binding and nuclear RNA syn- 
thesis (genetic transcription). For example, 
Woodland and Gurdon’s biochemical work® 
has shown that “heterogeneous” RNA 
(presumably messenger RNA) accumulates 
faster in the endoderm than in the rest of 
the embryo on a per cell basis. There is 
also extensive evidence, theoretical and 
experimental®~*, that induction of the nerv- 
ous system results in a derepression of the 
ectoblastic nuclei. Finally, there is no 
doubt that spermatogenesis (and, particu- 
larly, spermiogenesis) is accompanied by a 
progressive repression of genetic activity. 
The parallelism between the two sets of 
results is very striking when com- 
paring ectoblast and entoblast in gastru- 
lae, ectoderm and nervous system in nurulae. 
spermatocytes, spermatids and spermatozoa 
in the testis. Results obtained with differ- 
entiating cells in amphibian larvae cannot be 
interpreted until further work has been 
earried out on other larval tissues: it might 
be significant that the nuclei of cells which 
specialize in the synthesis of one major 
type of proteins (chondroeytes and erythro- 
eytes) bind less actinomycin and might thus 
have more strongly repressed nuclei than 
those of the brain. 

In conclusion, our findings indicate that the study of 
labelled actinomycin binding, like that of acridine orange 
binding’, by the nuclei might be a very useful tool for 
analysis of genetic activity at the cellular level. 
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Long Biological Half-life of Vitamin D, 
and its Polar Metabolites in Human 
Serum 


RECENT estimates!*, based on observations of radio- 
isotopically labelled cholecalciferol for up to 4 days, sug- 
gest that the biological half-life of vitamin D in human 
plasma does not exceed 50 h. Conversely, after adminis- 
tration of large amounts of vitamin D, the “vitamin D 
activity” of plasma assayed biologically falls slowly*4, 
with a half-time that may exceed 3 months (unpublished 
work of G. A. L. and S. W.8.). 

We have measured the serum levels of vitamin D and its 
metabolites for up to 3 months after administering labelled 
vitamin D, to healthy adults and patients with chronic 
renal failure. Our data probably explain the discrepancy 
between previous results obtained with biological assays 
for vitamin D and the inferences drawn from radioisotopic 
studies of short duration. 

We gave a dose of 110 ug [4-"C] cholecalciferol, 19-2 
mCi/mmole (Philips-Duphar, Petten, Holland), or 216 
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Fig. 1. Vitamin D, metabolism in a healthy adult (case J.L.). The curves show the time 
course of serum levels of total lipid-soluble radioactivity, unchanged vitamin D,, and total 
polar metabolites extractable into aqueous methanol, following intravenous injection of 
radioactive vitamin Da. The column at the right shows the percentage of the total radio- 
activity in the aqueous methanol extract that was recovered in the individual fractions 
separated by silicic acid chromatography. Fraction ILI represents the trace of unchanged 
vitamin D; that may partition into the more polar solvent, Fraction [Vb possesses anti- 
ricketic activity. 
radioactivity and unchanged vitamin D, for 37 per cent; the remaining radioactivity was 
present in the polar components of the aqueous methanol extract. (In subject G.N., the 
corresponding values for peak [Vb and for vitamin D, were 52 per cent and 20 per cent 


After the fourth day, it accounted for 39 per cent of total lipid-soluble 


respectively.) 


ug [1,2-*H,] cholecalciferol, 32-0 mCi/mmole (New England 
Nuclear Corporation). The vitamin was dissolved in 
I mi. of ethanol, diluted to 5 ml. with ‘Intralipid’ (Vitrum, 
Stockholm) and injected intravenously. Serum from 
serial blood samples was extracted by the method of 
Avioli et al.2. The resulting chloroform extract, which 
contained all the lipid soluble radioactivity, was parti- 
tioned between iso-octane and aqueous methanol’. 
Samples of the separated iso-octane and aqueous methanol 
phases were chromatographed on silicic acid columns’, 
using increasing proportions of ether in hexane and 
methanol in ether as eluants. The eluted fractions were 
monitored for radioactivity by liquid scintillation counting. 
The iso-octane extract consisted almost entirely of un- 
changed vitamin D,, the aqueous methanol fraction con- 
tained only more polar metabolites and virtually no 
vitamin D, (ref. 7). 

In all the people investigated, whether metabolically 
normal controls or patients with renal failure, the serum 
levels of total lipid soluble radioactivity and of unchanged 
vitamin D, exhibited the same general pattern of biphasic 
exponential decay (Fig. 1). The initial rapid phase, with 
a half-time of less than 2 days (Table 1), corresponds 
with the values obtained by others, This was followed 
by a much slower phase with half-time measured in 
weeks (Fig. 1; Table 1). Radioactivity in the polar 


Table 1, SERUM LEVELS OF LABELLED VITAMIN D, AT VARIOUS TIMES AFTER 


ADMINISTRATION 


Serum half-life (days) 
‘Total lipid sol, Vitamin D 


Sub- Age Clinical radioactivity radioactivity 
ject (yr) Sex atatus Phasel Phase lt Phasel Phase IIt 
10-3- {4-40 03- (6-40 
3 days) days) 5 days) days)) 
Cs * 18 F Control" 1°30 20 1-60 18 
EHN, 15 M Renal failure 1:50 2% 1:50 22 
G.N. 55 M Control 1-84 43 2-00 31 
WH., 4i M Renal failure 1-80 44 1-30 36 
J.L. 40 M Control 1:20 24 1:00 18 
B.S, 39 F Renal failure 125 35 EAS 32 


1 
The figures in parentheses indicate the period of time used to calculate the 
respective half-lives, 


* This patient had coeliac disease, which was in remission on treatment 
with a gluten-free diet. She and R.H. received a daily therapeutic dose of 
vitamin D, (0-1 mg or 4,000 iu) for some time before and throughout the 
study, which was performed with the tritiated tracer. In all other subjects, 
intake of vitamin D was limited to that provided by ward diet and all were 
studied with 1'C-labelied vitamin Da. 

t in R.H., G.N., W.H., and B.S., extension of observations to 100 days 
indicates a flattening of the curves with half-lives approaching 50-60 days. 
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metabolite fraction increased from zero, to reach a maxi- 
mum in 3-10 days, after which it decayed slowly. During 
the decay phase, the radioactivity in the aqueous methanol 
extract was always in excess of that in unchanged vitamin 
D. Up to six separate fractions were obtained by silicic 
acid chromatography of the aqueous methanol fraction. 
The main peak (IVb), eluted by 100 per cent ether, was 
shown to possess antiricketie activity in the rat. Thus 
the biologically assayed vitamin D activity of serum may 
be partly attributable to a molecular species different 
from the parent vitamin. Blunt, DeLuca and Schnoes* 
have recently isolated a more polar biologically active 
metabolite from hog plasma which they have identified as 
25-hydroxycholecaleiferol. A molecule such as this would 
have the chromatographic properties of the principal 
metabolite (IVb) that we have obtained from the aqueous 
methanol extract of human serum. 

During the rapid phase of decay, no more than 5 per 
cent of the administered radioactivity was recovered in 
the urine and faeces. It is likely therefore that the initial 
rapid fall in the level of radioactive vitamin D, in the 
serum is largely a result of distribution of the tracer 
about the body and partly a result of its conversion to 
radioactive metabolites. The slow exponential decay, 
which we find consistently, has not been described previ- 
ously in studies with labelled vitamin D; indeed, Avioli 
et al.” have claimed that plasma radioactivity falls “below 
background” 2 weeks after a dose of tritiated vitamin D,. 
Our evidence for a prolonged survival of vitamin D in the 
blood agrees well with the results obtained by bioassay?:4, 

This work is supported by a grant from the Medical 
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IgM Activity in Human 
Lymphotoxic Antisera after 
Renal Transplantation 


ANTIBODIES toxic to lymphocytes are produced in man 
after multiple blood transfusions, multiple pregnancies, 
and skin and kidney allografts. These antibodies are 
directed against iso-antigenic determinants shared by 
lymphocytes and tissues and are thought to recognize a 
major transplantation locus in man (HL-A). 

Walford! and Engelfriet and Britten? found cytotoxic 
antibody activity in the IgG class of immunoglobulins, but 
Metzgar and Siegler? failed to demonstrate activity in 
either pure IgG or IgM fractions. No lymphocytotoxic 
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activity has been demonstrated in human IgM immuno- 
globulins. Because cytotoxic antibodies have been impli- 
cated in renal allograft rejection’, and the deposition of 
IgM has been observed in immunofluorescent studies of 
rejection of renal allografts®, we have studied the immuno- 
globulin classes of cytotoxic antibodies in the sera of 
patients awaiting renal transplantation and after rejection 
of a renal graft. 

We used antisera with lymphocyte cytotoxic antibodies 
arising after three modes of immunization: (a) three 
patients who developed antibodies as a result of multiple 
transfusions during the course of haemodialysis; (b) one 
patient with antibodies after six pregnancies; (c) three 
patients who had rejected a renal allograft while receiving 
immunosuppressive therapy with azathiaprine and pred- 
nisolone; one of these patients had antibodies before 
grafting as a result of multiple transfusions; (d) two 
control subjects, one having received multiple transfusions, 
and one having rejected a renal allograft, but neither with 
cytotoxic activity in whole serum. 

The sera were fractionated on ‘Sephadex G-200’ gels to 
obtain IgM, and by column chromatography on DEAE- 
cellulose to separate IgG. Samples were eluted using tris 
buffer (pH 8-4) and 0-01 M phosphate buffer (pH 7-5), 
respectively. Fractions were collected, and an optical 
density elution pattern was plotted at 280 mmicrons. 
Fractions corresponding to the ascending limb of the 
first peak from the ‘Sephadex’ column were pooled as 
were fractions from the DEAE-cellulose column. The 
pooled fractions were concentrated by negative pressure 
dialysis, further dialysed against. phosphate buffered saline 
and the purity of the fractions was assessed by im- 
munoelectrophoresis. Immunoglobulin concentrations of 
each sample were measured by radial immunodiffusion 
(Hyland). Only samples containing pure IgG or IgM 
were used for further study. In all cases the specific 
immunoglobulin concentrations in the fractions were 
reduced to approximately 50 per cent of that in whole 
serum. We did not study IgA activity. 


Table 1. LYMPHOCYTOTOXIC ACTIVITY OF SERUM AND IMMUNOGLOBULIN 
FRACTIONS IN SUBJECTS IMMUNIZED BY TRANSFUSIONS, PREGNANCY OR 
RENAL ALLOGRAFT 


(Immunoglobulin concentrations of fractions approximately 50 per cent of 
that of whole serum) 


Immunizing Serum IgG TgM 

Name stimulus Activity ‘Titre Activity Titre Activity Titre 
Far Transfusions + 1:8 + 1:4 _ 
Day i + 1:2 + Lia ~ 
Chilv I sr + 1:4 + 1:4 — 
Chily HE Allograft + tra ~ + 1:2 
Brit a + 1:2 + 1:8 + 1:8 
Sor 3 + 1:1 ~ + 1:4 
Daw Pregnancy + 1:8 + Tix - 
Hig Allograft — ~ - 
Carl Transfusions = — - - 


Table 1 shows that, at the concentrations tested, IgG 
was the only active immunoglobulin in the sera of the 
subjects immunized by multiple transfusions or pregnancy, 
whereas IgM lymphocyte cytotoxic activity was found 
only in the sera of three patients who had rejected a renal 
allograft while on immunosuppression. One patient 
(Chilv), who had activity in the IgG class before trans- 
plantation, was found to have only IgM activity after 
grafting. A second patient (Brit) had both IgG and IgM 
activity after transplantation. There was an increase in 
the titre of activity in some fractions compared with whole 
serum. This, we believe, results from the removal of anti- 
complementary factors during fractionation. 

These observations have their parallel in the predomin- 
antly IgM response to keyhole limpet haemocyanin in 
patients treated with azathiaprine for auto-immune 
disease’, In kidney allograft patients, the secondary 
response to flagellin is almost entirely IgM (M. J. Rowley, 
I. F. C. M. and I. Mackay unpublished results). Similarly, 
Borel et al.” showed that animals treated with 6-mer- 
captopurine preferentially form IgM antibody, not only as 
a primary response but also as a secondary response. 
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It appears that azathiaprine, which is partly rnetabolized 
to 6-mercaptopurine in vive*, may not be able to suppress 
the IgM response to some soluble antigens, including 
histocompatibility antigens. 

If therefore these antibodies take part in graft rejection, 
it may well be that our immunosuppression is inadequate 
because IgM synthesizing cell lines are apparently not 
suppressed. Certainly in the mouse, IgM is a more 
effective cytotoxin than IgG”, and, if this is so in man, then 
failure to suppress this part of the immune response may 
constitute an important defect in immunosuppressive 
therapy of patients with a renal transplant. A more 
effective form of immunosuppressive therapy is required 
to depress all phases of the immune response to human 
histocompatibility antigens, but such a broad degree of 
immunosuppression will undoubtedly increase the hazards 
to which these patients are exposed. 
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Mutagenic Effect of 3-Hydroxykynurenine 
and 3-Hydroxyanthranilic Acid 


Many metabolites of tryptophane found in the urine of 
patients with leukaemia}? and bladder tumours*-” induce 
tumours in experimental animals'*-". 

In previous work with E. I. Zharova the mutagenic 
effects of 3-hydroxykynurenine and 3-hydroxyanthranilic 
acid were studied in C,,Br and C,,Bl mice. 

These metabolites of tryptophane are carcinogenic in 
these strains'?* and cause chromosomal aberrations in 
their haemopoietic cells 24 and 48 h after subcutaneous 
transfusion in a dose of 10 mg/l., which is one tenth of a 
blastogenic dose. An analysis of chromosome plates 
prepared by Ford’s method showed that the most frequent 
changes were breakages of the centromere region of one of 
the small chromosomes and the occurrence of cells with 
thirty-nine or forty-one chromosomes”. 

In studying the mutagenic effect of 3-hydroxyanthrani- 
lic acid by the method of reverse mutations we showed 
that it increases the number of reversions in strain 
K-12 (tre, B,-) of Æ. cola'®. 

The effects of 3-hydroxykynurenine and 3-hydroxy- 
anthranilic acid on chromosomes of somatic cells in 
human tissue culture are described here. Cell suspensions 
of 7-9 week old human embryos (1-5 m/ml.) prepared in 
medium N199 with 10 per cent bull plasma, obtained by 
trypsinization on a magnetic mixer, were put into Karrel 
bottles (5 m cells/bottle). After incubation for 40-41 h 
the culture medium was replaced by a fresh one. Com- 
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pounds were added to the experimental bottles in doses 
of LDy. 

Chromosome preparations were made after 24 h by the 
modified method of Moorhead et al., and coloured by 
Romanowsky’s method. Only diploid cells were analysed. 
Hyperdiploid cells were found in treated and control 
cultures. Mutagenic activity was measured by chromoso- 
mal changes. Three experiments were made with each of 
the tryptophane metabolites. The extent of confidence 
for the results was calculated with the help of Student- 
Fisher tables. 


Table 1. CHROMOSOME CHANGES IN CELLS TREATED WITH 3-HYDROXY- 
KYNURENINE OR 3-HYDROXYANTHRANILIC ACID 
3-Hydroxy- 8-Hydroxyanthranilic 
kynurenine acl 
Treatment Experiment Control Experiment Contro} 
Dose 50 mg/l. 30 mg/l. 
Number of counted metaphases 264 237 388 300 
Number of cells with changes 35 9 49 8 
Percentage of cella with changes = 13-2 38 12-6 2. 
Confidence P<0:001 P<0-001 
Total sum of chromatid break- 
ages 3 9 65 8 
Mean breakages per cell 0-31 0-032 0-16 0-027 
Number of translocations 3 — 1 _ 


Table 1 shows that many more treated than untreated 
cells have chromosomal changes: 13-2 per cent after 
3-hydroxykynurenine compared with 3-8 per cent of the 
control, and 12-6 per cent after 3-hydroxyanthranilic 
acid compared with 2-7 per cent of the control (P < 0-001}. 

3-Hydroxykynurenine and 3-hydroxyanthranilie acid 
caused chromatid breakages in human somatic cells in 
tissue culture, chiefly one or two per celi or, more seldom, 





Fig. 1. 
in cells treated with 3-hydroxykynurenine or 3-hydroxyanthranilic acid. 


Chromatid breakages (a-e) and chromatid translocations (d-f) 
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three, four or more (Fig. 1). Translocations were observed 
four times (Fig. 1) in connexion with chromatid break- 


es. 

This work confirms that 3-hydroxykynurenie and 
3-hydroxyanthramlic acid are mutagenic. Mutagenicity 
is probably the mechanism of the blastogenic activity of 
these tryptophane metabolites. 


L. E. KUZNEZOVA 


Department of Blood Pathology, 

Instıtute of Experimental and Clinical Oncology, 
USSR Academy of Medical Sciences, 

Moscow. 
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Specific and Irreversible Inhibition of 
Lysozyme by 2',3'-Epoxypropyl 
6-Glycosides of N-Acetyl-p-glucosamine 
Oligomers 


THE structure and properties of hen’s egg white lysozyme 
and of the lysozyme-inhibitor complexes are known in 
detail?-*, but there is no direct evidence as to which 
amino- -acid residues are involved in the bond breaking step. 
Specific chemical modification of the active site residues 
is an obvious approach to the problem, and we describe 
here an attempt to design specific inhibitors of lysozyme, 
using the affinity labelling principle?*. Because the side 
chains of amino-acid residues Glu 35 and Asp 52 have 
been proposed as the catalytically active groups in lyso- 
zyme*, we have prepared potential lysozyme inhibitors 
which can react with carboxyl functions, and have 
investigated their effect on the 

7 Oligomers of N-acetyl-p- glucosamine (GleNAc) were 
used as materials. They are prepared from chitin 
by acetolysis, and their bmding to lysozyme has been well 
studied§*. An examination of the lysozyme—(GleNAc), 
three-dimensional model indicated to us that amino-acid 
residues in subsite D, notably Glu 35 and Asp 52, would be 
accessible to attack by an alkylating group attached 
through a B-glycosidic linkage to a GleNAc residue binding 
in subsite C. An epoxide alkylating group was chosen 
because of ita ease of preparation. Because the association 
constants with lysozyme of the oligomers (GloNAc), 
and (GlcNAc), are markedly higher than that of GlcNAc, 
it seemed likely that alkylating glycosides prepared. from 
them would show higher specificity. We fave therefore 
prepared three 2’,3’-epoxypropyl B-glycosides of GlcNAc 
and its oligomers as potential irreversible inhibitors of 
lysozyme (Fig. 1). 
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The method of preparation nvolved condensation of the 
appropriate acetochloro sugars with allyl alcohol, epoxida- 
tion of the resulting B-glycosides, and deacetylation to 
give the desired crystalline compounds. Full details of 
the syntheses will be reported elsewhere. Chemical 
purity and structures were established by the usual 
criteria. Thus compound JI was crystallized from 
aqueous acetone, melting point 280° 285° d., [a]#—33-2° 
(c= 2-45, H,O), and gave an NMR spectrum and elemental 
analysis m accordance with the proposed structure. 
The presence of an epoxide group was shown by reaction 
with thiosulphate resultmg m the release of alkal’. 
Radioactively labelled compound IL was prepared by 
N-acetylation of 2-ammo-heptaacetyl (GleaN Ao), (ref. 10) 
with either 1C or *H labelled acetic anhydride, followed by 
conversion of the resulting octaacetyl derivative to the 
1-chloro compound. 

Association constants, Ka, for I-O (Fig. 1) were de- 
termined by fluorescence spectroscopy’, immediately after 

i with lysozyme, and gave approximate values of 
5x10! (1); 6x10? (O); and 1x105 (III). Such values 
are in good agreement with those obtamed for the mono, 
di and trisaccharides of GIcNAc and reflect the strong, 
non-productive binding of these compounds in subsites 
A, B, O of the enzyme, with the reducing end at subsite 
C (ref. 8.). 


ov 
O aag 0 
R H 
HO N-O -CH -CH—CH 
U o Ñ ae aie 
w 
CH, 
I R®H 
I R= GIcNAc 


I. R= GileNAc-B+I+4)-GleNAc 


Fig. 1. Structures of 2’,8’-epoxypropyl P-glycosides of oligomers of 
N-acetyl-D-glucosamine. 

In a typical inactivation experiment, 1 ml. of an aqueous 
solution of crystalline hen’s egg white lysozyme (6-9x 
10-5 M) contaming compound IE (5x 10-? M), at a final 
pH of 5-5, was incubated at 37° C. Inactivation was 
followed by assaying the lytic activity of aliquote of the 
reaction mixture at pH 5:5 on cells of Micrococcus lyso- 
deikticus!!. The inactivation had the following character- 

ics: (a) 1b was progressive with time, being essentially 
complete ın 3:5 h at 37° O with compound TI at a concen- 
tration of 5x 10-? M (Fig. 2) or with compound III ata 
concentration of 1x10-? M; (b) the effectiveness on a 
molar basis of compounds I-III as mactivators increased 
with increasing Ka; (0) the mactivation was irreversible: 
treatment of the enzyme with I followed by gel filtration 
on ‘Sephadex G-25’ and exhaustive dialysis gave a product 
which was completely inactive against M. lysodetkttouc 
cells and the cell wall tetrasaccharide GlaNAcf(1—4s 
MurNAc§(1-4) GleNAcB(i-4) MurNAc™ (where MurNA- 
is N-acetylmuramioc acid); (d) the inactivation was 
markedly reduced (in the case of compound IL) by includ) 
ing in the reaction mixture the B methyl glycoside of 
(GIcNAc), @ competitive inhibitor of lysozyme, at a 
concentration of 1x 10-1 M (Fig. 2); (e) propylene oxide 
(at pH 6-5) did not inhibit lysozyme at concentrations 
as high as 0-15 M even after 4 h incubation with the 
enzyme. 

The stoichiometry of the inactivation reaction was 
determined by reacting lysozyme with either *H labelled 
(5-6 x 10° o.p.m./mmole) or "C labelled (1:6 x 107 ¢.p.m./ 
mmole) II. After essentially complete inactivation, the 
enzyme was isolated by gel filtration chromatography 
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followed by exhaustive dialysis and lyophilization. At 
approximately 100 per cent inactivation, 0-99 moles of IL 
were bound per mole of enzyme, and at approximately 
85 per cent activation, 0-90 moles/mole. 
In conclusion, these data show that compound D, and 
probably compound IM, are specific and irreversible 
inhibitors of lysozyme. The high association constants 
are representative of binding at subsites A, B, O (O) 
and B, O (II) in the active mte of the enzyme, positioning 
the epoxide function in subsite D. The relative freedom 
of rotation in the aglycone, together with the fact that 
epoxides are broad spectrum alkylating agenta’, does not 
allow us to specify which residue has been modified; 
this must await results from peptide mapping studies 
now in progress. Further, the bulkiness of the reagent 
means that a catalytic role cannot be directly ascribed 
to the modified residue; inhibition could be due to pre- 
vention of binding of substrate across the catalytic site. 
Work in progress on the cleavage of the covalent enzyme— 
saccharide complexes may resolve this problem. 
E. W. T. was supported in part by an EMBO fellow- 
ship; and J. F. M. is a postdoctoral fellow of the Jane 
Coffin Childs Foundation. 
Emeys W. THOMAS 
JEFFREY F. MoKutvy 
NATHAN SHARON 

Department of Biophysics, 

The Weizmann Institute of Science, 

Rehovot, 

Israel. 
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Insulin and the Attachment of 
Amino-acids to the Liver 
Transfer RNAs 


THE impairment of protein biosynthesis in diabetes and 
the role of the hormone insulin in the regulation of this 
process is a question currently attracting wide attention. 
We have evidence that insulin has a role in the formation 
of aminoacyl-tRNA molecules. 

Recently Wool and his co-workers!.? in their delicate 
experiments have shown that the ribosomes in the muscles 
of alloxan-diabetic rats form fewer polysomes and syn- 
thesize leas protein than those in healthy animals. They 
used a cell-free system, with ribosomal preparations from 
diabetic rat muscles, and tRNA from Kecherichia colt 
previously charged with amino-acids. 

The attachment of amino-acids to {RNAs is a link in 
the chain of reactions leading to the synthesis of protein. 
Our experiments reported here follow from our previous 
work*-4 aimed at clarifying the influence of insulin on this 
process. 

In our experiments we used healthy and alloxan 
diabetic rabbits. tRNAs and activating enzymes were 
isolated from the rabbit livers using methods described 
elsewhere’. In investigating the acceptance of amino- 
acids by *RNA the assay reaction mixture contamed in 
0-5 ml.: 50 pmoles of tris-acetate buffer, pH 7:5; 1 umole 
of ATP (Na-salt); 5 moles of MgCl,; 5 umoles of KCI; 
1 umole of H8-glutathione; 0-05 moles of 1-C-amino- 
acid (lysine, methionine or leucine); 300 ug of (RNA; 
and 600 ug of enzyme protein. The reaction was initiated 
by addition of the enzyme and terminated after 30 min of 
incubation at 37° C by addition of 0-5 ml. of cold 10 per 
cent trichloracetic acid. The precipitate was collected on 
a 0-6—-0-9 micron ‘Millipore’ filter, washed with cold 5 per 
cent trichloracetic acid, dried and assayed for radio- 
activity. 

In some reactions baker’s yeast ‘RNA was used, which 
had been obtained from the Novosibirsk Institute of 
Organic Chemistry, Siberian Branch of the USSR Academy 
of Sciences. ; 

First of all we investigated the abilities of liver tRNAs 
from diabetic and healthy rabbits ın amino-acid binding. 
The experiments showed (Table 1) that the #RNAs and 
enzymes from diabetic animals were less effective at 
binding lysine, methionine and leucine than tRNAs and 
enzymes from healthy animals. The difference might 
reside m RNAs, in enzyme, or in both. 

In Tables 1, 2 and 3 the data are given as mean 
values + standard error for one experiment comprising 
three incubations with duplicate counting in every case. 


Table 1. ATTACHMENT OF AMINO-ACIDS TO THH LIVER RNAS OF HEALTHY 
AND DIABBTIO RABBITS 


(c.p.m./mg of (RNAs) 
re ae tRNAs and. tRNAs and 
Experi- cce) enrymes 0 enxymes oi 
ment acid healthy rabbits diabetic rabbits 
1 1 lysine 1,485 + 283 P<002 Gort Tee (0) 
2 1-40) methionine 1,1624141(6) P<005 6814125 
8 1-0) leucine 671 + 96 (6) P<001 269+ 64 (6) 


Table 2, ATTACHMENT OF AMINO-AOIDS TO THA LIVER {RNAS OF HEALTHY 
THB HNZYMHS OF HHALTHY ANIMALS 
(o.p.m./mg of tRNAs) 


tRNAs and tRNAs of diabetlo 


Experi- Aocepted enzymes of rabbits, enzymes 
ment amino-acid healthy rabbits of healthy rabbits 

1 i lysine 746 + 156 (3) poe 109 + 28 D 

2 methionine 5439+88 (8) P<001 69 + 22 (5 

8 i leucine 100 +9 (4) P<0-001 29+ 6 (5) 
Table 8. ATTACHMENT OF AMINO-AOIDS TO THE YRASTt{RNAS BY THE ANZYMES 

OY HEALTHY AND DIABETIO RABBITS 
(a.p.m./mg of enzyme protein) 
- Accepted Enzymes of Enzymes of 
ment amino-acid healthy rabbits diabetic rabbits 

1 1-40) lysine 789 4: 67 P<001 351+ 90 2 

2 1-0) methionine 1,112 +118 (5) P<0-01 510 + 83 (5, 

8 1-0) leucine 125428(5) P<001 41+7 (6) 
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P values are based on Fisher’s ¢ test. Parentheses indicate 
number of animals. 

We investigated acceptor ability of the two 7RNA types 
using in both cases the enzymes isolated from the livers 
of a healthy rabbit. It turned out (Table 2) that the 
“diabetic” tRNAs accepted the amino-acids to æ lesser 
degree than “‘healthy” RNAs. We also observed a higher 
hyperchromicity in “diabeto” ¢RNAs and a greater 
sensitivity to pancreatic ribonuclease, suggesting some 
impairment in their helical structure. 

To clarify the role of the aminoacyl-tRNA-synthetases 
we used yeast {RNAs as an amino-acid acceptor and 
compared the different enzymes. We found (Table 3) 
that the enzymes of diabetic rabbits did not charge the 
heterologous {RNA as effectively as the enzymes of 
healthy animals. Thus m the liver of diabetic animals 
not only {RNAs but amimoacyl-tRNA-synthetases also 
seem to be defective. 

Our results show that insulin insufficiency impairs the 
formation of aminoacyl-tRNA molecules in liver. This 
inevitably leads to decreased biosynthesis of protem. 


Yaoov L. QERMANYUK 
VALENTIN I. MIRONENKO 


The Laboratory of Biochemistry of the 
Institute of Endocrmology and Metabolism, 
Kiev, Ukrainian SSR. 
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Oral Contraceptives and 
Plasma Amino-acids 


Wa have found differences in the fasting level of plasma 
amino-acids in normal women and in women taking oral 
contraceptives, at different phases of the menstrual cycle. 
Two groups of women between 20 and 30 yr old were 
investigated, mcluding seven healthy women with a 
regular menstrual cycle, and seven women who had been 
talang oral contraceptives for at least 3 months. The 
contraceptives were ‘Gynovlar’ (Schering), which contains 
0:05 mg ethinyl oestradiol and 3 mg norethisterone 
acetate, and ‘Anovlar’ (Schering), contaming 0:05 mg 
ethinyl oestradiol and 4 mg norethisterone acetate. Each 
individual gave four fasting blood samples, taken at 
approximately the same time on each morning. One 
sample was taken between days 2 and 7, and a further one 
between days 17 and 22 in two different menstrual cycles. 
Women on oral contraceptives gave the first sample 
before the course was started and the second between 12 
and 17 days after its commencement. The blood samples 
were centrifuged immediately and the plasma amino-acid 
level measured by alpha—amino nitrogen determinations 
using the method of Matthews, Muir and Baron!. The 
results of individual and group mean values are shown in 
Tables 1 and 2 together with the significance of differences 
between the means calculated by the paired ¢ teat. 
Although the number studied is small, it appears that in 
normal women there is a tendency for the fasting level to 
be lower in the second half of the menstrual cycle. The 
significance of this finding has not been previously 
stressed, although Landau and Lugibihl? reported several 
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metabolo effects of progesterone that might be con- 
tributory to the lower values. 

Progesterone is secreted by the corpus luteum following 
ovulation in normal women. Landau and Lugibihl* 
showed that during the progestational phase urinary 
nitrogen excretion was greater ın ovulatory than in non- 
ovulatory cycles. They therefore suggested that pro- 
gesterone is mildly catabolic in phymological amounts. 
This increase in urinary nitrogen is chiefly urea. They 
confirmed these findings by giving 50 mg progesterone 
intramuscularly daly to men and women. There was a 
resultant increase in urinary nitrogen excretion, chiefly 
as urea, but no increase ın amino-acid nitrogen. Because 
there is no evidence of a significant variation in urinary 
amino-acid excretion with the phase of the menstrual 
cycle, it is unlikely to contribute to the fall in the level of 
plasma amino-acids. The dose of progesterone that was 
given by Landau and Lugibihl*, however, is greater than 
that secreted in the progestational phase of the menstrual 
cycle but equivalent to that found in early pregnancy. 
These workers also noted that when this dose was given to 
@ young man for five days there was a fall in the fasting 
plasma amino-acid nitrogen, and lower values followed a 
protein meal. From these findings they concluded that 
the catabolic effect of progesterone is a result of increased 
amino-acid utilization by the liver. If peripheral tissue 
protem catabolism is mcreased by progesterone one would 
expect either no change or a rise ın circulatmg plasma 
amimo-acids. From the present results in normal women, 
with regular cycles, it appears that the physiological 
levels of progesterone secreted following ovulation also 
cause a fall m amino-acid levels which may reflect cyclical 
utilization of ammo-acids by the liver. 

The decrease in plasma amino-acids in those taking oral 
contraceptives is statistically significant (P<0-01), the 
mean value being 79 per cent of that before a course 
had been started. It is unlikely that oral contraceptives 
cause an increase in urinary amino-acid excretion for two 
reasons; (1) progesterone given to men and women? and 
cestrogen, progesterone and a combination of these 
hormones given to normal men? have little influence on 
urinary amino-acid nitrogen, and (2) the synthetic 
progestogen in the oral contraceptives studied, that is, 
norethisterone, is a 019 derivative of testosterone, 
mildly anabolic and not catabolic in nature. One exception 
appears to be the influence of these hormones on the 
excretion of tryptophan metabolites. Although the basal 
excretion of these compounds remains unchanged there is 
a significant rise after an oral load‘ similar to that found 
in pregnancy. This can be corrected by administering 
vitamin B, and as a result it has been suggested that 
these hormones have an effect on enzymes concerned with 
tryptophan metabolism. Because preparations containing 
norethisterone give no increase in total urinary nitrogen 
excretion, the apparently r reduction in plasma 
amino-acids compared with normal women probably 
indicates even greater tissue utilization from the circulat- 


Table 1. NORMAL WOMBN—¥YASTING PLASMA ALPHA-AMINO NITROGEN 


(mg/100 ml.) 
Group 
Indrvidual mean values mean Signifi- 
Day MG. RM. ZA. P.H. G.D. D.B. H.A. values S D. cance 


2-7 
Day 
17-22 855 340 385 400 800 875 855 864 02471 P<005 


870 3850 435 445 395 415 455 409 038640 


Table 2. WOMHN TAKING ORAL OONTRAOEPTIVES—FASTING PLASMA ALPHA- 
AMINO NITROGHN 


(mg/100 ml.) 


Group 
Individual mean values mean Sıgnifl- 
J.B. 8.B. AM. G.B. AG. C.B. P.L. values S.D. cance 
Day 
2-7 880 450 445 465 4:05 895 375 4:16 03685 
Day 


17-22 840 8-55 2-85 3380 830 3:50 3-30 331 02284 P<0-01 
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ing amino-acid pool. There may be increased utilization 
not only by the liver but also by peripheral tissues. It is 
tempting to suggest that these changes may be associated 
with the tendency to gain weight on oral contraceptives. 

It is interesting that the fasting value of 3-3 mg/100 ml. 
is almost identical with that found for pregnant women by 
Bonsnes’? although the method for determining amino- 
acid nitrogen was slightly different*. In pregnancy, 
however, there are numerous factors that are said to 
contribute to the lowering of amino-acid levels, amino- 
aciduria, haemodilution and active transfer of amino- 
acids to the foetus by the placenta. The fact that the 
amino-acid nitrogen levels of plasma had reached term 
values as early as the ninth week of pregnancy* seems to 
indicate that these three factors are not primarily re- 
sponsible. It is probable that the early reduction in 
plasma amino-acids in early pregnancy is an exaggeration 
of the process occurring during the secretory phase of the 
menstrual cycle, and is due to the mcreased production 
of progesterone. The reduction in those women taking the 
oral contraceptives studied, however, appears to be 4 
sequel to the anabolic effect of the constituents on tissue 
utilization of amino-acids. 


I. L. CRAFT 
Institute of Obstetrics and Gynaecology, 
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London. 
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Specificity of Protective Immunity 
produced by X-irradiated Plasmodium 
berghei Sporozoites 


VACOINATION against malarial infections romains a goal to 
be achieved. Even if ıt were feasible, ıt might be difficult 
to obtain necessary amounts of the parasitic antigen, and 
only homologous species or strains of the parasite may be 
immunologically effective. Protective immunity is often 
a highly strain specific phenomenon as has been shown, in 
experiments using the blood stages of the parasite as the 
immunizing agent!*. Stram specificity of the immune 
response also occurs in natural human malaria’. Our 
aim was to determine whether a strict strain and species 
specificity occurs in animals vaccinated with sporozoites, 
or if @ much broader spectrum of protective immunity 
develops. 

Cross reactivity between blood stages of different 
species of malaria parasites has been demonstrated by 
mmmunofluorescence*:’, haemagglutination® and comple- 
ment fixation’, indicating that one or more antigenic 
components are shared by these parasites. The presence 
of common components among plasmodia of different 
species has been directly demonstrated by dise electro- 
phoresis of extracts of various malaria parasites’. 

In rodent malaria, cross immunity has been investigated 
primanly in, blood induced infections*-14. Attempts were 
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made to differentiate immunologically two distinct groups 
of rodent malaria paramtes: P. berghei berghei and P. 
berghes yoelit as opposed to P. vincket and P. chabaudi. 

Protective immunity to sporozoites of P. berghei in 
A/J mice can be produced by vaccination with X-irradi- 
ated sporozortes!*. This has made possible the investiga- 
tion of the immunological relationship between the 
sporuzoite and the blood stages of this parasite. Moreover, 
a sporozoite-produang strain of P. vinckei recently 
isolated makes possible a comparison between these 
stages ın two different species of rodent malaria and a 
re-evaluation of the cross immunity which occurs between 
these species. 

AJJ mice were rmmunized by the repeated injection of 
sporozoites of P. berghei X-irradiated at 8,000 rads. The 
initial immunizing dose per mouse was either 5,000 or 
75,000 sporozoites of the NK 65 strain of P. berghet 
berghei (see ref. 15 for methods). Animals immunized 
in this way were divided into four groups and challenged 
respectively with sporozoites of P. berghei berghei, blood 
forms of P. berghei berghei, sporozoites of P. vinckes 
and blood forms of P. vincket (strain 67), isolated in the 
region of Kamena, Democratic Republic of the Congo). 
The number of parasites used was large enough to produce 
close to 100 per cent infection in the control animals, but 
small enough to provide a sensitive assay of the immunity 
tested. Animals were challenged 2-3 weeks after their 
last booster injection. 

The results of these challenges (Table 1) consistently 
indicated that animals mmunized with irradiated sporo- 
zoites of P. berghei were effectively protected against 
viable sporozoites, not only of the homologous species 
but also of P. vincket. This cross protection was sub- 
stantial because none of twenty-seven immunized mice 
developed a patent infection after inoculation with P. 
vincket sporozoites which produced 100 per cent patency 
and 100 per cent mortality in the control animals. 


Table 1. PROTHOTION OF ANIMALS DOIUKIZED WITH P. berghet AGAINST 
SPOROZOITES BUT NOT BLOOD FORMS OF P beghe AND P. vinoker 
Immunired animals? Controls 
No.of First Day No of First Day 
Challenging - patent dayof of patent day of of 
organisins ment infec aeons death infec- patency death 








o tons (mean) (mean) tions (mean) (mean) 
1,000 sporozoites of 204 0/12 — — 13/18 385 212 
P. bergher 208 0/12 — — 13/18 36 187 
212 0/13 — — 15/15 44 114 
Overal 0/37 — — 41/41 839 16 2 
5,000 sporozoites of 204 0/14 — — 11/12 4-0 172 
P, unoka 208 0/6 — — 717 40 150 
212 0/7 — — 717 40 114 
Overal 0/27 — — 25/25 40 150 
Blood stages (1,000 204 8/8 50 156 6/6 53 116 
infected red cells) 208 4/6 50 107 4/4 50 105 
of P. berghei 212 4/4 46 175 8/4 4-7 12:0 
Overall 11/13 4 145 183/4 51 118 
Blood $ 4/6 88 185 5/6 46 168 
nestor cells ous DH 8/8 51 128 6/6 5-0 144 
Overall 10/12 46 128 11/12 48 165 


sa animals immunized by repeated injection of X-ırradđiated sporozoites 


The results of the challenge of animals immunized with 
sporozoites with blood stages of the homologous P. 
berghei strain. did not show a significant degree of protec- 
tion. The same lack of protection was observed on 
challenge with blood stages of P. vinckes (Table 1). 

Injection of bacteria and other materials may increase 
the natural resistance of mice to sporozoite-induced 
infection with P. berghes#*. We therefore attempted to 
exclude the possibility of a non-specific protective effect 
caused by repeated injection of mosquito tissue which 
invariably contaminated our sporozoite preparations. 
Mice were repeatedly injected with non-infected mosquito 
salivary gland tissue in amounts equivalent to those 
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used for the immunization with X-irradiated sporozoites. 
When these animals were challenged with sporozoites 
of P. berghei, 100 per cent patency and 100 per cent 
mortality were observed (Table 2). They had a slightly 
accelerated course of mfection compared with that of 
non-injected control animals. These results confirmed 
our preliminary obseivation in which a single inoculation 
of A/J mice with non-infected mosquito tissue had failed 
to protect against the inoculation of either sporozoites 
or blood forms of P. berghet#*, The accelerated course of 
infection observed in both mstances may be related to the 
significant reticulocytosis which results from this pre- 
treatment. 


Table 2 LAOK OF RFFEOT OF RHPEATED INJECTION OF NON-INFEOTED 
MOSQUITO TISSUE ON SUSOMPTIBILITY TO CHALLENGE WITH P, berghat 
SPOROZOITES 

No. of geint First day of Day of 
Pre-treatment infectlons* patency(mean) death (mean) 
None 8/8 40 106 
Non-infected mosquito tissue 8/8 89 86 
X-{rradiated sporozoites 0/15 — — 


* ATI antmals challenged with 1,000 sporozoites of P. berghei. 


Mice immunized with X-irradiated sporozoites of P. 
berghei were protected against challenge with P. vincket 
sporozoites. Previous studies had shown that animals 
immunized with blood forms of P. berghet are protected 
against challenge with blood forms of P. berghet, but not 
of P. vincket!*. Different results can be obtained by 
immunization with different stages of the life cycle of a 
given parasite, probably reflecting differences in the 
antigenic make-up of these stages. The lack of protection 
observed against homologous blood forms in these experi- 
ments further indicates that immunological dissimilarities 
between sporozoites and blood forms of one species may 
be greater than that among sporozortes of diferent species. 
Birds immunized with sporozoites of avian malaria lack 
protection against the homologous blood stages!?, 

The humoral immunity induced by vaccination reflects 
the close relationship between sporozoites of P. berghet 
and P. vinckei. The in vitro incubation of sporozoites 
with sera of animals vaccinated with P. berghet diminishes 
the infectivity of both P. berghei and P. vinckei. A 
more detailed account of these experiments will be pub- 
lished elsewhere. 

It is possible that cross reactivity occurs among a 
broader spectrum of sporozoites of different plasmodial 
species. It could be unrelated to the pattern of cross 
reactivity of the respective blood stages. 

An in vitro test enabling us to verify cross reactivity 
among various sporozoites species is being studied and 
correlated with data on protective immunity. 

Should cross protection among sporozoites of other 
malaria species occur, it could result in a promising 
approach to the stall distant goal of vaccination against 
malaria. 

This work was carried out under the sponsorship of the 
Commission on Malaria, Armed Forces Epidemiological 
Board, and was supported in part by a US Army Medical 
Research and Development Command contract. We 
thank Ybis Sanabria, Flora Richmond, Richard Nawrot 
and Lea Hanrahan for technical assistance. 
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Concentration of the Virus of 
Foot and Mouth Disease by 
Foam Flotation 


Foam flotation 1s a convenient abbreviation to describe 
the removal of suspended matter from a liquid phase by 
adsorption on to foam. A similar phenomenon observed 
with solutions is referred to as foam separation. 

Schutz? first proposed the use of foam to separate 
solutes from solutions and used it to produce enriched 
solutions of cholic acid and haemoglobin from golutions 
of sodium cholate and a serum—haemoglobin mixture 
respectively. Abribat* and Dognon? confirmed these 
findings by concentrating various substances by this 
method. 

Dognon? reported separation of bacteria from salt 
solutions by adsorption on foam. Elsworth and Telling 
(personal communication) and Black et al.‘ observed logs 
of bacteria from deep culture formentation vessels follow- 
ing uncontrolled foaming. Boyles and Lincoln’ used a 
modification of Dognon’s method to separate and con- 
centrate bacterial spores and vegetative cells. Rubin’ 
used alum floc as a matrix on which to collect foam- 
adsorbed bacteria. 

The experiments described here were a preliminary 
exammation of the possibilities of foam flotation in a 
general review of methods of concentrating and purifying 
the virus of foot and mouth disease. 

The virus used was type SAT 1 (HP.43/63.BHK91) 
attenuated by serial passage in baby hamster kidney 
(BHK) cell cultures. It was propagated in BHK cell 
monolayers in serum-free, modified Eagle’s medium con- 
taining 10 per cent tryptose phosphate broth. The super- 
natant viral fluid was collected after 17 h incubation and 
centrifuged at 3,000 r.p.m. for 20 min before use. Virus 
assays were performed by plaque counting on BHK. mono- 
layers. Complement fixation titres were determined by 
the method of Bradish et al.’ as modified by Capstick 
et al.s, 

Volumes of the virus suspension (120 ml.) were foamed 
in a modification of the apparatus of Schutz?, conmsting 
of a vertical-sided tube 10 inches long and 1-25 inches 
in diameter. It was fitted with a side arm and inoculation 
port at the top and an aerator and a sampling diaphragm 
at the bottom. Samples of the parent material were 
withdrawn by means of a hypodermic inge. The 
aerator was a 3 mm diameter sintered glass disk which 
had a pore size in the range of 5-15 microns. The pH 
value was maintained at 7-8 by using 5 per cent carbon 
dioxıde in oxygen for aeration. The foam was collapsed 
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(foamate) with 1/1,000 antifoam R.D. (Midland Silicones, 
Ltd). All experiments were performed at 23°-25° C. 

Tt is necessary to generate a foam which is dry and 
stable, and so in these experiments the gas flow rate was 
adjusted to the lowest levels which would maintain these 
conditions. Excessive foaming results in entrainment of 
parent liquid reducing the degree of virus separation. 

Table 1 shows the resulta of two experiments and 
demonstrates the rate of separation of virus within each 
test. Separation was usually greater at the intermediate 
steps and lower at the beginning and end of the test. 
Approximately 50 per cent of the virus was removed 
from the parent liquid in the first hour and 90 per cent in 
1-5 h. 


Table 1. SHPARATION OF HP.48/63 FROM OULTURM MEDIUM AT ROOM 
PHMPNRATURB BY FOAM FLOTATION 


Time Gas flow Virus in parent medium Virus in foamate 
¢ PFU oyu 


(min) ml/min) PFU OFU 
0-12 20 20x10 76x10 6-3 x 10* 28 
12-89 60 16x10" 80x10? 16x10" 12x10 
80-64 70 18x10 28x 10° 63x10" 29x10" 
54-09 100 79x10 27x 10° 40x10" 20x10° 
69-00 200 20x10 27x10 13x10 65x10 
0-85 25 95x10 76x10? 2-0 x 10* 170 
35-50 50 63x10 40x10 18x1 11x10 
50-80 60 29x10 28x10 23x10" 23x10 
80-102 100 14x10" 27x10 87x10 16x10" 
102-112 200 35x10" 27x10 40x10 25x10 


The results of four experiments (Table 2) show that the 
concentration of virus in the foamate is approximately 
ten times that of the original parent material and that 
recovery of virus is 75-100 per cent. This compares 
favourably with the maximum possible concentration 
factor of 12-0-12-5-fold based on the volume of foamate. 


Table 2, CONGUNTRATION FACTORS AND RECOVHRIES OF HP.48/63 BY 
FOAM FLOTATION AT ROOM TEMPERATURE 


Volume Volume Concentration Percentage 
of gaa offoamate Virus in foamate factor recovery 
(ml) (ml.) PFU oru PFU OFU PEU 
8,610 10 10°? 6-9 x 10° 10 10 80 80 
7,625 10-6 10°-* 54x 10° 116 8-2 88 76 
12,950 105 10°-? 74x10" 16-7 14-8 100 100 
9,200 10'1 10° 6-9 x 10? 8-5 10-8 95 100 


The mean adsorption per ml. of foam was 10°? PFU 
with a range of 10*°-10*° pro and 0-7 ou in the range 
0-6-0:8 OFU. 

The mean bubble diameter, measured immediately 
above the liquid level, was 0-1 mm, corresponding to & 
surface area of film of 600 cm*/ml. of foam. The concentra- 
tion of virus adsorbed was 10%? pru/cm? film or 10-*° 
pru/bubble. 

I thank Mr P. Wace for helpful suggestions and advice 
and Mr C. J. Whittle for technical assistance. 
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Leucocytic Pyrogen generated by 
Endotoxin 


Lxucooytio pyrogen is a low molecular weight protein 
synthesized by polymorphonuclear and mononuclear 
leucocytes in response to certain stimuli. The fever 
accompanying many bacterial and viral infections is 
thought to be caused by the release of this material from 
host leucocytes and ite action at the thermoregulatory 
centre of the brain?. Pyrogen is not preformed in leuco- 

. In in vitro experiments, 1t appears in the extra- 
cellular fluid only on incubating intact leucocytes at 
37° C, when a potent stimulus is endotoxin or bacterial 
lipopolysaccharide*. The well known pyrogenicity of 
endotoxin is best explained by its action on circulating 
leucocytes, but the mechanism is not known. It is usually 
assumed that endotoxin liberates a bound form of pyrogen. 
or converts a propyrogen to an active form without itself 
entering into pyrogen formation. We shall describe & 
leucocytic-type pyrogen generated by incubating endo- 
toxin with inactive leucocytic pyrogen preparations, 
which suggests that endotoxin contributes a building 
block for the synthesis of leucocytic pyrogen. 

The pyrogen preparation was obtained from rabbit 
exudate leucocytes* and dialysed against water, lyophilized 
and redissolved in 0-15 M NaCl. In our experiments, 
endotoxin was usually added to different pyrogen pre- 
parations. Because endotoxin itself is pyrogenic, the two 
materials had to be separated before assaying for leuco- 
cytic pyrogen and this was done on columns (55 x 455 mm) 
of ‘Sephadex G-100’ with 0-1 M potassium Phosphate, 
0-15 M NaCl (pH 6-7). Collection of 2-5 ml. samples was 
begun when the pyrogen mixture (2-4 ml.) was applied to 
the column and one sample was collected every 15 min. 
Bovine serum albumin, and carbon-14 labelled endotoxin 
applied to such columns were recovered in the first three 
samples (0-7-5 ml.). Likewise, endotoxin in the concentra- 
tions used in our experiments was not recovered after the 
third sample as gauged by pyrogen assay in rabbits. 
Pyrogen preparations were mactivated by treatment 
with alkali at pH 10 and 37° C for 15 min, incubated with 
E. coli endotoxin at pH 6-2 and 37°C for 30 min and 
applied to ‘Sephadex’ columns. Pyrogen was found in 
effluent samples No. 4 and No. 5. 

The fever produced by a portion of sample No. 4 is shown 
in Fig. 1. Mixtures without endotoxin or without in- 


Fever (°0) 





80 60 90 

Min 
Fig.1. Fever produced leucocytio and by generated 
e re einer tie pyroaen. “inactivated D prepa- 
ration, about 4 mg of was incubated with 20 ug of E. coli endo- 
800 oles of NaCl, and 100 moles of Na succinate for 15 min 
at 87° 0. final volume of the was 23-4 ml. and the pH was 
6-2, After incubation it was a ‘Sephadex G-100’ column 

ag described in the text. closed 


curve mts the fever 

Drofud by sh Infection of ap ellgook of sample No, 4 fom fh ha- 
column into a rabbit. The open circle curve represents the fever 
produced by ımjection of an lent amount of pyrogen before 


inactivation. 
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8 
Sample No. 
Fig. 2. Fate of endotoxin incubated with a leucocytic pyrogen prepara- 


tion. The mixture contained an alkall-inactiv 
about 4 mg of roteln, pape oi labelled Æ. coli endotoxin, 
of NaOl, and 1 o. final 

mixture was Incu 

‘Sephadex G-100’ column as described in 


mixture 
the closed circle curve and the data for the mixture 


without incubation are represented by the open circle curve, 


activated pyrogen showed no Pyrogenicity in samples 
No. 4 and No. 5 after incubation. Fig. 1 also shows the 
fever produced bya portion of the starting pyrogen prepar- 
ation equivalent to the fraction of sample No. 4 tested 
for pyrogemicity. Evidently the fever produced by the 
starting pyrogen is greater than that produced by the 
generated pyrogen during incubation, and in fact, the 
amount of pyrogen recovered in samples 4 and & together 
was roughly equivalent to the ing pyrogen. No 
pyrogen was found m sample No. 4 when lecithin or 
triglyceride were substituted for endotoxin, but pyrogen 
was found m sample No. 4 when alkali-treated pyrogen, 
preparations were first treated at pH 6-0 with 10 mM 
sodium iodoacetate and then incubated. Interestingly, 
leucocytic preparations, which possessed no pyrogenicity 
and which were alkali-treated and incubated with endo- 
toxin, show no pyrogen in sample No. 4. 

The pyrogenicity of the material recovered in samples 
No. 4 and No. 5 was destroyed by heating at 90° C for 
30 min and by treatment with alkali, pH 10 at 37° C, for 
15 min. The material was pyrogenic when injected into 
rabbits made tolerant to endotoxin. 

To investigate the fate of endotoxin during the genera- 
tion of pyrogen, carbon-14 labelled endotoxin was 
incubated with pyrogen preparations. After gel filtration 
of mixtures the radioactivity in the various samples was 
measured (Fig. 2). Some pyrogen preparations degraded 
more of the endotoxin than that shown in Fig. 2, with the 
peak of new material appearing in sample No. 6. At 
least 20 per cent of the radioactivity in sample No. 4 
appeared to be nonesterified fatty acid, because that 
amount of radioactivity was extracted into acidic-igo- 
octane (5 per cent w/v glacial acetic acid). None of the 
other samples yielded significant radioactivity in an 
acidic-isooctane extract. A lipase activity in pyrogen 
preparations acting on the bound fatty acids of endotoxin 
was confirmed using a chemical assay to measure released 
fatty acids. A typical reaction mixture, which contained 
in potassium phosphate buffer, pH 6:2, 2 mg of F. colt 
endotoxin and 1 mg protein of alkali-inactivated pyrogen 
preparation, formed 0-1 mole of fatty acid in 30 mm 
incubation at 37°C. Interestingly, the endotoxin lipase 
activity of pyrogen preparations was usually increased 
after alkali-treatment of preparations. 

A finding similar to that reported here is the brief 
report of the generation of a heat-labile pyrogen by 
interacting endotoxin with sonic-disrupted rabbit exudate 
leucocytes‘. The disrupted cells did not form pyrogen 
when incubated without endotoxin. That the pyrogen 
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obtained by reacting alkali-treated pyrogen preparations 
with endotoxin is a newly formed pyrogen and not 
endotoxin seems clear from the following properties of the 
material: (a) its injection into rabbits produced a fever 
with rapid onset and of short duration, (b) its pyrogenicity 
was destroyed by heat and alkali treatment, (c) it was 
recovered in a relatively low molecular weight fraction by 
gel filtration, (d) it was pyrogenic in rabbits made tolerant 
to bacterial endotoxin, and (e) the amount of pyrogen re- 
covered was roughly equivalent to the initial amount 
of leucocytic pyrogen. 

Kozak et al.’ have shown that alkali-inactivated 
leucocytic pyrogen is reactivated by sulphydryl or 
reducing agents. Because endotoxin is not a sulphydryl 
or reducing agent and reactivates inactive pyrogen at 
very low concentration (about 0-01 uM), it seems unlikely 
that it acts in a similar manner. The presence of bound 
fatty acids in endotoxin and in purified leucocytic pyrogen 
preparations® raises the possibility that in the synthesis 
or reactivation of leucocytic pyrogen endotoxin contri- 
butes fatty acid to apo or alkali-inactivated pyrogen. 
The present finding of the removal of fatty acids from 
endotoxin by a lipase activity in pyrogen preparations 
and their appearance in a low molecular weight pyrogen 
fraction supports this possibilty. The finding that 
endotoxin appears to be used up in generating pyrogen 
in whole rabbit blood* also suggests that endotoxin con- 
tributes a building block for pyrogen synthesis. 

This research was supported by a grant from the US 
Public Health Service. I thank Mrs Jackie Poole for 
her technical assistance. 
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Protozoan Habituation Learning 

after Loss of Macronuclei and 

Cytoplasm 

AN important problem in studying the physiological 
basis of memory is to determme its location. Protozoa 
offer the obvious advantage of confining the site(s) to a 
volume no more than 1 mm?. If nuclei and cytoplasm 
are removed from them before behavioural testing, the 
search for any memory trace is further limited. 

A sample of Spirostomum in their normal culture 
medium was centrifuged for 13 min at 2,000g. This 
procedure! forces the macronuclei, which function in 
metabolic control*, and some cytoplasm into one part of 
the organism. The protozoa were cut transversely in 
in two with a razor blade so that one piece (the anterior 
or posterior depending on the orientation of the organism 
in the centrifugal field) would be devoid of all macro- 
nuclei. Each piece, about one-third the length of an 
uncut extended organism, was examined under a phase- 
contrast microscope at x200 to verify the absence of 
macronuclei; those having any were discarded. They 
were subjected to a habituation procedure 10 min later. 
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The enucleated pieces were motile and contracted to 
touch with a wire 200 microns in diameter applied to the 
middle of their body segment. They were considered. 
babituated when they would not contract to three con- 
secutive touches, of the same intenatty, given every 4 8. 
They were tested for retention 30 s and 5 min later by 
noting how many stimuli were necessary before they no 
longer responded to three in a row. Our usual method 
of habituation, using a dropping solenoid as the stimulus 
and photographically recording the percentage of protozoa 
contracting?, does not work here because the small size 
and near transparency of the enucleated pieces make 
it impossible to determine on the film whether contraction 
occurred. A touch stimulus does vary in intensity com- 
pared with our mechanical one and care must be taken 
to keep it as constant as possiblet. 

After being tested for habituation, each Sptrostomum 
piece was placed in 2 per cent aqueous acetic acid, which 
reveals nuclei as well as the Feulgen stain, to check again 
for the presence of any macronuclei: none was present. 
To quantify the amount of cytoplasm gone from the 
enucleated pieces one hundred of these pieces were pre- 
pared, lysed in 0-02 per cent Triton X-100, and homogen- 
ized over ice for 8 min in & ground-glass homogenizer. 
A comparison of optical densities of the homogenates at 
500 nm revealed the enucleated group had 40 per cent less 
cytoplasm (assuming all material absorbed proportional 
to ite mass) and, by the Lowry protein assay‘, 30 per cent 
less protein. These are approximate because it is 
difficult to achieve constancy of length of all the cut 
pieces ın both control and experimental groups. 


Table 1. Spirostomum HABITUATION 


Number of stimuli to produce habituation 
Imtlally 805 5 mm 

Experimental 6-5 35 70 

Controls 58 3-0 6-4 


The results in Table 1 for twenty organisms clearly 
show that habituation occurs in the experimental 
group, that there is retention of it after 30 s and a return 
to previous sensitivity levels after 5 min. They are n^? 
different ın their habituation than controls (X = 0:4, 
P > 0-3, Mann-Whitney U test) that were spun for the 
same period of time at about 30g (which did not re- 
distribute cytoplasm or macronuclei), cut in two and 
habituated 10 min later. The macronuclei, of course, 
and the cytoplasm removed came from the interior of 
the cell leaving almost a hollow shell. If the structural 
elements involved ın contraction lie just below the sur- 
face of the ciliated grooves in Sptrostomum*, and if the 
sensory elements are also in this area, then, given habit- 
uation can take place with loss of cytoplasm and macro- 
nuclei, it seems that the site involved ın this type of 
learning and memory is in the ectoplasm, which includes 
the infraciliature. 
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Neurochemical Observations on 
Spawning Pacific Salmon 


Wen the Pacific salmon (Oncorhyncus spp.) heads into 
fresh water to spawn, the entire generation 18 doomed. 
to perish on the spawning grounds. In other Salmonidae, 
however, lıfe does not necessarily terminate at this pomt 
and many return to the sea to repeat the reproductive 
cycle. In Oncorhyncus, the inevitable death ıs preceded 
by a variety of metabolic changes, and this metabolic 
collapse of the Pacific salmon has the characteristics of & 
predestined bioprogramme. This programme might be 
the expression of & thanatotropic genetic imprint. 

Pacific salmon succumb with a variety of pathological 
manifestations'“*— infections, starvation, Cushing’s syn- 
drome, renal and hepatic failure and so on—but no one 
specific defect limits the survival of the species. The criti- 
cal metabolic pattern which differentiates Oncorhynous 
from other salmonids is undefined. Because the steady 
state of the brain often appears unperturbed during 
metabolic disturbances’, the following observations of 
changes in brain enzyme levels may show that organic 
failure starts durmg upstream migration of the Pacific 
salmon. 

During the 1968 R/V Alpha Helx Bering Sea 
Expedition, the coastal regions of British Columbia, 
provided an opportunity to observe the pink salmon 
O. gorbuscha. Twenty-four marine specimens were 
obtained from Burke Channel (salinity 3-0-3-3 per cent) 
near Namu, and fourteen from spawning grounds in 
fresh water tributaries of the Bella Coola River. A 
further twelve marine salmon were kept in tanks aboard 
the Alpha Helix until needed. The fish were collected 
in the period of August 27 to September 27, 1968. Local 
observers estimated that the pink salmon traversed the 
distance from Namu to Bella Coola (60 miles) in 5 to 
8 days. Past Bella Coola, the fresh water run to the 
spawning grounds extended from about 3 to more than 
50 miles. During the run, average body weight of the 
male fell from 1-78 kg to 1-14 kg and that of the female 
from 1-45 kg to 0-82 kg. Average muscle weight of 
O. gorbuscha (45-80 cm) fell from 0-80 kg to 0-42 kg. 

Tissues were removed from the fish after spinal cord 
severance and were processed immediately. Brain. 
cholinesterase was estimated ın whole homogenates 
using acetylthiocholine as & substrate’. Alkaline phos- 
phatase was measured at pH 9-0 with p-nitrophenyl- 
phosphate’. Catechol-o-methyltransferase (COMT) was 
determined by the method of Axelrod et al using 
§-adenosylmethionine (methyl-“C) as the methyl donor. 
Catecholamine content was determined fluorometrically™. 
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The cholinesterase of the pituitary underwent a signi- 
ficant decline durmg the spawning run (Fig. 1). The trend, 
if any, ın the other brain portions was also downward. 
During the same period, the pituitary content of adrenaline 
and noradrenalme decreased from about 276 ng to 
1-37 ng/mg fresh tissue. Catechol content of the other 
brain sections on the average remained fairly constant 
(telencephalon: 1-25; midbrain: 0-32; cerebellum: 0-68). 
Assay of COMT with l-noradrenalino as substrate gave 
a fairly uniform average activity of 0-040 umoles methyl- 
ated/g/h and showed little changes during the spawning 
run. 
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Fig. 2. Alkaline phosphatase activity in the brain of Q. gorbuscha: 
109 fresh tissue homogenate incubated for 80 mm at 22°-24° O in 


p-nitrophenylphosphate and 0 04 M tris buffer pH 9 0. A, Salt 
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Most pronounced was the decrease in alkaline phos- 
phatase activity (Fig. 2) although there was a rather 
large variation between individual samples. This enzyme 
has been associated with the nuclei of the neurones in 
the bram, but ıt may also be important in other brain 
functions!*-14, 

It is debatable whether neurochemical data alone 
provide a reliable index of brain function, but they could 
be representative of changes in the status of the central 
nervous system (CNS). Declining levels of neurohumoral 
transmitters in the brain may not only have profound 
metabolic and behavioural effects* but could also indicate 
in this case a deterioration of CNS control over the 
pituitary. A marked decrease in cholinesterase activity 
(and presumably transmitter content) has been described 
in the motor end plate after severance of the nerve or 
after destruction of the neurone’. The function of the 
pituitary is regulated by the hypothalamic or higher 
centres!®, A primary failure of these centres would 
therefore result in failure to control other endocrine 
systems. In such circumstances, the metabolic pattern 
of individual organs may revert to a state of autonomy 
or escape into a biochemical malignancy, eventually 
becoming incompatible with survival. 

The genetic input of the Pacific salmon could dictate 
an irreversible degeneration of the CNS. The consequence 
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would be rapid ageing accompanied by the diverse 
pathologies evident after “‘natural’’ death. 

The R/V Alpha Helix Bermg Sea Expedition was 
supported by the Scripps Institution of Oceanography, 
University of Celifornia, and the US National Science 
Foundation. 
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Fatty Acid Composition of Milk 
Fat of the African Elephant 


TEERE have been many studies of the milk fat of 
ruminante!, but few of the milk fat of non-ruminant 
herbivores’. The control of elephant (Loxodonta africana) 
populations in Uganda gave one of us (K. G. McC.) an 
opportunity of obtaming milk from a number of cow 
elephants at various stages of lactation immediately after 
they had been killed. We report here the fatty acid 
composition of the milk fat, which is quite unlike that of 
any milk so far examined. A complete report of our 
analyses will be published elsewhere. 

The fat was extracted from ten samples with a chloro- 
form and methanol mixture (2:1 by volume) and the 
methyl esters of the constituent acids were prepared by 
transmethylation’. We examined the mixture of methyl 
esters by gas—hquid chromatography using columns of 
different polarity (‘Apiezon-L’; polyethylene glycoladi- 
pate) and a Pye argon chromatograph with a flame 
ionization detector. The peaks were identified by com- 
parison of their log retention times with that of methyl 
palmitate and by comparison with standard mixtures. 
Table 1 gives the mean values and their standard 
deviations. Infrared spectroscopy of the chief component 
confirmed that it ıs methyl caprate. The fat is unusual in 
containing 65 per cent capric acid and only small amounts 
of longer chain saturated or unsaturated acids (Table 1). 
Of other species investigated, only the goat produces a 
milk fat containing more than a very small proportion of 
capric acid, and even goat milk fat rarely contains more 
than 10 per cent of this acid. As only minute quantities of 
capric acid are present in the plasma of elephants, the 
caprate in the milk fat must be synthesized m the 
mammary gland. 
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Our results suggest that the synthesis of fatty acids in 
the mammary gland of the elephant does not progress 
beyond the production of acids with a chain of twelve 
carbon atoms. Studies of milk fatty acid synthesis ın 
elephants would be interesting and might provide further 
insight into the process m other species. 


Table 1. FATTY AOID COMPOSITION OF ELEPHANT MILE FAT 


(Mean welght per cent +9.D.) 





Saturated Unsaturated 

Caprylic (8:0 9748-5 Palmitoleic 16:1) 0504 
Caprio 10:0) 8645+568 Oleic 18:1) 84434 
Lauric 12.0) 17-444 Linolelo 18 2) 01401 
Myristio 14:0) 121065 Linolenic 18:3) 01+01 
Palmıtio 16:0) 2628 Elcosadienolo (20:2) O-5+05 
Bteario 18:0 <01 

Arachidic (20:0 <01 


We thank Dr P. F. V. Ward of the Institute of Animal 
Physiology, Babraham, for the isolation and infrared 
characterization of the major component. 
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GENERAL 


National Rates of Economic Growth, 
Anxiety and Suicide 


My communication reporting & high correlation between 
national anxiety levels and economic growth rates has 
been criticized by Stacey and Britton on two general 
grounds’. First, that the samples of students from 
whom the anxiety scores are derived are not repre- 
sentative or comparable from one country to another. 
Second, that various interpretations of the correlation are 
possible. 

The implication of the first criticism seems to be that 
the correlation is a fluke, because if the students are 
totally unrepresentative of their countries it is diffloult 
to seo how such a high correlation could have arisen. 
But ıt does not seem so implausible to suppose that the 
personality characteristics of students should reflect 
those of their countries as a whole. Consider an inguiry 
among French and American students into attitudes 
towards eating snails. It seems probable that students 
would reflect quite accurately the psychological attitudes 
of the whole population. 

It is, of course, possible that there could be some 
systematic bias which would affect both the students’ 
anxiety levels in different countries and the growth rates, 
thus giving rise to a spurious correlation. But Stacey 
and Britton have no suggestions about what this might be. 
Unless they can suggest such a factor, the correlation 
must be accepted at its face value, or possibly regarded 
as a fluke. 

The best way to resolve this difficulty seems to be to 
take some other index of national anxiety, and Stacey 
and Britton have made the helpful suggestion of the 
suicide rates. I agree that this seems a valid indication 
of national anxiety levels. Among the causes of suicide, 
Stengel’ gives the first as “depression with guilt feelings, 
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self-depreciation, and self-accusations, associated with 
anxiety and tension”. This appears to be the anxiety 
syndrome, and we may expect that the higher the anxiety 
1n a society, the more people there would be at the high 
level at which they are prone to commit suicide. 

I have therefore abstracted the suicide rates in eighteen 
advanced western countries which share a broadly com- 
parable way of life and calculated the correlation with 
the economic growth rates for the 1950-65 period. The 
correlation is 0-60 (P<0-08) (Fig. 1). Clearly this con- 
firms the finding on students and makes it difficult to 
dispute that the correlation between national anxiety 
levels and economic growth exists. 
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Fig. 1. Actual rates of poonbunie: ows and suicides per 100,000 in 


Few would disagree with Stacey and Britton’s plea 
that the correlation is open to a number of interpre- 
tations. My intention was primanly to draw attention to 
what must surely be accounted a rather striking correla- 
tion. Such discoveries are a starting point which demands 
explanation and on which theory can be built. My own 
preference is for regarding anxiety as a motivator which 
energizes people to work hard, and which ultimately 
gives rise to a fast economic growth rate. 

Admittedly this is a complex speculation, to which it 
would be impossible to do justice ın so short @ space. 
But I should lıke to challenge an argument suggested 
by Stacey and Britton which is commonly used but in 
my view misteken. They argue that effective leaders in 
industry and commerce score low on anxiety question- 
naires and infer that anxiety cannot therefore be regarded 
as a motivator for busmess success. Even if this is true 
(and the evidence is conflicting), it could be accounted 
for by assuming the negative correlation between intel- 
ligence and anxiety reported by Terman‘. Such a negative 
correlation could account for the negative correlation 
Qf ıb exists) between anxiety and business success in 
conditions where intelligence is not held constant. Where 
intelligence is held constant, the correlation between 
anxiety and success could be positive—as Collins, Moore 
and Unwalla have reported in their study of successful 
entrepreneurs’. 
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Book Reviews 


CURRENCY OF LSD 


LSD, Man and Society 

Edited by Richard C. DeBold and Russell 
(Society Today and Tomorrow.) Pp. xu+ 219. 
London, March 1969.) 42s. 


Most investigations of the “hard” effects of drugs— 
biochemical, neurophysiological and pharmacological— 
are initially made on animals. Those that are relevant may 
eventually be confirmed, or disconfirmed,1n man. Some- 
times, as ın the case of thalidomide, an effect is detected 
for the first tıme ın man, and it may after all show up in 
appropriate animal tests when these are subsequently 
designed. But drugs such as LSD pose a quite new kind 
of problem: therr characteristics, their potentially thera- 
peutic, even their toxic effects cannot be predicted from 
animal testa. The usual cause of death in animals follow- 
ing an acute overdose, for example, is said to be respiratory 
depression. It is rare ın animals and has never been 
reliably reported in man. Thus experiments ın man (not, 
of course, to the pomt of inducing major tome effects) are 
unavoidable if we are ever to understand the action of 
drugs in man. To do so it will be necessary for society to 
become a little more accommodating. Perhaps one at 
least of the Wootton Sub-Committee’s recommendations, 
that human research on cannabis should be made easier 
because it is made lawful, will not be drowned 1n the storm 
provoked by the Prosperos who have not read the report. 

There have been many inventions that society might 
well have been better without, not only drugs: perhaps Ib 
was not possible to reverse the flow of research that led to 
the creation of nuclear energy, of nerve gases, and in that 
cynical definition “public health ın reverse”—bacterio- 
logical warfare. Perhaps it is still posmble—let us assume 
that it is—to decide whether or not we will have such 
drugs as LSD. At least the necessary research to aid the 
decision is far less costly than in the other cases. 

The benefits that are claimed for drugs such as LSD are 
clear: when used by suitable people, it is said, there will 
be new ideas for artistic expression, better buildings and 
bridges, solution of problems previously resistant to 
solution or not identified as problems, cooler discussions, 
more peace, less hate and negativity. These propositions 
have certainly not been demonstrated scientifically nor, 
in fact, have they been demonstrated aesthetically either: 
the great LSD novel has yet to be wntten. Perhaps to 
admit that one’s masterpiece was written under LSD 
would invite the critics’ dissent from self-jJudgment; or, 
as with Coleridge’s laudanum it may not be possible to 
write while under the drug but only afterwards—and then, 
perhaps, little the better for it. On the other hand, the 
dangers of LSD use are adequately described in qualitative 
terms, though scarcely quantitatively as yet. Neverthe- 
less, our cognitive technology has outrun our emotional 
technology. This ıs generally conceded. 

In the chché employed by one of the contributors to this 
valuably argumentative book, LSD is a drug that generates 
more heat than light. But there is not even agreement 
about that—many users of the drug would claim just the 
reverse. It is still all too rare for anyone concerned with 
the field to quote evidence: still rarer, uf as is frequently 
the case there is none, to adopt an agnostic position. The 
disease of certainty here afflicts alike the theologian- 
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doctor who ıs for the drug (on the grounds that most 
experiences with it are positive), the government- 
pharmeacologist who 18 against it (“the social outlook and 
the psychological state of the drug takers are certainly not 
conducive to the continuance or the improvement of an 
orderly and productive society”), and the scientist- 
editors who claim that they have produced a compilation 
of “careful evaluation” and “data to support (the) 
arguments”. Only the pharmacologist (Giarman), the 
neuropharmacologist (Purpura) and the psychopharmacolo- 
gist (Jarvik) have performed, analysed and tabulated 
experiments in the strict sense, and it 1s interesting that 
though their papers were presented first of all at the 
symposium they are printed last ın the book: for drug 
users, hard science doesn’t produce evidence, and its 
activities are irrelevant to their causes. They may well 
be right. 

Perhaps what is most interesting about the badly 
named hallucinogens (for they rarely cause true hallucina- 
tions) 18 the undoubted changes of attitude that they 
produce in society, and not so much the doubtful changes 
they produce in the mdividual. Though direct re- 
ligious or quasi-religious experience ıs only one of their 
manifestations and comes rarely even to the relatively 
well prepared, the terminology of the opposing sides 
often echoes that of one or other of the great religions. 
On public platforms the same substance may be for one 
the gift of Buddha and for another the explanation for 
Sodom or at least Gomorrah. Both points of view are 
right. As Frank Barron says in the discussion that 
follows his excellent paper on the motives of LSD users, 
LSD is dangerous when it ıs used by dangerous people; 
because this is so, ıt is as ineffectual and it may be as 
prodigal to wish such drugs out of existence as it is to press 
for their unrestricted use by anyone at any time. 

It is at least indisputable that we must press on with 
applied research ın the “soft” sciences. It 1s an out- 
standing merit of this book that everyone of the contri- 
butors—all of whom, even Barron, would probably be 
regarded as “straight” (that is to say, establishment 
figures) by the young—is in favour of such research. It 
1s a sober thought that such expermments as those on canna- 
bis recently carried out by Norman Zimberg and his col- 
leagues in America would have been illegal in liberal, 
permissive Britain. 

This excellent book is well produced, but because it has 
no index and evidence of editmg of any kind is small, it 
seems a pity that two years elapsed between the sym- 
posium and the publication. C. R. B. Joram 


POTENT LSD 


The Day of St Anthony’s Fire 
By John G. Fuller. Pp. 310. 
March 1969.) 40s. 


Anyonn who enjoys medical detection, who is curious 
about LSD, or who would like to have some idea of the 
horror of mediaeval ergotiam should enjoy this book after 
persevering beyond or skipping the first twenty or so 
pages. In these pages, John Fuller, an American television 
journalist, describes French provincial life in a style that 
is enough to insult the American provincial book club 
audience he no doubt had in mind. He repeats every 
conceivable Anglo-Saxon cliché about French provincial 
life to create atmosphere. But, with that behind him, 
Fuller tells a fascinating, albeit lugubrious, tale, for this 
book 1s about the outbreak of ergotism that struck the 
small town of Pont-Samt-Esprit on the Rhéne in August 
1961. 

Bakers ın the area had complained in vain to local 
representatives of the Union Meuniére, the flour milling 
and distributing monopoly ın France, for several weeks 
before the outbreak. Then, one day in August 1951, 
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animals and people in Pont-Samt-Esprit suddenly 
started going mad. First cats started dying and dogs 
began to eat rocks till their teeth fell out. Then people 
fell sick suffermg grotesque hallucinations. As the days 
passed, tens of people went mad and the rest of the town 
went out of its mind watching and waiting to see where the 
disease would strike next. Respectable men, women and 
children suddenly began leapmg from windows thmking 
they could fly, or doing acrobatic acts from the wires of 
suspension bridges, or cowering demented in the corners 
of rooms believing they were on fire or being eaten by 
beasts. One by one, and then literally in van loads, they 
were carted off to the nearest lunatic asylums. One victum 
tore off with his hands the plaster casts put on his shattered 
legs after he had tried to fly from an upstairs window. 
Another tore up seven strait-jackets before he was 
finally overpowered and enveloped in two of them. He 
then gnawed at the leather straps which held him to his 
bed until his teeth fell out. Later, this man was one of 
several who died. 

All the affected people and animals had eaten bread 
from one of the town’s bakers; all the symptoms 
were characteristic of those reported by mediaeval 
chroniclers of villages struck by ergotism or St Anthony’s 
Fire. When some of the victims began to go gangrenous 
the three town doctors felt certain they had ergotism on 
their hands and were powerless to do anything to relieve 
the disease. But the toxicologists at Montpellier failed to 
find sufficient ergot in the bread to account for the poison- 
ing. Deys, weeks, months, years passed as the bureau- 
cracy and the stone-walling Union Meunière did ita best 
to shift the blame elsewhere. It succeeded, although 
all the medical evidence pointed to ergotiam; and although 
there was almost no mercury in the bread and flour 
samples, the disease was eventually officially declared the 
result of organo-mercury poisoning. The merouiy was 
said to have got into the sack of contammated flour in 
transit. 

The victims organized themselves and fought the Union 
Meunière in court after court, winning one Pyrrhic victory 
after another until the case closed in 1965 with no com- 
pensation to speak of. The autho: convinemgly argues 
that the poison was not ergot itself but the infinitely more 
potent derivative of ergot, L8D-26, which can apparently 
be produced by Claviceps purpurea in some conditions of 
fermentation. As luck would have it m 1951, LSD had 
just been discovered in Switzerland by two Sandoz 
chemists. Their discovery came too late to help the 
pathetic victims of Pont-Saint-Esprit, but Fuller quotes 
Dr Timothy Leary’s message for our time, “any idiot 
knows that you never take LSD above the ground floor”. 

JOHN Tooza 


PEASANT FARMING 


The European Peasantry 
The Final Phase. By S. H. Franklin. Pp. xvi+ 256+ 25 
plates. (Methuen: London, March 1969.) 50s. 


THE subject of this book is sufficiently unfamilar to earn 
a review which displays its argument as fully as possible 
rather than one which contests particular parts of that 
argument. The subject is important and the book iteelf 
deserves high praise. 

The author writes about peasant farming in Europe, 
the problems peasants have faced since the war, and the 
various remedial policies followed by different national 
governments. There are substantial chapters about 
France, Germany and Italy (the south only); a single 
chapter covering Poland and Yugoslavia; a brief discus- 
sion of the European Economic Community; a good 
introductory chapter; and a provocative conclusion. 

The peasant farm is being put out of business because 
16 cannot compete with capitalized agriculture. The 
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essence of peasant farming 1s ıts goal of providing work 
and a living for the family. But this is not merely of 
consequence for the family. Until very recently in three 
of the countries discussed in this book, and still in Poland 
and Yugoslavia, and overwhelmingly so in less advanced 
countries, peasant farming serves exactly this residual 
function for the nation. Success is measured not by its 
efficiency in producmg food, but rather by ita ability to 
meet a social need by providing security and work. 

But in developed countries this kind of security 13 now 
increasingly provided in the industrial sector itself. The 
ımmense fluctuations in the level of employment which 
characterized the mter-war period have not, by and 
large, occurred in the past twenty years. There has been 
a general increase in prosperity and in standards of living, 
including pension schemes. In short, from this point of 
view there 1s no longer a need for the peasant sector to 
provide either work or security. 

At the same time, peasant farming is under direct 
economic attack from more highly capitalized forms of 
agriculture. Per unit of labour, peasant farms are far too 
under-capitalized and are too small to be able to compete 
efficiently with industrial farming. But at the same time 
the peasants themselves are demanding the standards of 
consumption which they could find in the industrial 
sector. The first step is to increase the mput of capital 
per unit of labour. Labour must become more productive. 
Work is no longer spun out to keep people occupied. 
Once this is accepted, the basis of peasant farming—its 
orientation towards a non-economic end—is gone. So 
what is to be done with all those outmoded peasants ? 

This is a social problem of mmense magnitude and, in 
the cases deacribed by the author, it also poses an economic 
problem because it umpedes the development of efficient 
agriculture. Moreover, large sums of money have to be 
spent in subsidies to peasant farming, both for human:- 
tarian and political reasons. 

Both in the Communist and non-Communist countries, 
no government has dared since the war to take the 
Stalinist solution. In the Itahan south the land-reform 
and the development schemes were political necessities. 
They were an attempt to redress the balance between the 
prosperous north and the impoverished south, to make a 
more equitable distribution m the south between rich and 
poor, and—the residual function—to provide work. In 
the event a vast expenditure has succeeded in replacing a 
rural proletariat with a class of small farmers. But by 
the mid-1960s the problem was different: competition from 
highly capitalized farming enterprises, especially within 
the EEC, made it impossible for these small farms to 
survive. The problem would be much worse had there not 
been a massive spontaneous emigration to the urban 
north. , 

In France, too, the peasant problem is primarily social 
and political. If the government merely held the ring, 
the peasants in time would go to the wall. But no govern- 
ment can afford to do this. The prosperity of industry 
allows a vast sum to be spent on the maintenance of 
“social” rather than economic prices for the peasants’ 
products, and the peasants are politically well enough 
organized to see that their demise will be a lingering one 
and not too uncomfortable. In the meantime, there are 
various attempts to encourage the growth of larger farm- 
ing units, but, it seems, these succeed only in areas where 
capitalized farming is already in operation. 

From the author’s description it seems that the solution 
attempted in Germany is less involved with politics, 
although no less a palliative. As in France, large sums are 
spent in the attempt to make viable the family farm. But 
the social problem has in some areas been solved, and 
rural depopulation stopped, by the emergence of manufac- 
turing industries in the country areas. There then appears 
a class of worker-peasanta, who divide their time between 
the factory and their farm. This, of course, does not solve 
the problem of agricultural efficiency: part-time peasants, 
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too, in one way or another, have to be subsidized as food 
producers. 

This book 1s good for us all—for anthropologists, 
economusts and sociologists, not to speak of politicians and 
administrators. Above all, it demonstrates the awe- 
mspiring mterconnectedness of modern institutions, and 
the consequent many sided intractability of the problems 
which arise. F. G. Banwy 


NAPOLEON’S HEALTH 


St Helena during Napoleon’s Exile 
Correquer’s Diary. By James Kemble. Pp. ix+2097+16 
plates. (Heinemann: London, February 1969.) 55s. 


GIDEON Cornrmqune (1781-1841) was a bachelor and 
came of Huguenot stock. He entered the army and 
attained the rank of major. He received various foreign 
orders, was a Knight of the Royal Hanoverian Order 
and was promoted to lieutenant-colonel. He retired after 
Napoleon’s death in 1821. 

Sir Hudson Lowe invited him to be his aide-de-camp 
and acting military secretary, and he sailed with him 
to Bt Helena on January 29, 1816. He was a loyal and 
devoted secretary to Sir Hudson to outward view, carry- 
ing out all Sur Hudson’s wishes and instructions. At the 
same time, he kept a private diary, now deposited in the 
Publio Record Office. It was prudently written in cipher. 
and the many persons mentioned were given pseudonyms. 
It also contains fresh items of medical interest, particu- 
larly with regard to the attitude taken up by Sir Hudson 
Lowe to Napoleon’s ill health. 

The difficult task of editing and explaining Correquer’s 
diary has been borne by James Kemble, a recognized 
authority on Napoleon. In 1959 he published Napoleon 
Immortal, in which he described the medical maladies of 
Napoleon from the aspect of modern medicine. With 
research Kemble has solved the cipher, dates and pseudo- 
nyms of Correquer’s private diary. Apparently, a i 
influence was exerted by Lady Hudson Lowe (“Sultana” 
or “Donna”); her husband was under her thumb, and she 
may have aggravated the feud between him and N apoleon. 
She was alternately rude or gushing to Correquer. 

Napoleon was attended by several doctors during his 
hfetrme. The French physician, appointed [by Napoleon, 
declined to go to St Helena when he heard the exile was 
on the island. Barry O'Meara, a naval surgeon, was 
Napoleon’s physician until 1818. His advocacy of 
Napoleon led to his dismissal from the Navy. His book on 
the same theme was entitled A Votces from St Helena. 
Dr John Stokoe visited Napoleon on five occasions (1818/ 
1819). Dr Francesco Autommarchi, an Italian anatomist, 
was the Emperor’s personal physician from 1819 to the 
end and he made the necropsy. Dr Archibald Arnott 
attended Napoleon in the last 35 days. 

Napoleon had frequent attacks of illness—pulmonary 
tuberculosis and haemoptysis (1789 and 1803) con- 
firmed at necropsy (his son, the Duke of Reichstadt, died 
of haemoptysis at 21 years); scabies in Egypt cured by 
Corvisart, stones in the bladder, and cystitis. He suffered 
from Stokes-Adams disease, heart-block with syncope 
and epileptiform convulsions. His pulse was only 40. 
This accounted for delays when action was imperative, as 
at Borodino and Waterloo, for instance, as Sir William 
Osler and Sir Arthur Keith have maintained. At St 
Helena the heart condition became settled and his pulse 
normal. After several fiery interviews, N apoleon refused 
to see Sir Hudson Lowe for the last five years of his 
exile. 

Except for æ brief note that Napoleon looked ill, 
Correquer’s diary gives no information about his death. 
Arnott did not at first recognize the true nature of 
Napoleon’s illness, regarding it as caused by inflammation 
of the liver, until the signs and symptoms of cancer of the 
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stomach were manifest. Chaplin considered the disease 
supervened on & peptic ulcer. Kemble regards it as a 
primary growth. Sir Hudson Lowe tampered with the 
drafts of the doctors’ reports and insisted that all reference 
to enlargement of the liver must be omitted. His real 
attitude towards Napoleon’s ill health is given m Cor- 
requer’s diary. He did not believe, almost up to the last 
possible moment, that Napoleon was really 1, and dis- 
agreed with Arnott’s subsequent reports that Napoleon’s 
health and condition foretold mmminent death. 

James Kemble is to be congratulated on the further 
service he has rendered to general and medical historians. 
The book is well 1llustrated and well produced. 

ARTHOR MaoNaury 


FOSSIL NOTES 


Notes and Comments on Vertebrate Paleontology 

By Alfred Sherwood Romer. Pp. viii+304. (University 
of Chicago Press: Chicago and London, February 
1969.) 638. : 


In order to remain of reasonable length, any textbook 
must inevitably contain only a selection of the known 
facts—those which the author considers to be of particular 
importance, either in their own right or because of the 
light which they throw on the development of theory in 
that particular fleld. Furthermore, the assembly of these 
facte into a framework of theory also involves, at cach 
point where contemporary workers disagree, the selection 
of one point of view which is therefore presented as the 
orthodox “truth”. If the textbook is widely used, the 
views adopted in it are often generally accepted. 

While preparing the recent third edition of his textbook 
Vertebrate P. » Romer decided to attempt to 
counter this danger by the preparation of a companion 
volume of Notes and Comments. In this, he attempts to 
do two things. Furst, he reviews most of the important 
contributions to the field of vertebrate palaeontology 
which have appeared in the past twenty years. Second, 
where these contributions have led to controversy he 
indicates, after briefly outlining the alternative interpreta- 
tions, why he chose a particular view. It is not therefore 
intended to form a single consecutive narrative, but in- 
stead consists of a series of topics, some of which are dealt 
with quite briefly whereas others have required treatment 
at greater length. These are arranged in a succession of 
chapters corresponding to those m Vertebrate Paleontology. 
Many of the publications mentioned have been listed in 
the bibliography of that text and are referred to by the 
appropriate number, but an additional bibliography of 
about 500 entries includes the greater detail needed in this 
new volume, and also includes some publications which 
have appeared since the last edition of Vertebrate Paleon- 
tology. Its function as a companion volume to that text 
18 underlined by the fact that no figures are included in 
Notes and Comments. 

In judgmmg this book one must first be quite clear as to 
what it is designed to do. Well over a hundred topics are 
dealt with in its 253 pages of text, and therefore most 
topics receive only two or three pages of discussion at 
most. In reading these brief discussions of research papers, 
the experienced vertebrate palaeontologist may often 
feel that they have been very summarily treated, and that 
more could have been said for the opposing views. But 
Notes and Comments is not itself a research publication: 
Romer has published, and is still publishing, research 
papers on & great variety of subjects, mainly concerned 
with fish, amphibians and reptiles, and it is to these 
that one must turn for more detailed expositions of his 
arguments. The function of Notes and Commenis is to 
indicate to the new student what the important papers 
are in any given field of vertebrate palaeontology and, 
by a brief discussion, to indicate any controversies that 
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may exist. It matters very httle whether one agrees with 
any (or all) of Romer’s conclusions; the value of the book 
1s that it will make ıt easier for the newcomer to inform 
himself and thus to make up his own mind. In this, I 
think ıt succeeds admurably. It is, like Romer’s other 
books, extremely well written, and one suspects that he 
enjoyed writing it almost as much as one enjoys reading 
1t. One’s only criticism ıs that its price seems rather 
high; however I understand that a cheaper paperback 
edition will be available in the autumn. Barry Cox 


MATHS FOR THE SCIENTIST 


Outline Course of Pure Mathematics 
By A. F. Horadam. Pp. xvi+578. (Pergamon Press: 
London, Oxford and New York, February 1969.) 708; $9. 


TEs convenience of having a course for the science under- 
graduate in his first year, to embrace in & single volume 
all the relevant pure mathematics, is evident. The author 
has drawn on his experience at the University of New 
England, Armidale, Australia, and differences in educa- 
tional systems must be remembered; practically all the 
material in this volume would be dealt with here in a 
good science sıxth form. 

Some knowledge of elementary calculus is assumed, 
and on this basis the work looks chiefly to applications; 
partial differentiation ıs included, multiple mtegrals 
excluded, and rather surprisingly there 1s nothmg m the 
main text about differential equations, though simple 
instances crop up in the examples. Fundamental theorems 
in analysis, such as the Mean Value Theorem, are pre- 
cisely stated, but are often not analytically proved, 
geometrical illustration and intuition being used as 
supports. This is probably appropmate for students 
who are naturally more interested in the applications 
of the caloulus rather than the techniques of the profes- 
sional mathematician, and is usually adequate, though 
the proof that a continuous function is integrable seems 
defective, applying only to a piece-wise monotonic func- 
tion. Some chapters at the end of the book give the usual 
geometrical applications of the calculus to curves, areas 
and so on. 

An acquaintance with modern ideas in algebra is now 
essential for the young scientist, and chapters on matrices, 
determinants, vectors, sets, Boolean algebra and groups 
will give him the broad outline required, with plenty of 
exercises for the filling-in of details and for the simpler 
applications. 

The chapters on geometry are somewhat disappointme. 
They begm well enough with interesting accounts of 
homogeneous coordinates, elements at infinity, the 
euclidean group and Klein’s group-characterization of 
geometry. Then, however, attention is centred on the 
conics, defined doubly as plane sections of a cone and as 
curves having the focus-directrix property; for the proof 
that these lead effectively to the same class of curves the 
reader is referred elsewhere. These definitions lead to 
equations of the second degree, and general properties 
are obtained. But at this stage a slightly more sophisti- 
cated approach might be more stimulating. Having 
examined the nature of loci defined by equations of the 
first degree, a natural problem is to go on to the examina- 
tion of loci defined by equations of the second degree, 
and this would give the author even more scope for em- 
ploying the vector and matrix methods already developed. 
There is no three-dimensional geometry. 

About 1,100 exercises provide not only routine drill 
but also many problems taken from the field of the natural 
sciences, some easy, some requiring a little serious thought. 
A remarkable feature of the book, which will particularly 
endear 1t to the student who has to work on his own, is 
that solutions are furnished for all the exercises. 

T. A. A. BroaDBENT 
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` MATHEMATICAL INTENSITY 


Mathematical Foundations of Network Analysis 

By Paul Slepian. (Springer Tracts in Natural Philosophy, 
Vol. 16.) Pp. xi+195. (Springer-Verlag: Berlin and New 
York, 1968.) 44 DM; $11. 


Tax analysis of linear resistance networks using Kirch- 
hoff’s laws is a simple problem in linear algebra. It 1s 
greatly illuminated by graph theory and the use of ım- 
cidence matrices. The concept of ‘independent loop 
currents”, introduced by Maxwell and successfully used 
by countless engineers, now enjoys & precision 1t formerly 
lacked, and the whole theory, elegant and ngorous, can be 
found, for example, m Seshu and Reed’s Linear Graphe 
and Electrical Networks. In particular, Kirchhoff’s 
“topological” formulae are easily proved by using the 
Bmet—Cauchy theorem for determinants. 

There is, however, a school of mathematical thought 
today which believes one should not move a step without 
invoking the full apparatus of abstract set theory, 
functions on sets, linear maps, range, domain and go on. 
Professor Slepian evidently belongs to this school, and he 
has converted network analysis into a branch of algebraic 
topology. The result 1s a book of which a large part is 
quite frightening in 1ts mathematical intensity, and whioh 
m my opinion presents a travesty of the subject. 

In a careful reading of the book, I have found no 
mathematical errors—but I must report that in many 
places, even on his own ground, the author’s proofs are 
absurdly long, often because of the excessive use of the 
“canonical base” © introduced on page 63. If, instead, one 
uses a function F(a,y;z) of a directed branch (x,y) and 
vertex z, equal to 1 if z=y, —1 if z=az, 0 otherwise, a 
much more powerful and concise treatment becomes 
possible. For example, the 2-page proof (including 
antecedents) of theorem 2, page 83, and the 3-page proof 
of theorem 3, page 92, would each be reduced to a few lines. 

In view of these defects, the frequent displays of 
intellectual arrogance, umplymg that previous writers on 
the subject have been imprecise or inadequate, and 
typified by the extraordinary section in which a matrix 
is defined, are all the more unfortunate. 

The author hopes, in the introduction, that the ‘more 
precise tools” made available by him will assist in network 
synthesis. I shall be very surprised if this ever happens. 
Meanwhile, this book does not justify itself by a single 
worthwhile new result in network analysis. 

A. TALBOT 


WAVE PHYSICS 


The Physics of Vibrations and Waves 
By H. J. Pain. Pp. xiii+ 241. (Wiley: London and New 
York, December 1968.) 42s. 


RECENTLY, several books have appeared ın which the 
theory of vibrations and waves is applied to a variety of 
topics. This ıs a welcome change from the type of text 
which confines the discussion to one branch of physics, 
such as acoustics. H. J. Pain has adopted the broader 
approach and has produced a useful addition to books 
already available on the subject. The author states that 
the book has as its origin a course of first year under- 
graduate lectures but that additional materal has been 
added. The subject matter is therefore more than could 
normally be covered in one year. The standard, however, 
is nowhere too high for a first year student: a knowledge of 
only school-leaving mathematics is required and additional 
mathematical techniques are introduced as the need 
arises. 

Free and forced vibrations of systems of one degree of 
freedom are considered fully in the first two chapters. 
There follows a discussion of coupled oscillations in which 


NATURE, VOL. 222, MAY 3, 1969 


the importance of normal modes and normal coordinates 
18 clearly stressed. The propagation and reflexion of trans- 
verse and longitudinal waves are dealt with in separate 
chapters and propagation in a linear lattice 1s considered 
as an important example. The theory introduced im 
earlier chapters is applied m chapters six and seven to 
electrical transmission lines and electromagnetic wave 
propagation. Normal-mode solutions to the three- 
dimensional wave equation are discussed in chapter eight, 
which includes a good account of the Debye theory of 
specific heats. It is a pity that nothing is said about the 
limitations of the theory and the importance of the linear 
lattice problem as an mtroduction to lattice dynamics. 
There is a very good chapter on Fourier analysis and 
Fourier transforms and the techniques are applied to 
optical diffraction ın the following chapter. The con- 
cluding chapter (chapter eleven) is too short to be a good 
introduction to non-lmear vibration theory, but some of 
the effects described may stimulate the student’s interest 
in the subject. 

The arrangement of material is good and the writing is 
clear, but the diagrams are sometimes small and indistinct. 
There are a few errors and ambiguities; for Instance, 
statements made in chapter four give the impression that 
it is sometimes possible to obtain monochromatic waves. 
These are minor criticisms, however, and the book is 
warmly recommended. There are numerous and interest- 
ing exercises at the end of each chapter. 

W. Q. B. BRITTON 


ANTENNA PROBLEMS 


Antennas in Inhomogeneous Media 

By Janis Galejs. (International Series of Monographs 
m Electromagnetic Waves, Vol. 15.) Pp. xvi+ 294. 
(Pergamon Press: London, Oxford and New York, 
February 1969.) 1408; $18. 


THE aim of this book is to present an mtroduction to 
methods analysing antenna performance, particularly 
the calculation of antenna impedance, in homogeneous 
media. Most of the analyss is confined to dielectric 
media, but two of the twelve chapters are devoted to 
problems in compressible plasmas and magneto-ionic 
media. The scope of the problems treated 1s possibly 
best illustrated by some of the chapter i 
dielectric loading of small antennas, transmission line 
theory of buried insulated antennas, antennas between 
two media, cavity backed slot antennas, slot antennas 
with a stratified dielectric and linear antennas in a 
stratified dielectric. 

The formulation of the various problems is presented 
very clearly and in most cases the problems are formulated 
as integral equations and solved by variational methods. 
The advantage of the variational solution over other 
methods of solution 1s also examined in several examples. 

In the first section of most of the chapters, a brief 
account is presented of relevant problems treated by 
various authors and a separate bibliography ıs given at 
the end of each chapter. The general approach of the 
sections dealmg with other work, however, 1s very much 
closer to that of a review article than that of a textbook, 
as hardly any account of the detail of alternative ap- 
proaches 1s given. It seems to me that, in a book which 
presents different analytical approaches in particular, 1t 
would have been appropriate to present some detail of 
the methods used to solve problems for long antennas. 

A large number of numerical results for particular 
problems is presented in graphical form and these should 
prove useful for design engineers. The inclusion of these 
results to such an extent and the general approach of 
the book tend to make it appear more like a handbook 
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and a source book for references to further work than a 
textbook for students. It does not seem particularly 
suitable as a textbook for either undergraduate or post- 
graduate students (though this possibility is mentioned 
on the dust cover), but it 1s, however, a useful reference 
book for both theoretical and experimental workers 
concerned with antenna problems. W. E. WILIAMS 


INTO THE ABYSS 


Violent Universe 

An Eye-witness Account of the Commotion in Astronomy 
1968-69. By Nigel Calder. Pp. 160. (British Broadcast- 
ing Corporation: London, April 1969.) 25s. 


Niaei Catpmr’s universe is a mind-bending experience 
of catastrophic explosions and crushing gravitational 
collapse in “the abyss that starts at the top of our hair”. 
This is the book of the television programme prepared by 
the British Broadcasting Corporation and the Public 
Broadcast Laboratory of New York, screened last month 
in Britain and America, which Calder scripted. His book 
18 for those who saw the programme and want to find out 
more, and for everybody who wants to know why new 
telescopes are sprouting and why astronomers are so 
excited about things called pulsars and quasars. He 
lucidly explains the answers astronomers and physicists 
are giving ın the early months of this year. Subtitled 
“An eye-witness account of the commotion ın astronomy 
1968-69”, Violent Universe pays only lip-service to the 
painstaking history of astronomy. It 1s about what is 
happening now, the Golden Age of astronomy, when the 
technology of space so laboriously built up in the fifties 
18 at last bemg harvested. New regions of the spectrum 
not accessible from beneath the atmospheric blanket are 
being opened up for the first tıme, an experience which 
can never be repeated. If we make exceptions of hypo- 
thetical radiations such as gravitons, Calder says, we can 
now see “everything”’. 

Liberally sprinkled with the most striking photographs 
of cosmic objects and telescopes, and best of all the 
astronomers who are setting the pace, the book takes as 
ite theme the realization of the violence in the universe. 
The guts of Violent Universe are three chapters on explod- 
ing stars, exploding galaxies and the exploding universe. 
The fourth chapter questionmg the imphcations astronomy 
has for the laws of physics shows that Calder has not 
missed the point. It is contemporary enough to mention 
the light flashes from the Crab pulsar, and the microwave 
emission from water molecules in gas and dust clouds, 
both 1969 discoveries. But radio pulses from pulsars first 
split the night more than a year ago, too old for Calder to 
tell the fascmating tale about the discovery again. In 
Violent Universe pulsars are lumped together with quasars, 
radio galaxies and the microwave relic of the begi 
of the universe as discoveries everyone has heard about 
but which need explaining. At 258 and with umpteen 
new photographs and diagrams, Violent Universe deserves 
to be read, but now. The pace of discovery in the Golden 
Age of astronomy means Calder’s book has built-in 
obsolescence. EDWARD PHILLIPS 


SALEABLE KNOWLEDGE 


Sclenza e Tecnica 69 
Annuario della EST, Enciclopedia della Scienza e della 
Tecnica. Pp. 476. (Mondadori: Milano, 1968.) 14,000 lire 


THE series in which this volume is the second to appear 
serves as an annual supplement to Mondadori’s Hnectclo- 
pedia della Scienza e della Teonica. The object 1s to provide 
reviews of the previous year’s major developmente which 
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are useful to working scientists as well as being compre- 
hensible to the ummitiated. Scienza e Tecnica 69 has 
much to commend it. The selection of authors and topics 
18 well conceived; the contributions, in spite of the need 
for translation into Italian from other languages, are 
surprisingly well up to date for a compilation of this size 


and the book itself is excellently designed, produced and ` 


illustrated. 

The thirty-five articles, many by leading authorities 
in their field, are preceded by a section of short date-lined 
descriptions of scientific events such as the Nobel awards, 
launchings of spacecraft and particular research results. 
In the following section, on violence and the peaceful use 
of scientific knowledge, there are articles on the strategy 
of ABM systems by Marvin Kalksten, the peaceful uses 
of nuclear explosions by Glenn Seaborg, and the sociology 
of violence ın the United States by Louis Masotti and Don 
Bowen. 

The next section, on medicinal advances, devotes what 
is perhaps excessive attention to the experimental tech- 
niques of heart transplant surgery, which is not the same 
thing as practical therapy. Nonetheless, the topics chosen 
are excellent in ther own right. Christian Barnard con- 
cisely lays out the procedures for transplanting a heart, 
with the mteresting note that, so as to avoid clotting, 
“immediately before death the donor is heparinized by 
intravenous injection of 2-5 mg/kg of heparin”. A full 
but somewhat demanding review of transplant mmmuno- 
logy by Marthinus Botha mentions the first known trans- 
plant of part of the human body. In the thirteenth century, 
Saints Coamas and Damian transplanted a leg from an 
Ethiopian to a Roman Catholic priest, an operation 
recorded by Fra Angelico on the walls of San Marco in 
Florence. 

Articles on geology, geophysics and archaeology make 
up the fourth section. Nimo Lambogla describes the 
equipment and techniques of underwater archaeology, 
while Carlo Lerici and Richard Linington give a lucid 
exposition of geophysical methods of archaeological 
surveying. There are also articles on the Upper Mantle 
Project, Earth resources satellites, marme geology and 
seismic forecasting methods in Japan. The quality of 
illustration in this section is outetanding. 

Contributions from Antony Hewish on pulsars, Bruno 
Rossi on X-ray astronomy and Max Perutz on X-ray 
crystallography distingwsh the section on pure research. 
Several of the articles, however, are likely to prove hard 
going for all but specialists. An essay on molecular orbitals 
which introduces the Schrodinger wave equation in ite 
first paragraph is unlikely to gain a wide popular reader- 
ship, and similar reservations apply to the treatments 
of thermonuclear fusion, storage rings and nerve growth 
factor. All these are highly technical articles the appeal 
of which could probably have been broadened by greater 
editorial attention, although this would doubtless have 
retarded the commendable speed of publication. 

In a final section under the loose heading of “docu- 
mentation”, Alexander King, director of Scientific Affairs 
at the OECD, writes on technology gaps, putting his 
money on ‘‘Europe’s fealty to tradition and resistance to 
change” as being tho principal factor underlying the 
various gaps between Europe and the United States. 

The notice in these pages of S e T 68, the predecessor 
to the present volume, hazarded the view that in spite of 
the volume’s several excellent features, its price would 
probably put 1t beyond the reach of those who stood most 
to gain from it. The editor subsequently wrote to say 
that 35,000 copies had been gold. On this basis, an even 
more successful future must be predicted for S 6 T 69, 
the contents of which are better and more judiciously 
selected than were those of the previous volume. The 
absence of a simultaneous edition in English is surpris- 
ing, because a good half of the articles in S e T 69 must 
originally have been composed in that language. 

NiocHoLas WADE 
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Professor Henryk Niewodniezanskl 


HENRYK NIEWODNIOZAŃSKI, & leading Polish physicist, 


died in Cracow on December 20, 1968 after a short 1llness. 

Niewodniczanski, a member of the Polish Academy of 
Sciences, was Professor of Physics in the Jagellonian 
University and Director of the Institute of Nuclear 
Physics in Cracow. Early in his career he was an authority 
on multipole optical radiation but in recent years his 
work was chiefly concerned with nuclear physics. He 
established an important centre for nuclear physics in 
Cracow and contributed much to the development of this 
branch of science in Poland. 

Niewodniczanski was born in 1900 in Wilno where he 
studied physics in the Stefan Batory University and where 
he obtained his PhD after presenting a thesis on mole- 
cular optics. He was most active in the field of atomic 
optics during the early thirties, and discovered several 
forbidden lines and confirmed experimentally the 
existence of magnetic dipole radiation. This was the 
starting point for many investigations undertaken in 
foreign laboratories. 

At the same time Niewodniczanski’s interest turned to 
nuclear physics. His later research on this subject was 
greatly influenced by work done durimg his year at the 
centre directed by Lord Rutherford, the Royal Society 
Mond Laboratory and the Cavendish Laboratory m 
Cambridge, where he was in 1934-1935, and later ın 1937 
as a Rockefeller fellow. 

He clearly understood that, after the terrible devastation 
of Poland during the Second World War, it was of prime 
importance to educate a new generation of young 
scientists. In the first few years after the war he gathered 
around him ın Cracow young students whose careers he 
guided mght through the university, and today they con- 
stitute an impressive research group. 

As Director of the Institute of Nuclear Physica he 
initiated most of the work done there. The Institute is 
engaged in an extensive programme of research on nuclear 
reactions, nuclear spectroscopy, structural research apply- 
ing nuclear methods, the theory of the nucleus and high 
energy particle teractions. Some industrial applications 
of nuclear physics are also being investigated. Niewod- 
niczanski himself was working on nuclear reactions and 
beta-spectroscopy. 

Niewodniczatski was a very active member of the Polish 
Physical Society. He understood the important part 
played by physics mn contemporary life, and also knew 
very well the value of international collaboration. He 
was a member of the Scientific Council of the Joint 
Institute for Nuclear Research in Dubna, and a member of 
the Italian and American Physical Societies. He was in 
personal contact with scores of foreign physicists and had 
friends all over the world. 


Correspondence 


MKSA, Giorgi and SI 
§1z,—Physicista are “recalcitrant”! about SI mainly 
because of a misunderstanding, which leads them wrongly 
to attribute undesirable features to it. One hopes that 
when SI is seen for what it is, it will receive the welcome 
it deserves. 

The use of MKSA as base units removes factors of 
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powers of 10 from electromagnetic equations in “practical” 
units; and, by introducing a logically independent 
electric base unit, requires the recognition of a new 
fundamental phymcal constant. The latter point is 
theoretically important, the former not. However, 
though the use of an electric base unit requires a formula- 
tion of electromagnetism with an electromagnetic constant, 
no particular treatment of it is indicated. I wish to 
examine alternatives. For this, a notation for two con- 
stants is required. These may be called the “electric and 
magnetic force constants”, defined as the proportionality 
constants which relate the value of a source of field 
(electric and magnetic respectively) to the value of the 
field produced—and a pair of such sources to the force 
between them. The operation of a force constant is seen 
clearly in equations (1), (4) and (7) of Table 1. The 
electric and magnetic force constants will be represented 
by te and tm respectively, their values depending on the 
system considered. z, and po will be used with the specific 
values they customarily have. 

BI unite are “coherent” with the base units m, kg, s, A, 
°K, od?. (The last two are irrelevant to electromagnetism 
and I shall ignore them.) This ensures that each “physical 
quantity” (given a specification of 1ts measure in terms of 
the base units) has a unique unit; for “there exists for each 
physical quantity a single unit coherent with the base 
units of the Systéme Internationale d’Unité” (from 
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preamble to recommendation 1 of Comm. Intern. Potds 
Mesures in ref. 3. The recommendation was abrogated 
(CIPM 1968), presumably the preamble stands as a 
statement of fact). Each “physical quantity” is meant 
in the narrow sense, according to which “electrostatic 
unit of charge” and “electromagnetic unit of charge” are 
unite of two different “physical quantities’. Only in this 
sense does uniqueness hold; and SI specifies a unit for 
all “physical quantities” in this sense. Thus it does nothing 
to specify which “physical quantities” (m the narrow 
sense) shall be used in electromagnetic theory—except 
negatively, that measures not derived from its given base 
units shall not be used. The several different SI formula- 
tions of electromagnetism involve different treatments of 
the force constants, and assume different evaluations of 
the physical quantities involved; each involves different 
“physical quantities” (narrow sense), and therefore a 
different selection of SI unite. Each formulation 18 a 
“system” in a wider sense than the “SI” of units. 

An “SI system” of electromagnetism includes the force 
constant (or the pair of force constants); this 1s the 
only fixed point. When Giorgi introduced the idea of 
MKSA units in 19014, however, he had a particular 
systematization of electromagnetism in mind, and those 
who developed the MKSA idea generally thought that 
only this 4-base formulation was physically sensible. 
Thus, though they talked of the choice of units, they 
































Table 1. FORMULAR IN ALTHRNATIVE 8I SYSTRUB a 
# = 8-85 x 10-3 F m~ 
BI-Giorgi-Kennelly SI-Gaussian SI-Hlectrio SI-Giorgi-Sommerfeld* 
To, Te=8,5T Teme, Tem 8, 
Tm= 1/08 =, Tm =T Tm™= CS, = 1e Tm = 01e = Ne 
1-10 as other 
The following formulae are common to Giorgi—Kennelly, Gaussian and electric systems systems, except— 
1) F= Af = 2m Amy Falla (LAP) 
aden eo ae aera 8) Orekar® (yt Taiim Ama 
m 
4) F= = 
(4) gE (5) T=mAH (8) Bee below (5) T=maB 
(7) Ex __%__} (8)t Ao. (9) Bee below ie Sins 
Bae om 
Stott! Hrtm4m (8)t ay 
(10) div j+ %/et 0 
(6) F= AB Fa(Ijo¥AB F = UAB F = IAB 
— Ivf — (for Hm M = DAF 
9) H Anr? H t4 nedart Ht dart 
(11) D=oeE D=e,E D=¢,E D-=sr4,K 
(12) B = uru H B=y;H B= 4H H=(1/pr)7,B 
(18) Magnetic dipole moment of current loop in vacuum 
mm lA m=(I/o)A m= IA mala 
(14) Relatrviste transformations 
[D =1/ yi- v'à] 
E'ampE+VAB), E's =y(E + (¥/0)AB) EB’, =y(E+VA B); As Kennelly 
D'.=y(D + (v/o") AH, D'a=y(D + (v70) ABs, D'a =y(D+v7A ML 
H’1.=y(H-vAD), B= 7(H—(v/o) AD), BH’. =7(H —(v/o%)AD) 
B's. =7(B —(v/o*) A E) B’,=7(B—(v/c)AE) a B'1 =y(B—(v/o") AB). 
(15) Maxwell’s equations of ctrculation 
i z As Kennelly 
curl H=D+J curl H—9D/cst =}/or carl E = -B 
curl E= -È curl E+ 9B/cst m 0 curl H = Djct+J/n 





* 7 18 used for 1, 





Ite, tm partial fulfilment of Sommerfeld’s wish 
Sommerfeld is obtained by replacmg m by m/pr 


t+ at right angles to m, and m respectively. 





: see ref. 8, pages 21 and 42. The Coulomb Law Committee’ version of 
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thought of a particular formulation. The use of the 
designation “MEKSA (Giorgi)”’ for a formulation, and not 
sımply a system of units, is seen clearly ın Table 2 on page 
170 of ref. 5. Thus ambiguity has arisen, which must now 
be resolved. 

Tho correct use of “SI” is clear: a particular system of 
units developed from the MKSA base units. It seems appro- 
priate to say that a “Giorgi system” is a formulation of 
electromagnetism compatible with MKSA, and in which 
B = wH in a vacuum (w understood to have dimensions). 
The formulations of electromagnetism currently associated 
with SI are of the Giorgi type. The two principal exam- 
ples are “Giorgi-Kennelly”, the original orthodox system, 
named after Kennelly who piloted it to acceptance in 
1935°, and ‘Giorgi Sommerfeld”, introduced in the same 

7,8, These uses of the designations ““Giorgi-Kennelly” 
and ‘“GuorgiSommerfeld” are found in the Coulomb Law 
Report 1950—except that they misinterpret Sommerfeld’. 
A selection of formulae on both systems is presented in 
Table 1. 

The use of SI unite is not tied to the Giorgi formulae. 
I now describe two alternative SI systems. The “SI- 
Electric” system is the natural 4-base generalization of 
both the traditional “electrostatic” and “electromagnetic” 
systems. The essential characteristic of both these 
systems is that tm=C*te. In one of the traditional 
systems te=1/4n, in the other tm= l/4m. Ina general 
4-base electric structure, one of the force constante is 
arbitrary, and the other follows from the above relation. 
For the SI-Electric structure te= 8-85 x 10-"Fm~ = g4. 
This value of the electric force constant, in conjunction 
with MKS as mechanical units, and div j= —ọ to relate 
charge to current, determines the value of the unit of 
current as the ampere. 

The “SI-Gaussian” system is the natural 4-base 
generalization of the traditional Gaussian system. The 
force constants are equal to each other, becoming simply 
the “electromagnetic force constant” +. In the traditional 
Gaussian system, t=(1/4n). In the SI-Gaussian system, 
+=6,, a8 for the 8I-EHlectric system. 

No future satisfaction rests with the adoption of any of 
the Giorgi approaches. Electrical engineers use Kennelly, 
go 1t is obsourantist to adopt Sommerfeld in the name of 
“uniformity”. Further, both Kennelly and Sommerfeld 
are physically incoherent, #0 theoretical physicists have 
good grounds for rejecting them. The objection 1s not that 
B and H “really are” physical quantities of the “same 
nature”, but that the Giorgi systems lead to confusion, and 
ultimately error. Both non-Giorgi systems are physically 
sensible, so one can hope that they may prevail. SI- 
Electric should be adopted as the general norm, and for all 
quantitative statements, for it has the practical advantage 
of eliminating c from elementary formulae. The con- 
versions between §l-Electric and SI-Gaussian, and to 
either from the traditional formulae, are so simple (in 
remarkable contrast with Giorgi) that theoretical phy- 
gicists may work with 8I-Gaussian, and even set t= lor 
1/4n, as they now work with o=1—the re-introduction 
of the required constants is trivial. 


H. V. Storrs-Rom 


Department of Extramural Studies, 
University of Birmingham. 


1 Nature, 280, 735 (1968). 

1 OR Onnèmo Conférence Générale Pods Mesures, 87 (1060); The International 
System (SKI) Units (Brit. Standards Inst., BS 8763, 1964). 

2 Terrion, J., Metrologia, 4 (1), 41 (1968). 

1 Giorgi, G., Atis Dell’ Assoc. Elettrotecnica Italtena, 5 (6), 1 (1901). 

: Bilsbee, F. B., J. Res. Nat. Bur. Standards, 680, 187 (1962); NBS Monog. 


‘ Kennelly, A.B, J. Engineering Education, 27, 200 (1985). 

7 Sommerfeld, A., ın Pister Zeeman 18605-25 Mai—1085: Verhandelingen op 
25 Mai 1935 ear ctttaty aan Prof. D. P. Zeeman, 'B Gravenhage 
(Martinus Nijhoff) (1985); Phynk. Z., 35, 814 (1985); Z. Teoh. Phynk, 
1985, 420 (1935). - 

' Sommerfelå, A., Lectures on Theorelwal Physics: III, Electrodynamics 
(Academic Press, New York, 1952) 

* Coulomb Law Committee, Amer. J. Phys ,18, 1-25, 69-88 (1050). 
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Metrication and Decimalization: the Next Round 


Sr,—So far as Britain is concerned. the present round of 
metrication and decumalzation, at the official level. may 
be thought of as extending from about 1950 to 1980. 
This includes the Hodgson and Halsbury reports, their 
implementation, and the official adoption of MKSA. or SI. 

Dumng the subsequent thirty years, there is a prima 
facie case for a further round of metrication and decimal- 
ization. Three innovations seem worth considering. (1) A 
system of electrical and magnetic unite, consistent with 
the watt and joule, where the practical unit of current is 
the passing of 10" electrons per second (and electrons, 
not charges). (2) The replacement of the mole by & kind 
of decimal mole, consisting of 10“ molecules. (3) The* 
citation of the mass of small natural entities, as well as 
larger ones, ın metric unite. So far as is known this in- 
stance of metrication was proposed first m 1951 (ref. 1) 
and ın these columns. The other points ((1) and (2)) are 
straightforward cases of decimalization. It can greatly 
simplify caloulations* to eliminate factors such as 6-24181 
and 6-02252. Besides the usual advantages, these proposed. 
reforms (a) can make it much easier to move, in thought, 
between the level of magnitude of atoms and the level of 
magnitude of laboratory objecte; and (b) can make it 
much easier to move across from one discipline to another. 

While of benefit in the physical sciences, these reforms 
seem likely to be especially useful in the biological sciences 
and at the research level, when considering electrons, 
atoms, molecules, organelles and cells. Provided these 
ideas get consumer trials from many people, they might 
well become adopted officially by about the end of the 
century. 

Yours faithfully, 


M. L. R. PETTERSSON 


Department of Biology, 
Brunel University, 
London W3. 


1 Pirie, N. W., Nature, 168, 1008 (1951). 
1 Pettersson, M. L. B., J. Theoret. Biol., 6, 217 (1964). 


Museum on the Move 


Sm, —In the editorial comment (Nature, 221, 1094; 1969) 
on the letter from Dr W. R. P. Bourne (221, 1177; 1969) 

ing the move of the British Museum Bird Room 
from London to Tring, the British Trust for Ornithology 
(BTO) is quoted as being in favour of the move, together 
with other ornithologists. 

The comment was not intended to be a statement of 
BTO policy and the BTO does not wish to prejudice the 
views of either side. BTO members, as a whole, are not 
aware of the move and the majority are not affected by 
it. Most BTO members are amateur bird watchers and 
not professional ornithologists. 

I believe that a misunderstanding has arisen as a result 
of some comments which I made over the telephone to 
one of your correspondents last week. I obviously did not 
make clear the distinction between BTO members, who 
are on the whole amateurs, and the professional ornitholo- 
gist who regularly consults the collection at the Bird 
Room. Members of the BTO staff would obviously gain 
convenience by the move to Tring as collection and 
library could be consulted easily and quickly without 
the necessity of a trip to London. 


Yours faithfully, 
KETTE G. CLARK 


British Trust for Ornithology, 
Beech Grove, 
Tring, Hertfordshire. 


ae 
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International Meetings 


June 80—July 11, Summer School in Radiation Pro- 
tection, London (Registrar, Imperial College, South 
Kensington, London SW7). 


August 6-8, Applications of X-Ray Analysis, Denver 
(Professor B. L. Henke, Department of Physics, Univer- 
sity of Hawau, Honolulu, Hawaii 96822, or Dr J. B. 
Newkirk, Department of Metallurgy, University of Denver, 
Denver, Colorado 80210, USA). 


September 7-12, Atomic Collision Phenomena in 
Solids, Brighton (Meetings Officer, The Institute of 
Physics and the Physical Society, 47 Belgrave Square, 
London SW1). 


September 7-13, Congenital Malformations, The Hague 
(Adviesbureau, Hollander, and van der Mey NV, Raamweg 
43, The Hague, The Netherlands). 


September 8-9, Turbulence Measurements in Liquids, 
Missouri (Dr G. K. Patterson, University of Missouri, 
Department of Chemical Engineering, 101A Chemical 
Engineering Building, Rolla, Missouri 65401, USA). 
September 17-20, Use of Computers in Radiology, 
Brussels (International Meeting of Radiology, o/o Belgian 
Organizing Centre, 15 Boulevard de l'Empereur, Brussels 
l, Belgrum). 

September 21-25, Plant Protection, Paris (Société 
Frangaise de Phytiatrie et de Phytopharmacie, 57 Boule- 
vard Lannes, 75 Paris XVI, France). 


September 22-23, Use of Cyclotrons in Chemistry, 
Metallurgy and Biology, Oxford (Dr O. B. Amphlett, 
Chemistry Division, AERE, Harwell, Didcot, Berkshire, 
UK). 








Sabbatical Itinerants 


In the hope of providing some Practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements [lke this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: Semi-detached modern furnished house, 
from September 4 for 21 months mmmum. Three 
bedrooms (one presently a study), garage. Peaceful 
area, St Albans, with shops nearby. Excellent road 
links London and M1; frequent fast main-line trains 
London (St Pancras). Please contact A. R. Michell, 
Department of Medicme, Royal Vetermary College, 
Hawkshead Lane, North Mimms, Hatfield, Herts. 


Vacant: Fully furnished and equipped three-bed- 
room house m South London from August 1969. 
Sut family with up to two children (none young, 
please). Contact Dr D. S. McLaren, School of 
Medicine, American University of Beirut, Beirut, 
Lebanon. 


Vacant: Fully furnished house for summer vaca- 
tion, June 25-September 25, 1969. Three bedrooms 
(two double, two reception, two bathrooms, kitchen, 
garden, electric central heating. Situated NW 
London, on Bakerloo Line, 15 minutes from Pic- 
cadilly. Phone 01-452 0748, or contact Dr Alice 
Maroudas, Mechanical Engineering Department, 
Imperial College, London SW7. 


Wanted: Furnished house or flat, three bedrooms, 
modern conveniences, near West End of London or 
tube, June 8 to July 23. Three children. Contact 
Professor B. A. Bolt, Department of Geophysics, 
University of California, Berkeley, California, USA. 
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BRITISH DIARY 


Monday, May 5 


INSTITUTE oF Puysics and the PHYSICAL Sooty (at the Institution of 
Electrical , Savoy Place, London, WC2)—Conference on “Organ- 
ization and ment of Research and Development”. 


INSTITUTION OF ELMOTRIOAL ENGINBERS (at Savoy Place, London, WO2), 
at 5.80 p m.—Mr 8. 8. D. Jones: “YLE Navigation”. 
UNIVERSITY 
E1), at 6.80 
“Prob 


OF LONDON (at Queen Mary College, Mile End London, 
Kippenhahn (University Hoag, enion, 
lems of Stellar Pulsation”. 


.M.— Professor 
Soouery or CHMNOAL INDUSTRY, FINE CHAMIOALS GROUP (at 14 Belgrave 
Square, London, 8W1), at 6.30 p.m.—Dr R. E. Bowman: “Profadol——a 
New Potent Analgesic”. 


Tuesday, May 6 


SOOTY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 v6 
London, 8W1), at 10.80 a,m.—Annual General Meeting and = 
man’s Address, 


INSTITUTE OF BIoLoGyY (with the support of the Eugenics Society, in the 
Leoture Hall, Natural History Masum, Oromwell Road, London, 7), at 
5.15 p.m.—Professor H. Harris, FRS: “ Population Genetics of Enzymes 
and tem” (Ninth Darwin Lecture tn Human Biology). 


INSTITUTION OF ELHOTRIOAL ENGINAERS gi Savoy Place, London, WO2), 
at 6.80 p.m.—Mr H. J. C. Spencer: ‘The timum Design of Local Twn 
Telephone Cables”. 


INSTITUTION OF ELEOTRIOAL ENGINBERS (joint meeting with the Automatic 
Oontrol Group of the I.Mech.E., at ba he Tiia London, WC2), at 6.80 
ee P. A. L. Ham and Mr A. A Bental: “Electronic Turbine 
verning”’. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5 80 p.m.— 

Professor Ronald . “Faraday and the of Usetul Electricity”. 

ture for Fourth Form Pupils from Schools in London and the Home 
unties. To be repeated on May 7, 13 and 14 ) 


Tuesday, May 6—Thursday, May 8 


INSTITUTION OF ELECTRICAL ENGINEERS (at pee Place, London, WC2)— 
Conference on “Power Thynstors and their Applications’. 


Wednesday, May 7 


INSTITUTION OF BLECTRIOAL ENGINEERS (joint meeting with the Institute 
of Physics and the Physical Booletz, at Bavoy Place, London, WO2), at 2.80 

rape ee a on “Electrostatic Charge Generation—From to 
Pias a”. 


SOCIETY FOR ANALYTICAL OHMMISTRY, PARTIOLE SIZE ANALYSIS GROUP 
(at the School of Pharmacy, 29/39 Bronswiek Square, London, WO1), at 
2.30 p.m.—Meeting on Why Particle Analysis ?”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, ABROSPAOH, 
MARITIMA AND MILITARY SYSTHMS GROUP (at 9 Bedford Square, Londen, 
wen. at 6 p.m.—Mr 8. O. Dunn. “The Rapier Ground to Air Misaile 
ystem”. 


PLASTIOS INSTITUTA, LONDON SECTION (at the Wellcome Bul , Euston 
Road, London, NW1), at 6.80 p.m.—Annual General Meeting, followed by 
Mr M. Kaufman: ‘Training, Industry and the Industral Training Board”. 


Thursday, May 8 


CHAIOAL Soormmry (at the Middlesex Hospital Medical School, Londo: 
pe 2 p.m.—Symposium on “Reaction Mechanisms: Some Recen 


London, WO2) 


INSTITUTION OF ELBOTRIOAL ENGINEERS (at Savoy P 
geie Resp le Experience’! 


at 5.80 p.m.—Discussion mee on ‘ 
opened by Mr P. L, Taylor and Dr F. 0. Widdis. 


INSTITUTION OF ELEOTRIOAL ENGINEERS (joint meeting with the Automatic 
Control Group of the I.Mech.E., at Savoy Place, London, ‘WC2), at 5.80 p.m.— 
DrD.H.G@ : “Physiological Problems in Aero-Space Travel”. 


INSTITUTION OF HLECTRONIO AND RADIO ENGINEERS, RAST ANGLIAN 
SECTION (at Havermg Technical College, 42 Ardle Green Road, Horn- 
church, ), at 6.80 p.m—Mr R. Kitchen: “‘Automatio Production 
Testing of Electronic Equipment”. 


DOPERIAL OCOLLEGH OF SOMEXOR AND TECHNOLOGY (at Exhibition 
London, 8W7), from 2 p m. to 7 p.m —Open Day. The work of the Roya 
Qollsge of Boence, the al School of Mines, the City and Guilds College, 
and Oentre for Computing and Automation will be on view. 


Friday, May 9 


ROYAL INSTITUTION, PHOTOCHEMISTRY DisoussION GROUP (at 21 Albe- 
mano, Street, London, Wi), at 1 p.m.—Professor J. N. Murrell. ‘Rydberg 
tates”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.—Dr 
David Stafford-Clark: “Current Theories on Conscience and Consciousness’. 


Monday, May I2 


INSTITUTION OF ELBOTRIOAL ENGINEERS (at Savoy Place, London, W02), 
at 5.30 p.m —Dr R. H. Golde: “Protection of Structures against Lightamg”. 


INSTITUTION O¥ ELEOTRIOAL ENGINEERS (at Savoy/Place, London, W02), 
at 5.30 ‘aoe W. Saraga: ‘Filters with Periodically Time-Varying 
Parameters”. 


. Dwellings—2 Pp. 8. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


An Investigation of Information Sources and Information Retrieval in 
Astronomy, and Space Sclence. By A. J. Meadows and J. G. O’Connor. 
Part 1 ‘ext. tp. 11. Part 2: Tables. Pp. 80. (Leicester: The 
University, 1969.) [178 

Ministry of Technology. Report of the Steering. Group on Development 
Cost Estimating. Vol.1: Report. Pp.vi+118. 188.net Vol. 2' Handbook 
of Procedures—Programmuing, ng and Control of Development 

. Pp. v +64. 10s. net. (London: H.M. Stationery Office, 1960.) [178 
niversity of Oxford. Fifth Annual Re: of the Delegates of the Saence 
Area for the year ending 81 July, 1968. (Supplement No. 1 to the Unwersty 
Gazette, Vol. XOLX, February 1069.) Pp. 164. (Oxford. The arrest 


1969.) 10s. 

Setup 2000. Social, Economie, Technological and Urban P. now to 
2000 aD. (STO/Hornsey Research Group.) Pp. 44. (London. tandard 
Telephones and Cables, Ltd, 1969.) 5s. [178 

Annual Peport of the International Tın Research Council 1968. Pp. 44. 
(Greenford, Middx.* Tin Research Institute, 1969.) [198 


Opto-Electronies, Vol. 1, No. 1 (February, 1069). Published quarterly. 
Pp. 1-68. Subscription rates: 1969 volume (4 issues) £10 10s. (plus surface 
delivery $e); copies £3 (delivery 1s.). (London: Chapman and Hall, 
pt ee 208 


Science Museum. Science Library Bibliographical Series No. 704° Some 
Feat War References to “Biogas”. Pp. 2. (London: Science Mass 

ARC Institute for Research on Animal Diseases. Report for 1067. Pp. 42. 
1080) oe near Newbury: Institute for Research on Animal 


[21 
ng Research Station Digest 103° Sound Insulation of ‘Traditional 
(London: H.M. Statio Office, 1969.) 68. [213 
Ambassade de France, Service de Presse et d'Information. Educational 
Pp. Z roncon: Ambassade de France, Berico ia 
Staton. Current Papers 87/68: Effectiveness of Some 
Resen Station, UK. By J. D. Dick. 
(Reprinted from Build International, 1968, Vol. 1 (2), November.) Pp. 32-87. 
Garsto : ‘Research Station, 1968.) 258 

in the EEO. By RB. Colin 
Beever. 


( (London: EH ; 
and PHP, 1969.) 7s. 6d. 268 
Bogel Observatory Bulletins, No. 142: Proper Motions on the System of 
the FK4. 1. 182 Semi-regular and RV Tauri Yarlables. By K. C. Blackvell 
and O. M. Lowne. Pp. A125-A160. (London: H.M. Stationery omc 
1968.) 5s. 6d. net. [ 
Department of Health and Social Security. Reports on Public Health 
and Medical Subjects, No. 119: Report on dential Enquiries tnto 


Maternal Deaths in England and Wales, 1964-1966. By Humphrey Arthure 
John Tomkinson, Sir Geoffrey Organe, orle Kuck, A. M. Adelstein and 
Josephine A. ©, Weatherall. . V+118. 


don: H.M. Stationery omoa, 
1969.) 10s. 6d. net. [26 


Other Countries 


Tanzania, Review of the Mineral Industry in Tanzania for the year 1967. 

Pp. 6. (Dodoma: ‘Mineral Resources Division, Ministry of Commerce and 

Industries, 1989) [178 

Annals of the New York Academy of Sciences. Vol. 155, Article 3: Leuko- 
Correlated with 


c Chemis and Morphology Chromosome Anomalies. 
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year sadad December 81, 1968. Pp. 24. ew York: Babcock and woes 
1969. 
Organization for Economic Co-operation and Development. Gaps in 
Technology —Eleotemnio, Components. Pp. 190. (Pans: OEOD; London: 
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The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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@ PLCS S-J) IN THE SERVICE OF SCIENCE 





LKB INSTRUMENTS LTD @ LKB HOUSE @232 ADDINGTON ROAD @S. CROYDON, SURREY CA2 8YD @ TEL: Ot-657-0286 


SALES AND SERVICE THROUGHOUT THE WORLD’ 
STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 





A Fraction Larger 








Yes, our Fraction Collector, The UltroRac, is 
a fraction Jarger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an ey 
LKB UltroRac. The UltroRac gives users Sa} 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- 
ber of-test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 


Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 
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@ Space Saving 

@ Coldroom Use 

è Standard Test Tubes 

e@ Removable electronic unit 
@ 200 test-tube capacity 

eè Time, drop and volume 

+ @ Stainless steel support rods 
f @ Polypropylene racks 

e Provision for event marking 
è Power outlet for flow pump 
è Electronic counting system 
e Positive flow control 
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ELECTRICITY SUPPLY BOARD (DUBLIN) 


VACANCY 


Technical Information 
Officer 


The E.S.B. has in Dublin one of the largest Industrial libraries 
In Ireland. The library serves the staff of all departments, 
districts and generating stations throughout the country. 
The staff includes more than 600 engineers, chemists and 
other professional categories. The Board wishes to expand 
the technical Information services available to Its staff and 
is seeking an Information officer. 


Duties: To organise and control an internal information 
service incorporating the existing Ilbrary facilities. This 
will include preparation of selective bibliographies, technical 
Information searches, continuous updating for certain 
staff on published Information In selected fields, assisting 
where necessary In the classification of Incoming technical 
Information etc. 


Requirements: Candidates should hold a University 
Degree In Science or Engineering and have had some years 
of suitable experience in the information fleld. 

A qualification in Information science would be desirable. 


Remuneration: The salary scale applicable is £1,910 per 
annum to £2,401 per annum. The point of entry to the 
scale will have regard to the candidate’s qualifications and 
experience. 


GENERAL: 

A probationary perlod of twelve months will apply. 

A five-day week is In operation. 

There Is a contributory Superannuation Scheme. 

A contribution will be made towards removal expenses 
should the selected candidate be married and living outside 
Ireland. 


Application Forms may be had from the Personnel Officer (Please 
quote reference P.E. 72/11), Electricity Supply Board, Lower Fitzwilliam 
Street, Dublin 2 not later than Friday, 9th May, 1969. 

(1622) 















ARTHUR GUINNESS SON & COMPANY 
(PARK ROYAL) LIMITED 


require a 


PLANT BIOGHEMIST 


with post-doctoral experience to join their Research Laboratory team. 
Excellent facilities and environment for a young man to pursue an interest- 
ing individual project. 

Starting salary in accordance with experience between £2,000 and £2,500 
per annum with many attractive fringe benefits. 


Applications with full details of qualifications and experience to PER- 
SONNEL MANAGER, PARK ROYAL BREWERY, LONDON, N.W.10., 
quoting ref. : N.18. 





(1614) 


For further Classified advertisements see p. ilia 
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THE -` Aes 
UNIVERSITY OF 
LEEDS ....... 


Applications are invited fer posts in the 
following Departments : 
DEPARTMENT OF 
PHYSICAL CHEMISTRY 


POSTGRADUATE STUDENTSHIPS 
in the field of combustion and explo- 
sion. Reference No. 24/7/D. 


DEPARTMENT OF 
EARTH SCIENCES 


RESEARCH ASSISTANT 
required to work with Dr. I. G Gass 

petrochemutry of rock collec- 
tons from the Canary Islands. The 
post is supported by N.BR.C. end is 
avedkable 


AGRICULTURAL SCIENCES 


RESEARCH ASSISTANT IN 
INSECT PATHOLOGY 
Appkcanis should be graduates in bec- 


year, renewable np to a 
3 years. Reference No. 41/4/D. 
SALARY SCALES 
Demonstrators : £785 to £1,235. 
Research Assistant dn Insect Patho- 
logy : £650 to £690. 
NERC, Research Assistent: up to 
£1,350. 


Applications (three copies), steting age, 
quaHfi and 


versity, Leeds LS2 9JT, not iater than 
May 16, 1969 Please quote reference 
numbers. (1661) 





IMPERIAL COLLEGE 


RESEARCH FELLOW 


required to participate in studies on heart 


memboluam. 


Applications, with cureiculum vitae and 
Chain, PRS Depeianit at Roatan. 
R.S., o 
istry, Impedal College, London, S.W.7. 


(1626) 


UNIVERSITY OF 
THE WEST INDIES 
TRINIDAD 


Appitcations are invited for the CHAIR OF 
MECHANICAL ENGINEERING. Preference 


Engineering. Salary range: £3,500 to £4,990 
per annum. Child allowance. (Salary and famiy 
allowances not to exceed £4,990 per annum.) 
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APPLIED 
ENTOMOLOGIST 


A vacancy occurs in The Cooper 
Technical Bureau, Berkhamsted, 
Hertfordshire, the Research 
Organisation of Cooper, 
McDougall & Robertson Ltd., 
(The Wellcome Group), for 


Head of Analytical 


Services 


An international pharmaceutical company, located West of 
London, wishes to appoint within its Research and Development 
organization an experienced analyst who possesses appropriate 
postgraduate professional status, elerni industrial experience 
and management potential. 


The immediate responsibilities of the appointment will cover 
all aspects of analytical development for drug substances and 
formulations and the presentation of associated data to meet 


KXXI 


an Entomologist, preferably with 
practical experience in Industrial 
Pest Control. 


The successful candidate will 
be expected to undertake field 
trials with new pesticides in the 
U.K. and must be willing to 
travel overseas, 


The appointment is permanent 
and pensionable. 


Please write, quoting reference 
U.39, for application forms 
obtainable from: Personnel 
Department, The Cooper 
Technical Bureau, Berkhamsted, 


Herts. 
(1633) 


University of Salford 


Department of Chemical 
Engineering 


EXPERIMENTAL OFFICER 


Appilomtons are invited for interesung 
work connected with the development and 
commissioning of new equipment In a 
rapidly expending department. 


A knowledge of instrumentation or ekc- 
tronics is desirable. 


A degree or equivatent professional qualif- 
cation in solence or engincentng is required. 
Salary scale £1,095 40 £1,485 (bar) to £1,715 
a year. 


The appodorment is superanouable, 


Apphcation forms may be obteined from 
the Regetrer, Uatversity of Salford, Sal- 
ford M5 4WT, to whom they houk be 
returned by May 13, 1969, quoting refer- 
ence namber CE/22/N. (1697) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 


4HN, to whom applications should be sent 
by May 9, 1969. (1650) 





registration requirements. 


This is a new appointmedt and the successful applicant must 


be capable of b 
an expanding environment. 


scientific and personal group leadership in 


The successful candidate can expect a salary of around £2,500 
with participation in the Company’s non-contributory RT 
(Ref: 


and life assurance scheme. 


Replies will be forwarded direct, unopened and in confidence to the 


addressed to our Security 
Rech tho oe ne OOM: They s 


Monagat ien listing companies to 
comprehensive 


career details, not refer to previous correspondence with FA, P.A., quote 
the reference on the envelope and be sent to: ? 


P.A. Advertising Limited, 
192 Sloane Street, London S.W.1. 
Telephone: 01-235 6060. 


UNIVERSITY OF LONDON 


CHAIR OF MICROBIOLOGY 
AT GUY’S HOSPITAL 
MEDICAL SCHOOL 


by £190 to £4,885 (salary cosie under ce- 
ven). 
Applications (10 copies) must be received 
not teter than Mey 29, 1969, by the 
Academic Registrar (N), University of Lon- 
don, Senate House, W.C 1, from whom 
further particolars may be obtained. 


(1618) 


FREE PERSONAL SERVICE 


Offered 


SCIENTIFIC AND TECHNICAL 
STAFF 


ANALYTICAL CHEMISTS, 
BIOOHEMISTS, ORGANIC SYNTHETIC 
CHEMISTS, PRODUCTION CHEMISTS, 

TECHNICAL SERVICE CHEMISTS, 
TECHNOLOGISTS (Food, Pesat, 
Cosmetics, Plastics, Concrete, etc ) 

LABORATORY ASSISTANTS 

Rmg or Write as 
Interviews by Appomtment Only 


MISS J. R. HORTIN 
G. K BUREAU, 
17 Shaftesbury Avenue, 
London W.1. 


01-734-7232 (11 imes). 
(1709) 


(1711) 





MICHAELIS NUTRITIONAL 
RESEARCH LABORATORY 


AGRICULTURAL CHEMIST/ 
BIOCHEMIST 


required to join a research team studying 
the nutnitive value of farm produce in re- 
lation to farm ccology. The work will 
include the analysis of soil, crops and pro- 


Applxations, with the names of two 
referees, to the Secretary, 5 Arden Grove, 
Harpenden, Herts, by May 20, ee 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ZOOLOGY 
Applications ere enyited for a aE SS 

LECTURESHIP 


of the Department of Zoology. The Sub- 
Department has good facilides for obser- 
vational and phystological research on birde 
and smail mammals jncludmg pamates, but 
candidates with experience with other 
aspects of the subject may apply. Pro- 
posed pensionable stipend EY £1,930 by £115 
to £2,735 then by £9% to £3,005. 


Further particulars from Mr. R E 
Wyatt, The Department of Zoology, Down- 
ing Street, Cambmdge. Closing date for 
applications May 14, 1969 1670) 





XXXII 


NATURE, MAY 3, 1969 





ALLIED BREWERIES LIMITED 


MICROBIOLOGY- 


LABORATORY ASSISTANTS 


Two qualified and experienced laboratory 
assistants are required for work In the Micro- 
biology Section of the Research Department 
of Allied Breweries Limited at Burton on Trent. 


The Company operates an excellent pension 
scheme, providing immediate life cover. Salarles 
are commensurate with qualifications, age and 
experience. 


Application forms may be obtained from.— 
The Administration Officer 

Allied Breweries Research Department 
Station Street 

Burton on Trent. 





NORTHERN POLYTECHNIC 


HOLLOWAY, LONDON, N.7 


The Governing Body invites immediate applications for FOUR appoint- 
ments in the DEPARTMENT OF MATHEMATICS to commence on 
September 1, 1969: 


(a) SENIOR LECTURER (2 posts) 
(b) LECTURER GRADE Ii (2 posts) 


The vacancies arise from the expansion of the work in Computing and 
Statistics. Candidates should have a good honours degree, preferably with 
a special interest in COMPUTING, NUMERICAL ANALYSIS or 


STATISTICS. For one post, a knowledge of commercial data processing 
is desirable. 


The Department offers undergraduate and postgraduate courses in Mathe- 
matics and Statistics for internal degrees of the University of London and 
also a C.N.A.A. B.Sc. (Honours) degree course in Statistics and Computing. 
The Polytechnic has a modern Computer Unit and good facilities are avail- 
able for research. 


Salary Scates (Under review) 
Senior Lecturer £2,280 to £2,595 plus £85 London Allowance 
Lecturer Grade II £1,725 to £2,280 plus £85 London Allowance 


Apply for further particulars (state appointment in which interested) 
and form of application. 
R. H. CURRELL, 
(1659) Clerk. 





UNIVERSITY OF SHEFFIELD 
METALLURGY 
Applications are Invited for two posts of LEC- 


for teaching and research. Postgraduate courses 
are offered in physical 5 emical 
metellurgy, and iron end steel technology. The 

work of the e wede 
range end includes projects in all the prmcipad 
ficiis salary according to 


. Ionia 
tions and experlence in the range £1 
to £2,735 with F.S.S.U. provision. os 
Purther pecticuacs from the Registrar, to 
whom applications (8 copies, one only from can- 
Gidates overscas) should be sent by May 24, 1969. 
Quote Ref R76/G (1611) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DBPARTMENT OF CHEMISTRY 
CHIEF TECHNICIAN (REF. CH 17) 





. experience 
essential combined with a knowledge of chemical 
theory to at kest HNC Servet. 

SENIOR TECHNICIAN (REF. CH 18) 
with practical ability, to undertake the pre- 
paration of starting materials for research pro- 
jects. The work covers organic and Inorganic 


chemustry, and a knowledge of chemical theory 
is essential. 


TECHNICIAN OR SENIOR TECHNICIAN 
(REF. CH 16) 


required in the Microanalytical section of the 
Department. e work covers the 


Salary Scales: Technicians: £692 to £977 per 
annom according to qualifications and experience 
(additions of £30 and £50 for approved quahfica- 
tone). Senior Technicians: £957 to £1,195 per 
annum according to qualifications and experience 
(addivons of £30 and £50 for approved qualifica- 
tonm) Chet Techmicians: £1,294 to £1,475 per 
annum accorhng to quakfications (ring to 
£1,708 per annum in special cama). Five day— 
374 hour week—Superannuation Scheme—Canteen 
Facilities 


‘Requests for epplication forms, quoting appro- 
poate reference number, should be sent to the 
Registrar of the Insutute, Sackville Street, Man- 
chester M60 1QD. Completed forms to be re- 
turned by May 19, 1969. (1665) 





UNIVBRSITY OF MANCHESTER 
LECTURER AND ASSISTANT 
LECTURER IN PSYCHOLOGY 


Applications invited for these posts from can- 
didatezs with special interests an expermental, 
physiological or mathematical psychology. Salary 
range per annum: Lecturer, £1,585 to £2,735; 
Assistant Lecturer, £1,240 to £1,470. F.SSU 

Further particulars and application forms (re- 
turnable by May 21) from the Registrar, the 
University, Manchester, M13 9PL. Quote ref.: 
81/69/Na. (1591) 


MICROPALAEONTOLOGISTS 
PALYNOLOGISTS 
ECONOMIC GEOLOGISTS 


Applications are invited from muicropalaconto- 
logists, Oalynologists, end economic geologists to 
esearch Com- 





sulting and comract a activities, 

Porther details and an application form 
be obtained from the Personnel Officer, Robert- 
son Research Limited, Llanddulas 
Abergele, Denbighshire, United Kingdom. 
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UNIVERSITY OF CAPE TOWN 


SENIOR LECTURER AND LECTURER IN 
APPLIED MATHEMATICS 


programming successful applicants 
wil be required to have special knowledge of 
one of these fields 
The appomtment mill be made on the salary 
scales: Semor Lecturer, R4,500 by R150 t 
R4,800 by R300 to R5,700 per annum ; Lecturer, 
R3,500 by R150 to R4,700 to R4,800 per annum. 
salary scales are expected to be revised 
and in the meantime an additional 10 
per cent 1s being paid) in accordance with qualifi- 
cations and experience. 


consult. 

Two copies of the application should reach 
the Secretary-General, Assocation of Common- 
wealth Universities (Appts.), 36 Gordon Square, 

memoranda giving 


medical 

mail to the Registrar, Unlversity of Cape Town. 

Private Bag, Rondebosch, Cape Town, South 
The Unuirernty reserves the right to appoumt a 

person other than one of the nts, or to 

make no appoimment. a 


UNIVERSITY OF BRADFORD 
SENIOR ANIMAL HOUSE TECHNICIAN 
(Ref... PHAR/ST9/X) 
Applications are invited for appointment as 
Senior Technician to take charge of well 
equipped and newly built animel house. The 





didates shouid have sunable expenence and 
preference may de given to 
those wah a qualification from the Institute of 
Animal Technicians. Salary within range £957 
to £1,275 according to experience and quaHfica- 


tons. 

Application forms (please quote ref.), from the 
Bursar, Uaiveratty of Bradford, Bradford 7. rg 
plications should be returned as soon as possibic, 
but ın any case not later than June 30, ae 

54) 





BALDERTON HOSPITAL 
BALDERTON, NEWARK, NOTTS 
BIOCHEMIST—RESEARCH ASSISTANT 


Apphcations are invited for the post of RE- 
ASSISTANT to take part in a pro- 


Newark, Notts, designed to study 
chromosome abnormalites and associated dis- 
mental heath. Experience in cytology 


£1,080 per annum 
Additional increments for completed years of 
postgraduate study. 

Further details can be obtained from Dr 
Hunter, to whom applications should be ad- 
dressed as soon as posable. (1629) 


UNIVERSITY OF BELFAST 
ASSISTANT LECTURESHIP IN GENETICS 
The Senate of The Queen's University of Be- 

fast invites applications for an Assistant Lecture- 
ship in Genetics from October 1, 1969, or such 
other date es may be arranged. The salary scale 
w £1,240 by £115 ( to £1,470 pec sanum plus 
FS.SU. Initial placing on this scale will de- 
pend on expenence and quaHfications. 

Letters of application (one copy), giving the 
names of two referees, should reach the under- 
mgned by May 9, 1969. Further particulars may 
be obtained from the Secretary, the Queen’s 
University of Belfast, Belfast, BI7 INN, 
Northern Ireland (1635) 
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7—~ AUSTRALIAN ATOMIC 
\\ ENERGY COMMISSION 


RESEARCH 


ESTABLISHMENT 


Lucas Heights, near Sydney 


Chemist 


Duties : To take a responsible position In a group undertaking chemical 
research with radioisotopes and radioisotope applications. The field of 
study available 1s very wide and Includes applications of neutron activation 
analysis, many aspects of the interaction of nuclear radiation with matter, 
and the use of nuclear techniques for studying reaction mechanisms and 


tates. 


Qualifications : Ph.D. in Chemistry (or postgraduate research experience 
of equivalent standard and duration) supported by satisfactory evidence 
of research ability Preference will be given to applicants with some 
radiochemical experience but this is not essential. 


Facilities : The section ıs well equipped and has access to excellent 
workshops, accelerators, an IBM 360 computer, and a high flux reactor 
for neutron irradiations and radioisotope supply. 


Salary : Depending upon qualifications and experience will be within 


the following ranges— 


Senlor Research Scientist $Aus. 6963-$Aus. 8045 
Research Scientist $Aus 6321-SAus 6693 


Application forms may be obtained from the 


Atomic Energy Adviser, Office of the High Commissioner for 
Australia, Canberra House, 10-16 Maltravers Street, Strand, 


London, W.C.2. 


Please quote position R57 Applications close on May 23rd, 1969. 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
INSTITUTE OF HYDROLOGY 


ELECTRONIC ENGINEER 


processing of 
the Unstimte of Hydrology, Howbery Park, 
Wellmeford, Berkshire The post 1s graded 


Salary . 

£1,514 to £1,910 pec annum (at least 
26 and onder 31 years at December 31, 
1969). 

There are pensionable prospects 

Housing may be available. 


Application forms from the Natural 
Research Counch Head 


Channg Road, 
quotmg Reference E 2.5.18. 


Closing date May 22, 1969 (1620) 


(1674) 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


A number of vacances emst for RE- 
SEARCH STUDENTS AND RESEARCH 
ASSISTANTS withm che Yacht Research 
Group. The work relates to the aero- 
dyaamics of sails and the 
of hulls in both steady and unsteady con- 
ditions and um mainly expemmental, involv- 
ing the use of both the wind tunnel end 
the ship test tank 


Further information may be obtained 
from Profesor G. J. Goodnch, Depart- 
mem of Acronantics and Astronautics, The 
University, Southampton, SO9 SNH. Ap- 
pheations giving the names of two referees, 
details of age, qualifications and experience 

the Deputy Secretary, 
uthamp 
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INSTITUTE OF 
TECHNOLOGY 







matnly at the Professional level. 


Capital development is expected to 
million per annum. 


GEOLOGY 
MATHEMATICS 


PHYSICS 
Salary scale: 


and experience. 


of application Is available from: 


Western Australia House, 
115, Strand, London, W.C.2. 


Applications close on May 2[st 1969. 


and quote ref: N. 


UNIVERSITY OF LONDON 


CHAIR OF ANTHROPOLOGY 
AT THE LONDON SCHOOL OF 
ECONOMICS 


The Senate invite epplicattons for the 
Aa 

Science (galary not iess than £3,740 a year) 

Applications (10 copies) must be received 
not tban May 30, 1969, by the 
Academic Registrar (N), Unolversity of 
London, Senme House, W.C.1, from whom 
furtber @arucolars may be obtained 

(1617) 


PHYSICIST 
Required by 
THE HALIFAX INFIRMARY 
A 500-bed Accredited Teaching Hospital 
Affiliated with Dalhousie Medical School 
Quahfications: Master Degree with Major in 
Physics or equivalent Hosptal experience an 


asset. 

Salary: Commensurate with training and ex- 
penence 

Apply to Personnel Director, Hahfax 
Infirmary, HaHfax, N.S., Canada. (1693) 


WESTERN AUSTRALIAN 


This Is an expanding major educational institution with some 220 academic 
staff In sixteen teaching departments providing a wide varlety of courses— 


It is being developed on a 238 acre site to whlch the teaching department 
are progressively belng transferred. To date $A8 million have been spent 
on the new site In accommodating the Applied Sciences, Commerce and 
General Studies, Administrative Centre, Cafeteria and Student facilities. 


Applications are invited for the posts listed below. Applicants must have 
appropriate academic and professional qualifications. 


Lecturer $A4,800 x $200-$A6,800 
Commencing salary in these ranges may vary according to qualifications 


Revision of salaries in the Institute, 
Australia, Is at present under consideration. 


A memorandum of Information, detailing conditions of service and method 


THE AGENT GENERAL FOR WESTERN AUSTRALIA, 


Please indicate cholce of discipline when replying to this advertisement 








proceed at the rate of some $A2} 





LECTURER 






LECTURER 






LECTURER 










as in other similar Institutions in 









(1631) 


UNIVERSITY OF 
LONDON KING’S COLLEGE 


DEPARTMENT OF ANATOMY 


Applications are invited for the post of 
RESEARCH ASSISTANT to take part in 
a programme of research on the 


pituitary Salary by negotia- 
experience, 


mammahan 
ton, dependent on 
Applications, giving details of ago. quali: 


fications (a first degree is 

perience shoukd be sent to Professor 
Francis Knowles, F.R.S, t of 
Anatomy, King’s College London, Strand, 
WC 2, as soon as possible (1632) 


ex- 
Sur 





FIELD STUDIES COUNCIL 


Main duty teaching, 
opportunities for field research, new and well 
laboratones are available. Salary scale 
£650 by £30 to £710 by £35 to £780 (under 
review), pius free Board and fodging. 
Application forms, obtainable from the Scien- 
tific Director, Fleld Studies Council, 9 Devereux 
Court, London, WC2, should be’ returned by 
June 7, 1969 (1707) 

























meee 
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JUNIOR TECHNICIAN 
for 


RADIOCHEMISTRY AND DRUG 
METABOLIC UNIT 


A vacancy exists at Beecham Research 
Laboratones, Brockbam Park, Betchworh, 
Surrey, for a young Man or woman to exsist 
in studies on absorption, distribution, and 
metabolism of new 





transfer o our Harlow hkboratories later 
this year. 

Apphcants should be of “A” level 
GCE. standard in Chemstry and a Bio- 
logical subject and previous laboratory ex- 
perience would be preferred but om not 
esseatial. 


quahfy for the Group's 
geacrous profit-sharing and non-contribu- 
tory pension and lfe assurance schemes. 
There are excellent dining faciHties and a 
floonshing sports and social club. An 
attracuve starting salery with annual review 
is offered and there are generous sick pay 


and holiday ea 
Please apply m writing to the Personnel 
r, m Resarch Laboratories, 
The Punnacks, Fourth Avenue, Harlow, or 
telephone Ha:low 32131 (1656) 





THE 
UNIVERSITY OF 


DEPARTMENT OF, 
INORGANIC AND 
STRUCTURAL CHEMISTRY 


Applicauons are invited immediately 
for one or more posts of 
LABORATORY coe 


The duties wall include the supervision 
and instruction of undergraduate stu- 
dents in the laboratory, the design and 
development of expermments (in col- 
laboration with the academic staff and 


ing to qualifloattons and expeneace 
Grade I £1,685 to £2,200 
Grade II £1,350 to £1,685 
Grade III £980 to £1,350 
The posts carry superannuation benefits 
under FSS U. Applications (three 
copies), maung age, qualifications and 
expenence, and naming three referees, 
should be sem to Professor Irving, The 
University, Leeds LS2 9JT, without 
delay (1527) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 


COMMONWEALTH INSTITUTE OF 
BIOLOGICAL CONTROL 


Vacancies exst for ENTOMOLOGISTS for 
field work on biocontrol projects Quahfications. 
honours degree in biology with emphasis on 
entomology and practical postgraduate expen- 
ence, preferably in biocontrol 
ing to age, 
£1,263 to £3,956. 


West Africa, Sebah, West Indies, Europe and 
South America, and must be prepared to travel 
extensively 

Further information and application forms 
from » Commonwealth Agricultural 
Bureaux, ouse, Farnham Royal 


(1600) 


ae 
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UNIVERSITY OF ADELAIDE 


Applications are invited for tbe followmg ap- 
pointment, the closing date for applications being 
stated in parentheses after the post: 

LECTURER IN ANIMAL PHYSIOLOGY at 
the WAITE AGRICULTURAL RESEARCH 
INSTITUTE. Experience in neuroendocnnology, 
biochemmtry, endoctinology or behavioural 
physiology us desirable (May 15, 1969). 
SALARY SCALES: Lecturer, $45,400 by 
SA280 (1) by $A270 (6) to SA7,300; with super- 
annuation on the F.S S.U. basis. 

FURTHER. PARTICULARS about each post 
and the condations of appojatment and other in- 
formation sought will be supplied on request go 
the Registrar of the Unversity, or to the Sec- 
retary: Assocation of Commonwealth 
Univermties (Branch Office), Marlborough House, 
Pall MaE, London, S.W.1. 





QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF ZOOLOGY AND 
COMPARATIVE PHYSIOLOGY 


Applications are invwted for the post of RE- 
SEARCH ASSISTANT in this department ten 
able from October 1969 to September 1972. The 
work will be concemed with memory and fore- 
brain function im fish. A should have 
some traming in beheviour or psychology and 
shouid oreferably have some experience of mmple 
neurophymological techniques. The salary will 


obtaina 
Regstrar, Queen Mary College, Mite End Road, 
London &.1, to be returned by Mey 163139 
680 





UNIVERSITY OF IFE 
NIGERIA 

Applications are invited for the following ap 
Pountmeats in che FACULTY OF PHARMACY: 

@) PROFESSOR OF PHARMACOGNOSY 

(>) PROFESSOR OF PHARMACOLOGY 

(c) PROFESSOR OF PHARMACEUTICS 

(d SENIOR LECTURER IN PHYSIOLOGY 


7 ecting). 
in range £455 to £600 per annum (sterfing) and 
education allowances and children’s holiday visit 
Passages payable ín appropriate cases under 
Britsh Expatmates Supplementation Scheme. 


referees as soon as possible to 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are availible: 





UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


Applications are invited for LECTURESHIP 
IN GEOGRAPHY. Preference given to candı- 


to developing countnes. Salary scale £EA1,350 
to £BA2,230 per annum (EEAl@é1 36 4d mer 
ling). Salary 


WE ODT, from whom partucu#ars are eins 


UNIVERSITY COLLEGE LONDON 


RESEARCH ASSISTANT required for Depart- 
ment of Anatomy (Prof. J. Z. Young) for work 
on electron microscopy of central nervous tissue 





py culture mot essentzal. 
scale £1,240 by £115 to £1,470 per annum. 
F.SS.U. may be considered. 
Appkcations to Dr. D. W. James, Dept of 
Anatomy, University College London, Gower 
St, WC.. a667) 


Project Leader 


Automatic Chemical 
Analysis 


An outstanding opportunity has arisen for a 
roject leader to establish a section within the 
pectroscopic Development Department and 
lead a new team on the design of automatic 
wet chemical analysis instruments. Automatic 
chemistry is an exciting new field with rapid 
expansion prospects. 


This appointment calls for a Chemist or Bio- 
chemist with a good honours degree and at 
least five years experience in an analytical or 
industrial chemical environment. erous 
technical assistance is available within the 
Development Division from the Drawing Office, 
Model Shop and Electronics Department. 

An excellent pension scheme is in operation and 
assistance will be given with removal expenses. 


Please apply to: 
The Personnel Manager, 


Pye Unicam Ltd., York Street, Cambridge, 
CBI 2PX. Tel : 58866—ext. 20. 


PYE UNICAM 


(1612 





A TECHNICAL REPRESENTATIVE 


is required by PHARMACIA (G.B.) LTD., manufacturers of SEPHADEX 
GEL FILTRATION MEDIA to call on Universities, Research Institutes & 
Industrial Laboratories in the MIDLANDS & NORTHERN ENGLAND. 
This is a new appointment and applications are invited from men (26-35) 
who possess a sound background in Biochemistry and who have selling experi- 
ence. The right man should be located in S. Lancs/S. Yorks and able to 


work without continuous supervision. 


Salary will be negotiable and a company car and full tax free fringe benefits 
will be provided:for interviews in London or Sheffield please write or phone 
quoting Ref. YG to our Consultants, EXECUTIVE & CAREER COUN- 
SELLING, 17 Shaftesbury Avenue, London W.1. 01-437-9411. 


WOOLWICH POLYTECHNIC 
LONDON, 8.E.18 
CHEMISTRY DEPARTMENT 
AppHcations ace invited for two posts of 


SENIOR LABORATORY 
TECHNICIAN 


The successful applicants weil be respon- 
sibie (with essstance) for the efficient 
running of the teachmg laboratones, or the 
reasearch laboratories within the depart- 
meat. 


Salary scale £1,015 (unqualified) rising 
to maxmum of £1,335 (quahfied); com- 
mencing salary accordmg to ege and quali- 
fications. 


Particulars and epplication form, to be 


Woolwich Poly- 
technic, WeHington Street, London, S.E.18. 


(1623) 


(1655) 





UNIVERSITY OF ASTON IN 
BIRMINGHAM 
CHEMISTRY DEPARTMENT 
GEOLOGY GECTION 
Applications are invited for the post of 
ASSISTANT LECTURER/ 
LECTURER IN GEOLOGY 


Candidates should have intereste in 
petnology, mineralogy or celated fietds. 
Prefereace wid be given to candidates with 
research interess n ome espect of geo- 


cheaiistry 
Salary on the scale: Assistent Lecturer, 
£1,240 «0 £1,470 per eamm, Lecturer 
£1,585 to £2,390 (bar) to £2,735 per annum 
Application forms and further deteals 
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Plant Pathology Laboratory 
Ministry of Agriculture 
Fisheries and Food 


We need a Chemist (graded Experimental /Assistant Experimental 
Officer) to Join an expanding group concerned with plant and soll 
analysis for pesticide residues. Techniques used in this work include 
gas, paper, column and thin layer chromatography, spectroscopy and 
polarography. The group is Investigating problems arising from the 
commercial use of insecticides, fungicides and herbicides and is also 
involved in the development of analytical methods for these compounds. 
Salary: A.E.0. £650 (at 18)—£895 (at 22)—£1,150 (at 26 or over) 
—£1,385; E.O. £1,514—-£1,910. 

Qualifications: Degree, H.N.C., or equivalent in appropriate subject. 
Under 22, minimum qualification Is G.C.E. in five subjects, including 
two Sclentific/Mathematical subjects at ‘A’ level or equivalent level. 
Age: A.E.O. 18-27, E.O. normally 26-30. 

Prospects of permanent pensionable appointment. 


Application Forms 
from the Director, Plant Pathology Laboratory, Hatching 
Green, Harpenden, Herts. 


Please quote P.R. 21/G. Closing date 14th May, 1969. (1613) 


HUNTINGDON RESEARCH CENTRE 


TOXICOLOGIST 


Applicati e 
Pee ie f 


pare concise reports of 
e position also calls 
Salary commensurate with age, qualifications and experience. 


Please write in first providing brief particulars, to the Personnel 
Officer, Huntingdon Centre, Huntingdon. ies 


BEECHAM RESEARCH 
LABORATORIES 
BROCKHAM PARK, BETCHWORTH, 
SURREY 


UNIVERSITY OF SURREY 
GUILDFORD 


DEPARTMBNT OF METALLURGY AND 
MATERIALS TECHNOLOGY 


READER IN METALLURGY 


have a vacancy for a 
TECHNICIAN 
an the 
MYCOLOGY UNIT 


ung man or woman is required for 
of the Deparment 


AopHcations are now 

Readership in the Department of 

lurgy and Materials Technology in the Uni- 
versity of Surrey. 


The Reader wiil be expected to develop 
chemi- 


posible use in treating diseasca caused by 
funs. 


Applicams should be of “O” or “A” 
level G.C.E. standard or be studying for 
H.N C. a Appued Biology (Microblology). 
Previous faboratory is 


Beecham Research Laboratories is ea 
branch of the Beecham Group, for whose 
generous profit sharing, nomcontribatory 


Officer, Beecham 
Brockham Park, Betchworth, 


1710) 





NATURAL ENVIRONMENT . 


ASSISTANT EXPERIMENTAL ` 
OFFICER /EXPERIMENTAL 
OFFICER 


and computer programming. 
opportunities for further education and 
prospects of promotion to bigher grades. 
grade of the appomtment wil de- 
the age, qualifications and previ- 
soccessfol applicant, 


Assistant Experimental 
ond under 28 years at December 31,, 1969). 
Galary Sole: £650 (ego 18) to £1,150 
(age 26) to £1,385 T 
Experimental Officer grade (at "least 26 
end under 31 years a December 31, 1969). 
Sakay Sæle : eas. to £1,910 with effect 


Charing Cross Road, London, 
quoting Reference E2/5/19. 
Chommg date May 22, 1969. 





AGRICULTURAL RESEARCH 


COUNCIL 
FOOD RESEARCH INSTITUTE 


MICROBIOLOGY DIVISION 


Rel 69/3; Assistamt Experimental Officer/ 
Experbnental Officer for work oa the bacteriology 


of vegetables 
Ref. 69/4: Assistamt Experimental Officer/ 
Experimental Officer for work on anacrobic 


Ref, 66/4: Assistant Experimental Officer for 
work on fungal physiology. 


excluding denguege 
mathematics at “O” ievel and two scientific 
Age 22 and over: a 


Appointment to tho EO. grade is 

upon age and expenence ; mnumum age for thts 
grade es 26. 

Salaries. A.E.O. on a scate according tO age 


of £1,385 per annum. 
or over is £1,150 per 3 
ring from £1,514 to £1,910 pa. 

Appkcation forms are evelable from the 
Secretary, Food Research Inetkute, Colney Lare, 
Norwich NOR 70F, quoting appropriate refer- 
ence. (1647) 
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UNIVERSITY COLLEGE, 
pals CARDIFF 


A Current Collaborative 
Research Project 


Applications ere invited from male or 
female science or medal graduates for a 
SENIOR RESEARCH ASSISTANTSHIP 
POST- . Gæery either on 
scale £1,470, £1,595, 61,720, £1,750 or alter- 
natively at cate of £ 


of employment 
aty College, Cardiff, and includes optional 
suptrannoation efrengements (FS.S.U.). 


UNIVERSITY OF BRISTOL 


ASSISTANT LECTURER IN 
MICROBIOLOGY 


Applications ere invited for the post of 
Lecqurer in Microbiology within 
tenable from 


£1,240 to 
annuation 


the Registrer, 
Tyodek Avene, Bristol BS8 1TH, to whom 
applications should be sem by May 20. 


(1658) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PSYCHOLOGY 


Applications are invited for the post of 
LECTURER IN PSYCHOLOGY from 
October 1, 1969. Facıkues are available 
for a wide range of research enteresis. An 
interest in statistical methods would be 
heipful to the department. 

Selary on the scale £1,240 to £2,735 plus 
FSS U. 

Applications (three copies—overscas ap- 
picants one copy), namung three referees, 
by , 1969, to the 

Okt Shire Hell, 


701) 


SHEFFIELD No. 3 
GROUP OF HOSPITALS 


REGIONAL MEDICAL 
PHYSICS DEPARTMENT 


PHYSICIST 


(Basic Grade) 


Salary Scales: £915-£1,744 


Candidates shouid possess a good 
Honours Physics Degree and prefereoce will 
be given to those with interest and/or CX- 
perience in electronics techniques. 


Further particulars may be obtained from 





SASKATOON 


PLANT BREEDER 
GENETICIST 
Appications are invited for the position 
of Assistant Professor ($10,000 to $13,300) 


or Associate Professor (513,400 to $17,250). 
would dc expected 


Further inquiries shouki be addressed to :` 


G. M. Simpson, 

Acung Heed, 

Department of Crop Science, 
University of Saskatchewan, 
Saskatoon, Gaskeichewan, 





UNIVERSITY OF BRISTOL 


Appications aro 
graduates io ay, 
Microbial Biochemistry for the post of 


to 
available in the department. Salary 
the ecake £1,240 to £1,470 eccording to 





FIELD STUDIES COUNCIL 
FIBLD ASSISTANTS (female) et 
G) Jumper Hal Fid Centre (one), near Dork- 
ing, Surrey, with good degree in Botany (know- 
ledge of Zoology and, af poselble, Geology, an 
advantage). 
QD Fiatford Mii Field Centre (one), near 
Colchester, Essex, with good degree in Botany. 
An interest fn field work is casental. Main 
duties: teaching, but good opportunities for feid 
reacarch Salary £650 by £30 to £710 by £35 to 
£780 pec ennum (under review), plus free board 
and lodging. Appointments to be taken up in 
summer. 
Application forms, obtainable from the Scien- 
Faeid Studees Council, 9 Devereux 
Court, London, W.C.2, should be returned by 
May 31. (1671) 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


but candedates with other speciakra 
also apply. Salary scale ££A1,350 to £RA2, 
per nonum (£BAI=£1 3s. 4d. sterhng). 


trate Suppiemeotation Scheme. 


passages 5 
Detailed apphoations (ax 
referees by May 30, 1969 to Inter-Universky 
Council, 90/91 Tottenham Court Road, London 
WE ODT, from whom particulars are amabi, 
fel 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
Applications are invited for LECTURESHIP 
IN PHYSIOLOGY in FACULTY OF MBDI- 
CINE. A doctorate és desirable but other can- 





nsidered. 
£N2,175 per annum (£N1=£1 3s. 4d. stertmg). 
supplemented in range £340 to £435 per 


overseas leave. 

Detaled applications (six copies) naming three 
referees as 5000 as to Registrar, Ahmadu 
Bello University, Zaria, Nigeria. (1688) 


UNIVERSITY OF 
WESTERN ONTARIO 
DEPARTMENT OF APPLIED MATHEMATICS 
Appleations are invited for two positions in 

Department. 





Mechanica) effectrve September 1, 1969. 
Appointments will be made et the Assistant 
or Associate Professor level according to qual- 
fications and expenence. 
Those anterested shouki write enclosing relevant 


ment of Applied Mathematics, 
Western Ontario, London, Canada. (1691) 


SEALE-HAYNE AGRICULTURAL 
COLLEGE 


NEWTON ABBOT, DEVON 


Appticatons are anvited for e post of Lecturer 
So: may be 





Acts. 

Further particulars may be obtained from the 
Principal with whom applications should be 
lodged not later than May 31, 1969. (1641) 


UNIVERSITY COLLEGE, CORK 
LECTURESHIP IN CHEMISTRY, NO. 3 


The Governing Body invites applications for 
the above vacant office Salary’ £2,200 by £86 





APPLICATIONS ARE ENVITED FOR (5) to £2,630 end, subject to certain conditions, 
Graduate research associate to asst with a re- by £85 (5) to £3,060 per annum, plus a Child 
search project on the mucrovasculature of heart Allowance of £65 per anoum. Increments for 
and otber organs. Work will involve injection, special profesmonal experience. Non-contnbu- 
microradiograpiic and photographic tecoma. tory pensions. 
Salary depending on ons a exper. Before submitting epplications candidates 
(cae TAS “end quote ral Colleae, Cag ayy ceace —Applicauons to the Director, tbe Bland- should first obtam from the undemngned par- 
, s : Sutton Institute of Pathology, the Middiesex tculars as to the requicemenis for the filling of 
(1689) Hospital Medical School, London, W 1. the post Latest date for receipt of applications 
(1639) uw 3 pm. on Fnday, May 30, 1969. (1638) 
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UNIVERSITY OF 
THE SOUTH PACIFIC 
Applications are Invited for the following ap- 
pointments : 


SCHOOL OF NATURAL RESOURCES 
READER /SBNIOR LECTURER/LECTURER 
IN PHYSICS 
Salary scale ($F2.09=£1 stering) Professor 

$F8,400 to $F9,204 ; 
per annum ; 
to $F6,390 Lecturer, 
SP10 to SFAI 1o47 bar b by SD8 to E30 per 
; Assistant Lecturer, $F2,394 by $F114 to 
$F2,622/bar by $F150 to $F3,072 per annum. 
Appointments normally on contract, for up to 
mx yers; penmancm tenms may be considered 
Allowance on appointment ; partly-furnished ao- 
Cee at reasonable rental; long vaca- 
every two years. Superannuation. 
Danie CLAP Re Conk OF bedi arias due come 
tract appointments. Passages on appointment, 
vacation keave and termination; education alow- 
ances and walt passages for children at school 
in country of recruitment in appropriate cases. 
Detailed application (six paa. namng three 
as soon ag possible to Inter- 
Council, 90/91 Totteaham Court Road, Lon 
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UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
TBACHING FELLOWSHIPS IN PHYSICS 
@ POSITIONS) 

Applications ere invited from graduates with 
a good bonours degree in Physics, or feom those 
who expect soon to possess this qualification, ror 
eppointment to Teaching Fellowships in 


Department of 

able in June, 1969 and the other an February, 
1970. The appointees wil be co earot 
for a Ph.D. and to work in one of the research 
fields ın the t—Sotid Sate and 


Chemical Physics, 

or Ionosphenc and Redio Physics. Demonstrat- 

Ing and tutorial dunes wall Involve approximately 
14 bours each week during term mme. 

will bo be range $43,378 ‘by S28 to 84.273 


per ennum. Univernty wl nominate ths 
successful a for Assisted Passage from 
the United m to Australia 


Applicants în the United Kingdom can obtain 
Secretary-General, 


on May 31, 
ment in early 1970 should wre to che Head of 
Department in the University as no date 
has yer been fixed for this posluon. (1682) 





don, WIP ODT, from whom 
avaskble. AnD 
FISHERIES RESEARCH BOARD OF 


CANADA 

BIOLOGICAL STATION, NANAIMO, B.C. 

BIOMATHEMATICIAN 
($9,035 to $14,995) 

To carry out mathematical—statistical studies 
ia the fiekd of theoretical popoare dynamics. 
To coHaborate with fishenes biologists in mathe- 
matical simulation of selected fish populations 


advise on programming of problems for com- 
puter anelyss and carry out programmes as 
required. 

Quahficatons: Graduation from a recognized 
university, preferably at Ph.D. level and ex- 


Fui sofocmation end application forms x may 
be obtained from Director, Fisheries 
Board. of Canada, Biological Station, Nanaino, 
a 


COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 

APPLICATIONS are invited for the following 
posts, duties to commence September 1, 1969: 

LECTURER I in INORGANIC CHEMISTRY 

Ref. 138/N) 
LECTURER I in PHYSICS (Ref. 139/N) 
ECTURER II or I in MICROBIOLOGY 
(Ref. 140/N) 

Candidates should have an Honours Degree of 
a British University in the Relevant subject. 
Teaching /research/industmal experience will be 
advantageous. 

Scales of Salaries for Teachers in Exenblish- 
meats for Further Education, 1967: Lecturer I 
£1,725 to £2,280 per annum; Lecturer I, E1033 
to £1,735 per annum (plus addetions for recog- 
msed quahfications). Agreed comhtions of 





SKi 3UQ, 
turnable by May 19, 1969. 


UNIVERSITY OF IFE 
NIGERIA 


a invited for SENIOR 


Apphcations 
TURESHIP BPARTMBNT OF PLANT 
mut 


Salary 
scale £N2,275 to £N2,575 per annum @N1I= 
£1 38, 4d. Salary lay ager eM t 
range £455 to £515 per ennum (terling) and 

education aNowances and children’s hohdey visit 


FS sag apoticaubas (six copi oamıng three 

by June 2, 1969 to hirer Uneven 

Ceai, 90/91 Tottenham Court Road, London 

WIP ODT, from whom peruculars are available. 
(1704, 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCHSNCES 
CHIEF TECHNICIAN OR SENIOR 
TECHNICIAN, TECHNICEAN 
Applicauons are inwted for the foHowing 

posts: 

SENIOR TECHNICIAN OR CHIEF TECH- 
NICIAN required to be responsible for operating 
and maintaimog a Beckman Model E. Centrifuge. 

TECHNICIAN to be responsible for aie eer 
and maintaining a Beckman Amino 
Analyser Minimum quahfications O N.C., re 
“A” Levels or equivalent. 

The above-mentioned posts to commence as 
zoon es posible. 

gr ın accordance with age, qualifications 

expencence within the mange of £1,294 to 
£1875 for Chief Technicians, £957 to £1,225 per 
beep for Senior Technicians, and £722 to £1,007 

annum for Technicians. 
holiday plos Universety closures. 
and sckness benefit schemes. 

AppHcauons, gang ful details of age, qual- 
fications and experience, together with the sames 
of two referees, should be sent as soon es pos 
sible to the Laboratory See School 
of Biological Sciences, University Sussex, 
Falmer, Bughton, BNI 9QH, ref. No. 1/3. 
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COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
at the 
COMMONWEALTH BUREAU OF PLANT 
BREEDING AND GENETICS 
SCHOOL OF AGRICULTURE, DOWNING 
STREET, CAMBRIDGE 

Duties: Duties enclude preparation and editing 
of abstracts for the journal, Plant Breeding 
Abstracts, classificanon of biological Hterature 


Ability to write good Eogtish essential. 

Salary. In scale £1,020 to £2,675 mth provi- 
sion for superanouation. Starting salany accord- 
ing to ee ns, experience and age. Two 
extra a two years’ satisfactory 
sence for Mor goal aged 32 or under on date 


of appointment. 
Applicaton forms and full particolars from 
we Seceetary, Commonweakh Aaricukural 
Bureaux, Farnham House, Farnham Royal, Nr. 
Stough, Bucks. 
Csosing date for applications: May 31, 15a: 
a 





UNIVERSITY OF SHEFFIELD 
CHIEF ELECTRONICS TECHNICIAN re- 


iaboratones, 
of wke tange of electronic instruments and 
equipment. Considerable 
Paper qualifications in appcopriate fleki desirable. 
Salery £1,294 to £1,475 pcr annum. Soperannua- 
uon 

Write to the Bursar (Ref. B 211), The Univer- 
nity, Sheffisid S10 2TN. (1653) 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH ASSISTANT EN ENDOCRINE 
BIOCHEMISTRY 
Graduate in Biochemistry with good honours 


or as soon as possible thereafter. R may 
lead to a higher degree. Applications those 
about to graduate wiH be considered. Com- 
£800 per a 

Appkcations, giving details of age, qualfica- 
dons together the names 
of two aeea, to the Secretary of s 
Scienco Officer (Esta Unrversity of 


bishment), The 
Sussex, Falmer, Brighton (BN1 9QH), quoting 
ref. no. 162/2. (1676) 


ST. BARTHOLOMEW’S HOSPITAL 
LONDON B.C.1 
Applications are invited for the post of 
RESBARCH ASSISTANT 
from nurses, interested in participating in the 
CMnical research programme of the Departmem 
be expected to 





of Urology. She will co-ordinate 
activities with the wards and undertake labom- 
tory procedures, ın which she will be instructed. 
Salary £850 to £900 per annum. 

Write with details of career and naming two 
referees to the Clerk to the Governors quoting 
ref. No ASC/1858. (1678) 


UNIVERSITY OF HONG KONG 


LECTURESHIP IN RADIOACTIVITY AND 
RADIOISOTOPE TECHNIQUES 


Applications are invited for the post of 
Lecturer an the Univeonty Rediowotope Unk. 
ts should have expenence of teaching 

and cesearch in some aspects of radiomotope 
work, The person appointed will be required to 


and practice 
Tadsowotope methodology 
in basic scqences, mediane and engincecing at 
undergraduate and postgraduate levels Duties 
wil inchide particdipauon in research activities 
for whch good facilities are available. 
Annual salanes (superannuable) [approximate 
exchange 


880 . A 
[£2,122 so £3,409] (man) HK$26,720 by 1,760 to 
32,000 to 33,000 by 2,000 to 45,280 by 1,440 to 
$49,600 [£1,836 to 53400] (woman). 
Further particulars 


and apphkcation forms may 
be obtained from the Associa- 
ton of Commonwealth Universities (Appts.), 36 
Gordon Square, London W.C 1, or the Registrar, 
University of Hong Kong. Closing date for 
epphcations June 6, 1969 (1681) 


UNIVERSITY OF NATAL 
DEPARTMENT OF MATHEMATICS 


Appkcations are invited from persons suitably 
quahfied «n Mathematical Statistics or in Proba- 
tality Theory and its apphcations for appomt- 

LECTURER IN 


lary scale attached 
to the post ts R3,000 by R150 to R4,800 per 
annum, pius 2 pensionable allowance at the rate 
of 10 per cent of salary. In addition to salary 
a Vecation Savings Bonus 1s payable subject to 
Treasury 


dons, etc., 
General, Association of Commonwealth Universi- 
des (Appis.), 36 Gordon Square, London, W.C 1. 
Applications should be todged not fater than 
May 31, 1969 (1644) 


UNIVERSITY OF 
THE WEST INDIES 


Appheations are invited for LECTURESHIP 
IN DEPARTMENT OF PATHOLOGY. The 
appomtee will be a member of the Deparment 
of Pathology Gamaica) and will be attached to 
the Queen Ehrabsth Hospital, Bridgetown, 

. which include teaching for 
University in co-operation 


assumed October 1969. Salary scale: £2,000 to 





family passages ; tienmal study teave. 
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ATI PN, E T O EERE 
University of Salford 
Department of Biology 


TECHNICIAN/ 
SENIOR 
TECHNICIAN 


The Department has a vacancy for a 
Technician/Semor Techniclan with expen- 
ence in Microbiology. 


Salary scale Teen £815 to £1,075 a 
Jor Technician, £1,075 to 
exceptionally 


aa "435 
£1,595 2 year. 


A tions, miving details of age, qualif- 
ons and experience, together with tke 


cqistrar, 
of Salford, Salford M5 4WT, by May 20, 
1969, quoting reference B/23/N. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


A graduate in Biochemistry or Chemistry 
with first or upper second class bonours is 


required as temporary SCIENTIFIC 
OFFICER in the Department of Radioblo- 
chemimey to Work on ppd ae ee 
ruminants. The work involves the use of 

isotopicaHyJabcHed compounds and of 
computer techniques for the study of khpid 
transfer between biological compartments. 
Appomtment wil be for three years and 
the successful appheant will be permitted 
to regmter for a higher degree 

Salary scale £1,020 to £1,740; entry 
pomt dependent on age and experience. 
F.SSU. 

Apply on forms obtainable from the Sec- 
retary, NILR.D., Stinfield, Reading, RG2 
9AT. Quote reference 69/15. (1720) 





GRASSLAND RESEARCH 
INSTITUTE 
HURLEY, MAIDENHEAD, BERKS 
Applications are anwted for a post with- 
ın the SSISTANT EXPERIMENTAL 
OFFICER/EXPERIMENTAL OFFICER 
grades in the Sheep Section of the Anrmmal 
Ecology Department to supecwse invest- 
gations of the intake and growth of lambs 
at pasture and indoor, these un- 
Gute eveluanion of the carcass by dissec- 
tion. 
Qualifications: Pass degree or equivalent 
im Ageiculture, Agrcukural or Biological 


AEO from £650 per annum at age 18, 
£1,150 per annum at age 26, mamg to 
£1,385 per annum. 

one from £1,514 per annum to £1,910 


Closing « dete May 16, 1969 A 
to the Secretary: Hurley 363. 


pplications 
(1713) 





LONDON BOROUGH OF BARKING 
BARKING REGIONAL COLLEGE OF 
TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, ESSEX 
CONSTITUENT COLLEGE OF THE 
PROPOSED N-E LONDON POLYTECHNIC 


Required from September 1, 1969: 
PRINCIPAL LECTURER IN BIOCHEMISTRY 


To aa a Soe oes irii ability 
to teach and «theoretical and practecal 
work for cho MIBiol. Pans I end UW and BSc. 
Applied Biology (C.N.AJA) course work and 
to develop future project and postgraduate work. 
Industriel end/or research expemence ss essential, 
Salary £2,530 to £2,850 pins £85 London Aiow- 
ance 

Application forme and further particulars evnil- 
able from she Principal. (1726) 


VICTORIA UNIVERSITY OF 
WELLINGTON 
NEW ZHALAND 
LECTURER IN MATHEMATICS 
Applications are anvited for the above-men- 


tioned post. Preference will be given to can- 
dadates who have a special interest in numerical 


experience. Supcrannnation is avaiable on an 
FSS.U. basi. Approved fares to Wellngton 
well be allowed for an appointee and Ins de- 
peadent famsty, together with actual removal 
erpenses within specified Unis. 

Further particulars and information as to the 
method of application may be obtained from the 


W.C.1. Applications 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 


Appticadons are mvyited for the CHAIR OF 
PHYSICS vacant from July, 1969. The Depan- 
ment tras fecittics for research in the fleids of 
the 


cinkiren’s holiday velit passages payable in ap- 


overseas leave 

Detailed applications (six copiea) naming three 
referees June 26, 1969, to Inter-Umversity 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particolars are PETI 


UNIVERSITY COLLEGE OF 
TOWNSVILLE 
AUSTRALIA 


The University of Queensland invites apphca- 
tions for the following Professorial position 
withm the Untvessity Colicge of Townsvéiie. The 
University College wil become an autonomous 
University in 1970. 

PROFESSOR OF GEOGRAPHY 

Applicants shovkl have an appropriate higher 
degree, shouki havo made a t contbu- 
tion 30 some fiekd of tropscal geography and 
should have Unive teaching and administra- 
uve experience. The Professor will be the Head 
of the Depactment of Geography and wil bs 
expected to expand its courses and research 
especially in relation to subjects of importance 
to the tropics. 

The salary for a Professor is $A12,000 per 
In addftion a northem allowance of 





for peimanent, appojiices of Lecturer statas, sad 
above, 

Additional information and appheation forms 
will be supplied upon request to the Seoretary- 
General, Association of Commonwealth Univeral- 
ues (Appts), 36 Gordon Square, London W.C.1. 
Applications close on June 13, 1969. (1679) 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF PHYSIOLOGY 


Apphcations are invited from Phymofogists and 
Electron Microscopists with physiological ordenta- 
ton. Appointments can be made at the renk of 
Assis 


tant, Associate or Full Professor Salary 
mnim ere, cespectively, $10,300, $13,800, and 


Enquiries should ise addressed to Doctor M. 
Schachter, » Department of Phymology, 
University of Alberta, Edmonton, ie 
Canada. (1695) 





culture, el end photography. 
Salary up to £1,132 ‘Gms annum —Appheation 
forms from Officer (Tech. Staff FB/1), 


Colkege London, Gower &., W.C. 
(1685) 


A GRADUATE RBSBARCH ASSISTANT IS 
required for work on metaHo protems. This 
work « suitable for presentation for a higher 


D. J. Perkins, t of Chemical Patho- 
logy, St. George’ 3 Hosptal Medical School, 
London, S W.1. (1643) 


AGRICULTURAL RESEARCH 
COUNCIL 


THE BIOCHEMISTRY Section of the 


postgra 
within £1,020 to £1,740 ; as 8S.0., £1,925 
to £2,372. FS.S.U. 

Apply, with names of two referees, 
the Secretary at above address. (17 in” 


UNIVERSITY OF LIVERPOOL 
CYTOGENETICS 


Pplicauons ere invited from graduates 
RESEARCH ASSISTANT 


Deparment. The work 
will prumaniy be involyed in ag 
sudes of human chromosomes after tissue 
culture. Expenence in cytology and/or 
stenic techniques ds preferable. Salary, de- 
pending on qualifications and experience, 
wall be with the range £900 to £1,175 per 
annum. 


Apphcations, giving details of qualifica- 
experience, 


2674/N (i718) M 





UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOCHEMISTRY 
DEPARTMENTAL DEMONSTRATORSHIP 
It és proposed to appoint a Departmental 
Demonstrator in Biochemistry on October 1, 
1969 The salary wid be up to £1,470 per 
annum according to qualifications and experience 
(£1,545 per annum in the case of medically 
qualified candidates), and with membership of 
ESSU. The appointment is for a penod not 
exceeding three years in the first insmoce and 
may be renewable for a further period up to a 
total of ux years. The successful candidate wil 
be expected to take part in departmental teach- 

mg and to conduct his own research. 
Applications (three copies), inctuding the names 
of two referees, should bs sent to the Adminis- 
trator, Department of Biochemistry, South Parks 
Road, Oxford, not lmer than May 31. (1640) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 
LECTURER /SENIOR LECTURER IN 
VETERINARY PARASITOLOGY 
Applications are invited for the ebove-men- 
tioned positron in the Department of Anal 

Heaith er the Facalty of Veterinary 
appointee will share cesponmbnlity 





will be encouraged to work towards a higher 
degree If suitably and experienced, the 
appomtec will assist an traimng e 


per annum. 
eppolntment wi depend on 
experience 


Further details of the position and of the Uni- 
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ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS 


PHYSICIST or SOL PHYSICIST to work on 
Aspects of the Root Ea 


Assistant 
Officer (£830 at age 21; £1,150 at age 26 (maxi- 
Applications, 
reference 1052/127, to the Secretary by June 2 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 





Lecturer, £1,585 “2.735 Assistant 
on scale: > to ; 

Lecturer, 61,240 to £1,470, with intded placing 
* according to tow end 


2 copies) 
shouid be lodged by May 16, 1969. (1714) 





APPOINTMENTS WANTED 








FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF ALBERTA 
EDMONTON 7, ALBERTA, CANADA 


DEPARTMENT OF BIOCHEMISTRY 
AND MOLECULAR BIOLOGY 


ons wih not be con- 


a . Apniiicat! 
sidered until ell above information ss avail- 
able. (1724) 





UNIVERSITY OF BRADFORD 


RESEARCH STUDENTSHIPS IN 
PHYSICAL CHEMISTRY 


A number of Research Studentships are avail- 
able wathin the following fields : 

CATALYSIS 
ADSORPTION 
COLLOEDS 

GAS PHASE KINETICS 
THERMOCHEMISTRY 

The value of these awards ts sumilar to Scienco 

Research Co tships. 

obtained from Pro- 
fessor M. W. Roberts, Professor of Physical 
Chemisery. 

Application forms may be obtained from the 
Remstear, Unversity of Bradford, Bradford 7, 
with whom completed applications shonkd be 
Sa as soon as possible. (Reference tee! 


ST. MARY’S HOSPITAL MEDICAL 
SCHOOL 


(UNIVERSITY OF LONDON) 
DEPARTMENT OF PHYSIOLOGY 





H Hoamtal 
School, Paddington, W 2, 01 723-1252, (1725) 


ULSTER 
THE NEW UNIVERSITY - 


THOMAS HENRY 
FOUNDATION RESEARCH 
STUDENTSHIP 


The award will normally be of the value 
of £650 per sonum and tenure will oor- 


to whom’ application 
ebouk?d be made not later than June 15, 
1969, (1672) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN FIBRE PHYSICS 
Appkeations are invited from graduates in 


Phymca, physical , textile technology, 
materials science, polymer science, or mechani- 
cal who ere interested in work- 


De. J. W. S. > 
The subjects of study ere concerned with the 
relation between mechanical and thermal be- 
hamour of fibres and their physical fine struo- 


A aumber of awards (fees, pins a maintenance 

grant of between £530 and £800 per annum) are 

. These incinde the folowing sources: 

(@) Minatry of Technology research contract, 
for a study of fatigue in fibres. 

Œ) International Wool Secretanat, for research 

on the fundamental interpretation of the 

Properties of wool fibres. 


(c) S.R.C. research studentships 
course 


Anyone interested should write to Dr. J. W. S. 
Hearie, Department of Textile Technology, The 
Manchester Institute of Science and 

Sackviiie Men- 





POSTGRADUATE RESEARCH IN 
PHYSICS APPLIED TO MEDICINE 


Applications are, invited irom Physicists or 
Physical Chentists for postgraduate studentshios 
D. degree of London 


kadng to the Ph.D. 
Unmemty. Curen prokects inciude 
pulse radiolyms studies of the inital products 
formed by 1onizng and ultraviolet radiation and 
fundamental studies of the biological action of 
ultrasound. 

Apply to Prof. J. W. Boag, Institute of Cancer 
Research, Chfton Avenue, Belmont, Sutton, 
Surrey. (1698) 





UNIVERSITY OF 


THE WEST INDIES 
JAMAIQA 
LEVERHULME FELLOWSHIP IN 
CHEMISTRY 
Appkcations are invited from Physical or Io 
Chemists, wath 


ennom or 

ance. Return pasage 

epplicatons (6 copies), naming three 

referecs, by May 30, 1969, to Inter-University 

Council, 90/91 Tottenham Court Road, London 

WIEP ODT, from whom particulars may be 
(1621) 





UNIVERSITY OF LIVERPOOL 
c DEPARTMENT, OF BOTANY 
"RESEARCH ON MARINE 


ALGAE AS FOULING 
ORGANISMS - 


Applications are invited for a three-year 
research scholarship for work ın co-opem- 
ton with Industry on problems of marine 
alkgac as ship-fouling organisms. 


a 
GRANTS & SCHOLARSHIPS 
ee es 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN CHEMISTRY 


» 1969, 
Chemistry 
©) Metal Carbonyis 


g F. Radıcal Chemistry 

ree 

@ Carbene Chenustry 

(m) Organ:o Photochemical Reactions 

(@) Synthetic Organic Chemistry 

Postgraduate, etc., grants range from £550 to 
£900 per annum depending upon the topic. 


ment of Chemusiry at the Bostitute, P.O. Boo 88, 
Manchester, M60 1QD. 


WM. DAWSON & SONS LTD. 
Back Issues Dep 


Offer top 
BACK RUNS 


as ‘or: 

F JOURNALS 
IN SCIENCE AND THE HUMANITIES 
a) 








NATURE, MAY 3, 1969 


XL) 











SYMPOSIUM 


“The: University of Manchester 
Institute of 
Science and Technology 


Advances In Chemistry Series 
Symposium on 


: UMÍS 


OXIDATION IN 
ORGANIC CHEMISTRY 


Tuesday and Wednesday, 8th and 9th July, 1969. 

This Symposium, which should be of particular Interest to chemists In 
Industry, Is Intended to review present knowledge and future trends 
in this expanding and Important field of organic chemistry. 


Topics will include heterogeneous and homogeneous oxidatlon of 
hydrocarbons, metal ions in oxidation, singlet oxygen, and electrolytic 


oxidation. 


The speakers, drawn from Industrial and academic life, will include 
acknowledged authorities from the U.S.A. and the Continent. 


Further details and form of application can be‘obtalned from the Registrar, 
The University of Machester Institute of Science and Technology, 
P.O. Box No. 88, Manchester M60 IQD. 


LIQUID CRYSTALS 
A two-day sympoalum will be held on Thuredey 
and Friday, June 12 and 13, 1969 
DIVISION OF MATERIALS AND 
MOLECULAR SCIENCE 
WOOLWICH POLYTECHNIC 
The spmposiom, with inyned lectures from 


FEE: £5 (nclusive of innch). 
Secretany, 
Peeper dle pears London; SE 16 


LECTURES AND COURSES 


University of Southampton 


CRYOGENICS 
POSTGRADUATE COURSE 


October 1969 


Applcations are invited for the fulltime 
or parttime postgraduate course on Cryo- 
gens and sts Applications, leading to the 
degree of M.Sc. or Diploma of the Univer- 
sity of Southampton. 

The 12-month course provides a thoroneh 

y 

After 

the written examination in Tane 1970, ful- 

ume students will continoe for three 

months on a research project in collabora- 

uon with a government or industrial estab- 
lushment. 


The normal requirement for entry is an 


Honours degree (or equivalent) m a smt- 
able Science or Engineering subject. Can- 





(1637) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


POSTGRADUATE STUDIES IN CHEMICAL 
ENGINBERING 
Applications are fnvited for entry to the M.Sc. 
course by research in the Physical Processes 
area. The currem research projects in this feid 
wchude: 
(1) Coakescence of Liquid Droplets 
(D Vapour-Mquid Phase Equihbrium and Heats 
of Miang m Solutions 
G) Sumultaneous Heet and Mass Transfer fn 
Vapour (Gas)-Liquid Systems 
(4) Solid-Liquid Mass Transfer 
(5) Gas-Laquid Cotomn Hydraulics 
Normal entry requirements for postgraduate 
study ere a sodtabie honours degree or equiva- 
lent qualification in chemical 


Further details and application forms may bs 
obtained feom: Dr. C. G. Sinclair, Postgraduate 
Admissions Totor, Deparemem of Chemikal En- 
gineering at the Inetamte, Sackville Street, Man- 
chester, M60 1QD 


UNIVERSITY OF MANCHESTER 
M SC. IN POLYMER AND FIBRE SCIENCE 
This MSc. course, which combines formal 





Sience ia the. Faculty „of. Technology. and. the 


Department of 
Sofence. The are designed to enable a 
sacnce graduato to obtain an advanced know- 
ledge of the physics and chemistry of polymen. 

Applications are inwted from Honours gradu- 
ates (or holdem: of equivalent een ee in 
chemistry, physics, chemical engineenng or a 
similar subject. Apphcations wiH alo be con 
sidered from persons expecting to graduate next 
June. The Science Research Council has accepted 
the course as suitable for the tenure of its Ad- 
vanced Coume Studentships. 

Applicanons and inquiries should be addressed 
to Professor Geoffrey Allen, Department of 


13 or to Dr. G. J. Howard, 
Polymer and Fibre 
chester Iostutute of Selenice and Technology, 
Manchester, M60 1QD. (1636) 


UNIVERSITY OF LONDON 


The Conme consists of lectures, discussions and 
Peectical instruction in the following topics 
ee of ocural cesces ior ae analysis 
metabolic expemments, 


Trey Taleo he ee E usu ae 
tissues. 


G) Ansiysis of neural tissues for typscel con- 
stituents, 

(4) Body fluid analysis of relevance to clinical 
conditions affecting the nervous aymem. 

the Conse i bed to edendis and aoidh 


qualified persons who possess the necessary 
general laboratory . interested 
should write to. 

The Secretary (Neuroch Oe Depari 


inet tut , 
De Cresmgny Park, Loadoa, SES. (1610) 
UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 


M SC. COURSES IN POWER SYSTEMS 
ENGINEERING 


The Depanment of EE. & E. bes recently 
the Eleatrical Power 


M Sc, courses and from nem October will bo 
offering four Power Engincering Courses in: 
Picci Pomas arnes Aarti aad Coal 


eporopmate epcciadist Tome wil be 
ako allocated for cutoriat work end informal 
discusion The 


groupe, 
mnato with en exemination, comprismg four 
papers, held immediately after the Easter Vaca- 
fea Students who 
course successfulby oa 
project and the dissertation part of the couse 
These advanced coumes ane available to cande 


requiring orn to engincering, 


Details end appiication forme can be obtalaed 
from the Regrtrar, The Univesity of Mar 
chester Instituto of Gclence and Technology, 
Sacicvalte Street, Manchester M60 IQD. (1654) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


M Sc AND DPLOMA COURSES IN 
METALLIC AND CERAMIC MATERIALS 
The course, which extends over a minimum 
of a year wei compose formal studies over two 
forms and examinations followed by a period of 
research on a specific topic and the presentation 
of a dissertation. 

The aim of the course fs to present the theo- 
retical and expenmenial 





tion; electron and optical microscopy; electron 
probe analyms. A degree of specialisatron is 
possible by exercuing ea choice of options from: 
mechanical propecties of metals; sokdification 
of metal; propsrucs of ceramics; fabrication 
of ceramics ; computation. 

The course is suitable for griaa in Metal- 
Materials Science, Physics, Chemistry, 
Engincering, and associated disciplines. 

Further informetion and copa forms may 
be obtained from the Registear of che Institute, 
P.O. Box 88, Manchester M60 1QD. (1662) 
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New | 
enzymes 


e L-Asparaginase e & galactosidase e & galactose dehydrogenase 
e Glucose-6-phosphate dehydrogenase—new high activity 350 U/mg 
e Galactose-1-phosphate uridyl transferase e Glyceraldehyde-3-phos- 
phate dehydrogenase from yeast @ Phosphodiesterase from calf spleen 
e Phosphomannose isomerase @ L-Xylulose reductase © Carnitine 
acetyl transferase. : 


For full analytical details write to Boehringer Corporation(London)Ltd., 


Bilton House, Uxbridge Road, 

= London, W.5. 

‘oO If you live in Britain or the Common- 
wealth 


from’ boehringer vr 


Boehringer Mannheim G.m.b.H., 


© 68, Mannheim 31, 
= P.O.B. 51, West Germany 
if you live outside the Commonwealth 
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The Pyramitome 
—newest of the LKB microtomes 


IH THE SERVICE OF SCIENCE 


LESTANMENTS LTO © LKB MOUSE ©2722 ADCMCTON ROAD è g£ CRSTDOM, SURREY CA2 EYB OTEL OT ar72 
E AND SERVICE THROUGHOUT THE WORLD STOCKHOLM, WASMIEGTON, THE HASUE, COPERRAOEN, ROME, VIERNA 


) 


mA 


he Egyptians 
Jorked Harder 
an LKB 


“produce PYRAMIDS — 
-t then they did not have 
-‘LKB Pyramitome. 


: latest addition to the 
- B Ultramicrotomy Labo- 
xy is both Pyramid 
‘ker and Histo-microtome 
‘ne instrument, a valuable 
‘gn combination that is 
que on the market today. 
2 Pyramitome cuts plastic 
-cimen blocks into the 
amidshape needed prior 
-ectioning with a micro- 
~e. The combination de- 
m of this instrument has 
advantage that it pro- 
~s both large pyramids 
n which survey sections 
į be cut and also the sec- 
as. 
‘2 Pyramitome mechani- 
‘ly shapes pyramids with 
aitively parallel sides, per- 
idicular to the cutting di- 
ion, so furnishing straight 
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ribbons of sections, free from 
“fringed” edges, that are 
easily collected from the sur- 
face of the trough liquid. 
Trimming feed and pyramid 
shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives, up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so a new knife 
can be rotated to exactly the 
same work position. The use 
of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 





«Diagrammatic representation of 
large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope. 
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Š his may be 
you are 


looking for... 








or something in between— w 


—like the brand new EF1 manifold dryer. In any case your first 
move is to ask for a copy of the new Edwards Freeze Dryers 


Summary. It gives brief details of all 15 standard models. The 
reference number is 10675. 


Edwards High Vacuum (Plant) Limited A member of the BOC group 
Manor Royal, Crawley, Sussex, England Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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‘Modeling of Thinking 
and the Mind T 
i N.M. Amosov, Head of the Institute for Thoracic Surgery, Kiev, USSR 


A thought provoking account of the principles of information processing and modelling in 
complex living systems. The author, an eminent Soviet scholar and Lenin Prize winner, - 

a offers his original hypothesis concerning programmes of man’s functions and outlines 
methods of imitating them employing contemporary computers. 


192 pages £6 







Prospects for Simulation and 


Simulators of Dynamic Systems 


Edited by G. Shapiro and M. Rogers 


Eighteen papers presented at a symposium held in Baltimore and sponsored by the U.S.A.F. 
Office of Scientific Research and the Westinghouse Defence and Space Center. 
‘This is a book worthy of a place in any applied-science library and while it will appeal to 


the simulation specialist it should prove of interest to the general reader.’ 
—Electronic Engineering. 








304 pages £6 lOs 





Technical Information 
Center Administration 


Volume 3 
Edited by A. W. Elias, Drexel Institute of Technology 


Supplementing the previous volumes of TICA I and 2, this volume contains information 
on the organization, administration and management of information receiving and 
distribution centres. 


‘,.. for librarianship students or for scientists newly involved in setting up information 
centres, the book provides a useful summary of techniques.’ —Nature. 


150 pages 75s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: 
Spartan Books, 432 Park Avenue South, New York, N.Y.10016 - 
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| Unlike other suppliers of enzymes 
A who are merely re-sellers, we at 





WORTHINGTON Worthington Biochemical Corpora- 
I ~ tion make all our own enzyme prod- 
l k ucts. We keep absolute control and 


detailed records of .each step of 
their preparation. 

Our raw materials, except for 
some fireflies supplied by children, 
are collected for us by specialists 
who understand and respond to the 
sometimes unusual needs of the 
biochemist. 

We use specialized analytical 
techniques, including chromatogra- 
phy and electrophoresis, in the rou- 
tine production of high purity 
enzyme products. Many of our en- 
zymes have purity and activity 
levels far exceeding that of any 


e other supplier. 
Worthington The preparation of an enzyme is 
followed, from raw material through 


provides 198 enzymes multiple purifications steps to final 


packaging, by the one person at 
Worthington who best understands 
for research the particular procedure. His rec- 
ords provide the complete history 


`: of each batch. They can be used 
and keeps genealogical records to trace it back to its source, if 


on every one of them necessary. 

: Our strict control and rigorous in- 
sistence on preparing all our own 
products is your guarantee of en- 
zyme quality. Use the attached cou- 
pon to obtain your copy of our 

complete list of products. 






Worthington Biochemical Corporation» : 
Dept..K nt 
Freehold, New Jersey 07728 


* O Send WORTHINGTON E 
ENZYMES FOR RESEARCH ree 
booklet. Ve Gans 

O Send the complete Worthington , \' ¢ 
Enzyme Manual. I am a new, è% 
customer. ` 









Name ai 
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Title 






Institution 


Address: 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the fallure of any advertisement 
to appear from any cause whatever, nor do 
they accept liabil for printers’ errors, 
ulthoug h h viry are is taken to avold mistakes. 
Semled. r single column inch. 
roe made? ditional 1/12th of an inch 
lOs. Full page each, Half a across £80, 
coeur (orange) £20 extra. 6 Is charged 
r the redirection of replies to advertise- 
pane with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
wes Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


A graduate in Biochemistry or Chemistry 
math, fim or upper second clam honours B 


ruminants. The work involves the use of 
isotomcallylabelled compounds and of 


computer techniques for the study of bpid 
logical compartments. 


the successful 
to regter for a higher degree 

Salary scale £1,020 to £1,740 ; entry 
point dependent on age and experence. 
FS.S.U. 

ao on forms obtainable from the Sec- 


retary, N.I.R.D., Smnfieid, Reading, RG2 
9AT. Quote reference 69/15. (1720) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
at the 
COMMONWEALTH BUREAU OF PLANT 
BREEDING AND GENETICS 
SCHOOL OF AGRICULTURE, DOWNING 
STREET, CAMBRIDGE 
Dates Duttes include preparation and editing 


Abstracts, classificauon of biolomcal hterature 
and deahng with scientific inquiries. 

Quahfications: Applicants preferred with a 
botanical or agricukural degree and/or know- 
ledge of or aptitude for foreign languages. 
Ability to write good English essen 

Salary: In scale £1,020 to £2,615 with provi- 
zion for superannuation. Starting salary accord- 
ing to queaHfications, erperieoce and age. Two 
extra increments after two years’ satisfactory 
service for applicants aged 32 or under on date 
of appomtment. 

Applicaton forms and full particulars from 
the Secretary, Commonweekh Agncultural 
Bureaux, Farnham House, Farnhem Royal, Nr. 
Slough, Bucks. 

Closing date for applications: May 31, 1969. 

(1666) 


UNIVERSITY OF BELFAST 
LECTURESHIP 


IN PHOTON AND 
RADIATION PHYSICS 


The Senate of The Qneen’s University of Bel- 
fast inves applications for a in 


graduate fevel, and to take part in 
within oe Photon and Radsation Physics Group 
(under the general direction of es D. J. 
Bradley, Head of Department), 
laser photochemistry. Previous focal experi- 
ence in flash photolysis and excited state spectro- 
scopy would be advantageous. Salary scale (sub- 
ject to review) is £1,585 to £2,735 with contn- 
butory peosion ngbts under the FSS U. Initial 
placing on the scale will depend on qualiftcations 
and experience Appitcations should be received 
by May 31, 1969. 

Further partculars may be obtained from the 
Secretary, Queen’s Untvernty of Belfast, 
Belfast Wr7 tk INN, Northern Ireland. (1789) 
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CSIRO se 
SORGHUM 
AGRONOMIST 


DIVISION OF LAND RESEARCH 


GENERAL The Katherine Research Station, Division of Land Research of 
the Commonwealth Scientific and Industral Research Organization is 
situated on a bitumen highway 215 road miles south-east of Darwin. 
Katherine Is a small country town of approximately 2,000 inhabitants. At 
the Station, research Is In progress on sown pastures, forage crops and 
short-season summer annual cash crops to provide the technical foundation 
for dryland agricultural development in the northern part of the Northen 
Territory. The Station is regarded as a type centre for dryland agricultural 
research relating to the monsoon zone of northern Australia. Housing 
facilities are available. 


AUSTRALIA 


The Station has a research farm, a small modern air-conditioned laboratory 
and good research facilities. There are five resident scientific staff. Staff 
at Divisional Headquarters in Canberra, specializing in plant/water and 
plant/nitrogen relations, carry out co-operative research programs at 
Katherine and other northern field stations of the Division of Land Research. 


DUTIES A research scientist In the field of grain sorghum agronomy, 
specializing in either crop/water or crop/nitrogen relations, Is required for a 
two year term from October 1969 to October 1971. The cropping season 
is from December to April; tt is therefore essential that applicants be In a 
position to take up the appointment in October 1969. 


QUALIFICATIONS Applicants should have a degree in sclence or 
agricultural sclence, and a Ph.D. In crop agronomy or research experience of 
an equivalent standard and duration, supported by satisfactory evidence of 
research ability. For a short term appointment of this nature, it Is essential 
that the appointee shall have previous expenence in either crop/water or 
crop/nitrogen relations, preferably relating to graln sorghum. 


SALARY Depending upon qualrfications and expenence, the appointment 
will be made within the salary range of Research Scientist, $A5,321— 
$A8,693 p.a. plus local allowances $A950 p.a. (married) or $A700 p.a. 
(single): or Senior Research Scientist, $A6,963—$A8,045 p.a. plus local 
allowances $A1,050 p.a. (married) or $A800 p.a. (single). Salary rates 
for women are $A428 p a. less than the corresponding rates for men. 


CONDITIONS The appointment will be for an initlal period of two years 
and will be conditional upon passing a medical examination. Fares paid 
for the appointee and his dependent family. Further detalls supplied on 
application. 


Applications (quoting Appointment No : 618/269), and stating full name, 
place and date of birth, nationality, marrtal status, present employment, 
details of qualifications and experience, names of not more than four persons 
knowing the applicant’s academic and professional standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Llalson Officer, Australlan 
Sctentific Llaison Office, 64 Kingsway, LONDON, W.C.2, by the 
13th June, 1969.. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON 
DC 20036. 


(1814) 
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Chief Scientist 
to 


direct research for 
a major industry 


e An international reputation in a biomedical or 


biochemical field is required. 
e Salary is negotiable above £ 10,000. 


Write in confidence to us as advisers. Nothing 
will be disclosed without permission. Letters 


should be addressed to P. G. Oates. 


JOHN TYZACK & PARTNERS LIMITED 


Io HALLAM STREET: LONDON WIN 6DJ 





CSIRO 


OFFICER-IN-CHARGE 


AUSTRALIA 


DIVISION OF PLANT INDUSTRY 
RIVERINA LABORATORIES 


The Division of Plant Industry of the Commonwealth Scientific and Industrial 
Research Organization invites applications for the above position at its 
Riverina Laboratory, Deniliquin, N.S.W. The Riverina Laboratory is one of 
the main laboratories in CSIRO’s rangelands research programme. 


The appointee will be expected to lead a research team In ecological and 
agronomic studies of areas in the 8 ın. to 16 In. rainfall belt of south-eastern 
Australia, The team will comprise 13 professional scientists with supporting 
staff. The headquarters of the group will be the CSIRO Riverina Laboratory, 
which has excellent facilrties and is equipped with glass houses, growth 
room, chemical laboratory, library, workshop. etc. A Field Statlon of 7,500 
acres Is within 14 miles of the Laboratory and Includes irrigation facllittes. 
A number of field experiments are conducted in outlying areas on private 
properties. 


Deniliquin has a population of 6,500, is 180 mites from Melbourne, Victona, 
and ıs served by alr, rail and bus services. Secondary education Is available. 
Suitable housing will be provided. 


The present programme is oriented towards the maintenance and use of the 
resources in the arid and semi-arid areas of south-eastern Australla. Categories 
of study currently under way and projected include those in the fields of soil 
fertility and nutrient cycling, soil/plant water relations, plant physiology and 
production, pasture ecology, plant introduction, plant breeding, animal 
production, animal physiology and animal behaviour. The Laboratory has 
strong links with the Division in Canberra, A.C.T., where groups are established 
In ecology, agronomy, plant Introduction, plant phystology, biochemistry, 
plant and soll chemistry, plant nutntian, genetics and microbiology. 
Collaboration with these workers is fostered, but the Deniliquin group is an 
independent team. Communication with Canberra is by road (300 miles) 
or, frequently, by charter aircraft for short visits. 


QUALIFICATIONS Applicants should have a Ph.D. degree or have had 
postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research abiltty and the abllity to 
direct the work of others. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Senior Research Scientist, $A6,963— 
$A8,045 p.a. or Principal Research Scientist, $A8,313—$A9,561 pa. An 
applicant of outstanding research ability with considerable experience In 
research leadership would be considered for appointment within the range 
of Senior Principal Research Scientist, $A9,989-$A10,301 p.a. Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification Is determined by ment. 


CONDITIONS The duration of the appointment will be determined In 
consultation with the successful candidate; some applicants may prefer a 
fixed term appointment for five years. The appointment will be conditional 
upon a satisfactory medical examination and an initial probationary period of 
twelve months may be specified. An indefinite appointment would carry 
with rt Commonwealth Superannuation Fund or Provident Account privileges. 
Fares pald for the appointee and his dependent family. 


Further details may be obtained by writing to the Chief Scientific Liaison 
Officer, London, or the Sclentiflc Attaché, Washington, at the addresses 
given below. 


Applications (quoting Appointment No.: 132/182), and stating full name, 
place and date of birth, nationality, marttal status, present employment, 
details of qualifications and experience, names of not more than four persons 
knowing applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian 
Scientific Llalson Office, 64 Kingsway, LONDON, W.C.2, by the 
6th June, 1969. 


Applications In U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON, 
DC 20036. (1813) 
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UNIVERSITY. ; ÒF IFE 


Apptcauons are RAN for the following ap- 
EPARTMENT oF CHEM- 


univeraty expenence m a Chemical Easgineeding 
or Chemical Technology Laboratory ss Deces- 


p 

Salary scales" @) £N3,000 per annum, (b) 
£N2,275 to £N2,575 per annum ; oi 'ENt,200 to 
£N1,500 per annum (£Nl=f1 33 sterling). 


annum (sterling) and education allowance and 
children’s holiday visit passages payable in ep- 
propmate cases under British Expatriates Supple-* 


nuaton scheme; various allowances; regular 
overseas kave 
Detailed apphcauons (six copies), naming three 
referees by June 20, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars aré ua 
7 


AGRICULTURAL RESEARCH 
COUNCIL . 5 
STATISTICS GROUP, CAMBRIDGE 


bas a vacancy for an experienced STATISTICIAN 
in the scientific officer class. The Group acts as 
a service unit for nearby Research Institutes. 
Excellent computer facilities are available. Salary 
scales are: PSO. £2,475 to £3,425; S.S.O. 
£1,925 to £2,372, S.O. £1,020 to £1,740 per 
annum. 

Applications, giving age, quaHficatons, experi- 
ence, and names of two persons to whom refer- 
ence may be made, should be sent, not hater than 
May 19, 1969, to the Secretary, School of Agri- 
culture, University of Cambndge, who can also 
arrange for preliminary informal enn 

7 


UNIVERSITY OF BRADFORD 
SCHOOL OF POLYMER SCIENCE 
Applecations are invited for the post of 
LECTURER IN POLYMER SCIENCE 
(Ref. PS/L/2) 


Candidates should have had experience in teach- 
ing and in the intuatton and direction of research 
work in the subject 

Salary scale £1, 240 by £115 to £1,470 by £115 
to £2,735. 

Ia the case of a candidate appointed at a 
point between £1,240 and £1,470 Cnctusive) the 
appointment will be subject to the sausfactory 
completion of a probationaty period of not 
more than three years. 

The post es supcrannovable (F.S.S.U.). 

Removal grant up 10 a maxmum of £150 pay- 
able in certain circumstances. 

Pi ina) particulars and forms of applicauon 

be obtained from the Registrar, Reference 
PS/L/2, University of Bradford, attat 7, to 
whom completed forms should be returned by 
May 23, 1969. (1766) 


UNIVERSITY OF YORK 

DEPARTMENT OF BIOLOGY 
Applications are invited for the post of RE- 
SEARCH ASSISTANT to work on the effect of 
mutation on cell division in Chlamydomanas 
reinhardii. Candidates should be graduates in 
a biological science, with a sound knowledge of 
Bio bial Genetics 








The appointment am for two years from October 
1, 1969, a’ Of OA aeae E700 Ge es 
Two copes of namng 
see, ae Se 1969 to the 
Registrar, Univermity of York, Heaslington, York. 





Please quote ref. no. (1803) 

IANS aS IN T- 
ment of Engıneermg: (1) to work in 
fhudisation on parucl adng 


laboratory work and photography an advantage ; 
(2) to work in Biochemical Engineering section 


Officer (Tech Staff EB/1), Univesity Colere 
London, Gower Street, W.C 1. (1749) 
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Assistant Pharmacologists 


ra The laboratories, opened In September 1967, are expanding their 
s E pharmacology group and have vacancies for experienced technicians. 
The current fields of activity in pharmacology include studies of Inflamma- 
tion and Immunological mechanisms of tissue damage. 








‘Suitable candidates should possess O.N.C. or H.N.C. and should have had experience in a pharmacology laboratory. 








and ‘experience. 





(1809) 


- 


UNIVERSITY OF 
LONDON KING’S COLLEGE 


DEPARTMENT OF ANATOMY 


‘Applications are invited for the post of 
RESEARCH ASSISTANT to take part in 
a programme of research on the 
mammalan pltuttary, Salary by negotia- 
tion, dependent on 


Applications, giving details of age, quali- 

ficanons (a first degree is essential and ex- 

should be sent to Professor Sur 

Francis Knowks, F.R.S., Department of 

Anatomy, King’s College London, Strand, 
W C.2, as soon as possible (1632) 


UNIVERSITY OF SASKATCHEWAN 
SASKATOON 


PLANT BREEDER 
GENETICIST 
Applications are invited for the posiwon 
of Assistam Professor ($10,000 to $13,300) 
or Associate Professor ($13,400 to $17,250), 
The successful appiicant would be expected 
to buid up the exisung programme in 
and genetic mudes in wheat with 
pa emphass on rust resistance, 
Teaching is optional 
Further inquiries should be addressed to - 


RESEARCH ASSISTANT IN 
BIOCHEMISTRY 


Assstant for research on the lipoproteins of 
human plasma. Applicants should hold a qnalfi- 


Inquines and applications should be addressed 
10; A d, Pathology Department, 
North Middlesex Hospital, Silver Street, Edmon- 
ton, N 18. (1732) 


UNIVERSITY OF NOTTINGHAM 
" DEPARTMENT OF PHARMACY 





summer for a research in the above depart- 
ment to work with Dr. W. B. Hugo on the role 
of cellular hpid in bactersal resistance. The 


unci, carries a stipend 
of £650 per annum with an increment of £40 
after the first year. The appointment is for 18 
months in the first instance but may be extended 
for a further 18 months subject to satisfactory 
Progress. Under these circumstances the regis- 
trauon for a higher degree of thn Univeraty 
would be possible. 
Further particulars may be obtained from the 
Staff Appointments Officer, The Umversity, Uni- 
versity Park, Nottingham, NG7 2RD (1735) 








The Company encourages further education to M.I.Biol. level by day or block release. Salary would be based on age 


“Aipplications should be sent to: The Personnel Manager, LILLY RESEARCH CENTRE, LTD., 
Erl Wood Manor, Windlesham, Surrey. 


United Kingdom Atomic Energy Authority 


CULHAM LABORATORY 
FOR PLASMA PHYSICS AND 
NUCLEAR FUSION RESEARCH 


COMPUTING SERVICES 
MANAGER 


Applications are invited for this post whose responsibilities will 
cover the organisation, development and management of the 
Laboratory’s computing services together with the training of 
Laboratory staff in their use. 


The Laboratory presently has a linked KDF9-PDP8, for which it 
has developed the COTAN on-line system, and a large ICL 
System 4/70 is to be installed at the end of the year: use is also 
made of other Authority computers. 


Specific services already existing or envisaged include. multi- 
access facilities via teletype and video terminals, interactive 
graphics, a multi-lingual subroutine hbrary, on-line “desk- 
calculators” and standard computational Procedures, computer- 
aided instruction and information services, on-line data acquisition 
from laboratory experiments. The appointee’s prime responsibility 
will be for the further development of such services. In carrying 
out these dunes, he will have control of an experienced computer 
operations team and a number of programmers. He will work 
closely with the Computer Systems and Mathematical Program- 
ming Sections whose work he will to a large extent be exploitmg. 


Candidates should bave a good science or mathematics degree with 
several years’ experience in scientific computng. 


STARTING SALARY WILL BE IN THE SCALE £2650- 
£3665 p.a. 

Housing or assistance with house purchase will be available. 

For applications and further details send a postcard to: 


The Senior Personnel Officer (Ref. A/334/ 34) 
The Culham Laboratory, Abingdon, Berks. 





APPLICATIONS ARE INVITED FOR SENIOR BIOCHEMIST REQUIRED 
Graduate research associate to assist with a re- laboratories attached to Metabolic Ward of 
search project on the microvasculature of heart London Hospital. The 
should bave a higher degree and would be re- 
quired to direct both the routme and research 

experi- work in the laboratones. Salary £2,051 to 

ence.—Applications to the Director, the Bland- £2,525.—Further details from, and applications to 

the House Governor, the London Hospital, E.1. 
(1748) 














FOR 
The 


candidate 


For farther Classified advertisements see p. Xxx 
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=- The Concorde 
_ brings it | | 
| home to you... 














_..at 1400 mph \_ 3 


This is also the peripheral speed of 
: the 10x10mlI titanium rotor on the = 
MSE Super Speed 65 Preparative Ultracentrifuge 





| 
Like the British Aircraft Corporation and Rolls-Royce, we have a | 
big interest in advanced metal technology. As with the Concorde, 
| the problems of heat and extreme stress at supersonic speeds are i 
| those which our rotor designers have been overcoming for many 
i years. MSE is in fact one of the 
ie largest users of titanium in this 
country. The demand for ever 
higher centrifuge speeds and 
‘g’ forces means that we have 
to keep pace with the latest 
technological advances in 
many fields. As Europes 
largest manufacturer of 
laboratory centrifugés, MSE 
supplies a complete range, 
from small bench models 
to a sophisticated analytical 
ultracentrifuge. 





MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 7373 Telex: 22666 Cables: Emesetool, Sowest, London 








In USA. MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 
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British Defence Research Examined 


Wuen the Select Committee on Science and Technology 
undertook at the end of 1967 to make an examination of 
defence research in Britain, it was naturally tempting 
to wonder whether the then young David had taken on 
too big a Goliath. The report of that investigation, now 
published (HMSO, £3 178 6d), shows that the committee 
has been able to make quite a creditable attack on an 
exceedingly difficult problem. To be sure, the report 
is not bursting with specific recommendations, but that 
is a strength and not a weakness. After the oversharp 
and occasionally over-innocent declarations of the 
committee’s first report—a recipe for the reorganization 
of the nuclear power industry in Britain—it 1s welcome 
that the parliamentarians now seem to recognize that 
their most valuable contribution to public under- 
standing is often in a sense educative. The report and 
the evidence which accompanies it provide the best 
account so far of the workings of the machinery of 
defence research. If there is a theme running through 
the committee’s view of the situation, it is that there 
should be closer links between the defence machine, 
particularly the defence research establishments, and 
industry. The committee’s friends, as well as those 
who may have been kept awake at nights by some of its 
operations, will be glad that it has not risked its credibil- 
ity by advocating too specific a recipe for change. 

The reasons why the committee singled out defence 
research for its second big examination are plain 
enough to see from the report. In 1967-68, the total 
cost of military research and development in Britain 
was £261 million, well over 25 per cent of all expendi- 
ture on research and development in Britain in that 
year (see Table 1). Evidently the committee could not 
properly claim to be exercising the rights of the House 
of Commons to supervise the strategy of research and 
development without tackling the defence sector. 
The evidence which the committee collected is, however, 
a striking reminder that most of the money spent on 
military research is spent on the development of air- 
craft and guided weapons, as these instruments are 
still somewhat quaintly called. In 1967-68, £139 
million seems to have been spent on the development of 
aircraft and missiles. Although this proportion— 
rather more than half the total bill—ia likely to be 
reduced in the years ahead as the Government imple- 
ments its promise to reduce the total cost of defence 
research and development by £30 million by 1970-71, 
those who read the report are bound to find themselves 
asking whether the proportion can be right. 

The committee follows a cautious middle line on the 
size of the budget for defence research and development. 
No doubt the Ministry of Defence has been able to win 
friends for itself by the way in which it is plainly well 
in charge of its expenditure on research and develop- 
ment—the record seems to have been established at 
£275 million in 1966-67. But there is obviously a 


great deal to be said for Mr Denis Healey’s argument 
to the committee that research and development may 
be the least elastic part of the whole defence budget. 
For one thing, research and development can bring 
economies in the total cost of defence. It is also 
possible that research and development can be used at 
times of external pressure on the defence budget to 
ensure that military preparedness is not sacrificed 
on the altar of economy. So far, so good, and the 
committee has done a public service by urging that 
more should be done to explore the possibilities of 
collaboration or at least coordination with similarly 
minded nations in Western Europe or North America. 
And it is sensible to urge the benefits of a division of the 
labour between the partners (typified by the Anglo- 
French agreement on the development of helicopters) 
rather than on the mounting of joint projects, for the 
outward success of the Jaguar project about which the 
Ministry of Defence is prepared to boast is more than 
outdone by the failures. To be sure, there are obvious 
but considerable difficulties. Nations naturally shy 
away from dependence on others, even their closest 
allies, which accounts for the imitative character of 
much defence research in Europe in the past decade. 
There are also problems about equitable commercial 
access to the fruits of military development—this is 
easier to arrange with joint projects than when there 
has been a division of labour in some particular field. 
Yet these are not insuperable problems, and it would be 
a good thing if the Select Committee’s new report were 
to persuade the British Government that the time has 
come for a fresh initiative. 

Cheeseparing is one thing, however, and strategy 
another. One of the most noticeable gaps in the 
committee’s argument is its neglect of the criteria 
which might be used to strike a balance between 
defence and civil research and development. Defence 
research is usually blessed with a special kind of 
urgency, for if the military have convinced themselves 
(and the Treasury) that some new weapon system is 
essential, the necessary research and development will 
be set in hand. And because the defence budget as a 


Table 1. PUBLIO EXPENDITURE ON DEFENCE RESEARCH 
AND DEVELOPMENT, 1967-68 (£ MILLION) 
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whole is necessarily large, reasonable amounts of money 
can be found without causing excessive damage to the 
rest of the defence programme. Rarely does the 
mounting of a new programme of military research and 
development entail the complicated calculations with 
which industrial people attempt to determine the 
potential benefits of new undertakings. 

But may there not be circumstances in which it 
would be prudent to spend more money on other kinds 
of enterprises ? Even within the public sphere of com- 
petence, it is plain that quite different criteria deter- 
mine the amounts of money spent on defence research 
and on civil enterprises such as fisheries or electronics. 
Ts it sensible, for example, that the Government should 
spend more than fifty times as much on defence research, 
and development as on civil transport (which cost the 
Treasury £4-7 million in 1966-67)? The difficulty of 
answering questions like these is that much more needs 
to be known about the relative importance of the chalk 
of military security and the cheese of social prosperity 
or amenity, but that does not entirely excuse the Select 
Committee for having ignored the problem altogether. 
What it should have done was to press Sir Solly Zucker- 
man, a forthcoming witness, for a thorough account of 
how the Central Advisory Council on Science and 
Technology has been functioning. This, after all, was 
intended to be the instrument with which the civil 
and military interests in research and development 
would be brought into some kind of confrontation. 
Sir Solly said in his evidence nearly a year ago that the 
central council was then labouring on the formulation 
of criteria for making this kind of decision, but this is 
probably a field whore case law is better than formal 
precept. Although defence research has been a declin- 
ing proportion of the British Governments spending 
on research and development for the best part of a 
decade, there is probably still a long way to go. 

The Select Committee is on stronger ground in its 
discussion of the management of projects, even though 
the most obvious difficulty confronting potential critics 
of the establishment is that the Ministry of Defence 
appears to be competently organized in its handling 
of new projects. Certainly it is a long time—one of the 
witnesses from the ministry could not remember 
just how long—since a defence project was cancelled. 
(The TSR2 aircraft seems to have been the last blot 
on the ministry’s reputation.) Decisions are for practi- 
cal purposes made within two key committees—one for 
defining military need (the Operational Requirements 
Committee) and one for implementing it (the Weapons 
Development Committee). 

The evidence collected by the Select Committee is 
eloquent proof of the influence of Sir Solly Zuckerman 
during his spell at the Ministry of Defence, for there 
seems to have been almost total adoption of a pro- 
cedure by means of which new projects are in turn 
subjected to a feasibility study and what is called a 
project study, involving detailed preliminary work, 
often experimental work in part, preparing the way for 
full scale implementation. The Select Committee 
is rightly worried at the way in which the strict financial 
control of the Treasury, which often sets an upper limit 
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on the amounts which can be spent, fits awkwardly 
with this arrangement, and the committee would like 
to see a system in which the Treasury is persuaded by 
the preliminary discussions within the committees to 
“increasing the extent of long-term allocation of fands 
to the Defence Departments”. What the committee 
bas in mind is not so much a blank cheque for every- 
body but a system in which there is reasonable discre- 
tion in dealing with unexpected increases of cost, and 
that is sensible. So too is its demand—the only recom- 
mendation which really deserves that word—that the 
technical men in charge of projects should be given 
financial as well as technical authority. Readers of 
the report will be sorry that the Select Committee 
did not follow a related question often prominent in 
the evidence it collected—the possibility that some 
defence research and development might be less directly 
related to particular development projects than is 
apparently the case at present. The point here is that 
a judicious choice of projects can effectively prepare the 
way for rapid development on new weapons at some 
later date. The snag is that costs may sometimes— 
but not always—be greater. The question which the 
Select Committee should have asked with more per- 
sistence is whether the concentration on projects in 
the fashionable British way may not in the long run 
be a false economy. As it stands, this policy may by 
itself explain why the industrial side-effects of defence 
research are less evident in Britain than in the United 
States. In other words, in a field of research in which 
the chief product is almost by definition wasted, there 
may be advantages in making sure that money is 
sometimes spent on long-term technology. 

There remain the establishments. The Select Com- 
mittee has swung its axe with delicacy, so that nobody 
who has read the report will consider that his job is 
threatened. The most striking suggestion in the 
report is that some consideration should be given to the 
joint direction of the government establishments by the 
Ministries of Defence or Technology (as at present) 
and industry. No doubt this is one of the Select 
Committee’s little jokes. Certainly it pops out of the 
rest of the text like a rabbit from a hat. The serious 
and laudable objective is to find some way of bringing 
industry and government closer together, but the joint 
management of the establishments, without a clear 
definition of what the establishments are for, can only 
be a recipe for perpetuating present anomalies. The 
central question, which must now be left for another 
inquiry, is whether it is possible to turn defence estab- 
lishments to work of potential value to industry, and 
whether that course is more profitable than simple 
abandonment of them. The Select Committee is right 
to urgo the more ready transfer of people between the 
research establishments and industry, but it should 
have tried much harder to make up its mind about the 
part which these great places can now be expected to 
play. On this issue, after all, the Select Committee 
was not expected to produce a solution to the awkward 
problem with which the British Government has been 
living for the past five years. A good piece of analysis 
would have earned the committee its keep. 
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Why Neighbours are not Kin 


Tam studies which have come to be known as the 
“social sciences” differ from other scientific disciplines 
in their peculiar opacity to the non-specialist. The 
words seem familiar—‘“integration”, “norm”, “culture 
coordinates” —but, since they are clearly used ana- 
logically, their meaning is obscure. The outsider who 
scans the current sociological journals to glean new 
insights into the nature of human society may be 
expecting too much, but he can be forgiven for think- 
ing that there is something amiss in the way that the 
results of sociological research are sometimes pre- 
sented. Whether well founded or not, the disappoint- 
ment that sociologists sometimes arouse in their well- 
wishers has been articulately expressed by Mr George 
Steiner (Language and Stlence, Faber, 1967). The 
sociologists, he believes, have stolen the language and 
expressions of the exact scientists in the hope of 
appearing rigorous. “But emptied of their specific 
technical content and forced into an alien setting, 
these expressions become blurred and pretentious. Like 
mutinous captives, they do ill service to their new 
masters. . . . Much of present sociology is illiterate or, 
more precisely, anti-literate. It is conceived in a jargon 
of vehement obscurity. Wherever possible, the word 
and the grammar of literate meaning are replaced by 
the statistical table, the curve or the graph. Social 
scientists have grown defensive about the essentially 
provisional and aesthetic character of their own 
pursuits.” 

It is always open to sociologists to claim that the 
style is the subject and that the social sciences can 
only be conducted in one kind of language. But there 
exists another kind of vehicle for sociological discourse, 
and it is that used by the Cambridge anthropologist, 
Dr Edmund Leach. It may be fortuitous that Dr Leach 
was trained as an engineer before turning to an- 
thropology, but his writings on sociology seem remark- 
ably free of scientific-sounding cant. His 1967 Reith 
lectures had the merit of being comprehensible, which 
may have been why they were widely condemned. 
Whether or not Dr Leach is right in what he says, 
he has at least succeeded in communicating a few ideas 
about society to a broad public. He has brought from 
social anthropology some insights into modern societies 
that are bound to evoke the interest of the layman 
even if not the approval of the professional. 

Dr Leach’s views on the position of the elderly and 
the perils of the family are well known. A lecture to 
the Architectural Association last week afforded a 


Transplants and the Law 


Logd Justick Epmunp Davins has done a great public 
service by reviving attention to the question of what 
kinds of laws are necessary to accommodate the tech- 
nology of organ transplantation. Plainly lawyers have 
a great deal to contribute to solving the problems. If 


further example of his method of analysis. The chief 
difference between modern and pre-industrial societies, 
he said, is that a man’s neighbours are no longer his 
kin. Man has not become genetically adapted to this 
situation or to the psychological stresses it creates, 
but there is little that social engineers, planners or 
architects can do to alleviate it. 

The industrial revolution and modern social policies 
have brought about a transition from a community- 
type society, where members were united by a common 
interest and way of life, to an association-type society 
in which individuals are bound by a legal contract 
but may often be in rivalry with their neighbours. In 
the community-type society, which still exists in some 
English villages, people do the same jobs as their 
fathers and are usually related to each other; work- 
mates, playmates, neighbours and relations tend to be 
the same people. There is a mystic sense of cultural 
continuity which is felt to exist independently of the 
inhabitants of the place. In the association-type com- 
munity, however, such as is typical of the modern 
industrial conurbation, neighbours are not relatives 
and share no common cultural language. The oldest 
generation are unwanted and the welfare state is 
expected to provide old peoples’ homes for them. 

It is often implied that the community-type society 
represents the natural way for man to live and is 
preferable to the fragmented relations of association- 
type society. But the community-type society has 
certain built-in disadvantages. There is little chance 
for an individual to change either his job or his social 
class, hence people rarely changed their place of 
residence, and hence neighbours were kin. The asso- 
ciation-type society affords liberty and equality but 
not fraternity; the community-type society gives the 
latter but not the former. 

If the community-type society is to be revived, Dr 
Leach says, we must forgo many of the freedoms of 
movement thought to be intrinsic to the capitalist 
industrial state. On the other hand, we cannot yet 
handle the stresses of the modern association-type 
society which arise from the lack of a shared cultural 
language between neighbours. A community of interest 
could perhaps be fostered in an association-type com- 
munity if neighbours would recognize the same obliga- 
tions as do kin. But this can only arise in the context 
of a settled pattern of residence and cultural continuity, 
which may be incompatible with the operation of a 
modern industrial state. That is something to chew on. 


anybody should doubt that, it is only necessary to 
reflect on Lord Justice Davies’s opinion that even 
tissue typing carried out on a potential donor may be 
considered an assault if it is done without the fullest 
consultation and consent. Many doctors would at 
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present be embarrassed by having to acknowledge 
that. But all that has happened in medicine is that 
practice has outstripped the law by a modest amount. 
This is neither scandalous nor unusual—inevitably the 
progress of technology creates situations in which 
existing law cannot adequately cover all innovations. 

Where transplants are concerned, however, the great- 
est problems are in defining more adequately than at 
present the position of potential donors of organs and 
of their surgeons. What constitutes valid consent ? 
What is to be done if relatives overrule the consent 
once given by a patient who has died ? The difficulty 
is that organ transplantation is an irreversible process 
and surgeons must expect to shoulder a great deal of 
responsibility when they undertake operations like 
these. But the scope of Lord Justice Davies’s speech 
this week is also a persuasive argument that any 
revision of the law should be a comprehensive revision. 
Even if the immediate need is to clarify the legal rights 
of donors, recipients and their surgeons, it will also be 
appropriate that new legislation should embody some 
of the rules which have been proposed in recent months 
for regulating transplant operations. It would, for 
example, be proper that legislation should include 
some definition of death. 

One object of a revision of the law should be to ease 
the conduct of transplant operations. This is a point 
for which Professor Roy Calne, one of the pioneers of 
liver transplantation, has been making eloquent 
propaganda in the past few months. The burden of 
his complaint is that people are dying needlessly for 
lack of a suitable donor. This undoubtedly is true, 
especially where kidney transplants are concerned. 
By now, the usefulness of the operation is well estab- 
lished, and even though a kidney transplant is not the 
equivalent of a cure in the simplest sense, operations 
like these are by now an established part of sensible 
medical practice. It is only fair, of course, also to 
acknowledge that hearts and livers are in a different 
case, at least for the time being. Although there is 
every hope that they too will become accepted parts 
of medical practice, they are still experimental opera- 
tions. A better appreciation of the distinction between 
kidney transplantation and operations with hearts 
and livers which have frequently been public sensations 
in the past few months would undoubtedly help the 
flow of kidneys from willing donors, but there is in 
any case no reason to suspect that there is a vast 
unwillingness on the part of ordinary people to see 
their organs used, after their death, by somebody else. 
A clarification of the legal position would help to make 
available this source of material for constructive 
operations. 

But should there also be a moratorium on publicity 
about transplants? This is one of the central points 
in the argument which Professor Calne has been mak- 
ing, most recently, for example, to a conference of 
newspaper editors in Cambridge at the end of April. 
His view is that the way in which the names of people 
whose hearts have been used for transplant operations 
have found their way into the newspapers has tended to 
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discourage other potential donors and their relatives 
from cooperating with the surgeons. Undoubtedly 
there is much truth in this, and it is probably also true 
that people have been discouraged from agreeing to 
kidney transplantations for the same reasons. But 
unfortunately it does not follow from this that a ban 
on publicity would be a constructive step. Indeed, 
the balance of the argument falls the other way, for 
at this stage in which transplant operations of all kinds 
are still something of a novelty, and while the code of 
ethics by which the surgeons operate is still unwritten, 
it is important that the public should know just how 
donors and recipients are being dealt with. It is un- 
reasonable to expect that doctors should be free to 
carry out transplant operations without the identity 
of the people concerned becoming known. To be 
sure, none of this excuses the way in which many 
newspapers have made sensations out of potentially 
constructive operations and it is entirely proper that 
hospitals should provide them with only the smallest 
amount of information. But the identity of the people 
concerned is potentially of public importance, and 
even if it may be withheld until after an operation is 
over, there is no case for the secrecy for which Professor 
Calne has been asking. 


FOOT AND MOUTH 


indelicate Compromise 


Tx conclusions and recommendations of the inquiry 
of the Northumberland Committee into foot and mouth 
disease, and the British Government’s response to 
them, which were announced last week are entirely 
predictable. The committee’s chief conclusion is 
that the slaughter of infected animals is the best way 
to eradicate the disease from Britain “provided that 
we maintain a meat import policy which substantially 
reduces the risk of primary outbreaks”. To be sure, 
the committee says that the safest way to ensure that 
the minimum risk of infection is, of course, to ban the 
import of all meats and offal from countries in which 
the disease is endemic—Argentina, Brazil, Uruguay 
and Chile. But the committee, no doubt aware from 
the outset that political and commercial pressures would 
make such a policy unacceptable, also recommended 
the best compromise—banning imports of all but boned- 
out beef and offal processed so as to kill the virus. 

The Government leapt at this compromise, which 
will come into force on October 1. On that date, the 
20 per cent tariff on boneless beef will be lowered and 
the Government has accepted a series of ancillary 
recommendations. It will, for example, discuss with 
South American countries ways to strengthen the 
British veterinary inspectorate in South America and 
consider extending the system of revocable licences 
for meat importers. It will discuss with the Agricul- 
tural Research Council the expansion of the Animal 
Virus Research Institute at Pirbright and make 
arrangements to put more epidemiological teams into 
the field. And it will also consider ways of cleansing 
and disinfecting men and vehicles at the point of 
entry of livestock into Britain. 

Prophylactic vaccination, the only alternative to a 
slaughter and meat imports policy, has once again been 
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rejected as too costly. But the Northumberland 
Committee’s estimates of the likely cost of prophylactic 
vacoination—£13 million in the first year and £5 
million annually thereafter—should put an end to the 
ridiculously high estimates that have been bandied 
about by antivaccination lobbies. And the Govern- 
ment’s acceptance of the recommendation that con- 
tingency plans for ring vaccination in the event of an 
outbreak should be prepared, even though they will 
cost about £1 million & year, is the most encouraging 
outcome of the inquiry. This means that vaccmation 
is no longer automatically equated with accepting the 
disease as endemic. 

Unfortunately, however, the committee did not 
recommend that ring vaccination should be used 
immediately an outbreak occurs but was content to 
say that “ring vaccination would not limit the number 
of primary outbreaks but it could limit spread. Al- 
though it has considerable disadvantages, we think 
that in certain conditions ring vaccination could be a 
useful adjunct to slaughter”. Who will decide when an 
outbreak has reached a great enough size to warrant 
vaccination? And how great must the outbreak be 
before vaccination is started? Only one member— 
Mr A. Cripps, QC—of the committee of eight, in a 
dissenting note, said that “the immediate application 
of ring vaccination to any outbreak which occurs seems 
to me essential”. The obvious advantage of this policy, 
apart from reducing immediately the risks of the 
disease spreading, is that it leaves no room for intermin- 
able argument and lobbying about when an outbreak 
has reached a size which warrants vaccination. 


NUCLEAR POWER 


The Tobacco Reactor 


Tue United Kingdom Atomic Energy Authority is 
all set to sell its first nuclear power station abroad for 
ten years. As part of an intricate trading agreement, 
the AEA hopes to supply the Public Power Corporation 
of Greece with a steam generating heavy water plant, 
and in return the Greek Government is hoping to sell 
quantities of Greek tobacco in Britain. The irony of 
replacing Rhodesian tobacco with imports from 
Greece cannot have escaped even the most unpolitical 
of the salesmen at the ABA, but this does not mean 
that the authority has not done well in getting as far 
as it has done. 

The negotiations involve the AEA and the Greek 
Public Power Corporation on the reactor side and 
United City Merchants and the Greek Tobacco Board 
on the tobacco deal. If things go well, the AEA will 
build a 450 megawatt SGHW reactor at a site about 
thirty miles from Athens. This would be the first 
SGHW to be exported from the United Kingdom, the 
earlier attempt to sell one to Finland having collapsed 
when the Finnish authorities decided to steer clear of 
nuclear generation for the time being. The only 
SGHW operating in Britain at present is the one at 
Winfrith in Dorset, which is supplying the national 
grid with about 100 MW of power. 

It is the flexibility of the SGHW system that seems 
to have caught the eye of the Greek power authority. 
For one thing, the reactor can use a variety of possible 
fuels, of which the cheapest and most probable is the 
enriched uranium used at Winfrith. The SGHW is 
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also considered to have high intrinsic safety, and the 
flexibility of its operating conditions makes it a very 
attractive proposition for the medium sized power 
demand envisaged by the Greek Power Corporation. 

A further advantage of an SGHW station is that 
much of the constructional work can take place in the 
factory rather than on the building site. It is expected 
that about 70 per cent of the cost of the Greek power 
station will go towards paying for prefabricated parts 
manufactured in Britain. With the total cost of the 
power station expected to exceed £30 million, this 
represents a sizable export figure. The plant should 
be completed and up to full power by 1974. 

British companies have not exported a nuclear power 
station since the first success a decade ago, when they 
sold two of the first generation of gas cooled graphite 
moderated power plants, one to Italy and one to 
Japan. Since then Japan has bought information 
on the SGHW from the AEA and a new attempt to 
sell the latest model of advanced gas cooled reactor is 
now under way, to South Korea (see page 515). 

Political factors necessarily play a part in both the 
Greek and Korean reactor deals. In the first, the Board 
of Trade describes the present state of trade between 
Britain and Greece as “normal’’, subject only to Britain 
not furnishing goods that could be used for internal 
suppression. But much may depend on the relation- 
ship between Greece and other members of the Council 
for Europe in the days ahead. 


TECHNICAL RESEARCH 


Making it Work 


from a Correspondent 


Ox May 5 the Institute of Physics and the Physical 
Society held a conference in London on the organization 
and management of research and development. Mr P. 
Trier, director of the Mullard Research Laboratory, 
set out to distinguish between research and develop- 
ment and their proper modes of organization. He 
decried the conventional basic/applied dichotomy: all 
industrial research and development is applied, but a 
distinction is to be made between radical innovation, 
which is the practice of research, and the later stages of 
design and production engineering —development— 
which is intimately tied to economic considerations. 
Mr Trier favoured separate development laboratories 
attached to individual project decisions: this aids the 
symbiosis between design and manufacture, needed to 
ensure commercial success. This opinion, however, was 
contested later; views on this aspect of organization 
seem to vary widely. 

Economic features of development were analysed. 
further by an accountant, Mr J. Bullock (Robson, 
Morrow and Co.), who emphasized the vital importance 
of maintaining month by month estimates of costs 
(including forward commitments) attributable to the 
development project, so that an up to date comparison 
with forecast expenditure could frequently be made, 
preferably with the use of discounted cash flow calcula- 
tions. This harmonized with Mr Trier’s insistence that 
the viability of development projects needed to be 
reassessed at regular intervals. Mr Bullock’s presenta- 
tion made elegant use of visual aids, and he delighted 
the audience with his faintly cynical quotations 
concerning the justification of research and develop- 
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ment facilities, as for example: ‘‘Visitors and share- 
holders alike are impressed by the sight of so much 
science and the smell of H,S”’. 

The economic bent of the meeting was maintained 
by a lecture on the operations of the Programmes 
Analysis Unit, jointly administered by the Ministry of 
Technology and the Atomic Energy Authority, which 
exists to assess proposed civil research and development 
age in the Government sector. Its director, Mr 

. Č. R. Nicholson, explained some of the problems of 
evaluating the cost effectiveness of a project in the 
event of its successful completion. Benefits may be 
hard to assess because they depend on how a technical 
advance is to be utilized (for example, a saving of 
weight in an aircraft might be used to improve range, 
payload or comfort). The last alternative is related to 
the difficult problem of quantifying the benefit of 
developments which improve public amenities. Less 
noise, more prestige, even effective entertainment as 
provided by Moon-shots, are apt to defy the earnest 
analyst. The problems of classifying and evaluating 
benefits was elegantly illustrated by reference to 
possible methods of diminishing losses by fire. Mr 
Nicholson concluded by urging the importance of 
trusting responsibility for programmes analysis in 
industry to very senior specialists. 

Mr S. H. Clarke, a former officer of the now defunct 
Department of Scientific and Industrial Research, spoke 
compellingly about the social management of research 
and development staff. His wise comments were 
evidently based on varied experience, conscientious 
analysis and long reflexion. He was particularly 
concerned with problems of appraisal and promotion, 
and described. an experiment with a series of old annual 
confidential reports, anonymously submitted to a 
number of panels for assessment, which convinced him 
of the solid virtues of such reports as a basis for 
judgment. He also discussed the advantages of self- 
appraisal. He echoed Mr Nicholson by urging that 
personnel management, including the responsibility for 
evaluating reports, should be the charge of someone 
at directorial level. 


GERMAN SCIENCE 


Up with the Mark 


Geman science is as buoyant as the mark itself, 
according to a Unesco survey of science policy and the 
organization of research in the Federal Republic 
(Science Policy Studies and Documents, No. 12, Unesco, 
lls, $1.75). Federal support for science, the report 
says, is intended to increase by an average of 16 per 
cent each year. This is the highest growth rate shown 
by any part of the budget. Nuclear and space research, 
data processing and possibly oceanography are most 
likely to benefit. Germany’s nuclear scientists are 
giving priority to projects which include the develop- 
ment of advanced converter and breeder reactors, and 
the space scientists are shifting their horizons outward 
from the basic aspects of space research to an increas- 
ing concentration on satellite and space-probe projects. 
For the time being, Federal Germany sees large-scale 
space projects as beyond reach for a purely national 
effort and is concentrating on participation in European 
cooperative projects and in joint projects with the 
United States and France. 





NATURE, VOL. 222, MAY 10, 1969 


Unfortunately, however, the Unesco survey, carried 
out by the German Research Association under the 
guidance of Dr Claus Miiller-Daehn, throws no light 
on the reason for the post-war boom in German science. 
It gives no hint, for example, of why federal spending 
on space has gone up from £1-2 million in 1962 to 
between £45-3 and £56-9 million in 1971, or why the 
Federal Ministry for Scientific Research should think 
it worthwhile to go in for oceanography. Nor does the 
survey investigate the part scientific research has 
played in placing Germany on its present economic 
pedestal. 

It does, however, stress the number of organizations 
which have a finger in the scientific pie. As well as 
involvement by the federal government and by the 
individual states themselves, West Germany has its 
science foundations, chiefly the Donors’ Association, 
the Volkswagen Foundations and the Thyssen Founda- 
tion, and a big commitment from private industry. 
The Donors’ Association, made up of 4,800 associations, 
firms and individuals who want to support science, is 
a particularly commendable idea. Its members give 
money either without strings attached or earmarked 
for a particular scientist, institute or piece of research. 
There are criteria as to what the contribution from each 
member should be, and most of the money goes in the 
form of a lump sum to the science organizations. 


MEDICAL RESEARCH COUNCIL 


Quietly Growing 


Now that the dust of the budget has settled, the 
university teachers have learned to live with the idea 
that the Prices and Incomes Board does not equate 
professors with captains of industry, and the univer- 
sities have digested the latest financial cuts, the 
Medical Research Council’s budget for 1969-70 deserves 
a second reading. The MRC has come through it all 
remarkably well. Its funds, far from being cut or held 
constant have risen by about 12 per cent. This year, 
excluding the £63,000 subscription to the International 
Agency for Research on Cancer, the MRC has 
£17,078,000 to spend compared with £15,248,000 in 
1968-69. Of this, £2,819,000 is earmarked for capital 
expenditure on sixty schemes, fifty-eight costing lesa 
than £50,000 each and twelve much larger long-term 
projects (see Table 1). The remaining £14,259,000 


Table 1. M&O SOHBMES INVOLVING CAPITAL BXPENDI- 


TURES OF MORM THAN £50,000 AND IN PROGRESS APRIL l, 
1969 


Required 
for 
1969-70 
£359,000 
£950,000 
£118,000 

£6,000 
£30,000 


Scheme 


National Institute £1,439,000 
Clinical Research Centre £7,820,000 
Molecular Biology, Cambndge £478,000 
Cellular Immunology, Oxford £101,000 
Carshalton Laboratories £170,000 
Demyelinating Diseases, New- 
castle on Tyne 
Clinical and population oyto- 
genetics, Edinburgh 
Computer Unit 
Child Nutrition, Uganda 
Pneumoconiosis, 
Hammeramith Laboratories 


£116,000 £32,000 


£1,080,000 £42,000 
£15,000 

£7,000 
£27,000 
£10,000 
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provides for running all the units, the National Institute 
for Medical Research (which alone costs £1,724,000), 
grants to universities and research institutes and 
fellowships and training awards (see Table 2). 


Table 2. MRO GENERAL EXPENSES FOR 1969-70 AND 
1968-9 


1969-70 
Administration and central ex- 


1968-9 


£794,000 
£1,724,000 
£514,000 


£760,000 
£1,565,000 
£340,000 


£6,283,000 
£3,252,000 
£790,000 
£741,000 


penses 
Natıonal Institute 


Clinical Research Centre 

Research umts and external 
scientific staff 

Grants to universities 

Special grants to institutions 

Fellowships and training awards 


£7,052,000 
£3,700,000 
£859,000 
£862,000 





The Institute of Cancer Research, London, which 
includes, of course, the Chester Beatty Research 
Institute, is by far the council’s most costly pensioner 
among the research institutes, receiving £485,000. 
The league table of MRC units is headed by the 
Laboratory of Molecular Biology at Cambridge with 
£503,000 followed by the three units at the Carshalton 
Laboratories (£499,000), the Radiobiological Research 
Unit, Harwell (£484,000), the two units at the Hammer- 
smith Laboratories (£395,000) the Biophysics Research 
Unit, London (£273,000), the Pneumoconiosis Research 
Unit, Cardiff (£233,000) and the Clinical and Population 
Cytogenetics Unit, Edinburgh (£232,000). None of the 
other units receives more than £161,000. 


FOUNDATIONS 


Charity for Prosperity 


UNIVERSITIES whose industrial liaison projects found 
favour with the Wolfson Foundation trustees are now 
busy making plans for spending the money. The 
scheme goes back a year and a half, when the Wolfson 
Foundation said (Nature, 216, 111; 1967) that it would 
set aside £500,000 over five years for technological 
projects at universities and colleges of technology 
likely to help the modernization of British industry 
and improve the economic position of the United 
Kingdom. One incidental but important factor in the 
foundation’s calculation was the wish to strengthen 
links between university departments and industry. 
More than 150 applications for specific projects 
poured in RT 1968, and a panel of scientists and 
engineers under Sir Solly Zuckerman eventually picked 
out sixteen specific projects on which the trustees 
agreed to spend £1 million. The foundation’s policy 
has been to favour universities which have already 
developed close relationships with local industries. 
Among the largest grants are £225,000 to Nottingham 
University for an institute for the study of interfacial 
henomena. Sums of £130,000 go to the University of 
inburgh for a microelectronics liaison unit con- 
cerned with the fundamental properties of electronic 
materials, to the University of Surrey for a centre for 
research and development in bio-analytical instru- 
mentation and to the University of Wales for a centre 
for the technology of soft magnetic materials and their 
application. Sums of about £70,000 go to the Univer- 
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sity of Birmingham for the development of a multi- 
station petro-forge transfer machine (a high-speed 
combustion driven press), to the University of Liver- 
pool for research to assist manufacturers of vacuum 
equipment, to Imperial College, London, for compiling 
a geochemical atlas of part of Britain and to the 
University of Cambridge for research on electron 
optica] instruments. Other projects include the applica- 
tion of modern control theory to models of the national 
economy (Cambridge) and a centre at Southampton 
for industrial noise and vibration control. 

Depending on how the scheme is working out by the 
end of the year, the director of the foundation says 
that the Wolfson trustees may decide to allocate more 
money to projects like these. 


COUNTRYSIDE 


Automobiles Attacked 


from our Planning Correspondent 


Morz control over the use of the motor car in the 
British countryside is urged by David Rubinstein and 
Colin Speakman in a new Fabian pamphlet (Letsure 
Transport and the Countryside, 48). They say that 
while the family car is the greatest liberating asset yet 
known to town dwellers in Britain, it is also the 
greatest danger to the countryside. Britain’s roads are 
already the most crowded in the world, the pamphlet 
points out—they were nearly four times as crowded in 
1967 as in 1947. At the same time, there will be an 
unprecedented increase in demand for leisure and 
recreation. Already the problem of controlling holiday- 
makers in certain areas at peak holiday periods is acute 
(as for example in the Lake District National Park and 
the New Forest), and it will be unmanageable by the 
1970s if not dealt with. The authors urge a policy of 
traffic and transport control in the countryside by an 
authority whose “aegis extends to the planning of the 
whole environment of rural areas”. 

“The traffic problems which accompany increased 
leisure must make us realize that we have no God-given 
right to get into our cars and drive wherever and 
whenever we like.” Some restrictions are necessary, 
and it is suggested that these could take the form of 
one-way traffic schemes, scenic drives, control of 
parking, road widening, segregation of traffic, road 
pricing and motorless zones, “‘the most sensitive areas”, 
with local variations where necessary. 

While the private car must be restricted, the authors 
say that access to recreational areas by public transport 
should be made easier, and that future policies for 
public transport must consider this. They see public 
transport as an essential part of country planning, and 
suggest that it takes the form of primary rail and 
express bus services to recreation areas from centres of 
large population, secondary services from and to 
smaller centres and minibus services to the most remote 
and sensitive areas where it may be necessary to limit 
the use of motor cars. But the policy must be flexible 
because each area will have its own particular transport 
problems and solutions. 

If traffic must be reduced, the area available for 
leisure must be increased, and the authors say that 
one way would be to provide more parks in towns. 
“Fun palaces” in which a large variety of recreational 
pursuits could be followed could be built, and much 
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more use could be made of derelict land such as old 
collieries, disused gravel pits, canals and railways. 
The Government could assist here with increased 
grants for the reclamation of devastated areas. 


TRANSPLANT LAW 


Surgeons and Lawyers 


“THERE are times when the bold medico makes the 
cautious lawyer gasp.” So said Lord Justice Edmund 
Davies in an address to the Royal Society of Medicine 
this week. Lord Justice Davies took a legal look at 
transplant surgery, and his eloquent and brilliant 
speech clarified many of the difficult problems posed 
by modern medical practice. 

Living donors are frequently used for kidney and 
skin transplants, and, even when they have fully and 
freely consented to an operation, under present British 
law the surgeon is not absolved from future legal action. 
“Tt is unlikely that the existing law keeps many 
transplant teams awake at night,” said Lord Justice 
Davies, “but there is a risk, and I advocate legislation 
to remove this chance of civil or criminal liability.” 
He emphasized, however, that a prospective donor 
must be fully informed of the dangers he faces, that he 
must have a reasonable motive for his act (for example, 
relation to the recipient), and that he must be of sound 
mind. Further, the surgeon should make sure if he 
can that no family pressure has been brought to bear 
on the donor. 

Should prisoners be allowed to make symbolic 
amends to society by acting as donors? This was the 
practice in Colorado hospitals for some years, though 
it has now been discontinued. Lord Justice Davies 
thought that prisoners were so susceptible to institu- 
tional pressures as to make the practice unsound. 
Similarly with minors, in Massachusetts a fourteen 
year old boy recently donated a kidney to his identical 
twin brother, who would have died without it. United 
States law apparently sanctioned this operation and it 
was argued that the transplant safeguarded the healthy 
boy, who might have been the victim of ruinous guilt 
if he had not saved his brother. Lord Justice Davies, 
however, thought that, even in that case, English law 
would have condemned the operation, regardless of 
the boy’s and parents’ wishes. 

Terminal patients raise some overwhelming ethical 
problems. There have been cases of dying patients 
being subjected to tissue typing test without their 
consent, to determine their suitability as future organ 
donors. Lord Justice Davies made it clear that he 
considered such testa to be tantamount to assault, 
though he added that legal and medical opinion is 
divided on the point. The removal of organs from 
corpses poses problems of a different order. Medical 
practice has moved some way from legal practice, just 
as corneal transplants were standard some years before 
the 1952 Corneal Grafting Act clothed them in legality. 
The 1961 Human Tissue Act stipulates that surgeons 
may not dissect cadavers without making reasonable 
enquiry that this is not against the wishes of the dead 
person and his near relatives. The law does not waive 
this demand even when the clinical urgency is great. 
Relatives have the power of absolute veto regardless, 
indeed, of the sated wishes of the dead person. The 
situation is thought by many to be unsatisfactory, and 
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Lord Kilbrandon has made the sweeping proposal to 
dispense entirely with the need to ascertain the wishes 
of the deceased and his relatives. Lord Justice Davies 
acknowledged the need for reform, but argued that the 
opinion of the surviving spouse or near relative should 
still be solicited. He explained that in some hospitals 
in the United States it is standard practice to ask all 
incoming patients about their willingness to donate 
organs in the event of their death. 

A new medical definition of death is an urgent 
necessity now that some transplant surgeons routinely 
remove beating hearts from patients dead in terms of 
the EEG. Lord Justice Davies argued. that this prob- 
lem is predominantly medical, although some distin- 
guished members of his audience dissented from this 
opinion during the discussion. Dr David Kerr, MP, 
was adamant that legal minds must shoulder some of 
the burden of reaching a new definition of death. 
Professor Roy Calne reminded the audience of the 
hundreds of kidney patients who die unnecessarily 
each year for lack of a transplant. 


MEDICAL RESEARCH COUNCIL 


One for the Melting Pot 


Tax Medical Research Council confirmed this week the 
long-standing rumour that the Metabolic Reactions 
Research Unit housed at the Biochemistry Depart- 
ment of Imperial College, London, will be disbanded 
in 1971, when the honorary director, Professor E. B. 
Chain, reaches the MRC’s retirement age. The MRC 
says that this closure is simply an example of the 
policy of building units around directors and closing 
them when the director retires or leaves, so long as 
there is no obvious successor or no compelling reason 
to keep the unit in existence. Professor Chain will be 
sixty-five in 1971, and, although he will still have two 
years to serve as professor of biochemistry at Imperial 
College, where professors are retired at sixty-seven, 
the MRC has held firm to its decision not to make an 
exception and extend the life of the unit for the two 
years. No other senior staff will be affected by the 
closure of the unit, which has been characterized for 
some time by a lack of senior people, apart from 
Professor Chain. One member of the unit, Dr S. P. R. 
Rose, has already accepted @ new appointment as 
professor of biology in the Open University. 

The future of another of the MRC’s units in London, 
the Biophysics Unit at King’s College, one of the 
largest MRC units in the country (see page 510) with 
a budget this year of £273,000, has still to be decided. 
There is, of course, no question that it should be 
disbanded when Professor Sir John Randall retires in 
about two years’ time. At the same time, negotiations 
within the MRC and with the college seem to be drag- 
ging on for longer than seemed likely last September, 
when the council was on the point of announcing its 
intentions. It is not clear who has had second thoughts, 
but at one stage the plan apparently was to split the 
unit into two units coinciding with the chief lines of 
current research—one devoted to research on muscle 
and contractile proteins and the other continuing 
the work on nucleic acids for which the unit is re- 
nowned. The MRC said last week that discussions with 
King’s College were still continuing and there was no 
sign that an announcement was imminent. It remains 
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to be seen whether the stumbling block is the college’s 
concern for the future of the staff of its Biophysics 
Department or changes in research interest of some of 
the unit’s staff. 


POPULATION 


More Support for IPPF 


GOVERNMENT support for the activities of the Inter- 
national Planned Parenthood Federation (IPPF) is 
now growing at a more encouraging rate. The federa- 
tion has been able this week to announce grants of 
£100,000 a year for three years from the British 
Government and of £40,000 from Japan, bringing its 
total budget for 1969 to £3-5 million, Britain’s previous 
support has been limited to an annual grant of £50,000 
since 1966; other contributing countries are the 
United States (£1,650,000), Sweden (£290,000) and 
Denmark (£36,000). 

The IPPF now has member organizations in fifty-five 
countries and supports some sixty local groups which 
are trying to set up birth control services as a prelimin- 
ary to government support. A recent survey published 
by the [PPF showed that nineteen developing countries 
now have government sponsored birth control pro- 
grammes, including four countries in Africa, ten in 
Asia and five in the Americas. 

Despite the setback of the Pope’s encyclical, the 
IPPF has made steady progress over the past year in 
winning public support for birth control services. 
Governments are increasingly turning to the federation 
for assistance and the demands on its services now 
exceed the available funds. After a period of aloofness 
the United Nations has in recent years taken a more 
appropriate interest in methods of population control, 
and all its relevant agencies are now involved to various 
extents; Unesco, for example, is to hold a seminar in 
June on education in family planning. The World 
Bank also has begun to pronounce on the economic 
as well as medical dividends of birth control pro- 
grammes. 

The IPPF is about to launch a new drive in south- 
east Asia, where the most serious effects of population 
growth are being experienced. An international con- 
ference at Bandung in June will discuss the best use 
of local and foreign resources in the birth control 
programme launched by Indonesia as part of its five 
year development plan. South-east Asia is also the 
scene of some of the most successful birth control 
programmes, such as are operated, for example, in 
Singapore, Hong Kong and South Korea. 

Early this year the basic science committee of the 
IPPF launched a quarterly news-sheet, Research in 
Reproduction, which is edited by Dr R. G. Edwards 
at Cambridge University, and made a grant towards 
the new Journal of Biosocial Science, edited by Pro- 
fessor Sir Alan Parkes. Both these ventures promise to 
become of considerable importance. 


METEORITES 


Apparition in Northern ireland 


Two substantial pieces of the meteorite which startled 
a good deal of the British Isles on the evening of 
Friday, April 25, have now been found and they are 
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being studied at a number of British laboratories. 
Apart from the spectacle which it created, the meteorite 
was also remarkable for the delay between the actual 
fall and the discovery of the fragments. This is why 
suggestions that the occurrence might have been a 
fireball were widely current in the hours after the 
event. The first trace of the existence of a meteorite 
was the discovery at midday on Monday, April 28, of 
a hole in the roof of a store used by the Royal Ulster 
Constabulary at Sprucefield near Lisburn, with a 
fragment of a meteorite weighing 1-13 pounds in two 
parts lying underneath. Later the same day a much 
larger fragment, weighing between 10 and 11 Ib, was 
found at the bottom of a small impact crater in a field 
near Kilrea. This fragment is slightly incomplete 
because local people had removed small parts of it 
before the recovery. 

The circumstances of the discovery are being investi- 
gated by Mr Philip Doughty of the Ulster Museum, 
Belfast, and Mr Jan Meighan of the Geology Depart- 
ment, Queen’s University, Belfast. Pieces of both 
fragments have been sent to the Atomic Energy 
Research Establishment at Harwell. A piece of the 
smaller fragment has also gone to the Smithsonian 
Astrophysical Observatory in Cambridge, Massa- 
chusetts. 


TECHNOLOGY 


Blackett Resigns 


Tue Ministry of Technology announced last week that 
Lord Blackett has resigned as Deputy Chairman of 





the Advisory Council on Technology, and has been 
replaced by Mr J. P. W. Mallalieu, Minister of State at 
the ministry. By all accounts, what is happening is 
that Lord Blackett is now proposing to spend some of 
the time previously devoted to technology in the House 
of Lords. He will, however, remain a consultant to 
the Ministry of Technology even though he has given 
up his office in the ministry’s building. 
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SELECT COMMITTEE 


No Change for NERC 


Tue view that everything to do with the Natural En- 
vironment Research Council is as it should be was 
restated last week when three officials of the council 
gave evidence for the second time to the subcommittee 
of the Select Committee on Science and Technology. In 
particular, the officials said, they are satisfied with the 
scope of their responsibilities for oceanography, meteor- 
ology and hydrology. 

So far, at least, NERC seems to have resisted the 
temptation, supported to some extent by logie and to 
some extent by the recommendations of previous 
committees, to take fisheries research under its 
wing. 

Professor V. C. Wynne-Edwards, chairman of NERC, 
said that although the work of the laboratories at 
Lowestoft and Aberdeen would fit well under NERC’s 
umbrella, there were other reasons for keeping the 
present connexion of the laboratories with the Fisheries 
Department of the Ministry of Agriculture, Fisheries 
and Food. For one thing, he said, fisheries research is 
international and there is a need to collaborate with 
other organizations on a governmental level in countries 
overseas, The subcommittee last week wanted to 
know what had happened to the recommendation of 
the Trend Committee in 1963 that the position of 
fisheries research should be reviewed five years after the 
setting up of NERC—a blessed event going back four 
years. But, as it happens, the council has not yet offici- 
ally considered what should be done and has not even 
replied to the Council for Scientific Policy, which has 
asked for the views of NERC on the present arrange- 
ments. No doubt the council, which has often been 
accused of empire-building in the recent past, is particu- 
larly pleased with this evidence of self-restraint. The 
council, through its deputy secretary, Mr D. J. McLean, 
also said last week that it considers the small amount 
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of its resources devoted to meteorology—roughly 0-3 
per cent of all expenditure—to be well spent. The 
money goes to a few universities with high reputations 
which are doing fundamental work, particularly in 
cloud physics. Mr McLean said that this usefully com- 
plements the work of the Meteorological Office, with 
which it would be hard for the universities to compete. 
NERC seems to have spent its money mostly at 
Oxford, Manchester and Newcastle upon Tyne; Mr 
McLean said that meteorology is necessarily expensive 
because of the facilities which it requires. 

Hydrology should grow fast in the years ahead. 
NERC sees what used to be the small research unit 
under the now defunct Department of Scientific and 
Industrial Research growing to a large and important 
organization in its new incarnation as the Institute of 
Hydrology. The intention is that this should have a 
staff of between eighty and ninety and that it should 
spend half as much again as it does now. Pollution 
seems to be the subcommittee’s favourite problem, but 
Professor Wynne-Edwards pointed out last week the 
distinction between research into existing pollution and 
research into methods for preventing pollution. Pre- 
vention, he said, is none of NERC’s responsibility. 
Mr McLean also did his best to reassure the subcom- 
mittee that effort was not being wasted unduly on 
projects overseas. The teams sent to investigate 
problems abroad often learned much that would be 
valuable at home and many hydrological problems of 
a fundamental character could be answered more 
effectively in a more extreme climate. And in any 
case, NERC does not spend very much overseas. 

From the examination of NERC so far carried 
out by the subcommittee, it is unlikely that the other 
research councils have much to fear from its operations. 
The parliamentarians seem to have been chiefly con- 
cerned to find out what the council is attempting to do 
with its resources. So far, there has been only the most 
cursory examination of the way in which the council 
manages its internal affairs. 





Parliament in Britain 


Planning and Management 
REPLYING to a question about the shortage of places for 
postgraduate students wanting to study planning and 
management, Mrs 8. Williams, for the Department of 
Education and Science, said that the number of grants 
for these subjects was one of several questions about the 
transfer of postgraduate grants from local to central 
government covered in recent correspondence be- 
tween the chairman of the Social Sciences Research 
Council and the department. She said she saw no 
reason to publish this correspondence but added that 
the National Economie Development Office, the Town 
Planning Institute and individuals had made represen- 
tations and she hoped to reach a decision soon about 
the number of postgraduate awards for the social 
sclences. 

Mrs Williams dismissed as unhelpful a suggestion. 
that because of continued disorders at universities, the 
department should seek powers to provide for their 





proper government. (Oral and written answers 
April 28.) 

Sea Bed Exploitation 

THe Government favours establishing an inter- 


national regime to govern the exploration and exploi- 
tation of the deep sea bed as soon as practicable, but 
Mr F. Mulley, for the Foreign and Colonial Office, said 
he did not expect the United Nations Sea-Bed Commit- 
tee to reach an early conclusion. Mr Mulley added that 
the Government accepts and supports the principle 
that there should be an arms control for the sea-bed; 
it is the practical details of arms control that are the 
stumbling block to rapid international agreement. 
(Oral answer, April 28.) 

Academics’ Wages 

On May 1 Mrs S. Williams announced that the Govern- 
ment, while accepting the recommendation of the 
Prices and Incomes Board that the pay of university 
teachers should in part reflect their teaching ability, 
had decided to cut by two-thirds the amount to be 
given as merit awards to non-professorial staff. The 
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NUCLEAR REORGANIZATION 


View of TNPG 


Mr ARTHUR Parmer, chairman of the House of 
Commons subcommittee which is investigating the 
nuclear power industry, and Sir Edwin McAlpine, 
chairman of the Nuclear Power Group (TNPG), greeted 
each other like old friends at last week’s session. 
Sir Edwin was in an expansive mood. First he sur- 
prised the subcommittee with the declaration that he, 
at least, is more than delighted with the way the 
controversial reorganization of the industry is going. 
Then he took a swipe at the boiler-making companies— 
“behaving like a lot of blacksmiths”, he said, and not 
likely to make any notable technical progress in the 
atomic field. Even Mr Airey Neave, whose interest in 
the industry encompasses a seat on the subcommittee 
and a directorship of the John Thompson boiler 
company, managed to put on a smile. But Sir Edwin 
refused to be tempted into indiscretions on the disaster 
at Dungeness B. Part of the trouble was that the 
tender for the advanced gas-cooled reactor at Dunge- 
ness B had been rushed through in a hurry, but he was 
optimistic about the future of AGRs. The problem 
of exporting nuclear power stations in the teeth of 
American competition was also aired, and there was a 
plea for an investigation of the royalties which the 
nuclear industry has to pay to the Atomic Energy 
Authority. Sir Edwin ensured that the meeting was 
less like an inquisition than its predecessors. 

Mr S. A. Ghalib, managing director of TNPG, took 
over the explanation of export problems. TNPG is 
trying to sell an advanced gas-cooled reactor to South 
Korea, but the Koreans have given a letter of intent to 
Westinghouse for a pressurized water reactor. Mr 
Ghalib thought that the AGR was competitive with 
the Westinghouse tender, and agreed that American 
political influence was involved. But he was hopeful 
that the Korean decision could be reversed, because 
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one of the conditions of the deal is that Westinghouse 
arranges a loan for about 90 per cent of the cost of the 
station, and this they are finding hard to do. Westing- 
house is looking round for help and a British company 
has been asked to provide the station’s generators and 
some long-term credit. If the credit is forthcoming 
from Britain, TNPG will have lost its chance of getting 
the contract. But Mr Ghalib seemed optimistic that 
TNPG could win the contract in the end. 

The reason why Sir Edwin is so scornful of the 
boiler-makers stems from the failure of the attempted 
merger between three boiler companies (International 
Combustion Holdinga, Clarke Chapman and John 
Thompson) which the Industrial Reorganization Cor- 
poration instigated and which was to have been the 
linchpin of the reorganization. Sir Edwin thought that 
the proposed boiler merger was “a lot of nonsense” 
from the start, but once the IRC realized its mistake 
the reshaping of the industry ‘‘went like a bomb”. The 
industry could not have carried out the reorganization 
without the ae the IRC, which had done a good 
job. He was of praise for the IRC and AHA 
representatives on the board of TNPG. But there were 
plaintive noises about the royalties which have to be 
paid to the AEA when a reactor is sold. TNPG’s 
competitors in the United States and Germany did not 
have to bear this burden, and it was all extra pounds 
on the jockey’s back. The subcommittee, however, 
thought AEA’s tithe sensible. 

Predictably, TNFG want to see the building of 6 
commercial steam generating heavy water reactor in 
Britain. An SGHW station built as a joint project 
between Eire and Northern Ireland would make a lot 
of sense, Sir Edwin thought, and it is virtually impos- 
sible to sell an SGHW abroad until one has been 
ordered for the home shop window. The prospects are 
gloomy, however. The electricity boards already have 
more than enough spare capacity, and there is no 
intention of starting on a new power station for 
commissioning in 1974-75. 





two-thirds saved would instead be distributed as a 
further general pay rise, which in a full year would cost 
£1-2 million. The award has been back-dated to 
October 1, 1968, and the merit awards will be effective 
from April 1, 1969. Professors’ pay will not be 
increased overall but they will be eligible for a 4 per 
cent distinction award. Mrs Williams added that the 
Government hopes that the universities will allocate 
merit awards solely along the lines suggested by the 
PIB. 


Kew Gardens 

Mr J. Maca, for the Ministry of Agriculture and 
Fisheries, assured Mr A. Royle that the Government 
had no plans for altering public access to Kew Gardens, 
which had been given to the nation by Queen Victoria. 
He said that over the past twenty years the annual 
number of visitors had been around a million. (Written 
answer, April 30.) 

Concorde 

Me J. P. W. Matuacrau, for the Ministry of Tech- 
nology, said that he would make an announcement if 


Concorde is to be tested at supersonic speeds over land. 
He said nineteen supersonic flights had taken place 
over the Wash area in the past two months. These 
were part of the continuing research into supersonic 
flight by both military and civil aircraft. Mr W. 
Rodgers, for the Board of Trade, said that good 
progress was made last year in drawing up a tripartite 
certification plan between the US, France and Britain 
for noise levels of future generations of subsonio jet 
aircraft. Discussions are to be resumed shortly and 
the hope is to introduce an internationally acceptable 
scheme to ensure the introduction of progressively 
quieter aircraft. (Written and oral answers, April 
28 and 30.) 


Forestry Commisslon 

Mr G. THomas, for the Ministry of Agriculture, said 
that between 1959 and 1968 the forest land in England 
and. Wales held by the commission had increased from 
281,000 acres to 332,000 acres while the number of 
industrial workers employed had fallen from 3,107 to 
1,843. (Written answer, April 28.) 
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NORTH AMERICA 


APPOINTMENTS 


NATURE, VOL. 222, MAY 10, 1969 


National Academy Elections 


Tue following have been elected members of the US 
National Academy of Sciences: 

George E. Backus, University of California at San 
Diego; Paul B. Beeson, Oxford University; Harry 
Beevers, Purdue University; Elkan Rogers Blout, 
Harvard University; Keith A. Brueckner, University 
of California Institute for Radiation Physics and 
Aerodynamics; Robert K. Cannan, National Academy 
of Sciences; Samuel C. Collins, Massachusetts Institute 
of Technology; Jerome W. Conn, University of 
Michigan Hospital; Allan V. Coz, Stanford phan 
Richard R. Doell, US Geological Survey; Sidney D. 
Drell, Stanford Linear Accelerator Center; Gerald M. 
Edelman, The Rockefeller University; Herman N. 
Eisen, Washington University; Thomas Eisner, Cornell 
University; Herman Feshbach, Massachusetts Institute 
of Technology; Arthur D. Hasler, University of Wis- 
consin; George H. Hepting, Southeast Forest Experi- 
ment, Asheville, North Carolina; Norman H. Horowtz, 
California Institute of Technology; Harold L. Johnson, 
University of Arizona; Stephen C. Kleene, University 
of Wisconsin; William A. Klemperer, Harvard Univer- 
sity; Walter Kohn, University of California at San 
Diego; Tjalling C. Koopmans, Yale University; Martin 
G. Larrabee, The Johns Hopkins University; Thomas 
Lauritsen, California Institute of Technology; Benjamin 
Lax, Massachusetts Institute of Technology; Joseph 
C. R. Licklider, Massachusetts Institute of Technology; 
Floyd G. Lounsbury, Yale University; Robert H. Mac- 
Arthur, Princeton University; Boris Magasansk, 
Massachusetts Institute of Technology; Jerrold Mein- 
wald, Cornell University; Alton Meister, Cornell 
University; Arthur W. Melton, University of Michigan; 
Elliott W. Montroll, University of Rochester; Louts 
Nirenberg, New York University; Egon Orowan, 
Massachusetts Institute of Technology; John Rodgers, 
Yale University; Marshall N. Rosenbluth, Institute 
for Advanced Study; Jack Schultz, Division of Biology, 
Institute for Cancer Research, Philadelphia, Pennsyl- 
vania; Harrison Shull, Indiana University; Seymour 
J. Singer, University of California at San Diego; 
Earl Reece Stadtman, National Heart Institute; 
Andrew Strettwieser, jun., University of California at 
Berkeley; J. 7. Tate, Harvard University; Warren 
Weaver, Sloan Foundation; Edward O. Wilson, Harvard 
Center for Environmental and Behavioral Biology; 
Bernhard Witkop, National Institute of Arthritis and 
Metabolic Diseases; Dean H. Wooldridge, Thompson 
Ramo Wooldridge, Inc.; Jeffries Wyman, European 
Molecular Biology Organization; Norton D. Zinder, 
The Rockefeller University. 

The foreign associates elected are: N. N. Bogolyubov, 
Soviet Academy of Sciences; Francis H. O. Crick, 
Cambridge, England; Nikolay P. Dubinin, Soviet 
Academy of Sciences; Alexander N. Frumkin, Soviet 
Academy of Sciences; Ernst Hadorn, University of 
Zurich; Fred Hoyle, Cambridge, England; Francots 


Jacob, Pasteur Institute; Takest Nagata, University 
of Tokyo; Artturi I. Virtanen, Biochemical Research 
Institute, Helsinki; Jan Waldenstrom, University of 
Lund. 


PHYSICS 


Uses for Old Accelerators 


Low ene: article accelerators are cheap and com- 
paraires « fa to use, and a panel of the United 
States National Research Council has now argued for 
the extension of their use from conventional nuclear 
structure work to fundamental research in nuclear 
astrophysics, atomic physics and solid state physics 
The panel, under Professor William A. Fowler of the 
California Institute of Technology, believes that great 
discoveries can be made with small means; the report 
spells out how the capability of low energy accelerators 
can be enhanced by recently developed techniques 
such as beam-foil spectroscopy and solid state chan- 
nelling. It is estimated that there are at least 230 
low energy accelerators in university, government and 
industrial laboratories in the United States, and that 
about a thousand scientists are engaged in working 
on them. 
Beam-foil spectroscopy is a relatively new technique 
for studying the structures of multiply ionized alec 
and measuring the mean life-times of excited electronic 
levels in atoms and ions. Particles are accelerated, 
magnetically analysed and admitted to an evacuated 
target chamber, in which they interact with a thin 
foil and emerge radiating light which can be analysed 
pically. The cost of setting up a complete 
laboratory, including the accelerator, is $75,000. Life- 
times of the order of 10-"° to 10-? seconds are measured 
simply by recording the variation of light intensity 
with distance. This kind of information is of immediate 
importance to astrophysics for the analysis of stellar 
compositions and the interstellar medium, for stellar 
abundances depend. crucially on mean life-times, while 
studies of the solar corona involve high stages of 
ionization. 
The panel has also urged that the way in which 
accelerated particles in the keV to MeV range lose 
energy as they travel through amorphous solids or 
single crystals provides a means of following basic 
atomic collision processes and also yields the informa- 
tion necessary for technological applications such as 
ion implantation. The panel also commends the 
exploitation of “channelling”, which occurs when a 
beam of accelerated particles enters a crystal almost 
arallel to a major lattice plane and is guided by 
Conlomb repulsion forces along a channel between 
planes so that relatively little energy is lost. This 
technique may help in the study of lattice and surface 
disorders and the location of foreign atoms in a crystal. 
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NEWS AND VIEWS 


THE pace of research on the factors which apparently 
regulate the specificity of the enzyme RNA polymerase 
which synthesizes RNA is, as expected, accelerating. 
The excitement was sparked off in January when 
Burgess, Travers, Dunn and Bautz (Nature, 221, 43 and 
122; 1969) announced that pure H. cols RNA poly- 
merase—the enzyme which transcribes the information 
in DNA into RNA—can apparently be split into two 
components. One of these, called the minimal enzyme, 
catalyses the formation of the phosphodiester bonds 
which link together the nucleotide units of an RNA 
chain and thus provide a backbone for the molecule. 
The second and unexpected component, the o factor, 
appears to be required for the enzyme to transcribe 
RNA from particular DNA templates. The importance 
of this discovery is that there may be a whole series of 
specific factors, of which o is one, which determine 
which part of the bacterial DNA is transcribed into 
RNA. In other words, the factors may determine 
which forms of RNA molecules are actually manu- 
factured in a cell, possibly by making otherwise 
inaccessible genes accessible to the minimal enzyme. 

On page 537 of this issue, Travers and Burgess now 
report that the c factor is necessary for the initiation of 
RNA synthesis and that each molecule of factor can 
be used several times, first complexing with a minimal 
enzyme moleeule, then initiating the synthesis of an 
RNA molecule and finally being released from the 
complex so as to be used again. And on page 533 
a group working at Naples reports that rifampicin—the 
antibiotic which inhibits RNA synthesis in the cell 
and in vitro—binds to the minimal enzyme and not to 
the o factor. 

Travers and Burgess have sought conditions in which 
they could distinguish between the initiation of new 
RNA chains and the completion of synthesis of chains 
already started. Luckily it is known that the antibiotic 
and antiviral agent rifampicin prevents initiation but 
not elongation of chains. Using a bacteriophage DNA 
as template with RNA polymerase from the bacterium 
E. cols, Travers and Burgess tested whether the addi- 
tion of o factor in the presence of rifampicin would 
stimulate net RNA synthesis. The result is negative. 
In other words, once synthesis of RNA has started, o 
factor has no stimulatory effect and so must be involved 
only in initiation and not elongation. 
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The molecular weight of the initiating complex— 
minimal enzyme and factor—indicates that each com- 
plex contains only one molecule. The question is 
whether they can be re-used. The experiments show 
that when an excess of minimal enzyme is added to a 
preparation of complex, more RNA chains are initiated. 
This can mean only that some of the extra minimal 
enzyme associates with some of the o factor already 
complexed with minimal enzyme. This suggests that 
the o factor is actually released from the complex 
it forms with minimal enzyme and DNA template 
before it is re-used. Travers and Burgess have carried 
out a neat experiment to show that this is so. They 
have used a complex of o factor and minimal enzyme 
to initiate the synthesis of RNA from the DNA of one 
species of bacteriophage, 80, and have then added the 
DNA of a second species of phage, T4, together with 
some minimal enzyme. In this system, the only factor 
is that already bound up in the complex with minimal 
enzyme and 980 DNA, so that the synthesis of RNA 
transcribed from T4 phage is possible only if c 
factor is released from its complex with the 80 DNA 
and thus made available for complexing with the 
extra minimal enzyme and the DNA from the T4 
phage. In practice, most of the RNA manufactured in 
these circumstances is copied from the T4 phage 
DNA, from which it follows that the > factor must 
after initiation be released from its complex with 
template and minimal enzyme and re-used. 

The work of di Mauro and his five colleagues at 
Naples (page 533) is complementary. They have 
discovered the step in RNA chain initiation which is 
sensitive to rifampicin, the antibiotic Travers and 
Burgess used to block initiation. They have isolated 
a rifampicin resistant mutant of Æ. colt the minimal 
enzyme of which differs from that of the wild type 
bacteria in that it does not bind rifampicin. Moreover, 
it seems that a complex of the mutant minimal enzyme 
and wild type c factor is insensitive to the antibiotic, 
which is clear evidence that the drug blocks initiation 
by affecting the minimal enzyme, not the specific 
factor. Rifampicin does not apparently block the 
formation of the first phosphodiester bond between the 
first and second nucleotides of the chain. On the other 
hand, di Mauro and his colleagues report that although 
the drug does not block the binding of minimal enzyme 
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to DNA, it dees competitively inhibit the subsequent 
binding of the first nucleotide by the minimal enzyme 
and thus disrupts initiation. Where the o factor, or 
its relatives, fit into this scheme remains to be seen. 
They could be responsible for the recognition of initia- 
tion sites on the DNA or for the localized separation of 
the strands of double-stranded DNA or for both these 
functions, which must presumably occur before the 
first nucleotide is bound by the minimal enzyme in the 
rifampicin sensitive step. 

But if the o factor does in fact function in either or 
both of these ways, why does mimimal enzyme alone 
initiate synthesis from certain DNA templates ? The 
minimal enzyme can, for example, transcribe calf 
thymus DNA almost as well as when c factor is 
present. Travers and Burgess believe that all 
initiation in the absence of o factor or related factors 
is the result of mistakes in starting; they draw the 
parallel with misreading in the translation of messenger 
RNA. With some daring, they even suggest that “o or 
similar factors with different specificity are necessary 
for all natural initiation” of RNA synthesis. That is 
the beginning of another hunt. 


NUCLEIC ACIDS 


Sequencing the Bases 


De F. SANGER gave an admirably clear account of his 
progress in sequencing nucleic acids at the Royal 
Society last week. Establishing protein sequences is 
now usually a matter of routine, but sequencing nucleic 
acids lags behind, partly because they are harder to 
purify than proteins and partly because interesting 
nucleic acids are often very large. But the same 
principle underlies sequencing in each case: a partial 
degradation to medium-sized fragments is followed by 
fractionation, and, if necessary, further degradation 
of the separated fragments. 

Holley used ion exchange columns in his sequence 
work on transfer RNA. Sanger, however, has remained 
faithful to the paper separation techniques which he 
used in his pioneering analysis of insulin. He described 
a two-dimensional procedure which is well suited to 
resolving nucleic acid samples into manageable spots. 
The first dimension is high-voltage electrophoresis on 
cellulose acetate paper, and the second is ionophoresis 
on DEAE-cellulose paper. This technique in fact gives 
nucleic acid sequencing an edge over protein sequen- 
cing. Where the analysis of peptide spots would entail 
many expensive hours on the amino-acid analyser, 
identification of the oligonucleotide spots is often 
immediately possible merely from their position on the 
paper. Of course, the comparison is hardly fair: 
peptide analysis would be easier if there were only 
four amino-acids to choose from. 

When applied to 6S ribosomal RNA, the first dimen- 
sion of this procedure worked well, though the second 
gave some ill-resolved smears. Resolution was ade- 
quate, however, when Dr Sanger devised what he 
calls a “homochromatographic” separation. After 
electrophoresis, the partially separated radioactive 
fragments were resolved on a flow of unlabelled 
nucleotides. The stratagem was successful, and Dr 
Sanger and his colleagues were able to determine the 


NATURE. VOL. 222, MAY 10, 1969 


sequence of the 5S RNA. It contained 120 nucleotides 
and no unusual bases. 

The same methods showed their worth with a much 
larger molecule, the RNA of phage R17. A partial 
ribonuclease digest of this separated cleanly on acryl- 
amide ge], and one of the fragments obtained was 
sequenced. It contained fifty-seven nucleotides, which 
turned out to be licit codons for a portion of the virus 
coat protein nineteen amino-acids long. The observa- 
tion can be seen as a proof of the genetic code, if this 
is still considered necessary, but more interesting 
was the discovery that if this nucleotide were bent 
hypothetically into a hairpin, nineteen out of the 
twenty-four possible base pairings were comple- 
mentary. 

This is perhaps the first precise observation, indirect 
though it may be, of secondary structure in single 
strand phage RNA. It is also a hint of the unfolding 
that must accompany protein synthesis. Another 
interesting implication of this work is that, as sequence 
data for nucleic acids accumulate, it will be possible 
to explore patterns of codon usage in natural messen- 
gers, and to see how the degeneracy of the code works 
out in practice. 


EVOLUTION 


Proteins show the Way 


from our own Correspondent 


THE comparative analysis of proteins—grandly called 
molecular documents of evolution by one enthusiast 
—has done much to clarify primate phylogeny in recent 
years. The tortuous logic of immunodiffusion has 
provided most of the new information: taxonomic 
relationships have, for example, been calibrated in 
terms of the reactions between primate sera and rabbit 
antiserum to human serum. In the latest episode of 
the story, however, Drs A. C. Wang, J Shuster and 
H. H. Fudenberg of the University of California used 
peptide mapping as well as immunological methods 
to pinpoint, in terms of protein structures, the diverg- 
ence of man and the apes from the old world monkeys 
(J. Mol. Biol., 41, 83; 1969). 

The Gm(a) antigen of human immunoglobulin was 
first described in 1956, and its location on the heavy 
chain of the IgGl subclass of immunoglobulins was 
established in 1964. Peptide maps of human gamma 
globulin always contain a certain peptide when the 
Gm(a) factor is present. Dr Wang and his colleagues 
have been able to show that the correlation between the 
Gm(a) factor and the characteristic peptide holds good 
for non-human species. Chimpanzees and gorillas 
have both the antigen and the peptide, while baboons 
and rhesus monkeys have neither. 

Standard taxonomy groups man, gorilla and chim- 
panzee together in the superfamily Hominoidea, and 
baboon, rhesus monkeys and other old world monkeys 
make up the superfamily Cercopithecoidea. The 
distribution of the Gm(a) antigen thus correlates well 
with textbook phylogeny. A rapid screening of 141 
species of old world monkeys showed that none of their 
sera contained the Gm(a) factor. It can therefore be 
asserted with fair reliability that the Gm(a) antigen 
appeared some tens of millions of years ago, some time 
after thé Hominoidea branched out from the Cerco- 
pithecoidea in the evolution of primate species. 
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Gm(a) negative immunoglobulin contains a peptide 
which Dr Wang and his colleagues showed to differ 
by just one amino-acid from the characteristic peptide 
of Gm(a) globulin. The amino-acid shift was from 
glutamate (non-Gm(a)) to aspartate (GM(a)), which 
can. be effected by a single base change on the gene. 


BIOLOGICAL CLOCKS 


Behaviour and Metabolism 


from a Correspondent 


Prants and animals seem to be able to estimate time 
with uncanny accuracy, which is demonstrated by 
daily metabolic rhythms, and the migration of birds 
and the flowering of plants at specific times of the year. 
Living things must have a reference for such accurate 
timing. The biological clock is thought to be a form 
of oscillator, perhaps analogous to a pendulum. In 
constant conditions, the oscillator will have a period 
characteristic only of itself, but in nature, light or 
some such stimulus would force the oscillator to have 
a period of about twenty-four hours. Most biological 
clockwatchers reason that living organisms have their 
own internal time standard. Professor F. A. Brown of 
Northwestern University, Ilinois, is almost alone in 
believing that the living organism can sense subtle 
stimuli from the environment, which act as pacemakers 
for the internal clock. In a recent article (Canad. J. 
Botany, 47, 287; 1969) he has marshalled the evidence 
from some twenty years of research into a most 
plausible argument. 

Two facts underpin his principal contention. From 
the pattern of their daily rhythms it is clear that some 
organisms, held in apparently constant conditions, 
can measure periods of twenty-four hours very exactly. 
Furthermore, these rhythms are directly related to the 
daily fluctuations in primary cosmic radiation. This 
might seem a meaningless correlation, because primary 
cosmic rays do not reach the Earth’s surface, but these 
fluctuations exactly mirror image fluctuations in the 
Earth’s geomagnetic field. Brown wondered, therefore, 
whether living organisms could sense these weak mag- 
netic fields. The test was to “run” mud snails or 
planarian worms in a particular compass direction in 
constant conditions of light and temperature. The 
extent to which they veered from this original direction 
was found to be closely correlated with the time of the 
month and of the year. A change in the geomagnetic 
environment, caused by turning the apparatus or holding 
a magnet underneath, resulted in a predictable change 
in the direction the animals would take. Experiments 
of this sort have convinced Brown that living organ- 
isms can detect subtle variations in the Earth’s geo- 
magnetic field. He suggests that plants and animals 
use these fluctuations as a time “grid” on which they 
can encode the information necessary for timing their 
physiological rhythms. Few biologists would agree 
that Brown has a cast-iron case for his theories, but 
nobody can doubt that he has an impressive array of 
se results to back them up. 

biological rhythms are controlled by an internal 
timer, it would be reasonable to suppose that this 
might be an oscillating biochemical reaction. Such a 
reaction has been sought for some time, and now E. 
Kendall Pye at the University of Pennsylvania has 
provided what seems to be the first evidence that pro- 
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longed oscillations in a biochemical reaction can exist 
in vivo and tn vitro (Canad. J. Botany, 47, 271; 1969). 
In some anaerobic conditions, glycolysis in yeast cells 
pulses in a rhythmic manner, which can be observed as 
a rise and fall in the concentration of reduced di- 
phosphopyridine nucleotide. The mechanism which 
Pye ‘Vas experimentally elucidated for this reaction 
fits Higgins’s general theory of oscillating reactions. 
This requires that the substrate be fed into the system 
at a steady rate, and that the product of one of the 
reactions in the sequence activates the enzyme which 
catalyses that reaction. The product of this reaction 
must then be removed by a further enzyme step. 
Pye has found that glucose is supplied to the glycolytic 
system at a steady rate. As is well known, it is phos- 
phorylated enzymatically to glucose-6-phosphate, and 
then converted to its isomer fructose-6-phosphate(F6P). 
Phosphofructokinase (PFK) catalyses the phosphoryla- 
tion of F6P to fructose-1-6-diphosphate (FDP) with the 
concomitant production of ADP. If this reaction is 
initially slower than the rate of supply of glucose, 
F6P and ADP will gradually increase. Now Pye can 
demonstrate that ADP is the activator for PFK, so 
the rate of phosphorylation will increase until it is 
proceeding faster than the supply of glucose. The 
concentration of ADP will decrease and with it the rate 
of phosphorylation. The cycle recommences when the 
rate of phosphorylation has fallen below tbe rate of 
supply of glucose. Overall control of the rhythm is 
probably maintained by changes in ADP concentra- 
tion affecting the reaction catalysed by 3-phosphogly- 
cerate kinase later in the glycolysis sequence. 

Pye makes it quite clear that no known rhythm in 
yeast can be correlated with this metabolic oscillation, 
but the system does possess many characteristics which 
make it suitable as a model for the type of timing 
reaction thought to underlie biological rhythms. 


PHAGE GENETICS 


Another Repressor 


from our Cell Biology Correspondent 


On page 541 of this issue, Pirrotta and Ptashne report 
the isolation of a second coliphage repressor, this time 
of the phage 434, using the techniques which Ptashne 
developed to isolate the A phage repressor. Not sur- 
prisingly, because phage 434 is very closely related to 
phage A, the 434 repressor closely resembles the Arepres- 
sor and differs from the lac operon repressor of E. colt 
isolated by Gilbert and Muller-Hill. The two phage 
repressors are not, however, identical in function or 
physical properties. The 434 repressor will bind only 
to operator sites known collectively as the immunity 
region of 434 phage DNA. Conversely, if, by genetic 
recombination, the immunity region of A phage is 
replaced by the corresponding region of phage 434, the 
hybrid phage (Aimm434) is sensitive to the 484 
repressor, not the A repressor. 

Pirrotta and Ptashne identified one of the protein 
fractions, produced by chromatographing extracts of 
434 infected E. colt on phosphocellulose, by two now 
classic sorts of experiments. First, they showed that 
mutants of phage 434, containing mutations in the 
repressor gene, produce repressor protein with changed 
chromatographic properties. One of the mutants they 
used yields a repressor which elutes at lower salt 
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concentrations than wild type repressor, while another 
mutant repressor elutes only at higher salt concentra- 
tions than wild type. Second, they have shown that 
the phage 434 repressor only binds to DNA from phage 
containing the 434 immunity region. 

Both the A and 434 repressors sediment at 2-7 to 
2-88 in sucrose gradients, but on electrophoresis the 
434 repressor migrates a little faster than the A 
repressor; the 434 repressor probably has a molecular 
weight of about 25,000 daltons whereas the molecular 
weight of the A repressor is estimated as 27,000 daltons. 
The elution properties of the two repressors and their 
behaviour on electrophoresis suggest that they may 
also differ in net charge—the 434 repressor is probably 
the more basic of the two. 

Now that three repressors have been isolated, inter- 
est really centres not on more of the same but on the 
much more difficult problem of finding out how the 
repressors function. It will probably be a long time 
before we know precisely what sites and sequences 
on the DNA are recognized by repressors, how they bind 
and why this blocks transcription. 


PROTEINS 


Hydrogen Exchange for All 


from our Molecular Biology Correspondent 


TŒ standing of hydrogen exchange as a method for 
the study of protein conformation has pass d through 
many vicissitudes. For some years after its introduc- 
tion by Linderstrom-Lang, it provoked much interest 
and optimism, and was commonly held to provide a 
measure of the degree of a-helical structure in the mole- 
cule. It later became clear that it chiefly reflected 
merely the inaccessibility of the interior of native 
proteins, and also that it was subject to catalysis by 
particular side chains and ions in the solution. The 
method then fell more or less into desuetude, until it 
was revived recently through new techniques, devel- 
oped largely by Englander and his associates. Whereas 
exchange had previously been performed against 
deuterium, and followed either by density or by infra- 
red spectroscopy, the new procedures involve the use 
of the tracer, tritium, which is exchanged against 
hydrogen. The release of tritium as 7HHO is followed 
by some form of rapid separation, most often on ‘Sepha- 
dex’ columns, followed by scintillation counting. Mhe 
speed and precision of this approach have made it 
possible to follow exchange kinetics in nucleic acids, 
previously dismissed as exo ing “rapidly”, and to 
relate the results to the extent and stability of base 


pairing. 
Gantt, Englander and Simpson (Biochemistry, 8, 
475; 1969) report the results of a comparison of transfer 
RNA with and without its amino-acid. At a time of 
mounting activity in the X-ray analysis of ‘RNA 
crystals, it is especially relevant to enquire into the 
possibility that the molecule may adapt to its various 
roles of recognition by changes of shape, gross or 
localized. It is reasonable, for example, to suppose 
that such a change on aminoacylation could explain 
why the affinity of the aminoacyl-tRNA for the ribo- 
some is so much greater than that of uncharged (RNA. 
Gantt et al., in fact, observe a small but definite in- 
crease in the rather large number of slowly exchanging 
hydrogens. The evidence is that the latter reflect the 
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extent of base pairing, and the difference, which is 
some 4 per cent of the total, is therefore most aD. 
interpreted in terms of a small increase in the number 
of base pairs. This adds weight to the rather tenuous 
evidence previously adduced in favour of a limited 
isomerization, amounting to a small diminution in 
sedimentation coefficient on aminoacylation of some, 
though not other, ‘RNA species, and c. in optical 
rotatory dispersion, which, however, are supposedly 
manifested only in the absence of magnesium. Gantt 
et al. have also shown that there is no transitory change 
in the exchange rate during the aminoacylation reac- 
tion itself. 

It may be necessary, when considering the relation 
of exchange rates to conformation, to include also the 
effect of single strand stacking. Maslova, Lesnik and 
Varshavaky (Biochem. Biophys. Res. Commun., 834, 
260; 1969) note that single stranded poly A exchanges 
more slowly than AMP. They interpret this in terms 
of a stacking effect, for the difference between the 
polymer and monomer diminishes with rising tempera- 
ture to the same extent as the stacking. At the same 
time, as Klotz and co-workers have shown, exchange 
rates in polymers are expected to differ from those in 
small molecules because of the importance of the micro- 
scopic dielectric constant. 

Another example of the sensitivity of the tritium 
exchange technique comes from Laiken, Printz and 
Craig (Biochemistry, 8, 519; 1969), who have observed 
classes of exchanging protons in the small cyclic 
peptide, gramicidin S-A. Exchange in peptides is 
strongly pH dependent, as Klotz and others have 
shown; by working at the pH of slowest exchange, 
all eight peptide protons can be observed. Only two 
exchange rapidly,taking poly-D,L-alanine as a standard 
for “unperturbed” exchange, and two are more than 
an order of magnitude slower. The corresponding 
residues are tentatively identified, in terms of struc- 
tural parameters, derived from a model based on high- 
resolution nuclear magnetic resonance analysis. 


BOTANY 


Naming of Plants 


from our Botany Correspondent 


Many visitors to the Royal Botanic Gardens, Kew, 
for its open day on May 3 must have been surprised 
to find the herbarium much more than a home for a 
handful of ancient botanists reverently caring for a 
collection of dried plants. The collection at Kew is a 
source of reference for anyone who wants to know 
about the names of plants or their geographical distri- 
bution. The permanent staff is actively engaged on 
taxonomic work in the herbarium and, on a more 
adventurous scale, regularly takes part in expeditions 
to botanically uncharted places. 

The herbarium was founded in 1852, and the basis 
of the present collection was added in 1854 and 1866 
in the form of the herbaria of George Bentham and 
William Hooker, joint authors of a system of plant 
classification. which is still largely respected by taxono- 
mists. Today there are between four and five million 
sheets of pressed specimens, and more than 60,000 are 
received each year. Parcels pour in from individual 
collectors or expeditions in exotic places and from other 
herbaria all over the world. Although about 90 per 
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cent of the plants arriving are already in the collection 
at Kew, almost everything is kept and nothing is 
thrown away before its particulars have been recorded. 
Duplicate specimens may well be valuable as the first 
record of a species in a particular geographical area, or 
they may just be better specimens than those already 
at Kew. 

Once blessed with a reference number, each consign- 
ment of plant material goes to the gas chamber to 
be fumigated with methyl bromide to destroy destruc- 
tive beetles, book lice and the like. Botanists sort the 
fumigated material into families. Placing plants in 
their genera and species may not be so easy, but identi- 
fication manuals can be used, and there are always 
Kew’s collections of dried fruits and bottled plants 
available for consultation. If Kew does not have the 
type specimen—the original on which the description 
of a species is based—it may have to be found in some 
other herbarium so that an identification can be 
confirmed. 

Sometimes no name can be found for a specimen, 
and a new species has to be created and a description 
published in Latin. Whenever a new genus or species 
of flowering plant is named, either at Kew or elsewhere, 
the new names are recorded in Index Kewensis, which 
is now fifteen quarto volumes long and an indispensable 
aid to botaniste. 

After identification, specimens to be kept at Kew are 
glued on sheets of paper, painted with mercuric chloride 
solution as a further precaution against destructive 
agents and placed in one of the cupboards which house 
the collection. Extra specimens may be sent to other 
herbaria to enrich their collections. 

Kew’s botanists do not spend all their time identify- 
ing plants, although this is an important part of their 
function. Some are preparing monographs which will 
be the definitive works about particular plant groups. 
Others are preparing floras—lists of the species of 
Iraq, Tropical East Africa, West Tropical Africa and 
the Zambesi ares. Some itinerant staff have recently 
returned from the Mato Grosso and Aldabra with 
large collections to be identified. Aldabra has proved to 
be every bit as interesting as its champions claimed. 
There is an indigenous flora of 150 out of 200 species, 
and 20 per cent of them are endemic—an excep- 
tionally large figure for a coral island of this sort. 


RADIOLOGY 


Protective Changes 


Two amended recommendations and the prospect of a 
we of publications were the outcome of the ances 
of the International Commission on Radiologica 
Protection (ICRP) in Oxford from April 11 to 18. 
Sevoral task groups set up to study specific problems 
have almost finished their work, and within the next 
year some reports are expected to be ready. Topics 
should include protection of the patient in radionuclide 
investigations and in radiodiagnostic procedures; pro- 
tection against external radiations; radiation protec- 
tion in educational establishments; and local retention 
functions of bone seeking isotopes. 

At Oxford, task groups were established to report on 
several important subjects, including the relative 
biological effectiveness of neutrons with respect to 
mutagenesis; the balance between genetic effects in 
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the first generation versus later generations; respira- 
tory absorption and elimination mechanisms; and 
principles and general procedures for handling emer: 
gency and accidental exposure of workers. 

e commission decided to issue some amendments 
to the recommendations contained in its publication 9. 
The first amendment concerns the dose limit to the 
lens of the eye. In publication 9 the commission 
included the lens among the most radiosensitive tissues 
when exposed to radiations of high linear energy trans- 
fer (LET). The commission therefore recommended the 
use of a special modifying factor for irradiation of the 
lenses of eyes. 

Endorsing the conclusion of a recent task group, the 
commission recommended at Oxford that the dose limit 
for the lens of the eye be 15 rems, without the use of an 
additional modifying factor. 

In its publication 9 the commission recommended 1-7 
as the appropriate quality factor for B-, 8+ and e- radia- 
tions with maximum energy <0:03 MeV. It has 
reviewed biological and physical evidence and con- 
cluded that a value of unity is appropriate within the 
degree of precision required for radiological protection. 
The commission therefore recommends that the quality 
factor be taken as 1 for all £+, e-, y and X radiations, and 
for conversion electrons. 


MIGRAINE 


Hard to Define 


from a Correspondent 


Tue Migraine Trust, a vigorous newcomer to the list 
of major British research foundations, held its third 
(international) symposium on April 24 and 25 at the 
Institute of Neurology, London, with a large and 
enthusiastic audience representing many clinical and 
scientific disciplines. 

Although migraine causes few if any deaths, morbid- 
ity is high and migraine is an economic factor to be 
reckoned with. W. E. Waters (Cardiff), describing an 
epidemiological survey in the Rhondda valley, estim- 
ated that 19 per cent of the female population he studied 
were sufferers: but “it all depends what you mean” by 
migraine. It is notoriously difficult to delimit, to ask 
the right questions and make measurements on so 
subjective a disease which presents, as A. P. Friedman 
(New York) ably described, such protean manifesta- 
tions. 

„The practising physician was well represented at the 
symposium. Although the adjective “anecdotal” 
has become a term of abuse in some scientific circles, 
the approach at its highest level can yield a rich clinical 
dividend. Thus with careful and painstaking clinical 
observation and a naturalist’s eye, J. R. Graham (Bos- 
ton) has been able to separate a characteristic person- 
ality structure and diathesis in patients with one fairly 
uncommon migraine variant, cluster headache. 

At present most activity in migraine research 
concerns the possible role of the biologically active 
monoamines in pathogenesis. This might be described 
as the central theme of the symposium. Edda Haning- 
ton (Wellcome Trust, London) argued convincingly 
for the existence of a migraine subgroup with attacks 
initiated by dietary tyramine. M. Sandler (Queen 
Charlotte’s Hospital, London) showed that tyramine, 
through faulty inactivation, has direct access to the 
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bloodstream in this group of patients but not in normal 
controls. This conclusion was also reached by I. Smith 
(Middlesex Hospital, London), who followed a parallel 
experimental approach. Once tyramine reaches the 
circulation, Sandler showed that it will liberate nor- 
adrenaline from its tissue storage sites; thus secondary 
amine release is likely to be essential in the train of 
events leading to migrainous headache, although there 
may be many triggers to initiate the attack. One 
such agent, which releases amines from their binding 
sites and will also precipitate migrainous headache in 
susceptible subjects, is reserpine, which was discussed 
by G. Curzon (National Hospital, London). 

Reserpine liberates 5-hydroxytryptamine a8 well as 
catecholamines from their binding sites. It is therefore 
‘particularly relevant that the powerful 5-hydroxytrypt- 
amine antagonist, methysergide, is also one of the 
most potent anti-migraine drugs. J. W. Lance 
(Sydney) described the loss of platelet 5-hydroxytrypt- 
amine during an attack in affected subjects, which 
is accompanied by an enhanced urinary excretion of its 
major metabolite, 5-hydroxyindoleacetic acid. 

Among other possible biochemical factors in the 
pathogenesis of migraine are the kinins and a strongly 
fancied outsider, the prostaglandins, which gives rise 
to a migraine-like headache when infused into normal 
subjects. The opinion was expressed that the answer 
to migraine may lie in the direction of an imbalance 
in the physiological interactions between the amines, 
kinins and prostaglandins. 


TRANSPLANTS 


Detecting Rejection 


from a Correspondent 


Various special tests have been advocated for the 
early detection of rejection of renal allotransplants, 
but many are non-specific, unsuitable for routine daily 
use or not readily available. It is hardly surprising 
that most transplantation units rely on quite simple 
standard laboratory determinations on blood and urine 
for early diagnosis. After analysing retrospectively 
several of these determinations, four members of the 
urological unit at Hammersmith Hospital and Royal 
Postgraduate Medical School have found that æ decrease 
in the 24 hour urinary urea and osmolar excretion 
(which is a measure of solutes in the urine) provides 
the earliest and most reliable evidence of rejection. 

Reporting their findings in the Lancet (i, 904; 1969), 
G. D. Chisholm, A. E. Kulatilake, M. Papadimitriou 
and R. Shackman describe how they studied—for at 
least 4 months after operation—twenty consecutive 
patients who had been given renal allotransplants. 
During that period, twelve were treated for twenty- 
three acute rejection episodes; immunosuppressive 
therapy with azathioprine and prednisone restored 
kidney function in twenty of the episodes. Laboratory 
determinations were carried out during six days before 
and after the first day of treatment of a rejection 
episode. 

Changes in the 24 hour urinary urea and osmolar 
excretion provided the earliest evidence of a rejection 
episode and were noted in seventeen and sixteen 
episodes respectively. Both began to decrease three 
days before anti-rejection treatment was started, 
and reverted completely the sixth day after the start 
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of treatment. ‘The decrease in the volume of urine 
was also significant (in thirteen out of twenty episodes) ; 
the volume returned to the previous level after treat- 
ment in ten cases. Although there was a rise of blood 
urea, an increase of the 24 hour urinary protein and & 
decrease in the platelet count in eleven of twenty 
episodes, these were not early features of rejection, 
and there was reversion of the changes after treatment 
in eight, nine and sixteen episodes respectively. 

Because creatinine clearances were only estimated 
twice weekly, Chisholm et al. say it was not possible 
to equate the time of a rejection episode with a change 
in creatinine clearance unless they happened to coin- 
cide. In spite of this, in all but one rejection episode 
there was a significant decrease in. creatinine clearance 
which returned to previous levels after treatment. 
They consider therefore that creatinine clearance is & 
reliable index of a rejection episode, and suggest that 
if the estimation were carried out often enough, a 
decreased 24 hour creatinine clearance could prove 
to be one of the earliest signs of rejection. 

In addition to these functional changes, diagnosis of 
rejection can be based on histological findings after 
renal biopsy. But biopsy, Chisholm et al. say, is not 
usually carried out until functional changes have been 
observed, and the histological findings do not neces- 
sarily correlate with function. They add that whatever 
methods of detection are used “it seems inevitable that 
less precise changes will have to be accepted now that 
more effective methods for matching donor and 
recipient are being used”. 


LARGE NUMBERS 


Last Exit to Epsilon 


from our Mathematical Probability Correspondent 


Te most unadorned case of the strong law of large 
numbers asserts that if (X:) is a sequence of inde- 
pendent and identically distributed random variables 
with mean u and finite variance o*, then as no, 
Zn=1fn {X,+Xq+...+X,}0u, with probability one. 
The importance of this theorem is crucial: if it were 
not true, probability theory would not exist, and no 
doubt nature would be infinitely more imcompre- 
hensible than it already is. It has received such a 
vast amount of attention that one would have thought 
that any obvious question that could be asked about 
the process {Z,} had already been answered or shown 
to be extremely difficult. So that the reader of “The 
limiting distribution of the last time Z,> e’, by 
Robbins, Siegmund and Wendel (Proc. US Nat. Acad. 
Sci., 61; 1968), is likely to be a little surprised that it 
bas not been done before. They give a very explicit 
solution to a fairly obvious question, and their method 
of proof, though sophisticated (and elegant), does not 
indicate that they experienced any difficulties in 
deriving their solution. 

The law of large numbers asserts that for any strictly 
positive «e, no matter how small, the process (Z,) will 
eventually enter the interval (u—e«, w+) and. there- 
after stay inside this interval. Thus there is a positive 
integer-valued random variable 7*<oo such that 
|[Za—mlze if n=7* and |Z,—y\|<7* for all n> 7%, 
and that, moreover, Pr{7*<o}=1. It is then an 
obvious question to ask for the distribution of +*—the 
last time that |Z,—p|2e. Clearly this question is 
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difficult to answer because Robbins ef al. do not offer a 
solution, but they do offer a solution to the next most 
obvious question. What is the distribution of the last 
time that Z„ą}—u 2e? If this time is 7, then the distri- 
bution of r will depend on e in such a way that 7->a 
as e>0. Moreover, Chebychev’s inequality, which 
states that Pr{|Z,—u|>e«} <n e o, suggests that 
r is of the same order of magnitude as «*, for very 
small e. Robbins ef al. show that in the limit as «0, 
e 7 has a chi-squared distribution with one degree of 
freedom. 

Their proof goes as follows. They assume first, 
without loss of generality, that u=0 and o?=1. By 
definition 

Priest <2}= Pr{Z, < e, for all n> er} 
= Pr{/mZ,, <2 for all n>m}, 
where m=e“*z*. However, as m—>o, and with n 
equal to the integer part of mt, /mZ,—>t1X(t), where 
{X(t), t>0} is the standard Wiener process. Thus, if 
F(x) is the limiting distribution of e?r as e>0 
F(2*) =limit as e>0 Pr{er <a} 
=limit as m>œ Pr{./mZ, <x for all n>m} 
= Pr X(t) <x for all t=}, 
and since ¢X(é-*) is also the standard Wiener process 
F(a?) = Pr{X (7) <a for all t> 1} 
= Pr{X(t)<z for all t, O0<¢<1}. 
At this stage, unfortunately, it is necessary to step in 
and state that it is well known that for 2>0 
Pr{X(t) <a for all t, 0<t<1} 
=2@(2)—l, 
where @(z) is the standard normal distribution func- 
tion. Thus F(x) =28(+/x) —1, the distribution function 
of chi-squared, with one degree of freedom. 

If e?7* has the same limiting distribution as er, 
then Pr{e?+* < 6-635}~0-99. Thus in order to approxi- 
mate the mean u by Zy to within 0-01, with 99 per cent 
certainty one needs to make 66,350 observations of X. 
With 5,000 observations (a very large number of 
observations) there can only be 50 per cent certainty 
of approximating to within 0-01. 


TEKTITES 


Lunar or Terrestrial ? 


from a Correspondent 


Tse third International Tektite Symposium sponsored 
jointly by the Corning Museum of Glass and the Smith- 
sonian Institution was held in New York from April 
16 to 18. Physicists, chemists, engineers, astronomers 
and museum curators were among the contributors, 
and so the enigma of these characteristic glassy objects, 
found in certain restricted “strewn fields” on the Earth, 
was examined from almost every angle and with great 
subtlety and sophistication. 

The overriding question, of course, is whether the 
tektites come from the Moon or whether they are of 
terrestrial origin (the possibility that they are ordinary 
meteorites which have spent a long time in outer space 
is now generally discounted). It was impressive that 
both sides in the controversy, especially the lunar hypo- 
thesis faction spearheaded by Dr Dean Chapman of 
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Ames Research Centre (NASA), were prepared to stick 
out their necks so close to D day. Chapman went so far 
as to pinpoint the lunar crater (Tycho) from which he 
believes the tektites found in the Far Eastern and West 
African strewn fields are likely—as a result of detailed 
computation of their projected flight path based on 
their known. distribution—to have originated. The 
remaining projectile material from the Moon crater 
“ray elements” could indeed, according to him, have 
simultaneously produced the Earth craters which are 
sometimes found to be associated with the tektite 
strewn fields and which, according to the “terrestrial- 
ists”, are the origin of the tektite showers (as a result of 
meteoritic or cometary impact). 

The other major question of the symposium was the 
age(s) of tektites from the various known strewn fields— 
the Far Eastern (containing indochinites, philippinites, 
javaites and australites), the West African (Ivory 
Coast tektites), the Central European (moldavites 
from Czechoslovakia) and the North American (tektites 
from Texas and Georgia). The Australian tektites 
are an example of the lack of agreement on this ques- 
tion. While the geologists, led by Drs Brian Mason and 
E. P. Henderson of the Smithsonian Institution, were 
convinced that the australites were no more than 
15,000 years old (because of their geological associa- 
tions), the physicists and chemists were equally 
emphatic that the ages were of the order of several 
hundreds of thousands of years. The latter estimates 
emerged from the fission track analysis of Dr R. L. 
Fleischer et al. (G.E. Research Centre, Schenectady), 
the thermoluminescent method of dating of Dr F. A. 
Durrani et al. (University of Birmingham) and the 
K/A ratio studies of Drs I. McDougall and J. F. Lover- 
ing (Australian National University). 

These questions and many more are certain to 
continue to engage the attention and ingenuity of all 
those present. The squad of investigators is sure to 
swell by the time the fourth international symposium 
on tektites takes place in Australia in about three years 
from now. That symposium, with lunar samples amply 
studied in the meantime, ought to resolve some of the 
controversies now raging; but no doubt some intriguing 
new ones will be raised. 


CIVIL ENGINEERING 


South Wales Valleys 


from a Correspondent 


CIVI engineering problems of the South Wales valleys 
were the theme of a conference held. by the Institution 
of Civil Engineers at Cardiff from April 15 to 17. Many 
speakers emphasized the sociological aspects of engin- 
eering problems—one even suggested that all sociolo- 
gists should have an engineering training. 

Geological history made the South Wales valleys 
what they are by forming a basin with abundant 
beds of coal and ironstone; in 1803 Merthyr, with 12,000 
inhabitants (against Cardiff’s 1,000), dominated world 
iron markets. Geological events have also left condi- 
tions which raise geotechnical problems in valley 
redevelopment, notably cavitation in limestone, land- 
slipping on steep glaciated slopes and the presence of 
some thick drift deposits and buried valleys. These 
difficulties were dealt with by Professor J. G. C. Ander- 
gon and C. F. Trigg (University College, Cardiff), who 
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also provided typical soil strength and settlement 
arameters for glacial and post-glacial deposits, and 
or Old Red and New Red marls. Mining has caused 
both land slipping and subsidence, and Professor 
J. D. Geddes (University of Wales Institute of Science 
and Technology), who dealt with building design for 
unstable sites, suggested that often there has been 
over-design in terms of flexibility or rigidity and that 
intermediate solutions have not been widely adopted. 

The mining industry’s most notorious legacy, brought 
to national notice by the Aberfan disaster, is rock waste, 
amounting to 500 million tons in more than 1,000 tips. 
There was considerable discussion of the mechanics 
of tip failure and removal—the cost of the latter can 
be greatly reduced by modern techniques and by the 
recovery of waste coal. Most tips are stable, but the 
amenity problem remains. 

On the subject of transportation, W. S. Atkins 
(W. S. Atkins and Partners) emphasized both the 
need for trunk roads and continued use of the railways 
for suitable traffic. Discussion of transportation 
pointed to a dichotomy which had been apparent in 
the remarks of several speakers. Should large-scale 
employment underground be gradually replaced by 
the growth of surface industry in the valleys (difficult 
in the restricted ce available), or, as many speakers 
believe, does the future of the valleys lie in benefiting 
from extensive industrial use of the coastal plain ? 
This coastal development can already be seen in the 
steel industry, and in the fact that the Bristol Channel 
ports are second in tonnage only to the Thames. One 
interesting suggestion was that a large area between 
Denny Island and Gold Cliff should be reclaimed as a 
seaport, an airport and possibly an estuarine reservoir. 


MATERIALS 


Poorly Conducting Materials 


from a Correspondent 


ELECTRONIO materials are of interest to many scientists 
and engineers even if they are not in the electrical 
engineering industries, and on April 15 and 16 the 
Materials Science Club, meeting at the University of 
Lancaster, examined poorly conducting materials on an 
interdisciplinary basis. 

To understand the electrical properties of amorphous 
materials, it is necessary to consider first their structure, 
and in particular the structure of glass and glass-like 
solids. Pure germanium and silica, which have very 
rigid tetrahedral bonds, are best considered as regions 
of order separated by regions of disorder, whereas the 
microcrystalline theory has evolved from the concept 
of glass as having long range disorder and short range 
order. Mr C. Drake (Standard Telecommunications 
Laboratory) explained that although electron diffrac- 
tion studies are valuable as a test of a structural 
model by the determination of radial distribution 
functions, such measurements cannot be used to suggest 
the model. Furthermore, some models are frequently 
ruled out because of incompatibility with known 
density 1cquirements. 

So far the ‘hopping electron” model, which was 
discussed in detail by Professor A. K. Jonscher (Chelsea 
College of Science and Technology), seems the best 
attempt to explain the electrical properties of amor- 
phous materials. These properties can now be exploited 
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commercially in connexion with fibre-optics and in the 
use of glass switches for non-linear current devices. 

The electrical properties of polymers can be explained 
by the molecular orbital theory, which when related to 
the structure and the number of repeat units in large 
molecules can lead to the development of interesting 
conducting species. Doped polymers to form charge 
transfer complexes and free-radicals have aroused 
considerable interest and there has been plenty of 
speculation about the predicted superconductivity of 
polymers, but so far these have proved difficult to 
prepare. Dielectric properties and dielectric break- 
down. of polymers have stimulated much work in both 
mausteina and academic laboratories. Dr J. H. Mason 
(Borough Polytechnic) stressed that in power capacitor 
uses it is important to be able to correct for electrical 
loss at high temperatures and at high field, and it 
is essential to avoid thermal run-away conditions. 
Whereas it is comparatively easy to design insulators 
to avoid stress at edges, it is very difficult to ensure 
freedom from gaseous or metallic occlusions which can 
lead to dielectric breakdown, recognized in the early 
failure of radar cables during the Second World War. 
Some polymers, for example rubbers, which are intrin- 
sically not conducting can be made conducting by the 
use of carbon black fillers. The stress-strain relation- 
ship of such materials can be interpreted to give an 
insight into the conduction mechanism. The principal 
use of such materials is in conducting away static 
electricity, notably in hospital operating theatres. 
In a word of warning Mr R. H. Norman (Rubber and 
Plastics Research Association) pointed out that nowa- 
days black-loaded rubbers are usually not of high 
insulation resistance and should never be used as 
electrical insulators. 

Ceramics include many materials important in 
communications—for example, the use of oxide ceramics 
for thermistors. Dr K. F. Hulme (Royal Radar 
Establishment) considered materials for electro-optical 
modulation, such as lithium niobate and tantalate, 
which are used in digital light deflexion, optical 
communications and radar (using laser beams), and in 
accurate distance measuring devices such as the 
mekometer. 


FLUID MECHANICS 


Sun, Moon and Oceans 


from a Correspondent 


FLUD dynamics can help to solve problems in meteoro- 
logy, oceanography, geophysics and astrophysics, and 
some of these were the subject of a conference on fluid 
mechanics in relation to natural phenomena held at 
the University of Newcastle upon Tyne from April 14 
to 18. The chief purpose of the conference was to 
provide a meeting ground for observational, experi- 
mental and theoretical fluid dynamicists. 
There were several contributions to the classical 
roblem of convection in a thin layer of fluid heatod 
m below and cooled from above (the Bénard prob- 
lem) as well as some variations on the theme. Dr 
Krishnamurti (Florida State University) described 
experiments to examine the various transitions arising 
in the development from steady two-dimensional flow 
to fully turbulent flow as the Rayleigh number is 
increased. In the section on stellar motions, the 
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problem of the differential rotation of the Sun was 
approached by Dr F. H. Biisse (Max-Planck Institute) 
as one of convection: his analysis of the stability 
problem for spherically symmetrical rotating fluid 
heated from below shows that the onset of convection 
takes place primarily in the equatorial zone, and that 
as convection proceeds, the rotational constraint and 
the spherical geometry give rise to an equatorial 
acceleration of the correct order of magnitude. 

The discussion of flow in stratified fluids, which in- 
cluded several papers on observations of internal waves 
in the oceans, was enlivened by two excellent films, 
one by Dr T. N. Stevenson (University of Manchester) 
of laboratory-produced internal waves and the other 
by Dr S. A. Thorpe (National Institute of Oceano- 
graphy) of the instability of accelerating shear flows in 
stratified fluids. 

Dr B. A. Warren (Woods Hole Oceanographic 
Institution) discussed a possible mechanism for the 
branching of the Gulf Stream in the region south-east 
of the Newfoundland Grand Banks, where the contours 
of the ocean bottom topography separate markedly. 
He finds that the Gulf Stream will follow the contours 
of topography (and thus branch where the contours 
separate) provided that the fractional change of ocean 
depth across the current exceeds a certain critical 
value depending on the speed and width of the current. 

The pièce de résistance of the conference was un- 
doubtedly the paper by Dr A. A. Mills (University of 
Leicester) on fluidization phenomena, in which he 
sought to relate the surface features of the Moon to the 
results of laboratory experiments on fluidized beds of 
powdered rock. When the gas flow rate in such a 
model fluidized bed is gradually reduced to zero, the 
surface of the powder takes on features remarkably 
similar to those on the Moon, and most of the known 
lunar surface features can be reproduced in the model. 
Although only exploratory, these experiments have 
given sufficiently exciting results to warrant further 
investigation. of the phenomenon. 


UPPER MANTLE 


First Derivatives 


from our Geophysics Correspondent 


TEN years ago, a symposium on the upper mantle of 
the Earth was very much the fashionable thing as the 
Upper Mantle Project got under way. Bigger com- 
puters, the mushroom growth of marine geophysics, 
free vibrations of the Earth, the rebirth of continental 
drift and questions about its mechanism were all 
ingredients in the search for a more precisely defined 
structure of the crust and upper mantle. It would be 
naive to think we now have all the answers, but a clue 
to possible next steps came from the discussion meeting 
at the Royal Astronomical Society on May 2. The 
subject was the anisotropy of the upper mantle and 
the implication was that there is broad agreement on. 
the average elastic properties, and the problem is now 
to find if these have significant directional character- 
istics at any given point. In mathematical terms, are 
the first angular differential coefficients significant ? 
This is not purely an academic question. Anisotropy 
carries with it information about evolution within 
the Earth and so is potentially a very worthy subject 
for intensified interest. 
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Two types of anisotropy were discussed. They could 
be termed. “inherent” and “environmental”. A dis- 
tinction between the two would be that the first deals 
with media which are anisotropic by virtue of their 
fabric, the second with media which have lateral 
inhomogeneities and therefore appear anisotropic, 
although not in a sense that can be classified by 
crystallography. 

Inherent anisotropy can arise from the properties 
of olivine whose seismic velocity varies between 7-7 
and 9-9 km/s for propagation along different crystal 
axes. As Dr M. A. Lappin (University of Aberdeen) 
pointed out, the mineralogy of the upper mantle is 
dominated by olivine, so even a small degree of pre- 
ferred orientation of olivine crystals would have 
clear effects on the elastic behaviour of the upper 
mantle. In 1964, Professor H. H. Hess of Princeton, 
from whom quite a few of the good ideas of geophysics 
have emerged, proposed such an orientation to explain 
seismic observations in the Pacific. Dr Lappin, viewing 
the orientation as arising from flow processes and defin~ 
ing “tectonic axes” of crystals, proposed that under 
different temperature, pressure and flow regimes in 
the upper mantle orientation would be along different 
axes. This, he concluded, should yield distinguishable 
anisotropies in different oceanic areas. 

Dr T. J. G. Francis (UKAEA, Blacknest) described 
a very detailed experiment performed by the Scripps 
Institution of Oceanography (San Diego) in which he 
had participated. The aim had been to investigate 
Hess’s proposition in an intensive study of the Mohoro- 
vičić discontinuity off California. Sources of error 
such as topography on the discontinuity itself had 
been carefully extracted and the seismic refraction 
results show a distinct azimuthal variation of the form 
sin 26 where Ø is the azimuth. The mean velocity was 
the characteristic 8-1 km/s and the peak to peak 
fluctuations were about 0-4 km/s. The “fastest” 
direction was perpendicular to the magnetic lineations 
in the area. 

Dr R. B. Whitmarsh (National Institute of Oceano- 
graphy) has compiled mantle velocities from other 
oceans where seismic work has been done within 200 
km of the ridge crest. His data are necessarily much 
more heterogeneous and sparse, but analysis showed an 
azimuthal variation similar to that shown by Francis. 
A recent experiment by the Bedford Institute of 
Oceanography, Nova Scotia, had, he reported, also 
revealed azimuthal variation of comparable magnitude. 
The importance of all these experiments is not merely 
that anisotropy has been found but that its magnitude 
and character permit speculation about its origin. 

The theory of wave propagation in anisotropic media 
was discussed by two speakers. Dr E. R. Lapwood 
(University of Cambridge) described the extensions to 
our conventional concepts needed to deal with even the 
relatively simple “transverse isotropy” in which the 
elasticity tensor has five independent elements instead 
of two in the isotropic case. Rays, wave fronts, phase 
and group velocity all need careful attention. Dr S. 
Crampin (Institute of Geological Sciences, Edinburgh) 
drew attention to the coupling that can exist between 
surface waves of different type when anisotropy is 
introduced. Separate Love Rayleigh waves can lose 
their identity and be merged into a single wave train. 
Anisotropy had to be invoked to explain examples 
of this with waves crossing the Russian platform. 
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Preknowletige Survey for University Science Entrants 


by 

S. O'CONNELL 

A. W. WILSON* 
L. R. B. ELTON 


Institute for Educational Technology, 
University of Surrey, Guildford, Surrey] 


UxrvarsITY courses in Britain—partioularly the sciences 
—demand definite prerequisite courses at A-level. An 
entrant to an honours physics or engineering course in 
general must have mathematics and physics at A-level, 
and an entrant to a chemistry course must also have A- 
level chemistry. The implicit assumption is frequently 
made that what is contained in these A-level syllabuses is 
fully known and understood by the entrants, and one 
reason why students have difficulties in their first year 18 
that this is not true. 

On the other hand, there is the lecturer who maintains 


* Present address; Tonbridge School, Tonbridge, Kent. 


In preparing unlversity courses lt may be necessary to accept a 
common Initial achlevement by students well below that which Is 
suggested by the A-level papers they have taken. This is In many 
cases already unlversity 
knowledge at this lower level Is descri 


ractice. A possible method for testing 


ed here with some results. 


that his students have been taught a great deal at school, 
but have been taught so badly that they have a totally 
wrong conception. He therefore starte at the very begin- 
ning and often bores his students with work they know. 

The truth is likely to lie somewhere in between these 
two. It must be accepted that the amount of under- 
standing of a subject that different students carry from 
school is bound to vary greatly. This is not only because 
students vary in ability but also because different examin- 
ing boards do not have the same syllabuses, because 
examination papers allow a substantial choice in the 
questions to be answered, and because it is possible to 
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obtain a very respectable mark by not knowing more than 
60 per eent of the answers to even those questions that are 
attempted. The questions that have to be answered 
before a first year university course can be constructed 
are therefore: (a) How much can be taken as common 
ground ın a subject for a group of students? (b) How 
well need this be known ? 

To elucidate the second question, we suggest that if 
S-level tests chiefly understandmg and A-level chiefly 
knowledge, there is a level below this, which we call 
acquaintance. At this level, the student knows the 
definitions and technical terms of a subject, has some 
familiarity with its basic concepts, and can apply these 
in very simple situations. One might hope that at this 
level the highest common factor of syllabus coverage of a 
given class 1s substantial, but it seems unlikely that this 
is 80 at, say, A-level standard. (There seems to be virtually 
no work in this field, but an unpublished study by Pro- 
fessor R. G. Chambers of first year physics students at 
Bristol points in this direction.) 

The knowledge and understanding a student needs 
to cope with mtroductory university courses are different 
from those required to solve problems at, say, A-level. 
The latter can be tested by an achievement test, 
which should contain many short questions, without 
choice. If such a test is applied to a group of students, the 
common denominator 1s likely to be very small. In other 
words, what the students have actually learnt 1s com- 
paratively little and less overlaps on what has been learnt 
by others. On the other hand, we suggest that what the 
average university lecturer actually demands as a pre- 
requisite for his course ıs much leas, and certainly much 
less than he says he demands. From student reaction it 
seems that he demands certain basic techniques in 
ancillary subjects and a reasonable familiarity with 
certain basic concepts in his own subject. He also fre- 
quently uses certain words, phrases and notations which 
may or may not be familiar to students. All this 1s much 
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closer to that with which the students are acquainted, 
through school work, in the way we have defined this 
word, than with the accepted standard of A-level achieve- 
ment. Withthisin mind, wehave constructed “preknowledge 
surveys” for first year students in physics, electrical 
engineering, metallurgy and chemical physics, who take a 
common course in a number of subjects, cluding mechan- 
108 of particles and structure of atoms. The surveys were 
constructed to meet the requirements of these two courses 
and of the ancillary mathematics course. We preferred 
to call them surveys, rather than tests, for there was no 
intention of assessing the students individually, and the 
survey sheets were completed anonymously. 

The preknowledge survey reveals how far a student is 
acquainted with a subject before going to university. The 
survey stretches from what one would hope that all 
students would be acquainted with to matters that few 
would have come across and none would be expected to 
know. For that reason it 1s not a test in the usual sense. 
On the other hand, we wanted to detect only what the 
students were acquainted with, which is much less than 
would probably be detected in a normal multiple choice 
test. We decided to use as our criterion the ability to 
associate two words, phrases or formulae, which would 
indicate that a particular concept had been met. Three 
slightly different types of survey were constructed (Figs. 
1, 2 and 3) to see whether one was preferable to another, 
and in particular whether making the survey more open- 
ended would make mterpretation of the results more 
reliable or not. No obvious conclusions due to these 
differences were apparent. 

The three surveys covered topics in mathematics and 
physics. They were given to about 135 students in the 
first week of their first term. The results, which are given 
in the figures, point to certain generalizations. 

(a) The basic rules of calculus were known effectively 
to all, but only about half were familiar with exponentials, 
dot notation or the distinction between a definite and 
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Fig, 2. MMechantes of particles, preknowledge survey 1968. 
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indefinite integral. Few had met partial differentiation. 
The extent of preparation in other branches was patchy. 
Everything connected with ‘‘function’’—concept, termino- 
logy and notation—was unfamular. 

(b) On the whole, students have had a comprehensive 
course ın basic mechanics, but in only about half the cases 
did this extend to rotational motion or to the expression 
of work as the integral of force over distance. Most were 
unclear about the concepts of vectors and scalars. 

(c) Most students knew the basic terms associated with 
nineteenth and early twentieth century atomic theory 
and perhaps with gas discharges. Although most knew 
about Newton’s rings, the other replies to “Diffraction” 
and “Interference” indicated some confusion of thought 
on these subjects among more than half. Only about half 
the students associated the idea of force on an electron 
with “Bev” and substantially less than half had any 
acquaintance with quantum effecte, such as are associated 
with the photon and the energy levels in an atom. 
< Can the results be considered reliable? This 1s difficult 
to answer, but an analysis of the separate results of the 
four groups of students—entrants to courses in physics, 
electrical engmeering, metallurgy and physical science— 
gives some reassurance. Thus the metallurgists and physi- 
cal scientists, all of whom did chemistry in the sixth form, 
did better in the structure of atoms survey clearly based 
on both physics and chemistry teachmg at school, while 


the physicists and electrical engineers, as might be 
expected, did better ın mathematics. 

The surveys confirmed several suspicions; for example, 
that many students go to university with a very hazy 
idea about exponentials or wave motion, and that “modern 
physics” m many schools ends at about 1900. On the 
other hand, the common body of basic knowledge with 
which they have at least an acquaintance is quite substan- 
tial and adequate to buld a university course on. It 
mught be added that a reduced A-level course, as advocated 
in, say, the Dainton report five A-levels scheme?, might well 
contain such a basic course, supplemented by certain 
parta of modern physics which, although not essential as 
preparation for university, would give the whole course 
proper balance. 

The survey revealed how much better the students were 
prepared in facts and formulae than in concepts and ideas. 
Functions in mathematics, vectors and scalars in mechan- 
ics, waves in modern physics were unfamuliar—the very 
topics with which one would expect familiarity if the 
course had aimed at imparting an understanding of the 
subject matter taught. Perhaps such an understanding 
should not and perhaps cannot be expected at school 
level, but the often voiced claim that the sixth form 
studies in depth is hardly borne out by this evidence. 


1 Enquiry into the Flow of Candidates in Science and Teohnology imio Higher 
Education (HMSO, 1968). 
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Code of Ancient Peruvian Knotted Cords (Quipus) 


by 
MARCIA ASCHER 


Department of Mathematics, 
Ithaca College, Ithaca, 
New York 


ROBERT ASCHER 


Department of Anthropology, 
Cornell University, Ithaca, 
New York 


A QUIPU 1s an arrangement of coloured wool or cotton 
cords with clusters of knots tied in the cords (Fig. 1). 
As artefacts of ancient Peru, quipus are coded in the sense 
that we do not know their grammer, however clear it 
may have been to some long-dead Peruvians. We also 
do not know what quipus mean. Of obvious interest to 
archaeologists, quipus are also important in the history 
of mathematics and are alleged to be important for the 
history of astronomical observation. Mathematical terest 
comes from the notion that the quipu has a numerical 
solution. Astronomy enters when, for example, a quipu 
is said to signify the number of days m the solar year. 
The numerical solution was provided by Locke in 1912 
(ref. 1); in the ensuing half century there have been no 
advances in this area. The notion of astronomical sig- 
nificance was published by Nordenskidld in 1925 (ref. 2). 
Today, the astronomical hypothesis remains the only 
attempt to assign meaning to a large number of specimens. 
Under the mmpetus of the work on Stonehenge by Hawkins, 
Hoyle and others’, the astronomical hypothesis has re- 
cently reappeared in much the same form as when it 
was first published‘. Here we are primarily concerned 
with the code of the quipu—we also examine the astro- 
nomical hypothesis. 


Physical Propertles 

Let us begin with a description of the chief physical 
properties. For ulustration, here and throughout the 
article, we use Locke’s classic quipu, L-1, shown in our 
Fig. 2. (Locke and Nordenskiold published 17 and 14 
quipu respectively. These 31 quipu are the data used by 
us. Both Locke and Nordenskiold identrfied thew speci- 
mens by number, for example, Quipu 6. Here we retain 
the original numbers. To distinguish between the authors, 
the specimens published by Locke are preceded by an L, 
and those by Nordenskiold are preceded by an N. L-1 1s 
published in refs. 1, 2 and 5; L-2 is published in ref. 5. 
L-3 to L-29 are published in ref. 6. N-1l to N-14 are 
published in ref. 2. One quipu, unnumbered by Locke, 
we designate L-46; this specimen 1s published in refs. 7 
and 4.) All quipus have two lands of cords, a main cord 
and pendant cords. Some specimens have top cords and 
several have subsidiary cords. Of the four kinds of cord, 
three are found on L-1. If the fourth kind were present, 
they would be attached at about the middle of one or 
more pendant cords. To complete the physical description, 
we need only consider two properties of the cords: their 
colours and knots. A cord is usually woven from several 
strands dyed in one or more colours. In Fig. 2, the main 
-cord is white and dark brown, the top cord in A is light 
“brown, and so on for each cord. A cord 1s generally tied 
-with clusters of knots and individual knots. For example, 


Because these archaeological artefacts have been interpreted 
numerically, they are of Interest in the history of mathematics. If, 
as alleged, the numbers record stellar and planetary movements, 
they are of interest In the history of astronomy. This article shows 
that the code of the quipu Is richer than previously believed, and 
the astronomical hypothesis is re-examined tn this light. 


the second pendant cord in B of Fig. 2 contains, trom the 
bottom up, an individual knot followed by a space, a 
cluster of four knots followed by a space, and finally a 
cluster of six knots followed by a space. Other physical 
properties are found on one or a few quipus; for example, 
subsidiaries of subsidiaries occur. We introduce special 
properties only where they contribute to understanding 
the code or the meaning of the quipu. 


The Numerical Solution 


Several years after proposing his numerical solution, 
Locke recorded the circumstances surrounding his work 
with these words (ref. 5): “In a study of the large collec- 
tion [of quipus] in the American Museum of Natural 
History made during 1910-1911, one specimen was found 
which, by the peculiar arrangement of strands, provided 
an indisputable key to the significance of the quipu knots.” 
This was the quipu L-1. 

From the writings of the sixteenth century chroniclers 
of ancient Peruvian civilization, Locke gleaned these 
notions: a cluster of knots can stand for a digit; one 
cord can represent one number; the base of the number 
system is ten. To illustrate how one might read values 
using these notions, look once again at the arrangement 
of knots on the second pendant cord ın B, Fig. 2. If one 
assumes that the highest valued position 1s that closest 
to the main cord, the number is 6 (knots m the hundreds 
place), 4 (knots ın the tens place), 1 (knot m the units 
place); that is, 641. Reading in a similar manner, the 
top cord of B 1s 1,417. Locke read every cord this way. 
In ax instances on L-1, four pendant cords are tied to a 
top cord. Locke added the values on the four pendant 
cords in each of the six instances and found, with two 
exceptions, that the sum of the values on the pendant 
cords equalled the value on the associated top cord. The 
imstances where the equality did not hold could be 
accounted for by a fragmentary cord and an apparent 
error. (The fragment is shown im group E, third pendant 
cord from the left, Fig. 2. The error is in one knot ın 
group B. Due to several posmble sources of error intro- 
duced in making the quipu, in differential archaeological 
preservation, in counting knots on quipus, and in publish- 
ing results, an error of +1 1s admussible. In this case, 
we assume the error is in the third pendant cord from the 
left ın the cluster closest to the main cord. That is, this ` 
cord should read 536 rather than 636.) At first, Locke 
believed that L-1 alone had top cords and thought of 1t 
as unique, but he soon examined other similarly con- 
structed specumens. After some years he published 
readings of 15 quipus constructed in various ways, believ- 
ing them all to be soluble in the sense that each knotted 
cord on a quipu could be assigned a specific number. In 
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Fig. 1. Quipu L-48. This very large specimen has recently been interpreted as an astronomical record. Photograph by courtesy of the Museum 
of the American Indian, Heye Foundation. 


the end, he and his colleagues felt that the solution was 
total and the issue closed (ref. 5, page 1). 

In reopening the issue of the code, we first ask if it 1s 
justifiable to mterpret every cord as a number. Where 
internal corroboration exists, such as a cord that sums 
other cords, few doubts need be raised. Elsewhere, one 
must proceed with caution. Locke’s reading of one speci- 
men (L-27), for example, yields 157 non-zero digits among 
which there are no 7s, 83 or 98, while 93 per cent are ls, 
2g or 38. What can be made of this unlikely distribution ? 
Lacking internal corroboration when the numbers are 
read in the base 10—and conversion to the base 7 offers 
no clues—Locke’s solution 1s questionable. In another 
mstance (L-4), 36 of 154 cords (96 pendants; 58 sub- 
sidiaries), as read by Locke, have “digits” of 10 to 15 
that occur in positions representing units, tens, hundreds 
and thousands. Whether read in the base 10, or read by 
us in the base 16, there is no mternal corroboration for 
the association of digits with clusters of knots. Surely ın 
many cases it ıs justifiable to associate numbers with 
cords, but the association is not universal. The additions 
to the quipu code that we propose are not universal either. 
Indeed, it is the permutation of the elements of the code 
that lend interest to working with it. 


Further Aspects of the Code 

In the qurpu code ıt is necessary to distinguish two 
kinds of arrangements. The first consists of clusters of 
knots and their positions on cords. The second is that of 
cords, and we now consider questions such as the place- 
ment of cords. To clanfy the distinction, one might 
formulate the kinds of arrangements this way: m the 
first, the largest unit is the cord and the smallest the knot; 


in the second, the largest unit 1s the quipu, and the smallest 
18 the cord of specified colour and knot clusters. In moving 
from cord to quipu, we reconsider one set of elements and 
recognize a new one. After an example of a combination 
of clements, we show, by analysis, that relations as well 
as numbers must be a part of the solution to the code. 


The Entire Quipu 


All one really needs for a quipu is a long cord with 
other shorter cords hung from ıt. Tie together some of 
the hung cords, but not all of them, wıth another cord, 
or attach some cords to those already hung, and you 
have a more complex artefact. Evidently, to make a 
quipu 19 to put material mto a particular spatial array. 
Earlier workers must have seen this, for the names they 
gave to the cords of the quipu suggest spatial relevance. 
We say that this particular array is itself a part of the 
quipu grammar. The largest unit that concerns us, the 
entire quipu, is constructed in space out of cords such that. 
the cords act differently in accordance with their positions 
relative to other cords. Every cord, in fact, can be 
specified as belonging to one of four subdivisions depend- 
ing on its position in the quipu. For example, the 37 
read from a top cord 1s not the same (that is, not playing 
the same part) as the same number read from a subsidiary 
cord because the two cords are ın different positions on 
the quipu. Where knots appear on main cords they 
summarize the cords hung from them by recording either 
a count of the pendant cords or a sum of the values on 
them (for example, L-4, 9, 27); if top cords appear, the 
numbers on them sum the values of the pendants they 
unite (for example, L-1, 2, 46). Subsidiary cords relate to 
the cords they are attached to by, for example, being an 
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addition, or subtraction, or a part of the whole (for 
example, L-6, 46; N-12). 


The Cord Group 


Larger than the buildmg block of the whole cord, but 
smaller than the quipu with its subdivisions, 1s the cord 
group. By a cord group we mean an association of 
adjacent pendant cords. A cord group is indicated in one 
or more ways. A top cord may unite two or more pendant 
cords, mtervening space may separate a number of cords 
from other cords, or a number of cords may be one colour 
followed by a number of differently coloured cords, and 
so on. In the trivial case, the entire quipu is composed 
of one cord group. Interestang instances chosen from 
colour include one specimen where 6 brown cords alternate 
with 6 white for 108 cords (N-10), and another (L-6) 
where a mixed brown and white cord is at the centre of 
a quipu, while 15 white cords are to one side and 15 


531 


is rare and calls for further attention. As expected, if 
the values of the pendants are summed, they are found to 
equal 50, the value of the top cord. Because the top cord 
plays a summation part, one would anticipate a similar 
role for the subsidiaries attached to it. The value of the 
green subsidiary on the top cord is 14 and the sum of the 
green subgroup is also 14. The sum of the pendant cord 
subsidiaries is 14 which equals, with an error of one, the 
sum of the two remaining top cord subsidiaries. Alterna- 
tive readings are possible and the reader is invited to try 
his hand. In any case, it seems that the value of at least 
one of the subsidiaries on the top cord 1s a part of the 
60 on that cord. 


Products Analysed 


Each quipu is a specific selection and organization of 
code elements; we now analyse the resultant products 
for relations. As a first step in the analysis, we shall 


Ib wil i Ibty Ibkdb Ib 
7 7 5 2 5 8 
1 1 1 3 5 
4 8 6 1 6 
1 
A b c D E F wht 
1 jé 16 y J3 12 3°41 2 |2 
tbl /w 
1 5 14 13 |9 3 jé 15 [5 8 {1 jé |3 1 46 1 8 15 7 {3 
6 jl 1 16 4 16 5 5 19 |9 |? 7 1 9 |8 |3 18 
b w w vw with who wib whib b b b b b b W b Ibléw Pol Ibl/w b Ib lb Ib 
Fig. 2. Quipu L-1 In addition to the main cord, there are 6 top cords and 24 pendant cords. One of the pendants (third from left, 
cord group (#)) is fragmentary. The numbers are counts of knots. o placement of numbers corresponds to the relative positions of knots. 


The colours are represented as follows’ w=white; b=brown; y= yellow; bl=blue; Ib= 
There are six cord groups, let 


lbi = hght blue. 


brown cords are on the other side. The cord group is an 
element which 1s focal to an understanding of the quipu 
code. The association is strong. One is no freer to re- 
associate individual pendant cords than one is free to 
associate 3 knots from one cluster of 6, with another 
cluster of 2, and call the “digit” 5. 

The code elements discussed so far are variously com- 
bined on particular specimens. Just as a sentence gives 
reality to a grammar, so an example of a combination 
may lend reality to the code. One such combination (L-2), 
unusual in the number of elements that appear simul- 
taneously, 18 & cord group from a quipu contaming 11 
such groups (see Fig. 3). The 6 cords forming the group 
are united by a top cord and separated from other groups. 
Note that three adjacent pendants are red and three that 
follow are green. Calling a group contained by & group a 
subgroup, we have here two subgroups, one red and the 
other green. The attachment of subsidiaries to a top cord 


t brown; db=dark brown, rb = reddish brown; 
Ato F. 


consider cord groups of the same size on a given quipu 
and concentrate on the position of pendant cords within 
the groups. Let us say that we have a specimen consisting 
of two groups, A and B, with three cords ın each group, 
numbered 1 to 3 from left to mght. Two possible kinds of 
relations by position ummediately come to mind. First 
one might seek a relation between group A and group B, 
position by position. For example, one might find group 
A>group B, that is, Al>Bl, A2>B2 and A3>B3. 
Second, one might look for a relation among positions 
consistent throughout groups. For example, both groups 
might have the same rank order, that is, A2>A3>Al1 
and B2>B3>B1. Both kinds of positional relations in 
fact occur, and both can be found on the same specimen, 
for they are not mutually exclusive (for example, L-1, 2, 
46; N-10, 12, 16). A case in point (N-9) is a large specimen 
consisting of 180 pendants m 20 groups of 9 each. In 
every group, positions 6 and 7 are mixed colours while all 
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other pendants are a single colour. In addition, the 
ninth pendant in each group has the maximum value. 
For the third time we turn to Locke’s L-1, occasioned by 
the illustration of a relasion between three groups. Note 
that the top cord of B equals the sum of the top cords of 
C and D. From this we infer that group B 1s in some sense 
the sum of groups O and D. Examining them position by 
position, we find that the following holds: if pendant + 
in O and D is counts of items ın intersecting sets O, and 
D; (s=1, 2, 3, 4), then pendant ¢ in group B 1s counts 
of 


B; = OUD, (+ = 1, 2, 4) 
B, = (C3UDs) U (O,n.D1) U (0ND) U (O.nD,) 


This relation may be elucidated by a hypothetical case, 
as follows: O counts people who speak French subdivided 
into (a) boys, (b) girls, (c) men and (d) women; D counts 
people who speak English similarly subdivided; B counts 
people who speak French or English subdivided into 
(a) boys, (b) girls, (c) men and people speaking both 
languages, and (d) women. 





Fig. 8. 
biown; DB=dak brown. The numbers placed along 
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Quipu L-2, cord group G. The colours are represented as follows W =white, R=red; LG=lght green 
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l, 2, 3), then within a group (group 4), and finally as a 
finer breakdown within a group (group 5). Subsidiaries 
only appear on pendants 1 and 3 ın group 4. The first 18 
brown, the other white. If the subsidiaries are included ın 
the colour description of group 4 we have (WBWBWB) 
and colour alternation 1s preserved. The alternating pat- 
tern 18 also arranged so that the first pendant in any 
group differs from the last in the group before it. Next, 
consider a quipu of 37 pendants spaced into four groups 
of 6, 12, 15, 4 pendants respectively (L-28). The colours 
are brown and white but there are two shades of each 
which we call brown A, brown B, white A and white B. 
In the first three groups brown alternates with white, 
pendant by pendant. Each pendant has a knot or no 
knot ın the following sequence: (K00000), (OKOKKK0- 
KK0K0), (KKOKOKKKKKOKKKO0). The colours and 
knots are related: each white pendant with a knot 18 
white A while each with no knot 18 white B; similarly, 
each brown pendant with a knot is brown A while each 
with no knot is brown B. The fourth group is strikingly 
different. All the pendants are white, three have sub- 
sidiaries which are all brown, and the cords contain knot 


50/10314 
LB R 








tG wW/8 w LG LG 


B=brown, LB=light 


main cord show the value of a cord, followed by the value for each subsidiary of 


that cord. 


When cord groups are of the same size, a quipu has at 
least this relation. Where groups are different sizes, 
analysis is considerably more difficult and relations tend 
to be complex. On some we have not found any relations, 
which, of course, does not say they are not there. We 
close our discussion of the code with two analysed examples 
that have the virtue of being simple to present while 
suggesting the possibilities. The first example shows a 
variation on colour alternation; the second involves colour 
alternation coupled with numerical relations. 


Examples 

There is a quipu composed of eighteen pendants spaced 
into five groups of 4, 2, 5, 4, 3 respectively (L-29). The 
two colours are brown and white in the following sequence: 


(BBBB), (WW), (BBBBB), (WWBB), (WBW). Hence 
there is alternation of colour, first group by group (groups 


clusters rather than the knot-no knot dichotomy. The 
values of the pendants and subsidiaries are: 11 (sub 6); 
11 (sub 7); 19 (sub 15); 34. The first three pendant and 
subsidiary values can be associated with counts of pend- 
ants, of pendants with knots, or of white pendants with 
knots in one or all of the first three groups. Finally, 
pendant 4 ım the fourth group is the sum of pendant 3 
and its associated subsidiary. We conclude that group 4 
is related to the first three groups by bemg a counting 
group summarizing them (for other examples of sum or 
count groups, see N-12 and L-46). For this to hold, there 
need be no connexion between a knot and the number 1, 
and no knot and number 0. 


Meaning 


We now turn to the suggested meaning of the quipus: 
the astronomical hypothesis. It is in a discussion of a 
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particular specimen (N-1) that Nordenskiold expressed 
the hypothesis directly. He wrote (ref. 2, page 14): “In 
this quipu we find the prmciple underlying most of the 
quipus: (1) That all numbers express days. (2) That in 
one way or another astronomical numbers enter ito the 
quipus. (3) That m one way or another the number 7 
plays a predominant part.” The first and second part are 
closely related; the third is tangential. The hypothesis 1s 
best understood and evaluated by seeing how the astro- 
nomical numbers are determined. 

Nordenskiold found astronomical meanmg in fourteen 
quipus. Two of these fourteen were first described by 
Locke, and one of them 1s L-1. Again, for convenience of 
illustration we can make use of this specimen. According 
to Nordenskiold, the tollowing is significant abcut L-1. 
The sums of the groups are 17, 41x 37, 5x 23x 7,4x3x 
3x17, 5x 27, 2x 7x47, and hence display multiples of 
7, 17, 27, 37 and 47. This refers to the third part of the 
hypothesis cited here. Now, assuming that the numbers 
represent days—part one of the hypothesis—part two, 
the astronomical significance, enters m three ways: 
(1) The sum of the pendants in groups Q and F is 1,463; 
1,463=7 x 209 = 4 x 365+3. Note the 365. (2) The sum 
of all top cords is 3,644; 3,644=10x364+4. Of the 
discrepancy in group B (that is, sum of pendants = 1,517, 
top cord=1,417), Nordenskiold writes (ref. 2, page 23): 
“Tt may, after all, have been intentionally that 1,417 was 
knotted instead of 1,517. 364 has the quality of bemg 
nearly 365, while bemg divisible by 7.” (3) The sum of 
the pendants in groups A, B, O and F is 2,997. The 
next calculation we cite ın full. It reads? 


ll 


“2,997 = 2,020+77 


2,920 = 8 x 365 or 5 x 584 


ll 


2,997 = 8x 365+77 or 5 x 5844-77” 
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The 684 is considered close enough to the revolution of 
Venus to be so interpreted. In sum, Nordenskiold finds 
the number of days of the year and the revolution of 
Venus in L-1. 

Astronomical numbers on specimens other than L-1 
are determined in the same way. In general, the procedure 
1s to sum the values of two or more cords and then factor 
this sum, tryg to exhibit an astronomical number as 
one of the factors. If this factoring does not produce a 
wanted number, the factors are sought in values that 
differ from the sum by at most +9 or by some number 
containing 7. This selective summing and forced factormg 
1s seen in the illustration. In the illustration the pend- 
ant and top cords are summed independently but, often 
as not, values of pendant, top cords and subsidiaries are 
combined. If ıt were conceded that a quipu is a mere 
collection of numbers, ıt would still be difficult to accept 
this demonstration that they are astronomical. The 
“important”? numbers appear nowhere on the quipu but 
are obtained by far-fetched computation. But, of course, 
a quipu is more than a collection of numbers as we have 
shown here. 

We are as far now from knowledge of the meanmg of 
specific quipus as we have ever been. With a newly 
appreciated richness of the quipu code, there is need for 
a fresh approach to the question of meaning. The approach 
18 to seek meaning that corresponds to particular adapta- 
tions of the code. 
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ALTHOUGH the synthesis of the various types of cellular 
RNA ıs not coordinated!, it has usually been assumed 
that a single enzyme, DNA-dependent RNA polymerase, 
1g responsible. At least part of the same RNA polymerase 
molecule is involved in most E. colt RNA synthesis, for: 
(a) mfampicin promptly blocks “C uracil incorporation 
in vivo; (6) rifampicin is a potent inhibitor of RNA 


The phosphocellulose component of RNA 
first nucleotide when synthesis of an RNA chain Is Initiated 


lymerase binds the 


polymerase in vitro; (c) a rifampicin resistant mutant 
possesses an altered RNA polymerase. More recently, 
Burgess et al.? have reported the separation of relatively 
highly purified RNA polymerase into two components, 
one of which is active on calf thymus DNA but which is 
dependent on the other component for activity on T4 
DNA. They call the first component the PC (phospho- 
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cellulose) enzyme and the second component the o factor 
and propose that the latter—and possibly other analogous 
factors—are necessary to synthesize certam specific classes 
of RNA. 

Our own work supports the hypothesis that the PC 
component, or part of 1t, 1s involved in all types of RNA 
synthesis, for we have shown that this component per- 
forms the step of RNA synthesis inhibited by rifampicin. 
We present a detailed analysis of what this step is. 





1 2 
Fig. 1. Polyacrylamide electrophorems of PC component p 
from the wild e and from the mutant. Prom left to right. 
enzyme (20 enzyme (20 ug) 8M urea pe were pre 
acco ee method of Davis'* with mo dications suggested 
to us by ihe gels containod 7 8 per cant acrylamida and were were 
run AAAH l vis?*, The gels aking 8 pe a solu- 
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acetic acid. The bands seen are designated f an 

Both the preparations lack: the o factor band and the mu to Borges 
tinguishable from the wild type 


Sensitivity of PC Enzyme to Rifampicin 


RNA polymerase was purified from E. cols+ except that 
the protamine sulphate precipitation step was eliminated. 
The DEAE fraction (fr. IV) was further purified by step- 
wise elution from a phosphocellulose column’. The RNA 
polymerase activity we studied elutes in one peak with 
04M KCl. The enzyme is active with calf thymus DNA, 
but is much less active with T4 DNA as template. The 
ratio of activity with calf thymus and T4 DNA of the 
DEAE enzyme 1s 0:3, but it 1s more than 10 after purifica- 
tion with phosphocellulose. 

The PC enzyme gives two bands on gel electrophoresis 
(Fig. 1) and lacks the o and + bands described by Burgess 
et al.?. The PC enzyme ıs completely sensitive to mfam- 
picin when assayed on calf thymus DNA (Table 1). 

A highly rifampicm resistant mutant of E. cols, able to 
grow ın 1,000 pg/ml. rifampicin, was isolated and the 
enzyme purified by the same method except that the 1onic 
strength had to be increased during streptomycin sulphate 
precipitation to avoid loss of the enzyme. This fact sug- 
geste that the enzyme is altered and a comparison of the 
apparent Kms for CTP and GTP obtained with the wild 
type and mutant enzyme (Fig. 2a and b) confirms this. 

The phosphocellulose purified (PC) mutant enzyme 18 
highly resistant to rifampicm (Table 1). The mobility of 
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Table 1. SANSITIVITY OF POLYMERASH COMPONENTS TO RIFAMPICIN 
m. incorporated 
DNA -Ek +Rif 
POpe T4 18 
cT 770 5 
PCres T4 80 
CT 1,870 520 
Owr T4 2 
Ores T4 9 
Owy + POwe T4 1,480 18 
Ores + PCrea T4 2,190 1,028 
Owr + POres T4 1,840 780 
eles T4 1,220 14 
The assa: tare (025 mle ppntaned, per ml. 100 ) imole tris pH 7 5, 
sete ea eenias 10° © Eod maa and 200 pe TA Or tal ena 
va ii yruva or 
NA The following ont of PO component and o eer containing 
fractions were ae 5 ug; PCres 


wr 38 ug, 
of rifampicin was added Peers Oe indloatod to the penayme snd ite Saa cn 
started by addition of the mixture all the requirements. Incuba- 
tions were carried out at 80° C for 10 10 min. 





80 . 00 40 20 20 40 60 80 
1 
tarp) (A) 
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LL Pee 2. Change in Kms for OTP and GTP with mutant enzyme. 

synthesized for 10 min in the standard 1*0 ATP incorporation 
mixture re (Table 1) with varying concentrations of the nucleotide shown 
on the abscissa and containing T4 DNA. The a nt Kms (the 
inverse of the intercept on the abscissa) for the mutant and ane wild type 
enzymes are respectively for OTP: 25 and 14; and for GTP. 23 and 
XIM. enzyme was tho DEAE fraction IV of ESTEA and 
Berg". Plotted 18 the verse of the c.p.m. incorporation versus the 
inverse of the nucleotide concentration. (a) O, Wild from which 
mutant was derived), A, Nenana icin roant mutant. (b) O, Wild 

e, > 
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the a and B bands is not significantly altered on gel 
electrophoresis, but the « and/or 8 subunits must be modi- 
fied in this mutant. 

We reported*:* that rifampicin resistance maps on the 
E. coli chromosome close to the arg H locus, and we have 
now found using phage P1 that mfampicm resistance 18 
70 per cent cotransducible with arg H. Babmet and 
Condamine’ have confirmed this. One of the strains 
which received the rifampicin resistant character by Pl 
transduction possessed a resistant RNA polymerase, 
indicating that a component of RNA polymerase 1s coded 
by & gene located close to the arg H locus. 


PC Component sensitive in the Complex o-PC 


The o factor greatly stimulates T4 RNA synthesis by 
the PC component?. The factor stamulates T4 RNA 
synthesis approximately thirty-fold m our conditions and 
therefore essentially all T4 RNA synthesis 1s dependent on 
the o factor. 

To determine if the o factor as well as the PC com- 
ponent is also altered ın the mutant, we prepared o factor 
and PC component from the mfampicm resistant strain. 
The o factor from the mutant stimulates T4 RNA syn- 
thesis by the PC enzyme of the wild type and the reverse. 
The rifampicin resistance of this stimulated synthesis, 
however, only depends on the source of the PC enzyme 
and not on the source of the o factor (Table 1). 
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. 8. Effect of nfampicin on T4 late proteins Æ. coh BB cells wero 

ected at multiplicity of infection of 5 and superinfected after 7 min 
m M9 at 80°C. Two minutes after infection 1 uOi/ml of a “C radio- 
active amino-acid mixture (specific activity, 100 401/u“mole) was added 
to the culture. At 9 mm one-half of the cultures teceived 100 ug rift 
picin per ml, At 45 mm the cultures wero cen pellets 
DNase treat- 


Exp. 2 Exp. 3° 
celis infected with T4 am B17 (gene 28); . 4: cells infected with 
T4 am B1l?7+nfampian, Exp. 5 inf with T4 am N122 (gene 


. 5: cells 
42), Exp. 6. cells infected with T4 am N122 (gene 42)+ rifampicin. 
a, Head protein; b, fragment of pead protein, c, unidentified late 
protein. 


PC Enzyme used throughout T4 Infection 


Recently, Haselkorn et al.* reported that the syntheses 
of some of the T4 late phage proteins, and perhaps all, 
are sensitive or resistant to mfampicin depending on 
whether the host strain ıs sensitive or resistant to the 
antibiotic. They showed that this was true for a tal 
fibre antigen, the gene 12 product, and the phage specified 
lysozyme. They concluded that at least part of the RNA 
polymerase of the host cell is used throughout T4 mfec- 
tion. We have extended their observation to mclude the 
head protein, coded by gene 23, and at least another late 
gene product which can be distinguished by gel electro- 
phoresis (Fig. 3). Gel electrophoresis patterns (Fig. 3), 
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obtamed following infection with the early amber mutant 
N122 (gene 42), reveal which bands are late proteins. The 
head protein band was identified by comparigon with the 
pattern obtained with B17, a mutant carrying an amber 
mutation in the head gene. 

Our data support the conclusion that the PC com- 
ponent of host RNA polymerase 1s used for all of the 
RNA synthesis of the cell as well as all T4 RNA synthesis 
and the PC component is probably solely responsible for 
the step of RNA synthesis inhibited by rifampicin. 


Rifampicin binds to RNA Polymerase 


Using a “C derivative of mfampicin we have obtained 
evidence that rifampicin binds to RNA polymerase which 
agrees with the results of Wehrhi et al.1°. Our experiments 
depend on the fact that RNA polymerase 1s excluded by 
‘Sephadex G-200’. Rifampicin was mixed with the fraction 
IV enzyme of Chamberlin and Berg‘ and the mixture 
eluted from the column. Some of the “C mfampicin, 
eluted with the RNA polymerase (Fig. 4a). This does not 
occur when the resistant RNA polymerase is used. We 
have also shown that the “C bound per unit mass of 
protein increases with the purification of the enzyme 
activity (Fig. 4b). 


The Rifampicin Sensitive Step 


Three steps in RNA synthesis in vitro can be dis- 
tinguished: (a) the bmding of the enzyme to DNA; 
(b) the stabilization of the complex with the first nuc- 
leotide m the RNA chain (a purine); (c) elongation of the 
RNA chain. 

The binding of RNA polymerase to DNA is not blocked 
by rifampicin. An early step of RNA synthesis does, 
however, seem to be affected because the trichloracetic 
acid (TCA) insoluble incorporation of Py labelled tn- 
phosphates is inhibited. These results suggest either that 
step (b) of RNA synthesis is inhibited or that the molecular 
weight of the product 1s too low to be insoluble in TCA. 

T4 DNA directs the synthesis of RNA chams with the 
sequences at the 5’ terminus, pppApUp or pppGpUp 
(refs. 12 and 18, and personal communication from A. 
Travers). Essentially all of the RNA chains have UMP 
in the second position and not CMP. Table 2 shows that 
the preincubation of T4 DNA and RNA polymerase with 
mixtures of nucleotide triphosphates lacking UTP or 
CTP stabilizes the RNA synthesis against the action of 
rifampicin. This mdicates that mfampicin does not 
inhibit the formation of the first internucleotide bond but 
acts before this occurs. 

Measurement of the binding of RNA polymerase to 
T4 DNA using the filter binding assay of Jones and Berg"! 
confirms this result. The RNA polymerase-T4 DNA 
complex ıs dissociated at salt concentrations of 0-3 M 
or higher. If, however, the first nucleotides to be in- 
corporated into the RNA chain, ATP and GTP, are present 
the complex 1s not dissociated until much higher salt 
concentrations are reached!*. CTP and UTP do not have 
this effect. Thus the presence of ATP and GTP cause the 
enzyme-DNA complex to be altered and become much 
more resistant to dissociation by salt. If rifampicin is 
added before ATP and GTP the stabilization of the 
DNA-RNA polymerase complex is reduced (Fig. 5). The 
stabilization 1s not affected if mfampicm is added after 
ATP and GTP (data not shown). Rrfampicin does not 
Table 2. RIFAMPIOIN ACTS BRFORE THR FORMATION OF THH FIRST PHOSPHO- 

DIBSTER BOND 
Nucleotide omitted 


t UTP 
(mun) Incorporation In c.p.m. 
1 2,870 2,500 
8 3,270 3,420 
E 3,820 8,870 
10 4,500 4,500 


RNA polymerase (180 18) wes preincubated at 80° O in the standard 
incorporation mixture wi 4 DNA (Table 1) lacking UTP or OTP. ¢ 18 
the time of addition of rifampicin (to 0 84 . One minute later the missing 
nucleoside triphosphate was added and e mixture incubated for an 
additional 10 min. The ATP “O c p.m. incorporated are shown. 
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Fig. 4. Bmding of nfampicin to BNA Pee 


Chromatography 
15x50 om in binding 


uded by ‘Sep’ G-200’ including the RNA polymerase, the 
second peak is due to the unbound nfampicm. A Is same - 
Ment except that enzyme was extracted from the rifampicin re- 
sistant strain (1,700 Kg protein). b, Three different eriments are 
summarized, carried out with wild type enzymes taken at different 
steps of purification. Conditions as in a. A, The e was taken 
after streptomycin precipitation step (6 500 ug protem); @, the 
enzyme ıs after (NH4)S0, pr tation (6,500 protein): O, the 
enxyme is after step (2,200 ug protein). tios of specific 


activity of enxyme were 1 2, 5.40. 


therefore inhibit the formation of the enzyme-DNA 
complex, but does prevent one of the first measurable 
steps in RNA synthesis, the stabilization of the DNA- 
RNA polymerase complex by the purine nucleotides. 


PC Component binds first Nucleotide 


Work with the antibiotic rifampicin has substantiated 
the hypothesis that RNA synthesis is controlled through 
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the initiation sites which are used and that the active 
process of polymerization 1s common to all RNA synthesis. 
The drug mhibits essentially all of the RNA synthesis ın 
E. coli and does so by bindmg to RNA polymerase. Its 
effect on the synthesis of some of the late messenger RNA 
of T4 depends on whether the host strain 18 resistant or 
sensitive to the antibiotic. A similar result has been 
obtained using the Bacillus subtilis phage SPO1 (ref. 9). 
Rifampicm 1s known to mbibit an early step m RNA 
synthesis, because ıt does not inhibit RNA synthesis that 
is under way, but the drug does not affect the binding of 
RNA polymerase to DNA. We have shown that nifampicim 
affects the stabilization of the DNA-RNA polymerase 
complex by the first nucleotide ın the RNA chain (a 
purine). The mfampicin presumably competitively m- 
ubits the binding of the first nucleotide to the RNA 
polymerase, perhaps by binding to the same site. 
Recently, Burgess et al.° have described an assay for a 
factor (o) required to transcribe T4 DNA. But little is 
known about the function of this factor. It could permit 
the polymerase to bind to initiation sites on T4 DNA. 
Alternatively, the polymerase may bind ın the absence 
of the o factor, but the factor may be required to bind the 
first nucleotide to the RNA polymerase-DNA complex. 
Our results show that a mutation in the PC enzyme 
1s sufficient to make in vitro T4 RNA synthesis resistant 
to mfampicin and a mutation in the o factor 1s not re- 
quired. We beleve this means that the PC enzyme is 
involved ın the binding of the first nucleotide to the RNA 
polymerase-DNA complex. Our experiments do not rule 
out the possibilty that the o factor is also involved in 
this step of RNA synthems. We feel, however, that the 
most reasonable interpretation of our results is that the 
PC enzyme, or at least part of it, performs this specific 
function ın RNA synthems and that the o factor, and 
possibly other analogous factors, have another function. 
We thank Professor F. Graziosi for his interest and 
Mr B. Esposito for technical assistance. E. di M. was 
supported by the Istituto di Fisiologia Generale, Univer- 
sitz di Roma; L.S. is a fellow of the Jane Coffin Childs 
Memorial Fund for Medical Research. These investiga- 
tions were aided by a grant from the Jane Coffin Childs 
Memorial Fund for Medical Research and the Association 
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He 5. Stabilization of DNA-RNA polymerase complex with ATP 
GTP. 4 ug of “O labelled T4 DNA (480 c.p.m./ug) sheared at 
40 fm). by repeated passage through a was mixed with 
D purified ‘A polymerase (98 ug protein) in a mixture containing 
per ml” 10 moles tns HCl, pH 7 8, 5 moles MgCl, 50 umoles KCl, 
and incubated at 30°C At 5 min rifampicin (to 4x 10° M) and at 
10 min ATP +GTP (to 1 mM) were added as indicated. At 15 min 
the mixture was collected on ‘Millipore’ HA 045 micron filters and 
washed with 10 ml. of the mcubation buffer brought to the KCI con- 
centration shown on the abscissa. No rifampicin or ATP and 
GTP added: O, ATP plus GTP added; A, rifampicin added before 
ATP and GTP. 
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Cyclic Re-use of the RNA Polymerase Sigma Factor 


by 
ANDREW A. TRAVERS 
RICHARD R. BURGESS 


The Blological Laboratorles, 
Harvard University 


The RNA po 


synthesis. 


THE enzyme RNA polymerase has been reversibly dis- 
sociated mto two components—the minimal enzyme and 
the o factor!. Without o, the mmuimal enzyme cannot 
function usmg T4 DNA as a template, but it can transcribe 
a number of other DNA templates, usually with much 
reduced efficiency. This rmplies that the minimal enzyme 
carries out the formation of phosphodiester bonds, but 
there is nothing to show how c functions. We have been 
able to show that o functions during the process of initia- 
tion, and we have evidence that o is released durmg or 
soon after initiation and can then be re-used by another 
minimal enzyme molecule. 


Initiation of RNA Chains 


The factor o can stimulate total RNA synthesis either 
by a direct effect on RNA chain elongation or by stimulat- 
ing initaation and, to distinguish between these alterna- 
tives, both initiation and total RNA synthesis have been 
measured ın the presence of increasing amounts of c. 
Initiation was assayed by measuring the incorporation of 
y ^P labelled nucleoside triphosphates into RNA, for 
only the first nucleotide incorporated nto the growing 
RNA chain retains its triphosphate group*?. This 
experiment (Fig. 1) shows that the stimulation of total 
synthesis is paralleled by a sumilar stimulation of initia- 
tion. Although the number average cham length 
increases shghtly as more o 1s added, it ıs clear that the 
principal effect of o is greatly to morease the number of 
RNA chains initiated. 


Effect on RNA Chain Elongation 


The merease of average chain length may result either 
from a direct effect of o on cham extension or indirectly 
from an increased rate of initiation at high concentrations 
ofo which would allow the RNA chains on the average to 
grow over a longer period of time. We have therefore 
used rifampicin, a potent mhibitor of initiation‘, to 
determine whether o has a direct effect on the cham 
elongation rate. After addition of mfampicin to polymerox 
which was actively synthesizmg RNA, the average extent 
of elongation of pre-existing RNA chains was determined 
by measuring the ratio of mternal nucleotides to 3’- 
termini in the newly synthesized RNA. Using T7 DNA as 
template, we found that the extent of this chain elongation 
was independent of whether synthesis has been initiated 


Fy bien o factor Is required for the Initiation of RNA 
r Initiation c Is released from the polymerase- factor 


complex and from the DNA template, and may then be re-used 
by another polymerase molecule to initiate a new RNA chain. 
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Fig. 1. The assay mixture (0 1 ml.) for measuring total RNA synthesis 
contained 0-04 M trs-HOI Oe 79 buffer, 0 000 M EDTA, 60058 M 
Ge ae ae 0 01 AT MgCl, 0 05 M KCI, 0 25 mB OTP, GTP, and 
UTP, 025 mM “O ATP specie, activity =2 Cl/mole), 60° ug/ml. T4 
DNA, 35 g/ml. minimal AÀ polymerase and varying amounts of o. 
The reaction incubated for 15 pan at 87° O and terminated by the 
addition of 01 ml. 05 cent sodium dodecyl sulphate followed by 
5 mL 5 per cent TCA. recipitate was filtered on ‘Alillipore’ filters 
which were subse tly soaked in 1 M KCI, 0 01 M sodium py1ophos- 
phate, 5 per cent TCA for 1 h and then counted. The assay mixtures 
initiation were {identical except that they contained in 
tum ae ee of the four e “P labelled nucleoside taiphosphates. Minimal] 
y chromatograph To aude factor-polymerase 
Tn phoepbooely oge! ugh from this column was 
complex further yzone centrifugation to obtain o of >95 per cent 
pulity. yP labe nucleoside triphosphates were pre by the 
method of Glynn and Chappell’. Incorporation of y *P and 
ae OTP into RNA was together <5 per cent of the total mitiation 
in all cases. The incorporation of both O AMP and y "P ATP 
ind GTP into acid insoluble matenal was completely dependent on the 
addition of minimal enzyme and DNA to the reaction mixture. , In- 
corporation of 10 AMP; O, incorporation of y ®P ATP; Q, mcorpora- 
tlon of y "P GTP. 
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Table 1. RSTIMATION OF THA AVERAGH CHAIN LENGTH OF RNA SYNTHESIZED 
AFTER THE ADDITION OF RIFAMPICIN TO PRE-INTTIATED ENZYME 


Minimal Minimal 


enzyme enzyme + o 
Radioactivity (c.p.m.) recovered as adenosine 316 , 688 
Radioactivity (c.p.m.) recovered as adenylate 154,240 |. 349,870 
Ratio Ap/A 490 512 


The reaction mixtares for BRNA synthesis were as described in the d to 
Eis. 1 except that all the nucl hates were initially elled 
and 115 agjml. T7 DNA, 160 „g/ml. polymerase and b 15 M KCl 
replaced the quantities previous! Two reaction mixtures were set 
up, one (0 0 mL was as d other (0 2 ml.) contained in addition 
min at 87° O mtampletn was added to both 

leaction mixtures to a final concentration of 15 After a further 
minnie "H ATP was added to give a final cac me of 1, 000 Ci/mole. 
ynthesis was alowed to continue for 4 


imoubation for 


aqueous p y the addition 
anes was EAA in 100 ul. 
0. The hydrolysate was neutral- 
MM peper for 2 ha at 25 kV 

um apr pH 35 baer th The table shows the radioactivity 
with the adenylate and adenosine markers. Ninety-seven per 
applied radioactivity was recovered in these two regions. 


ized and tien I eee on Wha 

1070-05 M sod! 
tin 

cent of 


by minimal enzyme or by the complex of mmimal enzyme 
plus o (Table 1). 

Moreover, when o is added to actively synthesizing 
polymerase in the presence of rifampicin, there 1s no 
stimulation of total synthesis (Table 2). Hence once 
synthesis of a given RNA chain has been initiated, o has 
no further stimulatory effect on its growth. 


Table 2. EFFEOT OF o IN THE PRESENOW OF RIFAMPICIN 


pmoles AMP 
ıncorp/0 1 ml. 
Minimal enzyme 690 
Minimal enzyme + rifampicin added after 2 min incubation 400 


Minimal enzyme + rifampicin added after 2 min moubation 
+o added after 81 min incubation $40 


Minimal enzyme + o 5,300 
Minimal enzyme + o +mfampicin added after 21 min incu- 

bation 2,900 
Minimal enzyme + o added after 81 min incubation 8,310 


Reaction mixtures were as described in the legend to Fig. 1 except that 
Initially all the nucleoside triphosphates were unlabelled. and and 015 M KCI, 
jml. T7 DNA and 88 gg/ml. minimal enzym laced the quantities 
relia tages pevenaly. After incubation for 2 mm mat 37". uO ATP was added 
to give a 1 specific activity of 11 5 Oi/mole. 0:08 ug rifampicin and 1:9 
were added as indicated. The cubation was for a total of 10 mn. tthe 
reaction mixtures were assayed for RNA synthesis as previously described. 


Complex of Factor and Polymerase 


The mimimal enzyme and the o factor can associate to 
form a stable complex', and the role of o ın initiation 
suggests that this complex is probably the functional unit 
of initiation. To test this hypothesis, ıt was first neces- 
sary to determine the subunit composition of the complex. 
The minimal enzyme is composed! of three principal types 
of polypeptide cham: g, B and 8’. These have molecular 
weights of ~ 40,000, ~155,000 and ~168,000 daltons 
respectively and are present in the ratios of 2a: 18: 1p’, 
which gives a minimum molecular weight of ~ 400,000 
daltons of the enzyme. The factor has a molecular weight? 
of ~ 95,000 daltons. 

Pure polymerase—factor complex can be prepared by 
two alternative methods. Chromatography of crude 
polymerase on & phosphocellulose column gives low 
yields of complex, previously described as peak B 
material’, but the complex may also be reconstituted by 
adding excess o to mimimal enzyme and following this by 
zone centrifugation. The polypeptide chains comprising 
the complex can be separated by polyacrylamide gel 
electrophoresis ın denaturmg conditions, when their 
molar proportions can be estimated by scanning the 
stained gel spectrophotometrically. Complexes prepared 
by either method yield a molar ratio of «:8+8’:0 of 
approximately 2: 2:1 (Fig. 2), which indicates that this 
complex has the subunit composition «,88’c and has a 
minimum molecular weight of ~ 495,000 daltons. (This 
estimate would be liable to error if the different poly- 
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6 3 0 
Distance from origin (em) 


Fie 2. Polyacrylamide gel electrophoresis of polyimeraso-fhotor com! 
of pol; electropho 
cont 


erase—factor complex was 
DS orylamide gel acco. to the proceduro ot Rnapiro 
al”, The gel was stained wi coomassie bolianta ‘ony 
iter which the abeorbancy at 550 nm was scanned using 
speotzophotometer. The relative molar proportions fe a, B+ modifed Car : 

calculated using the molecular weights quoted In the text and 
aesrmningr that the area under the absorbance peaks was directly propor- 
tional to the amount of protein ın each band Normalizing to a=2, 
a'ßB+8' :o =2:19.11. The protein concentration of complex was 
de ned using 0 65/mg/ml. as the specific absorbance of purified 

polymerase-factor complex at 280 nm’. 


resed on a O pet 


peptide chains bound the dye coomaasie brilliant blue 
with different affinities, but it does seem® that the amount 
of this dye bound is proportional to the amount of protem 
with a variation of less than 10 per cent.) 

Another demonstration that the composition of the 
complex 18 «,8f’o consists of a comparison of the sedi- 
mentation coefficients of complex and of minimal enzyme. 
The sedumentation coefficient (a9 5%) of minimal enzyme 
m 0-5 M KCI 1s 12-7 95. Values for the 820,w Of complex 
have been variously reported as afl = 13-6 S m 05 M 
KCI’ and 5%) ,=14-4 S m 0-2 M NH,Cl*. Both these 
enzyme preparations were approximately twice as active 
on T4 DNA as on calf thymus DNA and must have 
contamed nearly saturating amounts of o. We have 
separated complex from mmunal enzyme by zone centri- 
fugation on a glycerol density gradient in 0-36 M KCl. 
In these conditions, minimal enzyme sediments at S= 
12-3 + 0-3 and complex at S= 14:0 + 0-3. If RNA polymer- 
ase 18 a globular protein and if there are few conforma- 
tional differences between minimal enzyme and complex, 
this difference in sedimentation coefficient mdicates that 
there ıs only one o chain per complex. The molecular 
weight of the 13S-14S complex, about 590,000 daltons, 
is too small for there to be two o chains in each com- 
plex’. 


Complex and Initiation 


When the ionic strength of an RNA polymerase reaction 
mixture is low, initiation of RNA chains ceases rapidly®:1° 
and the enzyme remains attached to the DNA m an 
enzyme—DNA-RNA complex. In these conditions, 
each enzyme molecule can initiate only once, so that 


N 


we 
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Table 3. RE-USE OF g IN PRESHNOR OF TWO DNA TEMPLATHS 


Total RNA syn- 
DNA and enzyme 
initially present 


2 85 ug p80 DNA + 


Additions at 15 min (pmoles AMP in- 


corp/ reaction mixt.) 780 


2-6 ag complex 11:5 ug T4 DNA 1,085 

” ” ” 14 ug minimal enzyme 4,352 
” ” ” 115 wg T4 DNA +14 ug 

minimal enzymo 5,920 

” ” ” None 996 

2-85 ug p80 DNA onl Tews Te DNAS ag = 
2°50 ug o only 1 + HE 

minimal ensyme 1,272 


The 1eaction mixtures (0 2 ml.) for RNA synthesis were as described in th legend to Fig. 

e1ase-factor complex were added im the canoes meed. “anor fomuhation ar is eater a 
Further additions at this time were as indicated. 

15 min at 37°C 8 ug pancreatic DNase (Worthington, electrophoretically Ay ee then added and the incubataon was continued for 15 min at 26° O. 


unlabelled and 980 DNA and pol 


. and the reaction volume was 05 ml. After 


thesis 15-80 min labeled RNA (pmoles AMP 


Hybridization pattern of Template specificity 


Hybndization of RNA synthesis 
hybridized/100 ul. aliquot) pce aaa AMP) 
T4 (per cent) T4 
112 8 116 968 67 
516 0 118 4,852 0 
158 780 158 1,004 4,916 


Not tested in annealing experiment 


49 125 136 356 916 


annealing, 6 
incubated for 1 h at 25° O. 50 ug bovine serum albumin was then added as çarrior and the samples were precipitated, collected on ‘Miulhpore’ filters and 


counted. Data are the averages of duplicate samples and ha 
synthesized by complex on p80 DNA 


measurement of the number of RNA chains initiated by a 
known weight of complex should yield an estimate of the 
molecular weight of the functional unit of initiation. 
This measurement has been carried out using T4 DNA as 
template. About 95 per cent of the RNA chains synthe- 
sized on this template have a purine nucleotide at their 
5’-terminus*:*®.1°, so that the sum of the pppA and pppG 
termini is a good approximation to the total amount of 
initiation on this template. When complex was incubated 
with T4 DNA at low ionio strength, the classical kinetics 
of imtiation were observed®1° (Fig. 3). At the plateau, 
1-35 pmoles pppA termini and 0-73 pmoles pppG termini 
were observed per pg of protein, which 1s equivalent to 
one initiation per 480,000 daltons of protem. Thus in 
these conditions there is approximately one imutiation 
for each complex molecule. It is possible that lmuted 
re-initiation takes place in the early stages of the reaction; 
this effect, if significant, would raise the estimate of the 
molecular weight of the functional umt. Alternatively, 
the presence of mactive enzyme molecules could result 
in an overestimate of the molecular weight. 


Factor o as a Catalyst 


To show that o can be re-used, it 18 necessary only to 
show that the molar amount of initiation observed is 
greater than the amount of factor present when re-use 
of the polymerase is prevented. Re-use of o can be 
observed when an excess of minimal enzyme 1s added to 
polymerase-factor complex. Cemplex was first added to 
a reaction mixture at low ionic strength contammg T4 
DNA and the four nucleoside triphosphates, one of which 
contained a y **P label. The kinetics of initiation were 
then followed by measuring the incorporation of y "P 
ATP and y #*P GTP into RNA. After 8-10 min no further 
initiation occurred. At this point the amount of initiation 
corresponded approximately to one initiation per complex 
molecule. We call the complex, fully initiated in this man- 
ner, pre-initiated complex. Addition of a large excess of 
minimal enzyme to pre-initiated complex caused renewed 
initiation (Fig. 3), the kinetics of which were linear for at 
least 30 min after the addition of minimal enzyme. 
Initiation by mmimal enzyme in the absence of complex 
was four times lower than that observed when pre-initiate 
complex was present. The stimulation of muitiation by 
factor in these conditions was, however, considerably less 
than that expected from the amount of factor present in 
the original complex. We attribute this loss of activity 
to inactivation of o at low protein concentrations. This 
inactivation is not dependent on the presence of DNA 
nor on the functioning ofo. It may be a result of either 
adsorption losses or the heat lability of o. Assuming that 
there is one o chain per complex the net amount of factor 
dependent initiation at 40 min indicates each o cham 
being used five times. But as inactivation of o occurs 
the extent of re-use of active o molecules 1s probably even 


greater. 


When rifampicm and rifampicin-resistant minimal 
enzyme were added together to pre-mitiated complex 
we again observed a renewal of mitiation (Fig. 3). Be- 
causo the original complex was sensitive to rifampicin, 
o derived from the rfampicin-sensitive complex was 
stimulating the rifampicin-resistant mmumal enzyme. 
Addition of rifampicin and rifampicin-sensitive minimal 
enzyme to pre-initiated complex resulted in no new 
initiation. Thus co can be re-used and the target of nfam- 
picin must be the minimal RNA polymerase. This result 
has also been mdependently obtained in another labora- 
tory (see preceding article). 
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Fig. 3. Curve 1: imitation by 0 5 ug polymerase—factor complex alone. 
Curve 2 initiation by 45 ug rifampicin-resistant mimimal enzyme 
added after 10 min incubation with 05 g complex. Curve 8: samo 
conditions as for curve 2 except that no complex was eee Curves 
4 and 5: same conditions as for curves 2 and 3 vely except that 
rifampicin was added to a final concentration of 0 ml. immediately 
before the addition of rifampicin-remstant enzyme. 40 min time 
points obtained when 8-8 xg nfampicin-sensitive minimal © Was 
added to 0 5 xg complex are shown s6 tely. A, no mfampian; A, 
ufampıcın added together with minimal enzyme. Incubation conditions 
measuring toe ucorporation fy hA ATP and y MP G'EE sopereraty TD e 
m incorporation o: and y separately, 
aliquots being taken from ] reaction mixtures for each time point. 
All data have been correc for bac! unds of 0 08 pmolea y ATP 
and 0 13 pmoles y "P GTP. With compor present DprA termuni/(pppA. + 
ppoG) termini varied in the pange it) 68. In the absence of com- 
pice this ratlo vaned from 0 65 The rifampicin-remstant minimal 
A polymerase*'-” was s prepared from a nfampicin-remstant strain 
of E. cols isolated by R. Schleif. 
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o is released from the Polymerase-DNA Complex 


There dre two ways ın which o could be re-used. It 
could remain attached to the DNA template or it could 
be released from the template and then combine with 
another minimal enzyme molecule to form a free complex. 
In the former situation the choice of template when o 18 
ro-used 1s restricted to the original DNA utilized by the 
complex; in the latter case no such constraint exists. 
Determination of the template specificity of the factor 
dependent transcription following the addition of mını- 
mal enzyme and a second type of DNA to pre-imtiated 
complex showed that effective competition between two 
types of DNA occurs and that o must be released from 
the polymerase-DNA complex. 

In this experiment complex initiated synthesis on 780 
DNA, T4 DNA was then added because transcription on 
this DNA 18 almost completely factor dependent’. To 
minimize the background of 780-specific RNA synthesized 
durmg the initial reaction, the radioactive label was added 
at the same tıme as T4 DNA and minimal enzyme. 
Addition of both minimal enzyme and a four-fold weight 
oxcess of T4 DNA to pre-initiated complex resulted in 
considerable RNA synthesis (Table 3). Eighty-three per 
cent of this RNA was T4 specific. The factor can therefore 
be released from the original DNA template. When T4 DNA 
alone was added to 980 pre-initiated complex there was 
no significant increase in RNA synthesis over the control. 
This control RNA synthesis was insensitive to the addition 
of mfampicm and must represent the extension of RNA 
chains that had already been initiated in 980 DNA and 
because hybridization showed that when T4 DNA alone 
was added 95 per cent of the RNA was 980 RNA. Addi- 
tion of mmumal enzyme alone to pre-initiated complex 
resulted in synthesis of RNA which hybridized exclusively 
with 980 DNA. This synthesis is chiefly factor dependent 
transcription of p80 DNA. 

The relatively small amount of 980 RNA synthesis 
observed when minimal enzyme and T4 DNA were added to 
pre-initiated complex is residual synthesis during the exten- 
sion of RNA chains that had been initiated before additions 
were made. If it were not obligatory foro to be released. 
before ıt was re-used there should be a significant amount 
of factor dependent RNA synthesis on 980 DNA. This 
1s not observed, and thus for re-use o must be released 
both from the origmal polymerase—factor complex and from 
the DNA molecule on which the complex initiated RNA 
synthesis. 


The Sigma Cycle 


We propose the following model for the involvement of 
co in the transcription process (Fig. 4). The factor, o, 
initially forms a complex with a minimal enzyme, which 
is able to bind to DNA and to initiate RNA synthesis. 
During or after initiation, o is released from the complex 
and becomes available for re-use by another minimal 
enzyme molecule. The released factor does not remam 
bound to the DNA with which the complex originally 


rng 


Eo-DNA 


ES RNA 


Fig. 4. The sigma cycle E =e the minimal RNA polymerase, 
a . 
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interacted but ıs able to stimulate mitiation on other 
DNA molecules. Thus polymerase which is actively 
synthesizing RNA should no longer be associated with o. 

As well as our own results the observation of Krakow 
et al. mdicates that when RNA polymerase, isolated from 
Azotobacter, synthesizes RNA on a poly r(1-C) template 
a protein component, y, 18 released. This y protein 18 
probably equivalent to o. 

Because various methods of purification of RNA 
polymerase (Chamberlin and Berg‘, Stevens and Henry" 
and Babinet‘) yield polymerase-factor complex as the 
final product the equilibrium of the association between 
co and minmal enzyme probably highly favours complex 
formation in most conditions. There could, however, be 
some dissociation of complex at the low protem concen- 
trations used in normal assays. We cannot exclude las 
likely models which envisage either the enzyme or the 
factor binding specifically to DNA im an independent 
manner. But if this occurs we must assume that the 
complex then re-forms on the DNA, because when RNA 
polymerase 1s purified by chromatography on a T4 DNA 
column the polymerase and o are eluted together m the 
form of complex from the column’. 

Factor o might be responsible for the recognition of 
specific initiation sites on the DNA template or ıt might 
be necessary for the localized DNA strand separation 
that occurs immediately before cham initiation’?*. Or 
c function could include both these roles. If so, why does 
the minimal enzyme in the absence of o work 80 - 
well on certain templates ? Why can the minimal enzyme 
transcribe calf thymus DNA almost as well as wher o 1s 
present? We believe the answer is mistakes m starting. 

can occur in the transcription of DNA just as 
in the translation of messenger RNA. Recent experi- 
ments ın this laboratory show that RNA synthesis on 
T7 DNA loses much of 1ts normal specificity when o is 
absent (Goff and Minkley, unpublished results). This 
suggests that o or similar factors with different specificity 
are necessary for all natural initiation. 

We thank Professor J. D. Watson, Professor K. K. 
Weber, Mr R. Kamen and Mr J. Roberts for discussions, 
and Mrs C. Roberts for technical assistance. A. A. T. is a 
postdoctoral fellow of the Damon Runyon Memorial 
Fund for Cancer Research and R. R. B. is a postdoctoral 
fellow of the Helen Hay Whitney Foundation. This work 
was supported by the US Public Health Service. 
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Isolation of the 434 Phage Repressor 


by 


VINCENZO PIRROTTA 
MARK PTASHNE 


Biological Laboratorles, 
Harvard University 


Tum expression of certam genes is controlled by the 
products of specific regulator genes which act as repres- 
sors’. The repressor which controls the lactose operon 
im E. coli™? and the repressor of the coliphage 145 have 
been isolated. Both repressors are proteins and both 
have very high specific affinities for DNA coding for their 
respective operators. This strongly supports the model 
which proposes that the operator, the site of action of the 
repressor, 18 & sequence of bases of the DNA molecule 
itself and that the repressor acts by binding specifically 
to ıt and interfering with the process of transcription. 

In this article we describe the isolation and some of the 
properties of another repressor, that of the coliphage 434. 
This phage 1s closely related to 2 but differs chiefly m 
that it makes and 1s sensitive to its own repressor, the 
434 repressor, which 1s functionally distinct from that of 
à. The à repressor, produced by the Cr gene of the phage, 
controls the phage genome by binding to two separate 
operators located one on each side of the Cr gene and 
contained ın & short segment of the genome called the 
immunity region’. If this region 1s replaced by genetic 
recombination with the corresponding segment from 
phage 434, the resultant hybrid phage, \1mm434, makes 
and 1s sensitive to the 484 repressor only’. 

We have utilized the hybrid phage tmm434 to isolate 
the 434 repressor and have found that this repressor is a 
small protein, similar ın size to the A repressor, but sub- 
stantially more basic. In vitro the 434 repressor binds 
specifically to DNA bearmg the 434 operators. During 
this work, we found unexpectedly that two Aimm434 
strains used in different laboratories differ markedly in 
the amounts of repressor they produce and that this 
difference can explain some unusual properties of the 
d4mm434 virulent phages. 


Isolation of 434 Repressor 


To isolate the 434 repressor we followed the technique 
developed by Ptashne for the isolation of the 4 repressor‘. 
He devised a system ın which radioactively labelled ammo- 
acids are incorporated primarily into the repressor protein. 
To achieve this, E. cols cells lysogenic for à were irradiated 
with massive doses of ultraviolet light to destroy their 
ability to synthesize bacterial proteins. These rrradiated 
cells were then infected with a high multiplicity of à phage, 
and, m a parallel experiment, with 4 phage bearing an 
amber mutation in the Or gene. The two cultures were 
labelled with different radioactive isotopes (°H and ™C- 
leucine) and the repressor was identified by column 
chromatography as a protein labelled with *H but not 
with HC. 

This procedure was adapted by using as hos: cells 
E. colt lysogenic for A#mm434. As in Ptashne’s experi- 
ments the prophage carried a mutation in the Or gene 
which renders the repressor resistant to inactivation by 
ultraviolet light. One portion of irradiated cells was in- 


The repressor protein of the coliphage 434 has been Isolated and 
Its properties compared with those of the À phage repressor. 


fected with Ai#mm434, another with »imm434 bearing an 
amber mutation in the O; gene, and the two cultures were 
labelled with *H-leucmme and ‘“C-leucme respectively. 
The labelled cells were mixed, sonicated, centrifuged at 
high speed and the supernatant was used for purification 
of the repressor. As before‘, the infecting phages carried 
an amber mutation ın the N gene to minimize the synthesis 
of phage proteins other than the repressor. 

Phosphocellulose chromatography of the doubly labelled 
supernatant reveals two peaks of label (Fig. 1), one of 
which, peak I, is present only ın the *H label and is 
tentatively identified as the 434 repressor. Both peaks are 
very small and constitute less than 1 per cent of the label 
incorporated in the soluble fraction. 

About 80 per cent of the label in peak I migrates as 
a single component on sodium-dodecyl-sulphate (SDS) 
polyacrylamide gels (Fig. 2), indicating that 1t is contained 
in a single protein. Although it is free from radioactively 
labelled impurities, only extremely small amounts of the 
peak I protein are present and it is not chemically pure. 
The nature of peak IT is not known. It 1s also produced 
by infected cells but not by uninfected cells. It may 
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Fig. 1. Phosphocellulose chromatography of Infected cell extracts, 
E. coli, strain 159. lypogenio for hımm434 ind-, was grown irradiated 
as described by M. .t. Two 40 mL portions were infe separately, 


one with Aimm434 susN,, the other with Asmm434 susO160 susN,, at 
multi y ot Infection 20, and labelled with 05 mCi *H-leucine and 
50 *C-leucine vely. After 1 h at 37° O the two portions were 
mixed, pelleted, wa and resuspended in 04 M KCL The mixture 
was cated and the high speed supernatant was dialysed against 0 02 
M phosphate buffer pH 7 4, containing 10+ M EDTA, 10“ M dithlo- 
threitol The dialysate was loaded on to a ph cellulose column 
1-0x14 cm) and eluted with a lnear gradient 002-015 M KPO,. 

ctions of 8-65 ml. were collected and aliquots of each were precipitated 


with 15 per cont TCA and 50 ug BSA as carrer, and collec on glass 
fibre filters. The dried filters were counted with toluene-li uor ina 
Beckman scintillation spectrometer. Background was subtracted and 


the counts corrected for “C—*H carryover. “uO counts were normal- 
ized by multiplying by te ratio of °H to “C of the material applied to 
column. @,*H, O, "C. 
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Fig. 2. Gel electrophoresis of L Ths peak I fractions from the 


phosphocellulose column described in Fig. 1 were poo! concentrated 
and a sample was oI əd to an 8DS-10 per cent acrylami prepared 
by the method of piro st al.*. Electrophoresis at room 


temperature at 850 V and 8 mA per tube. The was then frozen, 
sliced and the radioactivity in each alloe was determined by the method 
of Viñuela et al’. 


represent a small amount of escape synthesis from some 
gene outside the immunity region. 


Repressor Mutants 


Phage mutants which produce an altered repressor 
in vivo also direct the synthesis of an altered peak I 
protein, supporting the identification of this protein as 
the 434 repressor. Fig. 3 shows that phage Aimm434 
bearing an ind- mutation isolated ın this laboratory 
-produces a “peak I” protein which elutes from the phos- 
phocellulose column at a higher salt concentration than 
the wild type. Another ind- mutant, obtained from Dr J. 
Tomizawa, was also compared with the wild type, and-it, 
too, produces an altered peak I protein which ın this case 
elutes from the column earlier than wild type. In vivo 
these ind- mutations markedly lower the rate of spontane- 
ous induction of the prophage and render the repressor 
insensitive to inducing agents such as ultraviolet light 
or-mitomycin c. These mutations, located in the 434 
immunity region (presumably in the Or gene), are analog- 
ous to the ind- mutant of phage ^, which maps in the à 
Qı gene and modifies the chromatographic behaviour of 
the isolated à repressor’. 


cp.m. 
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Companson of wild type and nd- repressors. An experiment 
t . 1 was performed. The cells infected with 


yyas loaded on the a i aa column and eluted with a linear 

gradient 0 08-010 M KPO, pH 7 4. The notched shape of the wild type 

repressor 

ni- repressor and may be due kota form of 
0. 
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Binding to DNA 3 


The 434 repressor obtained from the phosphocellulose 
column binds specifically to DNA containing the 434 
operators. Fig. 4 shows a typical experiment in which 
65 per cent of the counts from peak I sediment with 
xmm434 DNA through a glycerol gradient, while very 
little binding to 4 DNA occurs. Because the } DNA 
differs from the d1mm434 DNA only in the immunity 
region, the difference in binding indicates that the inter- 
action is specific for the 434 operators and provides further 
strong evidence that the protein isolated is in fact the 
434 repressor. 


400 
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200 a> 
; 150 
q 
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ame’ 34>) 
100 


Fraction No. 


min at 37° O with 10 ug of Aimm434 DNA 

10 ng of 2 DNA (@). Both DNAs had been heated to 70° O for 5 min 
. The mixtures, of a final volume of 0 26 ml., 
were then layered on 2'6 ml., 7-5-80 per cent glycerol gradients, contain- 
ing a pH ts 


. Bin of repreasor to DNA. Repressor obtained from kI 
edio (0) or 


0-01 M 0 01 M tris 7 5 and 0-5 ml. BSA. The 
were coni 1-5 h in an SB406 International rotor at 60, T.p-m. 
at 5° ©. Fractions of 017 ml. were collected and counted in Bray’s 


scintillation fluid’. 


Physical Properties of the 434 and A Repressor 


Both the 2 and the 434 repressors have a sedimentation 
constant of 27-28 S in sucrose gradients, which corre- 
sponds to a molecular weight of about 30,000 daltons for 
a spherical protem. Electrophoresis on 8D8-polyacryl- 
amide gels gives a value of about 27,000 daltons, but the 
434 repressor always travels a few per cent farther than the 
à repressor (Fig. 5), indicating that its molecular weight 18 
lower by some 2,000-3,000 daltons. 

The two repressors have different chromatographic 
behaviour. On the one hand, the à repressor binds to 
DEAE cellulose at pH 7-4, while the 434 repressor travels 
through it unretarded and can be recovered in the flow- 
through. On the other hand, the 434 repressor binds to 
phosphocellulose at pH 7:4, while the à repressor in the 
same conditions is eluted from the column unretarded. 
This difference in behaviour suggests a possible difference 
in the overall charge of the two proteins, the 434 repressor 
being more basic than the à repressor. This 1s confirmed 
by gel electrophoresis of a mixture of the two purified 
repressors with different radioactive lebels. At pH 8-7, 
the à repressor travels toward the positive electrode but 
the 434 repressor fails to enter the gel even in 8-0 M urea, 
suggesting that it 1s neutral or positively charged at this 
pH. At pH 4-5 both repressors move toward the negative 
electrode, as shown in Fig. 6, indicating that they are both 
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Fig. 5. BDS gel clectrophoresis of 434 and 4 Zeprezsora. *H-labelled 

å repreasor prepared according to M. P. and ? belled 434 repressor 

were mixed and applied to an 8DS-10 cent acrylamide gel with 

bromphenol blue as a marker. Elec rems and slice counting as 
described in 3. 


positively charged. Electrophorems on cellulose acetate 
strips shows that the à repressor becomes neutral around 
pH 6-2, while the 434 repressor is still positively charged. 
The isoelectric point of the 434 repressor could not be 
determined because at pH values greater than 7 and up 
to 11-5 1t did not move from the origin. These results are 
consistent with those from gel electrophoresis and indicate 
that the 434 repressor ıs a more basic protem than the 
A repressor. 


Repressor Levels and Virulence 


Two strains of }imm434 differ markedly in the amount 
of labelled repressor they produce on infection of irradiated 
lysogens. Fig. 7 shows that a strain of 41mm434 obtained 
from Dr J. Tomzawa, which we call 4#mm434T, produces 
about six-fold more repressor than the “standard” 
zimm434 obtained from the laboratory of Dr M. Meselson. 


100 











Fig. 6 Urea gel electrophoresis of 484 and 4 repressors. Gels contain- 
ing 10 per cent acrylamide and 8 0 M urea were pre by the method 
of Davis. A mixture of *H-labelled 484 1epressor and ‘C-labelled 
2 repressor was applied to a pH 4 5 gel (A) and to a pH 87 gel (B). 
Electrophoresis proceeded for 2 h at 4° O with 800 V, 3 mA/gel. At 
pH 4 5 the 434 repressor moves alightly faster than the 4 represeor. No 
conclusion can be drawn fiom this about tneir relative charge for, with 
10 per cent polyacrylamide gels, size ae the dominant factor affecting 
muigration!®, 
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In other experiments this difference approached ten to 
fifteen-fold, but the two repressors always chromatograph 
identically on phosphocellulose columns and show the same 
specificity of bindmg to 434 operators. The amount of 
labelled repressor produced by phage à in the irradiated 
cells is comparable with that produced by Aimm434T. 
One possible explanation for the different repressor levels 
18 that the promoters of the Or genes of A and A+mm434T 
are more efficient than that of the Or gene of phage 
dimm 434. 


25,000 
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Fig. 7. Comparison of 434 and 434T repressors. Phosphocellulose chro- 


matogra, of a double label experiment as in bey using 
mmia susN, @H-leucine) and 2imm434T susN, (4C-lou } The 
eluting gradient, 0-02-0 10 M KPO,, begins near fraction 7. 


The observations reported here indicate that 4mm434T 
produces more repressor than Aimm434 ın the lysogenic 
state as well as on infection of the irradiated cells. 

Lysogens of either 2.4mm434 or \imm434T are immune 
to superinfection by other #mm434 phages. Stocks of 
Aimm434 and of 4imm434T, however, invariably contain 
mutants which grow virulently on 1mm434 lysogens but 
do not grow on dtmm434T lysogens. The dAimm434 
virulents arise at a frequency of 10-7, which suggests they 
arise from a single mutational event, whereas à virulents 
occur only at a much lower frequency, less than 10-1. 
The à virulente have been shown to bear separate muta- 
tions in two different operators which decrease their 
affinity for the à repressor’. One of these operators lies 
to the left of the Or gene and controls the expression of 
certain early genes, and the other hes to the mght of Or 
and controls genes necessary for DNA replication and 
probably also the site for the mitiation of replication. 
Preliminary experiments with \imm434 virulent indicate 
that 1t bears a single mutation mside the immunity 
region and to the right of the Cr gene, and that this muta- 
tion decreases the affinity of the DNA for the repressor 
(unpublished work of V. P.); this indicates that 
dimm434 vir has acquired an OC-type mutation in its 
right-hand operator. We interpret the behaviour of the 
Mmm434 vir as follows: on infection of an ordinary 
dimm434 lysogen, genes of the mght-hand operon of 
Aimm434 vir function at a level sufficient to promote DNA 
replication; the left-hand operon escapes repressor con- 
trol when sufficient copies of the genome are produced to 
exhaust the repressor supply, and the phage grows 
lytically. When, however, the same phage mfects a 
Aimm434T lysogen, the greater concentration of repressor 
present blocks or decreases the functioning of the right- 
hand operon and DNA replication, and prevents lytic 
growth. - 

Thus the ability of Aîmm434 to mutate to virulence in a 
single step is explamed by the fact that these mutant 
phages are virulent only on a lysogen which produces a 
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low level of repressor; on lysogens contaimng repressor 
levels similar to that of an ordinary 4 lysogen, the muta- 
tion frequency to virulence of Aimm434 approximates the 
very low rate characteristic of phage à (unpublished work 
of V. P.). 

The origin of Atmm434T is uncertain, but it probably 
arose spontaneously from the Atmm434 of Kaiser and 
Jacob (personal communication from J. Tomizawa). 
Lysogens of phage 434 as well as lysogens of the Kaiser— 
Jacob \#mm434 (obtained from E. Signer) are sensitive to 
the Atimm434 virulent, implymg that they make repressor 
levels similar to that of the “standard” )imm434. 

We thank Matthew Meselson, in whose laboratory some 
of this work was performed. These experiments were 
supported by a grant from the US National Science Foun- 
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dation while V. P. was a pre-doctoral trainee of the US 
Public Health Servico. 
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Sequential Synthesis of Messenger RNA and Antibodies 


in Rabbit Lymph Nodes 


by 
ERNST KUECHLER 
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The synthesis of two fears! labelled RNA species found on the 
polysomes of stimulated rabbi 
function of time. As would be expected for messenger RNA, the 


t lymph nodes has been studled as a 


Department of Biology, 2 he coincides with the rise and fall of polysomes, and precedes 
t 


Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


WHEN an animal is exposed to a foreign protem, it 
responds by synthesizıng specific antibodies ın 1ts lymph 
nodes. There have been many recent advances in our 
understanding of both the biology of this process and the 
chemistry of antibodies!. All antibodies have a common 
framework in that they are built out of two types of 
polypeptide chains. The hght chains have 213-215 amino- 
acids while the heavy chains have about 440. When the 
plasma cells of a lymph node are actively synthesizing 
antibodies, their cytoplasm contams two size classes of 
polyribosomes, synthesizing light and heavy polypeptide 
chains, respectively’. These classes of polysomes are 
also seen m myeloma tumours which synthesize closely 
related immunoglobulins**. Recently we have shown 
that the induction of antibody synthesis in rabbit lymph 
nodes 18 associated with the synthesis of two species of 
rapidly labelled RNA which are found in the polysomes 
active ın protein synthesis’. It was suggested that these 
are the messenger RNA molecules responsible for the 
synthesis of the heavy and light chains of antibodies. 
We describe here the time course for the mduction of 
antibody synthesis ın the rabbit lymph node, and relate 
the rate of appearance of these two RNA species to the 
appearance of the heavy and light polysomes as well as 
the antibody produced by the injection of a foreign 
protein. 

When a lymph node is antigenically strmulated by a 
foreign protein, cell division is stimulated which results 
in the enlargement of the node. The cell division occurs 
as a prelude to the actual synthesis of antibodies. In the 
experiments which were carried out to search for the 
antibody messenger RNA molecules, an attempt was made 
to minimize cellular proliferation and nodal enlargement 
while still stimulating antibody production. For this 
reason, a secondary antibody response was used. The hind 
foot pads of a rabbit were injected with 2-5 mg bovine 
serum albumin mixed with incomplete Freund’s adjuvant. 
The primary antibody response then developed with 
marked enlargement of the popliteal lymph nodes, which 


e accumulation of antibodies. 


are the major nodes in the lymphatic system draming the 
lower limb. Sixty to ninety days later the anmmals again 
received the same mnjection in order to stimulate a second- 
ary response. One to two months later the animals re- 
ceived a final booster injection of bovine serum albumin 
alone. The response of the anımal to this injection was 
characterized by a minimal amount of nodal enlargement 
and it was therefore used in the search for messenger 
RNA‘. In the experiment, the animal was anaesthetized 
at some time interval following the injection and the skin 
overlying the node was removed. Tritiated uridine was 
injected directly into the node using a small hypodermic 
needle; 25 min later the node was excised and a cyto- 
plasmic extract was prepared’. The extract was analysed 
on @ sucrose density gradient and RNA was prepared 
from the polysomes and the single ribosomes. 
Acrylamide gel analysis of the RNA showed synthesis 
of 28S and 18S ribosomal RNA as well ag a small amount 
of labelled 4S transfer RNA. In addition, two highly 
radioactive RNA species appeared which had sedimenta- 
tion constantas of approximately 10S and 13S, respec- 
tively*. These peaks were found only in RNA extracted 
from the polysomes active in protein synthesis and were 
not found ın single ribosomes. They had a high specific 
activity and were very sensitive to ribonuclease. Control 
experiments showed that these rapidly labelled RNA 
species were associated with polysomes and were not a 
component of the cytoplasmic heterodisperse RNA'. 
Furthermore, these two RNA species are synthesized in 
large amounts ın the lymph nodes of animals which had 
been stamulated to produce antibodies, but are found 
only m negligible amounts m the lymph nodes of un- 
immunized animals. The molecular weights of these two 
species were found to be 2-2x10* and 3-7 x 105, respec- 
tavely. These are very close to the molecular weights 
expected for monocistronic messenger RNAs which are 
coding respectively for the light and heavy antibody 
chains using a triplet code. Because these molecules have 
chemical and biological properties which strongly suggest 
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that they are the messenger RNAs for the ght and heavy 
antibody chains, we refer to them as “presumptive” 
messenger RNA. Final proof that they are messenger 
RNA molecules must be dependent on ther ability to 
direct the synthesis of the heavy and lght antibody 
chains ın an tn viro system. 

The experumments reported here were designed to 
determine the temporal relationship between the synthesis 
of these presumptive messenger RNA species, the appear- 
ance of the polysomes on which antibody cham synthesis 
occurs and the appearance of precipitable antibodies. To 
obtain this information a standardized experiment was 
carried out at different times following the antigen mjec- 
tion to elicit the secondary response as described. After 
exposing the popliteal node of each hind leg, 1 mCi of 
tritiated uridine ın 0-25 ml. buffer was mnjected into each 
node’. The node was allowed to maintain normal metabol- 
ism for 25 min, following which ıt was excised and a 
cytoplasmic extract was prepared and analysed on a 
sucrose gradient’. The polysome profiles’ obtamed at 
different days are shown in Fig. 1. The results have been 
normalized to represent the total cytoplasmic extract 
from one-third of one lymph node. 

On day 0 it can be seen that most of the ribosomes are 
present as single ribosomes labelled 74S m Fig. 1. Only 
20 per cent of the total ribosomes sediment as polysomes. 
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Fig. 1. Sucroge gradient analysis of polysomes from rabbit lymph 
nodes at various times after secondary antigen injection. Both popliteal 
and each injected with 1 mOi of tritiated 
in 0-25 ml. of Earle’s 


were excised, in 0 25 AL sucrose, 0 1 M KCI, 0 01 M tris (pH = 8-4) 
and 0-01 M ETATEN buffer). A cytoplasmic extract was pre: .7 
and after cen tion at 15,0009 for 5 min the supernatant was layered 


and 100 ug dextransulphate/ml. Centrifuga 

rpm. m a Spinco 25 1 rotor at 0°-2° O. The optical density at 

260 nm was monitored with a continuous flow Gilford spectrophoto- 

meter. Fractions were collected and p itated with 10 per cent 

TCA m the cold and filtered onto ‘Millipore’ filters Filters were counted 

in Bray’s solution. The data represent cytoplasmic extract from one- 
third of one node. 
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Radioactivity due to uridine incorporated into RNA 18 
also found at a low level extending into the polysome 
region. Two days later the polysome profile has changed 
dramatically. There 1s a four-fold increase in the total 
amount of ribosomal material. Moreover, 50-60 per cent 
of the ribosomes now sediment as polysomes. The poly- 
some profile at day 2 shows the beginning of a biphasic 
distmbution; the light polysome peak appears well 
formed. As has been pointed out previously‘, the heavy 
polysomes are not as clearly evident at this early stage 
in the development of the antigenic response. By the 
second day there 1s also a significant increase ın the 
amount of tritiated uridine incorporated into the RNA 
which sediments in the sucrose gradient together with 
the polysomes. The peak of radioactivity occurs in the 
region of material sedimenting more slowly than 74S 
where it ıs found m newly synthesized ribosomal sub- 
units. By the third day the typical biphasic polysome 
distribution. has appeared with the two classes of heavy 
and light polysomes well formed. At the fifth day the 
amount of polysomes has decreased and this 1s accom- 
panied by a corresponding decrease in the amount of 
tritiated uridine which has been incorporated mto RNA 
sedimenting with the polysomes. It is teresting to note, 
however, that both the light and heavy polysome peaks 
are maintained even though their number 1s decreasing. 
Experiments have also been done to observe polysome 
gradients at time intervals further removed from the 
injection of antigen. These are characterized by a con- 
tinued waning of the polysomes and after about 2-3 weeks 
the polysome profile looks rather simular to that shown at 
day 0. 

The polysomes ın the region of the gradient indicated 
m Fig. 1 were pelleted by centrifugation and RNA from 
them was extracted using the phenol-sodium dodecyl- 
sulphate method’. The RNA was analysed by electro- 
phoresis on 3-5 per cent acrylamide gels’*. The optical 
density of the gel was scanned and the radioactivity was 
measured by slicing the gel and counting the solubilized 
slices ın a liquid scintillation counter. The results of these 
experiments are shown in Fig. 2 where the curves are 
normalized to the RNA extracted from one lymph node. 
The direction of migration is from left to right. The 
260 nm optical density scan characteristically shows the 
18S mbogomal peak at the left and at the right the 58 
and 45 transfer RNA peaks. Commercial E. colt transfer 
RNA (containing some 5S RNA) was added as carrier to 
the 0 and 5 day samples producing the elevated absorb- 
ance profiles seen in Fig. 2. In the acrylamide gels 28S 
ribosomal RNA did not migrate far enough to be scanned 
as an absorbance peak. The radioactivity profile on day 0 
shows a small amount of radioactivity ın the 28S and 185 
ribosomal peaks and a small peak which is found at the 
position labelled A. The fact that there was a low level 
of ribosomal synthesis at that time is not surprising, 
for the animal had received a secondary injection of 
antigen 4-6 weeks previously. In addition, the animal 
is contmuously exposed to a normal background of anti- 
gens which undoubtedly provides a constant stimulus for 
a low level of antibody production with its attendant cell 
differentiation and ribosomal synthesis. 

The radioactivity profile on the acrylamide gel changes 
substantially 2 days later. There is an enormous enhance- 
ment ın the amount of radioactivity found ın the 289 
and 185 ribosomal peaks and the synthesis of 45 transfer 
RNA ıs stamulated. In addition to this, however, two 
additional peaks appear, labelled A and B, which contain 
a significant amount of radioactivity even though there 
is no attendant absorbance peak. These are the species 
which have been called the presumptive messenger RNAs 
for antibody light and heavy chains*. At the left of the 
figure is a high peak with a large amount of radioactivity 
which penetrates into the gel only to a very small extent. 
As shown previously’, this is the heterodisperse RNA 
which is found in the cytoplasmic extract but is not 
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meter. The gol was then frozen in dry ce, cut into 1 mm slices and 
the slices dissolved in 0-4 mL NCS reagent (Nuclear 


Chicago) and 
counted in a toluene-based scintillator tion. The data 1epresent 


polysomal RNA from one lymph node. 


directly mvolved ın protem synthesis, for the addition of 
EDTA dissociates the polysomes but does not affect this 
material. A similar profile 1s seen on day 3 in which peaks 
A and B are clearly evident together with labelling of the 
28S and 189 ribosomal RNA. It is interesting to note 
that the amount of radioactivity in peaks A and Bisa 
significant fraction of the label seen ın the 18,9 mbosomal 
RNA. These species are therefore not minor components, 
but they represent a significant proportion of the total 
amount of newly synthesized polysomal RNA which 
emerges from the nucleus durmg the 25 min pulse time. 
By day 6 there has been a substantial decrease both m 
the amount of radioactivity found in the 18S ribosomal 
RNA as well as in peaks A and B. 

These experiments were repeated several times to obtain 
some information about the biological variability asso- 
ciated with different anmmals. The data presented in 
Figs. 1 and 2 are typical, although there 1s some variability 
in different preparations. In different experiments, the 
ratio of peaks A and B relative to the radioactivity in the 
18S and 28S ribosomal peaks varies somewhat. This 
variation is a function not only of the time of injection 
but also of the particular animal. This indicates that 
there is no obligatory coupling between the synthesis of 
nbosomal RNA and of the RNA species in peaks A and B. 
In all cases, however, on the second and third day after 


NATURE, VOL. 222, MAY 10, 1969 


the injection, peaks A and B make prominent contribu- 
tions to the total RNA radioactivity found in the cyto- 
plasm. 

The results of these experiments are summarized in 
Fig. 3, which shows four curves superimposed on the 
same graph. The solid line represents the antibody titre* 
measured in a rabbit that had received the standard 
secondary booster injection of 2-6 mg of bovine serum 
albumin into the foot pads of each hind leg. Charac- 
teristically, there was no response in the antibody titre 
for 2 days. By day 3 a slight crease is noted and the 
titre rises steadily to reach a plateau at day 6. The final 
titre of this particular animal was lower than average; 
the range of antibody titres 1s between 1 and 6 mg anti- 
bovine serum albumin per ml. of serum. Fig. 3 also shows 
the total polysome absorbance in optical density unite 
from one pophteal lymph node as a function of time 
following the injection of antigen at day 0. This curve 
rises sharply to a high level between day 0 and day 2, 
reaching a maximum level on day 3 following which there 
is a decrease. The dashed and dotted lines in Fig. 3 
show the total amount of radioactivity in peaks A and B 
as a function of time for one lymph node. The radio- 
activity in peaks A and B rises to a maxrmum level which 
is reached somewhere between days 2 and 3 and decreases 
rapidly thereafter. It is of interest that the ratio of peaks 
A and B appears to be similar throughout. This suggests 
that the relative rate of synthesis of the light and heavy 
messenger RNA molecules does not change with time, 
and they seem to be made synchronously. 










1-6 
ANTIBODY 








TITRE = 
o2 15 
B10 5 3 
2 18 
a 10 $ 
z ù 
z S 2 
gos : a 
0 
0 
0 1 2 8 4 5 6 7 8 Ik 
Day after Injection 
Fig. 8. Com of the rate of putes of the two presumptive 


messenger RNAs with the level of polysomes. and and the anti-bovine 
serum albumin titre as a function of tibody titres were de- 
termined in the by precipitation with bovine albumin umng 


ovalbumin as a blank". The optical density in the polysome on was 
measured from the area indicated m . 1. The radioactivity in peaks 
A and B was determined after subtraction of background incorporation 


mto RNA. The optacal density and. radioactivity are no: for 
the total material extracted from one popliteal lymph node. 


More uridine label appears ın peak A than in peak}B 
during the 25 mm meubation period. This may reflect 
the fact that more hght chams are being synthesized 
relative to the heavy chains. An exceas production of 
light chains has been reported in studies of gamma- 
globulin synthesis in rabbit lymph nodes!*3, Because 
the ratio of the hght and heavy messenger RNA species 
does not change through the protein synthetic cycle in 
the lymph node, it suggests that the surplus light chams 
might be synthesized continuously throughout this period 
rather than at any one tıme. It ıs also possible, however, 
that more label 1s in peak A because the smaller messenger 
RNA emerges from the nucleus more quickly than the 
longer messenger RNA. This may be analogous to the 
slower emergence from the nucleus of the heavy mbosomal 
RNA molecule relative to the small ribosomal RNA}. 

The curve for the synthesis of the presumptive lght 
cham messenger peak A reaches a maximum approxi- 
mately 12 h earlier than the maximum in the polysome 
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1 density curve. This might be expected, for mes- 
er synthesis should precede polysome formation. 
ecause of the nature of the experiment and the fact that 
veral different animals are involved in the measurements, 
however, ıt 18 not possible to use this as a quantitative 
observation. Instead we can say qualitatively that the 
rapid appearance of polysomes and of newly synthesized 
peaks A and B is consistent with their suggested role as 
messenger RNA molecules. 

It can be seen that there is no detectable change in the 
antibody titre by day 2 after the injection even though 
there 1s an increage ım the number of polysomes. This 
may be due to the fact that the actual secretion of signi- 
ficant amounts of antibody takes an additional trme 
period. By day 3, however, the accumulation of antibodies 
to bovine serum albumin can be measured directly. The 
rise ın titre continues and does not reach a plateau until 
day 6. The fact that the amount of polysomes as well as 
the synthesis of the presumptive messenger RNAs rise 
before the accumulation of their protein products 1s in 
accord with the interpretation of the polysomal structure 
as the synthetic site for the antibodies. The continued 
rise in the antibody titre after days 4 and 5 18 probably 
related to the fact that we are measuring the antibody 
titre ın the whole animal even though the polysome optical 
density as well as the radioactivity in peaks A and B are 
measured in isolated popliteal nodes. The kinetics of 
antigenic stimulation of other lymphatio structures ın 
the rabbit may not be identical with that seen ın the 
popliteal nodes. The latter nodes are the first to be 
stimulated by injecting antigen into the hind leg foot- 
pads; however, other nodes may be producing antibody 
at a later time. Thus we cannot relate the change in the 
animal’s antibody titre to the decay of the polysomal 
apparatus in the popliteal lymph node. 

It 1s of interest that both the polysomal optical density 
and the rate of presumptive messenger RNA synthesis 
nse steadily in Fig. 3 and do not begin to decrease until 
the antibody titre starts to rise some time between days 
2 and 3. It ıs possible that these events are related in 
that the rise ın antibody titre may be responsible for 
decreasing the rate of messenger RNA synthesis. Because 
the rate of synthesis of peaks A and B decreases between 
days 3 and 5, there ıs a corresponding decrease in total 
polysomal optical density. This is also consistent with 
the postulated messenger RNA roles for peaks A and B. 

Messenger RNA molecules have rarely been observed 
in mammalian systems. Rapidly labelled RNA usually 
appears as a broad band found in the region between 
ribosomal and transfer RNA, but not as sharp peaks. 
We might ask why ıt 18 possible to detect messenger RNA 
molecules n lymph nodes which have been stimulated 
with a secondary injection of antigen. As pointed out 
previously, in this experiment there 1s minimal nodal 
swelling and we would therefore expect less synthesis of 
other protems. It 1s, however, clear from Fig. 1 that 
appreciable ribosomal RNA synthesis has taken place. 
For the two popliteal nodes, the increase in the cyto- 
plasmic extracts 1s approximately 2-4 mg of ribosomes 
or 1-3 mg of ribosomal protein. We can also make an 
estimate of the total amount of gamma globulin which 
has been synthesized by the stimulated rabbit. Between 
days 2 and 6 the antibody titre changed from 0-28 to 
1-2 mg/ml. of serum. Because this rabbit had about 130 
ml. of serum, we estimate that there has been an increment 
of approximately 120 mg of bovine serum albumm anti- 
bodies ın the rabbit durng this time period. Studies 
comparing the total amount of gamma globulin synthesis 
relative to precipitable antibody show that antibody is 
approximately 30 per cent of the total amount of gamma 
globulin synthesized“. Thus we estimate that the rabbit 
has synthesized approximately 400 mg of gamma globulin 
during this period of antigenic stimulation. 

We can also use the data in Fig. 1 to make a very 
approximate estimate of the amount of antibody synthes- 
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ized by the two popliteal lymph nodes during this cycle 
of antigenic stimulation. Fig. 3 shows that a peak of 
13-5 optical density units 1s found in the polysomes of one 
node following antigenic stimulation. Between 1-5 and 
4-5 days, there 1s an average of approximately 12 optical 
density units per node. Thus for the two popliteal nodes 
we have a total of 24 optical density units or slightly 
less than 2 mg of polysomal mbosomes synth 
proteins for a 3 day period. It has been shown that light 
chains are synthesized in 35-40 s, and heavy chains in 
60-76 s (ref. 15). If we use these figures and assume that 
all ribosomes in the polysomes are equally active in 
protein synthesis, we find that the cytoplasmic extracts 
have assembled 110 mg of protein during this 3 day period. 
Because 70 per cent of the product 1s gamma globulin", 
this amounts to 80 mg of gamma globulin. The gentle 
method of preparing the lymph node cytoplasmic extract 
disrupts one-third to one-half of the plasma cells?. Thus 
we estimate a total of 160-240 mg of gamma globulin 
synthesized by the two popliteal lymph nodes or approxi- 
mately 40-60 per cent of the total gamma globulin 
synthesized by the rabbit m response to the injection of 
bovine albumin. 

These rough estimates underline the fact that the lymph 
node is a highly specialized tissue which 1s devoted largely 
to the synthesis of ummunoglobulns. A study of the 
protein synthesized in the rabbit popliteal node showed 
that 60-80 per cent of the total protein ıs immuno- 
globulin™. It 1s likely that this high degree of specializa- 
tion accounts for the fact that the messenger RNA peaks 
for the heavy and light immunoglobulin chains can be 
seen above the background of a large number of other 
messenger RNA molecules. 

The rapidly labelled peaks A and B are considered to 
be presumptive messenger RNA because of their associa- 
tion with the polysomal structures on which the synthesis 
of the light and heavy chains of gamma globulin takes 
place. Their absence from single ribosomes and their 
large increase during antigenic stimulation are in accord 
with this interpretation. The molecular weights of these 
species also remforced this mterpretation. We have 
added here a study of the kinetics of the appearance of 
peaks A and B in relation to the mse and fall of the 
polysomal structures active in gamma globulin synthesis 
and ın relation to the mse in the antibody titre. We 
conclude that the time course of appearance of peaks A 
and B, msing and fallmg with polysomal structures but 
preceding the rise ın the antibody titre, further remforces 
our interpretation of these peaks as messenger RNA. 
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There seems to be a negative correlation between the functional 
state of the blood anticoagulating system and the development of 
malignant tumours. Making use of this relationship It Is possible 
to bring about the degeneration of a neoplasm. 


Moscow State University 


THERE 1s evidence for a blood anticoagulating system 
(ACS) of a reflex-humoral nature!-’, which maintains the 
liquid state of the blood*.’. The depression of the function 
of the ACS results in a prethrombosis state characterized 
by increased fibrmogen in the blood, greater tolerance of 
the plasma to heparin, increased blood thromboplastic 
activity and less lipoprotein lipase and blood fibrinolytic 
activity®*. 

Published data and results we have obtained with 
animals bearing grafted tumours (for example, sarcoma 
180 in mice, sarcoma 45 in rate) suggest that, as a rule, 
depressing the function of the ACS and sunultaneously 
activating the blood coagulating system (BCS) provide 
the most favourable conditions for the onset of cancer. 
Deliberate chronic imitation of ACS humoral hyper- 
function in tumour-bearmg animals should therefore 
create unfavourable conditions for tumour formation and 
growth. The principal natural ACS humoral agents are 
heparin and fibrinolysin*:?. When thrombosis is prevented 
experimentally these ACS components are replaced by a 
complex compound of heparm with trypsin’. With a 
view to imitating ACS humoral hyperfunction in tumour- 
bearing animals we used the natural ACS agents, heparin 
(heparin Richter—200 u/100 g body weight), fibrinolysin 
(800 conditional unite/100 g body weight), and a commer- 
cial preparation, of the trypsm-heparin complex throm- 
bolytin!* (5 mg/100 g body weight). We already know 
that injecting a preparation which imitates ACS humoral 
function increases the animal’s blood thrombogenic 
activity. 

The reaction to these agents 1s of a reflex-humoral 


nature and 1s inhibited by aminasin, which blocks the 
sympathetic and parasympathetic nervous systems’. 
But, before inhibiting the BCS and ACS reflex arcs, 
aminasm temporarily activates the ACS (for 35-40 min), a 
process which is manifest ın a lengthening of the duration 
of coagulation, decreases ın the concentrations of fibrino- 
gen and factor VIII and decreased tolerance of plasma to 
heparm (Table 1). The ability of amimasin to induce the 
ACS humoral effect at first, and to disturb the regulatory 
interactions of the ACS and BCS later when the function 
of the sympathetic and parasympathetic nervous systems 
is inhibited, fully met our requirements. In most of the 
experiments aminasin, heparin and fibrinolysin (commer- 
cial preparation obtained from the activation of plasmino- 
gen by trypsin) and thrombolytin were injected intra- 
muscularly and, sometimes, mtravenously. We used 
more than 1,100 mice with transplanted tumours (sarcoma 
180 and Erlich’s carcinoma), 500 white rate with sarcoma 
45 and a dog with a natural mammary gland adenocar- 
cinoma. 

We obtamed good results when ACS hyperfunction was 
imitated using heparm or fibrmolysin, separately or in 
combination, as well as thrombolytin (Tables 2 and 8). 
Tumour growth was inhibited and regressed (Fig. 1). 
Histological exammation of sarcoma 180 showed that a 
separate injection of aminasin had caused several tumours 
to decompose. Aminasin combined with fibrinolysin and, 
to a greater extent, with thrombolytin not only aug- 
mented decomposition—most of the tumours were 
completely necrotic (Fig. 2a and b}—but also caused 
elements of connective tissue to take the place of the 





Table 1. AVERAGE HFFEOT OF AMINASIN INJECTION ON BLOOD COAGULATION 


Blood biochemical indices 


Total duration Plasma tolerance Activity of Fibrinolytic Fibrmogen con- 
Experiment of coagulation (s) to heparin (min) AHG (%) activity (%) centration (mg%) 
Before Injection of aminasin 97-0+ 5-6 18-0 + 22-0 100-0400 7013 850 0418-0 
15 min 146 0+16-3 85 0+4:0 67-5 411-1 — _ 
<0-01 <0 001 <0001 
80 min 160-0474 27 042-0 43 0452 120424 266 0436 
<0 001 <0 05 <0 001 0 02 <0 001 
60 min after injection of aminasin 57 042-4 9-0+21 70075 120424 816 0 + 4°5 
<001 0 02 <0 001 0 02 O56 
Control 
Before Injection of NaOl physiological solution 108 04:8 1484165 100 0400 18 042-4 860 0+120 
16 mun after injection of NaCl phystological solution 100 044:6 12:04 8-0 109 041-9 8643-5 881 0+88 
%5 0-5 <0-01 <0 05 05 


The sets of figures give mean S.E., with probability immediately below ın some cases. 


Tolerance to heparin was determined by See method"; fibrinolytic activity and fibrmogen by Bidwell’s method"; antibasmophilic globulin 
F? 


(AHG) by the method of Biggs and Douglas, modifed ‘ooll and Robinson’s method?*. 


Table 2. SARCOMA 180 IN THB IMITATION OF ANTIOOAGULATING SYSTAM HYPERFUNOTION IN ANIMALS BEARING TUMOURS 


Fibrinolysin 


Aminasin + 


Experi- Duration of No treat- Wibrino- Thrombolytin Heparın with Aminasin fibrinolysin +Thrombo- 
ment experiment ment lysin heparin with n lytin 
1 10 days* 1740-5 844056 — 25411 3240-8 — _ — 
2 10 days 08408 — 08401 _ 11+01 0-440°2 030:1 0301 
50% 62 62% 
0:843 0115 0117 
8 12 days* 10401 m5 — _ — 026404 015401 02540156 
75% 85 75% 
0-001 0 001 0 001 
4 16 dayst 055+0-2 — — — — 021+01 0-12+0 04 0-02 + 0-004 
62% 78% 96% 
0115 0 058 0 024 
5 17 days t 29406 — — — — 28+05 19402 14403 
20% 84% 51% 
0:458 0112 0 056 


The sete of figures give the median tumour welght (mean + S.E.) above the percentage inhibition frequency, with probability last. 


Treatment was started on the second’, fifth t or eleventh t day after suboutancous injection of a tumour suspension. 
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Fig. 1, Changes in the size of sarcoma 180 in mice during treatment. 

a, medium tumour diameter after Shreck; ordinate, duration of 

nt in days. (1) Control (untreated tumour); (2) treatment with 

aminasin; (3) treatment with aminasin and fibrinolysin; (4) treatment 
with aminasin and thrombolytin, 





disintegrated tumour, forming a dense network of fibres 
(Fig. 2c). Histological examination of tumours from 
animals given the most effective treatment (aminasin 
with thrombolytin) showed that the destructive process 
resulted in the accumulation of detritus which was often 
heavier than the cells of the living sarcoma 180 tumour. 

Sarcoma 45 in treated rats—even those of similar size 
and weight to the controls—was greyish in seetion. 
Tumours were soft, with large central cavities partly 
filed with a grey-green liquid. They were more neerotic 
than the tumours of untreated animals, which were 
pinkish in section and were densely elastic with a smaller 
central cavity filled with liquid. 

Histological examination showed changes in some 
treated tumours: growth zones were represented by small 
areas or narrow strips bordering on the central neerotic 
cavity; mitotic activity in the remaining viable areas was 
lower than in similar areas in untreated tumours. De- 
generation (pyenosis of the nuclei, withering of cells, lys 
and decomposition of their contents) was more pronounced 
in treated tumours. Tumours were often eompletely 
decomposed and overgrown with connective tissue fibres. 
After longer periods of treatment decomposing malignant 
tissue was sometimes replaced by a cieatrix, most often 
in blastomas which were the lightest of the treated 
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tumours, with inhibited growth. Fig.2. Sarcoma 180 in mice untreated (aj and treat vith thrombolytin 
In sarcoma 45 the antiblastomie activity of aminasin in the complex with aminasin (b and e). Specimens were fixed after 
| x i : ; x Carnua stained with methyl green and pyronoin (a and b). after Mallory. 

alone, and, specifically, that of heparin alone, was less (« 210.) 


Table 3. EXPERIMENTAL TUMOURS IN RATS AND MICK WHEN ACS HYPERFUNCTION WAS IMITATED IN ANIMALS BEARING TUMOURS 








Aminasin Aminasin Atninasin 
Tumour strain Experi- Duration of No treat- Heparin ance twice (once a day) (twice a day) 
ment experiment ment k a day a day + heparin +heparin 

















Sarcoma 45 L 10 days ~ 2-6 1-94.03 
46%, 
) 0-001 
= 10 days 4-04 0-7 vo -> 23 16t? 
429 BOM, 
0-036 0-001 
3 16 days 20-64 1-2 WOT RUT _ 
48°, 
0-004 0-00 
Erlich’s carcinoma (solid form) 4 10 days 0-66 OS 2 Od oo 
ies 
0-331 001 
5 11 days 0724006 OAT 0O 
35%, coal 
0-001 
6 16 days O59 40-01 _ O27 £004 ~ 
54% 
0-001 





The sets of figures give the median tumour weight {mean +5...) above the percentage inhibition frequency with probability last. 
Treatment began on the second day after subcutaneous injection of tumour suspension. 
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pronounced and often statistically insignificant (Table 3). 
Histological investigation showed that a separate 
injection of aminasin, inhibiting the growth of trans- 
planted tumours, loosened the tumour cell layer by 
nuclear pyecnosis, cytoplasmic compression lysis of some 


of the cells and marked necrosis. The situation was 
similar in some cases treated with thrombolytin or 
heparin. Cicatrization was very marked when those agents 


were used in a tumour- bearing animal pretreated with 
aminasin. 

The cancer tumour (Erlich’s carcinoma) turned out to 
be more sensitive to heparin in combination with aminasin, 
than sarcoma 45, The inhibition of carcinoma growth was 
greater than that of sarcoma 45 (Table 3). 

Interesting results were obtained after treating the 
spontaneous mammary gland adenocarcinoma of the 
dog with herparin. 

In September 1967 we found a female Irish setter, 8 
vears old, with two abnormal nipples, which were larger 
and a different shape from the others. By November 15, 
one of the nipples was the size of a kidne y bean, bright 
red and exposed, the skin having disappeared. The 
glandular tissue was condensed at the base of this nipple. 
The second nipple was an irregular cube shape with 
eondensed glandular tissue at its base, On January 6, 
1968, one of the nipples, which had increased to 13 x 16 x 
2-0 416 mm}, was ablated, leaving the base about 4 mm 
high. The ablated tissue was fixed in mixture Carnua and 
treated for histological examination. 

From January 10, 1968, heparin Richter was injected 
into spinal muscles (7-5 th units a day) 25-35 min after 
pretreatment with 4 ml, 
arninasin. On January 11, 1968, the second nipple was 
compact and hyperaemie. Drops of a greyish. thick serous 
liquid exuded under pressure. On January 15-18, 1968, 
aminasin was injected twice a day (2 ml. of a 2-5 per cent 
solution) before heparin. On January 18-21 all injections 
ceased, and from January 22 treatment was resumed until 
January 30 inchisive. 








Fig. 3. 
{a} ‘with the complex of heparin with aminasin (b). 
fixed after Carnus and stained with haematoxylin and eosin. 


Spontaneous adenocarcinoma of nipples in dog before treatment 
Specimens were 
{ x 630 


of a 25 per cent solution of 
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On January 21 the affected nipple changed colour. To 
surface of the eddy darkened to grey-brown. On Feb 
ruary 2 the nippi e tumour lost its turgor, and became 
grey-brown, and the condensation at the base had dis- 
appeared. The nipple was ablated for histological 
analysis, leaving the base (about 3 mm high). Nipple 
tumour preparations were sent away for examination. 

Before treatment the nipple tumour contained cavities 
hned with a cellular layer with nuclei at different levels. 
In places the stroma, which was inflamed, had expanded 
and the basal membrane was broken, No necrotie zones 
were found. The mitotic coefficient of tumour cells was 
58 per thousand. Microscopy showed that after treat- 
ment the second nipple was morphologically much the 
same as before treatment. In many alveoli, however, the 


cellular nuclei were markedly pyenotic, flattened and 
homogeneously coloured; their nucleoli were very small 
or not visible. Cells were much reduced in size. The 





alveoli were often necrotic, and the mitotic coefficient in 
the remaining viable tumour tissue was 0-25 per thousand. 
Fibroevtes and a network of connective tissue fibre were 
prevalent in the stroma. 

After the first and second biop 





» the wounds healed by 





primary tension. The condensation in the glandular 
tissue had disappeared by February 15-20, 1968. Patho- 


logieal changes around the bases of the ablated and other 
nipples were seen until observations stopped on June 15, 
1968. The general state of the dog was satisfactory, but. 
we did not expect to be able to prevent it dying. When 
the dog was dissected after anaesthetic treatment on 
August 14, 1968. the left lung was found to be metastatic. 


Table 4. MITOTIC COEFFICIENT 





Duration Aminasin 
of No Fibrino- 
‘Tumour treat- treat- lysin with Throm- Heparin 
ment ment heparin bolytin 
Sarcoma 180 9d 25-0 10-0 4:2 
Sarcama 45 10 day 1720 -l e 95 
16 days 2571 vn e 12-9 
Eslich’s earcinoma (sold 
form} 10 days iro = — x5 
Spontaneous adenocarcin- 
oma in dog 20 days aS ae O25 


Results are expressed as mitoses per 1,000 cells, 





The mitotice coefficient (Table 4) showed a marked 
decrease in the mitotic activity of tumour eells of all the 
kinds depending on the method of treatment. 

Our results show that experimental imitation of the 
ACS hyperfunction against a background of the tem- 
porary depression of the sympathetic and = parasym- 
pathetic nervous svstems caused by aminasin in animals 
bearing tumours can bring about degeneration of the 
neoplasm and replacement of degenerated areas by 
connective tissue fibres, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
The Period of Pulsar NP 0532 


THE recent discovery by Cocke, Disney 
pulsed optical signals from the pulsar NP 0532, with 
subsequent confirmation’, has opened the way to extensive 
new studies of this object. In such work, an accurate 
knowledge of the radio frequeney pulse period, previously 
published only in an LAU circular last November’, is useful. 
We report here up to date results of period measurements 
made at Arecibo. 


Table 1. PERIODS OF NP 0532 





GMT Epoch, E Barycentrie 
calendar (Juli an date Frequency period (UTC s) with 
date == 2440175.77511 + E) MHz terror (10-* UTE s) 
28 Oct, 1968 25-92280 430 6-033 090 140450 
15 Nov 0-0 186-5 091 12147 
22 8-096806 196-5 091 37744 
2 Dec 16-94444 430 091 73946 
5 19-93617 196:5 091 84746 
17 31-91389 327 092 28845 
20 3+ Rea 327 092 39324 
11 Jan, 1969 3: 20 093 19044 
19 320 093 48644 
3 Feb 2 318 O94 030+ 4 
22 99-7 71944 318 O84 76044 





The measurements are listed in Table 1 and plotted in 
Fig. 1. The baryeentrie period at the reference epoch of 
1968 November 15.27511 (Julian Date 2440175.77511) 


was 0-033091121 (+7 in the last. place) s (UTE). A least 
squares linear fit to the data in Table L gives the rate of 
change of period as + 36-48+0-04 ns (UTC)/day. Fig. 2 


shows the residuals after removal of this linear change 
relative to the stated epoch. The vertical scale has been 
expanded by a factor of 100, and the poorer data point of 
October 20 excluded. There is no obvious trend from 
which a value other than zero for the second derivative 
may be deduced. 

Measurements were made with the 1,000 foot reflector at 
Arecibo, operating at frequencies of 196-5, 318, 320, 327 
and 430 MHz. Filtering bandwidths were chosen to 


35 A 


30 “i 


Period units of 10 7 s (UTC) 


20 15 22 25 17 20 1119 3 23 
Oct Nov Dec Jan Feb 
1968 1969 


Fig, 1. Pulsar VP 0532, Arecibo barycentric periods. Points plotted 
are period of date minus the November 15, 1968, period of 0-033 s 091 121. 


and Taylor’? of 
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match the approximate frequency domain occupied by 
the pulse at each of the observing frequencies. These 
domains were taken to be (df/dt);x (1 ms), where 
(df/dt) is the sweep rate resulting from dispersion at 
frequency f. The filtered signal was detected, integrated 
for typically 1 ms, and continuously sampled digitally 
at either 1,000 or 2,000 samples/s. The digital output, 
recorded on magnetic tape, was later reduced on a digital 
computer using a program that correlated the sequence 
of data points against a train of unit pulses of given period. 
In this way, both phase and shape of an average pulse 
could be obtained for a given length of data and test 


period. Best fit period was chosen as that which mini- 
mized phase “walk” through a run, processed in short 
blocks. The entire run, which varied between 10 and 20 


min in sin was then reduced with the best fit period. 
The phase lag (from known start time) to the peak of the 
resultant average pulse was defined as the arrival time 
associated with that ran. The number of pulses averaged 
in this way ranged from 18,000 to 36,000. 


> +10 
zx +5 Ji l 7 | | 
Be Ll? | Į l | ; 
: EA aa | oi mie oe Š t 
a I 
= -5 i | l t L 
3 L ji 
= ~10 
= ee Cn A a a. a ee Te meee: EA 

15 22 25 17 20 li 19 3 23. 

Nov Dec Jan Feb 
1968 1969 


Fig. 2, Pulsar VP 0532. Residuals after subtraction of the linear term 
consisting of 36-48 n: times the number of days included between 
1968 November 15.27511 and the epoch of each observation. 








Each daily observation consisted of two separate runs, 
both at the same radio frequency and bandwidth, The 
first run was usually 15 to 20 min in length as the source 
entered the AIO observing coverage and the second about 
10 min long as the source left the coverage about 2 h 
later. Calculation of the pulsar period required the use 
of the apparent period obtained from the first run and the 
arrival times Tl and T2 of the first and second runs, 
respectively. The apparent period was reduced to the 
solar rest frame by treating the effects of the Earth’s 
orbital and rotational velocities, giving a heliocentric 
period, Px. The apparent difference in arrival times, 
(T2-T))apr, was corrected to the solar system bary- 
centre, giving a time interval (T2-T1)s. (12-Tl)a was 
always within 1 ms of the same quantity, heliocentric, 
so that Py could be used directly to project forward from 
Tl to T2, barycentric, and link them modulo Py. Adjust- 
ment for the residual then permitted calculation of the 
accurate barycentric periods listed in Table 1. The 
correction from apparent to barycentric frame of reference 
was approximated by considering the heliocentric dis- 
placements of the observing site and Jupiter, utilizing 
coordinates interpolated from those given in the American 
Ephemeris and Nautical Almanac. Because only the 
change in the Sun-barycentre vector enters the calculation, 
the other planets could be neglected. over the 2-5 h 
interval, to an accuracy of +01 ms. The source position 
used was that of the south preceding star as given by 
Minkowski’, namely: R.A. (1950-06)=05 h 31 m 31-465 
and dee (1950-0) = 21° 58’ 54-8”. 

The final errors were determined by the following: 
first, epoch of the observatory clock (based on a Varian 
R-20 rubidium standard) relative to Loran-C timing 
signals, which were used as reference. This epoch was 
monitored during all observations and maintained to 
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+02 ms. Second, phase error of sampling 
with respect to the clock was at most one- 
half a sampling interval before January 
ll and less than 10 ys thereafter. Third, 
signal-to-noise and quantization limitations 
on the determination of pulse arrivals. 
Breaking a continuous run into a series of 
short blocks usually yielded, to within one 
sample, the same lag (arrival time) as the 
run treated as a whole, indicating a quan- 
tization rather than signal-to-noise limita- 
tion. The arrival time accuracy was 
therefore taken to be + one intersample 
interval. Finally, the error in the caleu- 
lated light travel time correction to solar 
system barycentre already discussed. 
The four errors were treated as statisti- 





cally independent. The resultant total 
RMS error in (T2-T1)s ranged from 0-8 to 
1-6 ms for the various observations. This 





quantity, divided by the number of periods 
included between TI and T2, gave the 
errors listed in Table 1. The epoch assigned 
to each period is the midpoint between 
Ti and T2, apparent. 

Full accuracy in the reduction of pulsar 
timing data is obtained when pulse arrivals 
are linked over a time interval of months. 
Determination of the second time deriva- 
tive of the period of NP 0532 may well be 
possible once such a reduction has been 
completed. 

We thank G. H. Pettengill for discussion 
and G. A. Zeissig for assistance. The Arecibo Ionespheric 
Observatory is operated by Cornell University with the 
support of the Advanced Research Projects Agency and 
the US National Science Foundation under contract with 
the Air Force Office of Scientific Research. 
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Simultaneous Optical and Radio 
Observations of NP 0532 


SIMULTANEOUS optical and radio observations of the 
Crab Nebula pulsar, NP 0532, were obtained at Lick 
Observatory and Stanford University on March 13 and 
15. The exact mechanisms for the radio and optical 
emissions are still not clear, but the detection of a time 
interval (if any) between the optical and radio pulses 
would be an important test of the various emission 
theories!*, Our data show, after correction for interstellar 
dispersion, that the optical and radio pulses are emitted 
simultaneously with a time uncertainty of + 6 ms resulting 
almost entirely from the uncertainty in the value of the 
interstellar dispersion, The measured time delay before 
correction is accurate to approximately 250 us. 

A block diagram of the experiment is shown in Fig. 1. 
Pulses from an ITT FW 130 photomultiplier operated at 
the prime focus of the 120 inch telescope were counted in a 
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Fig. 1. Block diagram: of the simultaneous experiment. 


Hewlett-Packard type 5401A multi-channel analyser 
Each sean through the 1,024 channel memory was initiated 
by an external trigger signal set at the pulsar repetition 
rate. The rate of sean was variable, and was set as fast 
as 10 us per channel. The trigger signal was provided by 
a frequency synthesizer and scaler: it was possible to 
match the apparent period of the pulsar to better than ] 
part in 10°, allowing long integration times without 
degrading the pulse shape. The trigger signal was trans- 
mitted over a VHF radio link to the 150 foot paraboloid 
at Stanford, 48 km to the west. A second synthesizer at 
Stanford was adjusted to the same frequency and phase 
as the first. Its sealed output was used to trigger a 
Hewlett-Packard type 5480A analogue signal averager. 

which analysed 424 MHz radio pulses, operating m much 
the same way as the multichannel analyser at Lick. We 
estimate that the two trigger signals were synchronized 
to +50 us over any period of 1 h after compensation for 
travel time and other systematic effects. 

Fig. 2 shows the results of one observation on March 15. 
The optical pulses were measured in white light with a 5-4 
are s diaphragm. The analyser had a channel width of 
50 us; the trace is the sum of 2.000 scans. Smearing of 
the pulses caused by a slight drift of the trigger signal is 
about. 60 us. so that the pulse shapes shown are essentially 
unaffected by the equipment. The half-power full widths 
of the main pulse and subpulse are 1-5 and 2-6 ms, and the 
ratio of their peak amplitudes is 3-5. 

The radio pulses were observed at 424-00 MHz with a 
bandwidth of 600 kHz. The tracing in Fig. 2 is an average 
of about 22,000 pulses, indicating the weakness of the 
radio signal. The signal-to-noise ratio is low partly 
because the Crab Nebula is itself a very strong continuous 
radio scource. Dispersion across the receiver bandwidth 
and a 1 ms time constant on the receiver output have 
broadened the pulses by about 5 ms, so that little informa- 
tion on the intrinsic widths is available. The observed 
widths do not disagree with the optical widths. The ratio 
of main pulse to subpulse peak amplitude, however, is 
about 1-2 instead of the optical value of 3-5. Observations 
at Arecibo? give about the same ratio for the radio pulses, 
and the disagreement with the optical value may be 
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o 10 20 30 40 
ms 
Vig. 2. Simultaneous observations on March 15, 2000-2030 PST. a, 5 
min average of white light optical pulses: b, 25 min average of 424 MHz 
radio pulses, The abscissa is the time after a trigger signal at each site. 


The dispersion delay and bandwidth broadening of the radio pulses have 
not been removed. S, Subpulse; M, main pulse. 


caused by polarization effects, for both the Arecibo and 
Stanford antennas are circularly polarized. 

The positions of the optical and radio pulses in Fig. 2 
do not represent the time relationship at the source because 
the radio pulses have been delayed considerably by the 
interstellar medium, A pulse observed at frequency v 
will have been delayed at At s, where 


1 fnedl \ 


Avice et oc2 ae 
v? (7-4378 x 104/ 





Here v is in MHz, and the integrated electron density is in 
electrons cm-*. For NP 0532, the integrated density is 
(1-755 + 0-007) x 10% electrons em~? (ref. 3); a pulse at 
424-00 MHz is delayed 1312-49 ms, or more than thirty- 
nine periods. The optical pulse is delayed about 2 x 10-1 's. 
Because the optical and radio pulses may not come from 
the same regions, there is a possible ambiguity of an in- 
tegral number of periods in determining the delay between 
the optical and radio pulses. In what follows we will take 
this number to be zero, thus making the assumption that 
the various emission centres are less than 10,000 km apart. 


Table 1, SUMMARY OF OBSERVATIONS 


Date March 13 March 15 March 15 
Time (PST) 
Apparent period (ms) 
Radio frequency (MHz) 
Observed radio delay (ms) 
Calculated delay (ms) 
Caleulated delay minus 
39 periods (ms) 
Difference (ms) 


2000-2030 
33-09885 
424-00 
21-09 + 0-40 
1,312-49 + 6-0 


2100-2130 
33-O9887 
424-00 
20-48 + 0-40 
1,312-49+6-0 


2000-2020 








2 
1,316-96 + 6-0 


26-11 46-0 21-63 
+ 0-02 + 6-0 ~ 0-54 


Three successful simultaneous observations of optical 
and radio pulses were made, each lasting about 30 min. 
The results are summarized in Table 1. ‘The Ime headed 
“Observed radio delay” gives the apparent time between 
the peak of the main optical pulse and the peak of the 
main radio pulse; corrections for small phase differences 
in the trigger signals, travel times of the trigger and pulsar 
signals over the 48 km baseline, and propagation delays 
in the receiving systems have been made. The probable 
errors quoted for the observed delay are due almost 
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entirely to errors in measuring the position of the weak 
radio pulse. The error quoted for March 13 is larger due to 
a lower signal-to-noise ratio at that time. The error in 
the calculated delay is due to uncertainty in the integrated 
electron density. 

A weighted average of the data indicates that the radio 
pulse arrives sooner than expected by 0-63 ms, with an 
experimental error of + 0-25 ms and a systematic error of 
+6-0 ms due to the uncertain electron density. The 
difference in arrival times is obviously not significant in 
view of the total error involved. At present we can only 
conclude that the radio and optical pulses are emitted 
within 6 ms of each other. When more accurate values for 
the integrated electron density become available, how- 
ever, the observed delay values are sufficiently precise to 
determine time intervals at the source as small as 0-25 ms. 
Time delays of this magnitude are important for radio 
emission mechanisms of the type proposed by Golde, 
in which the observed pulses are produced at a distance 
from a neutron star where the peripheral speed is near 
the speed of light. For N P 0532, this distance is 1,600 km. 
The observed time delay of less than 6 ms corresponds to a 
distance along the line of sight of less than 1,800 km—~ 
if the delay proves to be less than 0-25 ms, the distance 
would be less than 75 km. 

Alternatively, we can assume that the optical and radio 
pulses are emitted simultaneously. We can then derive 
an accurate value from the integrated electron density from 
the observed pulse arrival times. The delays in Table 1 
give a value of (1-7542 + 0-0003) x 10% electrons em~?. 

This work was supported at Stanford University by the 
US Air Force Office of Scientific Research and the US 
National Aeronautics and Space Administration. The 
observations at Lick Observatory were supported, in part, 
by the US National Science Foundation and by the US 
National Aeronautics and Space Administration. 
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Hawaiite of High Pressure Origin from 
North-eastern New South Wales 


ALTHOUGH it is now widely accepted that the source of 
“primary” basaltic magmas is located within the Earth’s 
upper mantle, only rarely has a high pressure origin been 
proposed for the more evolved members of alkali volcanic 
lineages? and then partly to overcome the problems posed 
by the relative abundances of mafic and felsic lavas in 
some volcanic provinces. Current petrologieal opinion 
mostly attributes the origin of the series (alkali bagalt)-—- 
hawailite—-mugearite—>benmoreite—>-alkali trachyte (com- 
pare the Hebridean and Hawaiian sodic alkali successions) 
to low pressure fractionation in shallow level magma 
chambers**, Certainly this hypothesis finds support in 
the chemistry of felsic veins and schlieren in differentiated 
alkaline mafie intrusives, and of vitric groundmasses in 
rapidly cooled alkali basaltic lavas. The compositions 
of these “‘residua”’ indicate that low pressure fractionation 
of alkali basaltic liquids can produce mugearitie®, ben- 
moreitic’, alkali trachytie and phonolitic differentiates? *. 
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We report here, however, the discovery of a hawaiite 
containing lherzolite xenoliths, and an abundance of 
large pyroxene crystals (“‘megacrysts”). The latter are 
considered to be high pressure cognate phases of the 
hawaiite, and the occurrence of both megacrysts and xeno- 
liths indicates that comparatively “evolved” alkalic liquids 
may also be generated at high pressures. 

The hawaiite flow is exposed in a quarry about 2 miles 
east of Kyogle on the road to Nimbin, in far north-eastern 
New South Wales. The host rock (Table 1) can be desig- 
nated as a comparatively iron-poor hawaiite approaching 
mugearite in composition (K,0/Na,O = 0-38; normative 
plagioclase = 33-2 per cent An; differentiation index®= 
45-8). It contains phenocrystal (@=1-720, Fa.) and 
groundmass olivine, ophitic and subophitic pale brown 
clinopyroxene, laths of strongly zoned feldspar with 
plagioclase cores, and accessory opaque oxide and zeolites 
(chiefly analcime). An unidentified pale green mineraloid 
is apparently a primary constituent, and the olivines are 
partly altered to “‘bowlingite”. Partial analyses of 
fractions of differing density separated from the bulk 
feldspar indicate zoning from potash andesine (Or,3;Abs55 
Ans: weight per cent) to dominant lime anorthoclase 
(Or, ,Ab,.An,->Or,,Abs.An,;). Minor sanidine (8 = 1-526) 
is also present. The  groundmass clinopyroxene 
(Table 2, column 6) is a titaniferous calcium-rich augite, 
the CIPW norm of which contains 0-76 per cent nepheline 
These mineralogical characteristics conform to 
of hawaiite, approaching mugearite’’. The norma- 
hypersthene (hy = 2-37 weight per cent) in the chemi- 
eal analysis is probably enhanced by the “bowlingite™ 
and pale green mineraloid which are present even in the 
freshest specimen available. 











fable 1. CHEMICAL ANALYSIS OF KYOGLE HAWALITE, AND CALCULATED 


COMPOSITIONS OF HYPOTHETICAL PARENT ROCKS 














l 2 3 
SiO, 49-05 dl: i: 
TIO, 2-02 18 
Al,O, 15-40 IEF 
Fe,0; 3-08 3-0 
FeO TH TF 
MnO 0-13 Ot 
MgO 75 4 
CaQ 6-21 eü 
Na,O $28 4-0 
K0 1-61 15 

1,0 -+ 20i =-= — 
H,0- 1-31 = £ 
P,O; 0-68 O6 06 
Total 90-904 100-0 100-0 
Fed + Fe,0, 
MgO 1-55 td 0-9 
CIPW NORMS 
Or O51 xo 8-3 
Ab 36-22 B41 31-4 
An 17-5 16-4 
Di 69 66 
Hy 9-3 14-0 
Ot 14-0 14:5 
Mt 4-4 4:2 
n 37 3-2 
ap ; 13 13 
eg _ _ 
Total 99-95 100-1 99-9 
An x 100 
A ~ (weight %) 33-2 34 34 





Column 1. Hawaiite from Kyogle, NSW. Analyst: G. I. Z, Kalocsai. 

Columns 2 and 3. Hypothetical parent liquids obtained by adding 10 per 
cent orthopyroxene (2) and 20 per cent orthopyroxene (3) (compare Table 2, 
column 2) to the hawalite with recalculation to 100 per cent (anhydrous). 


Lherzolite xenoliths (‘olivine nodules’), generally 
2 em or less in size but in places up to 8 em across, are 
comparatively abundant. They consist of the usual 
allotriomorphie granular assemblage of olivine (B= 1-672. 
Fa). enstatite (y= 1-679), chrome diopside ($= 1-686). 
and brown picotite (olivine > orthopyroxene > clinopyrox- 
ene > spinel)!'-"8, The optical properties and relative 
modal abundances refer to a xenolith from which the two 
pyroxenes were separated and analysed (Table 2, columns 
l and 4). Olivine commonly shows partial alteration to 
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“bowlingite’, and both pyroxenes contain abundant 


(100) exsolution lamellae. Strain bands in olivine and 
minor kinking in pyroxenes indicate deformation; mar- 
ginal zoning of olivine and picotite, and reaction coronas 
on pyroxenes denote the instability of the xenolith assem- 
blage during final consolidation of the hawaiite host. 











Table 2. CHEMICAL ANALYSES OF PYROXENES FROM KYOGLE, NEW SOUTH 
WALES 
Orthopyroxenes Clinopyroxenes 
1 2 3 4 5 6 
SiO, 54-10 54-72 61-72 50-16 SOAS 
TiO. 0-25 026 0-61 0-88 216 
ALO, 3-45 4:03 6-69 8-82 3°54 
Cr,O3 0-38 0-41 O72 0-10 0-05 
FeO; 1-04 O74 1-80 0-90 2-96 
FeQ 835 849 1-08 677 6-33 
MnO 2 O17 O17 0 O21 O21 
MgO 33-03 30-25 29-50 i 15-80 13°31 
NiO OTL O10 O10 07 0-05 0-03 
Cad 0-80 1:72 1-68 20-23 15-61 20-37 
NaO 0-08 O11 Olt 1-78 1-08 107 
K0 0-00 0-00 0-00 0-00 0-00 0-09 
HAO + Sa Bi a PEN = ae 
H,O — == 
P:0; - E ~ 
Total 100-14 100-21 100-01 
Cation contents (six oxygen anions) 
Si 1877 1-904 1-915 1-867 ESIS 1-868 
ALIN 0123 0-096 0-085 0-133 O-182 0-132 
AlVE 0-069 0-047 0-081 0-152 0195 0022 
Ti 0-004 0-007 0-007 0-016 0-024 0-060 
Cr O-OLL 0-011 OOLL 0-020 0-003 9-001 
Felli 0-032 0-027 0-019 0-049 024 0-082 
Felt 0-145 0-248 0-249 0-083 0-205 0-196 
Mn 0-005 0-005 0-005 0-003 0-007 0-007 
Mg 1-699 1-586 1-538 0-819 0853 0-734 
Ni 0-003 0-003 0-003 9-002 0-002 0-001 
Ca 0-030 0-065 0-063 0-783 0-606 0-808 
Na 0-005 0-008 8-008 0125 0-076 G-O77 
K 0-800 0-000 0-000 0-000 0-000 0-004 
(X+Y¥) 2-003 2-005 1-984 2-002 1-995 1-992 
Ca 16 3-4 3-4 46-4 35-8 44-2 
Mg atom, 88-9 88-2 82-1 48-6 50-3 40-2 
Fe a5 Lad 14:5 5-0 13-9 15-6 
Column 1 Orthopyroxene from lherzolite xenolith. 
Colume 2  Orthopyrexene megacryst. 
Column 3 Orthopyroxene megacryst. 


Column 4 
Column 5 
Coiumn 6 
analysis 1). 
Analyst: 


Clinopyroxene from therozolit: xenolith. 
CHnopyroxene megacryst. 
froundmass clinopyroxene from the hawalite host (Table I 


G. 1. Z. Kalocsai. 


The megacrysts occur as corroded prismatic crystals 
from 0-5 to 2 em in length. They are deep green to black 
in colour, with conchoidal fracture and vitreous lustre. 
Cleavage is poorly developed or lacking, and exsolution 
structures are absent. Non-pleochroic orthopyroxene is 
by far the most common megacryst. Refractive indices 
indicate homogeneity within individuals, but a restricted 
compositional variation between different crystals (y= 
1-684-1-687). Clinopyroxene megacrysts ($= 1-693) are 
comparatively rare. Both types of megacryst are sur- 
rounded by extensive reaction coronas. 

Chemical analyses (Table 2, columns 2 and 3) show that 
the orthopyroxene megacrysts (aluminian bronzite) are 
significantly richer in Fe and Ca than the aluminian 
enstatite from the lherzolite xenolith, and that a clino- 
pyroxene megacryst (Table 2, column 5; hy = 8-87 per 
cent) is a Ca-poor variety compared with both the xenolith 
clinopyroxene (ne=4:25 per cent)! and the groundmass 
titanaugite of the host rock?®’5. The clinopyroxene 
megacryst contains a significant Ca-Tschermak’s com- 
ponent (14-1 mol per cent CaAl,SiO,) plus a small jadeite 
component (4-9 mol per cent NaAISi,O,). By comparison, 
the chrome diopside from the xenolith contains 9-9 mol 
per cent CaAl,SiO, and 5-6 per cent NaAISi,O, (ref. 16). 
Partitioning of Cr and Ni between the xenolith pyroxenes 
is consistent with the findings of other workers", but the 
orthopyroxene megacrysts are enriched in Cr compared 
with the clinopyroxene megacryst. The low CaAl SiO, 
content of the groundmass clinopyroxene (1-7 mol per 
cent) resembles that of other groundmass clinopyroxenes 
in rnafic igneous rocks!*; a jadeite component is absent 
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because all the alkalis (Na+K-~Fe*+) may be allocated’ 
to acmite. 

From considerations of these chemical data and recent 
experimental studiest we conclude that the pyroxene 
megacrysts are high pressure cognate phases. In particu- 
lar, note the high Al contents of the orthopyroxene mega- 
crysts and the high Ca-Tschermak’s component of the 
clinopyroxene megacryst; both features are character- 
istics of high pressure crystallization!™!. The Ti-poor 
nature of the clinopyroxene megacryst, compared with the 
groundmass titanaugite, is consistent with a high pressure 
cognate origin because experimental data indicate only 
limited solubility of CaTiAl,O, in diopside at high pressure 
(10-25 kbar). 

High pressure crystallization experiments’ show that 
orthopyroxene is the liquidus phase at 13-5 kbar in an 
olivine basalt (hy = 1-3 per cent), and is followed by sub- 
calcie clinopyroxene with more advanced crystallization 
at this pressure. For an alkali olivine basalt (ne=2-2 
per cent), liquidus orthopyroxene is accompanied by 
subealcic clinopyroxene at 13-5 kbar. At 9 kbar, how- 
ever, olivine becomes the predominant liquidus phase in 
both rock types. Comparable experimental data for 
hawaiite are not available, but a similar crystallization 
behaviour at elevated pressures might be predicted for 
the liquid now represented by the Kyogle host rock, in 
view of the similarity between its level of saturation and 
Mg/Fe ratio and those of the two basaltic compositions 
studied experimentally (Table 3). Our conclusion that 
the Kyogle megacrysts are high pressure cognate phases 
is further supported by their compositional similarity to 
the synthetic high pressure pyroxenes', particularly in Al 
contents, low Ca content of the clinopyroxene and parti- 
tioning of Fe and Mg between liquid (or host rock) and 
orthopyroxenes (Table 3). The enrichment in chromium 
shown by the orthopyroxene megacrysts probably resulted 
from preferential incorporation of Cr into the more abun- 
dant phase of earlier crystallization. 





Table 3. COMPARATIVE DATA FOR THE KYOGLE HAWAIITE AND TWO EXPERI- 


MENTALLY STUDIED BASALTS! 
100 Mg/(Mg + Fe*+) 


Rock Liquid Liquidus 
orthopyroxene 
daal 
Olivine basalt 68-1 89-1, -B khe 
Alkali olivine basalt 50-8 83-0 r at 13:5 kbar 


Kyogle hawaiite 61-5 (host) 85-3 (megacryst)* 


* 100 Mg/(Mg + 2Fe). 


The pressures indicated by the experimental data are 
appropriate to depths within the upper mantle, aconclusion 
strengthened by the occurrence of the lherzolite zeno- 
liths''%, An accidental origin for the latter is suggested 
by: (i) the evidence of solid state deformation in the 
xenoliths and its absence in the megacrysts; (ii) a different 
cooling history relative to the megacrysts, evidenced by 
the exsolution structures in the xenolith pyroxenes: 
(i) a presumably lower temperature of formation indi- 
cated by the less extensive mutual solid solution between 
co-existing pyroxenes in the xenolith (Table 2), compared 
with that between the orthopyroxene and clinopyroxene 
megacrysts***!. The xenoliths apparently represent 
refractory mantle material incorporated in the hawaiite 
magma during its ascent. In view of the indicated lower 
temperature of formation, they may well have been 
derived from levels significantly above the site of magma 
generation. 

Pyroxene megacrysts with similar compositions have 
previously been recorded?*:*5, but from less evolved host 
rocks than the Kyogle hawaiite. Kyogle is located 
within the Tweed Shield Volcano, the petrology of which 
as a whole is as yet imperfectly known. Available data, 
however, indicate that both tholeiitic and alkali basaltic 
lineages occur within the shield area? We do not find 
that separation of orthopyroxene at high pressures is an 
adequate mechanism to derive the hawaiite directly from 
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a tholeiitic parent‘. Table 1, columns 2 and 3, indicates 
that hypothetical parent liquids which might yield the 
hawaiite following extraction of orthopyroxene (Table 2, 
column 2) are anomalous when their normative olivine 
contents and Fe/Mg ratios are compared with tholeiitic 
rocks with similar normative plagioclase compositions. 
At present it cannot be established whether the hawaiite 
fractionated from a more mafic liquid at even higher 
pressures than indicated by the megaerysts or was itself 
produced directly by partial melting of mantle material. 
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South-western Granites and 
Alkali-Feldspar Megacrysts 


Boor has extended his conclusions concerning the Land’s 
End granites to the other granitic masses of south-west 
England and has raised several points that require further 
consideration’. These include his sweeping correlation 
between the granite bosses, the nucleation and growth of 
metasomatic alkali feldspars and the distribution of potas- 
sium between cores and envelopes. 

Because there are marked differences between the so- 
called fine-grained cores of a number of the granite bosses, 
correlation is difficult. For example, the chief more 
finely grained components at St Austell are the non- 
porphyritie lithionite and fluorite granites. Both of these 
rock types are enriched in sodium relative to potassium 
and contain a plagioclase that is close in composition 
to albite (An,). They thus contrast strongly not only with 
the potash-rich lithium and fluorine-poor oligoclase-bear- 
ing coarse porphyritie envelope at St Austell, but also 
with the fine-grained components of Carnmenellis, Land’s 
End and what is known of Bodmin Moor. The true fine- 
grained granite of Carnmenellis occurs at the western edge 
of the outcrop, is extremely rich in potash (ref. 2 and 
unpublished results of K. I. Al-Turki), and is tourmaline- 
bearing; it is thus very similar to the fine-grained rock 
of Castle-an-Dinas described by Booth. 

The core of the Carnmenellis outcrop shown on Booth’s 
section (Fig. 3 of ref. 1) is made up of the Types 2 and 3 
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of Ghosh?, while the envelope granite is Ghosh’s Type 1 
granite. Unfortunately it is not possible to correlate 
Types 2 and 3 with fine-grained granites elsewhere, for 
the following reasons. (a) Neither rock type is really 
fine-grained, except for the local development in Type 3 
of an aplitic groundmass facies‘. (6) There is no marked 
difference between these types and the Type 1 granite in 
hand specimen, and Chayes® could find no significant 
difference between the modal data from the Types 1 and 
2 granites. 

Available information from Carnmenellis therefore 
indicates that there is no difference between core and 
envelope. As for Dartmoor, the finer Type 3, or blue 
granite of Brammall and Harwood’, is often porphyritic 
and occasionally coarsely so. 

We believe that the section shown in Booth’s article 
is so simplified that it can have little meaning as either a 
structural or petrogenetic model. 

We have already referred to the evidence for a pre- 
viously formed (possibly magmatic) fine-grained fabric 
for the Tregonning-Godolphin, Carnmenellis and Dart- 
moor granites. Evidence for late-stage grain enlargement 
is found in many coarse biotite-granites, the lithionite- 
granites’ and in pegmatites®. Textural evidence frequently 
suggests the partial replacement of albitie plagioclase by 
potash feldspar’*.7, Clearly, the erystallization sequence 
must be complex, particularly among the feldspars, and 
much of the textural pattern is undoubtedly the result of 
the later stages of magmatic/metasomatic evolution. But 
the nature, nucleation and growth of the replaced plagio- 
clase feldspar discussed by Booth require further com- 
ment. 

The amount of anorthite in the zoned plagioclascs of 
the coarse porphyritie biotite granites is such that it is 
likely that there was an initial precipitation of two feld- 
spe We will assume that these zoned plagioclases do 
represent erystals that have crystallized from magma: 
however, this cannot be proved and, if they are not 
magmatic in origin, the history of the development of 
the whole fabric is even more complex. Zoned erystals 
of plagioclase often have cores in the oligoclase—andesine 
range (An,,-An,,; ref. 7, Table 1). Such crystals occur in 
rocks rich in textural evidence for late growth of their 
potash feldspar megacrysts, but have clearly not acted as 
nuclei for replacement by or growth of potash feldspar. 
Rather, those plagioclases most closely associated with 
potash feldspar have compositions within the albite range 
or close to the albite-oligoclase boundary, and must 
represent a later generation of plagioclase, that is, separate 
nucleation of albite as well as continued zonal growth on 
earlier individuals, or alternatively plagioclase resulting 
from the unmixing of the initial (magmatic) alkali feld- 
spar. While crystals of this kind, together with associated 
early potash feldspar, could have provided the necessary 
nuclei for the later growth of megacrysts, we suggest that 
the early magmatic plagioclase proposed by Booth could 
not. 

Tt is often assumed that the frequent orientation of 
alkali feldspar megacrysts is the result of magmatic flow. 
This implies both flowage at the present level of erosion 
and either the early magmatic development of alkali 
feldspar megacrysts, or, as suggested by Booth, replace- 
ment of magmatic seeds of plagioclase, aligned during 
flowage, by alkali feldspar and subsequent metasomatic 
growth of these crystals to produce large individuals 
having a regional alignment. From the discussion here 
we believe that a magmatic origin of the nuclei can be 
dismissed. Further, it has been stated*.* that the rocks 
under discussion have arrived at their present sites as 
sensibly solid bodies, presumably lubricated by inter- 
stitial (mainly aqueous) fluids. It would therefore seem 
that nucleation and initial growth of alkali feldspars 
occurred below the present crustal level and that the 
orientation of the megacrysts was achieved as the growing 
erystals were moved upwards in a solid medium. 














NATURE, VOL. 222, MAY 10, 1969 





~ Tt is clear from the evidence given for the Dartmoor 


granites*, for the Carnmenellis granites? and by Booth 
for the Land’s End granites* that contamination has 
played a principal part in the genesis of the porphyritic 
biotite granites. It is unlikely that much contamination 
has occurred at the present level of exposure where most 
contacts are sharp and reactive contacts are scarce. 
Because there has probably been considerable post-mag- 
matic movement of these granites from deeper levels, 
contamination of magma, both by palingenetic residues 
and mechanically dislodged wall-rock, must also have 
taken place at deeper levels. The core-envelope relation 
now observed is unlikely to be related to simple con- 
tamination alone, but to either metasomatic differentia- 
tion’, resulting in the movement of potassium ions towards 
the cooler margins?", or to anatexis and mobilization of 
earlier porphyritic biotite granite (that is, already con- 
taminated rock) and its emplacement in the already 
contaminated envelope, or to a combination of both these 
processes. Movement of potassium away from a core 
could lead the bulk composition of the core towards the 
lower temperature minimum region of the alkali granite 
system", Thus movement of alkalis—as visualized both 
by Booth and by us-—could result in the production of 
large amounts of granitice magma and therefore possible 
mobilization and emplacement at a higher level of sodium- 
rich lithionite granites and related rocks, such as are 
found at St Austell and Tregonning-Godolphin. 

Dr Booth’s conclusions concerning the marginal con- 
centration of potassium agree with our ideas and with 
the experimental data and conclusions of Orville. We 
consider that this movement of potassium could lead to 
the mobilization and intrusion of later sodic terms. But 
we are unable to accept Booth’s suggestions concerning 
the nucleation of alkali feldspar megacrysts on early 
plagioclase crystals and the comprehensive correlation 
that he makes between the supposed cores of the granite 
bosses. 

M. STONE 
Department of Geology, 
University of Exeter. 
EXLEY 
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High Performance, Platinum 
Activated Tungsten Oxide Fuel 
Cell Electrodes 


HYDROCARBON fuels (methane, propane and so on) are 
relatively inert and can only be electrochemically oxidized 
using either high loading noble metal-black electrodes in 
phosphoric acid at 150° C or high temperature molten 
carbonate (or solid oxide) electrolyte cells at 600-1,000° © 
(ref. 1). Alternatively the fuel may be “reformed”, 
producing impure hydrogen (containing carbon dioxide 
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Machine Intelligence 4 


edited by B. Meltzer and 

D. Michie. The 4th volume of 
this important series marks 
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mechanization at the centre 
of the MI area. Fresh ground 
is broken by the application 
of new insights to the design 
principles of intelligent com- 
puting systems, and one section 
deals with the programming 
of robots to give them the 
capability to reason and plan. 
540 pp. 100s. 
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THE APPLICATION OF MODERN 
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edited by S. K. Runcorn, School of Physics, University of 


Newcastle-on-Tyne 


This book contains the papers presented at the 
Conference of the NATO Advanced Study Institute 
held at Newcastle-on-Tyne from March 29th to 
April 6th, 1967. The papers reflect the results of the 
application of modern physics to problems of the 
earth’s mantle and interior and give a convenient view 
of the progress which has been made at the present 


time. 


due June 1969 approx. 576 pages approx. 150s. 


PROPERTIES OF MATTER UNDER 


UNUSUAL CONDITIONS, In Honor of 


Edward Teller’s 60th Birthday 


edited by Hans Mark, University of California at Berkeley 
and Sidney Fernbach, University of California, Livermore 


A collection of papers written in honour of Edward 
Teller by his former teachers, early collaborators, and 
his students and colleagues at the University of 
California and the Lawrence Radiation Laboratory. 
Covers areas of Teller’s interest—molecular, high 
energy, and elementary particle physics, as well as the 
application of nuclear technology to defence problems. 


May 1969 389 pages 182s, 


ADVANCES IN ANALYTICAL 
CHEMISTRY AND 
INSTRUMENTATION, Volume 7 


edited by C. Reilley, University of North Carolina and 


F. W. McLafferty, Purdue University 


The latest volume in a continuing series dealing with 
significant new research, techniques and developments 
as well as the status of important but more classical 


ideas. Written by outstanding workers in the field. 


due June 1969 229 pages 110s. 


INTRODUCTION TO QUANTUM 
FIELD THEORY 


by Paul Roman, Boston University 


Designed primarily as a text for advanced graduate 
students in theoretical physics. Presents a unified 
treatment of both theoretical ideas and of working 
methods of computation, with emphasis on exhibiting 
the structure of both the theory and methods used for 
computation, Covers the basic features of quantum 


field theory. 


due June 1969 634 pages 158s. 
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Advances in Experimental Medicine and Biology * 
Volume 4 


DRUGS AFFECTING LIPID METABOLISM 


Proceedings of the Third International Symposium on Drugs Affecting Lipid Metabolism, 
held in Milan, Italy, September 9-11, 1968, edited by William L. Holmes, Director, Division 
of Research, Lankenau Hospital, Philadelphia, Pennsylvania, Lars A. Carlson, Professor 
and Chairman, Department of Geriatrics, Faculty of Medicine, University of Uppsala and 
King Gustav Vth Research Institute, Stockholm, Sweden, and Rodolfo Paoletti, Chairman, 
Institute of Pharmacology, University of Milan, Milan, Italy 

Covers the latest advances in lipid metabolism research and describes the effects of various 
drugs on FFA mobilization, plasma and tissue triglycerides, serum lipoproteins, cholesterol, 
and bile metabolism. 

681 pages Plenum Press 1969 £12.17s./ $27.50 
Also available 


Volume 3: Germ-Free Biology: Experimental and Clinical Aspects 
Edited by E. A. Mirand and N. Back 
423 pages Plenum Press 1969 £10.10s./ $22.50 


Volume 2: Pharmacology of Hormonal Polypeptides and Proteins 
Edited by N. Back, L. Martini and R. Paoletti 
660 pages Plenum Press 1968 £12.17s./$27.50 


Volume 1: The Reticuloendothelial System and Atherosclerosis 

Edited by N. R. Di Luzio and R. Paoletti 
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* Place your Continuation Order today for books in this series. It will ensure the delivery of new volumes 


immediately upon publication: you will be billed later. This arrangement is solely for your convenience, and 
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Enzyme Physics 

By M. V. Vol’kenshtein, Institute of Molecular Biology, Academy of Sciences of the USSR, 
Moscow 

Translated from Russian. 

Translation editor: Serge N. Timasheff, Professor, Graduate Department of Biochemistry, 
Brandeis University, Waltham, Massachusetts 

This volume considers three of the principal problems of enzyme physics: genetic coding 
of the functional structure of proteins, the informational properties of proteins as the 
factor governing enzymatic activity, and the manifestation of the cooperative properties 
of enzymes in the kinetics of enzymatic reactions. Appendices are included covering the 
use of graph theory for solution of kinetic problems and the Faraday effect in relation to 
problems of optical activity. 

Approx. 200 pages Plenum Press August 1969 £5,17s./$12.50 


Physics, Logic, and History 

Proceedings of the First International Colloquium, held at the University of Denver, Colorado 
Edited by Allen D. Breck and Wolfgang Yourgrau, University of Denver, Colorado 
CONTRIBUTORS: Allen D. Breck, Wolfgang Yourgrau, Sir Karl Popper, André Mercier, 
Herman Tennessen, Hakan Térnbohm, Willard Van Orman Quine, Dmitriy D. Ivanenko, 
Julian Victor Langmead Casserley, Arne Naess, Jaakko Hintikka, Czeslaw Lejewski, 
Jean-Pierre Vigier, George Gamow, Richard H. Popkin, Robert S. Cohen, Hans-Jürgen 
Treder, Hermann Bondi, David Kaplan, Alfred Landé, György Ránki. 

Approx. 330 pages Plenum Press September 1969 £9.2s./ $19.50 


Chemistry of High-Temperature Materials 

Edited by N. A. Toropov 

Proceedings of the Second All-Union Conference on the High-Temperature Chemistry of 
Oxides held in Leningrad, USSR. 

Translated from Russian l 

These papers present current Soviet research in the chemistry and, to a lesser extent, the 
physics of refractory materials at elevated temperatures. Special emphasis is given to 
describing phase equilibria, thermodynamics, and physical properties of the rare earth 
oxides and other materials from both theoretical and practical standpoints. 


237 pages CB Special Research Report 1969 £11.13s./$25.00 
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and some carbon monoxide) which may be fed into a low 
temperature (< 100° C) acid fuel cell. Carbon monoxide, 
however, poisons platinum black by strongly adsorbing 
on its surface (with high coverage) at normal fuel cell 
anode potentials. Little opportunity exists for water 
molecules to adsorb on sites adjacent to surface CO 
molecules—~a necessary condition for the removal of the 
latter by anodic oxidation? 


COsas + H.Oaag ——>CO, + 2H+ + 2e- 


Niedrach and Weinstock? have shown that mixtures of 
platinum with certain oxides, notably those of tungsten 
(for example, WO.. W,O,, WO,), are less susceptible to 
carbon monoxide poisoning. They suggest this is because 
carbon monoxide and water molecules may oceur on 
adjacent surface sites at the platinum—oxide interface, 
because carbon monoxide adsorbs only weakly on the 
oxide. No definite conclusions were drawn concerning 
the function of the oxide during the anodic oxidation of 
pure hydrogen—-proportions of platinum as low as 
1) per cent by weight showed no reduction in performance. 
Niedrach and Weinstock rejected the participation of 
redox couples on the oxide on the basis of galvanostatic 
measurements made on tungsten trioxide. But an 
interesting possibility, not considered by these authors, is 
the rapid formation of “hydrogen tungsten bronzes” from 
active hydrogen adsorbed on the platinum!. These 
compounds, first reported by Glemser and Naumann‘, 
have a general formula HxWO, (0-3<x<0-5) and are 
structurally analogous to the sodium tungsten bronzes 
(NasWO,)*. They are acid resistant, metallic conductors 
(“pseudo-metals’’) and could function as intermediates in 
the anodic oxidation of hydrogen on platinum/tungsten 
trioxide electrodes, thus providing an alternative path for 
the reaction 


WO, +x Pt-H-—>H,WO, + Pt —~WO,+xe-+x H+ (1) 


This mechanism would depend on the electron transfer 
step on the platinum being slow relative to the chemisorp- 
tion of hydrogen and its migration to the oxide. As yet 
there is no conclusive evidence for the exact mechanism 
of anodic dissolution of hydrogen on platinum?*. Even 
in the event of “fast” electron transfer on the platinum, 
however, the “bronze route” could have importance in 
practical electrodes (for example, hydrophobic electrodes?) 
where some platinum will certainly be out of electrolyte 
contact and therefore unable to oxidize hydrogen in the 
usual manner. This platinum, which would normally be 
wasted on substrates such as carbon, may be used because 
it can still form reduced compounds with oxide which is 
also in contact with electrolyte. 
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Fig. 1. A comparison between methods of platinizing tungsten trioxide 
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Reaction (1) then should enable low platinum loadings 
to be used, without serious losses in performance, by 
making more efficient use of the noble metal and extending 
the reaction zone into the catalyst support. Some 
preliminary experiments to test this hypothesis for 
tungsten trioxide are presented here. 

In order to investigate the participation of tungsten 
trioxide in hydrogen oxidation, tantalum carbide was 
chosen as a control substrate. This material is acid 
resistant, possesses adequate conductivity, does not form 
bronze-type intermediate oxides and has a particle size in 
the same region as the tungsten trioxide (~ 0-1 micron, 
calculated from Coulter counter measurements). In this 
experiment, it is essential to use a small platinum loading 
(~ 0-1 mg/cm?; that is, ~ 0-4 per cent by weight) because 
higher loadings may mask the oxide function. Platinum 
was deposited on the substrate either by (a) mechanical 
mixtures with Johnson Matthey platinum black, or (b) 
impregnation with chloroplatinic acid solution followed by 
hydrogen reduction at 50° C. 

The powders were tested as hydrophobic gas electrodes’ 
on gold plated platinum screens in 5 N H,S80, at 30° C. 
Fig. 1 shows that platinum/tungsten trioxide prepared by 
impregnation is much better than mechanically mixed 
powder. Thus the degree of platinum dispersion and 
intimacy of contact between the two phases has consider- 
able influence on the electrode performance. A parallel 
result was reported by Benson et alt when studying the 
rate of bronze formation from hydrogen adsorbed on 
platinum. 

Fig. 2 shows the initial performance of two impregnated 
electrodes, one using tungsten trioxide, the other tantalum 
carbide, as substrates. The former electrode has much the 
higher performance, suggesting that oxide participation is 
highly significant. But differences in electrode structural 
parameters, such as platinum dispersion and morphology 
and wetting characteristics, make any final conclusions 
difficult on this result alone. 

The very high initial performance on the platinized 
oxide electrodes could be repeatedly obtained over a period 
of several hours. A significant decay occurred over longer 
periods, however-—-after 24 h the performance dropped to 
half the original figure and continued to fall below that 
of the carbide electrode after several days. This problem 
was overcome by pre-treating electrodes in hydrogen at 
250° C, when the high initial performance could be 
maintained on repeated testing over a period of 3 days. 
The hydrogen treatment resulted in the tungsten trioxide 
becoming partially reduced, as shown by a permanent 
light. blue colour. 
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Future work will be directed at determining the exact 
role of the oxide by using solid electrodes, and the factors 
affecting long term performance. It is also intended to 
study substrates other than tungsten trioxide. For 
example, Niedrach and Weinstock obtained higher 
performances with the lower tungsten oxides* (namely, 
W.O, WO,) and, as shown here, these materials result in 
more stability of the long term performance. Formation 
of hydrogen compounds is also possible with these lower 
oxides®. 

At high anodic overpotentials (> 0-2 V versus NHE), 
which ean occur when using impure hydrogen’, lower 
tungsten oxides tend to form WO, by anodic oxidation? ?®. 
Because WO, is an insulator, ohmie polarization can 
result’, An investigation of other conducting tungsten 
bronzes would therefore be of interest. Sodium tungsten 
bronze (NaxWO,) fulfils all the requirements of a suitable 
substrate (high conductivity, acid resistance and so on). 
Tungsten bronzes are more stable at higher potentials and 
might por upat in the electrode reaction by forming 
mixed bronzes, NaxHyWO). 

We thank the Ministry of Defence for financial support. 
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Intrinsic Viscosity of a Randomly 
Coiled Polypeptide of 300,000 Daltons 
and its Effect on the Solution of the 
Mark -Houwink Equation 


Tanrorp and his associates'!? demonstrated that proteins 
in aqueous solutions of 6M = guanidine hydrochloride 
(GuHCl) containing moderate concentrations of B-mer- 
eaptoethanol (RSH) behaved as random coils. Using the 
form of the Mark-Houwink equation‘, 


[n] = Ane (1) 


where [4] is the intrinsic viscosity, n the number of mono- 
meric units and a and K constants, Tanford et al. assigned. 
values of 0-716 and 0-66 + 0-026 to K and a respectively. 
These values are based on intrinsic viscosities determined 
for nine proteins in 6 M GuHCl-0-1 M RSH ranging from 
insulin (n= 6-1 ml/g) to bovine serum albumin (BSA) 
({yj= 52-2 ml/g). 

Deviations from the equation might be expected from 
particular randomly coiled polypeptides because side 
chains influence both freedom of rotation of one monomer 
in relation to its neighbours and the relative non-ideal 
behaviour of the polypeptides in a given solvent. Never- 
theless, the well defined polypeptides examined so far 
have intrinsic viscosities very close to the predicted 
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values’. If the relationship between [7] and n which has 
been demonstrated up to 630 residues can be extended 
to include the largest known naturally occurring poly- 
peptides, the validity of the system in studies of the 
quaternary structure of proteins would be firmly estab- 
lished. 

To date the only intrinsic viscosities reported for 
proteins containing peptides larger than BSA are myo- 
sin®? ({y]=92-6-109-3 ml./g) and thyroglobulin’. The 
molecular weight for the thyroglobulin monomer is, how- 
ever, uncertain, for the sedimentation equilibrium data‘ 
show concentration dependence and if extrapolated to 
zero concentration yield a value of 260,000 g/mole—quite 
inconsistent with the reported value of [q]=82 ml./g. 
Applying the Flory-Mandelkern equation the value of 
209,000 g/mole was computed’ while values of 169,000 g/ 
mole and 186,000 g/mole were obtained. at pH 9-0 and 
10-2 on partially reduced thyroglobulin in 1 M urea (com- 
bining S8o.0 and [4])*. 

Reeently, we have been engaged in examining some of 
the water soluble globular proteins bound to the surface 
of the ciliated protozoan Paramecium®—in particular the 
protein designated “SIA”. High-speed = equilibrium 
studies!® yielded a molecular weight for the native protein 
of 301,500 + 4,500 g/mole (twenty-five determinations, 
v=0-71 ml/g, 4? versus log C plots gave straight lines) 
and amino-acid analyses (unpublished work of R. W. 
Sliegh and A. H. R.) taken in conjunction with this 
molecular weight show the molecule to be composed 
of 2,930 residues. When this protein was reduced in 0-3 M 
RSH in the presence of either 8 M urea or 6 M GuHCl, 
ultracentrifugal examination by high-speed equilibrium 
(Fig. 1) gave molecular weight values of 308,000 g/mole 

and 294,000 g/mole respectively (v = 0-71 ml./g, see ref. 5). 
Similar molecular weight values were obtained in 8 M 
GuHCl and for reduced and alkylated material although 
alkylation was found to produce some heterogeneity in 
the product. We conclude that this protein is composed 
of a single polypeptide, to our knowledge the largest 
known, and is well suited significantly to extend Tanford’s 
solutions to equation (1). 

Viscosity measurements were done essentially as 
deseribed by Tanford and Buzzell® using Cannon-Fenske 
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capillary viscometers with flow times for water of about 
200s. All measurements were made at 25-00° C+0-01° C 
and timed electronically to +0-01 s. Intrinsic viscosity 
was determined by a least squares fit of the data to the 
Huggins equation!? and extrapolating to zero protein 
concentration. The solvent system consisted of 6M 
GuHCl, 0-5 M RSH, 0:1 M 2-(N-morpholino) ethanesul- 
phonic acid (MES) adjusted to pH 6-0 with NaOH. 
GuHCl was purified as deseribed by Castellino and Barker? 
while RSH and MES were obtained from Calbiochem. 
Crystalline BSA was purchased from Armour and “51A” 
protein was purified as previously described? except that 
as a final step in purification 0-5 ml. of the protein solution 
was layered onto 7 to 30 per cent (4:4 ml.) linear sucrose 
density gradients (0-01 M phosphate, pH 7-0) and centri- 
fuged at 5° C for 17 h at 37,500 r.p.m. in a Spinco SW 39 
rotor. After centrifugation the central portion of the 
protein zone was isolated and dialysed exhaustively 
against distilled water and then passed through a 0-45 
nucron ‘Millipore’ filter. To determine the concentration 
of protein, the solute, in distilled water, was divided 
accurately into two portions which were thoroughly 
freeze-dried. Immediately after the sample tubes were 
removed from the freeze-drier, reducing solvent was 
added to one while to the other was added a volume of 
water such that the two solutions were of equal concentra- 
tion. The concentration of protein in the water solution 
was then determined interferometrically using a double- 
sectored synthetic boundary cell in a Spinco model Æ 
ultracentrifuge. The solutions used for v iscosity measure- 
ments were incubated under nitrogen at room temperature 
for 20 h. 

The intrinsic viscosity for BSA was determined to be 
523 ml./g in agreement with the values reported by 
T ‘anford et al? using 6 M GuHCl-0-1 M RSH (pH 5-4) and 
Castellino and Barker’ using 6M GuHCl-0-5M RSH 
(pH 6-0) in a Cole Parmer falling-ball viscometer (52-2 
ml/g and 51-3 ml/g respectively), indicating that our 
conditions were appropriate. The plot of reduced viscosity 
versus concentration for “51A” is shown in Fig. 2 and 
extrapolates to [4]= 133-4 ml./g. Calculation of Huggins’s 
constant! yielded a value of 0-59 consistent with the 
conelusion that the protein is in the form of a random 
coil? Using the values K = 0-716 and a= 0-66, equation (1) 
predicts [yj]= 139-0 ml./g. If in determining K and a, 
however, the values for glyceraldehyde-3-phosphate de- 
hydrogenase!* as well as those determined by Castellino 
and Barker for five proteins not studied by T anford et al. 
are included with Tanford’s original data, a least squares 
analysis yields K =0737 and a=0-655+0-018 and the 
predicted [n] for a randomly coiled polypeptide of 2,930 
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Fig. 2. Viscosity data in 6M GuHCl-0-5 M RSH for “51A” protein. 
Temperature, 25° C. Y intercept equals 133-4 ml/g. 
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Intrinsic viscosities of seventeen proteins in the form of random 
(1) insulin, (2) ribonuclease, (3) haemoglobin, (4) myoglobin, 
(5) §-lactoglobin, (6) chymotrypsinogen, (7) pepsinogen, (8) aldolase, 
(9) bovine serum albumin, (10) glyceraldehyde-3-phosphate dehydro- 
genase, (11) methaemoglobin, (12) lactate dehydrogenase, (13) enolase, 
(14) alcohol dehydrogenase, (15) ovalbumin, (16) heavy subunit of 
myosin, (17) “51A” protein. Data for proteins 1 to 9 from ref. 2, protein 
10 from ref. 13, proteins 11 to 15 from ref. 5 and protein 16 from ref. 7. 
The number of residues in both aldolase and ovalbumin is taken as 
387, myosin (heavy chain) as 1,875 and “SLA” protein as 2,030. Residue 
values for the other proteins are taken directly from refs. 2 and 6 














residues is 137-7 ml/g. Finally, if the observed intrinsic 
viscosities of “51A” and the heavy chain of myosin’ are 
included, equation (1) assumes the form 


[n] = 0-732 noss (2) 


with S.D.= +0-012 for the exponent (Fig. 3). 

In summary, we have shown that equation (1) is not 
only valid but also remarkably accurate for all reduced 
polypeptides examined, including the largest presently 
known. 

A. H. REISNER 
Janet ROWE 
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Forces involved in the Conformational 
Stability of Nucleic Acids 


Oxe of the most important problems in research on 
nucleic acid is the understanding of the forces which 
maintain the helical structure. After the elucidation of 
the double helix by Watson and Crick!, the helical 
secondary structure of DNA was thought to derive its 
stability from hydrogen bonding between the base pair. 
The discovery that polynucleotides could exist in single 
strand ordered helical conformation?~* demonstrated that 
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other types of forces are involved in the stability of this 
structure. These stacking forces between parallel bases 
were thought to be of the Van der Waals type. More 
recent work shows that the presence, absence or modi- 
fication of the 2’ hydroxy] group plays an important part 
in the conformational stability of the oligo and poly- 
nucleotides”. 

In order to reach a better understanding of the forces 
stabilizing the RNA and DNA conformation, a systematic 
investigation of the role of the sugar moiety is necessary. 
Here we present results on a simple model, dinucleoside 
phosphates ApA containing the natural sugar components 
of RNA and DNA, that is, ribose and deoxyribose in 
different sequences, riboadenyly] 3-5” riboadenosine 
(rAprA); riboadenylyl 3’--5’ deoxyriboadenosine (rApdA), 
deoxyriboadenylyl 3-5" deoxyriboadenosine (dApdA), 
deoxyriboadenyly] 3’--5’ riboadenosine (dAprA). Such an 
investigation seemed a logical extension of our previous 
studies of compounds composed of arabinose and ribose", 
and has the advantage of testing the conformation of 
oligonucleotides in which the sugar cannot introduce any 
new type of perturbation. 
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Schematic diagram of wo dinucleoside phosphate isomers: 
dAprA (left); (3—5 %rApdaa (right). 


Fig. 1. 

The circular dichroism of the dinucleoside phosphates 
was studied in an aqueous solution of 47 M KF 
at pH 75. We used diluted dinucleotide solutions 
(10-4, 10-5 M) to avoid intermolecular interaction. 3’~-5’ 
rApdA, dAprA and dApdA were synthesized by chemical 
methods; rAprA was a purified commercial sample. 

The circular dichroism spectra of the four dinucleoside 
phosphates are in general of similar shape and are com- 
posed of one positive and one negative band with a crossing 
point at the maximum of absorption, as previously shown 
for rAprA*. These spectra are of an exiton type, com- 
pletely different from the monomer, and demonstrate the 
existence of a dissymmetrical structure with interacting 
bases. 

We studied circular dichroism as a function of tempera- 
ture, and the results are shown in Fig. 2, in which we 
plotted the sum of the intensities of the first positive and 
negative bond against temperature. The figure shows 
clearly that the four compounds can be divided into two 
groups: (a) a group of dinucleoside phosphates with 
ribose as the 3’-linked sugar, rApdA and rAprA; these 
compounds „present similar melting curves of sigmoidal 
shape (Fig. 2, left); and (b) a group of compounds in whieh 
the 3’-lnked residue is deoxyribose, dAprA and dApdA. 
In this group the melting eure has a linear dependence 
with a very small slope (Fi ig. 2, right). 

From the sigmoidal melting curve of rAprA and rApdA 
it is possible to calculate the enthalpy of the unstacking 
process by the Van’t Hoff method. We found the same 
value of about 6 kealories/mole (+1) for the thermal 
denaturation process of these two compounds, in spite of 
the difference in Tm. This value is in good agreement 
with previously reported values for the two state 
model? 4 and with the oscillating dimers model’. 

If one tries to apply the same treatment to dApdA and 
dAprA, assuming that the low temperature limit is the 
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Fig. 2. Temperature dependence of circular dichroism of the four 


dinucieoside phosphates. ¡Ae | is the s of the intensities of the first 
positive and negative bands, Left: rAprA; @, rApdA. Right: 
@,dApdaA; D, dApra. 


same for the four dinucleoside phosphates, one finds much 
lower enthalpy values (below 3 kealories). We also 
noticed some differences in the shape of the circular 
dichroism spectra. For example, the rotational strength 
of the first negative band is more intense than the first 
positive one for dApdA, but for rAprA the reverse is 
seen. Such a difference may be the result of some variation 
in the structure, and we are at present studying this. 

The division of the dinucleoside phosphates into two 
groups (Fig. 2) must reflect the existence of two types of 
forces involved in the stabilization of the secondary 
structure. In the first group, rAprA and rApdA, the two 
forees are involved, but in dAprA and dApdA one of these 
forces is missing and the ordered conformation is de- 
stabilized. The fact that the “melting curve” of rAprA 
and rApdA (Fig. 2) decreases sharply to a level below 
that of deoxycompounds seems to indicate some degree of 
cooperativity between these forces. 

The only difference between the two groups is the 
nature of 3’-linked pentose residue. It is clear that one of 
these forces is due to the presence of the 2’-OH. This 
2’-OH must interact with some other part of the molecule, 
and the most probable interaction is with phosphate. 
This interaction may be a direct one, by hydrogen bonding, 
or an indirect one and may involve the contribution of 
hydration, for example, by water bridges. 

The fact that the circular dichroism of dAprA and 
dApdA is different from that of the monomers, and that 
a small dependence is observed as a function of tempera- 
ture, shows that sorne interaction occurs between the 
bases. This force may be considered as of Van der Waals 
type. 

In conelusion, the comparison of our circular dichroic 
results indicates that two types of forees are involved in 
the stabilization of the ordered strueture of single strand 
polynucleotides in solution. One of these is the generally 
admitted base—base interaction of the Van der Waals 
type, while the other is connected to the presence of the 
2’-OH of the 3/-linked sugar. 
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X-ray Diffraction Study of the 
Interaction of Phospholipids with 
Cytochrome c in the Aqueous Phase 


STRUCTURAL features of model complexes formed between 
phospbolipids and proteins throw light on the molecular 
architecture of both biological membranes and serum 
lipoproteins. The polymorphic phases of both synthetic 
and natural phospholipid-water systems have been 
extensively studied'~, but little work has been reported 
on phospholipid—protein-water systems?-!?, 

Das et al. have described the formation of complexes 
between cytochrome c and various phospholipids which, 
following precipitation on formation in water, are extract- 
able into certain organic solvents, such as iso-octane. As 
part of a study of complexes formed by cytochrome e 
and mixtures of neutral and acidic phospholipids in both 
aqueous and non-polar environments, we report here 
some low-angle N-ray diffraction data on the structure 
and hydration of the precipitated complexes. 

A mixture of egg-yolk phosphatidylcholine (PC) 
and ox-brain phosphatidylserine (PS)! (2:1, w/w) in 
ebloroform was evaporated to constant weight and the 
resulting mixed phospholipid dispersed in water. A 
0-2 per cent (w/w) solution of horse-heart ferrieytochrome 
¢ (Sigma type 6) was added to the lipid dispersion. so that 
the ratio of lipid to protein was approximately 3:1, and 
the mixture was shaken for 10 min. The complex dis- 
persion was adjusted to pH 6. centrifuged at 3.000 rpm., 
the supernatant decanted off, the precipitated red coloured 
complex washed and then centrifuged again. Centrifuga- 
tion at different speeds for varying times produced com- 
plexes with water contents, determined gravimetrically, 
between 0 and 90 per cent. The ratio of phospholipid to 
cytochrome ¢ in the precipitated complex js about 300 : 1 
with two PC molecules present per PS molecule. 

X-ray diffraction photographs were taken using a slit- 
collimated Rigaku--Denki low-angle diffraction camera 
(1/15 < 1/d<1/1000 A-!) with niekel-filtered CuK radia- 
tion. Samples were sealed in a flat specimen holder 
between Melinex foil so that dehydration of the complex 
was prevented during the exposure. 

Fig. la shows the low-angle X-ray diffraction photo- 
graph from a sample containing 38 per cent water. The 
spacings are consistent with the first, second and third 
order reflexions from a lamellar system with dio = 85-9 A. 
The diffraction line corresponding to d= 56-1 A in Fig. la 
is removed at all values of the overall hydration if the 
cytochrome ¢ solution is carefully titrated against the acidic 
groups of the phospholipid dispersion. An example of 
this (Fig. 1b) confirms that the diffraction line at 28 A 
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in Fig. la is indeed the third order reflexion of the 86 A 
lamellar system I and not the second order diffraction 
from d= 56-1 Å. This diffraction spacing (56-1 A) is most 
probably due to the presence of a “free” phospholipid- 
water phase, a phase that may be removed by a simple 
acid base titration, 

If the overall ratio of protein to lipid is increased, or if 
the complex is formed by swelling phospholipid deposited 
from chloroform solution in the presence of the cytochrome 
¢ solution, a further lamellar phase (LIT) is formed. Often 
a mixture of the lamellar phases I and II (Fig. 1c) was 
formed but occasionally phase HI only was present. 
The dimension of this lamellar system was 115-120 A. 

Fig. 2 shows the plot of hydration versus diffraction 
spacing d (A) and illustrates chiefly the effect of the 
removal of water from lamellar phase I. This shows that 
the lamellar phase I remains unchanged provided 22-5 
per cent by weight of water remains associated with the 
complex. ‘The fact that, in the presence of greater amounts 
of water (up to 90 per cent by weight), the diffraction 
spacings remain unchanged means that a two phase 
system, hydrated lipoprotein in excess water, is present. 
The limiting thickness of this phase is 86-87 Å. Below 
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this critical hydration value the decrease in the long 
spacing observed is probably the result not only of lipo- 
protein dehydration but also of other effects which are 
involved, such as complex degradation. lipid separation 
and subsequent polymorphic/mesomorphie changes, and 
protein conformational changes. Changes of this type 
have been demonstrated for the natural membrane 
system myelin'® 16, 

The zwitterionic phospholipid, egg yolk phosphatidyl- 
choline (PC), has been shown to be capable of water uptake 
only to a limiting thickness 60-65 A®4 whereas, in the 
presence of negatively charged phospholipids such as 
phosphatidylserine (PS) and/or phosphatidylinositol (PI), 
natural lipid extracts from beef spinal cord'?, human 
brain! and beef heart mitochondria’ are capable of 
incorporating large amounts of water. Analyses of a wide 
variety of different membranes have shown that both 
neutral and acidic phospholipids are present'®. We have 
demonstrated that a simple mixture of egg-yolk PC and 
ox-brain PS (2:1, w/w) has this property of incorpora- 
ting large amounts of water (Fig. 2, dashed line), the 
lamellar dimensions being very similar to those of the 
lipids of beef heart mitochondria at equivalent hydra- 
tion values. It is not yet clear if charged phospholipids 
alone in the presence of various counter-ions can incor: 
porate large quantities of water, or whether dilution of 
the surface charge density by a neutral lipid is necessary'*, 
only then enabling increasing amounts of water to be 
incorporated, 

Our results show that the presence of cytochrome c 
considerably modifies the swelling characteristics of highly 
solvated phospholipid dispersions. The interaction of 
eytochrome ¢ with the mixed phospholipid system can 
produce two lamellar lipoprotein complexes, not neces- 
sarily independently, which in the presence of excess water 
have dimensions of 87 A and 116 Å. These dimensions 
are consistent with the incorporation of one or two cyto- 
chrome ¢ molecules [spherical, diameter ~ 31 A (see refs. 
13 and 20)] respectively between the lipid bilayers. In 
both complexes, presumably formed by ionic interactions 
between the basic groups of the protein and the acidic 
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groups of the phospholipid, the presence of water is neces- 
sary to maintain the structural integrity of the complex. 
When this type of complex is extracted into iso-octane, 
symmetrical, aggregated structures with a much lower 
lipid to protein ratio, for example 30: 1, are produced’. 
Clearly a considerable structural reorganization must 
occur at the water-iso-octane interface. 

There appear to be dimensional similarities between. 
these model complexes in water, and different membrane 
species which have been studied by X-ray diffraction 
methods. The fundamental repeating unit of myelin?» #1 
is thought to be 172 A, although the first order reflexion 
is rarely seen. The most prominent reflexion is the second 
order reflexion at 86 A. a value identical with the limiting 
thickness of lamellar phase I. Similarly the erythrocyte 
ghosts?! and mitochondrial membranes® give, on centrifug- 
ing to a pellet, diffraction spacings which are of the order 
of 115-120 A, again almost identical with the repeat of 
lamellar system HHI. Further experiments to explore 
the possible structural basis of these correlations are in 
progress. 

We wish to acknowledge the assistance of Mr D. Atkin- 
son and Mr M. A. F. Davis in this work. 
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Influence of Dietary Liquid Glucose, 
Sucrose and Fructose on Body 
Fat Formation 


ApuLT male rats fed for 6 months on diets containing 
sucrose BP, or more especially fructose, had more carcass 
fat than rats fed diets containing liquid glucose BPC (a 
partial hydrolysate of starch), anhydrous dextrose BP 
(d-glucose) or a standard laboratory diet?. In a pre- 
liminary experiment with mature male baboons, even 
though similar calorie intakes were achieved, significantly 
more abdominal fat was deposited on a high sucrose diet 
than on a high liquid glucose diet? Liquid glucose is 
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Table 1, 
Liquid glucose 


* Allowed to eat up to 1,324 kealories daily, 
The values are the means and standard errors of the means for the five 


used as a source of dietary carbohydrate, especially during 
convalescence’ and in the dietary management of renal 
failure?’ when it may provide a large proportion of the 
daily calorie intake. The finding that a liquid glucose 
diet may lead to less deposition of body fat than a sucrose 
diet is an unexpected observation important to food 
manufacturers. We have investigated it further. 

Test diets were prepared containing approximately 
76 per cent of their calories as carbohydrate, either as 
liquid glucose BPC spray dried, as sucrose BP or as 
D (—) fructose. Fourteen per cent of the calories were 
provided by casein as a protein source, and 9 per cent by 
beef suet. The diet included vitamin and mineral supple- 
ments with ground cellulose to provide roughage. The 
ingredients were mixed and compressed into tablets which 
were offered to the baboons as weighed meals twice daily 
for periods of 2 h. 

Each diet was fed for 26 weeks to five sexually mature 
male baboons {Papio cyancephalus or P. anubis) whose 
initial weight was around 12 kg. The amount offered was 
regulated to ensure, as far as practicable, that the weekly 
calorie intake was the same for the three groups. In 
addition, a fourth (control) group of five baboons was 
allowed to eat up to 400 g (1,324 kealories) daily of a normal 
primate diet (F.P.1, E. Dixon Ltd, Ware) which provided 
approximately 76 per cent carbohydrate calories, chiefly as 
starch, 18-5 per cent calories as protein and 5-5 per cent 
calories as fat. Table 1 summarizes the result of the 
experiment with least differences required for significance 
ealeulated after analysis of variance. 

The control animals, whose calorie intake was not 
regulated to match that of the test diet groups, had a 
higher calorie intake (P < 0-001) than those on the test 
diets and, not surprisingly, gained more weight than the 
group fed on liquid glucose (P=0-001) or fructose 
(P=0-01) diets. The weight gain of animals on a high 
sucrose diet did not differ significantly from those on the 
eontrol diet which had provided 44 per cent more calories, 
and although all the groups of baboons on the carbo- 
hydrate test diets had similar calorie intakes, the sucrose 
fed group gained more weight than the liquid glucose 
group (P < (0-05). 

The fat deposits (omental, pericardial and retro- 
peritoneal) from the baboons given liquid glucose diet 
weighed much less than those from baboons given the 
sucrose diet (P< 0-001) or fructose (P< 0-01) or even the 
control diets (P < 0-05). Animals fed the sucrose diet had 
more fat (P <0-05) than the control animals even though 
their calorie intake had been lower (P < 0-001). 

Some of the weight increase on the high carbohydrate 
diets might be caused by water retention, and differences in 
water content of the fat deposits might account for some 
of the weight differences observed, but we did not measure 
this. The differences observed, however, are so great 
that we think this explanation cannot adequately account 
for them. Moreover, in an earlier experiment, it was 
found that the lipid content of abdominal fat deposits in 
baboons was higher on a diet containing sucrose than. it 
was on a liquid glucose diet?. 

Starch and liquid glucose give only d-glucose after 
digestion, whereas sucrose gives equal quantities of 
glucose and fructose. The increased deposition of fat in 
animals on the sucrose diet might be attributed to the 
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DIETS FOR 26 WEEKS 
Least differences required 





Diet fed BPC Sucrose Fructose Control* (starch) for significance 
P 
0-05 0-01 0-001 
Tnitial weight (kz) 12-7405 121409 120408 1204+09 Os Fi 15 
Energy, ve of food consumed (kealories 
x) : 154142511 149-4445-31 151-2145-97 216-19 + 11-91 18:80 26°36 
Weight gained (kg) 1340-2 2o+zOL 17+03 : 33404 10 1d 
Omental, pericardial and retroperitoneal fat a 
wet weight (per cent. final body weight) 05144 0-131 1-655 + 0-277 1-153 + 0-350 1-028 + 0-231 0-434 0-609 0-860 


baboons in each treatment group, 


fructose component of the diet. Macdonald and Turner? 
suggested that the rate of presentation of fructose might 
he a determining factor in inducing the increased activity 
of lipogenic enzymes and fructose is absorbed less rapidly 
than sucrose from the isolated rat small intestine’. The 
lower deposition of fat in animals on the fructose diet 
compared with those fed on the sucrose diet in this 
experiment might therefore result from fructose entering 
the blood stream more rapidly from the sucrose diet than 
from the fructose diet. 

Although it is now well established that changes of 
lipid metabolism in man and animals occur when different 
dietary carbohydrates are given®, most of the experimental 
evidence is derived from short term feeding studies, few 
of which have included measurements of body fat. Al 
Nagdy, Miller, Qureshi and Yudkin!® have pointed out 
that there is no justifieation for the view that starch and 
sugar are metabolically identical. Liquid glucose is a 
partial hydrolysate of starch and if calories supplied by 
hquid glucose lead to less deposition of bedy fat than 
calories fed as sucrose or fructose, the replacement of 
sucrose by liquid glucose in some manufactured food 
products may be beneficial. 
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Change in Alcohol Dehydrogenase 
Isoenzyme Pattern during Development 
of Human Liver 


Liver alcohol dehydrogenase (ADH; EC 1.1.1.1) exists 
in multiple molecular forms—-isoenzymes—in many 
species'-*. Von Wartburg et al.4 and Blair and Vallee? 
have purified ADH from human liver and found three 
chromatographieally distinct active forms of the enzyme. 
Many of the catalytic properties of the human enzyme 
resemble those of the enzyme from animal liver although 
differences in the Michaelis constants for substrates and 
coenzyme have been found. 

During human development ADH activity of the liver 
is low during foetal life and reaches adult levels about 
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Fig. 1. Patterns of human liver alcohol dehydrogenase activity at 

different stages of development. a, Adult, age 53: b, full term newborn, 

weight 3,310 g; ¢, premature newborn, weight 1,820 g; d, foetus, ge 

tional age 25 weeks, weight 900 g; e, foetus, gestational age 18 we 

weight 15 Starch gel electrophoresis and staining as deseribed in 
text. 
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5 yr after birth®. Further, we have found that kinetic 
properties such as pH-optimum and Ky values for ethanol 
and nicotinamide-adenine dinucleotide are different in 
hunan foetal and adult preparations, suggesting that 
variants may be found in liver ADH during human 
development. Here we report the electrophoretic be- 
haviour of foetal and adult human liver ADH. 

We obtained two adult human liver samples during 
abdominal surgery of patients who showed no liver disease 
or macroscopic abnormality. We obtained six foetal 
human livers from legal abortions. The gestational age 
estimated from the weight and crown to rump lengths 
varied from 10 to 25 weeks. Samples from three newborn 
and two adult livers were obtained at autopsy. The liver 
tissue was frozen immediately after excision, and a 33 per 
cent homogenate prepared in 0-05 M tris-HCI buffer, 
pH 85, containing | per cent “Triton X-100°7. After 
centrifugation of the homogenate (5,000g for 15 rnin) 
at O° C, the supernatant was used for horizontal starch 












gel electrophoresis*. The electrode vessels contained 0:3 M 
t IC) buffer at pH 8-5 and gel was made at coneentra- 


tions of 11-25 g starch per LOO ml. of 0-025 M tris-HCI 
buffer at pH 8-5. Electrophoresis was done at 4° C for 
16 h at 6 Vjen. 4 
Grell ef al. The incubation solution contained NAD, 
nitro blue tetrazolium and phenazine methosulphate in 
0-05 M tris-HCl buffer, pH 8-5, with ethanol as substrate. 
Control incubations were performed by omitting the 
substrate. Staining was usually completed after 1 h 
incubation in the dark at 37° C, but it was necessary to 
incubate up to 2 h when the enzyme activity was low, 

Four electrophoretically distinct ADH bands, which 
migrate to the cathode, were found in adult human liver 
(Fig. 1). We have ealled the band migrating fastest to- 
wards the cathode band 1, and the slowest. migrating band 
band 4. In foetal liver there was only one band of ADH 
activity corresponding to band 3 in adult liver and the 
enzyme activity in foetal liver is only 3-4 per cent of the 
adult activity®. The premature newborn with a gesta- 
tional age of 32 weeks had not developed the other bands 
(Pig. Je). In the liver of a full term newborn, bands 2 and 
3 could clearly be seen and bands 1 and 4 could barely be 
detected (Fig. 1b). Band 3 in adult human liver appears 
to be relatively less active than in newborn liver. 















IH was localized by the method of 
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Blair and Vallee® reported from one to three different 
peaks of activity when partly purified adult human liver 
ADH was studied on a carboxymethyl~-cellulose column. 
The number of peaks obtained varied in individual liver 
preparations. Von Wartburg et al.4 found only two bands 
when a purified preparation of human liver ADH was 
studied electrophoretically. We have found four bands 
in three adult liver samples and in one liver obtained at 
autopsy a weak fifth band could be seen between bands 
3 and 4. The differences between our results and those of 
earlier workers could be the result of differences in the 
techniques of separation used and because we used an 
enzyme preparation which was not purified. During 
human development liver ADH shows a distinct progres- 
gion in its isoenzyme pattern from only one form during 
foetal life to four forms in adult preparations. 

We thank Dr O. Forsander for discussion. This work 
was supported in part by the Association for the Aid of 
Crippled Children, New York. 
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Entrainment of Circadian Activity 
Rhythms in Mice by Electrostatic 
Fields 


Masy physiological processes in plants and animals are 
rhythmic, that is, they undergo a 24 h sequence of change 
at the end of which the initial situation has been re- 
established. Furthermore, these rhythms almost always 
persist in the absence of temperature and light-dark eycles. 
These persistent rhythms are said to be timed by the 
organism's biological clock?. 

Circadian rhythms need not have a fixed phase relation- 
ship with local time. This has been shown by subjecting 
organisms to light-dark cycles that are out of phase with 
the natural light-dark eyele. The organisms quickly re- 
adjust the phase of their rhythms to coincide with a 
particular point in the new light-dark eyele? Temperature 
eycles*, sound cycles'-?, simulated-wave-action cycles*. 
and 24 h on-off cycles of a 10 Hz electromagnetic field’ 
have also been shown to be effective zeitgebers. We have 
demonstrated that an imposed 24 h electrostatic-field 
cycle will entrain mouse locomotor rhythms. 

The test animals were male, common white laboratory 
mice, Mus musculus. They were maintained in self- 
cleaning cages made of } inch mesh hardware cloth, 
5x 45x 4 inches, with an 8 inch running wheel mounted on 
one end, Food and water were freely available. 

Each revolution of the running wheel closed a nyero- 
switeh which caused a pen deflexion on an Esterline— 
Angus Event Recorder. “Periods” of activity recorded 
on the chart paper were measured in mm/h and the data 
presented graphically in the manner previously used by 
Palmer’. 

















ATURE, VOL. 222, MAY 10, 1969 


All the experiments were conducted in a sound-proof, 
light-proof, walk-in chamber. During the experiment, 
the temperature was 24° C+1°C. The mice were initially 
kept in a light-dark (LD) regime, 200 foot-candles of 
light being given between 0500 and 1700 h. After about 
10 days, an electrostatic field cycle (EFC) was added by 
charging the cages to 500 V d.c.+ with respect to ground, 
during the hours of illumination. After a further 10-14 
days, the LD cycle was replaced with continuous dim 
illumination (LL) of one foot-candle, while the EEC was 
continued on the original schedule for 25-35 days. At 
this time the EFC was discontinued, the cages grounded, 
and the mice allowed to remain in LL. Each mouse thus 
acted as its own control, to compensate for the considerable 
individual variability in response patterns between mice. 
The } inch mesh hardware cloth used in the cage con- 
struction was especially chosen to provide an inhomo- 
geneous electrostatic field within the cage. It is known 
that electric fields will penetrate to a distance of several 
grid-widths into a properly designed porous Faraday shield. 
The electrostatic field associated with the cages can thus 
be visualized as tongues of equipotential lines projecting 
inward from the interstices of the wire mesh, which. 
because of the six-sided configuration of the cage and the 
circularity of the running wheel, mutually distort the 
spatial configurations of one another. The resulting 
complicated shapes and local intensity differences of this 
very inhomogeneous field are virtually unmeasurable. 

The results can be divided into four categories: entrain- 
ment in which the active phase of the rhythm is “locked” 








DAY OF MONTH 











TIME OF DAY 


Vig. 1. Mouse locomotory rbhythin in an electrostatic field cycle (EFC), 
in the construction of this graph, each day was represented as an open 
horizontal bar divided into twenty-four equal segments, each of the 
latter representing one hour of the day, Each hourly activity value equal 
to, or larger than, the daily mean was then represented by blackening in 
the appropriate hour-square. This graphie representation emphasizes 
the times of maximal activity and “filters out” minor fluctuations in the 
data, Consecutive days are plotted one below the other. To enhance 
visnalization of the movements of the peak across the 24 h dz x, the 
) graph~-which is 24 h in width-—has been duplicated and parts of it 
appended laterally. The hours of fleld-on are indicated by stippled 
rectangles. The mouse was in LD 12:12 between January 28 and 
February 16, and in constant dim illumination (LL) (G foot-candle) from 
then on. Between February 7 and March 14, the cage was raised to 
500 V above ground between 0500 and 1700 h. Note that between 
April 2 and April 14 the rhythm was entrained to the EFC with peak 
activity in phase with field-on. 
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Cl + EFC 


DAY OF MONTH 








TIME OF DAY 


Fig. 2. Mouse locomotory rhythm in an EFC. Graphic display and ex- 
perimental design the same as in Fig. 1. On entering LL this mouse 
assumed a period of 25-4 h which persisted until the active phase of his 
rhythm began to interact with the time of fleld-on. The period of the 
rhythm then readjusted so that the active phase was maintained during 
the time of field-off. On March 14 the EFC was stopped and the rhythm 
assumed a circadian period of 24-5 h. The mouse therefore appears to 
have been entrained to the EFC between March 1 and March 14. 





to field-on; entrainment where this phase is locked out of 
field-on; an apparent alteration of the period by the field 
and no entrainment. Representative examples of the 
first two cases are seen in Figs. I and 2. 

Fig. 1 shows results from a mouse in LD 12: 12 for 20 
days, the last 10 of which have the EFC superimposed 
over the LD cycle. On February 16, a 27-day period of 
LL was begun with EFC continuing. For the first 16 days 
of LL the circadian period averaged 25 h in length, but 
then reverted to 24 h with the peak activity centred in 
the hours of field-on. Clearly, the mouse was entrained to 
the electrostatic zeitgeber. On March 14 the EFC was 
discontinued and the mouse immediately reverted to a 
period of 248 h. It becomes quite apparent in these 
latter conditions that there is a bimodality in this animal's 
active phase [a bimodal activity pattern is often en- 
countered'']. Three of the test mice in the study were 
entrained in a similar way—-that is, with activity in phase 
with field-on, 

Fig. 2 shows the response of a mouse receiving the same 
schedule of treatment as previously deseribed. When the 
mouse entered LL with continuing EFC on February 16, 
it assumed a period length of 25:4 h for 7 days until the 
activity phase of its rhythm was centred on the time of 
onset of the electrostatic field. The active phase of the 
rhythm seemed to revert to the centre of field-off where it 
remained until March 14 when the EFC was discontinued. 
The period now assumed a new average length of 24-5 h. 
Entrainment therefore induced restriction of the quiescent 
phase to field-on. Three of the test mice entrained with 
this phase relationship. The remaining five mice used in 
the experiment were not entrained by the EFC. 

The fact that some mice were entrained by the EFC, 
while others were not, is not too surprising. When 
working with mouse locomotor rhythms, one encounters a 





















566 


great deal of variation between individual mice. Results 
obtained with the EFC are, in several ways, similar to 
those obtained with sound cycles in which some animals 
were vigorously entrained while some were not. Tt was 
found that when entrainment did occur, the active phases 
of the rhythms assumed different phase relationships 
with the sound cycles!-*. We have studied only one field 
strength so we have no idea whether it is near an optimal 
entraining value. A priori one would expect that if 
entrainment to the EFC in LL were simply the result of 
conditioning to the EFC in LD (light-on being the un- 
conditioned stimulus and field-on the conditioned 
stimulus), then the rhythm should align to the EFC in LL 
with the active-phase locked out of field-on, as the field 
was originally presented to the animals during light-on. 
Only half of the anirnals that were entrained by the EFC, 
however, hell this phase relat ionship. It would seem 
that the response to the EFC is something other than 


merely the field-on time becoming the conditioned 
stimulus in place of light-on. 
Other studies have already demonstrated various 


effects of electrostatic fields on living organisms. For 
example, the imposition of an electrostatic field reduces 
the locomotory activity in Drosophila’, alters the orienta- 
tion paths of planarians!, and reduces the locomotion rate 
ofa snail, The precise action of these fields and forces on 
particular organismie processes is unknown, but the 
imposition of a sufficiently strong electrostatic gradient on 
living matter could cause, theoretically, a redist ribution of 
charged molecules in solution within the cell. a disruption 
of diffusion gradients and rates, and alterations in the 
reaction rates of certain chemical processes. The body of 
an organism is itself a fairly good “Faraday cage’. 
however, so any induced intraorganismie gradients would 
be expected to be far too weak to produce an effect. How 
periodically charging a mouse’s body to 500 V and 
dropping it to 0 V (ground) can entrain its locomotory 
rhythm is not known. 

These results lend support to the environment-dependent 
biological clock hypothesis!*, for they correlate biological 
rhythms with a physical force that is rhythmic in nature 
(the fine-weather geoclectrostatic field averages 130 V/m 
at ground level and undergoes a daily variation in intensity 
equal to about 15 per cent of the daily meant’). An 
organism maintained in constant laboratory conditions of 
light and temperature, but sufficiently sensitive to the daily 
variations in the natural electrostatic field, would still be 
receiving time cues of a 24 h periodicity. The natural 
electrostatic field, while it may be reduced in intensity, is 
not screened out of steel-framed buildings and may 
therefore be a variable in experimental conditions (the 
field is, of course, virtually eliminated by metal-enclosed 
experimental chambers). In natural field conditions. 
light cycles in particular, and temperature cycles secondar- 
ily, are the primary entraining agents; however, the 
natural electrostatic field could be a useful time-source 
for polar-dwelling organisms during the seasons of 24 h 
of daylight or darkness; these organisms are known to 
retain precise 24 h rhythms during these times”, 
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Time Resolution by Single 
Auditory Neurones in Birds 


CaLLs and songs of birds often contain rapid sequences 
of sounds which man is unable to follow?. It is commonly 
known that fine temporal features in bird songs become 
recognizable only after slowing down the playback speed 
of a recording. The best evidence that such sound 
patterns are perceived by birds is presented by song 
learning among passerines*. The echo locating oilbird, 
Steatornis caripensis, must be able to hear its own eries 
composed of brief pulses separated by silent intervals of 
2-3 ms (ref. 3). The extreme accuracy with which duetting 
or antiphonal birds time the delivery of songs may be 
regarded as further evidence’. 

The avian basilar membrane is short and covered with 
a voluminous membrane, the tegumentum vasculosum 
which is homologous to the thin membrane of Reissner 
in mammals. Schwartzkopff* suggested that the damping 
of the basilar membrane by the tegumentum vasculosum 
might account for the bird’s superior power of temporal 
discrimination. The mechanical events along the basilar 
membrane are reflected in the response patterns of single 
primary auditory neurones. The second order neurones 
in the cochlear nucleus seem to repeat most of the response 
characteristics of the primary fibres. I have recorded 
single units by tungsten microelectrodes from the nucleus 
angularis. 

When the ear is stimulated with a single click, an 
auditory neurone, whether primary or secondary, pro- 
duces several impulses which are separated by nearly 
constant intervals (Fig. 1). The reciprocal of this interval 
coincides with the tone frequency to which the unit is 
most sensitive, that is, the best frequency; in short, 
1/f=BF, where T is the interval and BF is the best 
frequency. Because of the neuronal absolute refractory 
period, units with best frequencies higher than about 
1 kHz fire only once or several times usually at intervals 
which are multiples of 1/BF. The train of post-st imulus 
spikes not only outlasts the stimulus duration by several 
milliseconds but is also affected by the stimulus intensity, 
that is, fewer impulses for less intense clicks, and so the 
multiple firings are perhaps due to a damped oscillation 
of that segment of the basilar membrane that the unit 
innervates®. It is not necessary to assume neuronal 
resonance to explain multiple firings as Schwartzkopff? 
did. 

Despite the multiple firings to a single click, low fre- 
quency units respond to a train of clicks by one impulse 
per click when the interclick interval is shorter than the 
reciprocal of their best frequencies. This suggests that the 
damped oscillation produced by the preceding click 
decays fast enough to be overridden by the new vibration 
set off by the following click. 

Most units exhibit near 100 per cent time-locking to a 
train of clicks when the interclick interval exceeds 1-3~-2-0 
ms (Table 1). A hundred per cent time-locking is defined 
as one-to-one synchrony between nerve impulses and 
clicks. Units can follow click repetition rates lower or 
higher than their best frequencies, although few units can 
follow on a one-to-one basis repetition rate higher than 
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Fig. 1. Raster pattern display of neuronal responses made by shifting the oscilloscope beam vertically after 
sweep which is synchronized with a click or a train of clicks. Each dot represents a nerve impulse. Time 
scale is 1 ms per division. (a) Multiple discharges of a single unit in response to a click. The columns of dots 
are separated by about 2-0 ms corresponding approximately to the reciprocal of tha unit’s best frequency, 
475 Hz. Scattered dots are due to spontaneous firings. (4) Near 100 per cent time-locking is indicated by 
Hning up of dots as distinct cohimns in response to a train of clicks. Note that this unit can follow clicks 
repeated faster than its best frequency, 1-6 ms versus 2-0 ms. (e) Time-loeking is visually barely detectable as 
the interval is reduced to 1-3 ms. (d) When the interclick interval is 1 ms the responses are no longer synchron- 
ized with the stimuli, 
about 1,000 cheks pers. There seems to be a tendency for nucleus of M yotis lucifugus show 100 per cent time-locking 
lower frequency units to resolve shorter intervals, but to a pair of pulses as the interpulse interval approaches 
more data are needed to evaluate the significance of this 2 ms (ref. 8). The inability of man to hear rapid sequences 
variation. of sounds in bird songs may indeed be a consequence of the 
In so far as the present sample indicates, the minimum failure of his ears to register such sounds rather than of 
interval resolved by single auditory neurones is rather some central phenomena. 
constant among different species of birds. In comparison This work was supported by a grant from the U 
with songbirds, a species like the pigeon does not seem National Science Foundation, 
to have any rapid sequence of sounds in its vocalizations, Masakazu KONISHI 
yet its auditory neurones can resolve such sounds. Department of Biology, 
Birds are clearly superior to typical mammals in time Princeton University. 
resolution. In the cats primary auditory fibres the : : 
tg abi a £ N fe kh Received February 2, 1960. 
degree of time-locking ranges from 100 to 40 per cent at 


the click repetition rate of 100 per second and drops 
almost linearly to 10 per cent as the repetition rate 
approaches 1,000 clicks per second®. It is interesting to 
note that echo locating bats are comparable with birds 
with respect to time resolution; neurones in the cochlear 


Table 1, TIME RESOLUTION AND BEST FREQUENCIES OF SINGLE AUDITORY 


“RONES YN VARIOUS SPECIES OF RIRDS 








Minimum interval 
for nearly 100 per cent _ Best 
time-locking frequency 


Species 





2-0 ms House sparrow (Passer domesticus) 

2-0 n : f 

be ” ” Sy “s 

Le ” se 

16 N a a aa 

2-0 Song sparrow (Melospiza melodia) 

16 5 s »” > 

Le ” ” o » 

2-0 . » z s 

10 s en ` ” 

16 White-crowned sparrow (Zonotrichia 
leucophrys) 

0-63 1591 White-throated sparrow (Zonotrichia 
albicollis} 

13 604 Pigeon (Columba livia) 
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Comparison of Effects of LSD and 
Amphetamine on Midbrain Raphe Units 


p-Lysergic acid diethylamide (LSD) given parenterally 
produces a reversible cessation of the spontaneous activity 
of neuronal units in the midbrain raphe nuclei of the rat}. 
Threshold doses of LSD required to produce this effect are 
extremely small in relation to those typically used in rats 
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10 min 


Fig. 1. 
represents a 10 s sample of unit activity. 8 5 € i 
of LSD (10 pg/kg, intravenously) slows unit and a second dose of LSD (10 pg/kg) stops unit temporarily. After partial 


recovery amphetamine (A: 


A record of the activity of a raphe unit after injections of LSD-25 and amphetamine. cl 
The deflexions are calibrated in terms of “spikes per minute”, 


Each pen deflexion 
The first dose 


1 mg/kg, intravenously) induces an acceleration of firing which is halted by a third dose 


of LSD (20 peeks). 


(10-20 ug/kg, intravenously). Substances the behavioural 
effeets of which are similar to those of LSD (for example, 
N.N-dimethyltryptamine and mescaline) also inhibit raphe 
units, although none is as potent as LSD*. A variety of 
other types of drugs (for example, atropine, phencyclidine. 
chlorpromazine) do not affect the activity of raphe units?. 
The inhibitory effect of LSD is specific for units in the 
dorsal and median raphe nuclei; in other mid-brain 
areas (for example, reticular formation), the drug either 
has no effect or accelerates unit activity’. According to 
the fluorescence histochemical method the midbrain raphe 
nuclei are comprised of serotonin-contaiming neurones, 
Axons of the raphe neurones supply the principal serotonin 
input to the forebraint. Large doses of LSD induce a 
prolonged inhibition of the serotonin-containing neurones! ; 
this inhibition may account for the reduced metabolism of 
brain serotonin observed after injections of LSD*-. 

LSD has certain effects in common with stimulant drugs 
(for example, EEG activation). and the question arises 
whether the inhibition of raphe neurones is specific for 
LSD and related psychotogenic compounds, or whether 
this effect would generally follow from any sort of stimu- 
lant. We investigated this question by comparing the 
effects on raphe units of LSD and amphetamine, a repre- 
sentative stimulant drug. Amphetamine can be dis- 
tinguished from LSD behaviourally and neurophysiolo- 
gically®, and it does not exhibit cross-tolerance with 
LSD". Both LSD and amphetamine produce some 
peripheral adrenergic effects. and the influence of paren- 
teral 1-norepinephrine on raphe unit activity was therefore 
examined. 

Seventy-seven male albino rats (Sprague-Dawley strain, 
Charles River) weighing 250-300 g were anaesthetized 
with chloral hydrate and placed in a stereotaxic instru- 
ment. For the raphe placements a burr hole was drilled 
at the following coordinates: anterior, 350 microns; 
lateral, 0 microns’. A tungsten microelectrode with a 
tip diameter of approximately 1 micron was gradually 
lowered into the dorsal raphe nucleus (that is, midline 
area, ventral to aqueduct) or median raphe nucleus (that 
is, midline area ventral to decussation of superior cere- 
bellar peduncle). Electrode pick-up was fed into a high 
impedence preamplifier and displayed on an oscilloscope. 
The vertical output from the oscilloscope was led to a 
rate averaging computer. The output of the computer 
consisted of an analogue representation of rate and was 
plotted on a strip chart potentiometric recorder, Typical 
procedure consisted of locating a unit, observing its 
spontaneous activity for a period of 5 to 10 min and then 
giving an initial intravenous dose of either amphetamine 
or LSD. Raphe units were tentatively identified by their 
characteristic slow spontaneous rate of firing (~ 1 spike/s) 
and regular rhythm®?. Post-injeetion rate was observed 
and then an injection of the alternate drug was given. 
Drugs were given in counterbalanced fashion to avoid 
possible sequence effects. Body temperature was main- 
tained with an infrared source. After completion of each 












experiment animals were perfused with saline followed 
by 5 per cent glutaraldehyde (in 0-15 M sodium phosphate 
buffer, pH 7:4). Serial frozen sections of midbrain were 
cut and stained with cresyl violet to determine electrode 
placement. 

Of the seventy-seven units studied, thirty-two were in 
the raphe nuclei. Fourteen of the raphe units responded 
to injections of d-amphetamme sulphate (0-5-1-0 mg/kg) 
by a sustained increase to at least double the spontaneous 
rate. Conversely, these same cells showed a decrease and 
cessation of firing after LSD; a typical record is presented 
in Fig. 1. The LSD inhibitory effect was dominant. and 











units were not accelerated by amphetamine unless they 
were already partially recovered from the LSD. The 


remaining eighteen raphe units were also inhibited by 
LSD but they were relatively insensitive to amphetamine. 
In the case of these eighteen units, amphetamine produced 
either a small, transitory increase in rate or had no effect 
at all. Intravenous injections of l-norepmephrine up to 
70 ug/ke did not affect the firing rate of raphe neurones 
in spite of maximal increases in systole blood pressure, 
On the other hand, amphetamine at the doses used (0-5~ 
1-0 mg/kg) did not produce any increase in blood pressure. 

In contrast to their disparate effects on raphe units. 
LSD and amphetamine usually had similar effects on 
units in the reticular formation and other areas of the 
midbrain. Of the forty-five non-raphe units studied. 
eleven showed an increase in rate in response to both 
LSD and amphetamine. The remaining thirty-four units 
showed little or no response to either drug. 

Histological examination of electrode placement con- 
firmed that the thirty-two units inhibited by LSD were 
located in either the dorsal or median raphe nuclei. The 
placements differed with respect to position on the anter- 
ior-posterior axis, and generally those units that were 
accelerated by amphetamine were found in the caudal 
portion of the dorsal raphe while those not sensitive were 
found anterior (Fig. 2). Although there does exist some 
overlap, these data suggest an anatomical sub-differentia- 
tion of the raphe nuclei with respect to responsiveness to 
amphetamine. The fluorescence histochemical technique 
has demonstrated catecholamine endings close to some 
perikarya in the raphe nuclei!?. It is conceivable that the 
excitatory input for some midbrain raphe neurones origin- 
ates from catecholamine neurones and that amphetamine 
acts via this system. Non-catecholamine pathways could 
also be involved in mediating the amphetamine effect. 

We conelude that because amphetamine failed to 
inhibit raphe units the inhibitory effeet of LSD on these 
units cannot be explained in terms of some non-specific 
stimulant action. In fact. many raphe units showed 
opposite responses to LSD and amphetamine (that is, 
inhibition by LSD and activation by amphetamine). 
A peripheral adrenergic effect also would not seem to 
account for the LSD inhibition of raphe units, because 
even very large parenteral doses of 1-norepimephrine had 
no effect on the firing of these neurones. A drug given 
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Fig. 2. Summary of electrode placements in the midbrain raphe nuclei. 
s sites of units that were either unresponsive to amphetamine or respon- 
ded with only a slight transient increase in rate; @, sites of units that 
responded to amphetamine with at least a doubling of rate. All units 
were stopped by LSD. ca, Cerebral aqueduct; eg, central grey; dr, 
dorsal raphe nucleus; mr, median raphe nucleus: sep, superior cerebellar 
peduncle; vt, ventral tegmental nucleus. Coordinates are based on the 
atlas of Konig and Klippel". 


parenterally could act at many sites and LSD might 
inhibit raphe neurones by a direet or indirect mechanism, 
It has been suggested that LSD may have a serotonin-like 
(or mimicking) effect at the post-synaptic sites of the sero- 
tonin neuronal system and that this would result in a 
neuronal feedback inhibition of raphe neurones**, 
On the other hand, several studies show a blocking of 
unit responses to serotonin by iontophoretic application 
of LSD-17, These findings seem to oppose the idea that 
LSD mimics serotonin at post-synaptic sites. The inter- 
pretation of the iontophoretie work is difficult, however, 
because there is no histochemical evidence that units 
tested in such studies actually received an input of sero- 
tonin fibres. Moreover, as Bradley 2nd Wolstencroft! 
have shown with amphetamine, the effect of a drug applied 
iontophoretically to a unit may differ from its effect on 
the same unit after parenteral administration. 
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Non-selective Re-innervation of Slow 
and Fast Muscle Fibres in the Rat 


Previous woyk?* has indicated that after nerve section 
the regenerating motor nerve fibres do not preferentially 
go back to their own muscles. Thus it appears that 
regeneration of motor fibres is not specific to given muscles, 
but because muscles are composed of fibres of various 
types it could still be that regeneration of axons is selective 
to a given type of muscle fibre. This appears to be the case 
in the chicken, for Feng, Wu and Yang’ have reported 
that after transection of a mixed nerve, containing axons 
to fast and slow muscles, the nerve fibres selectively 
re-established connexions with the appropriate muscles. 
The question of selective regeneration of motor nerve 
fibres has therefore been re-examined in the rat. 

Tt has been shown previously*® that “fast” and “slow” 
twitch musele fibres in the rat differ in their spatial 
distribution of acetylcholine (ACh) sensitivity. In fibres 
from a fast musele, such as the extensor digitorum longus 
(EDL), the sensitivity to ACh is confined to the vicinity of 
the neuromuscular junction, while the slow soleus fibres, 
in addition to a region of high sensitivity at the myoneural 
junction, show low ACh-sensitivity throughout their 
entire length. 

If the nerve to the fast EDL muscle is transposed to the 
soleus muscle, replacing its own nerve, the foreign axons 
establish connexions with the soleus muscle fibres, and the 
extra-junctional ACh-sensitivity becomes reduced below 
detectable levels, as is characteristic of fast muscle fibres. 
This change is not the result of the degeneration and sub- 
sequent re-establishment of neuromuscular junctions as 
such, for if the soleus nerve is cut and allowed to re- 
innervate its own muscle, the pattern of ACh-sensitivity 
remains that of normal] soleus muscles’. 

These experiments indicate that the spatial distribution 
of ACh-sensitivity in fast and slow musele fibres is determ- 
ined by the type of innervation they receive, Thus they 
provide us with a means of testing the selectivity of 
neuromuscular regeneration. For example, the sciatic 
nerve contains axons normally supplying muscle fibres of 
different types, in many muscles. If regeneration were 
type-specific, one would expect that after sciatic nerve 
section, axons which originally went to slow muscle fibres 
would re-innervate their own type of fibre, and the normal 
pattern of ACh-sensitivity should be found. It will now 
be shown that this prediction is not borne out. 

The sciatic nerve of the rat was cut high in the thigh, 
leaving a gap of a few mm between the cut ends, so as to 
promote random mixing of nerve fibres during regenerative 
outgrowth. At least 3 months later, the sensitivity to 
ionophoretically applied ACh was examined near the 
myotendinous junctions of the re-innervated soleus 
muscle, as well as in the control soleus from the opposite 
side. No ACh-sensitivity could be detected in most of 
the myotendinous junctions of the re-innervated soleus. 
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Fig. 1. Isometric contractions of isolated{soleus"and extensor digitorum 

longus (EDL) muscles, stimulated through their respective nerves. 

Cand D, re-innervated muscles 101 days after sciatic section. Control 

maseles from unoperated side. Notice that the twitch of the re-innervated 

soleus has become appreciably faster. All’contractions at approximately 
20° C. 











For example, in one experiment 101 days after the 
operation, the mean {+S.E.) ACh-sensitivity’ near the 
muscle-tendon junctions of twenty fibres in the control 
soleus was 1-36 4076x107 mV/nCi, In contrast, out of 
twenty-five fibres examined in the re-innervated soleus, 
in twenty-two the sensitivity was below the detectable 
level (2x 10-40). The three remaining fibres, which were 
contiguous, had a sensitivity of about 0-6 x 10-2 g, which 
is within the range found in normal fibres. Similar 
results were obtained in one other muscle, while in two 
others all the myotendinous junctions examined were 


















insensitive to ACh. So far, out of seventy-three mus 
fibres tested in this way 3-7 months after the operation, 


only sre sensitive to ACh, while in the rest the 
ACh-sensitivity outside the end-ple on had been 
reduced to an undetectable level, just as is found when the 
soleus is experimentally innervated by nerve fibres orig- 
inally going to the fast EDL musele. 

It is interesting that none of the fibres 
examined had the high extra-junetional 
sensitivity characteristic of denervated 
muscle fibres*?; they were either not sensitive 
or had the level of sensitivity found in 
normally innervated soleus fibres. Further- 
more, the few sensitive fibres tended to be /' 
clustered together. AHN this presumably / 
means: (a) that practically all the muscle A f 
fibres had become re-innervated, resulting / 
in a loss of the high supersensitivity of 
denervation, and (b) that the few muscle 
which showed extra-junctional ACh- 
tivity had very likely been re-innervated 
ow nerve fibres. 
have also examined the sensitivity of 
thirty-two fibres in two EDL muscles after 
sciatic section, In these, the pattern of 
tivity was unaltered, but further experi- I 
ants will be needed to decide whether there , XS 
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sciatie section and mixed outgrowth of the regenerating 
axons, the muscle fibres become re-innervated chiefly by 
fast nerve fibres, This probably comes about because fast 
nerve fibres are more numerous, and possibly also because 
they may grow more rapidly than slow nerve fibr 
similac situation has already been encountered tn relation 
to fast and slow muscle fibres in the frog. 

It is known that the contraction of slow muscles is 
speeded up after cross-innervation by a nerve from a fast 
muscle!!', If our interpretation is correct and soleus 
muscle fibres are re-innervated chiefly by nerve fibres 
normally supplying fast muscles, then the contraction of 
the re-innervated soleus should be faster than its control. 
This was indeed the case, as is illustrated in Fig. L 

A further difference between fast and slow muscles in 
the rat was found by Gutmann and Hanzlikova'. They 
showed that at 20° ©, caffeine (20 mM) elicits a maintained 
contracture in normal soleus muscles, while practically 
no contracture is evoked by similar doses applied to the 
EDL. We have confirmed this observation, and noticed 
further that caffeine contractures of mammalian musele 
are temperature dependent. This aspect. will be d 
elsewhere; for the moment. it is sufficient to note that at 
30° C caffeine (20 mM) causes a small transient contracture 
in the normal EDL followed by an even smaller, and very 
slowly developing, maintained contracture (Fig. 28), 
while in the normal soleus the same dose of caffeine elicits 
a lar and rapidly increasing contracture (Pig. 24). 
After section of the sciatic and subsequent regeneration of 
neuromuscular connexions, the contracture response of 
the soleus (Fig. 2C) resembled that of the EDL. 




















Once 
again, this change is not due to the operative procedure 
because a normal type of contracture was obtained m a 
soleus muscle reinnervated by its own nerve. 








It was important to know if a slow nerve could trans- 
Sciatic 


form the caffeine contracture of a fast musele. 
section is not adequate for this test, because the EDL 
scle fibres are chiefly re-Innervated by fast nerve 
it was therefore necessary to connect the soleus 
nerve to the EDL muscle after removing its own fast 
nerve. As illustrated in Fig. 2D, this transposition of the 
soleus nerve caused the contracture of the BDL muscle to 
become similar to that of a normally innervated soleus. 
in conclusion, our experiments show that there is no 
selectivity of muscle fibre types in the re-establishment: of 
neuromuscular connexions in the rat. Most of the slow 
fibres in the soleus muscle became re-innervated by fast 
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nerve fibres; but this is probably the result of a numerical 
preponderance of fibres normally going to fast muscles. 
Thus the end result after simple transection of the sciatic 
is that the slow muscle acquires many of the characteristics 
of fast muscles; almost as much as after the relatively 
more complicated procedure of cross-innervation. Similar 
conclusions have been reached previously by Yellin™ 
studying the histochemical pattern of rat muscles. 
Another interesting point arises from our experiments 

on caffeine contractures. It is currently thought that 
this drug acts chiefly on the sarcoplasmic reticulum'-!". 
It therefore seems that these internal membranes of a 
muscle are under the control of a neural influence, similar 
to that which regulates ACh-receptors residing on the 
surface of the muscle fibre. 
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Renal Hypertension in Rabbits 
immunized with Angiotensin 


ReNOVASCULAR hypertension in man and in experimental 


animals has been attributed to inereased production of 


angiotensin. The exact role of the renin- angiotensin 
system has remained obscure, however, and whether angio- 
tensin is of prime importance in the pathogenesis of renal 
hypertension has been doubted!. We have attempted to 
produce hypertension in rabbits immunized with angio- 
tensin. 

Immunization was carried out by intramuscular injec- 
tions of synthetic Asp (NH,)!-Val>-Angiotensin II (Ciba) 
{pure substance) coupled to human serum albumin every 
third week for 6 months, and subsequently throughout the 
experimental period. Carbodiimide condensation? was 
used for coupling. Hypertension was produced with a 
modification? of Page’s technique as previously outlined’, 
The left kidney was wrapped in silk soaked in turpentine, 
and the right kidney was removed 4 weeks later. Daily 
measurements of blood pressure in the central car artery 
were made with a Grant-Rothschild capsule*. The rabbits 
were fed a standard laboratory diet. 

Three immunized and three control rabbits had similar 
blood pressures, all values below 106 mm Hg, in the last 
10 days before nephrectomy, as shown in Fig. 1. One of 
the immunized rabbits died 5 days after nephrectomy 
when the blood pressure had risen 29 mm Hg above the 
mean pressure of the 10 days before nephrectomy; the 
standard error of the pressure rise was 1-7 mm Hg. In 
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Fig. 1. Arterial blood pressure in three normal rabbits (renee) and 
three rabbits immunized with angiotensin (---——), before and after 


nephrectomy. Measurements were performed on the central ear artery. 
+, Rabbit died on the flifth day after nephrectomy. 


the remaining rabbits, the blood pressure had risen to 
140-160 mm Hg 10 days after nephrectomy. 

The efficiency of immunization was evaluated by determ- 
ining the ability of rabbit serum to neutralize the pressor 
response of rats to angiotensin injected intravenously, by 
its ability to bind '*5T-labelled angiotensin, and by intra- 
venously injecting the rabbits with angiotensin, renin 
and noradrenaline. In the neutralization test, 1 ml. of 
serum from any immunized rabbit bound at least 3,000 
ng of angiotensin, and in the radio-immuno test 1 ml. of a 
dilation 1 : 8,000 of antiserum bound 90 per cent of 100 pg 
labelled angiotensin. Sera from non-immunized rabbits 
were inactive in control experiments. 

Intravenous injections of 1 ug angiotensin IT (Hyper- 
tensin Ciba) per kg body weight caused pressor responses 
of 55-65 mm Hg in the non-immunized rabbits, whereas 
the blood pressure remained unchanged in the immunized 
animals. To test the antibody specificity against the rab- 
bits’ own angiotensin, 25 Goldblatt units of hog renin 
(Nutritional Biochemicals Corporation) was injected. 
Renin gave 30-40 mm Hg blood pressure rises in control 
rabbits, but had no effect in the immunized animals. By 
comparison, noradrenaline (2 ng/kg intravenous) produced 
about equal pressor responses in both groups. The in vitro 
and in vivo tests were carried out both before and after 
the rabbits had developed renal hypertension. 

From these experiments, it is evident that immunization 
with synthetic angiotensin TI led to production, of anti- 
angiotensin antibodies which also reacted with the homo- 
logous angiotensin. The pressure recordings indicate that 
arterial hypertension as a result of renal compression may 
develop in immunized rabbits in which angiotensin has 
no effect. on blood pressure. 
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Oculomotor Pursuit of Vertical 
Sinusoidal Targets 


‘THERE are two principal types of gross eye movements, 
saceadic (flickering movements) and smooth (continuous 
compensatory or pursuit movements). Of the two. 
smooth movements have by far the lower velocity limit. 
An increasingly popular technique for investigation of the 
smooth system's performance has been to elicit pursuit of 
targets moving in sinusoidal motion for a range of test 
frequencies. One outstanding investigation’ using this 
method puts the smooth pursuit system's saturation point 
at some 20°--30°/s (that is appropriate up to only 1-0-1-5 Hz 
for a peak to peak target amplitude of 8-8°). This con- 
trasts, incidentally, with the saccadic system's known 
ability? to exceed 700°/s of appropriate velocity (during 
flicks between two fixation points). 

Of twelve reports of systematic data on the oculomotor 
pursuit response to sinusoids':$-'*, only one compares 
individuals’ abilities between the vertical and horizontal 
axes, and only one other? studies > motions in the 
vertical axis at all. The former! reports data for only two 
individuals, who were required to pursue a target of an 
amplitude that would normally involve head movements, 
while the latter* reports for only four, and omits phase 
angle results. We now know? that individual differences 
are very large, and necessitate investigation of more than 
six individuals if the results are to have any predictive 
value at all. There is collateral anatomical evidence™ and 
conflicting visual performance data’ '® suggesting that 
eye motions may differ between the horizontal and vertical 
axes in terms of control accura 

Four experiments were run, designed to investigate the 
response of the ceulomotor pursuit em to targets of 
different size and psychological significance. One finding 
was that pursuit near the frequency response limit (vertical 
sinusoids of 1 to 3 Hz at 8° double amplitude) was un- 
affected when a 14 min are diameter spot. previously seen 
moving in isolation. was included in a moving retinal 
image up to 20-4° high x 35-5° wide (subtended at the eye). 
Furthermore, a perceptually invariant feature (the small 
spot) elicited pursuit which was no different from that of a 
complex, time-varying feature (a two-dimensional visual 
tracking task, a series of geometric shapes or Landolt Cs 
for acuity determinations, or an ensemble of alpha- 
numeric material). 

Thirty-eight subjects yielded a total of 10,720 measures 
in this way. the available eye motion transduction 
technique (eleetro-oculography, EOG) being unreliable 
unless many repeated measurements are pooled. Means 
and standard deviations (S.D.) are given in Table I for 
phase angle (4) and amplitude response (A, eye amplitude. 
over Ag. target amplitude). 

EOG records for only two subjects showed a sine-wave 
component of eye motion at 35 Hz-—too few data to be 
trustworthy. The results from 1 to 3 Hz lie very close to 
the best data describing the horizontal axis of eye motion'. 

For a final comparison, I decided to pool all data 
presented in the twelve investigations described in the 
literature! 3-13, This was done by weighting each point 
(read from a worker's graph or table of results) by the 
number of subje for whom he reported data. The 
amplitude response to a target of weighted mean amplitude 
10-0° (d.a.) could then be calculated. and the phase angle 
response to a target of 8-2° (d.a.). In addition, the phase 
angle response to a target of 14-8° (d.a.) could be estimated. 
Fig. 1 shows summary graphs of these data, which give, 
very largely, a representation of horizontal sinusoidal 
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Table 1, OCULOMOTOR PURSUIT RESPONSE 


Frequency (Hz) of vertical sinusoid (8° d.a.) 


1 L5 z 25 3 
y Mean ~ 6° -11° — 22° — 38° ~ 45° 
SD. 14° 16° 24° 22° is* 
AlAy Mean O78 0-66 0-36 0-28 OS 
S.D. 1s 6-22 O16 0-13 0-40 
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Fig. 1. a, Weighted mean phase angle response: b. 


amplitude response. 


weighted mean 
Data from the jiterature. 


pursuit. (It seemed justifiable, however. to include the 
few results representing vertical pursuit®.) Onee again a 
comparison between published information on horizontal 
pursuit and present data for vertical suggests an identical 
or very similar function despite dissimilar muscular 
anatomy'. This identity or close similarity might dis- 
appear at high target amplitudes, however, because of the 
difference. in limiting dimensions of the eye orbit. 
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Successive Competition Hybridization 
to detect RNA Species in a Shock 
Avoidance Task 


RESULTS of two previous studies':? using successive com- 
petition DNA-RNA hybridization procedures suggested 
the synthesis of “unique” species of RNA during a one 
way active shock avoidance task. Here we describe two 
experiments in which brain RNA from shock avoidance 
trained rats competed with brain RNA from shocked 
yoke controls. The results of both experiments suggest 
the presence of “unique” RNA species during learning. 

RNA and DNA were extracted separately from brain 
tissue using repeated phenol treatments; one of the RNA 
extraction steps was at 60° C to separate rapidly labelled 
messenger RNA. The hybridization procedure was that 
of Gillespie and Spiegelman®. Both experiments involved 
two double hybrids (suceessive competition) and two single 
hybrids (Table 1). 








Fable 1. AMOUNTS OF RNA IN SINGLE AND DOUBLE HYBRIDS 





Exp. 1 Exp. 2 
Hybrids Mean SD. Mean SD. 
d) DNA-RNAY 1:40 0173 0-62 0-100 
«23 DNAS ENA 1-08 0114 Ot 0-084 
(3) DNA—RN 0-64 0-153 0-27 0-075 
(4) DNA—RNA.--RNA 0-02 0-019 0-00 0-00 


RNAwz, RNA from brali of shock avoidance animal: 
brain of nen-learning shocked animal; 
precursor in RNA: 


RNAs, RNA from 
* indicates the presence of labelled 
standard deviation, There were twelve observa- 
tions for each hybr riment 1 and eight in experiment 2. In experi- 
ment 1, 50 vg of DNA was hybridized with 100 eg of RNA: in experiment 2, 
20 eg of DNA, with 500 pg of RNA. 







Previously we had used 50 ug of RNA with 50 ug of 
DNA. In experiment 1, 100 yg of RNA was hybridized 
with 50 ug of DNA; in experiment 2 2, 500 ug of RNA was 
hybridized with 20 ug of DNA; thus the RNA/DNA ratios 
in these experiments were 2 and 25. 

In experiments 1 and 2, six and eight litters of rats 
(Wistar albino strain), respectively, were used (age. 
approximately 100 days; weight, about 300 g). Shock 
avoidance rats were lightly anaesthetized and then in- 
jected intracranially with 1 mCi of uridine-5-°H (specific 
activity, 25-5 Ci/mM) in 100 ul. of physiological saline. 
There were two shock yoko control animals in each litter; 
one was injected with uridine-5-"H and the other with 
unlabelled uridine. Ninety minutes later the three litter- 
mates were placed in a one way active shock avoidance 
apparatus. The shock chamber was divided into three 
parts so that each of the rats was separate. The shock 
avoidance rat was able to respond to the conditioned 
stimulus by running from the shock chamber; the shock 
rats could not leave this chamber. After 15 min of 
adaptation in the shock chamber of the apparatus, the 
shock avoidance animal was given fifteen trials in 15 min 
and killed by immersion in liquid nitrogen for 10 s. All 
shoek avoidance animals showed ten or more avoidance 
responses in fifteen trials (mean. 12-3; S.D., 0-20). Each 
shock rat received electric shock when the avoidance rat 
was shocked; these controls could not learn to avoid and 
were killed at the same time as the shock avoidance rat. 

The brain of each rat including the cerebral hemi- 
spheres, cerebellum and brain stem was removed. RNA 
was obtained separately from the brains of the two rats 
in each litter that had been injected with uridine-5-*H. 
The brain of the shock rat which had received unlabelled 
uridine was divided into two approximately equal halves. 
DNA was extracted from one portion and RNA from the 
other. Previous experiments! indicated that hybridiza- 
tion of RNA with DNA from a littermate gave the same 
result as hybridization of RNA with DNA from the same 
animal. 

With the three rats in each litter, four hybrids were 
obtained (Table 1). The crucial hybrids, 3 and 4. involved 
successive competition hybridization; hybrids 1 and 2 
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were single hybrids, which were used to check the results 
with hybrids 3 and 4. 

The e.p.m. for each of the four hybrids within each 
litter were converted to disintegrations per min (d.p.m.)} 
using a quench correction curve. The amount of labelled 
RNA hybridizing in each of the four hybrids was determ- 
ined by comparison with the specifie activity of the RNA 
of the rat from which the hybridized RNA was obtained. 
Table 2 provides representative data for litters 1 and 2 
of experiment 2. 

Table 2, REPRESENTATIVE DATA FOR FIRST TWO LITTERS IN EXPERIMENT 2 
Litter 1 


(SA rat= 9.381 dpm. / ug RNA 


Specific activity | Srat =9,773 d.pm./ug RNA 














Hybrids 
1 ~ 3 4 
Cpm.” 3,170 2.301 LERLE 2-6 
Per cent efficiency ? 54-9 54-4 54-4 
D.p.m. 4,191 3,338 48 
re RNA 0-43 0:36 0-00 
Litter 2 
snecifie aetivity (SA Tat = 9,543 d.p.m Jug RNA 
Specific activity | Shag = 10,245 d.p.m./ag RNA 
Hybrids 
q z 3 4 
Cop.m.* 3,832 2,972 1,830 DR 
Per cent efficiency 54-9 54-6 55-0 8 
D.p.m. 6,980 5,443 3,827 5 
ng RNA O73 0-53 0-35 -00 





* After removal of background counts. 


Table 1 shows the results of both experiments. Two 
samples were obtained for each litter in experiment l 
(twelve in all), but only one sample was possible for each 
litter in experiment 2. The results in both experiments 
are clear. In all twenty samples (twelve in experiment 1; 
eight in experiment 2), hybrid 3 showed values much 
greater than zero, hybrid 3 was greater than hybrid 4, 
and hybrid 4 was essentially zero. Likewise, in single 
hybrids. in all twenty cases, the amount of RNA hybrid- 
ized for the shock avoidance rat was greater than that 
for the shocked rat. The amounts hybridized with 
20 ug of DNA in experiment 2 were proportionately the 
same as those hybridized in experiment 1 with 50 ug of 
D These results with single and double hybrids!” 
consistently suggest that different species of RNA are 
present in the brains of rats which have learnt shock avoid- 
ance than in the littermate shocked animals. Thus the 
results of our previous experiments!* and of the present 
experiments in which we used RNA/DNA ratios of 1, 2 
and 25 consistently suggest the presence of “unique” 
brain RNA. 

Because in vivo labelling of RNA is not uniform, 
estimations by liquid scintillation spectrometry of the 
amounts of RNA hybridized must be considered approxi- 
mate. These results can be explained as an artefact 
resulting from varying specific activities. But the fact 
that the differences between hybrids 1 and 2 and between 
hybrids 3 and 4 were substantial in all cases suggests 
this is not the case. Likewise, the values for hybrid 3 
were substantially greater than zero, whereas the values 
for hybrid 4 were zero. Furthermore, in one of our previ- 
ous experiments*, the amounts of RNA in hybrids 1 and 
2 were estimated both by liquid scintillation spectro- 
metry and by ultraviolet absorption; the results indicated 
that amounts of RNA hybridizing with 50 ug of DNA were 
overestimated by approximately 0-2 ug by the former 
compared with the latter method. Jn all cases hybrid 1, 
however, showed greater values than hybrid 2, even 
allowing for this overestimation. and the amount of 
labelled RNA in hybrid 3 was always substantially greater 
than 0-2 ug. 

Experiments land 2 suggest that during the behavioural 
task in this study, RNA species were produced which 
differ from those present in the brains of non-learning 
rats. During the first 105 min of the incorporation period, 
the three groups of animals received the same treatment. 





















574 


Thus the differences prebably reflect the synthesis of 
RNA during the last 15 min during which the animals 
were learning. Zemp et al. reported an increase in the 
rate of synthesis of RNA in the brains of mice after 15 
min of training in a shock avoidance task’. The labelled 
RNA made during this period may be messenger RNA, 
although other RNA species cannot be excluded. 

Our results suggest. the synthesis of “unique” species 
of RNA during learning, a conclusion consistent with 
those of Hydén and others who have suggested that RNA 
has a unique role in learning events’. This is, however, 
still a hypothesis awaiting definitive testing. The DNA- 
RNA hybridization techniques are difficult and have 
serious pitfalls*, and we were sceptical initially of the 
results in the previous studies. But, because we have 
obtained essentially the same results consistently, we 
think that “unique” RNA species may be present. We 
are, however, continuing our experiments using further 
controls and are attempting to determine the physical 
and chemical characteristics of this RNA. 

We thank Drs M. Miyagi, M. Takai and B. C. W. 
Hummel, and other members of the Molecular Psycho- 
biology Laboratory. for discussions during this research. 
The research was supported by the US Na avy and grants 
from the National Research Council of Canada. 


Barry MACHLUS 
JOHN GAITO 
Molecular Psychobiology Laboratory, 
York University. 
Toronto, Ontario. 


Received December 2, 1968; revised January 13, 1969. 


? Machlus, B., and Gaito, J., Psychon. Sci., 10, 253 (1968). 

* Machius, B., and Gaito, J., Psychon. Sei., 12, 111 (1968). 

3 Gillespie, D., and Spiegelman, S., J. Mol. Biol., 12, 829 (1965). 
p % 


Zemp, J. W. ilson, J. E., Schlesinger, K., Boggan, W. O., and Glassman, 
E., Proc. US Nat. Acad. Sei., 55, 1423 (1966). 


+ Gaito, J., Molecular Psychobiology (C. C. Thomas, Springfield, HL, 1966). 






Heat Resistance and Pigmented 
Variants of Rhizobium 


Fo.titowine the work of Lohnis!, the occurrence of heat- 
resistant spores in aerobic nitrogen-fixing bacteria has 
been the subject of some controversy. The chief pro- 
tagonist in recent years has been Bisset, who claimed 
that endospores could be demonstrated in Rhizobium from 
wild leguminous plants? and in strains of tropical origin’. 
Bisset’ suggested that Rhizobium and Azotobacter are 
aberrant sporing bacilli, related to Clostridium, which 
has several nitrogen-fixing species, and especially to 
Bacillus polymyxa, which is also capable of fixing 
nitrogen’, Although occasional support has been given 
to this concept®’, most investigators have found neither 
spores nor heat resistance in these bacteria. It is notable 
that, apparently without exception, these studies have 
been made on strains of Rhizobium from cultivated 
temperate crop plants, and thereby serve only to confirm 
Bisset’s finding that few of these produce spores. 

During genetic studies on Rhizobium meliloti, R. 
leguminosarum and R. trifolii, I oceasionally observed 
spore-like bodies in microscopic preparations’, although 
they did not stain with diagnostic spore stains. Cells 
from cultures containing these spore-lke bodies were 
mildly heat-resistant, being capable of surviving 70° C, 
but only exceptionally 80° C, for 30 min. The proportion 
of cells surviving heat treatment varied with the compo- 
sition of the medium and the age of the culture. The last 
point is important, because, for example, Graham et al.’, 
who found no spores or heat resistance, used 10 day old 
cultures when locking for spores, and 3 day old cultures 
when testing for heat resistance. 
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Further experiments on strains from Rhizobium meliloti 
cultures that had survived heat-testing confirmed an 
interesting, but neglected, observation made by Bisset’. 
Orange pigmented variants occurred in these cultures; 
they were non-infective for the host plant, and often 
very heat resistant, being capable of surviving 100° C 
for 20 min. Purified strains of the orange pigmented 
variants, isolated from single colonies, produced reverse 
mutants when plated on agar. These lost their pigmen- 
tation and their extreme heat resistance, but recovered 
their infectivity. In most cases, these reverse mutations 
oceurred freely and spontaneously. but some paoted 
strains were more stable, and reverted only after ultra- 
violet irradiation. It would seem that orange pigmenta- 
tion and heat resistance are genetically linked and are 
inversely related to infectivity. 

Similar pigmented variants have been isolated in other 
laboratories (personal communication from S. Dehlin 
and Ð. Hubbell) although in most cases their signifi- 
cance has not been further investigated. 
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Electron Microscope Study of the 
Viricidal Properties of Sodium 
Magnesium-chlorophyllin 

THE therapeutic effect. of sodium magnesium-chlorophytlin 
in patients with herpes simplex and herpes zoster! has 
aroused our interest in the mechanism of its viricidal 
activity. In the case of herpetic keratitis, locally applied 
sodium magnesium-chlorophyllin is as effective as kericid? 





Fig. 1. a, b, influenza 


Native influenza A2 virus (control) ( x 120,000); 
A2 virus after interaction for 3 min with sodium magnesium-chlorophy lin 


solution ( x 120,000): c, influenza A2 virus after interaction for 30 min 
with sodium magnesium-chlorophyllin salution ( x 120.000). 








NATURE, VOL. 222. MAY 10, 1969 





Fig, 2. 
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a, Native vaccinia virion (control ( x 187,500): b. vaccinia virus virion after interaction for 3 min with sodium magnesium-chlorophyllin 


solution (» 187,500); ¢, vaccinia virus virion after interaction for 30 min with sodium magnesium-chlorophylin solution ( x 187,500), 


(Smith, Kline and French Ltd, iodoxuridine 0-1 per cent. 
thiomersal 0-002 per cent in distilled water). Sodium 
magnesium-chlorophyllin isolated from conifer needles is 
active against viruses of the herpes group, vaccinia virus 
and myxoviruses (influenza A2 virus and Newcastle 
disease virus). Unlike sodium magnesium-chlorophyllin 
and a derivative of sodium-chlorophyllin in which the 
molecule lacks the metal atom in the centre of the por- 
phyrin ring, sodium-chlorophyllin with a copper atom in 
the centre of the porphyrin ring has not shown viricidal 
activity? 

Data obtained in a study of the dynamics of virus 
inactivation in vitro suggested that the antiviral activity 
of sodium magnesium-chlorophyllin is determined by a 
direct action on the viras’, and we attempted to verify 
this suggestion observing the action of sodium magnesium- 
chlorophyllin on viruses with the electron microscope. 

(Tomi. of influenza A2 suspension (strain 101) with an 
infectious titre of ID,5-10°, or 0-1 ml. of vaecinia virus 
suspension with a titre of I1D,,-107, was placed on the 
grid of a JEM-7 electron microscope. A drop of sodium 
magnesium-chlorophyllin isolated from conifer needles 
(concentration 833 ug/ml.) was then placed on the slide. 
The grids with the adsorbed virus on the lower part were 
placed on the drops of sodium magnesium-chlorophyllin 
and incubated at room temperature for 1, 2, 3, 5, 15 and 
30 min respectively. They were then washed and the 
virus was stained with 2 per cent potassium phospho- 
tungstate solution (pH 6-0; 6:5; 7-0; 72). The pre- 
parations obtained were studied on a JEM-7 electron 
nucroscope at a magnification of 50,000. 

Treatment for 3 min with sodium magnesium- 
chlorophyllin results in partial destruction of the virion 
membrane (Figs. 1 and 2). Interaction of chlorophyllin 
with the viruses for 30 min leads to more profound 
changes in the virions: there is further breakdown and 
fragmentation of the virion membrane and destruction of 
nucleie acid. The uniformity of changes observed in 
influenza virus and vaccinia virus after treatment with 
sodium magnesium-chlorophyllin confirms the supposed 
action of the preparation on the biological activity of 
the sensitive viruses. 

These results do not explain the chemical mechanism 
underlying the action of chlorophyllin on viruses. The 
copper atom is bound more closely with the porphyrin 
ring than the magnesium atom‘, Viricidal activity is 
absent in cuprum-chlorophyllin but present in magnesium- 
chloropbyllin and the derivative of chlorophyllin, lacking 
the central metal atom, so nitrogens of the pyrrole rings 
are probably the active structures of the chlorophyllin 

















molecule, It is apparently these structures that interact: 
most strongly with the components which stabilize the 
structure of the virion membrane and its nucleic acids 
(lipids or metal atoms ?). We are investigating these 
possibilities. 
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Changes in Serum Phospholipids in 
Male and Female Baboons on a 
Sucrose Diet 


SUCROSE diets produce higher levels of triglyceride in 
the fasting serum of men than of premenopausal 
women'?, This communication indicates that in baboons 
there is a sex difference in the response of the serum total 
phospholipids to a sucrose diet. 

Six male and six female baboons (Papio cynocephalus) 
were fed a diet consisting, on a weight basis, of seventy- 
five parts sucrose, eighteen parts calcium caseinate and 
seven parts yeast. This was in contrast to the standard 
baboon diet which consisted of seventy parts starch, 
four parts fat and twenty-six parts protein. 

The solid constituents of the diet were mixed into an 
emulsion with water in the concentration of 100 g food- 
stuffs/500 ml. water, and given to the animals to eat in 
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sufficient amounts to keep the body weight of each animal 
constant. On average this amounted to 1,500 rol. (= 1,125 
calories) for a 15 kg male baboon per day, and 1,000 ml. 
(= 750 calories) for a 10 kg female baboon per day. 
While on the sucrose diets the animals were given salts? 
and vitamins (Abidec--Parke, Davis and Co.). 

The sucrose dict lasted for a period of 13 weeks. Fasting 
blood samples were collected from the animals before the 
diet, and after 13 weeks on the sucrose diet. The serum 
total phospholipids were estimated gravimetrically? after 
separation by thin layer chromatography”. 

The results are summarized in Table 1. 


Table J. LEVELS OF TOTAL PHOSPHOLIPIDS (MG/100 Mi.) IN THE FASTING 
SERUM OF MALE AND FEMALE BABOONS BEFORE AND AFTER THE SUCROSE DIET 


Before diet After diet Difference 
Male baboons Mean 130° 256 +117tt 
+ SE, 76 30-1 29-4 
Female baboons Mean 229" 189 —40F 
ESE. 26:9 x38 20-1 









Significantly different (P = 001-0005). 
Significantly different (P = 0-005-0-001). 
Significantly greater than zero (P = 0025-0-01), 


+r 


The male baboons had a mean pre-diet value that was 
significantly lower than that of the females (P=0-0l 
0005), an observation which conforms with findings 
obtained in man*?, After 13 weeks on the sucrose diet the 
serum total phospholipids in the male baboons had risen by 
a mean value of 117 mg/100 ml. and this merease was 
significantly greater than zero (P = 0-025— 0-01). In the 
females, however, a mean fall of 40 mg/100 ml. was not 
significantly different from the pre-diet level. Thus the 
phospholipid change in the male baboons was significantly 
different from that m the females (P= 0-005 — 0-001). 

There is at present doubt regarding the implications of 
varying levels of total phospholipids in the serum. 
Evidence is, however, accumulating to suggest that the 
“activity” of certain phospholipid fractions may play a 
part in platelet adhesiveness*? and possibly ischaeniic 
heart disease!’!!, There is as yet no suggestion that the 
concentration of phospholipid in the serum is in any way 
a reflexion of phospholipid “activity”. Nevertheless 
because of the possible connexion between sucrose intake 
and ischaemic heart disease!*!* coupled with the over- 
whelming prevalence of ischaemic heart disease in men as 
apposed to premenopausal women of the same age! '*, 
the results of this study would seem to indicate the need 
for further investigations in this field. 

I thank Professor I. Macdonald for his advice, and 
Cadbury Brothers Ltd, Bourneville, for a research grant. 
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Diterpenoid Alkaloids as Plant 
Growth Inhibitors 


We report here preliminary studies on the plant growth 
inhibitory activity of two diterpenoid alkaloids isolated 
from the common larkspur, Delphinium ajacis. Little is 
known about the possible metabole or physiological 
action on plants of either terpenoids or alkaloids. The 
diterpenoid alkaloids are an unusual group of “secondary 
metabolites’ produced by plants; they can be derived 
biogenetically from an isoprenoid pathway which in the 
early stages is probably similar to that used in gibberellic 
acid biosynthesis, because the stereochemistry of the 
A/B ring junction between the two groups of compounds 
is the same (and antipodal to that of most naturally 
occurring steroids}'. Deleosine, a diterpenoid alkaloid of 
the lyeoctonine type, and ajaconine, a diterpenoid 
alkaloid of the atisine type skeleton and an unknown 
alkaloid with a molecular weight of 467 designated as 
LBA-IIT, were isolated from D. ajacis seeds*. Their effect 
on plant growth was measured by a new method designed 
for testing water insoluble substances available in limited 
amounts. The test is based on the ability of auxins to 
induce cambial growth, 


\\ 





RAV UVEE ATE 


Fig. 1. 
from the 
3-acetic acid 104 M (0-26 ug supplied to each segment). 





‘Top segments from a pea cambium growth teat. 
third internode: upper row, control: lower ruw, 


10 man segments 
+ indole 


Four day old pea plants were grown in sand in darkness 
at 25°C. The third or second internode was decapitated 
5 mm below its tip and a plastic tubing attached which 
eontained lanolin + 1/20 M sucrose and the cornpound to 
be tested. The compounds were dissolved in water or 
ether which was added to the lanolin and evaporated; the 
lanolin was sucked into a plastic tubing of an inner 
diameter of 2mm. The tubing was cooled to + C and cut 
into 5 mm pieces, which were attached to the decapitated 
segments. Auxin applied in this way did not produce 
longitudinal growth. The cut surface proliferated slightly 
as a callus. but below the surface auxin induced carnbial 
growth and some dilatation of the ground parenchyma 
which appeared as a swelling (Fig. 1). Kinetin had no 
effect when added to the auxin. The tests were run for 
3 days. The evaluation was made in two ways. Either 
the top 10 mm segment was cut and weighed against 
controls (Fig. 2), or microscopie sections were made a few 
mm below the tip, projected and the surfaces of xylem 
and phloem measured with a planimeter (Table 1). The 
latter technique is more time consuming but also moro 
sensitive and it ean be developed into a quantitative 
method for measuring the growth effects of highly lipo- 
philie substances. With a sufficiently hornogenous plant 
material the method is easily adapted as a specifie test of 
the induction of cambial growth. The amount of test 
substance required might be reduced considerably 
because probably only a small amount of the total 15 ul. 
in the tubing is taken up through the cut surface. 

Results of testing the diterpenoid alkaloids are shown 
in Table I. The results clearly indicate that deleosine and 
LBA-IIT were growth inhibitory on both phloem and 
xylem tissue. Particularly significant was the mbhibitery 
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g 2. Growth response to indole-3-acetie acid (TAA) and 2,4-dichloro- 

phenox yacetic acid (2.4-D) in the pea cambium growth test. The total 

amount of substance required for a test on twelve internadal segments 
in the next highest concentration is 3-5 sg of auxin. 





or delaying effect on the initiation of the cambium by LBA- 
HI. In contrast, ajaconine had no significant effect on 
growth. This test is quite sensitive as indicated by the 
alkaloid concentration of 5 x 10-4 M used for the inhibition 
studies, Gibberellie acid at concentrations of 10 to 10-2 
M can promote a faster rate of growth than indicated by 
the control on the pea eambium. 

This growth inhibition can be explained in several ways. 
Deleosine and LBA-III may compete with the gibberellic 
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acids for enzyme active sites, thus changing their catalytic 
function. Such interaction may be at or close to the active 
site or at secondary alosteri¢ sites. Another mode of 
action might be feed-back control of gibberellic acid(s} 
production by delcosine and LBA- Ir (Fig. 3). Each 
group of compounds probably originates from a common 
diterpenoid pyrophosphate intermediate the structure of 
which is unknown. In the usual method of feed-back con- 
trol the end product controls its production at one of the 
initial steps in biosynthesis (such as the branchpoint). It 
is conceivable that the diterpenoid alkaloid control could 
be exerted at some other step on the gibberellic acid 
biosynthesis branch of the pathway as indicated in Fig. 3 


Table 1. EFFECT OF DITERPENGID ALKALOIDS ON PEA CAMBIUM GROWTH 
Concentration: 5x104 M 
Surface in transverse Percentage 
Compound section in mm? inhibition 
Phloem Xylem Phioem Xylem 
Initially 0-033 
Control 0-065 
Control + delcosine 0-051 24 22 
Control + LBA-HI* 0-041 33 37 
Control + ajaconine 0-065 Nil Nij 
Per cent error +6% 





* Also delayed or inhibited initiation of the cambium. 


The lack of growth inhibitory action of ajaconine may 
be significant. It occurs in the leaves aad stems of D. 
ajacis in only a trace amount in contrast to deleosine 
which is the major alkaloid (0-01~—0-1 per cent dry 
weight). Ajaconine is accumulated in the seeds (0-002 
per cent) as compared with 0-13 per cent for deleosine and 
0-005 per cent for LBA-ITI. Ajaconine, representing an 
alkaloid with the atisine skeleton, is shown as a possible 
precursor of deleosine, the lycoctonine type alkaloid 
(Fig. 3). This proposal is consistent with the biogenetic 
scheme suggested by Valenta and Wiesner? Ajaconine is 
less highly oxy; genated and has only a six-membered B 
ring. and possibly t these factors along with its role as a 
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minor alkaloid in D. ajacis tissue explain its ineffectiveness 
as a growth inhibitor. 
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Induction of Apparent 
Hyperthyroidism in Birds fed DDT 


Ly an experiment designed to examine the effects of DDT 
on avian reproduction, 102 Bengalese finches, Lonchura 
striata, were given pp’DDT diets for 6 weeks before pairing. 
Another forty-two birds were maintained as controls. 
The DDT diets were continued after pairing and the breed- 
ing suecess of each pair recorded for correlation with the 
pp’ DDT intake. These results will be reported elsewhere. 
After fledging their first brood {about 9 weeks after pair- 
ing) the adults were killed and dissected. Twenty pairs, 
however, were allowed to lay a second clutch which was 
removed and the eggshells examined. Ratcliffe! has 
reported a recent decrease in the weight of eggshells of 
the peregrine Falco peregrinus and sparrowhawk Accipiter 
nisus, and suggested that pp' DDT may disturb the 
calcium metabolism of birds. My experiments provided a 
possible test for this theory. 

Each egg was weighed on the day of laying and any 
infertile eggs, together with those from the second clutches, 
were frozen at — 20° C. The shells were then removed by 
cutting around the small circumference and weighed after 
drying for 7 days at 20° C. The weight of each egg’s shell 
was expressed as a percentage of total egg weight. 

Before analysis of these figures the mean total egg 
weights for the control and DDT dosed birds were com- 
pared to detect any differences which might affect shell 
weight. In fact, a Student's ¢ test, using the 203 eggs from 
which shells were weighed, showed that the eggs laid by 
birds fed DDT were significantly lighter than those laid 
by controls (Table 1) ((=3-3131; DF 201; P<0-1 per 
cent) This was confirmed by a second Students t test 
on the weights of all 465 eggs laid during the experiment. 
(Table 1) (f= 3-7254; DF 463; P<0-1 per cent). The 
weight of an egg is correlated with the order of laying as 
successive eggs laid in a clutch tend to be progressively 
heavier (Table 2). The difference. however. in weight 
between eggs laid by the controls and the dosed birds is 
not due to difference in clutch size; these are similar. 
Also, the eggs laid by dosed birds, although lighter, 
follow the same ascending weight series as those of the 
controls (Table 2). 










Table 1. THE MEAN EGG WEIGHT AND THE PERCENTAGE OF SHELL TO TOTAL 


EGG WRIGHT OF THE 203 EGOS 
Eggs tested for shells 


Percentage of Mean 
shell to total egg No. 





AH eggs laid 


Dose rate of No. Mean egg 


female egg weight weight weight 
Control 38 : 1- 229 +0020 133 17198+0010 
0-50 pa/day 129 $ 212 1-162 + 0-007 






51-100 ug! 21 è 
101-300 pgiday 15 +0175 24 55 11468+0014 
All dosed birds 165 6 +0-045 D 162 $ 0-009 332 1-158 + 0-006 


_ The results for DDT dosed birds are given as an overall figure as well as 
divided into three dose rate ranges. Also the mean egg weights for all the 
405 eggs laid during the experiment. 





65 14154+0015 
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Table 2, MEAN EGG WEIGHTS IN ORDER OF LAYING 
Egg No. 1 2 3 4 5 
Control 1-186 1-175 1-190 1-209 1214 g 
DDT dosed 1-096 1-139 1-161 1-164 1194 g 


Table 3. THE REGRESSION EQUATIONS RELATING EGG WRIGHT IN g (7) TO 
PERCENTAGE SHELL WEIGHT (y) FOR EGGS LAID BY CONTROL AND DDT DOSED 
BIRDS 





Equations relating Correlation Substi- Calculated 

egg weight to per- coefficient and tuted percentage 
centage shell weight significance egg weight shell weight 
Control y =10629-3-876x r= — 05365 09g 7321 per cent 
P<Ol percent 13g 5-850 per cent 
DDT y= S4AL7-1-6282 r= — 03119 09 g 6-052 per cent 
P <1 per cent Lag 6-301 per cent 


The percentages obtained by substituting s = 0-9 and 1:3 g in the equations 
are also given. 


A regression analysis of the relationship between total 
egg weight and percentage shell weight for the thirty-eight 
control eggs showed the two factors to be inversely related 
(Table 3). Thus an increased percentage shell weight 
with the reduced egg weights of DDT fed birds is expec ted 
and this is shown in Table 1. The increase in percentage 
shell weight from 6111 in the controls to 6-526 in the dosed 
birds is significant (¢=3-6565; DF 201; P<O-1 per cent). 
The actual increase in percentage shell weight, however, 
in the DDT eggs is larger than would be expected because 
of reduced egg weight. Indeed, calculation of the regres- 
sion line for the relationship of egg weight to percentage 
shell weight for the DDT eggs shows that although the 
same inverse relationship exists as in the control eggs. 
the slopes of the lines are significantly different (Table 3} 
(¢=1-9714; DF 203; P=5 percent). The regression lines 
intersect at an egg weight of 1-08 g. Because the a an 
weights of control and DDT eggs are 1-198 and 1-158 g, 
most of the DDT eggs have heavier shells for their weight 
than those laid by control birds. The few (15 per cent of 
the total) light eggs. below 1-08 g. have lighter shells in the 
DDT eggs than in the controls. Thus the calcium meta- 
bolism of Bengalese finches dosed with DDT appears 
to be abnormal tending towards the production of 
heavier shells. 

As both decreased egg weight? and increased shell 
weight and thickness?* have been noted in hens made 
hyperthyroid by feeding thyroprotein, it was thought 
that pp' DDT may have an effect on the avian thyroid, 
To test this theory, four other factors were exarnined 
for effects which could be caused by an excess of 
thyroxine. 

Thyroxine is known to accelerate the heart beat of 
domestic fowls? and increase the heart weight®, The 
ventricles were weighed in the present experiment and 
related to brain weight (this forms a better indicator of 


body size than the more variable body weight). The 
7 heart weight 1005 
percentages ( x oom | were correlated with the 


` brain weight Lv 


dose rates in pg of DDT per day. Regression analyses 
showed that as the dose rate increased the heart weight 
also inereased (Fig. 1) (males: r=0-3497, DF 48, P<2 
per cent; females: 7=0-4152, DF 53, P<] per cent). 

Feeding desiccated thyroid to hens causes the rate of 
growth of the ovum and the weight of the egg-yolk to be 
reduced’. An analysis of the time taken from pairing to 
laying in the present experiment has been reported 
already*?; the birds showed a significantly increasing 
delay in ovulation with increasing dose rate of DDE 
(P<1 per cent). 

After induced hyperthyroidism, the body weight of 
hens is known to decrease as a result of a reduction in the 
amount of depot fat, whereas with thyroidectomy large 
amounts of fat are accumulated?*. The control Bengalese 
finches showed a net mean gain of 5-72 per cent on the 
starting body weight and the DDT fed birds gamed 
5-16 per cent. This difference is too small to be significant. 
Commercial DDT. however, reduces both the body weight 
and the ability to build up depot fat in growing cockerels® 
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Fig. 1. The relationship between dose rate and heart size (as measured as 

a percentage of brain weight) for fifty male and fifty-five female birds 

fed control and DDT diets. The regression lines are also shown fequa- 
tions, 2: y=0-08222 + 42-545; 3: y= 0-00052 + 39-247), 


Also pp’DDT has a similar effect on the fat metabolism of 
rats). 

The feeding of thyroprotein to cockerels reduces growth 
and the final weight of the testes and also significantly 
decreases comb weight®42, The testes do not regress 
in the Bengalese finch and, because the birds were sexually 
mature before dosing started, no differences in testes 
weights were expected after feeding DDT (control, 0-0698 g; 
DDT, 0:0704 g). Commercial DDT, however, has been 
found to reduce both testes and comb size in growing 
cockerels’, 

Thus DDT appears to induce an apparent state of hyper- 
thyroidism in birds and a similar effect may occur in 


mammals’, The finding that op’DDD causes increased 
thyroid weights in rats supports this suggestion", 


Whether DDT acts on the thyroid stimulating hormone- 
thyroxine balance, and, if so, whether in the pituitary or 
the thyroid, is not yet known. 

The effect of apparent/induced hyperthyroidism is 
similar in the Bengalese finch and the hen; both produce 
heavier eggshells; this does not at first sight support 
Ratcliffe’s theory that organochlorines may have caused 
the thinner eggshells of the peregrine and sparrowhawk. 
but the suggestion that DDT affects avian calcium meta- 
bolism is substantiated. It is possible that alteration of 
the thyroid-stimulating hormone-thyroxine balance has 
different results in different species of binds. It is known 
that thyroxine has opposite effects on the concentration 
of calcium in the plasma of laying ducks and hens. 
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Contraceptive Steroids and 
Sexual Activity 


STUDIES on the sexual behaviour of higher primates with 
compounds currently used for oral contraception have 
relevance for humans. To date, however, no behavioural 
experiments in this area have been reported. Old world 
monkeys and apes alone among mammals, but like women, 
have a true menstruation with a cycle of about 28 days, 
and rhythmie changes in the sexual activity of male 
rhesus monkeys are known to oceur in relation to the 
menstrual cycle of the female of the pair'-?: somewhat 
similar changes in sexual activity have recently been 
described in relation to the menstrual cycle of women*:, 
The administration of oestradiol to ovariectomized rhesus 
monkeys stimulates the copulatory activity of males while 
the subsequent administration of progesterone depresses 
it®, thereby reproducing the behavioural changes occur- 
ring with intact females during the menstrual evele. We 
describe here some changes in the sexual activity of male 
rhesus monkeys during the treatment of their female 
partners with combinations of an oestrogen and two pro- 
gestins currently used by women for oral contraception. 

Two mature female and four adult, sexually active, 
male rhesus monkeys, all jungle bred. were investigated 
for periods of 14-17 months. Each female was paired 
with two different males, making a total of four paired 
combinations. The females were introduced regularly, 
by means of a wheeled transfer cage, into large testing 
cages occupied by a male for tests of 60 min duration. 
Each pair was tested two or three times per week and, 
between tests, animals were housed in the same room in 
individual cages without access to cach other. Observers 
scored the behaviour during tests from behind a one-way 
vision mirror, using techniques previously described’. 
To prevent pregnancies during the pre-treatment period, 
the Fallopian tubes of the females were ligated. After one 
or more month's observation without treatment, each 
female received daily 0-05 mg mestranol and 1-0 mg 
ethynodiol diacetate (G. D. Searle and Co., Ltd) for 21 
days, followed by 7 days without treatment when the 
cycle of treatment was repeated. This routine was 
maintained for 6-7 months. when it was changed to a 
sequential regimen consisting of 0-05 mg mestranol for 
ll days, then 0-05 mg mestranol with 0-75 mg chlor- 
madinone acetate (Bli Lilly and Co.. Ltd) for the next 
10 days, followed by 7 days without treatment; this 
latter routine was maintained for 4-6 months. Thus the 
schedules of treatment were similar to those recommended 
for human contraception. All compounds were adminis- 
tered by injection because the oral route proved unreliable 
in these primates. A direct comparison of the effects of 
the two types of treatment was possible. because the 
testing routine remained unchanged throughout with the 
same pairs of animals. 
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Fig. 1. Effect on the ejaculatory performance of male rhesus monkeys 
of treating their female partners with contraceptive steroids. In three of 
the four pairs, ejaculation was mar depresse Vertical bars give 
standard errors of means. Numbers in columns give the number of 
menstrual cycies or treatment cycles, (612 tests af 1 h.) 














Although changes in several behavioural measures were 
observed and scored, we are only reporting here on male 
ejaculatory capacity and thrusting performance. Fig. 1 
shows a marked decrease in the mean number of ejacula- 
tions per test in three of the four pairs studied when both 
combined and sequential treatments were compared with 
normal menstrual cycles (P< 0-001 for three pairs). In 
three of the pairs, also, the der on of ejaculation was 
somewhat less marked during the sequential than during 
the combined treatment regime. The total number of 
intromitted thrusts occurring before ejaculation provides 
an additional measure of male sexual performance in those 
tests in which ejaculation is not abolished*. There is 
evidence that when ejaculation times are short and 
stimulation of the penis by the vagina is optimal, the 
number of thrusts required for ejaculation is lower. An 
increase in the mean number of thrusts to ejaculation 
occurred in all four pairs during treatment with contra- 
ceptive agents (Fig. 2): this effect was more marked with 
ethynodiol when, overall, the number of thrusts made by 
males to achieve ejaculation nearly doubled (P< 0-01 
for four pairs). When the effects of successive cycles of 
treatment on the behaviour of individual pairs were exam- 
ined in more detail, clear differences emerged between the 
two treatments that were less obvious in the group data. 
With mestranol-cthynodiol, both the depression of ejacula- 
tion and the increase in thrusting changed progressively 
with successive treatment cycles. and im one pair during 
the seventh month of treatment. ejaculation occurred 
only once in twelve tests while the number of thrusts 
required to achieve it had trebled (Fig. 3). With mestra- 
nol-chlormadinone, in contrast, the impairment of ejacula- 
tion was not obviously progressive and thrusting remained 
unchanged. 

Profound changes in mood and behaviour have been 
reported in patients receiving 'Enovid®t t, and depression 
and loss of libido have been reported in 30 per cent of 
136 women on ‘Anoviar’. and in 34 per cent of 85 women on 
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‘Volidan’". Most reports, however. refer to increased 
satisfaction from coitus because of the removal of the 
fear of pregnancy. Data from infra-human primates can- 
not substitute for adequate clinical evaluation: this is 
specially the case for human sexual behaviour, which 
influenced by so many subtle. social and cultural factors. 
Nevertheless, the data reported here are clear, and the 
possibility should not be overlooked that prolonged 
medication with these powerful steroids may in time 
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ig. 2. Effect on the thrusting performance of male rhesus monkeys of 
ting their female partners with contraceptive steroids. In all four 
pairs, more thrusts were required to achieve ejaculation during treat- 
ment; this effect was more marked with the combined than with the 
sequential regime. The same pairs and cycles as in Fig. 1. 
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3. Efect on the sexual behaviour of a male rhesus monkey of 
ive cycles of treatment of the female partner with contraceptive 
s. With mestranol—ethynodiol, the depression of ejaculation and 
increase in thrusting were progressive. With mestranol~chlormadinone, 
the impairment of ejaculation was not progressive and thrusting was not 
changed. (164 tests.) N, No. of fests, N*, No. of tests with ejaculation. 
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modify human sexual behaviour, in particular that of 
the male, by influencing the hormonal status of his partner. 
This work was supported by grants from the Medical 
Research Council and the Population Council. T. M. P. 
was supported by a research studentship from the Science 
Research Council. 
RICHARD P. MICHAEL 
T. M. PLANT 
Primate Research Centre 
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Bethlem Royal Hospital, 
Monks Orchard Road, 
Beckenham, Kent. 
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A New Series of 
2-Aminomethyltetrahydroquinoline 
Derivatives displaying 
Schistosomicidal Activity in 
Rodents and Primates 


Tae schistosomicidal activity of the mirasan series (1) 
and of cycle analogues (IT) and (HHI) in different host 
species has been reviewed!?. Members of all three series 
displayed high activity in mice, but none of these com- 
pounds appeared to be active in primates except members 
of series (TIT), which displayed some activity in monkeys 
although they lacked convincing activity in man. 

We wish to report preliminary data on a novel series of 
2-aminomethyltetrah ydroquinoline derivatives (IV) which 
represent a new class of cyclic analogues of series (I). Some 
members of the new series, when administered as a single 
oral dose, display high schistosomicidal activity in both 
mice and monkeys. 

Initially, compounds were administered as free bases 
or in the form of their hydrochloride, p-toluenesulphonate 
or hydrogenmaleate salts, in single, intragastric doses for 
4 consecutive days to mice infected with Schistosoma 
mansoni. Activity, assessed? by determining the hepatic 
shift (the movement of adult worms from the mesenteric 


Table 1. 
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plexus to the intrahepatic vessels) 24 h after the final 
dose, was defined as the daily dosage (free base equivalent) 
required to effect a shift of 50 per cent, as determined from 
a dose-response curve for each compound. 

In an attempt to determine the effect on potency 
resulting from an increase in conformational rigidity, the 
activities of selected members of the 2-aminomethyl- 
tetrahydroquinoline series (IV) were compared with those 
of the corresponding members of series (I), and are given 
in Table 1. For convenience all activities are expressed 
relative to that of Mirasan (I, R!=R?=C,H,: R3=Cl: 
compound No. 1), the parent member of the mirasan 
series. 

It was confirmed that in series (I), the replacement of 
a diethylamino group by an isopropylamino group results 
in an imerease in activity’ (compare No. 1 with 3, and 2 
with 4) and it was found that this effect is paralleled in 
series (TV) (compare No. 5 with 7, and 6 with 8). It was 


RELATIVE ACTIVITIES OF 2-AMINOMETHYLTEPRAHY DROQUINOLINES AND CORRESPONDING 


MIRASANS AGAINST S. mansoni IN MICE 
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also confirmed that in series (1), the replacement of a 
chlorine atom by a nitro group results in a deerease in 
activity! (compare No. 1 with 2, and 3 and 4), but in 
series (IV) the reverse is the case and the nitro compounds 
are the more active (compare No. 5 with 6, and 7 with 8). 
Due to this disparity in the activity pattern between series 
(1) and (LV) it is difficult to decide what contribution the 
increase in conformational rigidity makes towards potency. 
Thus activity in the 2-aminomethyltetrahydroquinoline 
series may be reduced (compare No. 1 with 5. and 3 with 
7), similar (compare No. 4 with 8) or enhanced (compare 
No. 2 with 6) compared with that of the mirasan series. 
It is apparent, however, that the particular type of con- 
formational restriction imposed by the structure of series 
IIV) is compatible with activity. 

In view of the encouraging results obtained with multiple 
doses, the new series was evaluated using single dose 
schedules. Several members showed a high degree of 
schistosomicidal activity, one of the most active being 
compound No. 8, 2-isopropylaminomethyl-6-methyl-7- 
nitro-1,2,3,4-tetrahydroquinoline (Pfizer compound UK 
$883). In subsequent work to assess curative action in 
mice this compound proved to be about three times as 
potent as Mirasan, in single or multiple doses. 

Whereas the mirasans are inactive in primates! ?, several 
of the 2-aminomethyltetrahydroquinolines have shown 
considerable activity following intragastric administration 
to vervet monkeys (Cercopithecus aethiops) infected with 
S. mansoni. Although the chlero compound No. 5 was 
inactive at a dosage of 75 mg/kg daily for 4 consecutive 
days, complete parasitological cure followed administra- 
tion of 4 successive daily doses of 100 mg/kg of the 
analogous nitro compound, No. 6. Similarly, the chloro 
compound No. 7 showed only a trace of activity at a 
dosage of 65 mg/kg daily for 4 days, but a single dose ot 
50 mg/kg of the nitro compound No. 8 was curative. 

Recent work®® indicates that the degree of activity 
of Mirasan and related compounds in different species is 
directly related to the ability of the host to convert the 
parent compound to the corresponding hydroxymethyl 
metabolite (compound V in the ease of Mirasan). 
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Metabolie studies on certain members of the 2-amino- 
methyltetrahydroquinoline series have shown that 
hydroxylation of the 6-methyl group occurs in several 
species to give the corresponding metabolites (VI), and 
these metabolites have been shown to be schistosomicidal 
in mice and primates. The metabolite of compound 
No. 8, 6-hydroxymethyl-2-isopropylaminomethyl-7-nitro- 
1,2,3,4-tetrahydroquinoline (VI; R'=H, R?=CH(CH;),, 
R= NO,; Pfizer compound UK 4271), has been prepared 
and shown to be very active in low dosages in monkeys, 
especially by parenteral administration. 

Further work with the series is in progress, and fuller 
results will be published in due course. 

We wish to thank Dr E. R. H. Jones for many helpful 
discussions, Dr R. L. Cornwell for his interest and support 
and Dr C. A. R. Baxter, Messrs R. F. Chambers, B. L. 
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DNA Content of Nuclei in Orchid 
Protocorms symbiotically infected 
with Rhizoctonia 


DESCRIPTIONS of orchid mycorrhiza consistently report 
the phenomenon of nuclear hypertrophy in infected host 
cells'-4, but there has been no quantitative analysis of 
the system. Recent demonstration of several nuclear 
DNA classes in non-infected post-germination protocorms?® 
suggests that endoreduplication may be a normal develop- 
mental feature of orchids. 

This report describes the measurement of relative DNA 
content of nuclei in non-infected and infected orchid 
tissue by Feulgen photometry®, m order to interpret more 
fully the effect of fungal infection on nuclear size. 

Surface sterilized seed of Dactylorhiza purpurella (T. and 
T. A. Steph) Soó (Orchis purpurella) was sown on agar 
slopes of a modified Pfeffer mineral solution’ supple- 
mented with 0-5 per cent ball-milled cellulose. Symbiosis 
treatments were inoculated from deionized water agar 
cultures of a Rhizoctonia strain Thr 1. This fungus 
(perfect state Ceratobasidium cornigerum (Bourdot) Rogers) 
was isolated from protocorms of Thrixspermum amplexi- 
caule (BL) Rehb. f. 

Cultures were incubated in darkness at 24°C. At 
intervals protocorms were fixed in 3: 1 acetic-ethanol 
for 2 h and stained by a modified Feulgen technique 
involving hydrolysis for 1 h in 5 N HCI at 20° C (ref. 8). 
To minimize damage to large nuclei which were often 
50 microns in diameter, symbiotic protocorms were freeze- 
sectioned at 100 microns. Sections were mounted in 
glycerine, covered with polyester film! and gently squashed 
under blotting paper. Asymbiotie protocorms were care- 
fully macerated before mounting. The relative dye content 
of intact nuclei was measured on an integrating miero- 
densitometer using a crushing condenser (Barr and 
Stroud, Ltd, Glasgow) at 580 mmicrons. This squashing 
technique reduced errors associated with the irregular 
shape and dense heterochromatin of the large nuclei, 

The relative absorption by nuclei from 6 week old 
asymbiotie tissue (Fig. la) demonstrated endoreduplica- 
tion during post-germination development. In cortical 
parenchyma cells at the suspensor end of protocorms 
nuclei up to 64e were present, whereas in the shoot 
meristem and most epidermal cells they were 2¢ and 4c; 
epidermal hair nuclei were frequently 8e or 16e, These 
results are consistent with data published for Vanda 
sanderiana’®. 

In symbiotic protocorms infection leads to rapid growth 
and differentiation; nuclear classes present 6 weeks after 
inoculation are shown in Fig. 1b. Epidermal hair nuclei 
are 16c or 32e and infected cortical parenchyma cell 
nuclei are predominantly in 32c, 64e and 128¢ classes. 
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(Other tissues never became infected.) The larger nuclei 
frequently have lobing configurations and fragmentation 
may yield as many as five daughter nuclei. Such nuclei 
are very closely associated with the hyphae of the endo- 
phyte. 

DNA values between 64e and 128e in Fig. 1b can be 
interpreted in various ways. Intermediate values would 
be expected when cells are fixed during DNA synthesis, 
but this will not be revealed until photometric analysis is 
linked with labelling techniques. It is conceivable that 
in some nuclei only a proportion of the DNA complement 
is involved in endoreduplication®, in which case inter- 
mediary values would be stable. In view of the dimensions 
and spatial complexity of these large nuclei limitations of 
the current technique preclude the firm establishment of 
such hypotheses. 

The syndrome described here involving the appearance 
of new DNA classes in symbiotically infected orchid tissue 
is analogous to other host-endophyte interactions. Plasmo- 
diophora brassicae is known to induce four new DNA 
classes in host cells of cabbage hypocotyls® and Rhizobium 
leguminosarum stimulates two new DNA classes in pea 
root nodules’. 

Nuclei in callus tissue are frequently hypertrophied, 
lobed and fragmented and it has been suggested that 
undefined extracts in the culture medium stimulate this 
condition". Vanda protocorms used for DNA measure- 
ments by Alvarezi were grown on a medium rich in 
coconut milk. Our D. purpurella protocorms, however, 
had showed several DNA classes on a chemically defined 
medium and similar results have been obtained with 
other orchids. 

Symbiotic protocorms of D. purpurella have markedly 
accelerated growth and differentiation after infection’, 
and so it might be argued that 128c nuclei arose only as a 
consequence of this growth, rather than after direct 
stimulation by the fungus. Asymbiotie protocorms, how- 
ever, do enlarge slowly and ultimately undergo some 
differentiation'", but there is no evidence that their nuclei 
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Fig. 1. Log, relative absorption of Feulgen-stained nuclei at 580 

mmicrons in orchid protocorms grown on Pfeffer agar supplemented 

with 0-5 per cent ball-milled cellulose for 6 weeks, Absorption readings 

of telophase configurations were taken as 4c. a, Asymbiotic protocorms; 

b, symbiotic protocorms, infected with Rhizoctonia sp. (Strain Thr 1). 

Nuclei encountered in (i) meristem; (ii) stele; (ili) cortical parenchyma; 
(iv) epidermis; (v} epidermal hairs. 
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undergo continued endoreduplication. Furthermore, we 
now have reared on a defined medium asymbiotie orchid 
plantlets with roots in which the infection of fully dif- 
ferentiated cortical cells gave rise to new DNA classes. 
We thank Dr D. P. Fox for the instruction and use of 

the integrating microdensitometer and Dr J. H. Warcup 
of the Waite Institute, Adelaide, for the identification of 
isolate Thr 1. This work was carried out during the 
tenure of an award to B. W. from the Science Research 
Council. 
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Adenine Nucleotides as Feeding 
Stimulants of the Tsetse Fly 
Glossina austeni Newst. 


Tue feeding behaviour of the tsetse fly has attracted the 
attention of various investigators, and this was the first 
blood sucking insect to be fed artificially through a rat 
skin membrane’. This technique was later utilized by 
Yorke and Blacklock? to study the feeding habits of 
Glossina palpalis. They found that Glossina feeds avidly 
through rat’s skin, on fresh defibrinated blood and also 
on suspensions of washed red cells in normal saine. Ten- 
fold dilutions of the blood in saline did not diminish its 
stimulatory effect. Neither plasma nor NaCl solution 
seemed to have any attraction for Glossina. Yorke and 
Blacklock observed that the attractive substance was in 
the water-soluble fraction of the erythrocytes. They 
thought that it was the haemoglobin, although a com- 
mercial preparation of haemoglobin gave hardly any 
feeding reaction. 

Many studies were made on host preference and the 
type of food consumed by tsetse flies, but no further 
attempt was made to identify more accurately the com- 
ponent of the blood which induces gorging. Recognition 
of such factors is a prerequisite for feeding the insect on 
artificial medium. Our purpose was to elucidate factors 
which induce gorging in tsetse flies. We have used teneral 
flies of the species Glossina austent, 24-28 h after emer- 
gence. Each fly was weighed, and placed in a 2x 15x 1-5 
inch Terylene cage. A glass ring, 1-5 inch in diameter, 
the bottom of which was covered with rat skin or Baud- 
ruch membrane (prepared commercially from bovine 
intestine, Long and Long, Belleville, New Jersey), was 
placed on top of the cage. Then the solution to be tested 
was warmed to 38°C and poured into this container. 
The fly probed readily through the membrane and, in 
eases of the proper stimulatory solution, its abdomen 
was fully distended in less than 1 min. On completion 
of feeding, the fly was weighed again and the size of the 
blood meal and the sex of the fly recorded. If the test, 
solution lacked the proper stimulus, there was repeated 
probing, and the fly moved restlessly on the surface of 
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the membrane. Very rarely, flies that had not fed within 
the first 2-3 min did so at a later stage. 

Our observations with respect to the stimulatory frac- 
tion of the blood confirm the findings of Yorke and 
Blacklock?; that is, the stimulatory fraction of the blood 
is confined to the erythrocytes. They thought that the 
haemoglobin is the attractive element, and so we tested 
the attractivity of a 2 per cent solution of double erystal- 
line haemoglobin. The flies refused this solution. 

Mosquitoes also feed readily on suspensions of erythro- 
eytes in saline, and seldom ingest plasma‘. In the case of 
mosquitoes, the stimulatory effect of the red blood cells 
was found to be due to the adenine nucleotides present in 
these cellst®, We therefore tested the effect of these 
nucleotides on Glossina. As Table 1 shows they all had a 
very strong stimulatory effect. Adenosine triphosphate 
(ATP) gave 90 per cent feeding in a concentration as low 
as 10-4 M, and had some activity even at a dilution of 
10-5 M. There is a good correlation of the effect of these 
low concentrations of ATP with Yorke and Blacklock’ 
finding, for the concentration of ATP in blood is about 
10- M (ref. 6). 





Table 1, FEEDING RESPONSE OF Glossina austeni 
Average Average 
No. No. weight weight 
Solution offered tested fed of the ofthe 
fly meal 
(mg) (mg) 
Living rabbit 22 20 14 22 
Whole beef blood is 17 15 22 
Beef plasma 38 1 15 _- 
Washed beef red blood , 
celis (in 0-15 M NaCl) is 16 13 2s 
2 per cent haemoglobin i 13 0 45 — 
O15 M NaCl 10 1 15 — 
10-7 M ATP (in 0-15 M NaCl) 21 20 13 ee 
104M ATP i 22 21 13 21 
10 M ATP a0 13 5 l4 29 
10" M ADP = 22 12 H 27 
10-2 M AMP n 12 ik 15 24 
lr? M AMP Me 13 5 l4 24 
10 M ATP +10 per 
eent bovine albumin A 26 25 144 24 
10+ M Tnosine mono- 
phospha te è 12 0 15 — 
10 M Guanosine 
monophosphate 4 12 L 16 = 
10° wuanosine tri- 
phosphate e 21 1 15 = 
104 M Cytidine tri- 
phosphate is il 0 18 — 
10-7 M Uridine tri- 
phosphate n il 0 16 
10- M ATP in distilled water 11 6 15 - 
0-3 M Sucrose 12 0 15 _ 
10- M ATP in 0-3 M sucrose 12 8 15 30 


As for the mosquito Aedes aegypti, the stimulatory 
activity of the nucleotide decreased with the decrease of 
the number of the phosphate groups’. Thus, while 90 per 
cent feeding is obtained on 10- M ATP, adenosine di- 
phosphate (ADP) induces only 50 per cent feeding in a 
concentration of 10 M, and at that concentration of 
adenosine 5’-monophosphate (AMP) only a small per- 
centage of the flies feeds. The concentration of the AMP 
was increased to 10- M to induce most of the flies to feed. 

ATP must be offered in a solution isotonic with blood. 
The osmotic pressure can be adjusted either by NaCl or 
by sucrose. The fact that the tsetse fly is very reluctant 
to take up liquids of lower osmotic pressure was men- 
tioned in 1928 by Lester and Lloyd’. In fact all the blood 
sucking arthropods studied responded to stimulatory 
compounds only when they were offered in solutions 
isotonic with blood! ®4, 

To investigate the specificity of the feeding reaction, 
solutions of other nucleotides were tested. The mono- 
phosphates of inosine and guanosine and the triphosphates 
of guanosine, cytidine and uridine were all ineffective. 

The specificity of the feeding response of Glossina 
austeni seems to be identical with that of the mosquito 
Aedes aegypti’. Tt is interesting that guanine nucleotides 
were all found to be good feeding stimulants for the 
female house fly!*. The tsetse, which belongs to the same 
family (Muscidae), is completely inert to these compounds. 
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The size of the meal taken by the flies through a 
membrane is not smaller than a blood meal on a rabbit. 
Some of the solutions were taken up in larger quantities, 
Regardless of the composition of the solution the average 
meal was 24 mg per male and 28 mg per female fly. 

Saline solutions containing 10 per cent blood albumin 
and 10-* M ATP were readily taken by Glossina. This 
may serve as a starting point for developing artificial 
media for rearing the tsetse fly without a host. 

We thank Dr "r. A. M. Nash and Dr C. F. Curtis for 
tsetse pupae, and for their assistance in establishing a 
tsetse colony. 
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Mielichhoferia elongata, a Copper Moss 
new to North America, found in 
Arctic Canada 


Species of Mielichhoferia have long been considered 
“copper mosses”, and Shacklette has recently renewed the 
topic!. He said: “The tendencies of species in the genus 
Mielichhoferia to be regularly associated with greater 
than average amounts of heavy metals in their substrates 
should lead one to consider all occurrences of these plants 
as possible locations of useful deposits of minerals”. 

In 1967 I collected the copper moss Miéelichhoferia 
elongata Hornsch. on Ellesmere Island, in the Canadian 
High Arctic. This species was previously known only 
from Great Britain and continental Europe*. Although 
my specimen lacks sporophytes, it compares perfectly 
with European specimens in the National Herbarium of 
Canada (my determination has been verified by Mrs Elsa 
Nyholm). The collection data for my specimen (vouchers 
of which are at the National Herbarium of Canada and the 
New York Botanical Garden) are the following: Canada: 
Northwest Territories, Ellesmere Island, head of Tanquary 
Fiord (81° 25’ N, 76° 55’ W), on moist clayey north facing 
slope at pe 400 m altitude, August 5, 1967, collected 
and determined by G. R. Brassard, 3217. The European 
specimens which I have examined came from Austria 
(eolleeted by Hornschuch), England (collected by Smith) 
and Norway (collected by Berggren). 

The substrate on which Mielichhoferia elongata was 
growing at Tanquary Fiord was analysed for heavy metals 















at the Geochemical Census Branch, US Geological Survey, 
Denver. Semiquantitative spectrographic analyses were 


carried out on the upper 14 mm of the moss polster 
(consisting of living and dead moss plants and organic 
soil), and on the inorganie soil beneath the moss polster 
(from 14 mm to 30mm deep). The organic soil beneath 
the polster (lab. No. D133744) contained much greater 
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than average amounts of copper (70 p.p.m.), boron (700 
p.p.m), and lead (50 p.p.m.); average amounts of these 
three elements in soils are, respectively, 20, 10 and 10 
ppm.. The large amounts of copper and lead in my 
sample may be significant in the occurrence of the Wielich- 
hoferia. Growing beside the copper moss was a liverwort 
species also known! to be associated with heavy metals, 
Gymnocolea inflata (Huds.) Dum. In 1964, I collected 
another copper moss‘, M. macrocarpa (Drumm.) Jaeg. and 
Sauerb., only a few kilometres from the site where I found 
M. elongata in 1967, and strongly suspect that both copper 
mosses are associated with the same deposit, although 
the rock on which M. macrocarpa grew was not analysed 
for heavy metals. The analyses on the upper 14 mm of 
the M. elongata polster (lab. No. D412933) indicate that 
the moss is concentrating several metallic elements 
including barium, lanthanum, lead, nickel, strontium and 
zine, 

All three North American species of copper mosses are 
now known from northern Ellesmere Island. The third 
species, M. mielichhoferi (Hook.) Loeske, has been reported 
from the Alert area’, Their presence could be an impor- 
tant indication of deposits of heavy metals on northern 
ENesmere Island. The Ellesmere Island occurrences 
of M. elongata and M. mielichhoferi are highly disjunct, 
and probably relict. M. macrocarpa is an arctic-montane 
species known only from North America, with most of 
its known localities on Ellesmere Island. These distribu- 
tions, and the fact that the plants are uniformly sterile in 
almost all localities, provide further biological evidence 
favouring a Wisconsin glacial refugium on northern 
Ellesmere Island’. 

My field work was supported by the New York Botanical 
Garden and logistic support was received from the Defence 
Research Board of Canada. I thank Dr W. C. Steere and 
Dr H. T. Shacklette for their suggestions, and the latter 
for making possible the geochemical analyses. 

Guy R. BRASSARD 
Department of Biology, 
University of Ottawa. 
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Evidence for a Southern Breeding 
Population of True’s Beaked Whale 


TRUE'’s beaked whale (Mesoplodon mirus True) has 
hitherto been recorded from fourteen specimens stranded 
between the Outer Hebrides and Florida, and has been 
considered a North Atlantic species'. Talbot? reported 
the stranding of an adult male True’s whale at Wilderness, 
South Africa, in 1959. He suggested that this extension 
of range could indicate a southern variety of the species, 
though Moore? regards this specimen as a stray. 

On January 6, 1969, two beaked whales were stranded 
at Maitland River Mouth, 20 miles westward along the coast 
from Port Elizabeth. The skulls and mandibles were 
collected by the Port Elizabeth Museum. After prepara- 
tion, they were identified as True’s beaked whales. Both 
were females; the larger animal (15 feet 11 inches; 
4,780 mm) was lactating and was considered to be the 
mother of the smaller calf (11 feet 2 inches: 3,350 mm). 
The mother also carried a 105 mm foetus in the right 
horn of the uterus. 
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The discovery of a pregnant mother and calf is stronger 
evidence for a southern breeding population than Talbot’s 
single male specimen. While it is not impossible for 
them to have strayed from the northern hemisphere, 
the small size of the foetus suggests that mating occurred 
recently. This would indicate the presence of at least 
one male in the southern hemisphere, and a definite, 
though possibly small, breeding population. 

Both Sub-Antarctie, South Atlantic and Indian Ocean 
species appear in Eastern Cape waters where there is a 
mixing of waters of different temperatures. 

The distribution of True’s beaked whales in the 
North Atlantic is predominantly western and appears to 
be localized in the relatively warm waters of the Gulf 
Stream. Ifa southern population exists, a similar pattern 
of distribution could be expected and, by analogy, it is 
more likely that the South African specimens originate 
from the warmer waters of the southern Indian Ocean off 
the south-east coast of South Africa, rather than the 
much colder waters of the South Atlantic, or Sub- 
Antarctic. 

Speculation on distribution based on so few speci- 
mens is difficult, but it is interesting that the two 
strandings occurred within 200 miles of each other and 
nowhere else in the Southern Hemisphere, suggesting 
localization. 

G. J. B. Ross 
Port Elizabeth Museum, 
Port Elizabeth, 
South Africa. 
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Background Selections of the Pale 
and Melanic Forms of the Cryptic Moth, 
Phigalia titea (Cramer) 


KETTLEWELL? demonstrated that the pale (typical) and 
melanic (carbonaria) forms of the peppered moth, Biston 
betularia L., tend to rest on white and black backgrounds 
respectively, when presented with a choice between the 
two. I wish to summarize results obtained in a similar 
experiment, using typical and melanic individuals of the 
North American geometrid, Phigalia titea. 

The melanic form of P. titea is deplorans, and is quite 
similar to the monacharia form of the European P. pedaria. 
This black form is generally regarded as an industrial 
melanie, having first appeared in New Jersey in 1915, and 
markedly increased in frequency around industrial centres 
of the north-eastern United States since 1940 (ref 2). 

My experiment was conducted during the spring of 1968 
in Leverett, Massachusetts. Each night, from March 28 
to April 22, all the P. titea that were attracted to two 
150 W Westinghouse outdoor spotlights were collected 
and placed in an experimental apparatus, consisting of 
two black and two white pieces of painted blotting paper, 
each 27-9 x 48-3 cm, formed into a cylinder of alternating 
black and white sections. (The percentage-refleetance 
values of the black and white backgrounds were 4-30 per 
cent and 85-61 per cent respectively, as determined with 
a General Electric recording spectrophotometer, using 
pressed BaSO, as the white standard.) The cylinder was 
set in a plywood bex, 35-6 cm square and 48-3 em high, 
which was covered with a pane of window glass. The 
apparatus was placed in a wooded area, and each morning, 
just after dawn, the background selections of the moths 
that had been collected the previous evening were noted. 

The results of this experiment are given in Table 1. 
Both the typical and melanie P. titea exhibited significant 
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Table 1, BACKGROUND SELECTIONS OF Phigalia titea 
No, of Moths* 
White Black 
Forms background background xv P 
Pale (typical) 113 52 22-54 < 6-001 
Melanic (deplorans) 28 13 BAS < 6-02 


* Inclides only males (females have rudimentary wings). 


preferences for the white backgrounds, and the two 
distributions did not differ from one another (7? = 0-03, 
P>0-80). These results differ from those obtained by 
Kettlewell with B. betularia, for in that species the 
typicals preferred the white backgrounds, while the 
melanics preferred the black backgrounds, and the two 
distributions were significantly different. 

Two explanations for the different results obtained with 
P. titea and B. betularia seem possible. (1) Different 
mechanisms could underlie background selection be- 
haviour in the two species, P. titea having a genetically 
fixed background preference, and B. betwaria having a 
matching mechanism which enables each individual to 
compare its own reflectance with that of its background. 
(2) Genetically fixed background preferences could 
characterize both species, P. fitea having a single pre- 
ference, and the two forms of B. betularia differing 
genetically with respect to background preference. 

The second explanation seems more plausible to me, 
for experimental evidence for genetically fixed background 
preferences has been obtained for several bark-like moth 
species*-8. It seems clear that melanic B. betularia have 
occurred in greater numbers and for a longer time than 
melanie P. Utea®*, and thus might more readily have 
acquired genetically coadapted eoloration and behaviour. 





Fig. 1. Typical (above) and melanie (below) individuals of P. flea at 
rest on white oak. 


It is interesting that the area where the experiment was 
carried out had no visible evidence of industrial pollution, 
yet melanies comprised about 20 per cent of the population 
of P. Htea. Several individuals of both typical and melanie 
P. titea were released in this area, and both forms usually 
came to rest. on white oak, Quercus alba, one of the lighter 
trees in the area. Melanies were very obvious on this 
background (Fig. 1), suggesting that the success of this 
form is being achieved in the face of a considerable 
eryptic disadvantage. In such a circumstance, strong 
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selection pressure for a more appropriate background 
preference might be expected. 


T. D. SARGENT 
Department of Zoology, 
University of Massachusetts, 
Amherst, 
Massachusetts 01002. 
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Diarrhoea and Intestinal Fluid 
Accumulation in Uninfected Rabbits 
cross perfused with Blood from 
Donor Rabbits intra-intestinally 
infected with Cholera 


CHOLERA is still a serious menace, and although it can 
be cured by chemotherapy and intravenous fluid replace- 
ment, such treatment is impracticable in places where 
most epidemics occur, Protection by vaccines is stil 
brief (3-6 months) and uncertain (40-80 per cent’). 
Cholera is widely believed to be a local disease of the 
intestine, so that circulating antibodies would not en- 
counter the toxin causing the diarrhoea. Finkelsteim? 
stated: ‘All of our observations, especially those on the 
immunology of experimental cholera, are consistent with 
the assumption that the choleragen acts directly and 
loeally, perhaps even at the very surface of the intestinal 
mucosa’. 

Antibodies are found in the blood of patients and experi- 
mentally infected animals, but these could be formed in 
response to antigens absorbed incident ally and not 
responsible for toxicity. High titres of serum antibody 
do not necessarily protect against cholera®*, It has been 
suggested that a high level of antibody might be produced 
locally in the intestinal wall by an oral vaccine, but recent 
evidence has been that titres of antibody actually found 
in the intestine in response to live oral vaccine are lower 
than those found in the blood or other tissues*’. The 
direction which the search for a more effective vaccine 
should take thus depends critically on whether cholera 
is a local disease or whether it involves the distribution of 
toxin by the blood. 

Dutta and Habbu® demonstrated that a condition 
resembling human cholera could be produced in suckling 
rabbits. It has been found? possible to prepare “Thiry’’- 
type isolated segments of intestine, with one end blind, 
the other opening onto the skin, in 10 day old rabbits. 
These segmonts retained their blood, nerve and lymph 
supply, but there was no communication between their 
lumen and that of the rest of the intestine, the continuity 
of which was restored by anastomosis. Vibrio cholerae 
were instilled into the lumen of the isolated segment 2 days 
after operation, and most of the animals died within 48 h, 
with diarrhoea and accumulation of fluid in the main 
bowel. It seemed reasonable to suppose that toxin had 
been absorbed and distributed in the blood to the rest of 
the intestine, the cultured contents of which did not grow 
vibrios. 

There were, however, two grave objections to the 
absorption hypothesis, which were not answered by the 
anastomosis experiment. First, Finkelstein? had prepared 
a toxin which “had no apparent effect when administered 
parenterally, by the intraperitoneal or intracardiac routes 
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Fig. 1. Diagram of cross perfusion experiment. 


in infant rabbits, in doses greater than those required to 
produce fatal choleraic diarrhoea when given per os 
into the stomach”. Second, there was no direct evidence of 
absorption of toxin in significant amounts. Cholera pro- 
duces no obvious abnormalities of other organs which 
cannot be attributed to the secondary effects of dehydration 
and electrolyte loss. 

Fresh experiments have eliminated both these objec- 
tions. First, a lysate has been prepared which is active 
not only when given intraluminally but also when ad- 
ministered intravenously to infant rabbits. Freeze-dried 
V. cholerae Inaba 569B, rabbit-passaged, was cultured and 
disintegrated ultrasonically’. The supernatant, after 
precipitation of cell walls at 25,000 r.p.m., was checked for 
sterility by plating out, then freeze-dried and sealed for 
storage. This material caused diarrhoea and intra- 
intestinal fluid accumulation when injected intravenously 
both in infant and adult rabbits. 

If 10t vibrios are introduced directly into the small 
intestine of an infant rabbit, diarrhoea begins in 15-18 h, 
and death occurs within 24-36 h. At post-mortem, the 
intestines are swollen and the caecum is filled with clear 
“rice-water”’. An objective and quantitative assessment 
of fluid accumulation was obtained by removal of the 
whole intestine and calculation of its water content from 
wet and dry weights. This was 83-05+0-33 per cent in 
thirty-two controls. In animals killed at intervals after 
infection, there was no significant fluid accumulation for 
6h; thereafter the water content rose rapidly to 93 per 
cent at 15 h, but did not increase further because diarrhoea 
caused “overflow” of the fluid still being produced. The 
time-course of the disease could be shortened by in- 
creasing the number of vibrios. After 8 h, the water 
content was 83:8, 87-1, 88-4 and 90-85 per cent in response 
to intestinal instillations of 105, 107, 3x 107 and 108 
organisms respectively. 

Proof of the appearance of a choleragenic agent in the 
blood of an infant rabbit infected with V. cholerae was 
obtained by cross perfusions. Cannulae were inserted into 
the heart-side of the left carotid artery, and into the head- 
side of the right, in two litter-mates. 3x 10? vibrios were 
introduced into the intestine of one of them, heparin was 
injected intravenously and blood was circulated through 
polythene tubes, drop-timers and a roller pump (necessary 
to equalize the outputs) from the heart of the infected to 
the head of the uninfected rabbit, and vice versa (Fig. 1). 
When the infected animal died, it was separated from the 
apparatus, and its intestinal water content was found to 
be 86-2 per cent, less than that (88-5 per cent) of a third 
litter-mate which had been infected at the same time and 
which was killed when the donor died. One hour after the 
death of the donor, the uninfected perfused acceptor had 
diarrhoea, and when killed after a further hour had an 


intestinal water content of 88-1 per cent. In twelve 
similar cross perfusions, four acceptors had diarrhoea, and 
in all of them the intestinal water was significantly higher 
than that observed in ten control cross perfusions in which 
neither animal was infected (0-02> P>0-01). Sonicated 
lysate was also effective in causing diarrhoea and fluid 
accumulation in acceptors, when introduced into the 
intestines of donors. 

The fact that lysate is active intravenously will furnish 
a convenient test for activity when the material is frac- 
tionated. If the human disease resembles cholera in the 
rabbit, toxaemia may be involved in the genesis of the 
diarrhoea, and it is possible that a specific toxoid prepared 
from purified lysate could provoke active production of 
antitoxin, and thus provide a more effective vaccine. 


E. M. VAUGHAN WILLIAMS 
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Department of Pharmacology, 
University of Oxford. 
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Abnormal Mitotic Figures and 

Giant Cells in Guinea-pig Bone 

Marrow exposed to Rabbit Anti-thymus 
Serum or Anti-bone Marrow IgG 


DvRING quantitative in vivo studies of the effects on 
guinea-pig bone marrow cells of rabbit anti-thymus serum 
and of rabbit anti bone marrow IgG, abnormal mitotic 
figures, giant cell neutrophils and cells with karyomeres 
have been seen in bone marrow smears. 

Anti-thymus serum and anti-bone marrow IgG were 
prepared by an immunization method similar to that of 
Levey and Medawar!. Suspensions of bone marrow or 
thymic cells were injected intravenously (dose 500- 
600 x 108 cells) on two occasions, 2 weeks apart. Seven 
days after the second injection the rabbit was exsan- 
guinated and the total serum obtained. The anti-thymus 
serum was subjected to a temperature of 56° C for 30 min, 
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Haemagglutinins were removed by absorption with packed 
guinea-pig red blood cells in the ratio 1 : 1. The serum was 
Seitz-filtered and stored at —20°C. Bone marrow IgG 
was prepared by the method of Baumstark, Laffin and 
Bardawil®, using ‘Sephadex DEAE A-50° anion exchange 
resin. Control experiments were performed on seven 
guinea-pigs using normal rabbit serum. In these experi- 
ments 14,000 nucleated marrow cells have been counted in 
twenty-eight smears. Mitotic abnormalities as seen in 
the marrows of guinea-pigs exposed to the antiserum 
were not detected. If they do occur, their incidence must 
be extremely low. 

Fig. 1 shows examples of the cellular abnormalities 
following injection of anti-thymus serum. Damaged 
mitotic figures (mostly aberrant chromosomes) oecurred 
after either single or repeated injections of whole anti- 
thymus serum, from which haemagglutinins had been 
adsorbed. Thus, using an antiserum with a lymphocyte 
agglutinating titre of 1/356, these abnormalities were seen 
4h after a single injection of 3-7 ml. and similar changes 
were noted 2 days after the last of three daily doses of 
35 ml. In a third experiment, the abnormalities were 
present 7 days after five daily doses of L8 ml. All 
injections were given intraperitoneally. Giant cells and 
cells with karvomeres were noted 2 days after the initial 
injection of the antiserum. 

In a guinea-pig reeeiving rabbit anti-bone marrow IgG, 
abnormal mitotic figures (Fig. 2) and giant cells (Fig. 3) 
were noted 24 h after the second of two daily injections 
of IgG (total dose 128 mg IgG). These abnormalities 
most commonly occurred in the cells of the granulocyte 
series and closely resembled those seen in guinea-pig bone 
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Fig. 1. Damaged mitotic figure; neutrophil with karyomere; and giant. 
neutrophil in smears of bone marrow exposed to anti-thymus serum. 
(All figures are stained with MacNeal’s tetrachrome, x 1,200.) 





Abnormal mitotic figures in smears of bone marrow exposed to 
anti-bone marrow IgG. 
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Fig. 3. Giant neutrophil in 
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Myo-inositol influences Release and 
Inactivation of Murine Sarcoma Virus 
from Desiccated Transformed Mouse 
Embryo Cells 


Ir has been reported'~* that certain viruses, including Rous 
sarcoma virus (RSV) and murine leukaemia viruses 
(MLV), can be released in highly infectious form from host 
cells dried in the presenee of myo-inositol at certain 
relative humidities; and the structural importance of 
bound water and its replacement by myo-inositol in 
biological systems has been reviewed recently‘. 

The advent of a reliable in vitro assay system for MSV 
(Moloney)? (a murine sarcoma virus)* has allowed us to 
investigate the influence of partial desiccation and 
inositol on virus released from MSV (Moloney) transformed 
cells. Cultures of transformed mouse embryo cells in 
60 mm plastic Petri dishes were treated for 2 h at 37° C 
with either 4 ml. growth medium (19945 per cent calf 
serum) or a 1: 1 mixture of growth medium plus 5 per cent 
myo-inositol in water (isotonic). After removal of these 
media the open plates were dried in a humidifier pre-set at 
various relative humidities. Pairs of plates were removed 
at different time intervals, the dried cells scraped into 
1-0 ml. of fresh growth medium, and the cell debris 
deposited at 1,000g. The supernatant was assayed on 
15 day old Swiss mouse embryo ceils’. Virus released 
from parallel cultures frozen and thawed three times was 
assayed to establish an arbitrary 100 per cent yield for 
reference. 

Each curve in Fig. 1 incorporates the results of at least 
three experiments. Clearly two phenomena are repre- 
sented: (a) virus released from the drying cells, and (b) 
the decay of infectivity (and transforming ability) of the 
released virus. 

Desiccation results in larger virus yields from the 
transformed cells at all relative humidities with the pos- 
sible exception of untreated cells at 30 per cent relative 
humidity. Here, rapid inactivation may mask any 
increase in yield. After 3-5 min drying no further increase 
in virus yield occurs and the remainder of the curve 
chiefly represents the decay rates of the virus. In all 
cases inositol protected virus against inactivation with 
maximum protection occurring at 30 per cent relative 
humidity. This is in general agreement with results 
obtained during the desiccation of RSV?. 

MSV is known to be unstable to repeated freezing and 
thawing, and the increased virus yields during the first 
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few minutes of drying suggest that this may be a better 
method of obtaining virus. The higher yield at 60 per 
cent relative humidity in the presence of inositol (two to 
three times greater than controls) may be because loss of 
bound water over the critical range 55-75 per cent relative 
humidity results in considerable distortion of DNA and 
marked changes in biological integrity which can be 
prevented by inositol’:*, All evidence so far indicates that 
MSV contains an RNA genome®-” but the response to 
drying of both MSV and RSV}? suggests that the role of 
bound water in maintaining the integrity of RNA is 
similar to its role in DNA viruses. 

R. BATHER 

J. YANG 
University of Saskatchewan, 
Saskatoon, Canada. 
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Replication of Cat Leukaemia Virus in 
Cell Suspension Cultures 


LEUKAEMIA (lymphosarcoma) virus (FLV) has been 
detected in cat tissue and plasma!*. The “C-type virus, 
in addition to replicating from plasma and vacuolar mem- 
branes of a variety of cell types. is also morphologically 
similar to murine leukaemia viruses!. While studying in 
vitro bovine leukaemia our group established a successful 
method for propagation of lymphoid cell suspension 
cultures’. These lymphoid cells had a hyperdiploid 
chromosome complement and they were devoid of recog- 
nizable virus. Because tissue from cats with leukaemia 

contains “C’’-type virus, we have tested to 

see if cells grown in suspension cultures 
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derived from such tissue continue to replicate 
leukaemia virus in culture. We now report 
the development of a successful method for 
propagation of “C-type FLV in lymphoid 
cells grown continuously in cell suspension, 
which should provide a standard and con- 
stant source of FLV. 

Methods for detection of virus and pre- 
paration of inocula for the first transmission 
experiment have been reported*. Virus was 
concentrated from tissue of a 3 year old cat 
with spontaneous leukaemia by differential 
centrifugation. Two and three-tenths (2-3) g 
equivalents were inoculated intraperiton- 
eally into five 1 day old kittens. Three 
developed leukaemia, confirmed by his- 
tology, within 8 weeks. Virus was concen- 
trated from tissue of two of these kittens 
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Fig, 1. Release and decay of MSV (Moloney) from infected mouse embryo 
different relative humidities. Solid lines represent virus released from con 
2 h in growth medium before drying. 


Each curve represents at least three sets of experiments. 


Broken lines represent virus released from cells 
held for 2h ina 1 : 1 mixture of growth medium and 5 per cent myo-inositol before drying. 


using the same technique. Two and five- 
tenths (2-5) g equivalents were inoculated 
intraperitoneally into four 1 day old kittens 
in a second cell-free passage of the virus in 
cats. The latent period was longer in the 
second transmission experiment. Two of 


cells dried at 
trols held for 
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Light photomicrograph of characteristic free-floating individual and clumps of lymphocytic cells from suspension culture. 
A composite of a typical microscopic field prepared from a stained film of lymphocytic cells grown in suspension culture. 
ph of an immature virus particle budding from the plasma membrane of a lymphocytic cell grown in suspension 


culture. ( x 75,000.) 


Fig. 4. 


the four kittens developed leukaemia within 40 weeks. 
One of the cats in the second cell-free passage had 
progressive anaemia for 3 months and there was almost 
complete replacement of bone marrow tissue with 
malignant lymphocytes before the cat died. It was 
bled to death and a suspension culture was initiated 
from a solitary tumour on the kidney by placing 
minced tissue in Leibovitz (L-15)® growth medium 
containing 30 per cent foetal calf serum. After the first 
subeultivation, the cultures were routinely subdivided 
every 3 to 4 days. The generation tune was determined 
by direct cell count. Electron microscope specimens 
were prepared on the thirtieth and sixtieth days of culture. 

The cells grew singly or in aggregates (Fig. 1). Mor- 
phologieally, they were typically lymphoid. measuring 
10-13 mierons in diameter with a nucleus measuring 
7-10 microns (Fig. 2). The generation time in our culture 
eonditions was approximately 36 h with yields of 1-2 x 10° 
cells per ml “C-type virus was found budding from 
plasma and vacuolar membranes of these cells (Fig. 3) and 
frequently large numbers of immature and mature “C"- 
type virions were found closely associated with the 
outer surfaces of the cells (Fig. 4). The virions meas- 
ured approximately 115 mmicrons in diameter. The 
structure of virions was indistinguishable from that of 
particles in tissues of cats with indueed or spontaneous 
leukaemia. 

This work shows that type virus will replicate 
from lymphoid cells that were established from leukaemic 
tissue and grown in suspension cultures. Previous studies 
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Eletron micrograph of “C-type virus particles adjacent to and budding from lymphocytic cell grown in suspension culture, (= 13,000.) 


with Ivmphoid cells in suspension cultures from known 
human leukaemic tissue have indicated the presence of 
herpes-like particles’, but no viral particles were found in 
bovine leukaemia cells grown continuously in suspension’. 
The reasons for these species differences arc unknown, 
The large number of virions associated with the eat cells 
in suspension suggests that they may be a better source of 
replicating “C-type cat leukaemogenic virus than 
particles budding from cells grown in monolayer eultures*. 
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Hominoid Tali from East Africa 


Luaxny recently drew attention to the doubtful taxono- 
mic status of certan post-cranial bones known from two 
sites in Kenya, Songhor and Rusinga?. These sites have 
yielded material from the early Miocene period which 
belongs to primates of the genus Proconsul (= Dryopithecus 
(Proconsul)) and to a taxon previously known as ‘“‘Stva- 

africanus’; the latter material has been trans- 
ferred by Leakey to Kenyaptihecus, a new genus created 
by him within the family Hominidae. This step has not 
gained universal acceptance and has been rejected by 
Pilbeam on the grounds that the material is madequate 
for specific diagnosis, and he suggests that this material 
should be placed wıthm the genus Dry 

In this situation it 18 now clear that these ere -cranial 
bones are of critical importance, for good evidence of 
hominid locomotor affinities might suggest that they 
should be attributed to Kenyaptthecus africanus. This 
would support Leakey’s view that this taxon is valid and 
belongs within the family Hominidae, whereas pongid 
locomotor affinities could suggest that the original 
attribution to Proconsul was probably correct. 

A talus and a calcaneum (CMH 145 and 146) from Song- 
hor and a talus (CMH 147) from Rusinga were described 
by MacInnes? in 1943 and assigned by him to Proconsul 
sp. (Hopwood); later Le Gros Clark and Leakey‘ con- 
sidered that this attribution was justified, and tentatively 
added, on grounds of size, that they should belong to 
Proconsul cf. nyanzae. Despite this, they recognized the 
possibility that the bones may belong to the “‘Stvapithecus 
africanus” assemblage. Subsequently, a further talus 
(234’50) from Rusinga was desoribed by Le Gros Clarks; 
he noted similarities between this talus and the previous 
tal and placed ıt in the genus Proconsul with the others. 
There matters have rested until the question was reopened 
by Leakey’s new assessment. 

To throw some light on this controversy the functional 
affinities of the tal: from Songhor and Rusinga have been 
investigated by means of a comparative metrical study, 
using the tali of groups of modern striding bipedal men 
and those of modern pronograde quadrupedal apes 
(modified brachiators). The statistical methods used were 
the Mahalanobis D? coefficient of morphological distance, 
and canonical analysis of both the fossil and modern 
comparative data as described recently*. In brief, this 
involves the selection and measurement on each specimen 
of seven talar angles and mdices (believed to be func- 
tionally significant ın the locomotor economy of the ankle) 
followed by discriminant analysis of these data, mcluding 
comparison of the scores of individual fossils with those 
of the discriminated groups, either mdividually or pooled 
on the basis of their known locomotor types. 

Calculation of the D? distance between the fossil tal: 
and the centres of the pooled locomotor groups (Fig. 1) 
showed the fossil tali to be significantly closer (P=0-1 
per cent) to the pronograde quadrupedal apes than to the 
striding bipedal men. Canonical analysis of the same data 
in separate groups produced three variates. The results 
can be expressed in diagrammatic form by plotting two 
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Fig. 1. A lmear representation of the D* distances between the fossil 
tall and comparative modern human and modern ape groups. 














Fig. 2. Canonical ar of the separate modern human and modern 
ape groups showing Tolative e postions of the fosml tali (vanates 











Tig: 3 Canonical diagram of the separate modern human and modern 
ups showing the relative positions of the fossil tah variates pag 
and ID. 1, Barnett’s; 2, Cassington; 3, bushmen; 4, Gorilla; 5, Pan. 


variates against each other and forming circles, each four 
standard deviations in diameter, thus enclosing 86-5 per 
cent of the observations in a group. When variates I and 
IL were plotted (corresponding to the two largest eigen- 
values) a clear separation was obtamed between the groups 
falling in each locomotor category. The canonical variates 
for each of the fossıl tah fell withm the pongid groups 
(Fig. 2). A further plot of vanate II against variate IIT 
(Fig. 3), ın effect rotating the viewpoint of the model 
through 90° about the variate I ams, predictably showed 
less discrimmation between the groups and confirms that 
the fossil tal: stall lie within the now superumposed groups. 
In considering these results it must be remembered 
that the discrimination produced is related to the basis 
on which the parameters were chosen, m this case the 
functional morphology of the talus; thus a clustering of 
pomts will produce groups of bones with similar functional 
affinities. 

Thus ıt seems that Le Gros Clark was right to link the 
later Rusinga talus (234’50) with the other tal on morpho- 
logical grounds, for they all behave similarly in the canoni- 
cal analysis. The close affinity between the fosml tali 
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and the modern pongid tal that has been demonstrated 
here suggests that the fossil tali are most likely to be 
associated with the clearly pongid Proconsul material 
from these sites. If they are subsequently shown to be 
associated with the “S. africanus” (K. africanus) material, 
then this form has distinctly pongid locomotor affinities. 
Neither interpretation supports the suggestion that we 
have post-cranial evidence of the family Hominidae from 
the early Miocene of East Afmca. 

We thank the trustees of the Boise Fund for supporting 
B. A. W. during this investigation, and Dr L. 8. B. Leakey 
for allowing us to examine the material. 
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Effectiveness of the Xenogeneic 
and Allogeneic Components of Bivalent 
Rabbit Antilymphocyte Serum 


Tue disadvantage of xenogeneic (or heterologous) antı- 
fymphocyte serum (ALS) is the development of hyper- 
sensitivity, anaphylaxis and the production of antibodies 
to the foreign protem!*. We wanted to determine 
whether an effective allogeneic antiserum could be raised 
which would avoid some of theso disadvantages. The 
rabbit was chosen because it is a good producer of circulat- 
ing antibody and has been used*~’ to raise a potent ALS 
against another species. Because of the disappointing 
results of Balner and Dersjandt* with allogeneic ALS m 
rhesus monkeys, we immunized the same rabbits with 
mouse lymphoid cells simultaneously so that some assess- 
ment could be made of the immunosuppressant activity of 
the resultant ALS if the allogeneic component turned out 
to be weak or inactive. 

The same rabbits we e immunized with a mixture of 
both mouse and rabbit lymphoid tissue so that, in effect, a 
bivalent serum antilymphocyte against mouse and 
rabbit resulted. A mixture of thymus and lymph node 
cells was obtained from male ICR mice and separately 
from male white New Zealand rabbits, by cutting up the 
tissues and passmg them through a 60 gauge steel wire 
mesh into Eagle’s medium. After washing 10 x 10" of each of 
the mouse and rabbit cellsin 0-25 ml. of Eagle’s medium they 
were mixed with an equal amount of Freund’s adjuvant. 

The rabbit cell mixture was jected subcutaneously ın 
equal amounts into the rear footpads and the mouse cells 
into the front paws of black New Zealand male rabbits 
weighing 2:5-3 kg on day 0. On day 21, a booster dose of 
the same number of mouse and rabbit thymus and lymph 
node cells, without Freund’s adjuvant, was given in- 
travenously. 

The rabbits were exsanguinated on day 28 in sterile 
conditions and the blood was pooled. The separated serum 
was heated to 56° C for 30 min to destroy complement, and 
then stored at —20° C. Before use it was filtered under 
pressure through a series of ‘Millipore’ filters to ensure 
sterility. Normal rabbit serum (NRS) used m the controls 
was treated in the same way. 

The antimouse xenogeneic component was very effect- 
ive. It was given intraperitoneally in a dose of 3 ml./kg 
of whole serum and controls received the same amount of 
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Table 1. DINUNOSUPPRESSANT EFFECT OF BIVALENT RABBIT ALS ON PFO 


AND HUMORAL ANTIBODY IN AKR/J MALH MICH 


Total PFC/spleen Se are haemag- 
Immun- Day 4 glutination titre 
jzation ‘Treatmentt No. PFC/spleen % Sup- Day 7 
Day (range) pression 0 64 128 Mean 
None None 2 46 _ 
(0-93) 
SRBC NRS 4 5,557 — 
Day —1 to day 3 (2,162-11,750) 
SRBC ALS 4 236 
Day —1 to day 3 (96-384) 
None None 2 2 0 
SRBO NRS 4 8 1 80 
Day —2 to day 6 
BRBC 4 4 0 


Day —2 to day 6 
*0 1ml, of a 80 
+3 ml /kg of et 


cent sus: 


msion of SRBC Injected intraperitoneally. 
r ALS or 


8 infected intraperitoneally. 


Table 2. REJECTION TIMB OF SKIN ALLOGRAFTS IN MIOB TREATED WITH 
BIVALHNT RABBIT ALS 


Mean graft 95% Confidence 
Treatment No. survival* limits 
Days 
None 82 125 12-1-12 9 
ALS 12 25 5 23-90-27 1 
3 ml./kg injected intraperitoneally 
Days —2, —1, 0 
Days 8, 6, 0, and 12 
* Donors were C8H/HeJ male mice; recipients were AKR/J male mice. 


NRS. This caused 95:8 per cent suppression of un- 
facilitated total plaque forming cells (PFC)/spleen on 
day 4. It also completely suppressed the primary haemag- 
glutinin response to sheep erythrocytes in another group 
after continuous treatment from day —1 to day 6. The 
details are shown in Table 1. 

For the skin experiments, AKR/J male albino 
mice were the recipients and C3H/HeJ male mice were 
donors. On average, the controls rejected the skin allo- 
grafts in 12:5 days, and the group treated with ALS 
rejected them in 25-5 days (Table 2). 

The effect on the primary immune response to bovine 
serum albumin (BSA) in white mature New Zealand 
rabbits was investigated. A test group was injected sub- 
cutaneously with 3 ml./kg of ALS from day —1 to day 0, 
and then on days 2, 4, 6, 8 and 10. The control group 
was given a similar amount of NRS. Both groups 
were immunized with 100 mg/kg of BSA, injected mtra- 
venously on day 0, and the test was performed on day 21. 
The level of circulating antibodies to BSA was measured 
by the antigen binding capacity (ABC) test of Farr’. 
The results showed that there was no immunosuppressant 
activity (Table 3). The control group had an ABO;, of 
1:28 pg 1I BSA N/l ml., and the test group had 1:55 
ug 1I BSA N/1 ml. 


Table 8. AMOUNT OF HUMORAL ANTIBODY TO BSA IN WHITE NEW EFHALAND 
KABBITS TREATED WITH BIVALENT RABBIT ALS 


ABC,,* Percentago 
Immunization No. Day 21+ weight 
Day 0 Treatment of S.E. of chango 
rabbits mean from start 
100 mg BBA (injected NRS 3 ml./kg sub- 9 128Ł05 +126 
intravenously) cu 4 
Days —1, 0, 2, 4, 6, 
8 and 10 
155467 +85 


100 mg BSA (injected ALS 8 ml./kg sub- 10 
intravenously) cutaneously 
Days —1, 0, 2, 4, 6, 
and 10 


*ABC,, expressed as ue 117 BSA N/1 ml. when 0-02 pg ™I BSA N was the 
amount of antigen added. 
No serum was taken before immunixation. 


Finally, the effect of the bivalent ALS on cell mediated 
immunity was tested by exchanging ear pinch skin 
allografts between black New Zealand rabbit donors and 
white New Zealand rabbit recipients. These same 
rabbits were also immunized at the time of grafting on 
day 0 with 100 mg BSA given intravenously. Tho 
dressings were removed on day 7 and the grafts inspected 
daily. The grafts were considered rejected when they 
became hard and scabbed over. 

The results (Table 4) show that there was no mmuno- 
suppressant effect in the allogeneic component of the 
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Table 4. REJECTION TIME OF SKIN ALLOGRAFTS AND THE PRIMARY RRSPONSH 
TO BSA IN THE SAME WHITE NEW SHALAND RABBITS TREATED WITH BIVALHNT 
ALS 


Reciprocal of the 
No. Mean indirect hae: utn- 
Immunization Treatment of graft sur- ation titre to 
Day 0 rabbits vival* BSA on day 21 
days 8 16 82 64 Mean 
100 mg BSA NBS 3 ml/kg sub- 8 95 2 2 83 1 2 
(injected n- cutancously 
travenously) Days —2, —1, 0, 2, 
4, 6, 8 and 10 
100 mg BSA ALS 3 mL/kg sub- 4 85 1 1 2 44 
infected m- cu y 
venously) Days —2, —1, 0, 2, 
4, 6, 8 and 10 


* Donors were black male New Zealand rabbits. Reciplents were white 
male New Zealand rabbits, 


bivalent ALS, ether on skm allograft survival or on the 
level of circulating antibody, as judged by the mdirect 
haemagglutination test on day 21. The microtechnique 
described by Lever?® was used after coupling the BSA to 
the SRBC with bis-diazotazed benzidine. Thus, while the 
xenogeneic component was extremely potent agamst the 
mouse, the allogeneic component possessed no immuno- 
suppressant activity against rabbits. 

The bivalent ALS was tested for cytotoxicity agamst 
lymphocytes derived from rabbit peripheral blood, 
rabbit thymus cells, rabbit lymph node cells and mouse 
lymph node cells. As a control, similar groups of cells 
were exposed to NRS. The one stage test showed cyto- 
toxicity of the bivalent ALS against mouse thymus and 
lymph node cells, but only equivocal results against 
rabbit cells. The two stage test showed cytotoxic anti- 
bodies were present against both rabbit and mouse lym- 
phoid and thymus cells. This semiquantitative evaluation 
meant that the bivalent serum was more cytotoxic to 
mouse than to rabbit lymphoid cells. 

‘These results show a striking difference in the immuno- 
suppressant potency of the two components in the bivalent 
ALS, which might be expleined by antigenic competition, 
in that the xenogeneic antigens inhibit the response to the 
allogeneic component. 

Antigenic competition can be considered m two cate- 
gories. One, in which the sum of the total antigenic load 
injected at the same time results in a reduced response to 
all antigens or, in extreme cases, m immune paralysis". 
If this were the explanation, a reduction or absence of 
activity to both components would be expected. We 
found, however, a potent response to the xenogeneic 
component and no response to the allogeneic component. 

The other type of antigenic competition is where a time 
interval of several days between injection of the different 
antigens results in a delay or reduction in the antibody 
response to the second or subsequent antigens}*. Because 
both antigens were given together in our expermment, this 
mechanism could not apply. If antigenic competition 
were the explanation, the cytotoxic antibodies to the 
allogeneic lymphoid cells would probably have been absent 
as well. Although there is no reliable correlation between 
cytotoxicity and immunosuppressant activity, the fact 
that cytotoxic antibodies were present against both 
indicates that the rabbits were able to recognize and 
make antibodies against the allogeneic as well as the 
xenogeneic antigens. 

Lack of genetic dissimilarity is another possibility. 
According to McKhann, the rapid rejection of the rabbit 
skin allografts would be caused by strong histocompati- 
bility differences between the strains. This is only relative, 
however, and intraspecies histocompatibility differences 
do not approach the strength of the differences present 
between species. Further work is necessary to see if it 
would be possible to produce a potent allogeneic ALS by a 
different immunization schedule. The straightforward 
double immunization we used raised a potent xenogeneic 
ALS, but was not successful with the allogeneic com- 
ponent. 
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Inhibition of Circulating Antibody 
Formation induced by Propiomazine 
and Epinephrine Combination 


Previous studies have shown that newborn rabbits, 
made tolerant to large doses of epmephrine, developed a 
runting syndrome’, similar to that described in certam 
species of newborn animals subjected to thymectomy. 
There was also an impaired development of lymphoid 
organs and an inhibition of antibody response followmg 
antigenic stimulation’. There was, however, no pro- 
longation of skm homograft survival in these : 

Other studies using newborn rabbıts showed that the 
administration of propiomazine hydrochloride (Largon— 
Wyeth), a phenothiazine derivative, also resulted in the 
development of a runting syndrome, an mmpaired ability 
to form antibodies following antigenic stimulation, and 
prolongation of survival of skin homografts?. 

Because both of these studies were carmed out in new- 
born rabbits, and both were associated with a high 
mortality rate, ıt seemed useful to study the action of 
these drugs in adult animals. Pilot studies with each 
drug alone given to adult rabbits showed that each was 
ineffective in preventing the formation of precipitating 
antibody (our unpublished work). We now report the 
effects of giving a combination of propiomazne and 
epinephrine to adult animals. 

We used seventeen adult albino rabbits of both sexes, 
weighing 1-5 to 2 kg. They were fed rabbit chow and had 
free access to water. Of these, seven (group A) were 
given the drug mixture daily for a period of 5 weeks before 
immunization. This was given intraperitoneally in a 
dosage of 20 mg of propiomazine and 500 ug of epinephrine, 
m 1-5 ml. Four animals (group B) were given the drug 
mixture for a period of 8 weeks before immunization. 
This was initially given in a dosage of 1 mg propiomazine 
and 5 ug epinephrine, and was gradually mcreased over a 
period of 1 month to a final concentration of 20 mg 
propiomazine and 500 ug epmephrine. Animals ın each 
of these groups were maintained on the drug mixture 
throughout the mmmunization period and until final 
collection of sera. An additional untreated group of 
six rabbits served as controls and was given a daily 
intraperitoneal injection of 1-5 ml. of normal saline 
throughout the experiment. The controls were divided 
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into two groups of three animals each and given saline 
beginning at 8 and 5 weeks, respectively, before ummuniza- 
tion. 

For purposes of mmmunization, antigen was prepared 
by dissolving 20 mg crystalline bovine serum albumin 
(BSA) in 4 ml. of sterile normal physiological salme and 
emulsifying with 8 ml. of complete Freund’s adjuvant 
(Hyland Laboratories). Freund’s adjuvant was used 
because it enhances antibody formation‘. Fresh aliquots 
of this mixture of antigen and adjuvant were prepared 
for each inoculation. Animals were immunized by a series 
of three intramuscular injections of antigen contained in 
a volume of 1 ml., with an interval of 7 days between 
each injection. 

Blood samples were collected from each animal one day 
before admunistration of drug or saline, and 7 days after 
the last (third) immunizing injection. Total and differen- 
tial leucocyte counts were determined from peripheral 
blood, the animals being bled from the central artery of 
the ear. The precise antibody content of each antiserum 
was determined by utilizing the Heidelberger—Kendall 
quantitative precipitin technique and spectrophotometric 
analysis. A complete quantitative precipitin curve was 
determmed on each antiserum by methods previously 
described!, 

Table 1 shows data obtained by quantitative precipitin 
analyses of sera from treated and control animals. As 
shown in Table 1, the drug treated animals (groups A and 
B) produced significantly less circulating antibody than 
did the control groups. (P< 0-05 for group A and P < 0-01 
for group B.) 


Table 1. ANTIBODY PRODUCTION AND LEUCOOYTE COUNTS IN ADULT RABBITS 
TRHATED WITH A MIXTURE OF PROPIOMAZINN HYDROCHLORIDE AND EPI- 


NEPHRING 
Totei and differential circulating leucocyte counts* 
Per cent Per cent 
daGnaay Total comt lymphoc segmented cells 
Ammal nitrogen Before After Before Before After 
gioups per ml. treat- treat- treat- treat- treat- treat- 
serum ment ment ment ment ment ment 
A Treated 5 weeks before sensitization 
1 0 5,100 5,800 85 62 15 38 
2 86 5,800 500 89 53 11 47 
3 0 4,700 11,000 65 69 35 41 
4 82 8,400 ; 49 68 61 37 
5 48 4,300 2,000 74 57 26 43 
8 148 4,300 5,300 62 60 88 40 
7 58 5,200 5,000 83 88 17 12 
B Treated 8 weeks before sensitization 
1 0 8,850 11,300 60 55 40 45 
2 0 11,200 20,200 58 40 42 60 
8 52 14,850 8,900 65 41 35 59 
4 38 11,700 9,900 TI 63 2 37 
Saline (controls) 
Group A 1 182 8,700 9,900 59 48 41 52 
controls 2 138 6,800 5,900 86 69 14 81 
3 98 4,500 8,700 78 65 22 35 
Group B 1 260 11,500 18,500 69 80 81 70 
controls 2 93 18,700 6,800 72 68 28 42 
8 120 18, 300 8,800 88 76 12 24 


* Monocytes included with lymphocyte counts. 


The tanned cell passive haemagglutination technique 
was used to find out if greater sensitivity would show 
antibody in the sera of the four drug treated animals 
with undetectable precipitating antibody. This test 
showed the four sera devoid of antibody. 

Table 1 also shows total and differential leucocyte 
counts before and after treatment in groups A, B and the 
control groups. As shown, there was no significant 
alteration in counts of controls and the treated animals 
between pre and post-treatment periods. 

Immunosuppressive drugs currently in general use 
greatly diminish the total leucocyte count*“, and there 
is need for a drug that can suppress the immune response 
without causing severe alteration ın total or differential 
leucocyte counts. Our data suggest that a combmation 
of propiomazine and epinephrine has some of these desired 
effects. Studies are currently under way to determine 
what effects the drug combination has on the resistance 
of animals to infection. 
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The mechanism of action of the drug combination 1s 
not entirely understood. It ıs known that phenothia- 
zine derivatives protect cell and subcellular membranes 
from injury’ and possess antzhistamimic properties, and 
we think that epinephrine acts by potentiating the effect 
of propiomazine on lymphoid cells. Hence the lymphoid 
cells become refractive to stimulation by antigens. This 
action 18 considered to be similar to that postulated for 
enhancement by epimephrine of action of cortisone on 
leucoo; 10,11, In general, cortisone produces more 
undesirable side effects than the phenothiazine derivatives. 
It ıs interesting to note that the combination of propio- 
mazine and epinephrine markedly reduces the formation of 
precipitating antibody, without significantly altering the 
numbers or types of white blood cells. Either drug when 
used alone ın adult rabbits was, however, ineffective (our 
unpublished work). 

We thank Mrs Vivian Piazza for technical assistance. 
This work was supported by grants from the National 
Institutes of Health, US Public Health Service. 
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Passive Antibody may simultaneously 
suppress and stimulate Antibody 
Formation against Different Portions 
of a Protein Molecule 


ImarUNE suppression is the specifically mduced suppres- 
sion of antibody synthesis by antibodies!“ (a compre- 
hensive review can. be found in ref. 4). Suppression has 
been demonstrated with various Immunogens, including 
protem molecules’*, bacterial flagella’, bacteriophage’, 
red blood cells*:*® and other cellular antigens’, and 
haptenic groups conjugated to protein!*. The observed 
specificity of the phenomenon!:®-!° implies that the pas- 
sively administered antibodies must somehow combine 
with antigen. 

The experiments described here were designed to 
determine whether suppression is specific at the intra- 
molecular level, so that only part of the antigenic de- 
terminants may be suppressed when a protem containing 
multiple and different determinants 1s used as an im- 
munogen. For this purpose, guinea-pig y,-globulin served 
as antigen ın rabbits which were injected with antibodies 
specific for only one portion of the antigen (anti-F(ab’),). 
We wanted to know whether the passively administered 
antibodies would also suppress antibody formation against 
the other antigenic determinants of the y,-globulin mole- 
cule (anti-F'c). We observed suppression of anti-F(ab’), 
antibody formation and, unexpectedly, a concomitant 
increase in antabody production agamst the Fe portion. 
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F(ab’), fragments from guinea-pig y-globulin, and tho 
corresponding rabbit antisera, were prepared as before". 
No cross-reaction between these anti-F(ab’), antibodies 
and the Fc portion of gumea-pig y-globulin has yet been 
detected. Two groups of rabbits were mjected with 
guinea-pig y,-globulin incorporated ın complete Freund’s 
adjuvant, each animal receiving 0-5 mg of protein in 
2 ml. of emulsion distributed among the four foot-pads. 
On the day preceding mmmunization, as well as several 
times afterwards, the experimental animals recerved an 
intravenous injection of pooled anti-F(ab’), antiserum 
from hyperummunized rabbits. The schedule and volumes 
of antiserum injected are given in detail ın the legends of 
Figs. 1 and 2. Injections were contmued for approxi- 
mately 2 weeks after immunization in view of the evidence 
that the passively administered antibody may be reacting 
with the antigen in or on the responding cells®. Control 
animals received comparable amounts of anti-DNP anti- 
bodies contained in pooled sera from rabbits mmunized 
with dinitrophenylated bovine gamma globulin (DNP- 
BGG), prepared as described before!*. Both groups of 
animals were bled several times after immunization and 
the amounts of anti-y, and anti-F(ab’), antibodies ın 
each serum sample were measured by quantitative pre- 
cipitation. The amount of anti-Fco antabody present 
was considered to be the difference between total anti-y, 
and anti-F(ab’), antabody. The results of two such 
experiments are shown in Figs. 1 and 2, and can be 
summarized as follows. 





ANTI Y2 GLOBULIN 





EXPERIMENTAL 








CONTROL 


ANTI F(ab’)2 


OD (280 mz) of antubody precipltated/ml. of antisera (mean) 


TI EXPERIMENTAL 


CONTROL 





10 30 50 100 
Days after immunization 


Fig. 1. Mean amounts of anta-F(ab’), and anti-y, ın sera of rabbits 
immunized with guinea-pig y,-globulin Four rabbits (experimental 
group) received mtravenous injections of rabbit anti-F(ab’), anti- 
serum, contaming 6 mg of antıbody/ml On the day preceding immun- 
ization and on sixth and fifteenth days after immunization, they 
received 4, 4 and 1 ml of antiserum respectively. Four other rabbits 
(controls) were injected simultaneously with the same volumes of 
rabbit anti-DNP-BGG antserum containing 2 2 of anti-DNP 
antibody/ml. One rabbit from the control group died after the first 
bleeding. ‘The vertical bars represent the ra of values found m 
each group of animals. Statistical analyms (analysis of variance, with 
two critema fixed m unequal number of observations per oell) 
showed that the difference between the amounts of anti-F(ab’), produced 
by each group was significant at the 5 per cent level (o =12 86, 
entical F=4 17). The differences in total amounts of antiy antibodies 
produced by the two groups were not significant. 
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ANTI Y2 GLOBULIN 


EXPERIMENTAL 


CONTROL 


OD (280 mz) of antibody prectpitated/ml. of antisera (mean) 


ANTI F(ab’)e 
CONTROL 


EXPERIMENTAL 





Days after immunizaton 


Fig. 2. Mean amounts of intr Fab) and anti-y, ın sera of rabbits 
immunized with “pig Yıglo . Four rabbits (experimental 
group) received intravenous injections of rabbit anta-F(ab’), antsserum 
containing 88 mg of antibody/mL On the day preceding immunization 
and on the second, fifth, seventh and twelfth days after immuniration, 
they received 5, 5, 8, 8 and 1:4 mJ of antiserum ectively. Four 
other rabbits (controls) were injected simultaneously with simular 
volumes of rabbit anta-DNP-B antiserum containing 22 mg of 
anti-DNP antibody per ml. The vertical bars represent the range of 
values found in each group of animals. Statistical anal analysis 
of variance, with two cri fixed model, equal number of observations 
per cell) showed that the difference between the amounts of antl-F(ab’), 

roduced by each group was cant at the 5 per cent level (observed 

= 88 18, critical #=417); difference in amounts of antl-y, pro- 
duced were not mgnificant, The difference between the mean amounts 
of anti-Fo produced by the two groups was cant at the 5 per 
cent level, use their 96 per cent confidence Iimita did not overlap. 


In the control animals the amounts of anti-F(ab’), 
antibody synthesized amounted to 40-60 per cent of the 
total amount of anti-y, antabodies produced. In contrast, 
in the experimental animals receiving anti-F(ab’), anti- 
bodies, the synthesis of anti-F(ab’), was suppressed. The 
formation of anti-Fc antibody, however, was not con- 
comitantly suppressed but was mcreased significantly m 
comparison with the controls. For this reason the total 
amount of anti-y, antibodies found in the sera of the 
experimental animals was even greater than that of the 
controls. 

Our data confirm previous studies on immune suppres- 
sion in a different system in which the antigen consisted 
of two distinct haptens (DNP and arsanulic acid) coupled 
to the same protem carrier’®; in this case also it was 
clearly shown that administration of antibodies against 
one hapten did not suppress the formation of antibodies 
against the other hapten. An important impleation of 
both studies is that suppression does not involve elimina- 
tion of the whole immunogenic molecule by the injected 
antibody. This conclusion is further supported by the 
mitiation by anti-F(ab’), antabody synthesis in the experi- 
mental animals several weeks after the last injection of 
suppressing antibodies. 
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The observed increase in anti-Fo antibody production 
which accompanied suppression of anti-F(ab’), formation 
doea, however, differ from the findings of the study we 
have cited here!’ in which antibody production against 
the non-suppressed haptenic determinant was unaffected. 
Two possible alternative explanations for our results are 
(a) that the antigenic determinants of the F(ab’), and Fe 
portions of the ;,-molecule ‘‘compete”15 during normal 
immunization, and the competitive effect is blocked when 
the immunogenicity of F(ab’), is suppressed; (b) that the 
passively administered antibodies bound to the antigenic 
determinants of the F(ab’), region enhance the mmuno- 
genicity of the uncovered part of the protein molecule in 
some other way. 

From a practical point of view, the enhancement of the 
immune response to certain antigenic determmants after 
specific suppression of others present on the same molecule 
may provide a useful method of enhancing antibody 
formation against weak antigenic determinants. On the 
other hand, it may be a complicating factor when immune 
suppression is used therapeutically. 

This work was supported by a grant from the National 
Institutes of Health, US Public Health Service. V.N. 
is a career scientist of the Health Research Council of 
the City of New York. We thank Drs E. Berguo and 
J. King for the statistical analysis. This is part of a thesis 
to be submitted by C. S. P. to the Graduate School of Arts 
and Sciences of New York University. 
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XYY Chromosoma! Constitution in 
Prison Populations 


In 1965 Jacobs et al. found seven of 196 males at Carstairs, 
the Scottish State Hospital, had a chromosome comple- 
ment of 47, XYY and studies of the inmates of similar 
institutions in England’, Australie’, Denmark‘ and the 
USA’ have confirmed this. The height of many males 
with a double Y chromosome was 180 cm or more. This 
raises the question, is there a similar high incidence of 
47, XYY males among the inmates of prisons? Reports 
relating to prisons and other penal institutions*** have 
shown considerable variation in the incidence of 47, X YY 
males (Table 1). 

In HM Prison, Belfast, Northern Ireland, we in- 
vestigated sixty-seven males whose height was 177-5 cm 
or more (97 per cent of the total prison population of that 
height) on February 1, 1968. We failed to find a single 
male with a 47, XY Y chromosome complement, but, for 
the purposes of future comparisons, it is of interest to 
record the height and the offences of the men in this study. 
Their heights were 177-5 om (43), 180 om (15), 182-5 cm (4), 
185 om (3) and 187-5 cm (2). They had committed a 
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Table 1. SURVEYS OF 47, XYY MALES IN PRISONS 
No. No.of 
Penal Belection exam- 47, Refersnce 
population criteria ined Y 
Nottingham, Eng- Height >183 om 24 2 Casey et al. (1966) 


Wandsworth, Lon- Helght »188 cm 84 2 Griffiths and Zarem- 
don ba (1967) 


Grendon, England — 204 2 Bartlett et al. (1068) 
All Scottish prisons Height >188 cm 106 1 Court Brown (1968) 
Allocation Centre, — 302 — Court Brown (1988) 


Saughton Prison, 
Edinburgh 


Belfast, Northern Height >177-5 m 67 — Present communica- 
Ireland tion 


variety of offences; larceny (29), assault (8), malicious 
damage (4), robbery wıth violence (3) and other offences 
(23) such as embezzlement, murder, incest, receiving and 
forgery. 

This work was financed by a grant from the Northern 
Ireland Hospitals Authority. We are grateful for per- 
mission from the Ministry of Home Affairs to undertake 
this study and to Major A. E. Mullin, Governor of Belfast 
Prison, for his cooperation. 
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Hypersensitivity of Lymphocytes in 
Down’s Syndrome shown by Mixed 
Leucocyte Culture Experiments 


Waan human leucocytes from two normal unrelated 
individuals are cultured together, some of the small 
lymphocytes which show a blastoid transformation can 
synthesize DNA and undergo mitosis', and it bas been 
suggested that such a reaction in the mixed leucocyte 
cultures is related to homograft ımmunity and genetic 
differences between two individuals. We have investi- 
gated the blastoid response ın mrxed leucocyte cultures 
of normal persons (NP) and Down’s syndrome (DS) 
patients using autoradiographic and karyotypic analyses. 

Blood samples were taken from four DS patients with 
G-trisomy, an atypical DS patient with G-tmsomy/normal 
mosaicism and fourteen normal volunteers, all unrelated. 
Venous blood, about 10 ml., was drawn from each into a 
hepatinized syringe and left at room temperature for 
1-2 h. The supernatant plasma, contaming leucocytes, 
platelets and a few erythrocytes, was used for our experi- 
ments. Three kinds of mixed cultures, D8/DS, DS/NP 
and NP/NP, and two kinds of unmixed cultures, DS 
alone and NP alone, were prepared as follows. In the 
mixed cultures 0-5 ml. of plasma from each donor was 
mixed and diluted with 3 ml. of NCTC 199 culture medium, 
while in the unmixed cultures 1-0 ml. of plasma was used, 
so that the number of leucocytes and the amount of plasma 
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in the two types of cultures could be approximated. After 
5 days of moubation at 37° C, *H-thymidine (specific 
activity 5-0 Ci/mmole) was added to the culture at a 
concentration of 1-5 uC1/ml. for 6 h which was eventually 
subjected to colchicine (10-7 M) for the final 3 h. The 
cells were treated with a hypotonic solution, fixed with 
acetic alcohol, air-dried and stained with carbol fuchsin. 
The shdes were coated with Sakura NR-M2 liquid emul- 
sion. After a weok’s exposure at 4° C, slides were developed 
with ‘Conidol-X’ for 5 min at 20° C, fixed, washed and 
prepared for observation. The percentage of labelled 
cells was measured on the basis of 1,000 mononuclear 
cells. In each experiment an uncoated slide was stained 
with Giemsa for karyotype analysis. 

The distributions of the frequency of labelled cells in 
fifty-eight different seta of cultures, including thirty- 
eight mixed and twenty unmixed cultures, are shown in 
Fig. 1. There was a striking difference in the distribution 
of frequency of labelled cells between the mixed and 
unmixed cultures (P<0-01). The mean percentage of 
labelled cells and the standard deviations were 9-8 + 6-1 
for D8/D8, 9-74+8-1 for DS/NP, 5:344-5 for NP/NP, 
1:0+0-75 for D8 and 0:-45+0-34 for NP. There was a 
statistically significant difference (P<0-05) in the mean 
percentage of labelled cells between DS/DS (or DS/NP) 
and NP/NP but no difference between DS/DS and DS/NP. 
Although the distribution patterns in the frequency of 
labelled cells was different between the two groups of 
unmixed cultures (DS and NP) the difference in the mean 
percentage of labelled cells was not statistically significant 
(P > 0-25). 

Different rates of thymidine incorporation in six 
examples of different pairs of mixed cultures among 
three DS and three NP are illustrated in Fig. 2. Results 
suggest that the different responses of lymphocytes in 
the mixed cultures were dependent on the combmation 
of donors selected. Similar results were obtained when 
this experiment was repeated, and also in leucocyte mıx- 
tures including those from a mosaic DS patient (Fig. 1). 

Detailed chromosome analysis was possible in eleven 
out of sixteen DS/NP (Table 1). About three-quarters of 
metaphase cells in mrxed cultures were found to have 
forty-seven chromosomes with a trisomic-G constitution, 
whereas the other quarter had forty-six chromosomes 
with a normal karyotype. The increase in labelled cells 
and the forty-seven chromosome cell line in the mixed 
cell population was nearly parallel. 

The mechanism of the mitogenic reaction induced by 
phytohaemagglutinin (PHA), and some other substances 
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l.ll. 


DS-2/DS-3 DS-2/NP-1 DS-4/NP-1 DS-4/DS-3 DS-3/NP-3 NP-2/NP-3 


Jie. 2 Six examples of leucocyte mixed and unmixed cultures, ha 
nt reactions in different combinations. In each example bo 
sides are the tures n end ehg middle is the corresponding 


No of labelled cells / 1000 


such as tuberculin, diphtheria toxoid and pertussis vac- 
cine, in lymphocytes is not yet clear. It is usually believed. 
to be related to the immunological function or to the 
membrane phenomenon of small lymphocytes*. A similar 
mechanism may also be feasible for the mixed leucocyte 
reaction between two unrelated individuals as Bain et al. 
suggested!. The reaction seemed to be related to a 
genetic difference between the two subjects or to homo- 
graft immunity, for such a phenomenon was not observed 
in mixed cultures of monozygotic twms. ‘Thus the 
leucocyte mixture system was considered to provide a 
useful tool for detecting compatible graft donors and for 
the study of the genetic mechanism of histocompatuability 
m man’. 

The present study revealed that small lymphocytes in 
the mixed leucocyte cultures of DS/NP and DS/DS 
showed a more striking hyperblastic response with a 
much higher mitotic activity than m NP/NP mixtures or 
in unmixed cultures. The reaction seemed to be consistent 
and similar for a particular combmation selected. The 
distribution of frequency of labelled cells in DS/NP and 
DS/DS mixtures (in Fig. 1) seemed to show a bimodal 
pattern. The reason for this bimodal pattern is not 
known; of course, & chance occurrence cannot be excluded. 
The different reaction patterns observed in the mixed and 
unmixed cultures were independent of the ABO blood 
type, age and sex of the donor. 

The hyperblastic response was remarkable in D8/NP 
and D§8/DS mixtures. Cells from DS patients in mixed 
cultures (DS/NP) had a much higher mitotic activity 
than cells from NP in these cultures. This implies that the 
lymphocytes of DS patients, when subjected to the mixed 
culture, have a higher potentiahty to divide than those of 
NP and that the hyperblastic response may be caused by 
a genetic factor involved in DS. Hayakawa et al.’ re- 
ported a mmilar hypersensitivity of lymphocytes in DS 
to dilute PHA. ‘They suggested that this abnormal 
responsiveness in DS may be a manifestation of an 
unknown mechanism causing the high incidence of 
leukaemia and some immunological abnormalities in DS. 


Table 1. CHROMOSOME COUNTS AND FREQUANCIES OF LABELLED ODLLS 
IN DS/NP 
Percentage 
No. of cells with Total No. of cells Percentage 
chromosome No. of of cels with 47 of labelled. 

47 46 observed chromosomes colls 
D8-2/NP-1 52 9 61 85 2 28 2 
DS-1/NP-1 75 15 90 83-8 23 0 
D8-3/NP-1 80 15 45 667 169 
D8-3/NP-2 12 4 16 750 159 
D8-4/NP-4 16 7 23 69 6 147 
DS-38/NP-38 11 7 18 611 184 
DS-2/NP-2 25 8 28 89 2 18-3 
D8-2/NP-5 7 8 15 467 69 
DS-1/NP-8 3 1 4 750 68 
D8-4/NP-2 3 4 7 428 30 
DS-1/NP-5 2 4 6 333 25 
Total or mean 286 77 818 754 18-1 
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Although too few data are available for conclusive 
remarks, mosaic patients with various proportions of 
normal and abnormal cell lines and different clinical mgns 
including immunological peculiarities may be useful in 
solving the mechanism of hyperblastic lymphocyte reac- 
tion ın Down’s syndrome. 
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APPLIED SCIENCE 


Reciprocating Superconducting 
Generator/motor 


Wa report here a new approach to the use of supercon- 
ductors ın electrical machines (British Patent Application 
No. 1686/69). There are several advantages in using a 
superconductor instead of a conventional conductor 
in rotating electrical machinery. 

First, in the field winding, a superconductor without 
iron can produce a much greater magnetic flux density 
than a normal conductor plus iron. (Copper alone could 
theoretically produce as great a flux density but at a 
quite prohibitive energy dissipation.) This should allow 
a reduction in weight, size and cost. The higher flux 
density also means that the induced e.m.f. per unit length 
of armature conductor is greater, which imphes that for 
the same power, the size of armature, the rotational speed 
or the current may be reduced, either together or separ- 
ately. Ifthe armature rotates entirely within the uniform 
field of a superconducting solenoid, armature iron is not 
necessary, which contributes to further weight reduction. 

Finally, the use of a superconductor in the field winding 
eliminates the I?R losses inevitable in a normal conductor. 
In a homopolar d.c. machine the losses in the armature are 
also eliminated if it is superconducting. 

There are two principal types of machine having arma- 
tures rotating entirely within a solenoidal field wmding. 
One is the homopolar machine, using rotation about an 
axis parallel to the field and producing d.o., and the second 
is an a.c. machine, in which the rotation is about an axis 
at mght angles to the field. The armature of either 
machine may use either a superconductor or a normal 
conductor. 

The homopolar machine (due to Faraday) needs to 
have a segmented rotor in order to work at moderate 
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Fig. 1. Principle of reciprocating generator. 
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Fig. 2. End view of 3-phase generator. 


voltage and current. The series connexion of the segments 
by contacts and brushes leads to difficulties ın operation. 
Moreover, this machine has large stray flelds from the 
open ends of the solenoid; ıt uses the field near the axis 
of the rotor only mefficiently because the linear speed is 
very small; and it can produce only d.c. 

Although the a.c. machine has most of the advantages 
discussed above, ıt has the disadvantage of excessive 
a.o. loss resulting from the rotation of the armature in a 
high flux density (say, 50 kG). These losses (a few hundred 
kW in a 10 MW machine) occur m both superconductors 
(as hysteresis losses) and normal conductors (eddy-current 
losses) and are additional to those resultimg from the 
alternating current in the armature conductors; they can 
be greater than the Joule losses in a conventional machine 
handling the same power. 

If, mstead of rotating, the armature conductors recipro- 
cate m the magnetic field, as shown in Fig. I, an alternat- 
ing emf. is induced without excessive a.c. losses. Im- 
mersed in & unidirectional magnetic field, the a.c. losses 
now result from the current alone and they can be made 
acceptably small. Electrical connexion to the ends of the 
conductors need not be through sliding contacts; springs 
or flexible connexions can, be used instead. Power can be 
transmitted to or taken from a shaft by means of a crank 
and connecting rod. Although such a machine can operate 
in a single-phase mode, with the armature oscillating 
across the field of a straight solenoid, the preferred 
operation is three-phase, using a toroidal field winding, 
as shown in Fig. 2. This arrangement has no stray 
magnetic field. Fig. 1 now becomes a representational 
section through X-X. Only three conductors are shown 
in the diagram, but each of these may be broken down to 
give several conductors per phase and these can then be 
connected in series outside the magnetic field to give, with- 
in limita, any required e.m.f. Although the field winding 
would certainly be superconducting, it has not yet been 
decided whether the armature should consist of super- 
conductors or normal conductors. 

Because all the magnetic iron—which accounts for about 
half the weight of a conventional machine—is eliminated 
in the new design there would be a substantial weight 
saving. Preliminary caloulations also indicate that, even 
with a very large machine (~ 500 MW), some reduction 
in both size and power loss could be achieved. 

R. V. HARROWELL 


Central Electricity Research Laboratories, 


Received March 10, 1969. 
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Book Reviews 


RELATING TO DARWIN 


Darwinlsm Comes to America 

Edited by George Daniels. (Primary Sources in American 
History.) Pp. xix+137. (Blaisdell (Ginn.): Waltham, 
Mass., and London, 1968.) $1.95 paper. 

Tas paperback 1s a sampler of letters, periodicals, and 
reports ın the United States relatmg to the publication 
late in 1859 of Charles Darwin’s “Orıgin”. The extracts 
are grouped as follows: presentation of selected aspects 
of the theory beginning with Darwin’s letter of confession 
to Asa Gray (wrongly dated 1856—the correct date is 
1857), then Gray’s review of March 1860 severely cut for 
reasons of space, and samples of the imitial public debate 
in Boston with Agassiz m the lead for the opposition. 
The next sections give the religious and scientific rejections 
followed by the Neo-Lamarclkian compromise. Then we 
have rehgious accommodation to this compromuse, first 
stirrings of social Darwmism—a rank growth which took 
root to flourish with vigour ın the United States, and finally 
the conversion of Alexander Winchell. No room has been 
found for Chauncey Wright—debarred no doubt because 
of his effective writing in support of Darwin—but as a 
founder of Pragmatism he 1s surely worth a place. The 
editor, George Daniels, considers that “the theory and 
the older ways of thought were made to accommodate 
themselves to each other” and he supplies a useful intro- 
duction to the whole book as well as to each section of the 
extracts. The severe cuts in the extracts are exceedingly 
frustrating because they require following up ım the 
originals, and few libraries in this country are adequately 
equipped in American periodicals of this period. There 
ig no guide to further reading nor is there an mdex. 

The European reader will nevertheless read this work 
with profit. The Gray review, available in full m his 
recently reprinted Darwiniana, 18 a magnificently sus- 
tained piece of writing, allowing his opponent, Agassiz, 
enough quotation to nullify his conviction that ‘‘the forms 
and orders of all species are eternal thoughts of the 
Creator, owing their survival or extinction to His Plan”. 
Gray sustains a seeming impartiality whilst subtly 
weighting the scales in Darwin’s favour. After the 
debates ın Boston early in 1860 there is a hiatus in com- 
ment because the Civil War preoccupied attention from 
1861 to 1865. 

When Darwin’s position came to be considered after 
1865, the battle of transmutation had already in Britain 
been decided in hig favour. The pecularly American 
difficulty in acceptmg the true randomness of variation 
and in tolerating Darwin’s austere candour in admitting 
his ignorance of the origin of observed variations led to the 
Neo-Lamarckian school which in Romanes’ phrase 
“endeavours to reform Darwinism . . . by transferring the 
sovereignty from natural selection to the pmnciples of 
Lamarck”. This difficulty was foreshadowed in a passage 
from Grey’s review of the “Origin” (not included in this 
selection) which reads: “There is room only for the 
general declaration that we cannot thmk the Cosmos a 
series which began with chaos and ends with mind, or of 
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which mind is a result: that, if, by the succeasive origina- 
tion of species and organs through natural agencies, the 
author means a series of events which succeed each other 
irrespective of a continued directing intelligence—events 
which mind does not order and shape to destined ends— 
then he has not established that doctrme, nor advanced g 
towards ıts establishment, but has accumulated ımprob- 
abilities beyond all belief”. It is not therefore surprising 
that even attitudes favourable to transmutation con- 
gealed around a Neo-Lamarcinan interpretation. Indeed, 
1t 13 doubtful whether Darwinism truly came to America 
until 1876 when T. H. Huxley came to speak at tho 
opening of Johns Hopkins University and later gave in 
New York three lectures on evolution. Cope by then 
was riding his palaeontological Neo-Lamarckian hobby 
horse and Darwmism had to le to accommodate 
genetics, and mutations after 1900. It was not until the 
rise of population genetics and the statistical insights of 
Fisher and Wright dating from the early 1930s that 
Darwin was seen to have been right all the time in lus 
conviction that “Nature never took leaps”. 
SYDNEY SMITH 


VIEW OF MOLECULAR GENETICS 


Towards an Understanding of the Mechanism of 
Heredity 

By H. L. K. Whitehouse. Second edition. Pp. xv+447. 

(Arnold: London, March 1969.) 65s. 


Tux first edition of this book, published in 1965, has been a 
considerable success as a textbook for students not only 
of genetics but also other branches of general biology. 
Dr Whitehouse shows his mterest throughout the book m 
the development of ideas concernmg heredity, starting 
with Hippocrates and closmg with Callan’s hypothesis. 
The impressiveness of the book 1s that it is a gallant effort 
by one author. He succeeds m demonstrating how all 
these ideas merge into our modern views of the heredi- 
tary mechanism. The second edrtion, hke the first, is an 
encyclopaedic storehouse of information, demanding 
careful study by the reader, and if he wishes to understand 
the full impheations of the many, sometimes apparently 
unrelated facts brought together by the author, he must 
make use of the numerous cross references. 

The first ten chapters mform us about the various 
aspects of Mendelian heredity; the physical basis of trans- 
mission. and recombination of hereditary traits; the role 
of cytoplasm in non-Mendelian heredity; the chromosome 
theory with all ite complexity; the classical theory of the 
gene and the biochemical basis of gene action. The 
second half of the book contains eight chapters dealing 
mainly with “molecular” genetics; the structural organ- 
ization of hereditary material n DNA; the mechanisms 
of its replication; the genetic code; its role in protein 
synthesis and the operon theory. The elucidation of the 
structure of DNA by Watson and Crick gave a great 
stimulus to microbial genetics which then provided ample 
evidence that the nucleotide base sequence in the double 
helix of DNA molecules specifies the amino-acid sequence, 
and that the gene is a linear structure with numerous sites 
of mutation within functional units. The author gives an 
historical view of the progress made towards the under- 
standing of the molecular mechanism of gene function. 
The experimental findings are described and the various 
theories based on them are elaborated on. 

The molecular aspect of genetic recombmation, which 
was referred to briefly in the first edition, 1s discussed in a 
greatly enlarged chapter. That crossing-over can ocour 
between alleles has been established by experiments in 
Ascomyces, bacteria and viruses, and the various hypothe- 
ses put forward to explain recombination are described. 
The controversial question whether the chromosome ıs 
single or multi-stranded is the subject of another chapter, 
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in which á considerable amount of space has been devoted 
to the lamp-brush chromosome and 1ts possible molecular 
organization. 

-In the last chapter, the author considers the inactivation 
of genes in a whole chromosome of the mouse and dis- 

‘cusses the evidence for and against the Lyon hypothesis 
which offers an explanation. The position effect on gene 
expression and the role of heterochromatin 18 another topic 
mentioned. Reference is also made to the so-called 
“controlling elements”, assumed by McChntock to be 
abnormal states of a system of genes affectmg tho mani- 
festation of characters in the maize plant. The author 
devotes considerable space to a new concept of chromosome 
structure; he describes in detail the nature and implica- 
tion of Callan’s “master and slave” hypothesis, and draws 
a tentative conclusion that the ‘‘chromomere”, that is to 
say, @ linear series of copies of structural gene within 
the DNA molecule, is the unit of function, replication 
and recombination ın the chromosome. 

This brief outline of the contents only indicates a few 
of the topics which Whitehouse discusses in the book. 
The 250 new references, incorporated in the second edition, 
enrich it considerably and make it an up to date source 
of information for biologists, who can learn how far our 
understanding of the molecular basis of the hereditary 
mechanism has progressed since the first edition. With 
its good glossary and very comprehensive subject index, 
the scientific value of the book is greatly enhanced. 
Nevertheless, a warning should be given that the book 
must not be considered as an introduction to genetics 
which the reader might well assume from the title. I 
would recommend the book to research students special- 
izing in a restricted field of molecular genetics who 
wish to gain a panoramic view of modern genetics as @ 
whole. P. C. KOLLER 
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PLANT CELL BIOLOGY 


Plant Cells 

By F. A. L. Clowes and B. E. Juniper. (Botanical Mono- 
graph, Vol. 8.) Pp. xvi +546. (Blackwell (Scientific): 
Oxford and Edinburgh, 1968.) 120s. 


To decide when the timo 1s ripe to write a comprehensive 
text or monograph ın a newly developmg field is not easy, 

ially when new facts are bemg added to the subject 
each month in ever-expanding journals. Plant cell biology 
needs such a text now and Plant Cells goes a long way to 
fill the need. This ıs a thorough plant cell biology book 
which considers ın particular the cells of higher plants 
and ther detailed structure at the light and electron 
microscope level. Further, it discusses the implications 
of such structure in the functioning of the cells and of the 
organiam, and explores the implications of cellular inter- 
relations and interdependencies for multicellular develop- 
mental problems. 

The book may be divided into three parta—first, intro- 
ductory technical considerations useful to cytological 
discussions, including a brief summary of the techniques 
of cell research and the problem of dimensions; second, 
an extended presentation of cell structure, including an 
excellent collection of original and mformative light and 
electron micrographs and diagrams; and third, a stimulat- 
ing discussion of cells in action, that is, the cell cycle, cell 
differentiation and specialization and cell heredity. 

The attempt to be up to date is relatively successful : 
more than 30 per cent of the references cited are dated 
1965 up to early 1967. The authors convey the flavour 
of modern cell biological research by presenting first the 
available evidence and then the several opposing inter- 
pretations for the many controversial issues which con- 
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tmue to remain unresolved, as, for example, whether 
Ppmocytosis occurs in plant cells, or whether plastids or 
mutochondria arise from pre-existing organelles or from 
evaginations of the nuclear envelope. The preoccupation 
of the authors with root development ıs reflected in the 
frequent choice of EM photos of root cells of Zea to illus- 
trate points, a matter which will draw criticism from some 
readers but appreciation from others. But the authors are 
not narrow. They draw on a wide range of information 
from plant and animal cell biology and make the appro- 
priate contrasts and comparisons between plant and 
animal cells. As is to be expected, the nucleus receives 
considerable attention, as do chromosomes, but the 
emphasis ıs on cell structure and function rather than 
cytogenetical considerations. 

There are some debatable mterpretations and some 
omissions. Thus, for example, the first classic paper on 
freeze-etching by Steere is missing completely, and the 
intriguing research of Matile on isolated vacuoles from 
corn roots goes unmentioned. The interpretation of 
spindle fibres in terms of microtubular arrays 1s not clear; 
this view 1s offered as a possibility in one place (page 120) 
and then discarded elsewhere (page 220). While centrioles 
in animal cells get a brief mention, no attention 18 paid to 
their occurrence in lower plant cells, although the possi- 
bility that they may be found in plant cells generally is 
not ruled out. But these faults are minor. The book is 
well produced and the figures are of high quality. A 
carefully prepared glossary, an extensive bibliography, 
and an adequate index make information readily acces- 
sible and the volume particularly useful as a text. The 
book may well lead to the development of a new kind of 
course in plant cell biology at the university level. 

Joun Q. Torrey 


HARMFUL WORMS 


Plant-Parasitic Nematodes 

Vol. 1. By A. A. Paramonov. Edited by K. Skrjabin. 
Translated from the Russian. Pp. v+390. (Israel 
Program for Scientific Translations: Jerusalem. Dis- 
tributed in the UK by H. A. Humphrey, London, March 
1969.) 160s. 


THE study of plant nematodes in the Soviet Union 
received its first real umpetus in 1934 when I. N. Filpjev 
published his book on Harmful and Beneficial Nematodes 
an Agriculture. After his mysterious disappearance in 
1937 while he was halfway through an English translation, 
the subject languished and interest did not quicken until 
1952. Since then, A. A. Paramonov has played a leading 
part in the rapid development of plant nematology in 
Russia. The first volume of his book on Plant Parasttic 
Nematodes appeared ın 1962, the second in 1964 and the 
third is yet to come. Few nematologists in Western 
countries read Russian, so that the translation of volume 
one is most welcome. Together with translations of the 
later volumes which will doubtless follow, it will make 
freely available an epitome of Russian research on plant 
nematodes and its underlying philosophy. 

The first chapter deals with the relationships between 
nematodes and other Aschelminthes, relates them closely 
to Gastrotrichia, and postulates a common ancestry from 
primitive Turbellaria. The second chapter is devoted to 
factors in the interstitial environments of benthic debris, 
sand and soil that led to loss of cilia and the development 
of the cutaneomusoular sac, body turgor, serpentine 
movement and the other features characteristic of 
nematodes. The next three chapters describe detailed 
morphology, chapter mx deals with embryology, develop- 
ment and life cycles, and chapter seven discusses 
ecological groupings. Chapters eight and nine deal with 
classification down to sub-families. 

Tho text of volume one was written about ten years ago 
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and so inevitably parts were already out of date’ when 
translated. Throughout, Paramonov stresses “concepts 
of ecological morphology”, which leads to interesting 
speculations on relationships between form and function., | 
In the discussions of morphology and physiology there 18 
much uncertain ground because many nematode struc- 
tures are near the limit of resolution of hght microscopes ` 
and many more critical observations and experiments 
are needed on feeding, digestion, excretion and osmo- 
regulation. One assertion that seems untenable is that 
feeding in the stylet bearing Tylenchida depends entirely 
on capillarity, which eliminates the need for muscular 
effort. 

Paramonov thinks it essential to study the complex of 
nematodes that live around roots and within plants as a 
group if the diseases they cause are to be understood and 
rational control measures are to be formulated. This has 
led Russian nematologists to devote much time to saprobic 
nematodes some of which are said to injure plant tissues as 
do insects with biting mouthparts. To clamfy the relation- 
ships between nematodes, plants and soil, Paramonov 
coms many technical terms. For example, eusaprobes 
inhabit foci of infection withm plants and expand them, 
whereas dyssaprobes can feed on saprobic media but are 
also able to colonize healthy plants; and the stem nema- 
tode Ditylenchus dipsact 1s dubbed an obligate anbio- 
helminth because it 1s able to live indefinitely in plant 
tissue and returns to the soil as a “survival habitat” 
only when the plant dies or is exhausted by over- 
population. 

In his preface, the author says plant helminthology 
ought to adopt a system based on dialectical materialism. 
Evidently this does not include the virtue of brevity. 
Reading the long-winded, discursive style was a tiresome 
chore, and I could not help feeling that a ruthless editor 
would have improved the book immeasurably by cutting 
it drastically. However hard I tried, some passages 
remained obscure, which may be the fault of the transla- 
tion or of the original. There is no index and the list of 
contents is too brief to be helpful. The bibliography 
contains a useful list of papers by Russian authors. 

F. G. W. Jones 


COMPARATIVE ENDOCRINOLOGY 


Perspectives in Endocrinology 

Hormones ın the Lives of Lower Vertebrates. Edited by 
E. J. W. Barrington and C. Barker Jørgensen. Pp. xvi+ 
583. (Academic Press: London and New York, December 
1968.) 140s; $22.50. 


Tam book comprises eight chapters each about a selected 
topie ın the endocrinology of lower vertebrates. In the 
first chapter, Barrington (Nottingham) makes a broad 
and thoughtful examination of the problems which beset 
any consideration of the evolution of the chordates. He 
emphasizes the dangers of using biochemical and phy- 
siological organization uncritically in order to propose 
phylogenetic arguments and he the types of 
questions that must be answered. He then sets out, in the 
context of his approach, salient pointe in the contributions 
of the other seven authors. In the second, and longest 
chapter, Maetz (Villefranche-sur-mer) examines the modes 
of regulation of the movement of water and ions by 
biological tissues. He starts by presenting the basic 
physico-chemical laws involved and he then proceeds, m 
a masterly fashion, to show them at work together with 
the action of hormones on the biological tissues of lower 
vertebrates, chiefly teleost fish and amphibians. The next 
two chapters deal with the patterns of gonadal activity, 
the third by Barr (Buenos Aires) on the ovary and the 
fourth by Lofts (Hong Kong) on the testis. Both con- 
tributions are comprehensive and authoritative and that 
on the testis is particularly well illustrated. In the next 
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two -chapters, the authors attempt to relate endocrine 
mechanisms to the natural life of the anımal and here 
the gaps in our knowledge become abundantly clear. In 
chapter five, Koch (Louvain) considers the mysteries of 
migration, principally the salmonids and the eels. He 
, presents the problems and poses the questions with 
«clarity but, for the most part, the answers are not known. 
_ Baggerman (Groningen), ın the sixth chapter, brings 
.together all the available data in fishes of the infiuence of 
hormones on behaviour patterns. Application of these to 
normal breeding cycles and alterations in behaviour 18 
difficult and her chapter 1s rewarding in presenting con- 
cepts and theories to stimulate further rovestigation in 
this burgeonmg field. In chapter seven, Van Oordt 
(Utrecht) describes the various types of cells in the 
adenohypophysis of the major classes of Amphibia and 
fish. The cells are differentiated by a series of stamng 
reactions and as far as possible they are related to the 
adenohypophysial hormones which they may secrete 
Van Oordt wisely points out that positive identification of 
pituitary cells cannot necessarily be made by stains alone 
because correlated experimental findings are required. 
The colour plates, essential in this type of work, are well 
produced, and the chapter itself is a model of critical 
analysis of a fleld wherein there 18 much confusing litera- 
ture. The last chapter by Barker Jorgensen (Copenhagen) 
deals with the central nervous control of adenchypophysial 
functions. This is an area which is being actively mvesti- 
gated in mammals and knowledge of the lower vertebrates, 
particularly of the amphibians, is accumulating. The 
nature of the central nervous system factors which 
influence the pituitary has been indicated for mammals 
though not with certainty, and it is not known at all for 
the lower vertebrates. Barker Jørgensen gives a thorough 
review of the present status of hypothalamic—pituitary 
interrelationships and he pomts the way to farther work 
which may, indeed, illuminate problems in the mammals, 
the class on which the endocrinologist in the past has 
largely relied. 

This book confirms the emergence of the endocrinology 
of the lower vertebrates as a legitimate field in its own 
right. There were always laboratories interested in 
sub-mammalian vertebrates, but as endocrinology grew 
in the 1920s and 1930s the majority of mvestigators 
sought knowledge from the few eutherian species of 
laboratory animals and from clinical observations. The 
richness and abundance of vertebrate and mvertebrate 
species were largely ignored and 1t is pleasing to record 
that this is being rectified and that comparative endo- 
crinology, with ita own journals and societies, is making 
significant contributions to the corpus of knowledge. The 
book under review is one of the latest in a rapidly expand- 
ing library concerned with the subject. It is excellently 
written and produced, and well illustrated. The material 
18 presented in a careful and critical manner and the book 
is valuable not only for the facta it contains but also for 
its emphasis on those areas which urgently require 
investigation. Much has to be done in the identification 
of hormones, their action in the natural life of the animal, 
and their biochemical and cellular modes of action. More 
species are being examined, but these are only a tiny 
fraction of those available in a great variety of habitats. 
The process has been started and the authors and editors 
are to be congratulated for setting out so well some of 
the problems in perspective. Jan CHESTER JONES 


MOULDS IN INDUSTRY 


An Introduction to Industrial Mycology 

By George Smith. Bıxth edition. Pp. x+390. (Arnold: 
London, February 1969.) 80s. 

Tum death of George Smith in 1967 was a great loss to 
mycologists, but fortunately he had revised the text of his 
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book, then in the fifth edition. It 1s certain that the new 
edition will be as well recerved as those which preceded 1t, 
and that ıt will occupy with distinction a place on the 
shelves of mycologista whether they are concerned with 
research or teaching. 

The text of the sixth edition takes into account the more 
important publications in industrial mycology and brings 
changes in nomenclature into line with modern opinion. 
Clear descriptions are given of most of the genera of 
fungi which regularly occur on industrial products, and 
emphasis has appropriately been placed on those species 
which are of the greatest importance. The Fungi Imper- 
fecti, particularly the genera Aspergillus and Penicillium, 
have been dealt with in considerable detail, wıth 145 pages 
out of the total of 190 pages occupied by descriptions of 
organisms being devoted to this class. The remamder of 
the book deals with laboratory equipment and technique, 
the physiology of moulds, the maintenance of a culture 
collection, the control of mould growth and industrial 
uses of fungi. An important addition to the text 1s the 
inclusion of a separate chapter on mycology of the soil, a 
subject which was previously, but rather inappropriately, 
given somewhat brief consideration in the chapter dealing 
with the industrial uses of fungi. Useful chapters on 
mycological literature and microscopy are meluded. 
Throughout the text, reference is made to recent develop- 
ments both in the growmg and examination of fungi and 
in their industrial uses. The author’s wide experience of 
fungi and mycological techniques is freely communicated 
to readers and will be very warmly appreciated by ex- 
perienced mycologists as well as by newcomers to the 
subject. 

The numerous photomicrographs are characterized by 
their high quality and add greatly to the value of the 
book. Only two figures appearing ın the fifth edition have 
been omitted, but seven new illustrations have been 
introduced. The latter mcolude photomicrographs of 
Streptomyces sp., Cladosporium resinae, Curvularia sp., 
Stachybotrys echinaia, Aspergillus ustus and Gliocladtum 
deliquesiens. 

The revised book consists of 390 pages as compared with 
399 pages of the previous edition. This reduction in page 
number accompanied by the addition of new material has 
been achieved by the use of more words per page without 
loss of the high quality of prmting and production. 

JOHN CoLHOUN 


LIGHT APPLIED TO BIOLOGY 


Techniques of Photostimulation In Blology 

Edited by B. H. Crawford in association with G. W. 
Granger and R. A. Weale. Pp. 317. (North-Holland : 
Amsterdam; Wiley (Interscience): London and New 
York, 1968.) 117s. 


Tms book almost enables the reader to visit several leading 
laboratories in which hght is applied to biology. The 
curiosity and admiration of all with appropriate interests 
cannot fail to be aroused and each may benefit from a 
crowded notebook. A practical survey of photic tech- 
niques is made by G. W. Granger in the introduction. 

B. H. Crawford has acted as a presiding genius, making 
generous contributions which suitably dominate most 
of the book, but with some evidence of thoughtful restraint. 
Few hobby horses have been ridden, although the excep- 
tions add to a lively style. The format, line diagrams and 
general production are good but not lavish. This is an 
arresting volume to which the postgraduate will turn for 
reference and to which undergraduates in many fields 
might well be directed for inspiration. There is scope for 
at least one companion volume. 

Physics is the basic point of entry to vision for most of 
the seven authors; it is therefore the fundamental em- 
phasis throughout. A relatively long chapter by R. A. 
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Weale is somewhat atypical. In this he deals with photo- 
receptors with emphasis on “directional” aspects m a 
setting which is chiefly mammalian. Thirteen absorbing 
pages are devoted to the Stiles—Crawford effect. 

It 1s characteristic of the whole text that references are 
given fully, but not in profusion; they are representative 
and rewarding. 

Early in the book there 18 an extensive consideration 
of sources of radiation and the means by which flux 
may be modified and conveyed. The relative merits of 
lamps are summarized with appropriate stress on the 
practical importance of simulated “dayhght’. Much 
may be gained by most readers from the survey of beam 
splitters, self-made pellicles and the forms of lenses. A 
little enterprise with symbols suffers from mconsistency. 
More might be made of typical systems of condensing 
lenses and of achromatic projection lenses. The details 
about filters of many types and about monochromators 
comprise a model chapter. In such a book there is some 
difficulty over the decision to avoid listing suppliers of 
apparatus and components; such information has almost 
entirely been left out. Useful tables amplify certain 
chapters, especially where photometric matters are con- 
cerned. Practical standards, calibration devices, shutters 
and the control of flashes of light have been covered. 

The last thirty pages of the book are devoted to a series 
of typical examples. Each item, from baffled diffusion 
system to retinal image stabilizer, is a gem. The Helm- 
holtz colorimeter 1s outlined, together with that classical 
counterpart, the Wright colorrmeter. Attempts to provide 
for the stiumulation of single cells are described. 

ROBERT FLETCHER 


INFRARED TECHNIQUES 


Infra-red Spectra and Structure of Organic Long-chaln 
Polymers 

By Arthur Elliott. Pp. vui+ 119. 

January 1969.) 35s. 


De Errrorr has produced a somewhat abridged but 
authoritative and informative monograph on the apploa- 
tion of infrared techniques in the study of polymer and 
biological molecules. The emphasis is, however, clearly 
in the former field. It has been divided into five chapters 
which deal with the general principles of the method, 
the experimental techniques, vibrations in cham mole- 
cules, the application of polarized radiation and a 
final chapter of special topics ın the spectroscopy of 
polymers. 

The first chapter deals with the fundamentals of infra- 
ced absorption m atoms and molecules generally, and 
particularly the symmetry and quantum conditions for 
such absorptions to take place. In the chapter on experi- 
mental methods, which I suggest might have been ex- 
panded, the author pays little tribute to his own contribu- 
tions in this field, but in particular the section (G) pro- 
cedure is very clearly outlined. In chapter three the 
transformation from the study of single vibrations to 
those found ın polymer chains is somewhat curtailed, and, 
although this work is correctly described, ıt probably 
suffers somewhat from the terseness of style which has 
been mentioned. The chapter on the use of polarized radia- 
tion and polymer orientation is excellent and clearly shows 
Elhlott’s own contributions in this field. In the final 
chapter, which deals with special problems in polymer 
spectroscopy, the examples are well chosen and clearly 
illustrated. 

The work will be of great value as an introduction to 
infrared spectroscopy to all serious students and research 
workers and is to be recommended as such. It might have 
been of greater value had it not been so clearly abridged 
in its presentation. F. Haprry 


(Arnold: London, 
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SOLVENT CHEMISTRY `: 


Nonaqueous Solvents Ñ 


By R. A. Zingaro. (Topics in Modern Chemistry.) Dp. l 


vi+ 106. (Heath: Lexington, Mass.; Harrap: London, 
January 1969.) 188 6d. 2 


THs book is another member of the series “Topics in 
Modern Chemistry” and presents the undergraduate 
reader with an mtroduction to non-aqueous solvent 
chemistry. 

After an introductory chapter dealmg with general 
ideas of solvent behaviour and a further chapter treating 
concepts of acid-base reactions ın non-aqueous media, 
several solvents are considered individually. The author 
has chosen systems which have proved either of industrial 
importance—anhydrous hydrogen fluoride and liquid 
sulphur dioxide; or of great preparative use m organic and 
inorganic chemistry—liquid ammonia. 

In the chapter dealing with Lquid sulphur dioxide, the 
author highlights the dilemma of whether the solvent is 
coordinating or self-ionizing. It is perhaps unfortunate 
that, throughout the book, the former model receives 
much briefer attention than does the latter. It 1s unusual 
in & text on this topic to find mention of solvent extraction 
techniques. In this volume, however, the penultimate 
chapter ıs devoted to this aspect and, once again, the 
chosen examples are of industrial importance. 

The final chapter deals with, potentially, the largest 
class of solvents, the fused salt systems. A number of 
experimental techniques 1s described and some results of 
spectroseopic studies are discussed. In an introductory 
text, ligand field spectra of transition metal complexes 
isolated from fused saltes can receive only a naive treat- 
ment, but the use of “g”? and “u” in the description of 
tetrahedral systems is ie The problems and 
suggestions for further reading included throughout the 
book, however, should turn the interested reader to the 
more advanced texts which are available. These can 
provide that depth of understandıng which this short 
mtroductory volume does not claim to do. 

J. A. BALTHOUSE 


PAY AND PRODUCTIVITY 


A Century of Pay 

The Course of Pay and Production in France, Germany, 
Sweden, the United Kingdom, and the United States of 
America, 1860-1960. By E. H. Phelps Brown and 
Margaret H. Brown. Pp. 476. an: London; 
St Martin’s Press: New York, 1968.) 105s. 


THe authors have assembled a vast amount of informa- 
tion on wages, production, capital and other related 
economic indices for five countries over the past century. 
Ther main concern is with trends in wages and the share 
of pay ın mcome, and they find that over the period as a 
whole real wages rose by a factor of 4 or more in France, 
Germany and the United Kingdom, and by about 6-5 in 
Sweden and the United States. Advances in productivity 
were found to be by far the most important determinant 
of the increases in real earnings, while shifts in the share 
of income going to the worker and changes in the terms 
on which he exchanged his own product for units of 
consumption were of minor importance and sometimes 
worked in an adverse direction. In turn, the upward 
trend in productivity can be attributed mainly to advances 
along the technical front. 

This brief summary of the main findings scarcely does 
justice to a book into which very many man-hours of 
work have been sunk. The range of data presented is 
quite formidable and the authors analyse carefully a wide 
variety of factors which influence the movement of wages. 
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They divide the period-into three parts covering roughly 
1871-1914, the inter-war years and the 1950s, though by 
far the most lengthy and vigorous discussion 1s that 
pertaining to the first period. Considerable attention is 
paid to the controversial check to income and productivity 
in Britain at the end of the nineteenth century and some 
_familiar explanations are debated in detail. Economic 
historians, especially those with a statistical slant, will 
` find.some rich pickings in this volume and no student of 
the modern period can afford to ignore ıt. There 1s much, 
too, that will be of interest to the informed general reader, 
though the non-specialist may find the text tough going. 
It might seem ungracious to offer criticism after such a 
magnificent effort. But a careful reading of the work (in 
fact I read 1t twice) and a spot check of the calculations 
did raise one or two awkward points or queries. First, 
it is difficult to lnk some of the series across the periods 
because of differences in coverage. Here, of course, the 
main problem is availability of long-term comperative 
data. Second, it 1s not always clear exactly to which set 
of figures the authors are referrmg, so that it is often 
necessary to check back carefully. No doubt it 1s tedious 
to have to keep defining the coverage of series, but in a 
work of this type it is essential to do so. Third, it is not 
always immediately clear from which series some of the 
calculations in the tables of the text have been derived. 
A little more explanatory information here and there would 
certainly help the reader. Finally, there are one or two 
of the inevitable proof-reading or printing errors, notably 
the figure for net domestic mcome per occupied person in 
1938 (Appendix 3, U.K. Table, 1913, 1920-1938, column 5). 
Since this book will no doubt become a standard reference 
work for many years to come, there will be plenty of oppor- 
tunity for mumor revisions and corrections ın later editions. 
DEREK H. Atpororr 


GUIDE TO FINDING OUT 


How to Find Out about the Chemical Industr 

By Russell Brown and G. A. Campbell. (The Common- 
wealth and International Library of Science, Technology, 
Engineering and Liberal Studies: Libraries and Technical 
Information Division.) Pp. xni+219. (Pergamon: 
Oxford, London and New York, 1969.) 35s board; 
258 paper. 

Tms is a new member of a series of “How to find out” 
books published by Pergamon. It follows the standard 
layout, that is to say it begins with a brief historical 
outline of the topic covered and gives a good deal of 
attention to careers and training before describing and 
listing the available reference books, handbooks, periodi- 
cals, abstracts and other types of literature; the various 
appropriate trade, professional, government and inter- 
national organizations; research; and safety. There 18 
overlap with O. R. Burman’s earlier How to Find Out in 
Chemisiry, but in spite of this the two are in some senses 
companion volumes and would both be required when 
knowledge of the basic chemistry behind the industry is 
needed, as ıt sometimes will be. The trade journals, 
handbooks and directories of chemical industry have lent 
themselves more readily to sub-division than have those 
of pure chemistry, which makes the new book seem, 
perhaps unjustiflably, to be more logically presented than 
the older one. 

The criticisms which can be levelled against this hand- 
book are really faults of the series. The introductory 
matter is rather naive in places, being obviously intended 
for the young people, totally ignorant of the chemical 
industry, for whom the mmediately followmg sections 
containing career information and advice about traming 
are designed. There is then a sudden jump to an appreci- 
ably higher level, the remainmg chapters being more 
useful to people already working in the chemical industry 


NATURE, VOL. 222, MAY 10, 1969 


or as information scientista in that mdustry—from this 
pomt onwards the book is a guide to sources of specialized 
information. The two parts do not accord well with each 
other, and the final chapter, on the computer m the 
chemical industry, seems out of place. In a few pages it 
attempts to answer the question “what is a computer ?”, 
and then merely mentions that computers can be put to 
use for process control and that their application to the 
chemical industry offers further career opportunities. It 
is questionable if the introduction of small-scale repro- 
ductions of the pages of a few selected reference books as 
illustrations has any real value. 

Taken primarily as a guide to sources of information, 
certainly its best part, this book provides a good outline 
introduction and includes all necessary secondary reference 
material to enable more detailed information to be found 
when required. There ıs evidence that the manuscript 
was completed rather a long time before publication. For 
example, there are later editions than those quoted of the 
Aslib Directory and Industrial Research in Britatn, and in 
a few cases one would have expected more recent articles 
or books to have been chosen as representative. The 
information presented, however, is far from being as 
widely known as it ought to be, even amongst those who 
are working in the chemical industry, and this book could 
easily save its cost by a single use which might well give 
a busy person the very facts he needed. 

WILFRED ASHWORTH 


NOTABLE SCIENTISTS 


World Who’s Who In Science 

A Biographical Dictionary of Notable Scientists from 
Antiquity to the Present. Edited by Allen G. Debus. 
(Marquis Biographical Library.) Pp. xvi+ 1855. (Mar- 
quis Who’s Who: Chicago, 1968.) n.p. 

A COMPILER of a scientific ‘“Who’s Who” faces some formid- 
able demarcation problems. He has to trace boundaries 
somewhere along the distinct, borderlands between 
science and philosophy, science and technology, science 
and social theory, science and medicine. Professor Allen. 
G. Debus, editor of World Who’s Who in Sctence, certainly 
cannot be accused of skimping his territory. Besdes every 
type of natural and social scientist, his thirty thousand 
entries mclude a fair sprmkling of mavericks (Wuhelm 
Reich), mystics (Teilhard de Chardin), visionaries (Karl 
Marx), dupes (Trofim Lysenko), crusaders (Buckminster 
Fuller), and many more—all strangers to the usual 
scientist’s dictionary. 

The book liste “notable scientists from antiquity to 
the present”, so that Anstotle, Pythagoras et al. find a 
place too. Debus’s approach to earlier societies is tinc- 
tured with Marxism. He covers subjects no longer con- 
sidered integral to science provided that “they were 
thought to be a legitimate path to truth in nature m 
earlier periods”. Thus distinguished alchemists and 
astrologers are included. 

This is an admirable approach, though, in making it, 
Debus has perhaps opened Pandora’s box. If astrology, 
why not necromancy, soothsaying, yoga and the rest ? 
Still, it is all to the good that the young Turks of molecular 
biology and theoretical physics should find themselves 
listed alongside Renaissance scholastics and Arab meta- 
physicians. The quantum of achievement that the editor 
makes the entrance fee to his book seems to favour the 
Americas somewhat: there are some surprising omissions 
among contemporary European scientists. But future 
editions may rectify this. 

So now the world of science has ita ““Who’s Who”. No 
doubt the personnel changes of subsequent editions will 
become a matter for mtense scrutiny in the world’s labora- 
tories. The volume is solidly and satisfyingly made, as 
one would expect ın a book from the publishers of Who's 
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Who tn America and Who’s Who of American Women. 
It has some surreal musprints—“‘enzyme” frequently 
becomes ‘“‘engine’—but they are unhkely to confuse 
anybody. The book was assembled by an army of 
graduate students at Chicago University, which may 
explain how Marx and Reich got in. Chicago graduate 
students must be one of the very few groups of people m 
the world who look with favour at both of that pair of 
irreconcilables. Nromoras Evans 


Correspondence 


Ecdysone and DNA Puffs 


Sir,—In the December 14 issue of Nature (220, 1078; 
1968) your cell biology correspondent referred to a paper 
by Crouse (Proc. US Nat. Acad. Sci., 61, 971; 1968) ın 
which some experiments of ours were repeated concerning 
the prevention of puff formation ın Sciara coprophtla by 
cortisone. In our investigations of Sctara coprophila 
(Goodman, Goidl and Richart, ibid., 58, 553; 1967) using 
cortisone (a chemical analogue of ecdysone), we found 
that puff formation did not occur in cortisone fed larvae. 
Despite the fact that no puffs appeared, cortisone fed 
larvae pupated at the same time as their normally fed 
counterparts, and developed, on schedule, mto fertile 
adult flies. The removal of cortisone at any time during 
larval development permutted the resumption of normal 
puff formation. Contrary to what we reported, Crouse 
found no suppression of puff formation by cortisone but 
rather a prolongation of larval development. 

Daily measurements of salivary gland DNA throughout 
the fourth instar correlate well with our cytological obser- 
vations. Usmg the diphenylamine reaction we found that 
both normal and cortisone fed larvae show a gradual 
increase in DNA dumng the fourth instar. When puffing 
occurs in normally fed larvae there ıs a marked concom- 
mitant increase m DNA content. In cortisone fed larvae, 
however, there is neither puff formation nor an increase 
in DNA content. On the other days of the tourth instar, 
before and after puffing occurs, there 1s a two to three-fold 
increase in DNA in normal larvae and only slightly less 
m cortisone fed larvae. We therefore concluded that 
neither puff formation nor the mcrease in DNA associated 
with puff formation 1s essential for normal development. 

Your correspondent suggested, as had Crouse, that the 
difference between our observations and Crouse’s was due 
simply to developmental prolongation by cortisone acetate. 
This suggestion is not consistent with our findings. We 
find no developmental delay mduced by cortisone; we 
regularly examine our cortisone fed stock (which ıs 
routinely maintained in the laboratory) and have re- 
peatedly confirmed our original observations that puffs 
in cortisone fed larvae do not occur and that pupation 18 
on schedule. 

That puff formation is not essential for normal develop- 
ment does not in the least detract from the value of the 
giant Dipteran chromosomes as unique material for in- 
vestigating hormonal control of nucleic acid synthesis. 


Yours faithfully, 


REBA Minsky GOODMAN 


Department of Pathology, 
College of Physicians and 
Surgeons of Columbia University, 
New York, NY 10032. 
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Demise of a Department 


SR,—As & graduate trained m science now reading both 
history and philosophy as an external advanced student 
of London University ın the Faculty of Arts, I was dis- 
turbed to learn of the predicament of the History and 
Philosophy of Science Department at University College, 
London (Nature, 221, 995; 1969). The case for retrench- 
ment appears to rest solely on the high staff to student 
ratio and the feasibility of farming out these subjects to 
other departments. I believe the number of students in 
this department could be raised significantly almost over- 
night xf the regulations in both the arte and science 
faculties were made consonant with the modern, world. 
One of the most disturbing features of our educational 
system is the seeming inflexibility of the syllabuses in 
many departments and in the combination of subjects 
permitted. Why, for example, cannot history of science 
be offered at the history examination ? And why cannot 
history and philosophy of science be examined at general 
level in both the arts and science faculties ? Perhaps the 
threat of demise will now invoke answers to questions 
such as these. 

The statistics for post- and undergraduate applications 
confirm the growing preference for the social sciences at 
the expense of more traditional disciplines, and the 
awareness of their problems. If we are to confound the 
“two culture” mentality, it is essential not only to provide 
& meeting ground for the arts and sciences but also to find 
enough students and teachers actually to meet. 

To close the department would be an admission of 
failure to meet this challenge. I can think of no depart- 
ment in the university better placed to foster these 
qualities. 


Yours faithfully, 
ALFRED CREED 
20 Hawkes End, 
Brampton, 
Huntingdon. 


Museum on the Move* 


Sm,—We are tempted to question whether the proposed 
removal of the bird collections of the British Museum 
(Natural History) from South Kensington to Trng has 
been given due and proper consideration. 

There are several good reasons why this plan should 
not be implemented. First, ıt would seem to us that 
insufficient consideration has been given to the incon- 
venience it will occasion to the staff, who, if the plan is 
carried out, will be in complete scientific isolation from 
all the other branches of zoology previously conveniently 
housed under one roof. This availability 1s surely a great 
stimulus to research and consultation. 

In the second place, we doubt whether the proposed 
new arrangement would prove convenient and acceptable 
to foreign scientists visiting this country to work in the 
Bird Room. London is London (especially to them), and 
at the end of each day’s research they have been able to 
enjoy the social amenities offered by London without 
having to toil backwards and forwards to Tring. Further- 
more, of course, the choice of hotels 1s far greater ın 
London than it could ever be in Tring. Such decentraliza- 
tion is retrogressive and is not likely to be viewed favour- 
ably by any of these overseas visitors. 

In so far as amateur workers are concerned, we are 
obliged to further our researches in our spare time and the 
loss of effective working time ın travelling to and from 
Tring must be obvious. 

Surely the sensible thing to do is to build the new 
ornithological department on ground already available at 
the Natural History Museum in South Kensington, and 


* These letters refer to an article in Nature, 221, 1004 (1969). 
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by so doing keep all the vertebrate zoological collections 
ın the same museum. Ifany move 1s to be made, it should 
be, in our opinion, some other branch of natural science 
and certainly not a branch of the vertebrata. 

To build a new Bird Room on ground already available 
would, we understand, prove less costly than the Trng 
proposal, which Mr James Allason, MP, has declared as 
“bad economy”. 

We sincerely hope that the birds will remain at South 
Kensington ın & new Bird Room. 

As an important branch of vertebrate zoology, they 
should not be transferred from London, where they can 
be readily available to all who wish to study them, with 
the least amount of trouble and loss of time. 


Yours faithfully, 


Jamms M. HARRISON 
JEFFERY G. HARRISON 
Bowerwood House, 
St Botolph’s Road, 
Sevenoaks, Kent. 


Srr,—I learn that the authorities of the British Museum 
(Natural History) plan to transfer all the scientific 
ornithological collections of the British Museum from 
London to the old Rothschild Museum at Trmg. 

Knowing the mterest that Nature has taken in the 
discussions aroused by this plan, I should lıke to associate 
myself with the feelings of my British colleagues regarding 
the possibility of such a transfer, as well as the regret 
most of them have expressed. 

In fact, the collections are so important that no orni- 
thologist anywhere can remain indifferent to the prospect 
of their removal from London, for this would certainly 
limit considerably the chances of working among the 
collections by the numerous European ornithologists who 
go each year to consult them and who often have only 
limited time and resources for their stay ın the British 
capital. 

Yours faithfully, 


JACQUES BERLIOZ 


Museum National d’Histoire Naturelle, 
55 Rue de Buffon, : 
Paris. 


Country Life 


Sm, —I am chairman of the sub-committee of the Bio- 
chemical Society responsible for the planning and organiza- 
tion of the Harden conferences. I was delighted to read 
ın Nature (222, 112; 1969) the section provocatively 
entitled “Country Life”. We are very grateful to you for 
publicizing these conferences. I may mention en passant 
that, although the hedonistic level in Wye probably will 
not be quite up to that of the Greek Islands or the Swiss 
Alps, it will be by no means negligible. 

There are two points that I want to take up with you. 
The first is the question of the organization of these 
conferences. My committee decided that we would select 
s, chairman and give him a free hand in selectang the topics 
to be covered at the conference and the speakers. He could 
be as biased and specialized as he cared to be. It was 
entirely his responsibility. The programme has been 
planned by Professor Phillips. He has, of course, con- 
sulted a number of people, especially Dr B. 8. Hartley, 
about the details. It 1s my intention—and I hope the other 
members of the sub-committee will agree with me—that 
future conferences will be organized along the same lines. 
Our aim is to choose an area in which biochemistry over- 
laps with a number of disciplines and in which we are 
strong in this country. We are anxious to emphasize the 
European nature of these conferences both in the choice 
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of speakers and in the members of the conference. I have 
already an idea of the topic and chairman of the second 
conference. I hope I shall be able to persuade the com- 
mittee that this 18 a good one. Of course, there is nothing 
to prevent & conference deciding that it would be worth- 
while to have a similar meeting within the next year or 
two. There is scope for a number of Harden conferences 
in any one year. 

There is a second point. I am a little unhappy about 
“Some scientists of proven stature are paid to come 
while the rest pay”. The implication of this is that those 
who have to pay the conference fee are not of proven 
stature. I am sure from the applications that we have 
already received that this will not, in fact, be the case. 


Yours faithfully, 


A. P. MATHIAS 
The Biochemical Society, 
London. 


Naming the Units 


Sm,—Despıte the fact that I agree with honouring the 
memory of Hubble, Lord Rutherford and many other 
excellent scientists (Nature, 219, 765; 1968), I feel that 
further proliferation of illogical prefixes will undoubtedly 
be a source of the greatest confusion. 

Apart from the fact that the French never did call 
10° “un trillion” but simply “un milhard”, as others did 
in continental Europe, I am unable to find inconvenient 
the logical use of the old metric prefix system, which leaves 
the unit name comprehensive. The danger is, I think, that 
coining new names to designate simple multiples of exist- 
ing units destroys “unified terminology which may help 
to remove ambiguity”, as Professor Gamow puts it. 


Yours faithfully, 


B. PATAKY 
Battelle Memorial Institute, 
Geneva Laboratories, 
Geneve. 


University News 


Dr W. V. McDermott, jun., has been appointed the 
firat Cheever professor of surgery in the faculty of medicine 
at Harvard University. 


Appointments 


Sir Kenneth Hutchison, formerly deputy chairman of 
the Gas Council, has been elected president of the National 
Society for Clean Air, in succession to Sir John Oharring- 
ton. 


Mr M. W. Jensen has been named to serve as deputy 
director of the Institute for Applied Technology of the 
US Department of Commerce’s National Bureau of 
Standards. 


Announcements 


The Symons Memorial Gold Medal of the Royal 
Meteorological Society has been awarded to Professor 
Sverre Petterssen, ın recognition of his contributions 
to the science of meteorology and weather forecasting. 
The society’s L. F. Richardson Prize has been awarded. 
to Dr A. S. Thom, University of Edinburgh, as the author 
of the paper considered the most meritorious of those 
submitted by younger members and published in the 
society’s quarterly journal during the t two years. 
The Darton Prize was awarded to Mr H. C. Shellard, 
Meteorological Office, Bracknell, for his article published 
in the society’s magazine, Weather. 
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International Meetings 


June 3-4, Man’s Changing Environment, London 
(Secretary, Institute of Rural Life at Home and Overseas, 
27 Northumberland Road, New Barnet, Hertfordshire, 
UK). 

Soptember 23-25, 


Industrial Ultrasonics, Lough- 


borough (Conference Registrar, The Institution of Elec- 
tronic and Radio Engineers, 8-9 Bedford Square, London 
WCl). 

September 24-26, Nuclear and Elementary Particle 
Physics, Bnghton (Meetmgs Officer, The Institute of 
Physics and the Physical Society, 47 Belgrave Square, 
London 8SW1). 























































Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobillty between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It ıs hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished house, 3 or 4 bedrooms, with 
central heating, within 7 miles of Cambridge and 
close to primary school. For 2 years from Septem- 
ber 1, 1969. Write arr mail to Q. G. Gray, 4532 Kung 
Edward Avenue, Montreal 262, Quebec, Canada. 


Wanted: Accommodation with three bedrooms 
and central heatmg for an American doctor in the 
Hampstead area from mid August 1969 to July 31, 
1970. Please contact Dr B. Billmg, Department of 
Medicine, Royal Free Hospital, London WC1. 


Wanted: Furnished flat, two bedrooms, m London, 
beginning September 1, 1969, for 12 months. 
Central heating and preferably within easy reach 
of the University of London School of Pharmacy. 
Please contact Dr Elmore H. Taylor, Department 
of Pharmacognosy, University of Tennessee Medical 
Umts, 874 Union Avenue, Memphis, Tennessee 
38103, USA. 


Wanted: Furnished house or flat in Headmgton 
or Oxford area for West Indian medical scientist, 
his wife and children (aged 8, 4 and 2) from mid 
July to mid October 1969. Please contact Dr D. 
Picou, Medical Research Couneil’s Tropical Meta- 
bolsm Research Unit, University of the West 
Indies, Mona, Jamaica, West Indies. 


Wanted: From October 1969 to September 1970, a 
2 or 3 bedroomed furnished flat or house in Balti- 
more, withm easy reach of Department of Bio- 
physics, University of Maryland School of Medicine. 
Please contact Dr A. G. Lowe, Department of 
Biological Chemustry, University of Manchester, 
Manchester 13, England. 


Vacant: From October 1969 to September 1970, 
a 3 bedroomed furnished house in Bolton. Acces- 
sible to Univermty of Salford and Manchester. 
Please contact Dr A. G. Lowe, Department of 
Biological Chemistry, University of Manchester, 
Manchester 13, England. 


Vacant: Furnished apartment in Rome, two- 
bedrooms, living-dinmg room, two bathrooms, 
maid’s room, kitchen and usual conveniences includ- 
ing central heating. Twenty minutes from the centre. 
Free June 16 or later. Please contact Dr F. Perri, 
Istituto Matematico “Guido Castelnuovo”, Univer- 
sità di Roma, Roma. 
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BRITISH DIARY 


Monday, May 12 


UNIVERSITY OF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W1), at 5 p.m.—Sir Hector MacLennan: ‘“Com- 
munication in Medicine”. 


UNIVERSITY OF LONDON (at the W; t- Fleming Institute, St Mary’s 
Hospital Medical School, Norfolk Place ndon, W2), at 5 pm.—Dr W. 
R. 8. Doll: “Cancer and Ageing—the Epidemiological Hvidence” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5 80 p.m —Dr B. H. Golde: ‘Protection of Structures against Lightning’. 


INSTITUTION OF ELECTRICAL ENGIKRHRS (at Savoy Place, London, WC2). 
at 5.30 p.m.—Dr W. Saraga: “Filters with Periodically Time-varying 
Parameters”. 


Tuesday, May 13 


ZOOLOGIOAL SOOIBTY oF LONDON (at the Zoological Gardens, Regent’s 
Park, London, NW1), at 5 pm—Dr R. MoN. Alexander’ “Mechanics of 
the Feeding Action of a Oyprinid Fish”: Dr M. RE Hardisty: “The Biology 
of Lampreys”; Film: “Why does the Flea Jump ?”. 


UNIVERSITY OF LONDON (at St Philip’s Hospital, Sheffield Street, London, 
WC2), at 6 P m.—Dr V. B. McOready: *‘Olinical Appl osuons of 8cinigraphy” 
(Seventh of eight lectures on “The Use of Radioisotopes in Renal Disease”’.) 


Wednesday, May 14 


INSTITUTION OF ELROTRIOAL ENGINEERS (at Savoy Place, London, WC2}— 
Colloquium on “‘Oathode Ray Tube Display’. 


SOOTY FOR ANALYTIOAL CHEMISTRY, Bast ANGLIA SECTION (at the 
ae of Essox, Colchester)—Meeting on “Applications of Spectro- 
scopy”. 

UNIVERSITY OF LONDON (at Chelsea College of Science and Technol 
Manresa Road, London, 88), at 11 a.m.—Dr M. Machover: “Belec 
Topics in Recursion Theory”. 


UNIVERSITY OF LONDON (at Chelsea College of Science and Technology, 
Manresa ponds Tondon, 8W3), at 2.45 pm-—Professor Arthur Fine. 
“Philosophical blems of Quantum Physics”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2), 
atp 30 p.m —Mr D. D. Jones: “Large e Integration—Why, Where 
and When ?”. 


SOOETY OF CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Square, 
Fondon, 8W1), at 6.15 p m.—Annual General ting and Ohairman’s 


Wednesday, May 14-Friday, May 16 


BRITISH INTERPLANETARY SOCIETY (at the Royal Commonwealth Society, 
Nor thumborand Avenue, London, WOC2}—Ninth European Space Sym- 
posium. 


Thursday, May 15 


ROYAL Soorety (at 6 Carlton House Terrace, London, SW1), at 4 80 p.m.— 
Professor F ©. Steward, FES. “From Cultured Cells to Whole Planta—the 
Taanotion and Control of their Growth and Morphogenesis” (Croonian 


INSTITUTION OF ELEOTRIOAL EXGINEERS (at Savoy Place, London, WC2), 
at 5 30 p.m —Mr F. J. Wilkins and Mr M. John Swann: “Recent Advances in 
Resistor Design”. 


INSTITUTION OF BLECTRIOAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.80 p.m.—wMr J. A. Treece: “A Bootstrap-gauss-soldel Load Flow”. 


INSTITUTION OF ELEOCTRONIO AND RADIO ENGINEERS INSTRUMENTATION 
AND CONTROL GROUP (at 9 Bedford Square, London, WC1), at 6 p.m.—Mr 
A. L. Whitwell: “Absolute Digital Displacement Transducers”. 


BRITISH INSTITUTS OF RADIOLOGY (at 82 Welbeck Street, London, W1), 
at 8 p.m.—Profeasor George Porter, FRS ‘Molecules ın Microtime” (Sil- 
vanus Thompson Memorial Lecture). 


Friday, May 16 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “The Effect of Electric Traction on the Permanent Way”. 


BIOCHEIMOAL BOOIETY (at the Shell Centre, South Bank, London, SE1) 
at 9 30 am—Oollogulum on “Naturally Occurring Materials of Potentaal 
Use for Control of Plants and Animals’; 2 p.m, to 4 p.m.— Ordinary Meet- 
ing; 4.80 p.m.—Professor M. Eigen. ‘Molecular Control m Biology” (Third 
Keulin Memonal Lecture). 


INSTITUTION OF CHEMICAL RxGINwERS (at the Park Lane Hotel, Piccadilly, 
London, W1), at 10 80 a.m.—Seventeenth Annual General Meeting. 12 noon 
—Presidential Address. 2.30 p.m.—Selected Papers. 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, pone wae , at 11 a.m.—Seminar on ‘‘Nutmtion’’. Speakers. 
Mr A. G. Cox, Mr 8. Wapnick and Mr M. Cooke. 


ROYAL INSTITUTION, PHOTOCHMMISTRY DISOUSSION GROUP (at 21 Albe- 
marie Street, London, W1), at 1 p.m.—Mr C. W. Ashpole: ‘Pressure Effects 
on Triplet Formation in the Vapour Phase”, 


UNIVERSITY OF LONDON (at Westfleld College, Kidderpore Avenue, London, 
NW), at 5.30 p.m —Profeasor T. D. Lee (Columbia University): “Symmetry 
Principles in Physics”. 


Sooty oF CHAMIOAL INDUSTRY, FINE CHHMIOALS GROUP (at 14 Belgrave 
Square, London, BW1), at 7 p.m.—Conversazione. Dr R. O. Chirnside: 
ae e”. 


London, W1), at 9 p.m.— 
vent”. 


ROYAL INSTITUTION (at 21 Albemarle Stree 
Professor E. Laithwaite: ‘Teaching People to 
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Monday, May 19 


UNIVERSITY OF LONDON (at the Wright-F Institute, St B 
Hospital Medical School, Norfolk Place, London, W2), at 5 p.m.—Sir Pe 
Medawar, CBE, FRS: ‘Antilymphocyte Serum” (Third of four Almroth 
Wright lectures). 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Flade; London, WO2), 
at 5.80 p.m.—Mr E. M. Freeman: “Travelling Waves m uction Machines 
ene pans and Bquivalent Olrouits’’. 

INSTITUT FRANCAIS DU ROYAUME-UNI (at Queensberry Place, London, 
SW7), at 8.15 p.m.—Presentation of French Scientific Films. 


Monday, May 19~Friday, May 23 


POLYTECHNIC SCHOOL OF MAKAGBMENT STUDIES (at 82-88 Wells Street, 
Tondon, W1)}—8ymposium on “The Management of h and Develop- 
ment”. 


REPORTS and other PUBLICATIONS 


Great Britain and Ireland 


Studies of Amuety. Edited by M. H. Lader. (Papers read at the World 
Psychiatric Association Symposium, “Aspects of Anxiety’, London, Novem- 
ber, 1967.) (Brush Journal of Psychiatry, Special Publication No. 8.) 
Pp. 166. ( ‘ord, Kent: Headley Brothers, Ltd, 1969. Published by 
authority of the World Psychiatric Association and the Royal Medlco- 
Psychological Assoaation.) 80s.; $4. 268 

Council. Planning for North Sea Gas: The Perfect Fuel for Industry; 
Pp. 16. (London: The Gas Oouncll, 1969.) 
‘Cotton Research Corporation. Annual Report for 1068. Pp. 28. (Lon on: 


Cotton Research Corporation, 1989.) 
Fabian Research Serles, No. 276: Education—Socwty of La 
Lawyers Report. Pp. 40. (London: Fab 
o t for the Universitas of Scotland. Sixty-seventh Annual 
Re or the year 1967-1068. Pp.49. (Edinburgh. Carnegie 
Univermtles of Scotland, 1969.) 
Sean Observatory Bulletins, No. 144: Photohehographio Results 1961. 
Pp. 0195-0260. (London: H.M. Stationery Office, 1968.) 8s. met. [283 
‘National Health Service. Report of the Committee of In into Allega- 


tions of Ill-Treatment of Patients and other irregularities at Hospital, 
aoe Pp. il+185. (London: H.M. Stationery Office, 1969. 128 oe 


ne 

Education and Science in 1968—Report of the De ent of Education 
and Science. (Omnd. 3050.) Pp. 170. (London: .M. Stationery Office, 
1960.) 14s. 6d. net. 288 
BBO Lunch-time Lectures Seventh Senes—4: This is BBC-1. By eas 


Fox. Pp. 16. (London: BBO, 1969.) 
University of Reading. Proceedings of the University 1967-68—Reports 
Toren ted to the University Court. Pp. 227. (Reading: The Univers 
Obesity and Disease. Pp. 32. (London: Office of Health Economics, 
1969.) 6d 283 


28. 6d. 
Imperial Cancer Research Fund. Annual Report and Accounts 1968. 
(London: Imperial Cancer Research Fund, 1969.) 288 
of eers. Annual Report of the Council for 
bead 1968. Pp. 57. Institution of Mechanical 


Department of Education and Sctence. Statistica of Education 1967. 
Vol. 3: Further Education. Pp. xili+68. (London: H.M. Stationery 
Office, 1960.) 17s. 6d. net. (288 


Other Countries 


National Academy of Sclonces; National Academy of Eoglneering; 
National Research Counci. Organization and Members, 1968-1969. Pp. 
231. (Washington, D.0.: National Academy of Sotences; National Acadomy 
of Engineering; National Research Councu, 1969.) [26 

Republic of South Africa: Department of Industries. Division of Sea 
Fisheries Tavestigationa] Report, No. 68: The Alpha- Aotyiiy of Marine 
Plankton. By L. V. Shannon. Pp. 38. (Sea Point, Cape Town: Division of 
Bea Fisheries, 1969.) Jaos 
of the United States National Museum, Smithsonian Institu- 


Proceedin 
tion. VoL „ No. 3685: Bredin-Archbold-Smuthsonian Biological Survey of 
Dominica. 9. The Trichoptera (Caddisfiies) of the Lesser Antilles. By 


Oliver 8. Flint, Jr. Pp. 86. (Washington, D.O.: Smithsonian Institution 
Press, 1068 ) [268 

Field Museum of Natural History. Fieldiana: Geology. Vol. 16, No. 11: 
On the Nature of the Holotype of Napterella p ca (Billings). By 
Matthew H. Nitecki. Pp. 280-206 (Chicago: Field Museum of Natural 
History, 1968.) [268 
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Olinical Toxicology, Vol. 1, No. 1 (Afarch, 1968). 
tion: Vol. 1 (4 numbers), 1968, $25. (New York: ea 


1988.) 

Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 125, No. 3666 Stomatopod Crustacea from West Pakistan By 
Nasima M. Tirmin and Raymond B. Manning. Pp. 48. 
D.C.: Smithsonian Institution Press, 1968.) 

Metropolitan Life, New York. Statistical Bulletin, 
Mate! Mortality in the United States and Abroad. 
‘Accidental Death. Dependency Ratios in Nonindustnalized Counts 


Technology, Papers 52-54, on Archaeology. Pp. 118. (Washington, D.O.: 
Museum F History ana, Technology, Bmitheontan Instituton, 10083. i 

0. : 
H and hi: Manage in Inda. By A. O. Dey and R. R. Bernandes 


Pp. 1-184. Subscnp- 
Marcel , Ino., 


en Pnergy, 
tin 165: Contributions to Canadian Palaeontology. Part 1: 
Conodonts and Fish Remains from the Stonehouse Formation, Ansaig, Nova 
J. A. ult. Part 2: Osteostraci from Somerset Island. By 
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+70 (10 plates). $2.50. Paper 67-10: Toarcian 
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iv+11 31 Paper : Elemental Associa 


tion Annual Report of the Division of Forest Products, 1967-68. . 72. 
elbourne’ trial Research Oran 


on, 1969. 
m ieee Meetings on Herbicides and Tree Crops with emphasis on Coco- 
nute—Proceedmgs. Pp. 100. (Kingston. Coconut Industry Boas 


1968 ) 

Nederlandse Vere: voor Weer—en Sterrenkunde. Observations of 
Variable Stars, July-December 1068. Report No. 15. Pp. 9. (G: : 
Kapteyn Astronomica! Laboratory, 1969 } 8 

‘émoires du Muséum National d'Histoire Naturelle. Nouvelle Séne. 
Série O, Sciences de la Terre. Tome XIX, Fasc. 3: La 8édimentation des 
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Claselqurs ou aoe Par G. Buson. 


que. Publications, Série A, No. 66: 
changes Therml 
Période Hiv 7 (Uocle-. 
Royal Météorol de peolmano 1969.) 313 

Forest Research In India, 1957-68. 2- Reports from Indian States. 
Ep. 1i+86. (Delhi: Manager of Publications, 1068.) Rs. 4.20; 9s. 1a 
81.52. 

Instituto Nacional de Tecnologia Agropecuaria: Estacion rımentalľ 
Pergamino. Biblu sobre Suelos. o: Eduardo F Sobral. 
Primera Parte: Pp. 821. Segunda Parte: . $28. (Serie Bibliografica, 
Toms VI.) (Pergammo, Argentina: Estacion Expemmental Pergamino 

968. 

Australia’ Commonwealth Solentific and Industnal Research Organiza- 
tlon. Annual Report of the Division of Land Research, 1967/68. Pp. 120. 
ee Commonwealth Scientific and Industrial Research pecan 7 
1989. 

Sonth Africa: Council for Sclentific and Industrial Research. National 
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265), Pp.1v+12. (Pretoria Counci for Scientafic and Industrial Research, 
1988. 

Carnegie Institution of Washington. Report of the President, 1987-1908. 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
Properties sultable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies, 

We hold stocks of an enormous varlety of dyes, ready for immediate 

despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 

Scarlet R, BPC, Diszonium salts, Neutral violet, Lacmoid, Nile blue, 

Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 

chrysoidin, Methyl red, Nitrazine yellow, Pinacrypto! green, etc, 
Industrial Research Establishments 


are Invited to make use of our Professional services ao 
consultants on the selection and use of dyes as researoh 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MECHR OME’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Grinwald, Leishman, Glemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stans, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, 8.W.14 
Cabies: Micromlabs London SW14. Telephone: 01-876 82289 








Elliott High Voltage 
Generators 
with solid-state logic 


The GX high voltage generators from Elliott feature 
solid-state power control and solid-state logic sequence 
control using the Elliott Minilog range. There are three 
basic types with outputs of 5OkV at 80mA; 100kV at 
40mA and 150kV at 20mA. All have a maximum contin- 
uous output power rating of 3kW, with the high voltage 
stabilised to 0-1% and on the GX1 to 0-:01%. 

The designed applications of the eight GX series Elliott 
high voltage generators are X-ray fluorescence analysis; 
rotating anode X-ray diffraction; sealed-off X-ray dif- 
fraction; industrial radiography and sealed-off neutron 
tube supply. Modifications can be made to the generators 
for specific requirements. 































FOR LABORATORY, SCHOOL METALWORK, ETC. 


Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. 
From I2BA (-0511”) upwards, 4UN, & 4mm. 
Ex stock. World wide service. 


Instructive 30 page list from:— 


BERNARD F. WADE, LTD. 


12 Wells Road, ILKLEY, Yorks., U.K. 








Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clements Inn, London WC2 
TEL: 01-405 4743 

Full details of rates and 
circulation supplied on request. 





for full Information, write to: 
The Neutron Division 
ELLIOTT-AUTOMATION 
RADAR SYSTEMS LTD 
Elstree Way Borehamwood Herts 
Tel: 01-853 2040 Ext 3159 


X EN 27 








agronomists 


Plant Protection Limited has in hand a major overseas 
field programme aimed at developing the use of agricul- 
tural chemicals, particularly the bipyridyl herbicides, in 
the more Important cropping areas of the world. A 
number of vacancies exist for agronomists to lead the 
fleld teams involved and applications are Invited from 
persons Interested In agricultural development and with 
the ability to carry out independent fleld research 
programmes. Candidates should have an Honours Degree 
in agriculture or one of the biological sciences. 































Field programmes exist In a number of countries, both 
temperate and tropical, and several posts call for know- 
ledge of rice cultivation In particular. 


Terms of service normally involve overseas tours of two 
years at a time. The Company’s overseas development 
programme ıs expanding, and opportunities are Ilkely to 
arise for advancement in the technical and techno/com- 
mercial fleld with both Plant Protection Limited and Its 
overseas assoclates. 


The appointments are permanent and there are good 
prospects for advancement. A realistic and progressive 
salary will be offered together with membership of the 
ICI Pension Fund and Profit-Sharing Schemes. Removal 
and housing assistance will be given to married men if 
necessary. 


Apply in writing, giving brief details only to. 


J. M. Round, 

Personnel Officer, 

Plant Protection Limited, 
Fernhurst, Haslemere, Surrey. 


PLANT PROTECTION LIMITED 


BROOKE BOND LEIBIG RESEARCH CENTRE 
Blounts Court, Sonning Common, Reading, RG4 9NZ 


INFORMATION 
SCIENTIST 


A Chemis or Food Scientist 1s required to be responsible for the information require- 
ments of @ sectron of the Company's R & D umerests, and to assist in scanning and 
development work in the Information Section, Applicants mus have a degree, or its 
cquivaleat, in Chemistry or in Food Science. 


Whitt oreference wl be gren to those who have worked i industry, previous 
experience of Lsbrary or information work is aot essennal. The oreferred age range 
13 23-30 years. Toe commencing selary, dependent upon age, qualificamons and experi- 
ence, will be within the range £1,110-£1,875 per annum. 


The Company operates @ contributory pension scheme, and a staff restaurant is avail- 
able for lunch 


Please write to the Administrative Officer at the above address, quoting 
Reference S/L 


(1785) 


For further Classified advertisements see p. vi 
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MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF BIOLOGY AS APPLIED 
TO MEDICINE 


Graduate in Biochemistry or Microbiology with 
research experience or a Ph.D. required to assist 
in research on che redeoblology of bacteria. A 
knowledge of the biochemistry of cell walls or of 
bactenophage would be an advantage. Selary 
probably within scale £1,240 to £1,470 with super- 
annuation under the F.S.S.U 

Applications to Dr. N. E Giles, Department 
of Biology as Applied to Medicine, The Maddle- 
sex Hospital Medical School, London eet 





BIRMINGHAM RADIATION 
CENTRE 


Apphcations are invited for a LECTURESHIP 
to ast in tho estabhshment and operation of 
the Redsation Centre which is to be buk at 
Edgbaston and which will contain facibtes which 
will serve both Univernties 19 Bı m. Con- 
tnbutions are required in one or more of the 
following fields : Electronics, with special refer- 
ence initially to the automatic control of accelera- 
tor beams; the opùumum use of data proccess 
equipment, radiation chemumtry, radiobiology. 
Salary scale £1,585 to £2,735 plus F.S S.U. 

Apphcatuons (three), naming three referees, by 
May 19, to Assistam Registrar (S), P O. Box 363, 
The University of Biomingham, Bwmingham 15, 





UNIVERSITY OF 
WESTERN ONTARIO 
DEPARTMENT OF APPLIED MATHEMATICS 


Applications are invited for two positions in 
the Department. 


Mechanics) effective Septem! n 

Appointments will be made at the Assistant 
or Associate Professor tevel according to quah- 
fications and experience. 

Those interested should wrze enclosing relevant 
information to: J. H. Blackwell, Head, Depart- 
ment of 
Western Ontano, London, Canada. (1691) 


UNIVERSITY OF 


WESTERN ONTARIO 
LONDON, ONTARIO, CANADA 

DEPARTMENT OF BOTANY 
Apphcations are invited for appomtment as 
Assmtant Professor, for teaching and research im 
the area of plant phystology. Preference will be 
given to appkeants with research interests directed 
towards biochemical and/or biophysical aspects 
of energy recepnon, conversion and transmuesion, 
in relation to photopertodism and 
rhythmic phenomena in plots. buual annud 
salary $10,000.00. Moving allowance provided. 
Appäcauons, together wuh names of three 
referees, should be addressed to Professor C. J. 
Hickman, Head, Department of Botany. ojij 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE DD2 5DA 
MYCOLOGY SECTION 


The headship of the Section becomes vacant in 
October 1969 with the retirement of Dr, A R. 
offered at PS.O./S P S O. 








pathology. Salary scales 
£3,425; SP.SO, £3,850 to £4,400 
Further particulars may be bad from the Secre- 


June 20, 1969 (1716) 


GLASSHOUSE CROPS RESEARCH INSTI- 
tute requires PLANT PHYSIOLOGIST to jom a 
group to work on growth, development end meta- 
bolsm of the flower shoot In ornamental bulbs 
tal Officer ; 





Optionai contnbutory superannuation scheme. 
Candidates should have degree or equivalent 
qualification ın appropriate subject, with pracucal 

details 


referees, should be sem before May 20, 1969. 
(1765) 
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LIVERPOOL SCHOOL OF 


TROPICAL MEDICINE 
(UNIVERSITY OF LIVBRPOOL) 
DEPARTMENT OF PARASITOLOGY 
POSTDOCTORAL RESEARCH BIOCHEMIST 


required to join a newly formed Research Group 
invesugatmg problems m the chemotherapy of 
protozoal diseases and drug resistance. 


be com- 
mensurate with qualifications and experience and 
based on the University scale for Lecturers 
(Grade ID. 

Applcations in writing, together with the 
names of two referees, should be sent to the 
Dean, Liverpool School of Tropical Medicine, 
Pembroke Place, Liverpool L3 5QA. (1793) 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
DEPARTMENT OF BIOLOGY 
PLANT PHYSIOLOGIST 


Applications are invited from plant physiolo- 
gists imerested in teaching an undergraduate 
course and m developeng relevant graduate work. 
There are good prospects for estabhshing an 
active research programme and we would be par- 
ucularly enterested in a candidate ready to work 
as part of a team with biofloristics as its central 
theme. The appointment could be at the rank 
of Assistant Professor or Associate Professor, de- 
pending on qualificanons and ` 

Applications should be sem to: Marshal 
Lard, PhD, D Sc., Professor and Head, De- 
partment of Biology, Memonal University of 
Newfoundland, John’s, 
Canada. 








tary-General, Associauon of Commonwealth Uni 

versities (Appts), 36 Gordon Square, London, 

W.C.1. Applications close on June 6, vice 
1 


NEWCASTLE REGIONAL 


HOSPITAL BOARD 


Applications are invited for TRAINEES, up 
to four in number, in 





myren the opportunity of attending the course in 
clinical biochemistry heid at the University of 
Newcastle upon Tyne, and to undertake research 
leading to a M.Sc. Applicants should have 
graduated, or expect to graduate by the summer 
of 1969 in chemistry, biochemistry, physiology or 
other appropriate biological sciences. The course 
in chnical biochemistry {fncludes lectures and 
lecture-demonstrations. Canchdatea will be ex- 
pected to pay therr own fees 

Preference wil be given to basic grade blo- 
chemists outside the probation period. Salary in 
accordance with Whitky Connacil Conditions of 


ce. 
Further paruculars and apphcation forms may 
m the Newcastle 


castle upon Tyne, NE6 4PY, to whom applica- 
tions should be returned not later than June 10, 
1969. (1781) 


UNIVERSITY OF MANCHESTER 
EXPERIMENTAL OFFICER 
DEPARTMENT OF GEOLOGY 


Apphcations invited for this post in which 
person appointed will assist in maintenance and 





and vacuum systems demrable. Salary 
renge per annum £920 to £1,460 (under review). 


FSSHU. 

Paruculars and apphcation forms (returnable 
by May 23) from the Registrar, the Unuvermty, 
Manchester M13 9PL Quote ref. ea) 
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BIBBY 


REQUIRE 






GRADUATES in 
BIOLOGICAL 
SCIENCES 


To fill three vacant positions in our Nutrition Research 
Department at Weatherstones, Neston, Wirral, Cheshire, 
which is widely involved in animal feed manufacture and 
livestock production. 


SENIOR POULTRY 
NUTRITIONIST 


£2,000 p.a. Negotiable 


To conduct research into the requirements of all 

classes of poultry and supply necessary data for commercial 
formulation, training and marketing. 

Candidates for this position must have a good honours 
degree and a proven record of considerable post graduate 
experience in the field is essential. 


TWO ASSISTANT 
NUTRITIONISTS 


£1,000 p.a. Negotiable 


Two recent graduates are required to work with the 
respective Senior Nutritionist in the categories of pigs and 
cattle. They will be involved in the progress of all experi- 
mental work, both with animals and in the laboratory. 

The Company’s Interests are expanding and the opportunities 
available offer an attractive challenge to the right person. 
Excellent laboratory and animal facllities are available and 
the department is situated In a most attractive environment. 
Excellent working conditions and other fringe benefits are 
offered. Please apply, in writing, stating age, qualifications 
and experience to:— 














Mir. J. R. Wales, 
Personnel Officer, 

J. Bibby Agriculture Ltd. 
King Edward Street, 
Liverpool, 3 
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BEECHAM RESEARCH 
LABORATORIES 


TECHNICIANS 
for 
PHARMACOLOGY 
Beecham Research Laboratories ere €x- 


panding and have set up a now comre for 
medicmal research at Harlow. 


to play an active part in our 
grammes, 

Applicants should possess “A level 
Biology or eltematively bave ONC in 
Applied Biology. “A” level Chemistry, 
although desrabie, is not essential Reole- 
vant walong may be given at our research 
taboratory in Surrey poor to taking up en 
appommmeat in Harlow. 


Tiis Company oers good startiog elann 


Every cocowegement is given to staff to 
study for further quabficauons and, where 
appropriate, day release courses wilt be 
arvanged. 

Please anply, quoting Reference P/P, to: 
Personnel Officer, Beecham Research 

tories, The Pmoecies, Fourth 
Avenue, Hartow, Essex. (1805) 





UNIVERSITY OF SURREY 
EXPERIMENTAL OFFICER 


required for the BIOLOGICAL AND MEDICAL 
LABORATORY in che Biomechanics unit of the 


urgery and care of animals. 
In particular, he wall be responsible for setting 
up and oroviding a histology service for staff 
and scientists working in the department, and for 

five 


Applications should be submitted with the 


A Surrey, 
by May 26, 1969. (1738) 


UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 


DEPARTMENT OF AGRICULTURAL 
AND FOREST ZOOLOGY 


RESEARCH ASSISTANT 
Applications are invited for the post of 


cauing ams. The main work will involve 
bebavioural studies on daboretony colonies 
Applicams should bewe a good honours 
degree m Zoology, or in a chosely related 

subject, and preference wall be given 
post-doctoral applicants with research ex- 
do the general field of animal 


Salary wi be wuhin the range £1,150 
to £1,350 plus F.S S.U. benefits. 

The instrel appointment well be for ons 
year with e possibilty of renewal by 
mutual consent for op to three years, 

AppHcations (two copies), with fol de- 


May 26, 1969, to the Regwtar, University 

College of North Wales, Bangor, from 

whom farther particukars may be obtained 
(1802) 















necessary. 


Fureher particulars from the 
to whom appkostions should be sent ‘ty 
May 31. (1731) 





UNIVERSITY OF EXETER 


ASSISTANT LECTURER IN 
BIOLOGICAL SCIENCES 


Applications are invited for the post of 
Assmmant Lecturer in Biotogy, w.th special 
umerest in genetics, in the Department of 
Biodogical Sciences, with effect Emm Octo- 
ber 1969, or such dater date as may be 
arranged 


Galary ecale : £1,240 to £1,355 to £1,470 
twal salary will d 





UNIVERSITY OF BRISTOL 


Apphcations ere invited for ghe post of 
LECTURER IN STATISTICS AND 
MATHEMATICS within the Department of 
MATHEMATICS tenable from August 1, 
1969, or as soon after ths date as posmbke. 
Insi] salary within the scale £1,585 to 
£2,275 per anoum. 


Further paruculars may be obtained from 
the Registrar, Univeanty Scnate House, 
Bnstol BS8 1TH, to whom applcauons 
should be sent by May 23, 1969. (1745) 
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agricuitural 
scientist 


Plant Protection Limited require a male graduate with an Honours 
degree in Agncultural Botany or Agnculture to work at their 
Jealott’s Hill Research Station, Bracknell, Berks 
preferably be under 26 years of age and have post graduate 
experience in field experimentation. The successful candidate 
will need a thorough knowledge of British agriculture and a 
particuler interest in arable and grassland husbandry. 


He will lead a team engaged in the evaluation of new crop protection 
chemicals and in the study of assoclated husbandry techniques 
The team ıs based at Jeslott’s Hill Research Station but will also 
operate on co-operating farms in Southern England 


The appointment is permanent and there are good prospects for 
advancement A realistic and progressive salary scheme together 


with Pension and Profit-shanng benefits apply. Assistance with 
removal expenses and housing will be given to a marred man, if 


Please apply in writing to : 


Plant Protection Limited, 
Fernhurst, Haslemere, Surrey. 


PLANT PROTECTION LIMITED Ng 


He should 





(1833) 


Y 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


Appkeations are epvited for the post of 
Scientific Officer for 


port for universes by means of 
grants and training awards. 


The successful epplcant will be expected 
to eset in aH the activties of the section 
and wai bave eventual responsibilty for the 


be expected to develop an 
tain areas of geology with particular empha- 
ss on equipment. 


Qualificadions and Experience 

A first or second class honours degree, or 
an equwaleat or higher qualification, with 
Geology as a major or subsiddary subject 
and preferably some refevant postgraduate 
experience. 


Salary 


Scientific Officer (under 29 years 

December 31, 1969) £1,020 to £1,740. 
Senor Scientific Officer (normally at 

26 years and under 32 years at December 

31, 1969) £1,925 to £2,372. 


Todtial appointment will be non-pension- 
able but there are prospects of a permanent 
and peanooabk post. Applicanon form 
and pertculars from the Natural Enwron- 
ment Research Council (E-G), Alhambra 
House, 27-33 Charing Cross Road, London 
W.C.2, quoting ref. : 22239. 


Closing date June 6, 1969. 


at 





SENIOR TECHNICIAN TO RUN ELECTRON 
microscope (AEBI6 and Phillips EM300) dealing 
with problems in cellular biclogy.—Applications 
to Professor L. Wolpert, Department of Biology 
as Applied to Medicine, The Middlesex Hospital 
Medical School, London, W.1. (1771) 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 


READERSHIP IN ROCK 
MECHANICS 


Applications are inated for appointment 


Mechansca, 
Mining Engineering 
date from October 1, 1969, or such cartier 
date aa may be agreed 

Candidates, who have an imense interest 
in eppided rock mechanics are part 
wescome 


It ss: desired to extend and Fon ha 


partmem, starting an 1971/72 Ik 1s par- 
ticolarty desirable that the succeasfol cand: 
date should be closely concerned with these 
developments. 

Salary on the soale for non-medical 
Readers, 1c., £2,980 by E10 to £3,420 by 
£100 to £3,520. 

Famher paruculers may be obtained from 
the oaderagned, with whom appifcetions 
(15 copes), must be lodged not ister than 


Terrace, 
Newcastle upon Tyne NEI 7RU. 
(1787) 





WESTMINSTER HOSPITAL 
TEACHING GROUP 
QUEEN MARY'S HOSPITAL 
ROEHAMPTON, 
S.W 15 


RESEARCH ASSISTANT 


required to work on immunology of serum 
protems Salary up to £1,000 per annum 
according to quakficatlons/expertence. 


Applications to Dr J. Kobn, Senior Con- 
sultant Pathologist, Department of Patho- 
logy (1811) 


INSTITUTE OF 
ORTHOPAEDICS 
(UNIVERSITY OF LONDON) 


An INFORMATION OFFICER wm re- 
quired to collect and disseminate informa- 
tion end prepare summaries, reviews, 
stracts and pcogress ccports and be respon- 
mble for records in conaection with research 
imo ORTHOPAEDIC APPLIANCES, over 


tons degree, 
physica, general science or engineering. 


Salary in the range of £1,470 to £2,630. 


Apphcations, with two referees, 
Dean, The Institute of Orthopacdics, 234 
Great Portland Street, WIN 6AD, dy May 
31, 1969. (1774) 


DEVELOPMENT AND CONTROL 
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The Water Research 


Association 


COMPUTER 
PROGRAMMER 


A Computer Programmer is required to work on the application of 
computer techniques to problems in the water industry. 





Applicants should be well qualified In science, engineering or 
mathematics, and should be experienced programmers In one or 
more high-level languages. An Interest in the use of visual display 
for input and output is desirable. The Assoclation has access to 
an Atlas computer by remote terminal. 


Initial salary, in accordance with age and experience, up to £1,844, 
with F.S.S.U. Superannuation. 


The WRA is a Research Association grant aided by the Ministry 
of Technology. It is situated by the Thames and is concerned with 
a wide variety of problems in the collection, storage, treatment 


and distribution of potable water supplies. 


Write or telephone for application form quoting Post No. 136C to : 








e Ț 


WATER 


The Water Research Association, 
Ferry Lane, 

Medmenham, 

Marlow, Bucks. 


R.A. iE Phone Hambleden (Bucks) 282, ext. 5. 





Assistant Experimental Officer 
or Experimental Officer 


toos erc dawid for the above 


22, £1,150 age 26 or over at entry to £1,385 

per annum (max); E.O. £1,514 to £1,910 

per annum, 

The Institute 1s en Assocrated Institunon 
Reading 


for 
Appiicathon forms end further dotais may 
be obtamed from the Secretary, to whom 
applications should be submitied by May 
31, quotmg A.A/9/3 Pom 8 (1733) 


(1734) 


UNIVERSITY OF WALES 


UNIVERSITY COLLEGE OF SWANSEA 


DEPARTMENT OF 
GEOLOGY 


DEPARTMENT OF GEOLOGY. Apph- 
cants should have special interests in Palac- 
omotogy, Sedumentology or 

The appointments are tenable from October 
1, 1969, end are for one year an the firm 
mance. 


Salary in the range £1,010 to £1,065 per 
annum together with F S S.U. benefits. 


Further particulars, quoung reference 
number B6, may be obtained from the 
Registrar, Univerzity College of Swansea, 
Singleton Park, Swansea SA2 8PP, by whom 
appkcations should be received by Monday, 
May 26, 1969. (1743) 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED 
Agricultural Division 


JEALOTT’S HILL RESEARCH 
STATION 


Near Bracknell, Berkshire. 


ANIMAL 
NUTRITION 


As a result of expansion of animal nutrition research with both ruminants 
and non-ruminants, which is taking place at Jealott’s Hill, the following 
vacancies exist : 


NON-RUMINANT 
NUTRITIONIST 


Research and development directed towards the production of single- 
cell protein concentrates from hydrocarbon substrates is in progress 
within Agricultural Division. To support the microbiological work a 
Nutritionist is to be recrulted who is stimulated by the idea of evaluating 
a new protein material. He should be a graduate with a number of 
years of research experience in the nutrition of non-ruminant animals. 
Initially he will be responsible for the establishment of housing and 
related facilities for poultry research and for organizing an appropriate 
programme of nutrition work. Subsequently, it is envisaged that the 
research will be extended to include pig nutrition 


RUMINANT 
NUTRITIONIST 


An expansion of research in forage conservation and non-protein 
nitrogen utilization has led to an increase in nutrition research with 
ruminant animals. A graduate in agriculture or an agricultural science 
Is required to design and supervise feeding trials with dairy cows and 
beef cattle, and to conduct metabolism trials related to these. The 
successful candidate will have some years experience in nutrition 
research of this type. A certain amount of travel in the United Kingdom 
between the Company’s farms will be required. 


BIOCHEMIST FOR 
NUTRITIONAL STUDIES 


A Biochemist ıs also required to join the team and the initial problems 
he (or she) will study will concern the conversion of simple nitrogen 
to protein in the rumen, and the relation of this to the animal's nutritional 
needs. The successful candidate will probably have had at least three 
years’ post-graduate experience in animal biochemistry, and some 
knowledge of animal nutrition is a desirable added qualification. He 
will be expected to display initiative and play an Important role in the 
development of the research programme 


Jealott’s Hill is the location of much of ICI’s agricultural research and 
it is situated in pleasant countryside 35 miles from London, within 
easy reach of varied and attractive residential areas. 


The Company operates House Purchase, Profit-sharing and Contribu- 
tory Pension Schemes and offers financial assistance towards Removal 
Expenses for married men. 


Write, giving brief details of age, qualifications and experience, to’ 


J. M. Round, Personne! Department, 
Imperial Chemical Industries Ltd. 
Fernhurst, Haslemere, Surrey. 













































(1810) 
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STRANGEWAYS RESEARCH 
LABORATORY 
CAMBRIDGE 


bes a vacancy on September 1, 1969, for a 
Asistant to work on carcino- 


genesis in orgen culture. 


ates in the biologica} sciences. 

Appiy to the Deputy-Director, Strange- 
ways Research Laboratory, Won’s Caouse- 
way, Cambridge (1790) 


UNIVERSITY 


OF DUBLIN 
Trinity Collere 





HONOURS GRADUATES 


in Biochemistry, Chemistry, Micro- 
biology or other biological subjects ; 
students about to take their Honours 
Degree ; and graduates in Medicine 
or Veterinary Science, are invited to 
enquire about opportunities to enga 
in post-graduate research, registrable 
for M.Sc. or Ph.D. degrees, in any of 
the following topics: 

DNA metabolism ; Viral replication; 
Regulatory mi i in fungi: 
Penicillin biosynthesis ; Bacterial 
lipids; Mode of action of anti- 
bacterial drugs; Absorption of vita- 
additions Earmcieay eine tee 
addiction ; ology ; Clinical bio- 
chemistry. 


Enquiries to Professor Brian Spencer, 
Dept. of Biochemistry, Tel. F941; 
Ext. 608/609. (1721) 





UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


Apphcations are invited for (a) READERSHIP 
or (b) SENIOR LECTURBSHE IN STATISTICS 
to be filled as soon as poambie. Appointee could 
be considered for appomtment to the Headship 
of the subject efter the substantive appointment 
Salary scales > (a) £EA2,540 to £RA2,825 per 
annum, (b) £BA1,950 to £BA2,615 per annum 
(EBAI=£1 3. 4d. sterling). Salary supplemented 
ın range £345 to £505 per annum (eterhng) in 
appropriate case under British Expatriates Supple- 
mentation Scheme FSSU. Family passages; 
biennial overseas leave. 

Detailed appheations (sax copees), naming three 
refecees, by June 10, 1969, to Inter-Unavermity 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are available. 

(1754) 





“UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGE 
UGANDA 


Appheations are invited for LECTURERSHIP 
IN_ GENETICS IN DEPARTMENT OF 
BOTANY, avatable from July 1969 Candidates 

preferably have an interest in population 
genetics, but other fietds will alzo be consdered, 


supplement: 
in appcoprmte case in range £345 to £410 per 
annum (sterling) under Brinsh Expatnates Sup- 
plementation Scheme. . Family pas- 
biennal 
. three 
1969, to Inter-Univereity 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are a 
ti 





TECHNICIAN WITH EXPERIENCE OF 
thin-sections and associated techniques required 
for the Geology Mary Col- 


to age and qualifications 
pee annom plus London 


Four/five weeks annual kave 
Pension scheme.—Letters only to Remstrar (T/G), 
staung age, full details of experience and present 
work (1727) 
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AGRICULTURE fAixtAnD istAnDs 
Sheep Husbandry Officer RC 213/60/04 
Grassland Agronomist RC 213/60/02 
General Agriculturists and agricultural specialists kinds £ 
are frequen in the effort to match the mere demand Pasture Specialist RC 213/60/03 
from the de g countries, The vacancies advertised below 


are a selection the many openings which exist now, While 
they are being filled, other vacancies are orising. 
Salaries solthin the ranges quoted are assessed on qualifications 


in certain circumstances, 


Candidates must be citizens of, and normally resident in, the 
United Kingdom, 


BOTSWANA 


(I) Agricultural Officer (Animal Husbandry Research 
R 


213/19/01 
Duties Research into the breeding and feeding of cattle 
Siem Degree in Agriculture with animal husbandry as a major 
subject. 


(2) Agricultural Research Officer RC 213/19/021 


Duties: To be responsible for the soil fertility research programme 
including the investigation of both dryland and irngated soils. Also to 
conduct a series of greenhouse experiments to determine micro nutrient 
deficiencies ın various parts of the country and to give general advice on 
soil fertility problems to farmers throughout the extension service. 

Qualrfications Degree in Agriculture or a related science. An M.Sc. or 
its equivalent in the fleld of sorl fertrlity and plant nutrition is also desirable. 


(3) Soil Surveyor Land Use Planning Unit 


RC 213/19/020 
Dutles: To assist in drawing up land use plans, 
Qualifications: Degree in Soil Science. Previous experience In soil surveys, 
referably In Afmean countries, desirable. 
larjes: sand (2) R.2,256-R.4,£00 (£Sterling 1,316-2,800) p.a. (3) R.2,256— 


R.4,440 (£Steriing 1,316-2,590) p.a. plus a non-taxable inducement allowance 
in the anpe £660 p a. pud direct to an officer’s home bank account. 
Gratuity 25% of basic salary. Contracts 2-3 years. 


CAYMAN ISLANDS 


Deputy Director Mosquito Research and Control Unit 
RC 213/36/01 


Duties To assist in all aspects of research and control of biting flies and 
the running of a small but multr-disaplined unit with special responsibility 
for insecticide testing and field trials using ground and aerial methods 
Experlence In latter method essential. Insectiade formulation and the 
execution of abatement measures. 

Qualrfications and Terms: Degree in Entomology with practical experience 
in aersal applications and insecticide testing. The ability to handle labour 
and undertake administrative duties ıs also desirable. 

Salary: £2,500-£3,000 p.a. plus an inducement allowance subject to revision 
of £600-£750. Tax free gratuity 20% of basic salary and inducement 
allowance. No Income tax. Age limits 25—40 years. Contract 2 years. 


JORDAN 


Farms Settlement Advisor RC 213/94/01 


Dutles To be responsible for the layout of irrigated settlements in the 
Bedouin Settlement Project, and the general management of their crops. 
Qualifications. Degree or Diploma in Agnculture with practical experience 
in trmgation and use of machinery. 


Salary £2,500-£3,000 p.a. according to experience and qualifications, 
subject to British income tax, plus a variable non-taxable overseas allowance 
of £495-£1,125 pa. depending on marital status. 
as mainly fleld work involved 


Single man preferred 
Contract 2 years. 





Duties: To act as a Team to study all aspects of sheep and cattle farming and 
to make recommandatioas as to the best methods of tmproving production, 
Qualifications and Terms: An approprrate University degree and relevant 
experience in their discipline. Pasture Specialist must have experience of 
peat soils. 

Salary: £2,000-£3,000 p.a according to experience, subject to British 
Income tax, plus a variable non-taxable overseas allowance of £150 (single) 
a £525 (married unaccompanied) p.a. Contract 7-8 months c-mmencing 

ugust 


MALAWI 
(I) Agricultural Officer (Land Use) RC 213/134/027 


Duties* The survey design and layout of soil conservation works, land 
use classification and farm planning, and the training of junior staff. 
Qualifications’ Degree in Agriculture or related subject, preferably with 
experience in land use planning and conservation in tropical countries. 


(2) Agricultural Research Officer RC 213/134/033 


Duties To act as personal assistant to the Chief Agricultural Research 
Officer, with particular reference to administration in connection with the 
professional side of the Research Branch of the Agricultural Drvision and 
to be responsible to him for carrying out duties which include the collection 
and correlation of experimental records and reports, the initial editing 
and compiling of the Agricultural Research Annual Report, the preparation 
of specral subject matter reports and the handling of routine correspondence 
Qualifications Degree in Agriculture or hed subject, with practical 
experience in fleld experimentation. Specific experience In the writing of 
reports for publication is also desirable. 

aries: ab £1,420-£2,600 pa. (2) £1,485-£2,600 pa In addition 
a supplement of £100 pa. ıs payable direct to an officer's bank account 
gute e Malawi and Rhodesia. Tax free gratuities 15%-25%. Contracts 

years. 


NIGERIA 
Soll Surveyors RC 213/131/01 


Dutres: Tw oso! surveyors are required to be attached to the Land Resources 
Drvision of the Directorate of Overseas Surveys of Britain, which Is under- 
taking land resources appraisal in northern and western Nigeria. 
Qualifications and Terms Honours degree in Soi! Science, Natural Science, 
Agriculture or Geography with a post-graduate qualification in Soll Science, 
Salary: £1,400-42,400 p.a. according to experience and qualrftcations, 
subject to British Income tax, plus a varrable non-taxable overseas allowance 
of £1,705 p.a. depending on marital status Contract 2 years. 


TURKEY 
Plant Biochemist RC 213/181/05 


Duties: To lecture on plant biochemistry; to give applied examples in 
plant biochemistry research and to make plans for a chemistry section, 
Qualifications and Terms: A Ph.D. in plant chemistry and a post-graduate 
qualification of research in plant bioc emutry. 

Salary: £2,000-£3,000 p.a. subject to Briush income tax plus a variable 
Nnon-taxable overseas allowance of £420-£935 p.a. depending on marical 
status. Age limit 50 years. Contract | year minimum. 


GHANA 


Plant Physiologist 
Entomologist RC 213/70/05 


Duties: To work as members of a team to carry out a programme of 
research into problems assocrated with cocoa swollen shoot disease. 
Qualifications and Terms: An honours degree with considerable post- 
graduate experiance preferably with tree crops in the tropics. 

Salary in the range £1,300-£2,500 p.a. according to qualifications and experi- 
ence, subject to British income tax, plus a variable non-taxable overseas 
allowance from £705-£1,395 p.a. depending on marital status. 
2 tours each of 18 months. 


ZAMBIA 
Agricultural Officer (Training) RC 213/132/022 


Duties: To direct and organize staff training and short courses for farmers 
at farm institutes and farm training centres, 

Qualifications: Degree tn Agriculture with experience of advisory work, 
Salary. Kwacha 1,944-4,464 (£Sterimg 1,134-2,604) p.a, plus an Inducement 
allowance in the range £243-£429 pa. A supplement in the range £233— 
£291 p.a. 1s also payable direct to an officer's bank account outside Zambia. 
z3% gratuity. Both supplement and gratuity are tax free. Contract 

years. 


Contract 


For further particulars of these vacancies and an application form 


please write g your full name, age and brief of profes- 
sional cations and bel srl niin ana quoting late 

number, to the A Officer, Room EsolNi24, 
Ministry of Overseas Eland House, Stag Place, 
London, S.W.1. 


MINISTRY OF OVERSEAS 
DEVELOPMENT 


(1744) 
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CLINICAL 
RESEARCH 


Applications are invited from medical practitioners 
holding a registrable British medical qualification. 
The successful applicant will have responsibllity 


for the 


Initiation of human pharmacological 


investigations, and for conducting early clinical 


studies under the direction of the Head of Clinical 
Research. Specialization is not called for, but a 


wide medical experience is desirable. 


Preference 


will be given to applicants with some Industrial 
research experience. 


Salary will be negotiated and conditions of service 
include bonus, life assurance and a contributory 
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MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
LECTURER IN APPLIED MATHEMATICS 
Appiications are invated for a post of Lecturer 


m epplied mathematics “un the Department of 
Mathematics. The Department has sections in 


Department. 
shouki aormally have both good teaching cx- 
perience and a PhD. or equivalent research 
quahfications 
Salary range: Lecturer: $A5,400 to 
per annum with superannuation provision on the 


service with provision for financial asmstance. 
Further g¢oceral information and details of a; 


fon sch AC ill b ided Gem, Amocation of Commonwealth Univer 
en n sc me. m ny car WI e prov ` on o wealth = 
ponme S oompany P sities (Appts), 36 Gordon Square, : 

W.C.1 Enquiries co: and 


Please write in the first instance to the Administration 
Manager, Riker Laboratories, Research Division, 44 Tewin 
Road, Welwyn Garden City, Herts. 


(1806) 





TECHNICAL SALES 


LKB Instruments Lid., the U.K. company of am internationally renowned Swedish scheatific 
Instromeat manofacterer require tro additional sales personnel to assist in the company’s 


curreat expansion progranmme. 


1. PRODUCT SPECIALIST—Analytical Instruments Division. 
This eppointment 1s pnmenly concerned wah the sales of combined Gas Chromato- 


graphy-Mass Specurometer Systems, aad the provsion of 


suppor to the 


speceslist 
techaicel gales force. Applicants should haye previous technical sakes experience and 


possess a degree or its equivalent in Chemistry. 
Chromatography, Mass Spectrometry or allied techniques is casential. 


Practical experiences on Gas 


2. TECHNICAL SALES REPRESENTATIVE—Midland Area. 
Promotion of the present Technical Sales Representative to Product Specialist status 
bas created this vacancy. The person appointed will be responsible for promoting 
the sales of the full range of LKB pooducts to acadeanc, mechcal and musical 


sor B R. Morton (geophysical fluid dynamics), 
Borght (stellar structure) 


appointment or to appoint by ee 
1 





NJALA UNIVERSITY, COLLEGE 
UNIVERSITY OF SIERRA LEONE 


Appkcations are invited for the following ap- 
poimments : 

) SENIOR LECTURESHIP or LECTURE- 
SHIP IN ANIMAL HEALTH. 


daboratories within the allotted territory. @ 
Applicants shou'd possess relevant sales or technical qualifications and experience in 
one or more of the following fields: Chromatography, Electrophoresis; Clinical 
Analysis; Calorimetry, Electro Chemistry, Spectromeiry, Ultramicrotomy; and 
Fermentation Technology 

Good salaries, bonuses, and expenses will be paid. and company cam will be provided 

Both poskions are superannusted and carry free life Insurance. 

Please apply to: The Sales Manager, Instroments Ltd., 232 Addington Road, South 


Salary scaks* Senior Lecturer Le4,550 to 
Le5,400 per annum ; Lecturer, Le2,400 to Le4,740 
per annum (Lel=10s. sterbog) plus suppiementa- 
tuon (aormasly tax-free) of £275 to £450 per 

(mterling) for designated under 


LKB 
Croydon, Surrey CR2 8YD. Telephone : 01-657-0286. 


(1770) 





UNIVERSITY OF HONG KONG 


LECTURESHE?/ASSISTANT LECTURESHIP 
IN ZOOLOGY 


Applications are invited for the above- 
mentioned post. Preference wil be given to ap- 
plicants wh interests in entomology. The can- 
didate appointed wall be responsible for the 
teaching of both pure and some applied aspects 
of entomology to the degree studems, and will 
be expected to undertake research. 


Annual salaries (uperannuable) Gpproximate 


SHK1,440 to $49,600 (£1,836 to £3,409) (wo 
Asmstant Lecturer, $HK20,800 by SHK1,440 to 
$HK25,120 (£1,429 to £1,726) (man); $HK15,760 
by SHK1,520 to $HK20,320 (£1,083 to £1,396) 
(woman). 

Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
tion of Commonwealth Un:versities (Appts), 36 
Gordon Square, London, W C.1, or the Regis- 
trar, University of Hong Kong. Clomng date 
for apphcations May 31, 1969. (1778) 


KENNEDY INSTITUTE OF 
RHEUMATOLOGY 
DIVISION OF BIOCHEMISTRY 


RESEARCH TECHNICIAN/SENIOR TECH- 
NICIAN required for work on molecular biology 
disease. Expertence 


Co 
and qualhficauons, waxhin 
£1,450 per annum, plus London Weighting and 
superannuation (F.S3.N.). 
Fully detaHed appkcanons naming two referees 
say (1665) i 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF PURE 
MATHEMATICS 
Applications are tovted for a post of LEC- 
TURER or ASSISTANT LECTURER in PURE 
MATHEMATICS tenable from October 1, 1969. 
Salary ın the range £1,240 to £2,735 with F S S.U. 

provision 

Farther particulars from the Registrar, to whom 
applications (four copes) should be sent by May 
30, 1969 Quote Ref. : R.81/G. (1759) 


annum those 
Baotush Expatriates Supplementation Scheme 
Superannuation Scheme or ; various 
allowances; family passages; bieonsal overscas 
leave. 
Detaled applicatons (six copies), naming 
three referees by June 12, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
London, WIP , from are 
available. (1751) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF MATHEMATICS 
(THEORETICAL AND EXPERIMENTAL 
RHEOLOGY) 





Apphoations are invited for the post of Lec- 
turer or Assistant Lecturer in Mathematics. The 
candidate, who may bave an expemmental back- 
ground but who washes to lecture in mathematics, 
should have an interest in continuum mechanics 
and wäl work in e group investigatmg the 
rheology of potymer solutions doth theoretically 
and experimentally. Commencing salary accord- 
ing io qualifications and experence in che scales 
Assistant Lecturer, £1,240 to £1,470; Lecturer, 
£1,585 ¢o £2,735. 

Appiication forms and conditions of appoim- 
ment may be obtained from the Remstrar, 
U.M.IS.T., Sackville Street, Manchester M60 
1QD. Ciomng date for apphcations : Mey 30, 
1969. (1758) 
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UNIVERSITY OF ASTON 
IN BIRMINGHAM 
DEPARTMENT OF MATHEMATICS 


Applications are invited for the following posts 
in the Department of Mathematics: 

SENIOR LECTURER in Mathematics with 

interest ın the problems which arise in 
the teaching of mathematics to undergraduates in 
other departments. The person appointed will 
be expected to carry out cesearch in thus field. 

RESEARCH FELLOW to work on the mathe- 
maucal theory of fundamental perticles and their 
fields. 

ASSOCIATE RESEARCH FELLOW and/or 
RESEARCH ASSISTANT/STUDENT to work 
on the apphcauon of mathematics in some field 
of electromagnetism. 

RESEARCH ASSISTANT/STUDENT to work 
1n one oF pa following: teal 


theory of tal. partiis and 

(b) a joint per with the Department of Pro- 
duction Engineering on the application of field 
theory to steady-state plane erain and axi-sym- 
metrical plastic flows 


per annum ; 
per annum; Associate Research Fellow £1,240 to 
£1,470 per annum ; Research Assistant’ £750 to 
£1,200 per annum. 

Farther particulas and appkcation forms may 
be obtained feom the Staff Officer ef. No 
685/6) The University of Aston in Birmmgham, 
Gosta Green, Birmingham 4, to whom applica- 





JUNIOR TECHNICIAN 


with “O” or “A” levels in scienufic subjecta 
required to assist doctor engaged on interesting 
physiological and clinecal research on the eye. 
Salary £505 to £970 according to age and quah- 
fications 

Whitten applications to The Secretary, Institute 
of Ophthalmology, Judd Street, London, aes 





UNIVERSITY OF 
WESTERN AUSTRALIA 
PHYSICAL CHEMISTRY 
Apphcations are invited for appointment as 

LECTURER OR R LECTURER 


Department of 
as from July 1, 
thereafter. The 


candidate has suitable qualifications and experi- 


ence. 

The salary range for a Lecturer is $A5,400 to 
$A7,300 pec anuom end for a Senior Lecturer 
egg to $A8,750 per annum plus superannua- 

on. 

The appointee will be expected to share in the 
teaching of general physical chemistry at the 
undergraduate level, to lecture in Ins specialised 
field at senior undergraduate and postgraduate 
levels and to carry out research, for which time 
and reasonable facilities are available. 

Intendeng applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing Ror the post und a copy of rhe conditons of 
appointonent before submitting their applications. 
Tins information és avaiable from the 


the Associa- 
tion of Commonwealth es (Appts.), 36 
Gordon Square, London, W C.1. 
close om June 7, 1969. (1799) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


TECHNICIAN 


is cequired to assist a cescarch group worung 
on microbiological corromon of metals O.N.C. 
in Physics end Chemustcy desirable The pos 
us tenable instally for three years. Age over 21 
years Salary within the range £692 to £977 per 
anpum according to qualifications and exper 
ence (additions of £30 and £50 for approved 
qualifications). Five day, 374-hour, week. Super- 
annuaton scheme. Canteen faciiues. 

Requests for application forms quoting refer- 
ence CE 26, should be sent to the Regstrar of 
the Iasutute, Sackville Sweet, Manchester M60 
1QD. Completed forms to be returned by May 
16, 1969. (1757 


= 
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SCIENCE RESEARCH COUNCIL 


THE RUTHERFORD LABORATORY 
Chilton, Didcot, Berks. 


PHYSICIST 
PROGRAMMERS 


There ace vacancies for Physicist Programmers within the bubble chamber research 
group of the High Energy Physics Division of the Rutherford Laboratory. The work 
of itis group, often carried out in collaboration with University research groups tn 
the UK and ebroad, includes the processing of large quantules of data fram manual 
and automate measuring machines. The computer programmes used to process these 
data require continuing modification and updating to maintain the efficiency of the 
system It ıs also necessary continually to develop new programmes to digest and 
analyse the results of the experiments. These teeks, together wnh the efficient opera- 
tion of the processing system, would be the responsib.lities of the successful candi- 
dates 


They wou'd work in close collaboration with thelr opposte numbers in the Univermty 
groups, those eesociated with the Leboratory’s IBM 360/75 computer and with the 
Physic.sis who use the bubble chamber technique for their research work. 


Successful candidates wil be expected to have considerable experience of programming 
and data handing Some experience in the application of bubble chambers to high 
energy pbysics research would be en advantage 


Appointments wih be made ember to the permaneat staff of the Laboratory or to a 
Research Assoclateship tenable for three years in the fit Instance. Superannuatuon 
for permanent staff uw effected through the United Kingdom Atomic Energy Authorrty’s 
contributory superannuation scheme; staff under e contract of service for a number 
of years are supecannuated under the Federated Superannuation System for Univer- 
sitles 


Appointments will be made in the Sclentfic Officer Chass of the Council Applicants 
with a Fees or Second Class Honoure Degree will be considered for the Scientific 
Officer grade Candidates for Sensor Scleatsfic Officer require several years’ post- 
graduate experience 

Salaries 

Scientific Officer: £1,095—£1,865 

Senior Scientific Officer: £2,060—£2,540 


There are daily travel and restaurant fecuities Housing may be avallable. 


Please send a POSTCARD for application form to Mr. A. G. Taylor, 
the Rutherford Laboratory, quoting Ref. 157/34. 


(1784) 








STATE UNIVERSITY OF 
LEIDEN 


UNIVERSITY OF 
STRATHCLYDE 


DBPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


LECTURESHIPS 


invites applications or suggestions for a 
full professor in evolution biology 


Applications are invited from suitably 


candidates for tro 


quahfled Lectureships in 
INORGANIC CHEMISTRY mm the De- 
partment of Pure and Applied Chemistry. 


For one post preference wall be given to 
a candidate with interest and expertence in 
the theoreucal aspects of the subject. 


Salary 
annum with F.S.S.U. 


scale: £1,525 to £2,735 per 


Application forms and further particulars 
(quoting 23/69) may be obtained from the 

Registrar, University of Strathclyde, George 
Street, Glasgow C1, with whom apphca- 
tions should be lodged by May 26, 1969. 


(1769) 
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OPEN UNIVERSITY 


invites applications for the following posts of 


LABORATORY TECHNIGIAN 


in the Faculty of Science 


(a) In October, 1969 : 


SENIOR or CHIEF TECHNICIAN—for supervision of 
technical staff, the planning and equipment of workshops 
and laboratories, and the design of demonstration experi- 


ments. 


TWO LABORATORY TECHNICIANS—with experience 
of teaching laboratory and/or lecture-demonstration work 
in Physics, Ohemistry, Biology or Geology. 


(b) In March, 1970: 


TWO MECHANICAL WORKSHOP TECHNICIANS 


ONE ELECTRONICS TECHNICIAN—preferably with ex- 
perience in servicing standard T.V. and video-recording 


equipment. 


ONE BIOLOGY TECHNICIAN—with animal house ex- 


perience. 


Those appointed will work at Milton Keynes, nr. Bletchley, 


Bucks. 


Pay and conditions of service will be comparable with those 


in other universities. 


Further particulars may be obtained from : The Secretary (T), 
Open University Planning Committee, 38 Belgrave Square, 
London, S.W.1, to whom applications should be returned not 


later than May 26, 1969. 


INFORMATION 
SCIENTIST 


A young man or woman (H.N.C./ 
graduate level) is required for 
Information Services, 


assembling technical data for new products 
and satisfy requests for information from 
cusomers, An excellent Ibmry supplied 
with techmcal journals covering the world 
Itterature on Microbiology. n available for 
reference purposes. eee post offers a first- 
class opportunity for epplkans with an 
eathussasm for this type of work, 


The Company operate a 5-day week 9 
am. 10 5 om, Staff Restacrant, Socal 
Ctub, and excellent superannuation scheme, 


Please apply in writing to: 
The Personnel Manager, 
Oxoid Limited, 
20 Southwark Bridge Road, 


S.E.1. 
(1791) 


(1824) 


MICROBIOLOGISTS 
and 
MICROBIOLOGICAL 
TECHNICIANS 


Capable, amb#ious men and women who 
wish to work in the field of microbloloai- 
cal culture media are invited to apply for 
the above poss, 


Suttabie candidates wil be gredeates/ 
HNC /AIMLT, or show equivalent ex- 
pedence. They wii preferably be familiar 
with the Company’s products and are ex- 
pected to be able to communicate clearly 
ebont technical matters. 


Salary will be paces with qualifi- 
cations, age, and experience. Advancement 
towards key positions and top salaries is 
open to any candidate who can demon 
strate ability and make a positive contri- 
bution to the growth and progress of the 
Company. 


Agplications should be addressed to: 


The Personnel Manager, 
Oxoid Limited, 
20 Southwark Bridge Road, 


S.E.1. 
(1792) 
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UNIVERSITY OF LIVERPOOL 
Applications are invited for the pom of 
ASSISTANT IN CANCER 


subject. 
concemed with cancer of the gastro- 
tract. 


Selary w.ll be within the range £963 to 


£1,658 per annum, eccordeng to quahfica- 
tions and experience, 


Apriications, stating age, academic quali- 
fications and expenence, together with the 
names of three referees, should be recerved 
not dater than May 30, 1969, by she Regis- 
trar, The University, P O. Box 147, Liver- 
pool L69 3BX, from whom farther par- 
ticum may be obtained. Please quote 
Reference RU/2683/N. (1780) 





UNIVERSITY OF LANCASTER 
CARTOGRAPHER 


There 1s a vacancy for a Carto- 


wHhm 
(£692 to £1,057). 

Apolecations, giving details of eis 
qualifications end experience, 
gether with the names and adasa 
of three referees, ghould be sent 
to Professor A. N. Humer, Depart- 


soon as possible but not iater than 
May 31, 1969. 
(1760) 


INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 


Vacancies exist for a 


LECTURER and/or 
SENIOR LECTURER 


in the DEPARTMENT of PHYSIOLOGY ant 
BIOCHEMISTRY 


The Department és concerned with RESEARCH 
and TEACHING in OCULAR BIOLOGY. 


Salary scales: Lecturer, £1,240 to £2,735 per 
annum ; Senor Lecturer, £2,595 to £3,355 per 
annum, FS.S U. provision. 


AppHcations with eg vitac and names 

of two referees, to the Secretary, Institute of 

Ophthalmology, Judd Street, London, ee by 
y 30, 1969. 


UNIVERSITY OF LONDON 


READERSHIP IN APPLIED 
MATHEMATICS AT 
QUEEN MARY COLLEGE 


Tue Senate invite applications for the 


Readership «en Appkhed Mathematics ten- 
eble at Queen 


Mary College (salary scale 
eon by £105 :0 £2,970 thea by £110 to 


ohoin (10 copies) must be received 
mot igter than May 29, 1969, by the 
Academic Regmtrar CN), Ualversity of Lon 
don, Genate House, W.C.1, from 
further garuculars may be obeeined. 
1777) 
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UNIVERSITY OF RIYADH 


Gn associatron with the University of London) 
Applications are invited from honours gradu- 
ates with teaching expericace for the following 
ta tenable from September, 1969, at the new 

1 School, University of Riyadh, Saudi 


Araba. 
SENIOR LECTURER OR LECTURER IN 
PHYSICS 
SENIOR L OR LECTURER IN 


ECTURBR 
PHYSICAL CHEMISTRY 
Salary scales: Senor Lecturer, 3,000 Ane 15 
to 3,750 Riyals per month; Lecturer 
100 to 3,000 Rryais per month. (10.80 ered 
£1 sterling ) Appointments for one year initially, 
renewable Other benefits include: annual leave 
passages, family allowances, outfit allowance, 
gratuity in fica of superannuation payments and 
the option of free housing, electricity and water 
or a housing allowance 
Detailed applications er copa paming aree three 
referees by June 4, 1969, Tnter-Uni 
Council, 90/91 Tottenhans Court Road, perl 
WIP ODT, from whom parkculars are avaliable. 
7 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF CHBMICAL 
ENGINEERING 


RESEARCH ASSISTANT IN MICROBIOLOGY 


Applications ere mvited from Biochemistry or 
Microbiology graduates for an S.R C. Research 
Agustantship. The successful candidate would 
fom a research group under De. J. D. A. Miller 
working on microbiological aspects of the corro- 
sion of metals, and would be permitted to register 
for a higher degree if suitably quahfied Appu- 
cations from those expecung to graduate this 
summer wil be considered. The appointment, 
renewable ennually, will be for three yeam 
Salary £1,050 by £50 to £1,150. 

Letters of application should be forwarded to 
Dr. J D. A. Miller, Department of Chenucal 
Bnmneering, UMIST, Sackvie Street, Man- 
chester M60 1QD. (1756) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
EXPERIMENTAL OFFICER 
Apphcations are invited for the above vacancy 

in the Department of Chemical 

Duties will include the design and construction of 
undergraduate teaching experiments up to Pilot 
Plant scale, invesagatuons of industeial process- 
ing problems and some aspects of research. Ap- 
pheants should be qualified in either Chemical 





Bogineenng or Ohemsstry. Salary within the 
sale ae to £1,525 (under review) with 


Requests for applicaton form should be for- 
warded to the Regstrar, UMI.ST., Sackville 
Street, Manchester M60 1QD. Closing date for 
applications . May 23, 1969 (1762) 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
Applications are invited for LECTURESHIP 
IN DEPARTMENT OF BIOLOGICAL 
SCIENCES. Preference given to candidates 
an Fresh Water Biology (Limnology 
and 'Algology), ‘Plant Ecology or Genetics Salary 
scale £N1,200 to £N2,175 per annum (£NI= 
£1 3s 4d. sterling). Salary supplemented i0 
range £240 to £435 per annum (sterhng) and 
education elowances and children’s holiday wasit 
passages peyable in eppropmate cases under 
British Expatnates Supplementation Scheme. 
Family passages; various ellowances ; superannon- 
eton Scheme. passages; various allow- 
sod; superannoauon scheme; regular overseas 
ve. 


Detaled a: tions (six copies), naming three 
referees, by June 10, 1969, to Yoter-University 
Counc, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom partcufars are saabe, 

1753 


REQUIRED FOR VIROLOGY 
leboratory at Queen Mary College (University of 
Londor), Mul End Road, E.1 Previous experi- 
ence is essenual and the possession of the I.S.T. 
or City and Guilds Science Laboratory Techm- 
cian’s Certificate preferably advanced, or an 
ONC oer milar qualification 1s desirable though 
mot essential Salary according to age aad 
abiley on the scale £692 to £977 per annum plus 
London weaghting £125 per anoum end possible 
£30 or £80 per annum qualhficatom award. Fave- 
dey week Four/five weeks annual keave. Pen- 
sion scheme.—Letuers only to Regstrar (B/T), 
pied full details of age, expermence ne 
wor! 1 
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UNIVERSITY OF ST. ANDREWS 
LECTURESHIPS IN PSYCHOLOGY 


Applications are invited for THREE posts of 
LECTURER IN PSYCHOLOGY. It ıs hoped 
to appoint experimental Psychologists with special 
interests, qualifications and experience, tn ope or 
more of the following fields ' theory, 
Decception (preferabiy wath énicrests in signat 
detection theory), cognition (including the appl- 
cation of mathematical models and information 
theory to the sudy of thought and memory), 
cree and physiological psychology (in- 

cluding neuropsychology), and social psychology 

Salary scale £1,240 to £2,735; starting salary m 

each case according to qualifications and experi- 

ence, but wil be tn the lower range of the scale. 
F.S.S.U., grant towards cemoval expenses. 

Six copes of applications, with the names of 

shouki be lodged by May 31, 


Gate, St. Andrews, from whom further particu- 
lars may be obtained. 


UNIVERSITY OF ABERDEEN 

FISHERIES BIOCHEMICAL RESEARCH UNIT 
Applicauons are invited for the post of 
RESEARCH OFFICER 

for research work into the biosynthesis of pro- 
insulin and insulin in fish islet tissues. Salary 
Sn Se Scientific Officer scale—£1,020 to £1,740, with 
initial placing according to qualifications and ex- 
penence. Promotion prospects on Civil Service 
rates. Superannuation (F.S.S.U.). Facilities are 

available for study for the degree of Ph.D. 
Further partculars from The Secretary, The 
University, Aberdeen, with whom applications 
(two copes) shoukl be lodged by May rite 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited from non-medical or 
Medically qualified candidates for the post of 
LECTURER IN: PHYSIOLOGY. Salary scales: 
£1,585 to £2,735 per annum @on-medically quali- 
fied). £1,585 to £2,940 per annum (medicaly 


Box 147, Liverpool L69 3BX, from whom further 
particulars may be obtained. Quote Ref. RV/ 
2687/N. (1807) 








MICROBIOLOGIST 


Macrobiologst shes eae for research in the Bio- 
chemistry Department of the Agricultural Re- 
search Council Institute of Animal Physiology. 
Babraham, Cambridge. Appointment the 
Scientific Officer scale, £1,020 to F740 per 
annum, or in the Senior Scientific Officer Scale, 
£1,925 to £2,372 pec annum, accordang to ago 
and experience. Postgraduate experience in 
microbiology essential; Ph.D. degree or medical 
qualification demrable. Superannuaton under 

S.U 

Applications with Curnculum Vitae and names 
of two referees, to the Secretary of tbe Institute, 
quoting Ref GSC/1. 





MASSEY UNIVERSITY 


PALMERSTON NORTH, NEW ZEALAND 
RESEARCH OFFIOBR—PIG HUSBANDRY 


Applications ete anvted for the above-men- 
toned position from graduates in agriculture or 
agmcoltural science Salary: $NZ3,100 to 
$NZ3,500 (by $NZ200) 

Farther details of the position and of the Uol- 
versity, together with conditions of anpowsment, 
may be obtained from «be Secretary-General 
Assocation of Commonwealth Universities 
(Appts), 36 Gordon Square, London, W.C.1, or 
from the Registrar of the Umversity. Apphoa- 

1 


ttons close on June 15, 1969 
FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 


Applications are invited for (a) LECTURE- 
SHIP or (b) ASSISTANT LECTURESHIP IN 
ZOOLOGY Preference given to an Animal 
Physiologist. Salary scaks . (a) Le2,400 to 
Le4,740 per annum. (b) Lel,900 to Le2,400 per 
annum (Lel=10s stering), plus supplementation 
of £275 to £350 per annum (sterbng) for those 
designated under Bntish Expatiates Supplementa- 
uon Scheme. FSS.U ; various allowances ; 
famiy passages ; regular overscas leave 

Detailed applications («x copies), naming three 
referees, by June 13, 1969, to Inter-Umversity 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are aaar: 

TS: 








UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG 
DEPARTMENT OF PHYSICS 
(A) CHAIR OF THEORETICAL PHYSICS 
(B) SENIOR LECTURESHIP (THEORETICAL 
PHYSICS) 


Applicauons are invited for appointment to the 
above-mentioned posts in the t of 
Physics. Duscussions are taking place on the 
question of establishing a second Chair in the 

Physics, so there is a possi- 


duties on October 1, 1969, or as soon as possible 
thereafter. ‘ 

The salary scales applicable to the above posts 
are (A) R6,000 by R300 to R7,200 and @) 
Lapa by R150 to R4,800 by R300 to R5,700. 

In addmon the Univermty has been authorised, 
subject to Government regulanons, w a @) a 
10 per cent bie allowance on the above 
salary scales with effect from Apel I, 1969 and 
QD an annual vacation savings bonus of up to 
R260. A further salary b antia- 
pated wath effect from A. 
Aid facilities are available 


clude the development of teach: 
im Theoretical Physics. 
applicants are advised to obtain a 
copy of the mnformatson sheet relating to these 
posts from the Association of Commonwealth 
Universities (Appts ), 36 Gordon Square, London 
W.C.1. Apphcations should be lodged not later 
than June 30, 1969. (1798). 


UNITED SHEFFIELD HOSPITALS 


NON-MEDICAL BIOCHEMIST required for 
ee Laboratones No previous hospital ex- 
required as training will be given. 
Whitley Council Terms and Conditions of Ser- 
vice Science Degree, £915 to £1,295 per annum, 
first or second class Honours, £1,030 to £1,295 
per annum. 

Applications, giving full details of age, qualifi- 
cations, past and present eppointments and the 
names and addresses of two referees, to Chief 
Admunistrative Officer, United Sheffield Hospitals, 
10 Beech Hl Road, Sheffield, S10 2RZ, by 
May 20, 1969. (1820) 


TECHNICIAN REQUIRED TO_ ASSIST 
with research work in the VIROLOGY 
LABORATORY. Previous esential 
alo possession of I.S.T. or City and Guikis 
Science Laboratory Technician’s Certificate, pre- 
ferably advanced, or an O.N.C. or simular quali- 
fication desirable but not essential. Post avail- 
able initially for three 3. 





Please write stating age, experience and quah- 
fications to Registar Q (B/T/B), Queen Mary 
College, Mule Bad Road, E.1. (1822) 


UNIVERSITY OF BRISTOL. Department of 
Botany. Applications are invted for a Re Research 
Asalstantship in Electron Macroscopy 
Sir E a dhe! A Geek co ETATO dS 
on quakfications and experience. Applications 
giving a bref curriculum vitae, together with the 
names of ¢wo referees, should be seat to 
Professor E. W. Yemm, Department of Botany, 
University of Bristol, Bristol BS8 1UG, 
whom further details can be obtained. The latest 
date for receipt of applications fs May a ae 

818' 








FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF ALBERTA 
EDMONTON 7, ALBERTA, CANADA 


DEPARTMENT OF BIOCHEMISTRY 
AND MOLECULAR BIOLOGY 


vitae; list of pubHcations; at least two 
letters of reference to be sent to the above 
address. Applications will mot be con- 
sidered until all above anformatien ss avail- 
able. (1724) 


KL 


CSIRO 
POSTDOCTORAL 


FELLOWSHIPS 
AUSTRALIA 
DIVISION OF RADIOPHYSICS 


Applications are invited for appointment to Research Fellowships in 
the fields of Cloud Physics and Radio Astronomy, sponsored by the 
Division of Radiophysics of the Commonwealth Scientific and Indus- 
trial Research Organization. The Division's headquarters are located 
in pleasant rural surroundings in an outer suburb of Sydney, N.S.W. 


The Division operates the Australian National Radio Astronomy 
Observatory at Parkes, N.S.W., and the Solar Radio Astronomy 
Observatory at Culgoora, N.S.W., and this offers outstanding oppor- 
tunities for research in all aspects of modern Radio Astronomy. 


In addition the Division conducts investigations concerned with the 
occurrence and properties of atmospheric nuclei, basic and experimental 
studies of (a) the physical processes which lead to cloud and rain, 
and (b) the dynamics of cloud growth, and evaluation of the feasibility 
of modifying precipitation by cloud seeding. Excellent facllities are 
available for experimental investigations both in the laboratory and 
from aircraft. 


QUALIFICATIONS Applicants should have a Ph.D. degree in 
physics or mathematics or have had postgraduate research experience 
of equivalent standard and duration, supported by satisfactory evidence 
of research abllity. Applicants for the Fellowship in Radio Astronomy 
should have active research experience in some branch of Radio 
Astronomy. 


SALARY Depending upon qualifications and experience, the 
appointments will be made within the salary range of Research 
Scientist, $A5,321—-$A6,693 p.a. Salary rates for women are $A428 
p.a. less than the corresponding rates for men. Promotion within 
CSIRO is determined by merit. 


CONDITIONS The Fellowship in RADIO ASTRONOMY will be for 
an initial period of two years with the possibility of extension for an 
additional year. The Fellowship in CLOUD PHYSICS will be for an 
initial period of two or three years, after which, if mutually desired, 
either an extension of tenure or appointment for an indefinite period 
will be considered. An indefinite appointment carries with it Common- 
wealth Superannuation Fund or Provident Account privileges. 


Both appointments will be conditional upon passing a medical examina- 
tion and an initial probationary period of twelve months may be 
specified. Fares paid for the appointee and his dependent family. 
Further particulars supplied on application. 


Applications (quoting Appointment No.: 790/13), and stating full 


‘name, place and date of birth, nationality, marital status, present 


employment, details of qualifications and experience, names of not 
more than four persons knowing applicant’s academic and professional 
standing, should reach: 


Mr. R. F. Turnbull, 
Chief Scientific Llalson Officer, 
Australian Sclentific Llaison Office, 
64 Kingsway, LONDON, W.C.2, 
by the 6th June, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attaché, Australian Embassy, 1601 Massachuretts Ave. NW, 
WASHINGTON DC 20036. (1812) 
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LAURA DE SALICETO 
STUDENTSHIP 
UNIVERSITY OF LONDON 


Application is invited for the Laura de 
Sahceto Studentship (part-time) for the 
Advancement of Cancer Research, value 
£150 a year for not less tham two years. 
Applications should reach the Univeraty 


tee, University of London, Senate House, 
London, W.C.1. (1728) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


RESEARCH ON MARINE 
ALGAE AS FOULING 
ORGANISMS 
Applcations are invited for a three-year 


research scholarship for work in co-open- 
tion with Industry on problems of marine 


De U. 
and the successful candidate will be chm 
to submit for a higher degree. 


Further details from che Registrar, the 
University, PO. Box 147, Liverpool L69 
3BX, with whom applicanons should be 
lodged before May 30, 1969. Please quote 
Ref.: RV/2676/N. (1719) 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESBARCH SCHOOL OF PACIFIC STUDIES 
RESEARCH FELLOWSHIP OR PELLOWSHIP 
IN ENVIRONMENTAL ARCHAEOLOGY 


Applications are invited for the positon of 
Research Fellow or Fellow in the Department of 
Prehistory of the Research School of Pacific 
Studies in the Institute of Advanced Stadics. 
Appiicants should have a broad geological tmun- 
ing end be interested in 


vestigations into the raw materials of recem and 
prehitonc material colture, thelr sources and 
trade As speciaheme candidates should offer 


usuadby for three years with a possible extension 
to five years. The salary aod range of a Fellow 
ere detenmined within the limits $A6.400 to 
$A8.740 per annum. Fellows are appolmed for 
an inkial period of five years, after which they 
are oormaliy reappolated unul retiring age, A 
Fellow tẹ entitled to one year’s study leave on 
fuil salary, plus a contribation towards travel and 
other expenses, in every 

Superannuation is on the F.SS U. pattem with 
supplementary benefits Reasonable travel e 
ocoses ace palid and assstance with housing is 


orovided 

Pardculars may be obtained the 
Assoclatton of Commonwealth  Unlversltics 
(Appts.), 36 Gordon W.C. 


tlon can be taken up after January 1, 1970. 
a 


UNIVERSITY OF SHEFFIELD 


POST-DOCTORAL FELLOWSHIP IN 
ORGANIC CHEMISTRY 


Applications are invited for the position of 
Post-Doctoral Fellow to work in collaboration 
with Dr. G. M. Blackburn on Nucleic Acids 
with special reference to the photochemistry a 
aromauc hydrocarbons The appointment 
available for two years from October 1, 1968, 
Salary in the range £1,240 to £1,470 according 
to qualificanons, with F.S.$ U. provision. 

Applicauons, giving a brief curriculum vitac 


further particulars 
can be obtained. Quote Ref. R.79/G. (1761) 
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UNIVERSITY OF 
SOUTHAMPTON 


POSTDOCTORAL 
FELLOWSHIP AND RESEARCH 
STUDENTSHIP IN PHYSICAL 
CHEMISTRY 


Applications are soveed from suitably 


be required to register for a higher- degree. 
Experieace in some branch “of spectloscopy 
or ges phase reaction kinetics I3 red 

for the felbowship. 

Applications, stating the names of two 
referees, ebould be sent io Dr N. Jonathan, 
Department of Chennstry, The University, 
Hoghfield, Southampton SO9 SNH dsi 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF MATHEMATICS 
RESEARCH STUDENTSHIPS 
Applications are invked for a kmited 
studentahips 


number of research to under- 
take studies leading to a Ingher degree, in 
methods and 


UNIVERSITY OF 


Applications are invited for the above-men- 
tioned studentship of che velue of £530 per annum 


fees, which is mtended 
research en the University in Chemistry, Phymcs 
and Metallurgy. 

The Studentship, which is aormaly tenable for 
three yearns, m open to eny graduarc of an 
approved umivermty, or the holder of an equiva- 
lent qualification, who bas shown, or seems hkely 

worker. H weil be 


a ppucidon tor forms and further paruculars may 
the Regetrar to whom com- 
Dicied forma should be ceturned by Moy SI; ane 





UNIVERSITY OF HULL 


Ams, Ecology of Spiders, Paramtology, Immuno- 
logy or Muscie Phynology under a supervisor ap- 
pomad. by tho Head ot the Department o! 
Zoology. The ee lad be submitted as a 


thess for a higher degree 

‘Applications imcinding details of degrees ob- 
tained Gf second class picase state upper or 
lower division) or the date on winch the apph- 


sny of Hull, Ham, Yorkshire, not later then 
Saturday, May 17, 1969. 737) 


Printed m Great Brnam by Brig Eiaa 
t 4 Little Essex Street, London, W.C. 





KING’S COLLEGE, CAMBRIDGE 
Senor Fellowships in Computer Sciences and 
Technology, Lmgumtics and Social 
Studies G@ncinding economics). 
Applications are dovited for Fellowships in the 
graduates under 32 on 


may commence on October 1, 1970 Tenure 
up to four years. Stipend £1,450 to £2,450 de- 

on age, weludeng marnage altowance. 
Allowances available for travel from outside 


(X1817) 


POSTDOCTORAL FELLOWSHIP IN 
MICROBIOLOGICAL CHEMISTRY 


is available et the Research Council of Alberta 
(aboratories on the campus of the Universty of 
Abberta) in saree related to nid 





Campus, "EDMONTON, Alberta, 
(1819) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon Howse, Park Farm Rd., 


Folkestone, Kent, Engtand. 
TeL: Folkestone 57421. 


er top s for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE aaa 


LECTURES AND COURSES 


University of Southampton 


CRYOGENICS 
POSTGRADUATE COURSE 


October 1969 


Applications are invited for the full-time 
or part-time postgraduate course on Cryo- 
genics and is Applications, leading to the 
degree of M.Sc. or Diploma of the Univer- 
uty of Southampton. 

The 12-month course provides a thorough 
mamng in the theory and present-day 
practical techniques of cryogenics. After 
the written examination in June 1970, ful- 
time students will continue for three 
months on a research project in collabore- 
uon with x government or industrial estab- 
lishment. 


The normal requirement for entry is an 





UNIVERSITY OF SURREY 
WOLFSON BIOANALYTICAL CENTRE 
in conyuaction with the 
ASSOCIATION OF CLINICAL BIOCHEMISTS 
Workshop Course on 
ASPECTS OF IMMUNOLOGY FOR 
CLINICAL BIOCHEMISTS 


A five-day coume for beginners wi be held 
in London durmg September 29 to October 3, 
, with several . The course 


pogo (excluding radiommunoasse 
t restricted to clanical biochemists. Roe tne 
gle, and rendenual paces are available ergy 
cost, 
Address snguscies to Dr. E. Read, University of 


Surrey Annexe, 14 Falcon Road, London, 
S.W.11. (1741) 


& Co. LT , St. Albans, and published 


XLI 





WOLVERHAMPTON COLLEGE 
OF TECHNOLOGY 
(POLYTECHNIC DESIGNATE) 

Full-time courses leadmg to : 


Membership of the Institute of Biology 
wrth apeclization 1m1 


ENTOMOLOGY OR PLANT 
PATHOLOGY 


ie I.Bwl. 4s accepted as graduate equive- 


lent by che Bumbham Conmmttes and by 
many univeruties and employers. 


The final examination is at honours degree 
eee ! 
qualifications of a pass degree or 
HND. or HNG: or NDA. 1n Appro- 


(27371). 





ROYAL HOLLOWAY COLLEGE 
(University of London) 
ENGLEFISLD GREEN, SURREY 
PHYSICS DEPARTMENT 
An MSc. course in applied plasma physics will 


investigation. Further 
forms may be obtained from the Regnar HR 





GRANTS & SCHOLARSHIPS 
THE ROYAL SOCIETY 


SCIENTIFIC PUBLICATIONS 
GRANT 


gmnt is provided for the ' 


sicui cuca a ihe Uniled Pis 
, parucolarly but not exctosiveiy those 





THE NUFFIELD FOUNDATION 
FOOD SAFETY RESEARCH TRAINING 
SCHOLARSHIPS 


(Food Toxkology—ithe biological effects of 
chemical and physical treatment of os 


physical treatment of food. 
able for penods of up to four years, are intended 
to ied sabe, 


tons experience, 

ented by the amount of fees, marriage 
and child elowances, and im appropmate cascs, 
research expenses. The scholarsinps are open to 
men and women holders of a sclence, medical or 
veterinary degree of a U.K. or other Common- 
wealth umeversity. 

Applications shouki be submitted by July 1, 
and forms of appli- 


N.W.1. (775) 


by MACMILLAN (JOURNALS) LIMITED, 
.2—Saturday, May 10, 1969. 


‘Lets 


separate 





centr 





ifuges 


It is just as Important when looking for reliable sample 
separation to look for a reliable “separator.” That's 
why we say “Let's separate centrifuges.” All centri- 
fuges are not alike, and It does make a difference 
which one you choose. The SORVALL RC2-B Auto- 
matic Refrigerated Superspeed Centrifuge has set 
the standard in its range for automatic programming, 
Gyro-Action Self-Centering Direct Drive, control ac- 
curacy, big, smooth-wall stainless steel chamber and 
reliability of performance. Eight angle and horizontal 
rotors are offered currently. If your need Is for low- 
temperature centrifugation, buy the reliable one — 
buy the RC2-B. You'll also get personal servicel From 
Ivan Sorvall, Inc., Norwalk, Connecticut 06856. 


SORVALL 


RC2-B Automatic 
Superspeed Refrigerated 
Centrifuge 

20,000 rpm up to 49,500 x g 


RNA—CNe ‘777. 
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The LKB UV Analyzer. 

the Uvicord 1s completely compatible with the UltroRac 
The Uvicord detector unit ts here shown incorporated, 
with the UltroRac, in a separation system. 





IN THE SERVICE OF SCIENCE 
A 


LKE USSTROMENTS LTD © LKA MOUSE ©2372 ABDENCTON MOAB è$ CROTOOM, SURREY m YD CTE 61-987 8208 





SALES AND SERVICE THROUGHOUT THE WORLD STOCXNOLLI WASMLUGTON THE HAQUE COPEMMACER ROME WEMA 
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A Fraction Larger 
















. Yes, our Fraction Collector, The UltroRac, 1s 
»a fraction larger than some others on the mar- 
tket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac The UltroRac gives users 
‘relrable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection Any num- 
; ber of test-tube racks can be removed from 
the collecting platform without interrupting 
| the collecting process. 





Write or phone LKB today for a fully illus- | 
‘trated brochure on this QUALITY instru- | 
:ment and the many others ın the LKB Labo- ` 

ratory Instruments Line. 








ə Space Saving 

© Coldroom Use 

@ Standard Test Tubes 

@ Removable electronic unit 
© 200 test-tube capacity 

© Time, drop and volume 

© Stainless steel support rods 
© Polypropylene racks 


e Provision for event marking 
© Power outlet for flow pump 
© Electronic counting system 
è Positive flow control 
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On-target 
assay for disulfides 


Because previous methods of assay 
have suffered from-low sensitivity and 
non-specific reducing agents, a specific 
and sensitive new assay for the disul- 
fide groups has just been developed 
and is available from NBCo. It is based 
on the reduction with DTE (Dithio- 
erythritol or DTT (Dithiothreitol). The 
resulting monothiols are determined 
with 5, 5’ Dithiobis (2 Nitrobenzoic 
Acid) (DTNB) in the presence of Arse- 
nite. (1) This assay allows the deter- 
mination of disulfides over a con- 
centration range of 3 to 25 uM. The 
reduction time of about 20 minutes has 
been found to be adequate. 

Zahler and Cleland report that DTE or DTT 
reduce disulfides to monothiols. By addition of Ar- 
senite, which forms a tight complex with Dithiol, 
the resulting monothiols can be determined accu- 
rately with DTNB. They indicate that DTE is the 
reagent of choice because of the lower rate of reac- 
tion of its arsenite complex with DTNB. 


DITHIOERYTHRITOL D.T.E. 
M.W.: 154 S: 41.6 M.P.: 80-82° C. 


25 gm. bottle. . . . gm. $21.00 
5 gm. bottle. . . gm. 22.00 
lgm. bottle... . . gm. 28.00 

500 mg. bottle. . . ... btl. 18.50 
100 mg. bottle .. . . btl. 4.25 


DITHIOTHREITOL D.T.T. 
(Threo 2, 3, Dihydroxy, 1, 4 Dithiobutane) 
Cleland’s Reagent E 
M.W.: 154.2 S: 41.6 M.P.: 40-41°C., 


25 gm. bottle. ..... gm. $ 7.25 
5 gm. bottle. ..... gm. 8.70 
1 gm. bottle. . . . gm. 11.25 


(1) W. L. Zahlerand W.W. Cleland, J. Biol. 
Chem. 248,40, 716 (1968). The literature references 
should not be interpreted as either endorsement or’ 
disapproval of the biochemicals by the investigator. 
To order, phone 216 662-0212 collect (USA only). 
If desired, 24-hour delivery anywhere in the continen- 
tal USA; 80-hour delivery anywhere in the world. Send 
for our free catalog containing more than 8500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road + Cleveland, Ohio 44128 
Phone 216 662-0212 


TLC. RADIO SCANNER 


FEATURING 
. .WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


.EXACT SYNCHRONISM OF 20x20 cm. PLATE 
AND CHART TRACE. 


“AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


PAPER SCANNING ATTACHMENT. 
INTEGRATOR WITH PRINT-OUT OPTIONAL. 
“SCINTILLATION HEAD FOR GAMMA SCANNING. 



























PLU 
seule mine 
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The scanner accommodates a single 20x20 cm. radiochromato- 
gram plate or several plates up to the same area, and uses a 
standard recorder providing perfect synchronism of the radio- 
active spot and chart trace. The very low gas consumption 
detector can be programmed to completely scan in sequence 
as many different sections of the plate as required. At the 
end of each scan the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 














APPLICATIONS FOR OVERSEAS 


AD AGENCIES INVITED 
FURTHER DETAILS: 





PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 


Tel: Redhill 63511 
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Chromatography 
problems? 


No matter what your problem In the 
Selection of media for paper, column, or 
thin layer chromatography, you'll find 
an answer in the new 





v 


— 
wy 
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Whatman Chromatography Catalogue 


It contains valuable information on the following 
Whatman products: 


CHROMATOGRAPHY PAPERS AND PAPERS SELECTED 
FOR CHROMATOGRAPHY 


PAPER CHROMEDIA 
Adsorbent Loaded Papers—Glass Fibre Papers—lon Exchange 
Papers—Silicone Treated Paper. 


COLUMN CHROMEDIA 
Celluloses (Non-lonic)—Cellulose lon Exchangers—Advanced 
lon Exchange Celluloses (Advanced Fibrous and Microgranular). 


PRECISION CHROMATOGRAPHY COLUMNS 


THIN LAYER CHROMEDIA 
Cellulose Powder—Cellulose lon Exchangers for TLC. 


Each product is described in detai!, with physical properties, 
characteristics, and typical applications. In addition, the 
Chromatography Catalogue contains vital information on the 
special patterns available for both chromatography papers 
and papers selected for chromatography, and a physical 
properties table listing basis weights, thicknesses, and flow 
rates for these papers. 


Send for your free copy of the Whatman Chromatography 
Catalogue today by using the coupon below. 


Please send me the new Whatman Chromatography 
Catalogue. 


NAME. 





FIRM/INSTITUTE 


ADDRESS 





@ Whatmanis the registered trademark of W. & R. BALSTON, LTO., Maidstone, Kent, England. 


cwIY ae 
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Tubing for 


Peristaltic Pumps 


SILESCOL 
TRANSLUCENT 


Silicone Rubber, over 30 standard sızes from 0.5mm i.d., elastic, excellent resistance 
to many chemicals, stərilizable either by steam at 120°C. or by dry heat at 180°C., 
will not deteriorate either in storage or in tropical climate. 


Black fluorinated synthetic rubber, resistant to concentrated sulphuric acid 98%, 


VINESCOL 23 


ESCOPLASTIC MS 


Esco (Rubber) Ltd 


Walsingham House, 35 Seething Lane, London EC3 


Translucent plastic in various sizes 
with good resistance to many chemicals. 


phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C. 








OXY-COAL GAS 
BLOW PIPE 


specially for working 
BOROSILICATE 


GLASSES (Pyrex, 
à Phoenix, Hysil, etc.) 
J N@ ive jets and 
central pilot light — 


flame size selected 
INSTANTANEOUSLY. 

















The Me of9R/5 


Rotating turret 
head for easy jet selec- 


9 Auxiliary supply 

of oxy coal mixture for 

hand torch. 

Minimum oxygen 
consumption 

Maximum economy 


A modern oxy-coal gas blow-plpe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret. To the inexperienced it gives confidence, to the experienced 
k is an assurance of efficiency and successfully completed work. A unique 
Instrument for the research laboratory or workshop. Send for Leaflet 


PB/N2. 
Price £31.7.0 


Obtainable only fram 
LV.D. SCORAH M.Sc. cise so 


phone: 021-458 1885 








CHEMTRIX 
polarographic Systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Preoise chemical analysis to 
Pparts-per-billlon made in lees 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (Iz) and three-electrode 
operation for dynamically con- 
trolled [R compensation, 


Polarographic Systems 
Model SSP-2 
3-Electrode System  ...$3070 


Model SSP-3 Digital 

Readout System 

Plug-in _units available separ- 
ately Tektronix oscilloscopes 
available locally worldwide. 





Other Chemtrix instrüments 
Type 800 

Waveform Source for 
Electrochemistry 

(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No A-111 


(For voltammetry ın anodic re- 
gion where DME operation is 
prohibited) 


For Information on these and other polarographic Instruments and 
systems, contact your local representative, or write directly to: 


All prices f.0.b factory 


CHEMTRIX, INC. 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
the right to refuse or 


lishers, who retain 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept Ilabil for printers’ errors, 
velit ph avery an is taken to avold mistakes. 
har yeti er single column Inch. 
ipe each addition ie of an inch 
10s. Full page £158, our across on 
Colour (orange) "6 13 cha 
for the sr Med altor replies to adve 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
wens Telegrams: Textualist, London 





APPOINTMENTS VACANT 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
NATURE CONSERVANCY 

LAND AGENT (BASIC GRADE) 

The Natural Havironmeat Research 
Council has a vacancy for a Land Ageat 
(Bamc Grade) based at the Nature Con- 
servancy’s Scottish Headquarters in Edo- 


The Land Agent's 


the conduct of negotiations for the acquisi- 
tron of af Nature Reserves and other land 
or buildings, and for the good estate man- 


totalleng 182,536 acres. 
Qualifications and Experience. 


Agency), 
CAL. QureD, and pave had ‘appropriate 
profesmonal expemence. A fuH current 
Mcence is essental. 


. As ut July 1, 1968: £984 @ge 
to £1,304 (age 25) to £1,756 (ege 34) 
. Enial appofo 


Charing 
quoting ret.: E2.7.141. 
Cloaing Dete: June 13, 1969. 


(1873) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


S.R.C. RESEARCH ASSISTANT 


The appomtment, for three years, woukd 
commence on October 1, 1969 

Salary scale £1,000 by £85 to £1,175 per 
antrum 


Appkcante should possess, or be in their 
final year reading for an Honours degree 
in Botany oc Genetics 

tons, three copies (which should 
together wi 





The Hatfield Polytechnic 





Department of 


CHEMICAL SCIENCES 


Reader in 


ORGANIG CHEMISTRY 


Senior Lecturer in 
MEDIGINAL/ORGANIC CHEMISTRY 


Lecturer II in 


ANALYTIGAL CHEMISTRY 
or ORGANIG CHEMISTRY 


Department of 


BIOLOGICAL SCIENCES 


Senior Lecturer in 


ECOLOGY 


with experience in one of the following: 


Crop Protection, Pest Contro!, Aquatic Biology, Pollution 


Salary Scales: 


(under review) 


Reader: £2,466—£3,250 


Senior Lecturer: 
£1,725-£2,280. 


Lecturer II: 


£2,280—-£2,595 


For further details, please apply to the Secretary and Academic Registrar, 


The Hatfleld Polytechnic, Hatfield, Herts. Quote Ref.: 





UNIVERSITY OF MELBOURNE 


DEPARTMENT OF GEOLOGY 


Applications arte invited for the above- 
menuoned post 

QUALIFICATIONS An honours or higher 
degree in science with research and/or profes- 
monal experience m geomorphology. Preference 
wil be given to an apphcant with formal training 
in Geology, with research experience of a quanti- 
tetive aod enatyucal nature concemng recent 
sedimentation, sou evolution or some other 
aspect of surficial geology 

DUTIES: To give lectures, conduct practical 
Classes and field excurmons, and to carry out 
and supervme research in geomorphology. The 
successful appointee will be expected to teach 
in the eee of geomorphology and geology as 
specified in the University of Melboume, Faculty 
of Science Handbook. 

SALARY. Senior Lectureship, $A7,500 to 
$A8,750 ; Lectureship, SAS oo to $A7,300 per 
annum Initial salary will be determined accord- 
ıng to quahfications and 

Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance end conditons of appointment, is 
available from the Association of Commonwealth 
Univermtices (Appts), 36 Gordon Square, Lom 
don W.C.1 

Applications close on June 13, 1969. (1851) 


168/N. 
(1891) 


UNIVERSITY COLLEGE OF WALES 
WELSH PLANT BREEDING STATION 


Appheations are {nvted from graduates for 
appomtment n the Asmetant Experimental 
Officer/Experamemtal Officer Grade wath a salary 
scale of £650 per anoum to a maxemum of £1,910 
per apoum. Grading and commencing salary wekl 
be dcjammned accountng CO a quiets a 
expericace of the succesefol applicant. 

The posts are superannuable under the 
Station's Scheme. 

aut ee Department- Sa Oierri re- 
ured for non-routine analyses of plent 
matenel Aaa iO. tae 


2. Herbage An Officer is required 
to as: with the studies of changes in equi- 
lbunm on grass swards under varied manage- 
meats and treatments. 
associated 


work on virus dascases of herbage, cercel and 
brassicae crops to asast in the programme of 
screemng material for disease resistance. Quali- 
ficauons’ Pass Degree or H.N.C. 


i Secretary, 

Welsh Plant Breeding Station, Plas Gogerddan, 
Near Aberystwyth, on or before May 31, 1969. 
A84 
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Secretary 
May 31, 1969. 


AUSTRALIAN ATOMIC ENERGY COMMISSION 


RESEARCH ESTABLISHMENT, LUCAS HEIGHTS, NEAR SYDNEY 


ENGINEER 


Reactor Shift Superintendent in Training 


Applications are invited from Mechanical, Electrical, Electronics, Aeronautics 
or Chemical Engineers qualified to at least the standard of Graduate Member 
of the Instrtution of Engineers (Aust.) for appointment as Reactor Shift 
Supenntendent in Training. The successful applicant will be appointed as 
Engineer Class |! (Aust. $5,440—Aust. $8,094) and will be given basic training 
of periods aggregating approximately one year in the Reactor Operations 
Section, Physics Division, Health and Safety Division and !nstrumentation 
and Control Section If found sultable, he will be promoted as Reactor 
Shift Superintendent (Engineer Class II] Aust. $6,415—Aust. $7,177) when 
a vacancy arises. 


Preference will be given to University Graduates with Honours degrees, but 
the overriding consideration will be aptitude and initiative to enter a new 
field and master it Some experience in supervising staff, and an interest 
In experimental work, are desirable. 


Application forms may be obtained from the Atomic Energy Adviser, 
Office of the High Commissioner for Australia, 
Canberra House, Strand, LONDON, W.C.2. 


PLEASE QUOTE POSITION M96. 


HILL FARMING RESEARCH ORGANISATION 


The Organisation has a vacancy for an 


ASSISTANT EXPERIMENTAL OFFIGER 


wuh an appropriate egrkcultural pass, degree or equivalent, in each of the following 
sections : 

(1) BOTANY DEPARTMENT to join æ small team investigaung Dasture producuoa in 
relation to climetic and som factors. The person appointed wall be based an Edsoburgh, 
but for at deast two years wil be expetced to spend most of the growing scafon at a 
field station where he will be responsible for the day-to-day runamg of one or more 
field expernments. 

NOMY DEPARTMENT (SOURHOPE) to assist a smel team engaged in 
evaluating the ceaponses of bil pastures to umproved utilisation aod so.l nmprovement 
The work includes the measuremem of putment intake by grazing sheep as well as a 
range of pesture pecametems. The successful anil be engaged primarily en field 
work, bot wil be expected to assist in the urboratory. 

G) AGRONOMY DEPARTMENT (SOURHOPE) to assist a small team engaged on 
studies on the outnision of grazing animals The duties of the successful epplicamt wil 
be mataky concerned with experumentetion in the enmmal house and m the field, but some 
saterest an laboratory work 1s essentiel 

(4) SOURHOPE FARM to be responsible ĉor the general care and mantense of a 
flock of mull ewes and, under the supervision of the Officer-in-Charge or other experi- 
mental staff, to take part in the collection of various records which form @ necessary part 
of che cesearch programme . 

Waite €or application forms and further particulars, stating post interested da, to the 

, 29 Lauder Road, Edinburgh EHS 2JQ = All poss superannuated Gos gare 
1841 





For further Classified advertisements see p. xxxii 











-+ CITY OF BELFAST 
COLLEGE OF TECHNOLOGY 


Principal: J. F. Gities, O.B-E., Ph.D. 
F.LE.E., F.Inst.P. 


APPLICATIONS ere invited for the 
. folowing posts. 


DEPARTMENT OF 
.. CHEMISTRY 


Senior Lecturer or Lecturer 
in Chemical Engineoriag 


Canchdates should have a degree in 
Chemical Bogiocermg or Chemncal Tech- 
nology or be Associate Members of the 
Institution of Chemical Engineers. 


DEPARTMENT OF 
PHARMACY 


Lecturer in Physiology/ 
Pharmacology 
Lecturer in Microbiology 


Applicants should have a good honours 
degree in an appropriate subject, prefer- 
ence bang given to those wih a higher 
degree and cesearch experience. 


SALARY: 
SENIOR LECTURER £2,280 to £2,595 
LECTURER £1,725 to £2,280 

In determinmg the commencing point 
allowance wii be made for appropriate in- 
dustrial and teaching experience. 


Canvassing will disquakfy. 


Forther particulars and application forms 
may be obtained from the Principal, Cot 
lege of Technology, Belfast BT1 6DJ, with 
whom applications must be lodged not 
later than WEDNESDAY, May 28, 1969. 


Ww. C. H. EAKIN, 
Darector of Education. 
(1878) 






























UNIVERSITY OF LIVERPOOL 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN ORGANIC 
CHEMISTRY 


Appheations are invited for past, 
September 


Salary. 


, . 


from whom further particulars may bo 
tained. Please Quote Ref.: RV/2694/N. 
(1863) 
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The Vickers M85-a new advance 
in Scanning Microdensitometry 
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The M85 is a scanning microdensitometer for the measurement of the light absorption properties of 
transmitted light microscope preparations. The specimen is scanned by a flying photometer spot, 
1.0u in diameter with a 40X objective. The spot density measurements, spaced 1.0u in the y axis and 
0.33 in the x axis over the whole specimen, are integrated and fed to two eye level digital displays 
presenting total integrated density, and the area of the specimen having an optical density greater 
than a set value between 0.0 and 1.3. Exact control is exercised over the scanning mode by a pre- 
cision prismatic monochromator, an indirect specimen masking photomultiplier system and four 
ie Tegobe objectives. Integrated circuitry is employed throughout for absolute Stability and 
reliability. 


Density range 0.0 to 1.3: Specimens measurable down to 0.71 diameter; Reproduc- 
ibility 0.5% standard deviation; Wavelength range 390 to 700 nm approx. 


UW VICKERS LTD - VICKERS INSTRUMENTS 
HAXBY ROAD YORK Y037SD PURLEY WAY CROYDON CR9 4HN 
Telephone : 09-04 24112 i 





Telephone : 01-688 3845 
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THIS MARK SPELLS 
ANALYTICAL INSTRUMENT 


PERFECTION 


r 


Wherever you see this mark you can be sure of 
unequalled stability, performance and reliability 
which are inherent in all JEOL products... 
electron microscopes, NMR, ESR, mass spectrometers, 
chromatographs, X-ray analytical instruments, 
laser equipment and a host of others. 
The recent addition of JEOL’s computer to 
the world of analytical studies enhances 
the performance of each instrument 
as well as automating the laboratory itself. 
If it's perfection you're looking for, it starts with JEOL. 


For further information, write to: JEOLCO (U.K.) LTD. 4 Shakespeare Road, London N3. 
Telephone: 01-346 7211 







JEOLCO (UK na has been formed ag a subsidiary of JEOL, : ARSE 

Tokyo, to provide sales, installation and service facilites In the E ae ES BEE cae 

United Kingdom and Eire. The Company Incorporates the former 4 eA wid 4 Shakespeare Road 
Delviljem organisation. Anew Applications Centre willbe opened to JEOLCO (U.K:), Ltd. London N3. 

display and operate a wide range of equipment and to facilitate inves- Peri sage AE ae a oe Telephone: 01—346 7211 


tigation of prospective users’ particular problems and applications. 








We've just launched the 316-the baby 
in our 16-bit real time computer family. 
The gulp you heard was our competitors 
going down for the third time. 


The first time was when we launched Series 16. It was 
and still is the most advanced 16-bit family being made 
in Britain. 

The second time was when we announced Series 32 
—the most powerful and compact 32-bit machines. 
And now there’s a special welcome for the H 316. 

The H316is astored-program. single address binary, 
parallel general purpose digital computer. It has 72 
command instructions, a memory of 4,096 words ex- 


pandable to 16,384 words and a memory cycle time « 
1-6 usec. Software is fully proven. There is a wide rang 
of peripherals. And the basic cost is less than £6000. 

The H 316 is a light, trim 16-bit real time model the 
packs a lot of craft, and does a lot of work for the litt) 
it costs. We'd be delighted to show you how easy sh 
handles. Any time. Write Honeywell Ltd., Compute 
Control Division, 53 Clarendon Road, Watford, Hert: 
Watford 42391. Telex No. 934227. 


$ Honeywell 
{a TOTAL RFA! TIMF CAPARII ITY 
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No more difficult 
manipulations in 
color photomicrography . 
with BZ.. 
OLYMPUS PHOTOMAX 
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Color photography isn’t easy. In the case ed € : ‘ 

A Fra = f “ i 

of photomicrography it's even more difficult. ~ Kuin 4 g gi 
It used to be that failures easily occurred due ie 7 poe E Ki 


to the complicated fingertip manipulations. 
However, the OLYMPUS PHOTOMAX has now 
eliminated all these difficult manipulations in 
photomicrography The setting of shutter 
speeds, compensation according to the film 
characteristics and minute 
adjustment of exposures are all 
automatically controlled There 
is no fear of getting a red-tinted 
or blue-tinted color photograph. 
The color temperatures for the 
various films are adjusted with the 
filter and meter And so all you have 
to do, to get a completely sharp and clear 
color photomicrograph, is Just press the shutter i : 
release button. ey Rg ~ i 
The PHOTOMAX, a biological microscope, also 
has the following features. a built-in substage 
illuminator, coaxial adjustments for smooth 
focusing and stage movements, wide-field, 
high-eye-point eyepieces with diopter 
adjustment, and a built-in magnification 
changer that gives the five standard 
objectives a multi-staged magnification range 
You can now fully devote yourself to research instead 
of worrying about whether the photomicrographs will 
come out good or bad The PHOTOMAX guarantees 
you perfect color photographs... with almost no trouble 
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OLYMPUS ıs Japan’s leading integrated optics 
manufacturer that produces cameras, respective 
series of biological, metallurgical and stereo 
microscopes, optical measuring apparatus oe 
and medical instruments including Ps 
optical fiber endoscopes. 







; Auto-exposure recording 
OLYMPUS jaa 


OLYMPUS OPTICAL CO., LTD., 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO. (EUROPA) GmbH, 2, Hamburg 1, Steindamm 105, West Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A. 
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Thi: smallest of the modern Van de Graaft ee 


accelerators won "iget you to Berke lium. (lt product 5 


particles up to 400 KeV, and thar s ncl enough.) : 


<- Whaïit will do, ihough, is slart you.and.your..,, 


physics department on the way. And funny things: 


„begin to happen, ` fin e Ses 
. A lot of graduate students become nuclear: he 
physicists, for cxample: : 


The way to Berkelium.is paved with Helium Lithium, 


Fluorine, Phosphorous, Sulphur, and Iron, as we'll as 


Gold. And to gt started, the-smallest'Van de. Graatt, 


is a rich and fruittul source of controlled- by- “you a 


` protans, deuterons, alpha particles, electrons.” 
neutrons, and photons, at a variety of energies 
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ing happened o on i the way to Berkelium 


` eure 


Bui that describes the new Van de. Graatts as. 
teaching machines — and they are more than that. 


. Aciually, they are the loast expensive accelerators 


w a physi¢s department can buy and still do funda- 


mental: rc search. (The smallest costs less than 
~ $95, 000.) Many a Ph.D. thesis is based on original 
work performed with one, 


Modern Van de Graaffs come big, too. Up to. 
*.32 MeV for the giant tandems. Those take you 
3 Al the way. up to Berkelium. oe eo 3 
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Whatever else you have... 


There is a place in your lab for the 


MSE HIGH SPEED 25 
CENTRIFUGE 





IT FILLS THE GAP — between ‘general purpose’ and ‘preparative’ centrifuges 


Even before the introduction of a 6x15 ml swing-out 
rotor developing over 110,000 x'g’ the High Speed 25 
with its tremendous versatility proved, invaluable 
wherever there was a need for centrifuging at high speeds 
with accurate temperature control in the 0°C to -40°C 
range—even at maximum speed. 


Telephone: 01-834 7373 





MEASURING & SCIENTIFIC EQUIPMENT LTD. 


25-28 BUCKINGHAM GATE, 
Telex: 22666 


In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE,. OHIO 44146 


Where else can you find a centrifuge of such compact 
form which caters for zonal centrifuging, sophisticated 
density gradient techniques and up to 1,500 ml capacity 
with angle rotors — to list but a few of its capabilities ? 
Please ask for Publication 481/A which gives tull details. 


LONDON S.W.1. ENGLAND 


Cables: Emesetool, Sowest, London 
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We're going straight—for concentration 


The new Unicam SP45 Concentration Readout Unitis 
designed primarily to convert the output of the well-proven 
SP90 Atomic Absorption Spectrophotometer directly into 
concentration units. The Unit gives a highly-accurate reading 
which can be displayed on the large built-in meter or fed to 
an external recorder or digital printer. Four linear scales are 
provided for both concentration and absorbance. Curvature 





correction is carried out automatically where necessary. 

The SP45 Unit will prove indispensable to busy routine and 
research laboratories where quantitative studies involve the 
laborious plotting and calculation of calibration curves. 

Write or telephone Pye Unicam today for full technical details 
of the Unicam SP90 Atomic Absorption Spectrophotometer 
with this important new accessory. 





PYE UNICANI 





Precision Instruments 


& 


et owen s aes 
Te mposrer 1966 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Supernova—Evidence from Chinese records of the 
1006 supernova—BOTLEY (Tunbridge Wells) . 


Universe—Constant magnetic field and neutron beta 
decay rate—O’'CONNELL and MATESE Toe 
State) . 

Cosmic gamma- -rays—High snergy emission froti 
galactic disk detected by balloon—SOOD (London) 


Solar physics—Prediction and observation of coronal 
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Cosmic noise—Geomagnetic and cosmic noise absorp- 


ton pulsations near geomagnetic noon—YUAN ‘and 
JACKA (Adelaide) 
thron h 
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BIOLOGICAL SCIENCES 


Protein synthesis—Cell-free synthesis improved by 
‘Sephadex’ technique—COLEMAN (Sheffield) 


Plasma — e-N-methyl lysine in human plimi 
PERRY, DIAMOND and HANSEN (British Columbia) 
Enzymes — Peptides from x-casein — JOLEES 
JOLLES (Paris) and ALAIS (Nancy) 3 i 
RNA polymerase—The enzyme seems to make more 
mistakes after y-ırradıation—GODDARD, WEISS and 
WHEELER (Newcastle upon Tyne) . . 


Milk—o-Lactalbumin seems part of a unique enzyme 
control system concerned with lactose Se aa 
BREW (Leeds) . 3 
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appears to be lipid—D’ARCY HART, GORDON 
C) and yacouns (Louvain) 

Pregnancy—Test for hydatidiform mole—PASCASIO 
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Transplantatton—Leucocyte migration atiet himan 
liver lant—EDDLESTON, WILLIAMS MRO 
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Radiation—Doses of DTPA to remove liton 


from humans unnecessarily large—SMITH, 
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Cornea—Increased intracellular pressure with active 
transport in corneal endothelium—-HODSON (London) 
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in uttro—VAN KAMMEN and DE WIED (Utrecht) 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are Invited to contact 


for supplies. 


We hold stocks of an enormous vanety of dyes, ready for immediate 
despatch, Including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantla, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Britfiant green BPC, Rosolto acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, eto. 


Industrial Research Establishments 


are Invited to make use of our professional services as 
consultants on the selection and use of dyes as rescaroh 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MICHROME’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquemount, Fluormount, Lipid cnmson Matamount, 
May-Grinwald, Leishman, Giemsa, Toluidine blue, Cresyi fest violet, 
Papanicolaou stains, Thioflavine S, Briliant cresyl blue, Nie blus, 
Pyromn Y, Trifalgic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, Londoa, 8.W.14 
Cables: Micromiabe London SW14. Telephone : 01-876 82289 
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Weighing Machines 
In Three Volumes 


T. J. METCALFE and E. H. GRIFFITHS 
Chief Inspectors of Weights and Measures 


THIS comprehensive work, sponsored by the LW.M.A., 
enables applied scientists and engineers to study the vast 
variety of devices extant, their pros and cons and (with 
many big diagrams) how they work. It ranges from 
fundamental theory to egg-grading machines, counter 
machines. of all kinds and those which compute and 
print out. 

Vol. I Non Self-Indicating Machines, £3; Vol. II Self- 
Indicating Machines, Ready August, £3; Vol. MI 
Electrical and Electronic Machines, Ready early 1970. 


Griffin Statistical Monographs 


24 Van Dobben de Bruyn: Cumulative Sum Tests 24s. 
23 Vajda: Maths. of Experimental Design 30s. 
22 Vajda: Patterns in Finite Spaces 32s. 
21 Fisk: Stochastically Dependent Equations 40s. 


Descriptive Catalogues from 42 Drury Lane, London WC2 


GRIFFIN 
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The Jamin 


The Jamin refractometer employs two Inter- 
fering light beams reflected from the surfaces 
of two thick glass blocks ; one beam passing 
through the reference material, the other 


Refractometer through the sample. Any difference In path- 


length due to a difference in refractive Index Is 
Indicated by a shift in the Interference pattern 
at the eyepiece. The fringe centre may be 
restored using the compensation plates which 
may be calibrated to yield the path difference 
and hence the difference in refractive Index. 
Although primarily intended for measurement 
of gases to approximately | part In [ million, 
the Instrument may also be used for transparent 
liquids. 


We now have capacity for 
aluminising certain types 
of mirrors, at short notice, 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE HLTERS BELLINGHAM i 


Er MARKFIELD 
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NATURE 
An Eye in the Hurticane 


Towarps the end of one of the most gruelling and 
unsettling of all academic years, many universities 
will be startled to find that the University of Oxford 
has produced what must be one of the most construc- 
tive comments so far on the management of student 
problems. The Report of the Committee on Relations 
with Junior Members (OUP, 12s) is certain to become 
an invaluable source of analysis and strength wherever 
there are universities. The great merit of this docu- 
ment, which has been written in the past year by a 
committee under Professor H. L. A. Hart, professor of 
jurisprudence at the university, is the force of the 
arguments with which it derives a liberal and even 
radical set of proposals about the regulation of the 
university, not from hot-headedness or a wish to fend 
off trouble but from the principles which have kept the 
university going since the Middle Ages. For much of 
the time since past, the university has been laughed at— 
it remains, for example, not merely indifferent to the 
need that it should play a more vigorous part in what 
has grown up to be a system of higher education, but 
constitutionally incapable of seeing that there is a 
problem to be solved. But there is no question that the 
university can still put together decent reports on 
matters of public policy, and if the proposals which the 
Hart Committee has put forward are eventually lost 
in the labyrinth of Council, Convocation and Congrega- 
tion, there is at least some hope that they will be 
seized on elsewhere. 

The importance of the committee’s conclusions 
springs from the clarity with which the committee has 
defined the nature of the authority of a university. 
This is the point at which many other attempts to 
regulate relations between faculty and students have 
come adrift in recent months. On some occasions, 
universities or university faculties have acted too 
indecisively because they have been stricken with doubt 
about the legitimacy of their authority. Elsewhere, 
universities have been tempted to conceal their sense 
of authority for fear of provoking trouble with the 
students with the result that when trouble nevertheless 
breaks out, the confrontation is more brutal than 
anybody expects. And then, of course, there are 
circumstances in which universities, no doubt driven 
into a corner, find themselves invoking traditions and 
form in such a way that they prevent themselves from 
changing with the times—the huffing and puffing of 
Lord Robbins, the chairman of the governors at the 
London School of Economics, has become in the past 
few days a model of inflexibility and also a part of the 
explanation of five troubled years. 

The Hart Report tackles this crucial problem of 
authority by rejecting the doctrine that a university 


should be considered as a microcosm of society at 
large and that the democratic rights which students, 
in their role as adults, enjoy in the wider world should 
automatically entitle them to an equal voice m all 
aspects of university government. If students seek to 
profit from that doctrine, the burden of proving it 
must rest with them. For the Hart Committee, what 
matters is that the distinctive purposes of a university 
are “the advancement of knowledge and teaching, 
conceived not as the mere transmission of knowledge, 
but as the development of powers of criticiam and judg- 
ment and the adjustment of the vitalizing interplay 
between research and teaching. In our view, no 
theory of legal and political rights for the conduct of a 
society a8 a whole, not even democratic theory, is 
transferrable to these distinctively academic activities. 
Since there are these distinctive purposes to be pursued, 
it is, we believe, plain that teachers equipped by skill, 
knowledge and experience, training and continuing 
professional association with a university should have 
final authority as to the manner in which they are 
pursued”. These days, it is quite an act of courage for 
& university committee to come out with such a flat 
assertion of its rights. 

So, is the Hart Report just another charter for the 
conservatives ? This is where the committee’s restraint 
does it a great service. The report says that “necessary 
as it is that those responsible for the government of the 
university should have the courage of these convic- 
tions, it is necessary also to have the courage of some 
corresponding doubts. ... A very modest effort at self- 
scrutiny is sufficient to reveal to most of us, besides 
ordinary human failings, symptoms, more or less 
advanced, of the specific failings which the conditions 
of academic life may foster or at least not sufficiently 
discourage—fear of doing anything for the first time, 
unnecessary secrecy, reluctance to learn what students 
think of the teaching offered to them and tendencies, 
sometimes hardening with the years, to believe that 
what is interesting or merely convenient for the teacher 
to teach is interesting and necessary for the student to 
learn”. From this principle follows a string of recom- 
mendations designed to give effect to the notion that 
the authority of the university, absolute in principle, 
is in practice qualified and restricted by the fallibility 
of the dons and the complexity of the circumstances 
in which they must function. For one thing, this 
means that students should be allowed to look after 
& great many matters where dons have no special 
competence. For another, there must be machinery 
by means of which undergraduates can air their dis- 
contents in such @ way as to influence the faculties. 

Oxford will be turned upside down if all the recom- 
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mendations of the Hart Committee are eventually 
implemented. The most striking issue is the largely 
local problem of discipline, for Oxford has been uniquely 
arbitrary in the way in which it has been customary for 
disciplinary rules to be devised by the members of the 
university temporarily saddled with the title of proctor 
who are given responsibility not merely for keeping 
discipline but for devising the rules which must be 
followed. In circumstances like these, it is inevitable 
that the old injunction in the statutes of the university 
that students should not act in such a way as to damage 
the “good name” of the university has seemed at 
various times as arbitrary as the British law which 
enables people to be prosecuted for nothing more speci- 
fic than “causing a disturbance of the peace”. But 
if the old catch-all form of words is to be thrown 
away, what should take its place? The Hart Com- 
mittee has the wit to propose that the university 
statutes should merely require that students should not 
“disrupt teaching or study or research or the adminis- 
tration of the university” and that they should not 
damage or occupy university property. Everything 
else, the implication is, should be open to negotiation, 
with the result that the powers of the proctors to devise 
disciplinary rules will be transferred to a committee on 
which students and dons are equally represented. 
Although even this amount of representative democracy 
will offend some of the traditionalists at Oxford, and 
although the council will have the last word when the 
committee is in dispute, this transfer of power is real 
and almost breathtaking. Indeed, the Hart Committee 
asks, quite properly, that agreed decisions of the Rules 
Committee should be immune from review by higher 
authorities in the university. 

This same radical spirit moves the committee’s 
proposals on the conduct of academic business, although 
there is on these matters no real transfer of ultimate 
authority. What the Hart Committee proposes is that 
each of the decision-making committees of the univer- 
sity, the council included, should be mirrored by 
what is called a standing joint committee on which 
students should participate and, frequently, predomin- 
ate. The idea is that the joint committees should 
discuss all academic matters in the field concerned, 
but that questions such as appointments, individual 
performance and long-term finance should remain with 
the senior committees. Moreover, it is suggested that 
the main committees should be empowered to over- 
rule the joint committees, but only after inviting the 
attendance of those whose views are being spurned. 
Evidently this is a splendid device for making sure 
that groups of students and teachers working together 
on the same kinds of courses would be able to strike a 
balance between their occasionally conflicting interests. 
With luck, a good many university departments will 
quickly be made receptive to the idea that there is real 
give and take between the two sides. Certainly there 
would be ample opportunity for students to seize as 
much of the initiative for the development of academic 
issues as they could wish to have. 

Tt remains to be seen how much of this brave prescrip- 
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tion will be followed. The Hart Committee firmly 
recommends that the first step should be some form of 
negotiation with the sudents and with the organizations 
which represent them. ‘This is tactically wise and even 
necessary, and it is also possible that the students will 
want to quibble about details in such a way as to 
threaten the integrity of the package which they have 
been offered. But that is an unlikely possibility. 
Even the most militant of the student organizations 
will be hard pressed to ignore what may now be theirs 
for the asking. Such troubles as there may be will 
most probably be on the other side of the fence, with 
the dons. Moreover, it would be wrong to think 
that these issues are simply matters on which the 
traditionalists are dunderheads. But this is where 
people’s spirits will need fortifying with frequent 
readings from those passages in the Hart Report which 
demonstrate the potential advantages of giving students 
a good deal of responsibility for making decisions in 
those areas in which both generations are equally at 
sea in deciding what to do. 

But is it not easier to regulate matters like these at 
Oxford than at any other university? This is what 
outsiders will be asking, and it is true that the univer- 
sity has a great many natural advantages in finding 
a new relationship between students and the faculty. 
The urbanity of the university’s institutions is one 
obvious asset. So too is the way in which expansion 
has been relatively restricted for the past three decades. 
Yet it would be wrong to think that the tenor and the 
substance of the Hart Committee’s argument is 
inapplicable elsewhere. 


EXPLOSIONS 


Project Plowshare 


Prans to use nuclear explosives for moving large 
quantities of earth seem to have received a sharp if 
possibly temporary setback with the abandonment of 
the feasibility study of the proposal to excavate a 
harbour in Western Australia. For some time, this 
has seemed one of the most promising of the schemes 
with which the United States Atomic Energy Commis- 
sion has been hoping to demonstrate the potentiality 
of nuclear explosives in civil engineering—evidently 
the scheme for excavating a sea-level canal across the 
Isthmus of Panama would be even more demanding. 
The Australian Atomic Energy Commission has for 
several years been seeking to interest the US AKC in 
in some form of collaboration, and has clearly been 
convinced that peaceful nuclear explosives have an 
important future. The proposal for @ harbour in 
Western Australia was originally stimulated by the 
growth of mining operations in the region, and in 
adel by the belief that the Sentinel Mining 

mpany would need substantial port facilities for 
moving large amounts of iron ore by means of 150,000 
ton bulk cargo carriere. The formal announcement of a 
feasibility study came from the Prime Minister of 
Australia on February 7 this year, when everybody 
was at pains to emphasize that a feasibility study is 
not the same thing as a decision to go ahead. The 
Australian part of the Cape Kerauden Preject was to 
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be directed by a committee under Dr A. R. W. Wilson 
of the Australian AEC, who has among other things 
acted as a consultant to the Government of Panama 
on the isthmus canal. It was expected that the 
harbour, one mile long and a quarter of a mile &CTOSS, 
would have been excavated with five 200,000 kiloton 
explosions fired simultaneously. In the event, how- 
ever, the Sentinel Mining Company seems to have lost 
its nerve, and Mr D. E. Fairbairn was forced to an- 
nounce on March 29 that the feasibility study would be 
abandoned. because of a recognition by the mining 
company that there would not be enough business to 
keop a harbour fully employed. 

The immediate future for peaceful explosions, which 
does require that there should be some tangible 
demonstration of the use of these devices, will depend 
on the availability of some suitable site. It is likely 
that one of the factors in the decision by the Sentinel 

ining Company to withdraw was the discovery 
that the cost of the operation would not, after all, be 
negligible. Evidently the Atomic Energy Commission 
is under pressure from the United States Co 
that its activities should not be giveaways so that the 
use of peaceful explosions is likely to be even more 
restricted than considerations of geography and 
population density at present dictate. The position 
in the United States should be clarified when the Joint 
Committee on Atomic Energy finally reports on the 
hearings held in Washington on May 8 and 9, which 
are part of the legislative process of deciding whether 
the Atomic Energy Act of 1954 should be amended 
so as to allow the AEC to carry out peaceful nuclear 
explosions for potential users at home and abroad. 
The questions to be settled are not merely whether the 
AEC can provide such a service within the restrictions 
imposed on it by the partial test-ban treaty and, 
possibly, by the Ton peoks treaty, but also on 
considerations such as the liability for damage which 
might be caused by AEC operations outside the United 
States. The diplomatic question may be clarified by 
the bilateral discussions between the United States 
and the Soviet Union which were begun at Vienna on 
April 14, 15 and 16, and which have since been con- 
tinuing at Geneva between the delegations of both 
countries to the disarmament committee. 

In spite of the enthusiasm of the AEC for the poten- 
tial uses of peaceful explosions, atomic energy agencies 
elsewhere remain to be convinced. There seems to be 
no great scepticism about the estimates of cost which 
the AEC has worked out—on one view, & two megaton 
explosion would cost nearly $600,000, compared with 
$400,000 for a 30 kiloton explosion. With these 
costings, the AEC has estimated that a new Panama 
Canal would cost nearly $700 million, 70 per cent of 
which would be spent on conventional civil engineering 
after the explosion. Soepticiam does, however, centre 
on the way in which the opportunities for carrying out 
operations like these are restricted by the risk of doing 
damage to people living nearby and. even by the lack 
of obvious need for simple if large holes in the ground. 
The most serious question is the extent to which 
explosions could conveniently trap the radioactivity 
produced in an explosion. Officials of the AEC suggest 
that comparatively clean bombs can conveniently be 
used for these purposes, and that a suitable choice 
of the depth of an explosion can ensure that material 
falling back into the crater will carry with it a sub- 
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stantial part of what radioactivity is released. This 
is the point on which organizations other than the 
Joint Committee on Atomic Energy will be seeking 
assurances in the next few years. 


PESTICIDES 


Calling a Halt? 


As pollution of crops and foodstuffs with pesticides 
increases, the continued use of persistent chemicals 
such as the chlorinated hydrocarbons, DDT and 
dieldrin, is being challenged. In the United States, 
Michigan and Arizona have already banned the use of 
DDT—the latter for a trial period—while an organiza- 
tion known as the Environmental Defense Fund is 
fighting the continued use of the pesticides in a test 
case against the State of Wisconsin. From the begin- 
ning of 1970, DDT will also be banned in Sweden for 
domestic purposes and for two trial years for agricul. 
tural purposes (Nature, 222, 2; 1969). In Britain, the 
use of dieldrin and aldrin on spring sown seed has been 
banned since 1967, and a working party of the Advisory 
Committee on Pesticides and Other Toxic Chemicals 
is now reviewing the use of these pesticides in a wider 
context—industrial as well as agricultural and horti- 
cultural. It is expected to report by the summer. 

The regulation of toxic chemicals in agriculture and 
food storage and the fixing of permissible limits for 
residues in foodstuffs have been taken on in Britain by 
two new committees set up by the Ministry of Agricul- 
ture and the Department of Education and Science, 
on the recommendation of the Advisory Committee on 
Pesticides and Other Toxic Chemicals (Nature, 221, 
302; 1969). A Committee for Analytical Methods is 
to assess published and unpublished methods for 
analysing and estimating residues with a view to 
recommending a standard method. One objective will 
be to collaborate with other countries in an attempt to 
establish international standards and to arrange that 
imported products can be sampled and tested at the 
port of entry. Information about the levels of the 
active ingredients of pesticides in food will be kept 
under review by a Panel for the Collection of Residues 
Data, which will also be responsible for investigating 
the accumulation of pesticides in foodstuffs where not 
enough information is currently available. As well as 
officials, the panel includes members from the Agricul- 
tural and Medical Research Councils, the Association of 
Public Analysts and the Tropical Products Institute. 


APPLIED RESEARCH 


Harwell for Industry 


A STRONG defence of the programme of diversification 
which has taken the Atomic Energy Research Establish- 
ment at Harwell into industrial research has been 
provided by Dr Walter Marshall, director of the estab- 
lishment, in his Maurice Lubbock Lecture at Oxford on 
Friday last week. Dr Marshal] also let it be known that 
the proportion of the establishment’s effort now engaged. 
on industrial research amounts to 30 per cent of the 
total and that the cost of this work is a quarter of the 
total budget or about £4 million a year. He explained 
that 20 per cent of the establishment’s resources is 
committed to work specified by the Ministry of Tech- 
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nology under the terms of the Technology Act and that 
it has been possible to “reorient a further 10 per cent 
of existing work towards more industrial objectives”. 
He said, however, that the demands for research and 
development work on the reactor programme are not 
falling off as quickly as had been expected and that, 
with the growth of the industrial programme, people 
and facilities were at present “under heavy pressure” 
at Harwell. Itis, of course, no wonder that Dr Marshall 
was then able to declare that the programme of 
diversification is not a ruse for providing Government 
support for “scientists who would not otherwise have 
justifiable employment”. 

At present it seems that there are sixteen separate 
programmes of industrial research regulated by Ministry 
of Technology requirements, including not merely air 
pollution and desalination but high temperature fuel 
cells—a more recent recruit to what Dr Marshall calls 
the establishment’s portfolio. He is plainly cheerful 
about the desalination programme which, he said, has 
made possible an improvement in the performance of 
multi-stage flash distillation plants and has thus enabled 
Weir Westgarth to increase its share of the market for 
equipment of this kind. The relationship between 
Dr Marshall’s establishment and the Programme 
Analysis Unit set up jointly by the Ministry of Tech- 
nology and the Atomic Energy Authority on the same 
site seems to be friendly though not as intimate as has 
often been supposed. Dr Marshall explained that new 
projects are sent to the unit for assessment and that the 
help thus obtained is valuable but no substitute for the 
establishment’s own assessment of the technical, 
commercial and management reasons why a project 
can fail. Dr Marshall also defended the practice of 
seeking the collaboration of a single industrial com- 
pany with which to cooperate on risky projects—this 
is the best recipe for making sure that the chosen firm 
ends up with a commercial advantage as well as tech- 
nical skill. Yet even here the establishment reckons 
to make its own assessment of the likely market penetra- 
tion by successful collaborators in the hope of being 
able then to estimate its likely cash return by way of 
a royalty levied on its successful projects. 

Harwell is understandably pleased to have played a 
part in the development of carbon fibres, and Dr 
Marshall said in his lecture that the laboratory is now 
&!so able to contribute to the cearch for applications 
of these in atomic energy. His nearest approach to a 
commercial success story in the old-fashioned sense 
seems to be the use of cobalt-60 for the sterilization of 
commercial articles, particularly medical supplies. It 
appears that the authority has made a profit of £30,000 
or about eight per cent in the nine years in which the 
plant has been operating, but Dr Marshall pointed out 
that the Harwell operation has served, in a sense, as & 
loss leader—ten industrial plants are now in operation 
and the authority has sold £700,000 worth of cobalt-60 
to them. In general, however, Harwell’s service 
projects, ranging from materials technology and non- 
destructive testing to heat transfer and fluid flow, are 
less profitable. Dr Marshall explained that the 
problem is how to recover costs without discouraging 
the use made of the services provided. Plainly there 
is some way to go before Harwell becomes self-support- 
ing, but Dr Marshall’s view is that this is in any case 
an inappropriate objective so long as the laboratory 
provides a service of national importance. 
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SEABED USES 


Optimism and Crisis 


Tr chief interest of the interim report of the economic 
and technical subcommittee of the newly established 
UN Committee on the Peaceful Uses of the Seabed is 
the assessment it gives of the speed of technological 
advance in exploitation. This brings up to date the 
estimates of last year’s UN ad hoc committee (from 
which this permanent committee has sprung) which 
found that the maximum depth at which commercially 
important marine technologies can be pursued is 
doubling every eight to ten years. Thus experimental 
scientific drilling was limited to 3,000 metre depths in 
1961; now a number of bores from 6,000 m have been 
performed by the Glomar Challenger: experimental 
commercial drilling was possible at 450 m in the late 
1950s but is expected soon to take place at 1,000 m; 
evaluation drilling (‘‘wildcatting”) was achieved at 
30 m in 1954 and is now being performed at 200 m; 
production drilling has increased from 21 m in 1957 
to 120 m depths in 1968; production dredging for 
valuable minerals on the sea floor has advanced from 
10 m in 1947 to 60 m in 1967. 

The interim report points out, however, that the 
rate of progress in different fields is uneven. Obtaining 
hydrocarbons from beneath the seabed is going ahead 
quickly, for example, reflecting the pre-eminence in 
commercial rewards that this branch of undersea 
exploitation has already achieved and is likely to retain 
for the immediate future. Design studies for production 
dredging of solid minerals from greater depths than 
60 m have, however, been made, though production 
from greater depths has not started. 

Slow as progress is, it is probably too fast for a healthy 
international situation. Two events in the past week 
underline this. These are the proposals in the Bow 
Group’s pamphlet, Ocean-Space: Europes New Fron- 
tier, that Western Europe should jointly claim exploita- 
tion rights over the seabed down to 4,500 m (13,500 
feet) off the European continent—roughly halfway 
across the North Atlantico—and the US Defense 
Department’s project to dump 27,000 tons of poisonous 
war gases 1,200 fathoms deep in the Atlantic. 

At present national rights over the seabed are 
unequivocally endorsed by international agreement 
out to the 200 m depth through the 1958 Geneva 
Convention on the Continental Shelf. Areas of the con- 
tinental shelf between 200 m and 600 m (the shelf’s 
edge), where exploitation may soon be both possible 
and profitable, lie in a twilight zone from the legal 
point of view. In terms of the Geneva Convention, 
national jurisdiction may ostensibly be claimed as 
deep as seabed exploitation can be achieved. It is 
the major task of the UN Committee to define precisely 
where the limits of national jurisdiction should fall, 
and so establish where the international regime should 
begin. Within the international regime it has already 
been agreed in principle by the UN members that “the 
seabed, ocean floor and the subsoil thereof” should be 
reserved exclusively for peaceful purposes and in 
particular should be exploited for the benefit of all 
mankind with special concern for the developing 
countries. 

Discussions by the 42 member nations of the UN 
seabed committee are developing slowly on where to 
draw the line between national jurisdiction and the 
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international regime, but this is not likely to go as 
deep as 4,500 m—and what point it would have, if it 
did, is hard to see. The positive value of the ocean 
floor is minimal. The negative value is another matter. 
It looks as if the Pentagon is hurrying up its poison 
dumping operation before it is outlawed by the 18- 
Nation Disarmament Conference (currently meeting 
in Geneva) which is considering the peaceful uses aspect 
of the UN seabed committee's remit. This body is 
making much speedier progress and there is already 
general agreement among its members, which include 
the United States and the Soviet Union as well as 
Britain, that weapon systems and weapons of mass 
destruction should be banned from the seabed beyond 
some offshore zone yet to be determined where national 
security may be considered paramount. The Russians 
have in fact gone very much further and put forward a 
draft treaty proposing a total ban on military use of 
the seabed. Under either formulation it is doubtful 
if the dumping of poison gas would qualify as accept- 
able. 

Perhaps the moves of the past week may help to 
persuade the UN committees that there is not, after 
all, all the time in the world in which to reach some 
international settlement. 


UGC 


Up to Strength 


Mr K. Berritt, Sir John Wolfenden’s successor as 
chairman of the University Grants Committee, starts 
his first full year as chairman with a committee up 
to full strength with twenty-three members. On 
January 20 two of the six vacancies on the committee 
were filled with the appointment of Professor N. C. 
Hunt, head of the Department of Business Studies at 
Edinburgh University, and Professor D. Lewis, Quain 
professor of botany at University College, London. 
The UGC has now announced four more appointments, 
completing the committee’s complement. They are 
Professor A. J. Brown, professor of economics at 
Leeds University, Dr D. Cook, chief education 
officer Devon County Council, Professor A. Davies, 
head of the Department of History at Swansea, and 
Mrs J. Floud, Fellow of Nuffield College, Oxford. 


UNIVERSITY ARCHITECTURE 


New Laboratory at Liverpool 





The Oliver Lodge Physics Laboratory at the University of 


Liverpool opened on May 15. It has cost £595,500. The 
consultant architects were Tom Mellor and Partners. 


UNIVERSITY ARCHITECTURE 


More Room for Nutritionists 


THE newest building at Queen Elizabeth College, 
London—the £1 million extension to the Atkins Build- 
ing (named after Sir John Atkins, who founded the 
college in 1908)—opened on May 6. This rather un- 
distinguished building houses the Departments of 





Queen Elizabeth College—north side of Atkins Building. 


Chemistry and Mathematics, the Isotope Unit, a 
refectory, common rooms and provides extra accommo- 
dation for the Departments of Biochemistry, Biology, 
Microbiology and Nutrition. The University Grants 
Committee provided £775,000 for the sum needed. 
The rest came from a private appeal (£75,000), from 
the governors of the former National Training College 
of Domestic Subjects ( £100,000) and from the college’s 
building fund. 


IMPERIAL COLLEGE 


Research on View 


Tur Imperial College of Science and Technology in 
London may lack the glamour of either the traditional 
or the new universities, but its unique and important 
role in scientific research in Britain ensures that any 
developments that occur there are of more than passing 
interest to those outside. The college held an open day 
on May 8, and Lord Penney, the rector of the college, 
took the opportunity to mention the plan to raise 
£2 million for new residential quarters near the college. 
The ASTMS, the union representing the university 
technical staff, also put the occasion to good purpose 
by holding a strike to protest about poor wages and 
prospects, a view for which there was some sympathy 
among the teaching staff. 
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The presentation of the research projects from sixteen 
departments at the college was as varied as the subject 
matter itself. Some departments, like mechanical 
engineering and physics, wisely chose to concentrate 
ona few of their notable achievements. The biomedical 
work in the Mechanical Engineering Department is a 
good example of the trend to interdisciplinary work; 
experiments on tensile, fatigue and impact properties 
of bone joints were on display. Another promising 
project in this department is the technique of semi- 
continuous extrusion of metals, in which, by using a 
lubricant, it is possible to extrude rods or wires virtually 
continuously. 

The Royal School of Mines, also part of Imperial 
College, had a well illustrated exhibition of geological 
and mining work, including a description of measure- 
ments of crustal movement around the mid-Atlantic 
ridge. The Metallurgy Department, which has a special 
interest ranging from nucleation studies of solidifying 
slags to the properties of thin films and semiconductors, 
drew attention to the notable decision of the Science 
Research Council to provide the first million volt elec- 
tron microscope in the department, which should be 
operating later this year. 

The Chemical Engineering Department is investigat- 
ing the transport of solids using fluidization with air. 
This could have applications in mining and factory 
processes. Work of great practical relevance on pollu- 
tion and aerosols is also in progress, in particular to 
study the properties of sulphur dioxide which is a 
major industrial pollutant. 

Techniques for studying photosynthesis in intact 
tomato plants were among the exhibits in the Depart- 
ment of Botany and Plant Technology. The mechanism 
of photosynthesis in crop plants is being investigated 
with the long term objective of increasing yields. The 
Chemistry Department, still buried in outdated sur- 
roundings, is in urgent need of removal to the new 
building which is still under construction. The new 
equipment which the department has acquired for the 
study of molecular structures seems to ery out for 
congenial working conditions. 


ENGINEERING TRADE 


Czech Doors Open 


THe new Czechoslovak Embassy in London has been 
the scene during the past week of the first Czechoslovak 
Engineering and Technical Days. National weeks of 
one description or another have become a fashionable 
and on the whole successful way of publicizing a 
particular national cause, and this Czechoslovak week 
was organized to present to British industry the 
technical information about Czechoslovak industry 
that is considered vital for the expansion of Anglo- 
Czech trade. 

Opening the proceedings, which consisted of five 
days of lectures on various sectors of Czechoslovak 
industry, Dr Miloslav Rusek, the Czech Ambassador 
to the United Kingdom, said that it was the aim of 
Czechoslovakia to increase its trade with Western 
Europe. He thought that there was a distinct lack of 
knowledge about engineering industry in Czechoslo- 
vakia, and that even arranging this week of lectures 
had helped to catalyse trade in this field. 

Lord Erroll, president of the London Chamber of 
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Commerce, and Mr John Davies, director general of 
the Confederation of British Industry, both welcomed 
the initiative which led to last week’s gathering. Lord 
Erroll mentioned that the London Chamber of Com- 
merce had been active in promoting similar British 
events in Czechoslovakia—there have been five since 
1965. 

Mr Ludvik Ubl, Minister of State at the Czecho- 
slovak Ministry of Foreign Trade, said that trade be- 
tween Britain and Czechoslovakia stood at £16 million 
last vear, and he thought the recent restructuring of 
Czech industry would make it more conducive to 
foreign trade. He said that British industry had made 
a significant impression in Czechoslovakia with chem- 
ical plants, computers and ships. 


MEDICAL RESEARCH 


Artificial Limbs 


A NEw research unit to investigate physical aids for the 
disabled is to be set up in Edinburgh by the Medical 
Research Council. The intention is that the unit, under 
the direction of Dr D. C. Simpson, who has been 
seconded to the MRC, should complement and extend 
the work being carried out in the Orthopaedic Bio- 
Engineering Unit at the Princess Margaret Rose 
Orthopaedic Hospital, which Dr Simpson also directs. 
Work at the Bio-Engineering Unit was confined. princi- 
pally to designing artificial limbs for thalidomide 
children and it now seems that much of the research 
should be directly applicable to adults suffering from 
diseases such as multiple sclerosis or cerebral palsy— 
this is the direction in which the new MRC unit hopes 
to move. 

Dr Simpson’s staff, initially four, will be concerned 
with three main areas of research—the fundamental 
analysis of the function and movement of artificial 
limbs and splints required by a paralysed or limbless 
patient, particularly in relation to his personal environ- 
ment; the study of factors relating to the control of 
aids and of the ways in which positional and tactile 
information can be incorporated and also the mechanical 
design of aids, including the actuation systems for 
externally powered limbs. 

A spokesman for the MRC estimates that the building 
cost and running costs for the first year will amount to 
about £40,000. 


AGRICULTURE 


Institute Institutionalized 


THe National Institute of Agricultural Botany is to 
retain its independence. It will not become a scientific 
institute within the Ministry of Agriculture, staffed by 
civil servants, as a joint review group from the institute 
and the ministry proposed in January last year. Mr 
Cledwyn Hughes, Minister of Agriculture, gave the 
news on May 12 in a written reply to Mr Tudor Watkins 
who asked whether a decision had been reached about 
the future of the institute. 

The need for changes at NIAB arose as a consequence 
of the Plant Varieties Act of 1964, which gave plant 
breeders rights to control by licence the sale and 
reproduction of their own varieties. The act made 
provision for an index of varieties to be set up, and for 
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statutory trials to be carried out on varieties submitted 
either for a grant of rights or for inclusion in the index. 
The systematic botany branch of NIAB undertakes 
these tests and so some members of the staff are 
responsible to the Controller of Plant Variety Rights, 
For this reason the review group recommended that 
the Minister of Agriculture, who is responsible for the 
functioning of the act, should have increased representa- 
tion on the council of NIAB. The incorporation of 
the institute into the ministry and the staff into the 
civil service was regarded as the completion of the 
connexion with the ministry. 

The proposals were criticized last year by interested 
organizations represented on the council and by fellows 
of NIAB, Agreement has finally been reached on 
modified arrangements for the future of NIAB, which 
is to remain an independent foundation regulated 
under the Charitable Trusts Acts. The staff will 
continue to be appointed and employed by the council 
of NIAB, although some senior appointments will be 
made with the approval of the Minister of Agriculture. 
The council is to be reconstituted, largely on the lines 
proposed last year, so that the minister appoints nine 
members—at present he approves the chairman and 
appoints three other members. The Secretary of State 
for Scotland, the Minister of Agriculture for Northern 
Ireland and the University of Cambridge will elect one 
member each: interested organizations will elect eight 
members: the fellows of NIAB will elect four members 
and the council will coopt five. A statutory services 
committee is to be set up in connexion with the work 
carried out under the Plant Varieties Act. All these 
changes are expected to take effect from January 1, 
1970. 


SCIENTIFIC LITERATURE 


Plasma Physics Citations 


PrasMa physics, like many subjects, has comparatively 
few “core” journals, as judged by citations in reference 
lists. Mr H. East and Mr A. Weyman report in the 
latest Aslib Proceedings (21, 160; 1969) that in a 
sample of 11,901 citations taken from the literature 
abstracted in the 1965 plasma physics section of 
Physics Abstracts, 41 per cent of all citations to journals 
were to only five titles, and 90 per cent were to seventy 
titles; altogether 343 journals were cited. First 
in the league came Physics of Fluids, which accounted 
for 12 per cent of the citations, closely followed by 
Physical Review, and then Zh. Eksper. Teor. Fiz., 
Zh. Tekh. Fiz., and Physical Review Letters. Nature 
was ranked twenty-sixth. 

A rather different rank order was arrived at, however, 
when a list was made of the journals giving most 
abstracts to the plasma physies section of Physics 
Abstracts during the two year period 1965-66. Physics 
of Fluids came first again, and Zh. Tekh. Fiz. (ranked 
second) and the Journal of Applied Physics (ranked 
fifth) also came high on the list as before, but there were 
several anomalies. Compte Rendus Acad. Sci. (Paris), 
for example, was found to have a high number of 
“abstractable” items, yet it was not highly cited, while 
the reverse was true of the Journal of Geophysical 

research. 

East and Weyman also note the predominance of 
the publications of the American Institute of Physics 
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in the plasma physics field. Of the 343 journals cited 
in the sample, sixteen important journals supplying 
just over half of all the citations are published either 
initially or as cover to cover translations by, or in 
collaboration with, the institute. 

While journals in the sample of citations accounted 
for about two-thirds of the cited publications, books 
came a poor second with 12-8 per cent of all citations. 
Eleven books accounting for 28 per cent of all the cita- 
tions to books were found to have been cited more 
than twenty times. Other forms of publication cited 
included conference proceedings (7-6 per cent) and 
report literature (5-9 per cent). The standing of a few 
conferences is shown by the fact that out of 150 cited, 
as few as five accounted for two-thirds of the total 
citations to conferences. The comparatively low rating 
of report literature is a little unusual because of the 
large number of reports published in the plasma 
physics field. East and Weyman suggest, however, 
that one reason may be that authors tend to cite a 
paper formally published in a journal whether or not it 
first appeared as a report. 


UN ORGANIZATIONS 


Labour and Health Anniversaries 


Tue International Labour Organization was founded 
in 1919 and the World Health Organization in 1948. 
So this year they share an anniversary, the 50th of 
the one, and the 21st of the other. A recent meeting 
at the Royal College of Physicians celebrated the 
event. 

Sir George Godber, Chief Medical Officer at the 
Department of Health and Social Security, reviewed 
progress against the three diseases that continue to 
exact the largest economic toll—malaria, smallpox and 
cholera. Mr Ernest Fernyhough, representing the 
Department of Employment and Productivity, gave a 
timely reminder that in Britain accidents and illness 
cost about ten times more working days than strikes 
even in a belligerent year on the shop floor. Thus 
improved health and safety in industry hold promise 
of some increase in productivity. 

Mr Fernyhough also reviewed British participation 
in the ILO. Of 128 ILO conventions, Britain has 
ratified 65. Cuba and France are among the very few 
countries to have done better. The conventions cover 
such matters as trade union rights, holidays, social 
security, factory safety and  anti-discrimination 
measures. One convention—unratified by Britain— 
stipulates that women should earn the same as men 
for doing the same work. The United States has rati- 
fied only seven of the conventions, but this partly 
reflects the devolution of labour legislation to individual 
states, 

The ILO has, of course, no legal powers to enforce 
its commandments. The pressures of international 
opinion can, however, run quite strong, and even in so 
sensitive an area as Spain an ILO team has recently 
been allowed to investigate local trade union structure. 
The British Government is currently revising merchant 
shipping legislation, in an effort to meet the standards 
of six ILO conventions relating to seafarers, Sur- 
prisingly, there is nothing in the pipeline for trawler- 
men, whose labeur conditions would seem to demand 
attention (Nature, 222, 206; 1969). 
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SELECT COMMITTEE : 


NERC and Oceanography 


THE Select Committee on Science and Technology has 
at last found someone who is prepared to say that 
fisheries research would be better in the charge of the 
Natural Environment Research Council. After first 
pleading the natural modesty that prevents NERC 
from claiming that it could do the job better than the 
Ministry of Agriculture, Professor M. J. Lighthill 
agreed last week that the advice of his oceanography 
and fisheries committee could probably be better 
implemented if NERC controlled the fisheries labora- 
tories. Modestly backed by Mr R. J. H. Beverton 
and Mr D. J. Maclean, respectively secretary and deputy 
secretary of NERC, the professor gave the liveliest 
performance seen so far during the subcommittee’s 
probing of the affairs of NERC. 

The familiar theme of the size of NERC’s empire 
arose after Professor Lighthill had agreed that the 
Government was right in 1965 to disregard the advice 
of the Trend Committee and give the new council 
responsibility for the National Institute of Oceano- 
graphy. There has been no friction with the Admiralty 
because of the excellent coordination with naval oceano- 
graphers which his oceanography and fisheries 
committee makes possible. The navy is apparently 
very helpful when asked to cooperate. 

Professor Lighthill was anxious to point out that his 
committee not only coordinates the oceanographic 
aspects of NERC’s work but also takes very seriously 
its brief to give advice on matters of fisheries research 
to the Ministry of Agriculture, Fisheries and Food. 
He and his colleagues frequently visit Lowestoft, 
Aberdeen and the smaller laboratories when formulating 
their advice. But they evidently feel sometimes that 
their advice is not too well taken, for Professor Light- 
hill finally remarked that if all fisheries research was 
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brought into NERC’s sphere of responsibility, priorities 
might be different and organization better. His com- 
mittee would like to see laboratories given better 
facilities, for example, larger tanks for studying fish 
behaviour, but the Fisheries Department cannot always 
give priorities of this sort. If NERC had fisheries 
research under its wing it would be able to meet the 
priorities. 

So far NERC seems to be satisfied with the amount 
it has been able to spend on oceanography. The 
Council for Scientific Policy has been agreeably sympa- 
thetic to the need to expand the marine sciences, and 
in the past four years expenditure has doubled. The 
professor said this increase must continue if work such 
as coastal oceanography is to expand adequately. 

Relations with industry are apparently excellent. 
The National Institute of Oceanography is a source of 
information for many sectors of the oceanography 
industry, and NERC is participating in various pro- 
jects. With the British Aircraft Corporation it is 
developing a new kind of sonar apparatus, and Plessey 
is working with NERC on ocean data stations. In 
many cases industry and NERC are each doing half 
of the work, but nobody was prepared to say that 
liaison with industry is sufficiently good that when 
NERC initiates a project with industrial potential 
industry will be adequately informed at an early 
stage. Mr Maclean would only say that he had seen 
a great improvement in the situation during the past 
two years. 

When the subject of the recent white paper on marine 
science and technology was discussed, Mr Beverton and 
Professor Lighthill took pains to defend it in the face 
of Sir Harry Legge-Bourke’s remark that many who had 
waited on tenterhooks for the report found it the 
biggest damp squib ever. NERC had been preparing 
its own survey which was incorporated into this report. 
The council will now work on and set out the scientific 
programme which was missing from the white paper. 
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Social Science Research Council 

TuE council’s budget for 1969-70 is £2-38 million 
compared with £509,000 in 1966-67. Mrs S. Williams, 
for the Department of Education and Science, said the 
368 per cent increase in the council’s budget from its 
start three years ago reflects the initial period of growth 
needed to establish the council. Allocations for 
specific disciplines are not predetermined, but, of 
£1,470,000 spent in 1968-69, £207,000 went to support 
departments of sociology and social studies. (Written 
answer, May 5.) 


Doctors from Overseas 
Tue details of the nationalities of doctors employed 
in the hospitals in the Coventry hospital group, which 
were given by Mr Crossman, the Minister of Health and 
Social Security, give some indication of the dependence 
of the health service on foreign doctors. Of 266 doctors, 
165 are British, the remainder come from overseas, 
especially Commonwealth countries and in particular 
the Indian subcontinent. Fifty of the doctors in the 
survey are Indian and seventeen Pakistani. 

Mr Crossman also gave details of fires in British 


hospitals over the past five years. In 1963 there were 
590 fires compared with 638 and 650 fires in 1966 and 
1967. The ministry, no doubt concerned at the in- 
crease, now asks hospitals to hold at least two fire 
drills a year. (Written answers, May 5.) 


Long Range Weather Forecasting 
Mr G. W. Reynowps, for the Ministry of Defence, 
said that the Meteorological Office is not taking part 
in the Barbados Oceanographic and Meteorological 
Experiment, which is a largely American affair, Mr 
Gresham Cooke claimed that the Americans, after 
putting a great deal of effort into the project, are 
coming to the conclusion that the Windward Islands 
and Barbados may be the centre of the atmospheric 
circulation in the Northern Hemisphere. Information 
about meteorological conditions in the area would 
therefore be crucial for long range weather forecasts. 
Mr Reynolds then said that Britain, together with ot her 
European countries, was and would be doing similar 
work in other parts of the North Atlantic. The 
Americans would receive reports of this work and we 
would receive reports of their work in the Barbados 
area. 

Mr Reynolds declined to make a statement about the 
long-term future of the Royal Naval College at Green- 
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NUCLEAR REORGANIZATION 


Evidence of BNDC 


NEITHER of the two companies which are to be the 
kernel of Britain’s reshaped nuclear power industry 
yet has a licence from the Atomic Energy Authority 
for the promising steam generating heavy water reactor, 
which the industry is hoping to sell abroad. This is 
why the negotiations for the supply of an SGHWR 
to Greece in exchange for large quantities of Greek 
tobacco are being conducted by the AEA, rather than 
the company which is hoping to build the reactor 
(Nature, 222, 509; 1969). This surprisingly uncom- 
mercial situation was confirmed by Mr Hector McNeil, 
chairman of British Nuclear Design and Construction 
Limited, in evidence at the fourth public session 
last week of the House of Commons Select Committee 
looking into the reformed nuclear power industry. 
The committee was not entirely soothed by Mr MeNeil’s 
confidence that the licence will be forthcoming if the 
Greek deal goes through. Mr MeNeil said the require- 
ment was for a 300-350 MW station, and if BNDC 
wins the order it will need between twenty and 
twenty-five members of the design staff of the AEA. 
He told Mr David Ginsburg that BNDC is not in com- 
petition with the other half of the reshaped nuclear 
industry, the Nuclear Power Group, over the Greek 
contract, but if the tobacco deal is not negotiated then 
there will be bids from foreign companies. 

Like many of his predecessors in the witness stand, 
Mr McNeil made plaintive noises about the refusal of 
the British electricity generating boards to build an 
SGHWR station, which is allegedly an obstacle to the 
SGHWR’s export prospects. But the generating boards 
already have an embarrassing amount of spare capacity, 
and Mr MeNeil’s complaint shows signs of wearing 
thin. Mr David Price suggested that the 100 MW 
experimental SGHWR station at Winfrith goes some 
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of the way to proving that the SGHWR works. Mr 
McNeil also wanted the already well-endowed generat- 
ing boards to order two nuclear power stations each 
year—the level of ordering which is necessary if the 
two nuclear companies are to be kept going. But Mr 
McNeil showed no signs of agreeing with the 1967 
recommendation of the Select Committee that there 
should be a single nuclear company. Rather he took 
pains to point out how beneficial was the competition 
between BNDC and TNPG for the Hartlepools contract, 
when £250,000 was probably all that decided in favour 
of BNDC in an £80 million contract. If TNPG had 
not been bidding, the BNDC price would have been 
higher. As it was, the BNDC price was the minimum 
it could afford, although he denied the suggestion of 
Mr Eric Lubbock that the Hartlepools bid was a loss 
leader. 

Once again the attempt by TNPG to sell a nuclear 
power station to South Korea came under scrutiny. 
Although the Koreans have given a letter of intent to 
Westinghouse, TNPG is still hopeful of winning the 
contract because Westinghouse is having difficulty 
in arranging the loan for about 90 per cent of the cost 
of the station, which is one of the conditions of the deal. 
BNDC is involved because one of its shareholders, 
English Electric, has a letter of intent from Westing- 
house for provision of the turbogenerators and a corre- 
sponding amount of credit. At last week’s meeting 
of the committee. Mr Ghalib of TNPG thought that if 
the credit is forthcoming, TNPG will have lost its 
chance of winning the contract. Mr MeNeil pointed 
out that Westinghouse has had other offers of credit 
from Europe, but Mr Lubbock still felt that the 
arrangement is unfair to TNPG. 

In practice, this seems to be a time when British 
nuclear power companies are flirting again with the 
idea that they might be able to sell substantial amounts 
of nuclear power overseas. Their latest hope is a 
possibility of selling a reactor to Eastern Europe. 


Sereen 


wich. The college remains under review. (Oral and 
written answers, May 7.) 

Foot and Mouth Disease 

Mr C. Hucues, the Minister of Agriculture, said that 
the Government had paid £150,000 in special grants to 
farmers who suffered loss from foot and mouth disease 
during the early part of the 1967-68 epidemic. This 
money was paid as a 30s grant for every £1 collected 
by the National Farmers Union Appeal Fund. It 
was in addition to the £26-5 million paid in compensa- 
tion for all animals slaughtered during the epidemic. 
(Written answer, May 7.) 

International Telex Exchange 

Tue Postmaster General, Mr Stonehouse, must by 
now be only too well aware that letters with 5d stamps 
on them do not always arrive the day after being 
posted. A week never passes without examples of 
delays being brought to his notice. But the letter post 
is not the only Post Office activity subject to delay. Mr 
Stonehouse admitted that the London switchboard 
of the International Telex was now approximately 
five months behind schedule because contractors had 
failed to supply the £112,000 worth of equipment on 
time. The Post Office is also having problems recruit- 
ing the necessary switchboard operators. At present 


it has 372 but needs 456 and will need 528 later this 
year. (Written answer, May 8.) 

Teachers’ Pay 

Mrs S. Wurms, for the Department of Education 
and Science, said that she could not estimate how 
many more university dons would be teaching in the 
universities as a result of the Prices and Incomes 
Board pay award. She said that discretionary pay- 
ments and distinction awards would be pensionable. 
Miss A. Bacon said the minister would not refer school 
teachers’ pay to the board. (Written answers, May 9.) 
Computer Aided Design 

Dr J. Bray, for the Ministry of Technology, said that 
the five recommendations of the Computer Aided 
Design Committee which have not been adopted by 
the chemical plant industry were concerned with work 
of an advanced nature not immediately applicable to 
the industry. They did not at the time generate enough 
interest to warrant the placing of contracts by the 
ministry. The two projects that have been placed 
with industry following recommendations of the com- 
mittee have cost £60,000. Dr Bray said that the 
ministry’s spending on computer aided design in the 
financial year ending March 31, 1969, was about 
£1-5 million. (Written answer, May 9.) 
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The Leonardo Laboratory 


Few of the major works of Leonardo da Vinci survived 
even his lifetime, and his reputation rests in large part 
on the annotated drawings that contain the record of 
his artistic and scientific development. The best 
collection of Leonardo drawings, which includes almost 
all the anatomical works, is that in the Queen's pos- 
session, and much of it is now on public display in the 
Queen’s Gallery at Buckingham Palace. 

Leonardo was born in 1452, the bastard son of a 
notary and a peasant girl, who after the affair married 
a cowherd. Leonardo was later accepted into his own 
father’s family but received little formal education. 
Most. of his early life was spent in Florence where his 
chief energies were devoted to painting and sculpture; 





time was left, however, for the awakening of his interest 


in anatomy, geology, botany and mechanics. As 
military engineer to the Duke of Milan from 1482 to 
1499, Leonardo had the leisure to perform the dissec- 
tions on which his anatomical drawings are based. 
After a second period in Milan he spent an unhappy 
four years in Rome, left for France in 1517 and died 
two years later at the Chateau of Cloux on the Loire. 
Because Leonardo did not live to publish his dis- 
coveries, his influence on the history of scientific 
thought was considerably less than the evidence of his 
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dropping weights off towers a hundred years before 
Galileo is supposed to have performed the same experi- 
ment, and long before the doctrine of geocentrism was 
abandoned he concluded that the Sun does not move. 

Perhaps the most notable of his scientific achieve- 
ments lay in his study of anatomy. Although some of 
his early drawings repeat the mistakes of Galen’s 
physiology, he described many structures with an 
accuracy that was not surpassed until well into the 
I7th century. His objective was to show the human 
body as a machine, which is why the diagrams and 
annotations on the drawings are imbued with the 
mechanical ideas he had developed. He would perhaps 
have anticipated Harvey if he had not carried over to 
anatomy his observations on the movement of water 
and eddy currents; he believed that the force with 
which the blood is pumped from the heart would have 
been dissipated by eddy currents at the time it reached 
the end of the arterial system and hence he had no 
reason on these grounds to suppose that there was a 
circulation. 

Leonardo's interest in anatomy may have been 
awakened by an executed head he was given to dissect. 
He is said to have dissected some thirty bedies in the 
course of his work, although some of the drawings, 
according to Dr K. D. Keele, are in fact based on 
animal anatomy (Leonardo on the Movement of the 


Heart and Blood, Harvey and Blythe, 1952). 
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NORTH AMERICA 


Davy jones’s Dustbin 


AFTER the death, apparently by poisoning with nerve 
gas, of 6,000 sheep in Skull Valley, Utah, the US Army 
can hardly be surprised that people are now up in 
arms about the decision to dump 27,000 tons of nerve 
gas in the Atlantic. Even if the operation can be 
menaged without immediate catastrophe, the quanti- 
ties involved are so great that people are bound to be 
apprehensive. The chance of accidental spilling as the 
materials are carried across the United States to the 
eastern seaboard between now and August may be 
small but it is not entirely to be neglected. The risk 
of polluting the sea and the marine life in it has roused 
a wider audience and a number of imponderable 
questions. One serious difficulty is that the authorities 
have not yet specified with any clarity just what 
materials they are proposing to dump. There are tear 
gas, mustard gas and certain nerve agents, but any 
independent assessment of the risks involved will 
require at least enough awareness of what the chemicals 
are for some estimate to be made of the lifetime of 
these substances. After all, the arguments which there 
have been in recent years about the use of the deep 
oceans as disposal grounds for radioactive waste were 
given some semblance of rationality because of the way 
in which the intrinsic half-life of each material was 
well defined. Is it too much to ask, on this occasion, 
that the US Army should provide the information on 
which an equally reliable estimate could be made of 
their durability as potential hazards? And is it too 
much to ask that there should be some means of 
anticipating what will happen when they react with 
water ? 

If the chemicals are unknown, there is at least a 
good deal of information about the machinery which 
the army will use for its disposal operation. The plan 
is to load four liberty ships with steel drums full of the 
gas and to scuttle them some 250 miles east of the 
military depot at Earle, New Jersey, in 7,200 feet of 
water. By all accounts, the army is counting on the 
slow speed of mixing between water at such a depth 
and that nearer the surface, and has caloulated that it 
would take 400 years for material which escapes from 
the sunken liberty ships to reach the surface. That, of 
course, may be correct although it is perhaps somewhat 
optimistic of the army to expect that the pattern of 
ocean currents is as well defined as all that. Those who 
live elsewhere will still recall that a great deal of the 
rubbish from London used to be dumped at great cost 
in the Black Deep, thirty miles off the Thames Estuary, 
only to be carried back again with the tide. This, in 
other words, is a field in which over-confidence is not 
merely misleading but damaging, not least of all 
because it will seem yet another illustration that 
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public authorities are prepared to take all kinds of risks 
for the sake of their convenience. 

It is of course ironical that all this should happen 
when the United States is engaged in negotiations to 
design a treaty for governing the use made of the sea 
bed (see page 612). To be sure, the army may be 
somewhat puzzled to know how its earlier use of the 
sea for disposing of chemical weapons should have 
attracted no more attention than that of the British 
Government, which disposed of captured military 
material in this way during the early fifties, but this is 
only a measure of the extent to which people are now 
much more acutely aware of the need that problems 
of pollution should be dealt with on a common basis 
and responsibly. In this sense, the deep oceans have 
suddenly assumed the kind of status which common 
land possessed in the Middle Ages. The Treaty for the 
Exploitation of the North Sea to which the maritime 
European powers subscribe is a good model of how 
these matters should be regulated. It may be a long 
time before there is much to be made of the potential 
of the deep oceans and it is certainly true that too 
many people are too excited about them. Yet it is 
not too soon to make sure that the deep oceans are not 
needlessly misused. 


TELECOMMUNICATIONS 


Comsat Lives Another Year 


THERE is nothing in the annual report of the Com- 
munications Satellite Corporation (Comsat), now pub- 
lished, to suggest that the corporation is embarrassed 
by the anomalous position which it occupies at the 
centre of the growing web of activity in international 
telecommunications by satellite. To be sure, the report 
does say that “the year just past appears as a transi- 
tional year”, but the context makes it plain that 
Comsat sees only steady growth in the years which lie 
ahead. Either the corporation is entirely unworried 
by the muttering there has been from some other 
partners in Intelsat about the way in which Comsat, 
titularly one of themselves, dominates affairs by its 
contract as manager, or it is whistling to keep its 
spirits up. In any case, the plenary meeting of the 
members of Intelsat in February at which the future 
relationship between Intelsat and Comsat might have 
been decided (Nature, 221, 501; 1969) has been ad- 
journed until November 18. Between now and then, 
a preparatory committee will be at work on detailed 
proposals for the future of Intelsat, its relationship 
with Comsat included. 

There is no doubt of the technical flair which Comsat 
has brought to the international communications 
business. The report for 1968 is one long record of 
achievement. By the end of last year, for example, 
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the number of Earth stations in the Intelsat network 
had grown to twenty-two, compared with fourteen at 
the end of the previous year. Voice circuits on per- 
manent lease amounted to 941 by the end of 1968, 
thus loading almost to full capacity the Early Bird 
and Intelsat IL satellites then in service. Further 
growth, depends on the Intelsat IIT satellites, the first 
two of which, over the Atlantic and the Pacific, have 
each added 1,200 circuits to the capacity of Intelsat. 
The disappointment of the failure of the first launch 
of an Intelsat ITI satellite just before the Olympic 
Games in Tokyo has evidently not left too deep a 
mark. Comsat managed to sell 666 hours of television 
time during 1968, much of it during the Olympic 
Games, and thus multiplied by three its previous 
record for television. 

Comsat is plainly bursting with new plans, almost 
as if the $130 million of shareholders’ money still 
held in short-term investments is burning a hole in 

‘its pocket. The scheme which it prepared in 1967 for 
a domestic communications system within the United 
States, thirty-five ground stations strong, could 
obviously use up a great deal of capital. So could the 
stations in Alaska and South America for which Comsat 
has already submitted applications to the Federal 
Communications Commission. Much will depend on 
the outcome of the new administration’s study of the 
report of the task force set by President Johnson to 
study the future pattern of domestic telecommunica- 
tions, but it is hard to see how any government would 
be able to deny some room for growth to this energetic 
child which is, after all, the product of an earlier 
compromise with Congress. In terms of simple money, 
Comsat has in any case performed respectably enough 
for a growth industry, although money in the bank 
still provides $8-5 million of revenue compared with 
$30-5 million from operations. The surplus on the 
operating budget is comparatively small—less than 
$1 million or just about 3 per cent, so that the money in 
the bank is a necessary way of keeping the share- 
holders happy. Whether the countries which belong 
to Intelsat are equally happy with a state of affairs 
in which Comsat enters communal property on its 
books under the simple heading “assets”, and then 
pays federal income tax on the investment, is another 
matter which may receive some attention between 
now and November 18. 


STUDENT OPINIONS 


Harvard in Waiting 


from a Correspondent recently in Cambridge, Mass. 


HARVARD awards about twenty per cent of its bachelor 
degrees each year in science, yet science students were 
a smaller percentage of the political activists who 
precipitated the recent crisis. The political inactivity 
of scientists is of course legendary, but it does now seem 
that the behaviour which is expected of them, still super- 
ficially in evidence, may be wearing thin. To be sure, 
they work harder than other students, tend to be less 
social and, in general, accept the values of scientific 
and scholarly achievement, but this is the surface and 
itis thin. Although few science students are politically 
active—but a small group of mathematicians is 
identified as members of Progressive Labour, the left 
wing of SDS—they seem no longer to be politically 
inert. Rather, two strong and conflicting trends 
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emerged from my interviews with them. One was 
expressed by a student when he said: “I think these 
last few weeks will push people into rather than out 
of science. This has been a harrowing experience. 
People seek stability and science is more stable.” 

This student, as well as others, spoke of the order 
in science which has often accounted for the science 
student viewing many political disorders as transient 
and outside his higher goal of the search for truth. 
That this vision still retains its power is shown by the 
fact that, during the course of the strike and the 
general upheaval, not one of 280 biochemistry under- 
graduates missed his tutorial. But for many, this 
stability now represents isolation, and the isolation 
comes about largely through the demands of long 
hours in the laboratory. Typical responses were 
“Lab. courses are destructive to undergraduate life. 
I always wonder whether I shouldn’t be doing some- 
thing else when I’m in lab.” or “Labs. turn me off. 
I like the thinking part of Chemistry . . . the thought 
of a Jab. for life . . . very depressing.” 

Undoubtedly the complaints about laboratory work 
are not new. Although desire for more social life and 
for more involvement was always present, the labora- 
tory offered itself as a sanctuary which overrode those 
considerations. Now one hears the phrase “social 
relevance”. How does one justify the time spent in the 
laboratory ? The upswing in enrolment in biochemical 
sciences reflects the attempt to link chemistry with 
doing something for mankind. In the post-Sputnik 
phase, science was its own justification. As one young 
man said: “During that period in my high school, if 
you were smart, you were smart in science’. But 
now he, like many others, is torn. 

The science student is being affected by the premium 
on individuality and “doing one’s thing’. As a 
non-active SDS sympathizer said somewhat wistfully, 
“The burden of strikes falls unevenly on acience and 
non-science students’. The scientist is faced with the 
new burden of guilt if he opts out of the moderates’ 
strikes following police busts. But beyond that he, as 
an undergraduate, is forced to face the conflict that 
arises between his work and what it means to others. 

The Harvard bust seems to have forced an early 
maturation on its science population. The two themes, 
“the holiness” of the laboratories and the drive for 
social relevance, are not resolved but remain in conflict. 


AWARDS 


Lawrence Memorial Award 


Tue Ernest Orlando Lawrence Memorial Award for 
1969 has been presented by the US Atomic Energy 
Commission to the following: Dr G. F. Chew, head, 
theoretical physics, Lawrence Radiation Laboratory, 
Berkeley, and professor, University of California; 
Dr D. T. Cromer, leader, Crystal Chemistry Section, 
Plutonium Physical Metallurgy Group, Los Alamos 
Scientific Laboratory, Los Alamos, New Mexico; 
Dr E. M. Gelbard, consultant, Reactor Theory Depart- 
ment, Bettis Laboratory, Westinghouse Electric Com- 
pany, Pittsburgh; Dr F. Newton Hayes, leader, Mol- 
ecular Radiobiology Section, Biomedical Research 
Group, Los Alamos Scientific Laboratory; Dr J. H. 
Nuckolls, associate leader of “A” Division, Lawrence 
Radiation Laboratory, Livermore, California. The 
award consists of a citation, a medal and $5,000. 
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NEWS AND VIEWS 


Sea Foor and Others 


from our Geomagnetlsm Correspondent 


THE annual meeting of the American Geophysical 
Union, in Washington, is regarded as something of an 
event in the geophysicist’s calendar if only by virtue 
of sheer magnitude. Between April 21 and 25 more 
than 2,100 delegates listened to more than 1,200 
papers covering almost every aspect of geophysics. 
It can hardly be said that excitement reached fever 
pitch—that last happened in 1967 after the interpreta- 
tion of ocean magnetic anomalies and magnetic field 
reversal patterns in deep sea cores. 

Sea floor spreading continued to attract considerable 
attention. New surveys of magnetic anomalies and 
their interpretation in terms of geomagnetic field 
reversal were introduced by B. P. Luyendyk (Scripps 
Institution of Oceanography), who has made magneto- 
meter measurements over Mason—Raff anomalies 
close to the ocean floor. At this level, surveys reveal 
anomalies of shorter wavelength and higher amplitude 
than those detected at the surface. Because they 
remain, even after allowing for topographic effects, 
they must be the result either of petrographic varia- 
tions in the oceanic second layer or of real fluctuations 
in geomagnetic field mtensity. 

The next step in the sea floor saga is, of course, to 
obtain actual samples from the sub-sedimentary oceanic 
layer. This is being done within the JOIDES pro- 
gramme; but in the meantime some dredge samples 
are available. J. de Boer (University of Rhode Island) 
reported magnetic polarity measurements on pillow 
lavas dredged from the central normal and first reversed 
anomaly regions of the Reykjanes Ridge. The vertical 
orientations of these samples were determined from 
small scale volcanic features within the samples them- 
selves. Polarities agreed with those deduced from the 
signs of the corresponding anomalies, thus supporting 
field reversal as the source of at least the first two 
anomalies. Measurements on basalt dredge samples, 
this time from the mid-Atlantic Ridge, were also 
reported by Dr C. M. Carmichael (University of Western 
Ontario). Because they were unoriented, these particu- 
lar samples were unsuitable for palaeomagnetic direc- 
tional analysis, though ancient field intensities deduced 
from them varied between 40 per cent and 200 per cent 
of the present field value, again supporting the reality 
of dipole field fluctuations 

Turning to the directional palaeomagnetism of con- 
tinental rocks, Dr R. R. Doell (US Geological Survey) 
reported further results from Hawaiian Holocene 
basalts which indicate an angular standard deviation 
in direction of only 0-05 radians attributable to secular 
variation of the non-dipole field. The new measure- 
ments thus support the existence of a non-dipole field 
low in the Central Pacific. The angular standard 
deviation for dipole wobble during the Brunhes polarity 
epoch, calculated from all relevant Hawaiian data, 


was only 0-20 radians. On the other hand, measure- 
ments made by A. V. Cox (Stanford University) on 
New Zealand rocks magnetized during the Brunhes 
epoch showed that at the relevant latitude the angular 
dispersion of directions caused by secular variation was 
greater than that predicted by current field models 

J. H. Foster (Lamont—Doherty Geological Observa- 
tory) described magnetic polarity measurements on a 
28 metre core of deep sea sediment from the equatorial 
Pacific. Twenty-two reversals were discovered between 
the Gilbert-Epoch 5 boundary and the bottom of the: 
core, estimated at about 12 million years. The pattern 
of polarity zones was in good agreement with that 
predicted from sea floor spreading. N. D. Opdyke, 
also from Lamont, confirmed by interpolating between 
the Brunhes-Matuyama and Matuyama—Gauss bound- 
aries that the long event seen in many deep sea cores 
in the lower part of the Matuyama epoch is the Olduvai 
event and not, as some have supposed, the earlier Gilsa 
event. The duration of the Olduvai was thus deduced 
to be 150,000 + 47,000 years. 

J. M. Ade-Hall (University of Liverpool) presented 
further data showing a correlation between magnetic 
polarity and opaque petrology—this time from the 
Isle of Mull (Scotland) dykes. The paradox whereby 
reversed rocks, though magnetized in a reversed 
magnetic field, are petrographically different from 
normally magnetized rocks was thus extended. Ade- 
quate explanation of this phenomenon seems to be no 
closer. And continuing on the theme of paradoxes, 
Dr J. D. Hayes (Lamont—Doherty Geological Observa- 
tory) reported the extinction of a certain North 
Pacific radiolaria species at the base of the Jaramillo 
event (0-9 million years), although no other species 
became extinct at that time. In this case, however, an 
explanation may be at hand. The size of the species 
members showed a marked correlation with latitude, 
and thus implicitly with temperature, suggesting that 
a slight increase in temperature rather than radiation 
is the more likely cause of extinction. 


PALAEOGEOGRAPHY 


Boreal Inland Sea 


Srvox the time of Cortez, few people have been lucky 
enough to discover new oceans—a privilege that now 
seems to have befallen the Oxford palaeontologist A. 
Hallam (Palaeontology, 12, 1; 1969). Dr Hallam’s 
ocean, which he has named the Boreal Inland Sea, 
was probably a prominent feature of the world in 
Jurassic times, which lasted from about 185 to 140 
million years ago. 

Jurassic marine fossils, as has been known since 
Neumayr’s work in 1883, are restricted to two chief 
faunal realms. The Boreal realm occupies the northern 
part of the Northern Hemisphere and the rest of the 
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world is included in the Tethyan realm, centred on the 
Tethys ocean which stretched from the present Mediter- 
ranean at its western end as far east as Indonesia. 
The fossil evidence suggests that the boundary between 
the Boreal and Tethyan realms was gradational, 
oscillating back and forth, but coinciding in Europe 
more or less with the present line of the Alps. 

What was the nature of the barrier that divided the 
Boreal and Tethyan fauna? A land barrier such as 
the division of the Tethys ocean in Tertiary times by 
the emergence of the Middle East seems unlikely 
because of the gradual change of fauna between the 
Boreal and Tethyan realms. Temperature, too, is 
ruled out because the distribution of Jurassic land 
plants suggests a worldwide uniformity of temperature 
with a more equable climate than at present. 

The barrier that separated the two zones, Dr Hallam 
believes, was a difference in salinity. Marine animals, 
whose blood is isosmotic with seawater, find it hard to 
colonize waters of lesser salt content, which in general 
contain fewer species than neighbouring oceanic areas. 
For example, the number of marine species ranges from 
forty in the Gulf of Finland, where the salinity of the 
bottom waters is 5 per cent, to nearly 600 species in 
the Kattegat, where salinity is 35 per cent. 

In general, the Tethyan faunas are more diverse than 
the Boreal faunas at every taxonomio level, which 
would be expected if the Boreal faunas inhabited waters 
of a slightly lower salt content than that of the Tethys 
ocean. The inference is that the Boreal realm was that 
of a great inland sea diluted by the fresh water. 

The distribution of Jurassic sedimentary rooks 
supports this conclusion; the river-borne detritus 
that is prominent in the sediments of Europe north of 
the Alps suggests a non-pelagic environment in Jurassic 
times. 







































































Northern hemisphere in Late Jurassic, based on the fit of 


Atlantic continents suggested by Bullard et al. Ruled areas 
are land, plain areas are sea, dots are sediments with river- 
borne debris and short lines are mostly oceanic sediment. 


Though proposed independently of the theory of 
continental drift, the Boreal Inland Sea fits rather 
neatly into the V-shaped wedge between North America 
and Eurasia when the two land masses are joined 
together in the manner proposed by Bullard, Everett 
and Smith. The line of fit is taken at the 500 fathom 
level of the continental shelf, so that there is no means 
of knowing from the pattern of fit alone whether the 
areas of the continental shelf would have been above 
or below ground. 
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The Boreal Inland Sea would have covered England 
and much of northern Europe during most of the 
Jurassic, probably interconnecting with the Tethys 
ocean through a chain of islands situated along the 
present line of the Alps. The sea must have enjoyed a 
long and fairly stable existence for its distinctive 
fauna to have developed. Towards the end of the 
Jurassic period the sea seems to have regressed, allow- 
ing parts of southern England at least to emerge from 
the waters; late Jurassic sediments at Purbeck in 
Dorset seem to have been deposited from fresh water 
or a lagoon. The cause of the regression is unknown, 
but it is tempting to speculate that it may have been 
connected with the events that led to the opening 
of the North Atlantic Ocean. The South Atlantic is 
thought to have opened some 135 million years ago, in 
Tertiary times, but dates for various parts of the 
North Atlantic range from 60 to 190 million years. 


COSMIC RAYS 


Muon-poor Showers 


from a Correspondent 


A SIGNIFIOANT advance in understanding of a small but 
well identified fraction of extensive cosmic ray showers 
has been made by R. Maze, A. W. Wolfendale, J. 
Wdowezyk and A. Zawadzki in a contribution to 
Physical Review Letters (22,899; 1969). In these showers 
the fraction of muons relative to the electromagnetic 
component is so small that it suggests a production 
process significantly different from the normal. An 
obvious possibility has been that the showers arise 
from the interaction of energetic gamma rays with the 
atmosphere. 

The latest report is based on a wide ranging study 
of possible initial reactions of charged cosmic ray 
primaries undertaken by workers at Utah, who have 
observed muon. distributions deep underground and 
have found that they cannot readily be related to the 
general understanding of muon production in showers. 
The group at Utah suggested that a substantial addi- 
tional electron component (which will lead to showers 
identified as muon-poor, when the electromagnetic 
intensity is adopted as a measure of shower size) may 
arise from the decay of massive particles generated in 
high energy collisions with air nuclei. 

Maze and his colleagues have compared estimates of 
the number of muon-poor showers observed at Lodz 
with those madeatthe high altitudelaboratory at Chacal- 
taya and have concluded that the ratio (which depends 
on the form of shower development through the atmo- 
sphere) agrees much more closely with that to be ex- 
pected if the showers are initiated by nuclear inter- 
actions than if they develop from primary gamma 
rays. This result is of a general character, offering no 
indication as to the nature of the nuclear interactions 
involved, but it has established a substantial, although 
not statistically certain, discrepancy between observa- 
tion and the expectation of development from gamma 
primaries. 

But, considering further unpublished material, which 
indicates that the angular distribution of muon-poor 
showers from the zenith is broader than for the major 
group of normal showers, Maze et al. think that the 
evidence supports the proposals of the Utah group, 
invoking the occasional production of a heavy and 
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relatively long lived intermediate particle in early 
shower interactions. But they stress the preliminary 
nature of their conclusion. 


HISTORY OF SCIENCE 


Crystalline Species 


from a Correspondent 


CRYSTALLOGRAPHY is usually associated with chemistry, 
but when Dr Seymour Mauskopf of Duke University, 
North Carolina, addressed the British Society for the 
History of Science last week, he traced its origins to 
biology. Not until the seventeenth century was the 
growth of crystals seen to be different from that of 
animals or plants, and only then did the independent 
science of crystallography (as opposed to practical 
skills connected with mining) arise. In the eighteenth 
century, moreover, the chief concern of biologists was 
with taxonomy, and this interest in the classification 
of animals and plants naturally spread to the study of 
minerals, It is no coincidence that the earliest interests 
of the French Abbé R. J. Haüy, the first great crystal- 
lographer, were in botany. 

Dr Mauskopf’s principal concern last week was with 
the growing interaction between crystallography and 
chemistry in the early nineteenth century, which 
proved so fruitful for both and has led to their close 
association ever since. 

It is now a commonplace to say that Dalton’s atomic 
theory was merely a formal and quantitative statement 
of a belief implicitly held by all chemists: that matter is 
particulate. Nor was this belief confined to chemists; 
in the hands ef the Frenchmen de Lisle and Haüy it 
became the basis of crystallography. But whereas 
Dalton was interested in the weight and chemical 
nature of his particles, the crystallographers were 
concerned almost exclusively with the geometrical 
shapes of theirs. Daltom’s atoms were spherical; 
Haiiy’s “integrant molecules” were polyhedral building 
blocks which formed macroscopic crystals. 

Like Linnaeus, Haüy was a firm believer in the 
fixity of species. As criteria for the determination of 
crystal species, he used the two properties of shape (any 
individual mineral substance will exist only in forms 
that can be built up from a single type of building 
block) and chemical purity. These two criteria corre- 
spond closely to the chemical doctrine of definite 
proportions, which was almost contemporaneous. This 
correspondence was apparent at the time; Bertho!let, 
the most ardent opponent of the chemical law, also 
attacked Haiiy’s crystallographic system. The estab- 
lishment of chemically definite proportions lent weight 
and acceptance to the orystal theory. Berzelius 
attempted to integrate mineralogy and chemistry, and 
Ampère tried to construct a whole theory of matter 
based on Haüy’s “integrant molecules” and thus arrived 
at an independent statement of what we know as 
Avogadro’s hypothesis. 

Various anomalies in Haiiy’s system were corrected 
in the 18308 with the discovery of isomorphism and 

olymorphism by the German chemist Mitscherlich. 
ut probably more important than all these interac- 
tions between chemistry and crystallography was the 
fact that by his investigation of the isomeric tartrates 
Pasteur, who was trained as a orystallographer, opened 
up the whole of stereochemistry. His interest in the 
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tartrates led to the study of fermentation, and ultim- 
ately to the germ theory of disease. Crystallography, 
originally an offshoot of biology, again contributed, 
by this tortuous route, to biological progress. 


HYBRID CELLS 


Human Ribosomal RNA 


from our Cell Biology Correspondent 


Tux technique of cell hybridization—the fusion of two 
or more different cell types from the same or different 
species—is one of the most promising techniques for 
the elucidation of the intractable problems of gene 
expression in higher organisms. Inevitably the proper- 
ties of any particular hybrid cell depend largely on the 
properties of the parental cells which are fused together. 
In the latest issue of the Journal of Molecular Biology 
(41, 253; 1969), for example, Eliceiri and Green report 
& curious property of human-mouse hybrids which may 
throw some light on the control of ribosomal RNA 
synthesis. The 28S ribosomal RNAs of mouse and 
human cells have identical mobility when subjected to 
polyacrylamide gel electrophoresis, but if the RNAs 
are heated before electrophoresis the mobility of the 
human ribosomal RNA changes whereas that of the 
mouse RNA is unchanged. Using this technique to 
distinguish between the two sorts of RNA, Eliceiri and 
Green have found that only mouse 289 ribosomal 
RNA appears to be made in human—mouse somatio 
cell hybrids which contain up to thirty-five human 
chromosomes per hybrid cell. 

There are obviously several possible explanations of 
this odd phenomenon. It is possible that all the human 
ribosomal RNA genes are clustered in the human 
chromosomes missing from the hybrid, but this seems 
unlikely because ribosomal RNA genes occur on at 
least five different human chromosomes and there is 
no reason to suspect that these chromosomes are 
selectively lost in the hybrids. Another explanation, 
that human ribosomal RNA is made but rapidly 
breaks down, has also been eliminated by pulse labelling 
experiments. The formal possibility that human 
ribosomal RNA is acted on by mouse cell enzymes so 
that it acquires the electrophoretic mobility of mouse 
ribosomal RNA is inherently unlikely. And because 
human ribosomal RNA is not altered when incubated 
with extracts of mouse cells this possibility can be 

That leaves the most likely explanation, namely 
that in the hybrids some regulatory mechanism 
prevents transcription of human ribosomal RNA genes 
but not their mouse counterparts. In other plant and 
animal cell hybrids the function of the nucleolar 
organizing chromosomes of one of the parental cells is 
suppressed while the comparable chromosomes of the 
second parental cell function. In the human-—mouse 
somatic cell hybrids there are up to a dozen nucleoli; 
whether they are all mouse nucleoli remains to be seen. 


NUCLEAR PHYSICS 


Three Quarks or Five? 


from a Correspondent 


Onn of the most encouraging features of high energy 
physics in recent years has been the classification of 


624 


elementary. particles ‘into groups according to the 
SU3 scheme., Closely linked with this classification 
has been’ the suggestion that all strongly interacting 
particles can be accommodated within a theory also 
predicting the existence of three really “fundamenta g 
particles known as quarks. These three particles would. 
have rather peculiar properties. In particular, they 
would be very massive and would carry electric charges 
which are fractions of the charge carried by an electron. 
Although particles like this have not yet been observed, 
the quark theory is attractive because all the known 
baryons—about forty particles such as the proton, 
neutron, A, Z and -—can be thought of as being made 
up of just three quarks in various combinations. 

In 1966, however, some experiments carried out by 
R. L. Cook et al. (Phys. Rev. Lett., 17, 102; 1966) 
indicated the existence of baryons with positive strange- 
ness that would require five quarks to make them up. 
Not only would this make the quark theory less attrac- 
tive, but it would require a considerably more compli- 
cated scheme of classification and would also imply 
the existence of several particles which have not been 
observed so far. These rather disturbing results came 
from an experiment to measure the total scattering 
cross-section for positive K-mesons by nucleons (pro- 
tons or neutrons) as a function of the incident K-meson 
momentum. The results suggested the possibility of 
short-lived resonant states of the system of K* particles 
on nucleons which could be interpreted as excited 
states of the so-called Z particle. Such particles, 
referred to as Z*, would have a unique property of a 
strangeness number the same as that of the K*+-meson, 
namely, +1, and this special property requires a mini- 
mum of five quarks. Fortunately, more recent experi- 
ments suggest that the scattering measurements 
do not necessarily imply the existence of Z* 
particles. 

In the meantime, other experiments of a different 
type have been carried out in the hope of detecting Z* 
particles. Tyson ef al. (Phys. Rev. Lett., 19, 255; 1967) 
fired energetic protons at a proton target in an attempt 
to detect the production of negative K-mesons together 
with doubly charged positive Z* particles. Again the 
results were suggestive of some Z* production, although 
with properties different from three of the particles 
suggested by the earlier total cross-section experi- 
ments. 

The most recent attempt to solve this riddle is an 
experiment at the Brookhaven National Laboratory 
by E. W. Anderson et al. (Phys. Lett., 29B, 136; 1969) 
in which negative a-mesons were fired at a proton 
target in an attempt to produce negative K-mesons 
and singly charged positive Z* baryons. In all ob- 
served events in which a negative K-meson was pro- 
duced, the “missing mass” of the other particle could 
be calculated by measuring the production angle and 
the momentum of the K-meson. If Z* particles with 
definite masses had been produced, peaks should 
have been observed in the missing mass spectra, and 
the positions of these peaks should have been indepen- 
dent of the incident momentum of the z-meson. No 
such peaks have been observed, which implies very low 
limits for the production cross-section of Z* particles. 

For a final answer to the question of the existence or 
otherwise of these odd particles, it will probably be 
necessary to wait for more experiments, particularly 
those concerned with the properties of the positive 
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K-meson-nucleon system. Many physicists will be 
very glad if no Z* particles exist, leaving the simple 
quark model intact. 


PHYSICS 


Atomic and Molecular 


from a Correspondent 


Tus first National Atomic and Molecular Physics 
Congress organized by the Institute of Physics and the 
Physical Society was held in Manchester from March 31 
to April 3. After earlier doubts, K. Dolder reported 
that his group at the University of Newcastle upon 
Tyne has said that the ionization cross-section of a 
Lit ion in electron bombardment behaves like a In 
E=b when E exceeds 7 keV, in agreement with the 
Bethe approximation. The theory of ionization of an 
atom by electron impact was reviewed by A. Burgess 
(University of Cambridge), who described an attempt 
to set up a quantum mechanical calculation near the 
ionization threshold by diagonalizing the long-range 
part of the e— interaction; this should provide a 
verification of the proposition of the eemi-classical 
Wannier theory that near threshold the projectile 
and the ejected electron depart at roughly equal 
distances from the residual ion. 

Radiative transitions between high Rydberg states 
of hydrogen atoms are important in astrophysics 
because they contribute to the radio frequency spec- 
trum. The excitation of such states from each other 
by proton impact can be calculated classically, as 
reported by D. Banks and N. A. Valentine (University 
of Stirling), who used a programme due to Abrines and 
Percival. Somewhat unexpectedly for a classical 
theory, they find that for proton energies between 40 
and 500 eV, the cross-section for charge transfer at a 
fixed angle of scattering of the incident proton is an 
undulating function of the energy. Banks and Valen- 
tine have also applied their classical calculation to 
charge transfer when the electron ir initially in its 
ground state, when the justification of the method is 
not so obvious; they then find an undulation in the 
cross-section which agrees in energy with that found 
in the quantum theory of the Everhart effect, but which 
is smaller in amplitude. They suggest that this could 
mean that a part of the Everhart effect may be of 
classical origin. 

The role of an autoionizing Rydberg state as an 
intermediate stage in the photoionization of the O, 
molecule was discussed by Allan Smith of Yale. He 
made the interesting observation that this mechanism 
may lead to O,* in much higher vibrational states 
than does direct excitation, so that the photochemistry 
of the O,* ion in the atmosphere may be affected. 

Following Bates, dissociative recombination, e+ 
(AB)*>AB—>A-+ B, had long been thought to proceed 
through an intermediate autoionizing state. An impor- 
tant new experimental result obtained by A. J. Cun- 
ningham and R. M. Hobson (Queen’s University, 
Belfast) with equal electron and ion temperatures 
demonstrates a change in the temperature dependence 
when the first vibrational excited state of the original 
ion becomes accessible. As an explanation, T. F. 
O'Malley (Queen’s University, Belfast) suggested that 
the cross-section for attachment to the vibrational 
ground state predominates, so that the temperature 
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dependence follows from the variation of the population 
of the ground state. 

K. J. Ross (University of Southampton) reported 
the measurement of generalized oscillator strengths in 
atoms by inelastic electron scattering. He claims to 
have observed an octupole transition in an atom, the 
first time this has been done by electron impact. The 
energies in these experiments, 40-100 eV, are still a 
little too low for the safe use of the Born approximation 
which is essential for the interpretation of the experi- 
ments, but it is intended to go to higher energies. 

A novel aspect of line-broadening by atomic collisions 
was reported by J. N. Farr, W. R. Hindmarsh, and 
D. G. McCartan (University of Newcastle upon Tyne), 
who have started to extract the parameters of a 6-12 
potential for an excited state of an atom from an 
analysis of line shapes. 


ORGANIC CHEMISTRY 


from a Correspondent 


Somm current approaches to and results from the 
study of organic reaction mechanisms were dis- 
cussed at an afternoon symposium held by the Chemical 
Society in London on May 8. In his Centenary Lecture, 
Professor P. D. Bartlett (Harvard University) re- 
viewed some of the (eight) pathways by which pairs of 
unsaturated molecules may undergo cycloaddition 
reactions. That 1,1-dichloro-2,2-difluoroethylene and 
related compounds add to conjugated dienes by a 
biradical mechanism rather than by concerted cyclo- 
addition is, in part, attributable to a destabilization of 
the z-bond of the halo-olefin resulting from the high 
p-character of the C-F bonds. Dichloromethylene- 
cyclopropane, which has related bond distortion, 
reacts similarly. The question of spin multiplicity 
of biradical intermediates in these reactions was posed. 
Pertinent to this is the detection of spin correlation 
effects in 1,4-biradicals formed from thermal, photo- 
lytic, or photosensitized decomposition of cyclic 
azo-compounds. Cyclization to cyclobutanes is clearly 
slowest when the biradical is generated in the triplet 
state by the photsensitized decomposition. 

Cycloaddition by a two-step mechanism may be 
attended by stereochemical changes possible in the 
intermediate, and so stereospecificity in cycloaddition 
reactions has come to be regarded as a criterion for 
the operation of a concerted mechanism. Professor 
Bartlett, however, gave examples of two-step cyclo- 
additions involving dipolar intermediates, rather than 
biradicals, in which complete stereospecificity is 
observed. 

A. C. Day (University of Oxford) described some 
photochemical reactions of methylenepyrazolines which 

roceed through trimethylenemethane intermediates. 
Heimathylanamcthane itself is known to have a triplet 
ground state, but in substituted analogues orbital 
degeneracy is removed, and the singlet species 
readily cyclize to methylenecyclopropanes. The manner 
in which substituents affect electron density distri- 
butions and the symmetry of occupied orbitals, and 
the roles these factors play in controlling the geometry 
and the direction of the cyclization, were compared 
with available experimental results. 

Professor A. G. Davies (University College, London) 
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outlined work on the reactions with oxygen of alkyl 
derivatives of metals in groups I, II, IO and Y. 
These oxidations, often violent, apparently involve 
radical chain mechanisms; the participation of radicals 
has, however, been confirmed only recently. Professor 
Davies explained how it has now proved possible to 
impose initiation on the chain oxidation of some alkyl- 
boron derivatives, and thus to extract valuable kinetio 
data. Rate constants for the key chain propagation 
step, in which alkylperoxy radicals displace alkyl 
radicals from boron, are found to be very high (about 
10* 1. molet s1). The closely related displacement 
of alkyl radicals from trialkylboranes by butoxy radi- 
cals (formed by photolysis of t-butyl peroxide) promises 
to be an extremely valuable reaction for generating 
concentrations of reactive alkyl radicals in solution 
which are sufficient for direct observation by electron 
spin resonance spectroscopy to be possible. 

It is well known that reactive free radicals add 
very rapidly to C-nitroso-compounds or to nitrones 
producing relatively long-lived nitroxide radicals 
which are readily detected by ESR. The applicability 
of these reactions to the general study of free radical 
processes wes outlined by M J. Perkins (King’s 
College, London), and Professor Davies showed how 
this potentially valuable “spin-trapping technique” 
had already been utilized in his work to detect 
ethyl radicals in the autoxidation of triethyl- 
bismuth. 

The symposium concluded with a paper by 8. 
Trippett (University of Leicester), who discussed recent 
results on the stereochemistry of substitution at 
tetracoordinate phosphorus. Unusual behaviour of 
compounds in which the phosphorus atom is part of a 
four-membered ring stems, in part, from the geometric 
requirement that this small ring be fused to one apical 
and one equatorial position in the five coordinate 
reaction intermediates. Extension of this work holds 
considerable promise of a better understanding of 
organophosphorus chemistry in general. 


PROTEIN SYNTHESIS 


Controlling the Rate 


from our Cell Blology Correspondent 


Tue familiar idea that variations in the concentrations 
of species of transfer RNA may have a role in control- 
ling the rate of protein synthesis has now received 
some experimental support. The idea originally 
stemmed from two sorts of observations: first, that cells 
contain widely varying amounts of the different species 
of (RNA and, second, that the relative concentrations 
of various tRNAs change in response to different 
growth conditions. In the current issue of Proc. US 
Nat. Acad. Soi. (62, 566 ; 1969), French Anderson reports 
two simple tm viro model systems which show that 
the concentration of (RNA species can regulate the rate 
of translation. In an Æ. coli cell free system pro- 
grammed with poly-U, the incorporation of phenyl- 
alanine into polypeptide is stimulated forty-fold as the 
concentration of {RNAP is increased from 1-5 x 102 M 
to 3x 10-* M, which represents a ratio of RNA to 70S 
ribosome of seven. In a cell free system programmed 
with poly-AG, the rate of protein synthesis depends on 
the amount of tRNAs present, which recognizes the 
codons AGA and AGG. Thus in the cell the rate of 
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protein synthesis is likely to be regulated at the trans- 
lational level by the availability of certain species of 
tRNA. 

Tn the same journal (ibid., 454), Leder, Skogerson and 
Nau report the purification of an enzyme which can 
also control the rate of protein synthesis. They have 
purified the F. coli G factor of Nishizuka and Lipmann, 
which is equivalent to the factor Sẹ in Bactllus stearo- 
thermophilus (see this issue of Nature, pages 626 and 
645). Factor G, or Sẹ is a translocase which catalyses 
the translocation of mRNA and peptidyl ‘RNA from 
the amino to the peptidyl site in ribosomes. The 
enzyme is a fairly large monomeric protein, with a 
molecular weight of about 72,000 daltons, which com- 
prises more than 2 per cent of the total protein in a 
ribosome free extract of H. colt; this high concentra- 
tion no doubt reflects the importance of the enzyme 
in protein synthesis. In vitro, at least, the rate of pro- 
tein synthesis is linearly proportional to the concentra- 
tion of translocase until the reaction mixture contains 
one molecule of enzyme per ribosome. 

The cyclical dissociation of 708 ribosomes into 308 
and 50S subunits is another stage in protein synthesis 
available for regulatory mechanisms. Evidence is 
slowly accumulating that the 70S ribosomes released 
from a polysome when they have completed the synthe- 
sis of protein molecules do not spontaneously dissoci- 
ate into the two subunits, but instead form a pool of 
free 70S ribosomes. The current idea is that these 
108 ribosomes have to react with a dissociation factor 
in order to split into subunits. Previous reports that 
dissociation is spontaneous, founded on the failure to 
detect 705 ribosomes in the lysates of bacteria, are 
being discounted because the conditions of lysis prob- 
ably caused artefactual dissociation of the 70S mono- 
mers. Co ing the observations of Kohler e al. 
(J. Mol. Biol., 86, 71; 1968), Algranati et al. (Proc. US 
Nat. Acad. Sci., 62, 574; 1969) claim that in both 
E. colt and B. stearothermophilus 708 ribosomes are the 
final product of translation and, if initiation of new 
protein chains is blocked, 70S ribosomes, not 30S and 
505 subunits, accumulate. 


BIOCHEMICAL ILLNESS 


Analysing Huntington’s Chorea 


from our Medical Blochemistry Correspondent 


Patrunts with Huntington’s chorea suffer from pro- 
gressive mental degeneration as well as spasmodic 
uncoordinated movements, and although the disease 
does not usually become apparent until late in adult 
life there is no doubt that it is genetically determined. 
The involuntary movements of sufferers are similar 
to those in degenerative conditions like Parkinson’s 
disease and the mental changes are similar to the 
emotional illnesses known as psychoses, so that the 
search for a biochemical defect in this condition is of 
great interest. The search has so far proved fruitless, 
but Perry e al. (Lancet, i, 806; 1969) have shown 
recently that there are significant differences in the 
concentrations of six amino-acids in the plasma of 
patients with Huntington’s chorea. 

They used an amino-acid analyser to measure the 
concentrations of individual amino-acids in the plasma 
of nineteen patients with Huntington’s chorea, twenty 
healthy adults and eighteen schizophrenics who were 
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living in the same hospital conditions as some of the 
choreic patients (nine of the patients with Huntington’s 
chorea were still living at home). The concentrations 
of twelve amino-acids were found to be significantly 
lower in the patients than in the normal group. Com- 
pared with the schizophrenic group, however, there were 
significant differences in the concentration (P<0-02) of 
only six amino-acids—proline, alanine, tyrosine and the 
three branched chain amino-acids valine, leucine and 
isoleucine. Analysis of the cerebrospinal fluid from 
ten choreic patients and ten healthy controls showed 
that there was less alanine, leucine, valine and tyrosine 
samples from patients with Huntington’s chorea, but 
the difference was not so significant (P<0-05) as in 
plasma. 

The decreases are probably not a consequence of drug 
treatment. Six of the patients with Huntington’s 
chorea were taking no drugs at all and the others 
were all taking the same phenothiazine tranquillizers 
as the schizophrenic patients. Paper chromatograms 
of the urine indicated that the quantities of amino- 
acids in the urine of patients with Huntington’s chorea 
were normal so that the low concentrations of amino- 
acids in plasma are not caused by excessive excretion. 
Unfortunately the individual variation in concentra- 
tions was so great that it is not possible to use the 
difference in concentration of amino-acids as a diagnos- 
tic test for the condition. The ratio of alanine to 
glycine was less than one in ten out of nineteen with 
Huntington’s chorea and more than one in sixteen out 
of eighteen schizophrenics and one in nineteen out of 
twenty normal people. A low ratio is therefore a very 
good indication of Huntington’s chorea but is not an 
exclusive sign of this condition. Although the magni- 
tude of the deviation from normal is small, this is the 
first sign of an underlying biochemical defect in a 
condition similar to the psychoses and Parkinson’s 
disease, and is a starting point for further research into 
these conditions. 


PROTEINS 


GTP and Synthesis 


from our Blochemical Genetics Correspondent 


Keller and Zamecnik discovered in 1956 that GIP was 
required for protein synthesis studied in vitro. The 
next important discovery was made by Monro and by 
Conway and Lipmann in 1964, when it was shown that, 
of the different protein factors required during protein 
synthesis (Tu, Ts and G), one of them, G, could hydro- 
lyse GTP to GDP and inorganic phosphate in the 
presence of ribosomes. This clearly implicated the G 
factor as that factor which utilized G Because 
the only obvious step in which energy might be required 
in protein synthesis is during translocation—that is, 
the physical movement of both the messenger RNA and 
the peptidyl-tRNA on the ribosome from one site to 
another—it has been supposed that G, and therefore 
GTP, are required for translocation. During the past 
two years, GTP has become implicated in two other 
steps in bacterial protein synthesis. The initiating 
tRNA, formylmethionyl-.RNA, is bound to ribosomes 
by its codon, AUG, in the presence of “initiation fac- 
tors” and GIP. When the f-y methylene analogue of 
GTP, GMP.PCP, is substituted for GTP, formyl- 
methionyl-éRNA is bound to ribosomes in the presence 
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of initiation factors and AUG, but cannot then partici- 
pre in protein synthesis. (Because GMP.PCP cannot 

hydrolysed, this observation indicates that cleavage 
of the GTP must occur before the formylmethiony]- 
tRNA can initiate protein synthesis.) The initiation 
factors are distinct from Ts, Ts, and G. Likewise, 
aminoacyl-tRNA is bound to Tu and Ts in the presence 
of GTP, and this whole complex, containing GTP, then 
binds to the ribosome in the presence of the appropriate 
codon. 

In this issue of Nature (page 645), Ono et al. show that 
aminoacyl-tRNA, bound to ribosomes in the presence 
of the appropriate factors and GTP, will make a peptide 
bond with a pre-existing ribosome-bound peptidyl- 
tRNA. The bound GTP is hydrolysed in the process; 
however, if the step of peptide bond formation is 
inhibited by a suitable antibiotic, the GTP is still 
hydrolysed. If GMP.PCP is substituted for GTP, the 
aminoacyl-é-RNA becomes bound to the ribosomes, 
but is impotent to form a peptide bond. These results 
indicate that, once an aminoacyl-tRNA is bound to the 
ribosome, GTP must be hydrolysed before it can partici- 
pate in protein synthesis. Ono e al. also show that 
fusidic acid, which specifically inhibits the ability of 
the G factor to hydrolyse GTP, does not affect the 
amount of GTP hydrolysed in this binding process. 
Thus when the T factors bind aminoacyl-tRNA to 
ribosomes, GTP is hydrolysed. This hydrolysis is not 
carried out by the G factor. 

Erbe et al. (J. Mol. Biol., 38, 441; 1969) have used a 
series of synthetic oligonucleotides to study transloca- 
tion. Their most interesting results, confirming many 
current ideas, were obtained with an oligonucleotide 
AUG UUU UUU. In the absence of the G factor, 
this oligonucleotide directs the synthesis of formyl- 
methionyl-phenylalanine. Initiation factors, the T 
factors and GTP are required. When the G factor is 
added, the tripeptide formylmethionyl-phenylalany]- 
phenylalanine is formed. Erbe et al. therefore conclude 
that the G factor, and thus GTP, is required for 
another process which is not involved in the formation 
of the first peptide bond. This would fit in nicely with 
the ideas that G catalyses a step in translocation and 
also that the initiator (RNA binds to a site distinct 
from that in which aminoacyl-tRNA binds—generally 
thought to be the peptide site. 

It seems, then, that there are three distinct uses of 
GTP in protein synthesis: the binding reaction of 
formylmethionyl-sRNA, the binding reaction of amino- 
acyl-tRNA, and some process, associated with peptide 
chain extension, which involves the G factor and which 
is likely to be some form of translocation. At each step 
GTP seems to be hydrolysed by a different factor, or 
set of factors. The real puzzle is why so much GTP is 
used for binding sRNA molecules to ribosomes. And 
why GTP? 


ENZYMES 


What Coenzymes Do 


from our Molecular Biology Correspondent 


THE question of what coenzymes actually do to enzymes 
is of some interest. They must either participate 
directly in the catalytic process or induce a structural 
change in the enzyme, or perhaps both. Work on an 
increasing number of enzymes seems to point to an 
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essentially structure-determining role for the prosthetic 
group, although it may still be too early to justify a 
generalization. 

The difference between the holoenzyme and the 
apoenzyme may involve changes in the secondary and 
tertiary structure, or in the quaternary structure, or a 
combination of these. Extensive differences have now 
been observed crystallographically in lactate dehydro- 
genase by Adams et al. (J. Mol. Biol., 41, 159; 1969). 
The structure of the protein has been determined to a 
resolution of 4 A, which allows a good part of the 
polypeptide chains to be made out. When the cofactor, 

AD, is diffused into crystals of the apoprotein, crystal 
symmetry changes, and the difference electron density 
map reveals a displacement of the subunits relative to 
one another. In solution, such an isomerization 
might be expected to lead to a change in the 
aggregation state, or at least to a significant shift in the 
association equilibrium. Glyceraldehyde 3-phosphate 
dehydrogenase is a rather similar enzyme. Here again, 
the coenzyme is NAD, and its removal is known to 
lead to considerable structural changes. It has hitherto 
been thought that the enzyme is always in the tetra- 
meric form, but Hoagland and Teller (Biochemistry, 
8, 594; 1969) have reported recently that some dissocia- 
tion to the dimer can be detected, and that its extent 
is increased in the apoenzyme. Where, as in the 
present case, an association equilibrium heavily 
favours one form, it is very difficult to evaluate it 
with any certainty, and the issue is further compli- 
cated by the presence of a species of higher molecular 
weight, believed to be an octamer. It nevertheless 
seems, from the sedimentation equilibrium distribution 
at low protein concentrations, that the dimer and 
tetramer are in rapid equilibrium, and good fits can 
be achieved with a dissociation constant of about 
2x10 L/mole at 5° for the apoenzyme, rising to 
5x10 on addition of NAD. 

The method of Cohen and Hahn was also used to 
determine the sedimentation coefficient of the enzymati- 
cally active species; this involves sedimenting a zone 
of enzyme through a substrate solution and following 
the reaction down the cell by photometric scanning at 
the avenge as Aherare ting the conversion of the 
substrate. is indicated that only the tetramer 
functions as a dehydrogenase, though both forms 
seem to possess esterase activity. 

It can, of course, be argued that the primary effect 
of the coenzyme is measured by the considerable 
change towards a more ordered, compact, structure, 
evident from the work of several groups, and that the 
small reduction in the dissociation constant is adventi- 
tious. A very similar situation seems to obtain in 
glucose oxidase, an enzyme which has FAD as prosthe- 
tic group. Swoboda (Biochim. Biophys. Acta, 175, 
365; 1969) has noted that the molecular weight does 
not appear to change (though the treatment of the data 
gives only an insensitive average, and would not be 
expected to reveal a minor degree of dissociation, or 
a small shift in equilibrium). Striking differences, 
however, are observed between the apoenzyme and the 
holoenzyme: the former alone is highly susceptible to 
proteolytic digestion, and its intrinsic viscosity is 
greater by a factor of more than two. It thus seems 
that here again the holoenzyme is in a much more 
ordered, compact state. ADP, which is a competitive 
inhibitor of FAD binding, elicits structural changes 
in the same sense (Swoboda, tbid., 380). 
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HUMAN GENETICS 


Polymorphic Man 


Prorzssor Harry Harris delivered the ninth Darwin 
lecture last week at the British Museum (Natural 
History), and his choice of subject was a field in which 
he is justly famous, the population genetics of enzymes 
and proteins. 

‘The realization that men do not all share the same 
stock of proteins came, twenty years ago, with Pauling’s 
demonstration that sickle cell anaemics possess an 
aberrant form of haemoglobin in their red blood cells. 
Since then, of course, many protein polymorphisms have 
been detected in man and other species. More than a 
hundred variant forms of haemoglobin alone are 
known, most of them differing by a single amino-acid 
substitution from the normal molecule, and presumably 
arising by a single base change in its gene. 

Professor Harris described the work he and his 
group have done in assessing the extent of protein 
variation in human populations. Of nineteen arbi- 
trarily chosen enzymes, chiefly from red cells, six were 
shown by starch gel electrophoresis to possess frequent 
genetic variants. Variant forms of peptidase A 
appeared among Negroes but not in Europeans, while 
the variants of adenylate kinase appeared among 
Europeans but not Negroes. 

These results allow a tentative calculation of the 
number of protein polymorphisms in a human indivi- 
dual. About one third of all amino-acid substitutions 
provide a change in electric charge, and it is probably 
only these substitutions that are detected by starch 
gel electrophoresis. The enzymes studied so far have 
a heterozygosity of five per cent per locus. Multi- 
plying this by three to allow for undetected variants, 
and taking fifty thousand as a modest estimate of the 
number of genetic loci in man, the conclusion is that 
each individual may be heterozygous in about eight 
thousand loci. Clearly each person is unique in his 
enzyme constitution. 

It is unlikely that many of these polymorphisms 
arosé spontaneously, but it is extremely difficult to 
elucidate the selection pressures that may have led to 
their origin. Professor Harris said that the only protein 
variant understood in terms of selective advantage 
remains the sickle-ce) haemoglobin of Central Africa. 
Sickle-cell heterozygotes are less prone to malaria than 
normal individuals, though homozygotes suffer, and 
indeed rarely survive to reproductive age. 

The difficulty in interpreting selection pressures in 
human populations is, of course, compounded by the 
speed of social change through which we are living. 
The incidence and age distribution of mortality are 
changing profoundly, so that the selective agencies 
which shaped the pattern of today’s polymorphisms 
may well have lost their selective significance. 


PLANT GROWTH 


from a Correspondent 


A mayor advance in understanding of the chemical 
control of plant growth was the realization that plant 
growth hormones do not operate alone, but interact 
in various complex ways. This makes the control of 
plant growth easier to visualize, but does nothing to 
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simplify the experimental elucidation. of its mode of 
action. In a recent issue of Nature (221, 1267; 1969), 
Eastwood, Taverner and Laidman described experi- 
mental evidence for the cooperation of gibberellic acid 
and kinetin (a synthetic cytokinin, 6-furfurylamino- 
purine) in the germination of wheat seeds. Gibberellic 
acid influences many activities in the plant such as 
flowering and seed germination, while the cytokinins 
are involved in cell division and expansion. 

Although it is not known in detail how any plant 
growth hormone works, regulation of the mechanism 
by which enzymes are made in the cell must form part 
of the answer. Strict control of enzyme mediated 
growth could thus be maintained by the combined 
action of several hormones. Wheat or barley seeds 
consist of a starchy food-store, the endosperm separated. 
from the embryo by a layer of cells containing granules 
of protein, the aleurone layer. In the early stages of 
germination, insoluble starch in the endosperm is 
broken down into soluble sugars which can be assimi- 
lated by the embryo. It has been known for some time 
that the aleurone layer can be induced to synthesize 
the enzyme a-amylase, responsible for the breakdown 
of starch to sugars in the endosperm, by gibberellic 
acid. In natural conditions, gibberellic acid will 
come from the embryo. If the embryo is removed, 
enzyme synthesis can still be induced in the aleurone 
layer by adding gibberellic acid to the remains of the 
seed, but only if the seeds have been soaked in water 
for one to three days. It is clearly possible that other 
hormones may have become active in the seed tissue 
during this time. Dr Laidman has noted that an 
extract of the starchy endosperm will stimulate 
metabolic activity in the aleurone layer, and that 
natural cytokinins can be used. in place of this endo- 

extract. As long ago as 1898, H. T. Brown and 
F. Escombe (Proc. Roy. Soc., 68, 3) wrote: “During 
normal germination the endosperm is not wholly pas- 
sive, but takes some share with the embryo in prepar- 
ing the reserve materials for the use of the young 
plant”. Dr Laidman’s experiment seems to have veri- 
fied this earlier assertion. Sections of aleurone layer 
were cut from seeds that had been soaked for only four 
hours. These were incubated in growth solutions to 
which gibberellic acid, kinetin or nothing had been 
added. Large amounts of a-amylase were secreted 
into the solution in all three cases, but there was no 
difference in amount between the samples treated with 
hormone and the controls. The same aleurone sections 
were then transferred to fresh media, containing either 
gibberellic acid or no additional substance. The 
sections incubated initially in kinetin and then in 
gibberellic acid showed twice as much a-amylase 
activity when compared with the other treatments. 

These results suggest that there is a sequential co- 
operation of growth hormones in the induction of 
enzyme activity in germinating wheat. The implica- 
tion is that cytokinin from the endosperm stimulates 
physiological activity in the aleurone layer, possibly 
by organizing the genetic machinery for enzyme pro- 
duction. Synthesis of a-amylase is then initiated by 
gibberellic acid produced by the embryo and trans- 
ported into the aleurone layer. 

Further developments in this work should prove 
interesting, but, looking afresh atthe results of Brown 
and Escombe after 70 years, it seems that there are few 
new ideas in plant physiology, only elegant verification 
of the old. 


NATURE. MAY 17, 


1969 xv 





THE QOLIN 6 AWAAD 
TO WIDUSTRY 1806 








NEW FROM 
PERGAMON 


COMPUTER COMPILATION OF MOLECULAR WEIGHTS AND 
PERCENTAGE COMPOSITIONS FOR ORGANIC COMPOUNDS 
M. J. $. Dewar and Robert A. Welsh, University of Texas 

Provides organic chemists with tables of elemental composition for the interpretation of elemental 
analysis. The tables featured cover all molecules obeying the rules of valence with up to 30 carbon 
atoms, five nitrogen atoms, nine oxygen atoms and two other atoms chosen from the halogens and 
phosphorus. The results from nearly one and a quarter million calculations—being data for over 
100,000 formulae—are included. 


488 pages £72 $32.00 


TECHNICAL DICTIONARY OF HIGH POLYMERS 
W. Dawydoff and H. Howorka, Germany 


Contains some 10,000 terms in English, French, German and Russian. The terms range from the 
scientific base of high polymers (chemistry, physics, physical chemistry) through production methods 
(polymerization, polycondensation, etc.), to applications of the material and semifinished products. 
Apart from plastics and rubber derivatives, which occupy the greater part of this book, fibres, 
varnishes and other coatings, adhesives and woodworking material are included, as are terms 
deriving from the paper industry, textiles, paints, plasticizers and glass fibre so far as they are relevant 
to research and manufacture of high polymers. 


968 pages £11 $28.00 


NUCLEIC ACID METABOLISM CELL DIFFERENTIATION 
AND CANCER GROWTH 


Proceedings of the second International Symposium for Cellular Chemistry, 
held in Ohtsu, Japan (1966) 


Edited by H. V. Cowdry, Dept of Anatomy, Washington University School of Medicine, 
St. Louis, Missouri and S. Seno, Dept of Pathology, Okayama University, Medical School, 
Okayama, Japan. 


Partial Contents: Studies on the synthesis of a viral nucleic acid with a purified enzyme— 
S. Spiegelman, |. Haruna & N. R. Pace; Ultrastructure of mammalian chromosomes—R. Kingsits: 
The mode of action of the insect brain hormone—an electron-microscope study—H. Ishizaki. 


502 pages £8 $21.00 
HUMAN AFFLICTIONS AND CHROMOSOMAL ABERRATIONS 


R. Turpin, Hospital des Enfants Malades, Paris. J. Lejeune, Faculté de Medicine, Paris 

Deals with human disorders which have been shown to be due to chromosomal aberrations. 

All the latest techniques and developments are covered and these findings open up a hitherto 

closed chapter in human pathology and encourage the development of a new branch of medicine. 
Contents include: Normal Human Karyotype; Other Autosomal Anomalies Due to Excess or 
Deficiencies; Numerical and Gonosomal Aberrations; Hermaphroditism and Pseudohermaphroditism; 
Chromosome-Linked Blochemical Effects. 


406 pages £8 $21.00 
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STEROIDS AND TERPENOIDS 





ANALYTICAL AND PREPARATIVE METHODS IN STEROID AND TERPENOID BIOCHEMISTRY 
edited by RAYMOND B. CLAYTON, Department of Psychiatry, Stanford University School of Medicine, Stanford, California 
Volume 15 of METHODS IN ENZYMOLOGY 


In this volume recently developed methods in 
steroid and terpene blochemistry are described 
in full experimental detail by specialists In the 
areas concerned. Thin layer chromatography 
and gas-liquid chromatography of polycyclic 
triterpenes and with the analysis of bile acids 
and retinol and Its derivatives. The assay of 
corticosteroid-binding globulin by a technique 
that is broadly applicable to protein binding 
problems is described. Further extensive sec- 
tlons deal with recent methods for chemical 
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CITRIC ACID CYCLE 


labelling of steroids and for the preparation 
of stereospecifically labelled precursors of 
terpenes and steroids. Enzymolo ical data 
are provided In those areas that have seen 
notable recent progress, naeng the bio 
synthesis of sterols in the liver and a number 
of steroid-metabolizing enzymes that have 
been more fully characterized since the last 
contributions in these areas were presented In 
this series. 










edited by JOHN{M. LOWENSTEIN, Graduate Department of Biochemistry, Brandeis University, Waltham, Massachusetts 


Volume 13 of METHODS IN ENZYMOLOGY 


This volume deals with the reactions of the 
citric acid cycle and with a number of reactions 
leading to and from the cycle. 


CONTENTS: REACTIONS ON THE CYCLE: Crate 
Synthase, Citrate Synthase from Rat Liver. Citrate Synthase 
from Yeast. Citrata Synthase from Lemon Fruit. Citrate Synthase 
from Escherichia coll, nitase from Pig Heart Isocitrate Dehydro- 
(TPN-Specrfic) from Pig Heart. lIsocitrate Dehydrogenase 
{DPN-specrte) from ne Heart. Isocitrate Dehydrogenase = 
pecific) from Neurospora crassa. Isocitrate Dehydrogenase (NAD- 
Specific) from Pea Mitochondria. a-Ketoglutarate Dehydrogenase from 
Pig Heart. a-Ketoglutarate Dehydrogenase Complex from Escherichia 
coli. Succinate Thiokinase from Pig Heart. Sucanyl Coenzyme A 
Synthase from Escherichia coll, 3-Keto acid Coenzyme A-Transferase. 
Succinate Dehydrogenase. Fumarase. Mitochondrial L-Malate Dehy- 
drogenase of Beef Heart. Intra- and Extra-mitochondrial Malate 
Dehydrogenases from Chicken and Tuna Heart. Cytoplasmic and 
Mitochondrial Malate Dehydrogenases from Beef Kidney. Extramito- 
chondrial L-Malate Dehydrogenase of Beef Heart. Malate Dehydro- 
genase (FAD-Linked) from Acetobacter xylinum. Malate Dehydro- 


carboxylase from _Propronibacterlum. Mallc e. Pyruvate 
Carboxylase from Chicken Liver. Malate—Lactate ranshydrogenase 
from Micrococcus factilyticus. Pyruvate Carboxylase from Saccharo- 
m/ces cerevisiae. Carboxylase from lomonas, Phos- 
phoenolpyruvate Carboxykinase from Pig Liver Mitochondrm. Phos- 
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phoenolpyruvate Carboxylase from Peanut Cotyledons. Ph - 
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and Mesaconate in Mammalran Liver. Glutamate Mutase. L-Cltra- 
malate Hydrolyase. Citramalate Pyruvate Lyase. -Methylaspartase 
from Clostridium tetanomorphum. Aspartase. A yoactrve Assay 
for Malate Synthase and Other Glyoxylete Condensing Enzymes. 
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Animazs, mcluding man, carry a substantial amount of 
fat m their bodies: 10 per cent of body weight 1s a 
representative amount for a young adult rat, and 15 per 
cent for a young man. Fat has several functions, the 
most important of which 1s to serve as a store of energy. 
Because living organisms are committed for thermo- 
dynamic reasons to continuous downgrading of energy, if 
no store of low-entropy energy were available in the body, 
intake from the environment would have to be continuous. 
Fat also has thermoregulatory, structural and cosmetic 
functions. In general, adults maintam a fairly constant 
amount of body fat, but this is not always true. In parts 
of the world where unlimited food is available individuals 
with much more than the average amount of fat are not 
uncommon, and it 1s now widely appreciated that ther 
adiposity is associated with increased morbidity and 
reduced expectancy of hfe; loss of fat occurs in the less 
common. disease anorexia nervosa. 

It 1s not always appreciated that the maintenance of a 
nearly constant, normal amount of fat, and therefore of a 
near-constant body weight, requires physiological regula- 
tion of some precision. ing any period it must be 
true that: energy intake—energy output= A energy 
stores. The store 1s n chemical form, most of it fat, and 
so a change in the amount of stored energy necessarily 
involves a change in body weight. Constancy of body 
weight thus depends on the maintenance of an energy 
balance. The preciaion required becomes evident when 
long periods are considered. Evans! said that “a little 
deeper cut in the pat of butter, an extra shake of the salad 
dressing ...” if added daily to a diet which exactly met 
energy requirements, in 10 years would lead to a weight 
gain of 100 pounds. Passmore (unpublished lecture) 
has pomted out that an average woman, actually gains 
11 kg between the ages of 25 and 65; during this penod 
she eats roughly 20 tons of food; her weight change 
corresponds to an average daily error of only 350 mg of 
food, as compared with the exact amount required for 
energy balance. 

Because intake and output of energy both vary widely 
from day to day, near-equality over long periods would 
not come about by chance. In principle, balance might 
be secured by adjustment of intake or output or both. 
Although the possibility of regulation by control of energy 
output cannot be entirely dismissed, it has not yet been 
conclusively demonstrated, except in starvation, and 
expenditure of energy usually seems to be governed by 
fixed metabolic needs and by the demands of the environ- 
ment for thermoregulation and for behavioural activity. 
Regulation of energy balance by adjustment of food 
intake 18 readily demonstrated. Some of the clearest 
demonstrations are based on the classical experiments of 
Adolph, in which the energy content per weight of the 
diet offered was varied. Fig. 1 shows examples. 

The solid lines of each graph in Fig. 1 show the weight 
of food eaten daily by young adult female rats living in a 
constant environment and supplied, initially, with a 
standard pelleted laboratory diet. In the experiment of 
Fig. 14 the standard diet was replaced at the time shown 


This article contains a brief review of the problem posed by a funda- 
. mental physiological regulatory mechanism, and a new hypothesis. 


by one m which the ingredients had been diluted with 
calorically mert material, so that the energy content of 
the diet was reduced from 2-8 to 1-5 kcalories/g. The rat 
altered the weight of food it ate to an extent such that ite 
intake of energy, shown relative to the initial period by 
the dashed lines, became the same as before. Fig. 1B 
shows the converse experiment ın which the energy content 
of the diet was raised to 5:1 kealones/g by adding suet. 
Equally convincing demonstrations are provided by the 
experiments of Janowitz and Hollander? and of Richter‘, 

It is difficult to resist the conclusion that the changes in 
food intake in these experiments were made in response to 
changes in energy balance. Progressive changes in energy 
balance were ocourring until the adjustments in food 
intake had been completed, and the rats were not presented 
with obvious external clues. The palatability of the food 
may have changed, but the changes are likely to have been 
m the wrong direction to assist regulation of energy 
balance, and may have caused the mitial changes of food 
intake in the “wrong” direction. Changes in energy 
balance can also be forced by changing activity or thermo- 
regulatory energy expenditure; in these situations, 
however, the disturbing factor itself may be a signal for a 
change ın food intake and so anticipate the change ın 
energy balance. 
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The mechanism responsible for adjustments of this kind 
is of great interest for medicme, animal husbandry and 
physiological theory. One factor which must be taken. 
into account in any attempt to describe the mechanism 
is the tıme pattern (Fig. 1). Adjustment of food intake 
in the right direction did not begin until the second day 
after the change in diet; thereafter it was progressive, but 
the new steady state was not reached for several days. 
The same holds for man. Edholm et al.*, studying cadets 
leading a constant, regimented life, found no correlation 
between the energy intake and output of individuals on 
single days, but good agreement between the totals 
during 2 weeks. Durnin® confirmed this picture in a 
review of several studies on man. Against this, however, 
must be set Epstei’e? findmg that rate fed liquid diets 
made adjustments to dilution more rapidly. From the 
point of view of long-term constancy of body weight 1t is 
clear that the longer the time considered, the closer in 
percentage terms must be the agreement between total 
energy mtake and output over the period; the mechanism 
of the regulation must be such as to achieve this. 

Fig. 2, from ref. 8, shows a suggested outline arrangement 
of the physiological regulatmg system for energy balance. 
Energy stores are depleted by expenditure, which 18 
regarded as an uncontrolled variable, and repleted by 
food intake, which is controlled in such a way as to keep 
the amount of energy reserves constant. The diagram 
shows a closed loop, or negative feedback, control system 
and several open-loop controls. A closed-loop system 
must exist where a quantity is maintained at a set level 
in spite of random disturbances. It may therefore be 
looked upon as the basic regulatory mechanism, and 1t 
may be the only mechanism functionmg m experiments 
such as those of Fig. 1. The open-loop responses, for all 
of which there 1s experimental evidence, will improve the 
speed of response of the system where they come into play, 
but by themselves would not give quantitatively accurate 
control. This combination of control loops has many 
parallels among physiological and artificial control 
mechanisms. 

A model such as Fig. 2 is helpful in indicating the com- 
ponents of the physiological regulatory system to be 
identified. There is much evidence that an important 
part of the central controlling mechanism 1s located in the 
ventromedial nuclei of the hypothalamus*-*. There 18 
also considerable knowledge of the output pathway of the 
system, leading within the central nervous system from 
the hypothalamus to the motor areas concerned with 
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Fig. 2 A bypothetical model of the mechanism regulating energy 
balance in mammals. 
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identified confidently. A difficulty pecuhar to this 
regulatory system 1s that it is not known what quantity 
the system ummediately senses and stabilizes. Ultimately, 
what is regulated is the mtegrated difference between 
energy intake and output up to the current moment. It 
is difficult to visualize a system which counted calories 
as they were gamed from and lost to the outside world, 
calculated the difference, updated a runnmg total and 
finally used this as an error signal. It seems more likely that 
some internal quantity which reflects the current state of 
energy balance is monitored. 

Three hypotheses have been put forward which in 
effect identify such a quantity in a closed-loop regulatory 
system for energy balance. They are: Brobeck’s’* 
concept that the maintenance of body temperature 18 
used to indicate the state of energy balance; Mayer’s!"1’ 
“slucostatic” theory, in which the controlled quantity 18 
the difference between arterial and venous plasma con- 
centrations of glucose; and Kennedy’s'® ‘‘lipostatic”’ 
theory, in which the amount of fat present in the body 
is the important factor. The first two of these hypotheses 
have been the more popular. They are both extensions of 
well known regulatory systems, for body temperature and 
for blood glucose, and both mvoke as the mput to the 
controller quantities to which the hypothalamus is known 
to be sensitive. It is, however, difficult to see how either 
theory can account for the quantitative accuracy of the 
regulation of energy balance or for its time properties. 
Disturbances of body temperature or of blood glucose are 
short-lived and rapidly corrected by specific regulatory 
mechanisms; there are no evident means by which past 
disturbances can be integrated over an _ indefinite 
period. 

Lipostatlc Theory 


The hpostatic theory suggests that the amount of fat 
in the body is measured. Its weakness is that it does not 
explain how this 1s done, or how the result 1s transmitted 
to the hypothalamus. There are, however, other con- 
texts ın physiology in which internal measurements of 
amounts of body constituents seem to be made. If the 
difficulties of sensing and transmission can be overcome, 
this theory seems better able to account for the long-term 
accuracy of energy balancing and for the time course of 
responses. Any difference between energy intake and 
output at any time necessarily alters the store of energy in 
the body, which is essentially the fat content, by a corres- 
ponding amount, and the level of the store at any time 
automatically mtegrates all past changes. A slow re- 
sponse to sudden disturbances would be expected, for 
change in the amount of fat, sensing of the new level and 
the making of a response would all take time. The concept 
also seems to make sense teleologically, ın that mainten- 
ance of a steady body weight and fat content is presumably 
the principal value of regulating energy balance. 

An, attraction of the lipostatic theory is that it can 
explain the common and apparently paradoxical patient 
who complains of overweight but insiste that he (or she) 
eats less than average. Studies of energy expenditure 
per 24 hours (as opposed to brief “basal metabolic rate” 
determinations) show a wide variation between in- 
dividuals. An individual who expended substantially 
less energy than the average and was initially offered and 
accepted an average intake of food would be in positive 
energy balance and would gam weight (Fig. 3). If fat is 
somehow measured internally, and accumulation of it sets 
up an increasingly powerful signal to reduce food intake, 
a steady state would eventually be reached when just 
sufficient fat was present to hold the intake of food down 
to match the low expenditure of energy. The extra fat 
gained at this stage would remain as the load error of the 
control system; ıt and the low intake would be mutually 
causal, not paradoxical. In practice the increased work 
of moving an overweight body about would also contribute 
to establishing the steady state. 
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+ +———_.. Zero energy balance 
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Fig. 8. “Regulatory obesity”: the sequence of events which, on the 
hipostatio hypothesis, may explain the combination of a lower than 
average intake of food with a higher than average body fat content. 


The “Dilution” Hypothesis 


Recent work makes it possible to suggest a tentative 
mechanism for the sensing: side of a hpostatic system. 
There have been studies of the effects of steroid hormones 
and synthetio steroids on energy balance!*-2*, Administra- 
tion of various steroids leads to marked changes in body 
weight and fat content. The evidence from rats suggests 
that these are brought about by changes m, the central 
regulation of energy balance. Changes ın food intake are 
the principal effector, but changes in energy output also 
occur additionally or alternatively, and in an integrated 
way which suggests that central control 1s operating. It 
is suggested that the administered steroid in some way 
“taps into” the regulation of energy balance and alters the 
output of the central regulator. This would imply that ıt 
adds a new component to the existing input; this in turn 
raises the possibility that the normal input is hormonal. 
Some evidence that regulation of energy balance involves a 
hormonal feedback signal with a long persistence m the 
body has been obtained from experiments with parabiotic 
rats**. These are surgically united pairs of rats which 
permanently exchange blood through a capillary anasto- 
mosis. If one rat is made obese by lesions in the ventro- 
medial nuclei, the other becomes very thm, apparently 
through reducing its food intake in Tesponse to the 
obesity in the partner, with which it shares a blood supply. 

It seems possible that a suitable hormone might provide 
the body with a means of measuring the amount of fat in 
store, by using the dilution principle. Physiologists 
commonly measure the amount of a constituent in a living 
body by placing a known amount of a “tracer” substance 
in the compartment to be measured, taking a sample 
when mixing is complete, and calculating the size of the 
compartment from the dilution of the tracer. Fat 
presents a special problem because of its microcompart- 
mented state and the resultmg difficulty of sampling, and 
1s more often measured indirectly, but there are direct 
dilution methods for measuring body fat, Such 
methods require a tracer which is soluble in plasma and 
in fat, with a high partition coefficient in favour of fat. 
The experimental methods use gases for convenience, but 
this is not essential to the principle. 


Is the Tracer a Sterold? 

The physiological situation differs from the experimental 
one in that the measurement must be made continuously. It 
18 necessary to assume a fixed, or at any rate known, rate 
of production of the tracer and a rate of disposal in 
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equilibrium with this. Partition in a fixed ratio of & 
constant amount of tracer m the body at any time would 
give a concentration ın the aqueous phase which would 
vary inversely with the amount of fat present. Thus 
occurrence of a negative energy balance would decrease 
the amount of fat; this would increase the plasma con- 
centration of the tracer; the hypothalamus would 
respond to this by mcreasing food intake, and possibly 
also by decreasing energy output, and vice versa. 

Because steroids generally have the necessary solubility 
properties, and because the central regulation responds to 
steroids given experimentally, ıb seems possible that the 
physiological tracer is a steroid. No further identification 
is yet possible. Progesterone, the steroid so far most 
investigated in this context, causes increased food intake, 
decreased energy expenditure in certain circumstances, 
and gain of weight and fat, and ıt has a very high fat/ 
plasma partition coefficient; 1t may well be a physio- 
logical means of changing the setting of the regulation so 
that fat 18 stored in early pregnancy, but there is no 
reason to think that it has any function at other times. 
There ıs also evidence that the action of progesterone 18 
indirect, and mediated through changes in the level of 
other hormones. Adrenal glucocorticoids, so far less 
investigated, seem nearer to fulfilling the requirements for 
@ physiological tracer. 

The rate of production of several steroid hormones is 
known to be controlled by feedback mechanisms. There 
is difficulty in visualizing control of the rate of production 
of the tracer in this way, without loss of the information 
about body fat. Speoulatively, production of the tracer 
might be linked with production of another hormone, less 
soluble in fat, whose concentration in plasma was used to 
control production of both substances. 
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Transatlantic Migration of Juvenile Sooty Terns 


by 

W. B. ROBERTSON, jun. 
Office of Natural Science Studies, 
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Homestead, Florida 


From 1959 to the end of 1968, O. L. Austin, jun., C. R. 
Mason and I with the help of many cooperators have 
banded about 70,000 adult sooty terns (Sterna fuscata) and 
180,000 juveniles (pulli) in the colony at Bush Key, Dry 
Tortugas, off southern Florida, USA (24° 38’ N, 82° 52’ 
W)}. By December 1, 1968, eighteen adults and sixty- 
eight juveniles had been recaptured. Among the latter 
are twenty-nine recovered m West Africa (Table 1). 


Table 1. REOOVARIES IN WEST AFRIOA OF SOOTY TERNS BANDEDIAS JUVENILES 
AT DRY TORTUGAS, FLORIDA 


Date banded Where recovered Date recovered 
July 9,1960 At sea off Freetown, Sierra Leone Oct. 6, 1961 
July 13, 1960 Benin City, Nigeria Nov. 10, 1961 
July 18,1960 Ada, Ghana Nov. 8, 1961 
July 17,1960 Nwanlikpoe, NE of Accra, Ghana Oct. 81, 1961 
July 10,1961 Monrovia, Liberia Nov. 7, 1961 
July 6,1962 Escravos Bar, Nigeria June 25, 1963 
July 8, 1968 Agbosome, NE of Ada, Ghana April 6, 1964 
July 13, 1968 Dizangue, near Lake Osea, Cameroun Oct. 28, 1968 
June 21, 1964 Lobe, Cameroun Feb. 1, 1965 
June 21, 1964 Badagry, Nigera Sept. 24, 1965 
June 21, 1964 Port Harcourt, Nigeria Feb. 8, 1965 
June 22, 1964 Benin City, Nigeria Jan. 81, 1965 
June 28, 1964 Akama River, near Otuan, Nigeria Feb. 1, 1965 
June 23, 1964 James Town, Nigeria July 9, 1965 
June 24,1964 New Town, near Half Assn, Ghana July 4, 1966 
June 25, 1964 Dibombari, Cameroun Jan. 30, 1966 1; I 
Juno 29, 1964 Ikot Etobo, 8 of Uyo, Nigeria Jan. 28, 1965 
June 6, 1965 River Ces, Liberia Aug. 19, 1986 
June 12, 1965 Ijebu-Igbo, Nigeria April 15, 1966 
June 12, 1965 At sea, 350 miles BW of Cape Palmas, 

Liberia Oct. 25, 1965 
June 7, 1967 At sea, 240 miles 8 of Oape Palmas, 

Libera Nov. 5, 1987 
June 8, 1967 Takoradi, Ghana Jan. 26, 1988 
June 8, 1967 Monrovia, Liberia Jan. 1, 1988 
June 8, 1967 Bomadi, 8 of Warri, Nigeria Nov. 80, 1967 
June 9, 1967 Asante, W of Axm, Ghana Dec. 30, 1967 
June 10, 1967 Kengen, W of Axım, Ghana Mar. 20, 1968 
June 10, 1967 Palus, near Lobe, Cameroun Dec. 12, 1967 
June 11, 1967 Abijan, Ivory Coast Nov. 14, 1967 
June 11, 1967 Bata, Spanish Gumea Jan. 18, 1968 


Sooty terns begin nesting at Dry Tortugas m late 
March or early April and most of the young can fly well 
by mud-July, the earliest recovery of a juvenile away 
from the colony being August 9. Up to early October 
many juveniles are recovered on the shores of the Gulf of 
Mexico and Straits of Florida, and farther north, transpor- 
ted by hurricanes (Fig. 1). Juveniles begin to leave the Gulf 
of Mexico by late August, the earliest recorded being one 
recovered on August 24 at Livingston, Guatemala. They 
seem invariably to leave by the Yucatan Channel and to 
travel well south off Central America before turning 
eastward (for example, September 6, Galeta Island, 
Canal Zone; October 6, San Andres Island, Colombia). 
They reach the open Atlantic as early as the third week of 
September through gaps between the islands of the 
southern Lesser Antilles (for example, St Vincent, Grenada 


Transatlantic migration of juvenile sooty terns may be evidence for 
a successful evolutionary mechanism. 


and Trinidad (2), September 22—October 1). The 
earliest recovery off Africa ıs October 25, just south of 
the equator at 11° W. ‘The earhest by elapsed time 1s 
October 28 in southern Cameroun, 107 days after banding 
and about 7,000 statute miles (11,300 km) from Dry 
Tortugas by the supposed route. The latest recovery of a 
bird in ite first year on the west side of the Atlantic is 
December 26 (Essequibo River, Guyana). All recoveries 
of juveniles during the year of their life following the date 
of the Guyana recovery (twenty-one, representing six of 
the nine available year-classes of juveniles) are from Weat 
Africa. The data seem to show beyond reasonable doubt 
that young sooty terns reared at Dry Tortugas regularly 
migrate to the Gulf of Guinea in their first autumn. 

Only juveniles appear to migrate. Adults leave Dry 
Tortugas after nesting, but band recoveries suggest that 
they confine their off-season dispersal to the Gulf of 
Mexico, the Straits of Florida and, less frequently (two 
records), the Caribbean. By late January adults begin 
to assemble near Dry Tortugas for the next breeding 
season}, 

The route which migrating juveniles appear to follow is 
longer by about 20 per cent than the most direct route 
east-south-east from Dry Tortugas to the shoulder of 
West Africa at Cape Palmas, Liberia. Departures from 
the direct route are probably adaptive because they reduce 
sharply the resistance likely to be met from storms and 
prevailing winds. The migrants cross the tropical cyclone 
belt of the Atlantic by the southerly leg of the route m 
the western Caribbean and make their easting in the 
nearly storm-free area of the extreme southern Car:bbean. 
‘Hurricanes are the chief known cause of death of fledged 
sooty terns, and intersecting storms in August and 
September, 1901-1967%:°, were twice as frequent (154 
compared with 78) along the direct route compared with 
the route we believe the terns follow. A south-easterly 
tack along the Guyanan coast carries migrants across the 
north-east trade wind belt and enables them to complete 
their Atlantic crossing in the hght winds and calms of the 
intertropical convergence. Approaching Africa on this 
course they should at times encounter favourable winds 
of the onshore monsoon‘-*. Because most of the fight 1s 
opposite to the prevailing direction of surface winds and 
storm movement, a route that avoids or minimizes the 
hazard of areas of more frequent burnoanes and stronger 
contrary winds may be particularly significant for survival. 
Prevailing winds doubtless assist the return fight, the most 
favourable conditions probably occurring in February and 
March when the north-east trade winds extend farthest 
south. 

Dry Tortugas sooty terns appear to straggle back to the 
western Atlantic from their second to at least their sixth 
year. A bird about 20 months old recovered at Cayenne, 
January 5, 1s the earliest record of presumed return. One 
about 25 months old recovered on July 4 in western 
Ghana 1s the oldest so far found in Africa. A few juveniles 
from each year-class have returned to Dry Tortugas 
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when they were about 8 yr old. Samples captured in the 
colony from 1962 to the end of 1968 mcluded fifty-eight 
3-year-olds banded in all years from 1959 to the end of 
1965. The numerical strength of a year-class in the 
samples creases each year thereafter to a peak usually 
at 6 years old. A 6-year-old recovered on the north 
coast of the Gulf of Mexico, May 31, had been captured 
at Dry Tortugas a month earlier. This record suggests 
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Many birds are known to have changed therr migratory 
habits and “expermentation” in the form of vagrant 
occurrences! is so constant that a disadvantageous 
migration surely could not persist. 

Avoidance of winter 1s not a satisfactory explanation of 
the survival value of the present migration. Dry Tortugas 
experiences some seasonal change, but adult sooty terns 
begin prebreeding activities before sea surface temperature 














Fig. 1. Recovernes to age three of sooty terns banded as juveniles at Dry Tortugas. Each circle shows where one bird was recovered. Small 
circles show recoveries in the year of banding (O, July 1-September 30, @, October 1-December 81; @, January 1-June 30); larger circles 
show recoveries ın the second @) and third (O) years. 


that some birds 6 years old visit the colony without 
nesting. 
Pelagic birds that breed in higher latitudes tend to be 
strongly migratory because they must avoid winter. Such 
celebrated migrants as the arctic tern (Sterna para- 
dtsaea)’?-*, Wilson’s petrel (Oceanites oceanicus)”, and 
greater shearwater (Puffinus gravis)"-™ of the Atlantic 
and the short-tailed shearwater (Puffinus tenusrostris)'*-1¢ 
of the Pacific range entire ocean basins, often from 
restricted breeding areas. Typically these migrations 
have been traced by analysis of occurrence records with, 
ın some cases, a few critical recoveries of banded birds. 
By contrast the common oceanic birds of the tropics 
breed at hundreds of stations and their wide occurrence 
makes movement difficult to detect. Banding can reveal 
movement of populations, but, because of the low rate of 
recovery of most tropical pelagic species, large banding 
programmes are necessary. For these reasons, and because 
migration has few obvious advantages for them, it has 
been thought that tropical seabirds lack well defined 
migrations and that those absent from their breeding 
ground for part of the year merely disperse over neigh- 
bouring seas. Sibley and Clapp’s report’? of distant 
recoveries of juvenile lesser frigatebirds (Fregata ariel) 
banded in the Central Pacific seems to be the only other 
well supported suggestion of extensive migration in a 
tropical seabird. If, as we suspect, migration in sooty 
terns is closely tied to the structure of the population, 
then it seems likely that a similar migration of juveniles 
may occur in other seabirds of the tropics as well. 
Presumably transatlantic migration of juvenile Dry 
Tortugas sooty terns exists because it has been conserved 
ım evolution over the alternative strategies available. 


in the area reaches rts usual annual mmimum in February 
or March’*. In any case, juveniles could avoid such winter 
as occurs by much shorter migration. It appears that 
the primary biological function of the migration is rather 
to avoid intraspecific competition and this adaptive value 
becomes evident when the migration of juveniles 1s seen in 
the context of the rigidly structured sooty tern population. 
The species 1s long lived, its maximum longevity in nature 
exceeding 30 yr 71. Fidelity of adults to the colony where 
they first breed seems to be almost absolute. Most of the 
surviving young reared in the colony ultimately return 
there to breed and they may tend to seek nesting space 
near the natal nest site. The population routinely has a 
high rete of nesting success, probably because the nearby 
Gulf Stream assures a dependable food supply. In any 
year, the number of birds that do not breed, subadults 
and adults, may equal or exceed the estimated 
80,000! establıshed breeders. 

Severe intraspecific competition seems predictable, if 
the entire population frequented the vicinity of the 
colony. Because of the aggression of adult sooty terns 
toward errant chicks, increasing losses would be likely as 
more birds tried to gain nesting space. If, as Ashmole 
maintains, tropical seabirds can deplete food within 
range of a colony, the probability of this event must 
increase with increasing numbers of birds. Excess adults 
may indeed emigrate, but observations of greater shear- 
waters at Nightingale Island, Tristan da Cunha, ghort- 
tailed shearwaters m the Furneaux Islands, Bass Strait, 
Australia“, and sooty terns and brown noddies (Anous 
stolidus) at Dry Tortugas! suggest that they are more 
likely to lose their reproductive effort by nesting at un- 
suitable sites near the established colony than they are to 


634 


seek another colony. Coulson’s** data for the kittiwake 
(Rissa tridactyla) make clear the advantage of central 
sites n a colony as opposed to peripheral sites. Com- 
petition within the population seems certain to bear most 
heavily on younger adults, because they tend to arrive 
later. Thus it seems conceivable that an individual may 
ultimately leave more progeny if it delays return until 
better able to compete and until a greater probability of 
vacant and suitable sites exists. If this is true, selection 
should favour variations that tend to delay maturity 
and to establish a separate distribution of prebreeders. 
The band recovery data suggest that, a Dry Tortugas 
sooty tern makes one round trip to Africa, in effect an 
emigration to the widely disjunct range of the population’s 
juveniles, subadults and probably younger adults. 

It follows that any successful sooty tern population may 

have the same problem of competition and that selection 
may have dealt with it similarly. Unfortunately the 
4,000 juvenile sooty terns that have been banded in 
Atlantic colonies other than Dry Tortugas are far too 
few to overcome the low rate of recovery. Banding 
large samples of juveniles in several other colonies should 
test the hypothesis for Atlantic populations. Whether 
other juvenile sooty terns, if migratory, also resort to 
West African waters is moot. The fact that all the sooty 
terns of the Atlantic are considered to belong to one 
subspecies implies sufficient exchange between colonies to 
prevent development of local races. Congregation of 
juveniles in a common “nursery’’ area should facilitate 
such exchange. In this regard, recoveries in the central 
Philippines of juvenile sooty terns banded in widely 
separated Pacific colonies (Lord Howe Island, Australia; 
McKean Island, Phoenix Islands)** are notable, for they 
suggest the possibility of a general gathering of juveniles 
im that area of the Pacific. 

The Gulf of Guinea probably provides the most suitable 
habitat available in the tropical Atlantic for concentrations 
of juvenile terns. Bourne”, Maclaren™*, Rand” and 
Watson?! have noted that juveniles of a number of sea- 
birds that breed in higher latitudes of both the northern 
and southern hemispheres frequent the Gulf of Guinea and 
contiguous West African waters and may remain there the 
year round until they reach breeding age. Oceanographic 
data summarized by Longhurst* indicate that the Gulf of 
Guinea is characterized by diverse water masses that differ 
sharply in temperature and salinity. These include the 
Guinea and South Equatorial currents which set strongly 
in opposite directions, rapidly moving oceanic fronts 
associated with seasonal changes to the north and south, 

_the outfall of the Niger and other large rivers, and coastal 
upwelling in July-September between the Ivory Coast and 
Nigeria. The effluence of river and lagoon waters and 
upwelling are associated with an increase of nutrients in 
surface water and phytoplankton blooms. Schools of 
tuna are known to concentrate in the oceanic frontal 
zones*?, It thus appears that the Gulf of Guinea may be 
highly productive of food available to sooty terns. Perhaps 
equally important, the region is outside the tropical 
cyclone belt and the greater part of it apparently has no 
breeding sooty terns. None are known to breed along the 
West African coast and it seems unlikely that colonies of 
any size can have escaped notice in the recent surveys by 
de Naurois**-**, Sooty terns from Ascension Island 
(7° 57’ 8, 14° 22’ W) are believed to range north toward the 
African coast at times®’, but these and the colonies suspec- 
ted to nest on rocks off Annabon* in the eastern Gulf of 
Guinea probably exploit only a small part of the 
region. 

Although conditions in the Gulf of Guinea appear 
generally to be favourable for sooty terns, sizable “wrecks” 
of seabirds occur periodically on the Guinea coast. 
Closely grouped sooty tern recoveries, such as the six from 
eastern Nigeria and Cameroun, January 28—February 3, 
1965, must represent a very high mortality rate. The 
recent mass deaths that involved Dry Tortugas birds were 
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not caused by storms. Abrupt oceanographic changes 
affecting feeding, disease and plankton poisoning*® 
are possible causes. 

It seems desirable to limit speculation about the origin 
of the transatlantic migration of juvenile sooty terns 
of Dry Tortugas to the more recent events that may 
have affected development of the migration. Wolfson‘® 
undertook to relate similar west to east bird migra- 
tions in the Atlantic to Wegener’s theory of continental 
drift. 

Bourne*!, however, has presented evidence that Pleisto- 
cene climatac and geographic changes profoundly altered the 
distribution of pelagic birds in the Atlantic, and 1t seems 
likely that these changes would have obscured any effects 
of more ancient events. It is perhaps doubtful that the 
present migration antedates closure of the Panamanian 
straits in early Pleistocene, an event that greatly restricted 
the options for migration available to the seabirds of the 
tropical Atlantic. 
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Ir is now well established that a high proportion of all 
extensive air showers with energy greater than about 
10” eV produces detectable pulses of electromagnetic 
radiation’, We report here experiments carried out on 
the Haverah Park air shower array which give new 
information on the frequency spectrum, the dependence of 
pulse size on shower energy, and the polarization. 

Four receiving systems were installed, two operating at 
a frequency of 32 MHz (bandwidth 3 MHz) and two at 
44 MHz (bandwidth 4 MHz). At each frequency one 
antenna was orientated geomagnetic N-S, and the other 
E-W. Each antenna consisted of a pair of folded horizon- 
tal half-wave dipoles 4/4 above the ground and 2/2 apart. 
The calculated polar was nearly isotropic: for 
zenith angles less than 40°, the variation was less than 
+30 per cent. The receiver outputs were displayed on 
separate oscilloscope time bases and photographed when- 
ever the particle array registered a shower. The correct 
position on the timebase for observing an associated 
radio pulse was known from the particle detectors to an 
accuracy of ~0-1 us. If a pulse appeared at the correct 
time and was larger than any other pulse on the trace 
(total length 10 us) it was accepted as a genuime radio 
pulse from the air shower. Because of background inter- 
ference, however, ıt 18 probable that this procedure leads 
to a number of false assignments. 

The interference varied considerably between day and 
night and between summer and winter, and daytime 
Measurements were impossible because of the high 
background level. On winter nights, measurements could 
be made both at 32 MHz and 44 MHz; on summer nights, 
only at 44 MHz. The night-time background consisted 
typically of bandwidth hmited pulses similar to the ar- 
shower pulses, occurring at irregular intervals a few 
mucroseconds apart above a more continuous irregular 
noise level. We estimate that one in twenty of the 
showers used in the analysis has been erroneously labelled 
a radio shower because a background pulse has by chance 
fulfilled our acceptance criteria. The characteristic 
amplitude of the background pulses at the receiver input 
terminals was 35 uV at 32 MHz and 25 pV at 44 MHz, 
corresponding to field strengths Æ, of 3-5 and 2-0 uV m-} 
MHz- respectively. 

Some changes have been made in the experimental 
set-up during the course of the work. In the early stages, 
during the winter of 1967-68, both 44 MHz receiving 
channels were in use, but there was only one channel at 
32 MHz, that with E-W orientation. Non-linearity in the 
receiver response at that time made measurements of 
pulse amplitudes unreliable and therefore analysis was 
based on identifying as “radio showers” those showers 
which gave a pulse above the detection threshold. The 
proportion of “radio showers” was then studied as a 
function of the various shower parameters, in particular 
the primary energy Wp and the perpendicular distance 
from the antenna to the shower axis R. During the 


summer of 1968, the N-S receiving channel at 32 MHz was 
brought into use, and the linearity of the receivers was 
improved. Because the background level at 32 MHz is 
high during the summer, the change has not yet yielded 
fresh data at 32 MHz. At 44 MHz, however, the new 
system has made it possible to infer the direction of 
polarization from the relative amplitudes in the N-S and 
E-W channels, and to study trends in the dependence of 
the pulse amplitude on Ep and R. 


Frequency Spectrum 


Fig. 1 shows the proportion of radio showers occurring 
for different mtervals of primary energy Ep and axial 
distance R on the E-W oriented channels. The number of 
observed radio pulses represented in the figure is ~ 100 at 
32 MHz and ~ 100 at 44 MHz. It is clear that the pomts 
for 32 MHz and 44 MHz lie very nearly on the same 
curve. Now for a detectable radio pulse at 32 MHz the 
frequency spectrum of the radio pulse must have 
E, >3:5 uV m> MHz", whereas at 44 MHz the require- 
ment is #,>2-0 pV m~ MHz-. Because the proportion 
of showers giving detectable radio pulses does not change, 
it follows that the typical radio pulse amplitude E, at 
44 MHz must be smaller than that at 32 MHz by a factor 
8-6/2 or 1-7. This suggests a frequency dependence very 
roughly of the form #,a1/y, which contrasts with earlier 
expectations that E, would increase with frequency*. 

The curves in Fig. 1 show that the proportion of radio 
showers increases with Ep and decreases with R, in a 
manner which is the same at 32 MHz and 44 MHz. We 
conclude that H, also behaves in the same way at both 
frequencies, increasing with Hp and decreasing with R. 
Quantitative information on the pulse amplitudes as a 
function of Ep and R 1s so far available only at 44 MHz, 
and is given in Table 1. The table is restricted to those 
ranges of Hp and R for which a sufficient number of radio 
showers have been observed to make a mean value 
reliable. Individual pulse amplitudes were measured (in 
arbitrary units) to an accuracy of 0-1 unit; the mean 
values given are subject to sampling fluctuations as well as 
to errors of measurement. 


Tablo 1. MBAN PULSE AMPLITUDES AT 44 MHZ, IN ARBITRARY UNITS, FOR 
DIFFHRENT INTERVALS OF Ep AND R 


Ep (1-2).107" eV. (2—5) x 101" e7 = (1-8).10"" eV 
Epmen 138x10" eY 28x 10” eV 
No.of Mean No. of Mean No. of Mean 
R Reon pulses ampl. pulses ampl pulses ampl. 
0200m 130m 18 2'4 8 31 21 2-7 
200-400 m 310m 13 1:75 7 1:8 20 1-7 
0-400 m 26 2-1 15 2-5 


The trends indicated by Table 1 are that Ñ, increases 
by a factor 2-5/2-1 as DB, increases from 1-3 x 1017 eV to 
2-8 x 10"" eV, and that it decreases by a factor 2-7/1-7 as 
F increases from 130 m to 310 m. These numbers must 
be treated with reserve because ~ 20 per cent of the meas- 
ured pulses are likely to be noise pulses that satisfied the 


636 





Porcentage of radio showers 





10 


10" 
ev 


Fig. 1. a, R<200 m. @, 82 MHx; x, 44 MH. b,200m <R<400 m. 
©, 32 MHz; x, 44 MHL 


selection criteria. The true dependence of E, on Hy and R 
will then be more pronounced. Even s0, 1t seems unlikely 
that E, can be proportional to Hp, as expected for coherent 
radiation. The dependence must be closer to Hy/*. It 
does not necessarily follow, however, that an incoherent 
radiation 1s bemg observed*. Coherent radiation comes 
from those parts of the shower that send signals to the 
antenna arriving within a time interval 1/2nv. For v= 
44 MHz, the radiation must come from a height greater 
than ~ 2 km above the antenna. But, as Hp increases, 
less and less of the shower occurs above this height. 
Showers reach maximum development at ~3-5 km when 
Ey,=10" eV and at sea level when Æp ~ 10" eV. Because 
therefore a smaller fraction of the shower contributes as 
Ep woreases, it is to be expected that the amphtude of the 
coherent pulse will increase more slowly than Ep itself. 

According to Barker et al.” the increase in pulse amph- 
tude with Ep is even less at mountain altitudes. This fits 
in with the suggested interpretation. On the other hand, 
some preliminary Moscow results!4, based on four 
showers, suggest an Æ, dependence which is difficult to 
understand. 


The Radlation Mechanism 

On theoretical grounds, the main contribution to the 
radiation is expected to come from the transverse de- 
flexion of shower particles by the Earth’s magnetic field 
B (refs. 15, 16). The amplitude dependence includes the 
factor v A B, where v is the particle velocity, essentially 
parallel to the shower axis. This specifies the polarization 
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of the radiation, and also indicates that showers moving 
parallel to the Earth’s field lines should give no radio 
pulse, whereas when v is perpendicular to B the amplitude 
should be a maximum. As shown by Porter et al." ıt 
follows that more radio pulses should be observed in 
showers coming from the north than in showers coming 
from the south. This north-south asymmetry is not 
predicted by any other mechanism yet suggested. 

Of the 100 radio pulses observed in the present experi- 
ment at 32 MHz, seventy-three came from the north, 
twenty-seven from the south. On the hypothesis that 
there is no N-S asymmetry the two numbers would be 
expected to be (50+5). The asymmetry is significant to 
more than four standard deviations and thus gives 
support to the geomagnetic theory. Conversely at 
44 MHz the sixty radio pulses observed in the first phase 
of the experiment gave a north: south ratio of 33 : 27, 
whichis within one standard deviation of statistical 
equahty. The question arises whether the difference at 
the two frequencies is the result of a change in the 
mechanism of emission, or of “contamination” of the 
44 MHz data with noise pulses. The following analysis of 
the more recent 44 MHz data shows that the geomagnetic 
mechanism 1s still important, and that contamination is 
the most likely explanation of the earlier resulte. 

To reduce the proportion of noise pulses among the 
supposed radio pulses selected for analysis, we considered 
only the showers for which Ep> 10! eV and R<200 m. 
Here the proportion of radio showers is high (Fig. 1), and 
contamination should be less important. In all, twenty- 
five radio showers were found among the total of 172 
showers in this particular range. Of the twenty-five, 
sixteen came from the north and nme from the south. The 
ratio 16:9 is in fact statistically indistinguishable from 
the ratio 73:27 obtamed previously at 32 MHz, but it 
also differs from equal numbers north and south by less 
than two standard deviations. The statistics are too few 
to give firm support for an N-S asymmetry, and a more 
sensitive test is needed. 

At 44 MHz information is available on the pulse 
amphtudes induced by the same shower in the two 44 MHz 
receiving channels, one having its antenna oriented N-S, 
the other E-W. For the geomagnetic mechanism, these 
amphtudes are proportional to the direction cosines of 
vA B along the N-8 and E-W directions. Similar predic- 
tions can be made for the other possible mechanisms. In 
the Askaryan (charge excess) mechanism’ the electric 
field 1s radial to the shower axis. In the mechanisms 
proposed by C 19,20 the electric field lies on the 
mtersection of a vertical plane and a plane perpendicular 
to the shower axis. Finally, ın the unpolarized model of 
Rozenthal and Fihchenkov* ıt may be supposed that Æ 
has no specially preferred direction. 

The twenty-five radio showers were examimed for 
consistency with each of the above theories. A shower was 
held to be consistent with the theory if the theory correctly 
predicted which receiving channel would have the larger 
radio pulse. On this criterion the number of showers 
consistent with each theory was 

geomagnetic : 19 vertical : 6 
radial : 10 unpolarized : 9 


For a random set of pulses ıt would be expected that 
(12-5 + 2-5) showers would appear to be consistent with 
each theory. The number of showers consistent with the 
geomagnetic mechanism exceeds the random expectation 
by 26 standard deviations, which is significant at the 
0-5 per cent level. The radial and unpolarized mechanisms 
receive no support from the figures. The marked anti- 
correlation for the vertical polarization mechanism does 
no more than reinforce the conclusion that the pulses are 
notrandom. We therefore conclude that the geomagnetic 
mechanism is dominant at both 32 MHz and 44 MHz. 
This 18 in agreement with our previous results at 32 MHz* 
and with recent results by W. E. Hazen et al.™ at 60 MHz. 
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Durie a study of the field-ion microscope (FIM) 
imaging of iron in clean ultra high vacuum conditions a 
erystal defect was seen which is interpreted as a stacking 
fault ribbon about 200 A wide, lying on intersecting {011} 
and {112} planes. 

The theory of the FIM image contrast to be expected 
from such faults and their bounding partial dislocations 
has been discussed by D. A. S. et al... The field-ion contrast. 
from a perfect dislocation or a partial dislocation and 
stacking fault is determined by the component p or g 
(ref. 1) of the vector b or R, describing the displacement 
associated with the defect, along the normal to the speci- 
men surface. When a dislocation emerging in the (hkl) 
pole has Burgers vector b= ua + vb + we (where u, v and w 
are integers in primitive lattices but need not be in 
multiply primitive lattices and a, b and c are vectors 
defining the unit cell) 

p= hu + ke + lw 
Similarly for a stacking fault or a partial dislocation with 
R or Dp = upat vpb+ wpe (where up, vp and wy are not all 
integers) 
q = hup + kvp + lwp 

For p= 0 the usual pattern of concentric rings is observed, 
as for perfect material, and the dislocation is invisible. 
When g=0 or a dislocation with p=0 dissociates into 
partial dislocations for which q #0, kinks or steps!? will 
be seen, Necessarily p is an integer and it gives the 
multiplicity of the simple spiral associated with a perfect 


A glissile line defect in iron has been studied in detail by field-ion 
microscopy. The field-ion image is shown to be consistent with the 
presence of stacking faults on two distinct planes. 


dislocation. For partial dislocations, where q may be 
integral or not integral, more complex, kinked or stepped 
configurations are produced. The kinks or steps mark the 
line of intersection of a stacking fault plane with the 
surface. For example, Fig. 1 shows the topography to be 





Fig. 1. Sehematic diagram of part of the surface of a field-ion tip 


intersected by a composite fault, 
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expected when two intersecting, non-coplanar stacking 
faults having 0<q<1 meet the (hkl) surface. In the 
FIM image, displacements will» be observed between 
successive part rings. 

The sequence of experimental observations was as 
follows. A specimen prepared from 0-005 inch diameter 
Johnson-Matthey Grade I iron wire was field evaporated 
in 10-4 torr of hy drogen at 78° K until a regular end form 
was obtained, at 14 kV (Fig. 2). The specimen was then 
allowed to warm up to room temperature, in the absence 
of any applied electric field. On re-cooling to 78° K and 
re-imaging, a defect structure was observed in the central 
(110) region (Fig. 3). This persisted during field evapora- 
tion through 2kV. The microscope system was then 
baked at 250°C. After this, a regular image similar to 
Fig. 2 was again obtained. We believe the mechanical 
stresses introduced into the specimen during the initial 
imaging process were partially relieved by some limited 
dislocation movement at room temperature, including the 
migration of one defeet into the centre of the field of view 
of the microscope, Bakeout at 250° C led to the annealing 
out of the defect. 













Fig. 2. Field-ion micrograph showing regular development of (110) as 


observed before and after images such as Fig. 3. 


Two distinct lines of intersection can be discerned in 
Fig. 3 Pe ih e diagr am, Fig. 4). These corr respond 
ï The 

enon is consistent with a stacking fault pike (271) or 
(121), and the latter with a (110) fault plane. We note 
that the p and q values from the dissociation of dislocations 
with Burgers vector @/2 [111] and @/2 [171] are zero, and 
cannot give this type of contrast. The remaining @/2 





<111> dislocations can dissociate, for example, as follows 
ar afl d 
2L + 81 wwndaio 
a S arl I 1] 
2: IT alwwnad 


(iio) 





The line of intersection of both (121) and (211) with (110) 
is [113]. Following Vitek? and Vitek and Kroupa’, we 
have written the dissociation in a general form because we 
cannot determine precise q values from field-ion miero- 
graphs. The relative ledge widths (that. is the ratio of the 
widths of the ¿th and the (4+ q)t® ledges on opposite sides 
of the fault where ¿= 1,2,3....) enable an estimate of g to 
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Fig. 3. Field-ion micrograph showing the defect in (110). 


be made! The contrast is, of course, consistent, within 
experimental uncertainty, with particular composite 
faults such as those proposed by Foxall et al.6 and Vitek 
and Kroupa'. 

The points of emergence of two of the three partial 
dislocations can be estimated from Fig. 3. The dislocation 
corresponding to 4 (Fig. 4) emerges inside the top (110) 
ring of Fig. 3 (because the ring edge is not stepped) near 
the end of the streak resulting from the ridge associated 
with the stacking fault. The middle dislocation, corre- 
sponding to B (Fig. 4), necessarily emerges at the junction 
of the lines of intersection of the two fault planes and (110) 
—-indicated by an arrow. The third dislocation emerges 
outside the third ring of atoms in (110) where the lack of 
resolution prevents the observation of the contrast 
details; steps are visible in the first, second and third 
rings. 

The theory of dislocation contrast is geometrical and 
relics on the specimen assuming a spherical end form and 
the imaging criterion being that atoms contributing to the 
image are those which occupy sites within about 0-1 of a 
lattice parameter of the envelope. For stable regular 
surfaces these preser iptions imply that the mage will 
consist of low index “rings” and high index atomically 
resolved regions. The decrease in regularity from unstable 
surfaces can be explained thus: (i) For a particular rate of 














——. — 


Fig. 4. Line diagram clarifying the ledge configuration in Fig. 3. 
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3 ; dæ ; 
removal of material from the surface, an’ the rate of 


dN . 
removal “aE of {kkl} layers from any area of the specimen 
€ 


dx 


surface is approximately ~~ cos a, where v= Ndakt 


1 
dt drr 
and cos g is the angle between the tip axis and the 
local normal. Clearly the rate of “collapse” inwards of 
high index regions will be considerably greater than that 
of low index regions giving a corresponding blurring effect. 
Note that the blurring of {110}<{112}< {222}. (ii) The 
greater the value of the surface interatomic distance Sn‘: 
the greater the apparent randomizing effect of the removal 
ofa particular atom. Naturally 3nx: is larger in high index 
regions adding to the geometrical effect (i). The relative 
clarity of the various regions of the specimen surface can 
now be understood. Because the regions which develop 
recognizably give a ring pattern, it seems that the geo- 
metrical theory of dislocation imaging is applicable. 

Because the interaction between hydrogen and an iron 
surface is not entirely understood we consider the possi- 
bility that the defect was formed as an artefact of the 
field corrosion process. While we cannot completely 
eonfute this possibility in all cases, in the present example 
there is strong circumstantial evidence that the defect 
was a dislocation because, as we have shown, it was a 
glissile Ime defect. 

It is not possible to explain the perturbation to the 
image in terms of an interaction between an event in- 
volving irregular removal of material from, say, the 
central (110) layer and the ion beam trajectories from the 
other layers along their putative line of intersection of the 
stacking fault. Careful work involving colour super- 
position of micrographs of tungsten®™, recorded before 
and after single atoms were removed by corrosion, for 
example, has shown that the position of the images of 
neighbouring atoms is unaffected; that is, ion beams even 
from adjacent sites do not interact. 

We have assumed implicitly that the stacking faults are 
intrinsic (on one layer only). Vitek? has recently calcu- 
lated the energies of such faults in the body centred cubic 
lattice and shown them to be unstable (neglecting changes 
in elastic energy resulting frorn the bounding partial dis- 
locations). Extrinsic faults may be stable as proposed by 
Sleeswyk™, It is not possible to make a reliable estimate 
of the number of layers on which the fault in Fig. 3 hes. 
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Because of the poor resolution at the edge of the fault 
it is not possible to decide the multiplicity of the spiral 
arising from the parent, total dislocation. In the absence 
of such a spiral it is impossible to be certain that the defect 
is not, for example, a faulted loop. Detailed analyses of 
two more dissociated dislocations in micrographs of iron, 
however, strongly support the dissociated dislocation 
interpretation!?. In these cases with better resolution a 
spiral can be seen enclosing the fault. Furthermore the 
phenomenon is not confined to iron and examples of fault 
contrast have been found in tungsten! and molybdenum 
(unpublished results of W. A. Soffa). 

Foxall et al.6, Bowen et al? and Kroupa and Vitek* show 
how it is possible to account for the ccmplex yield be- 
haviour of body centred cubic metals in terms of dis- 
location dissociation. The ribbon widths observed in the 
FIM are greatly in excess of those predicted theoretically. 
On a hard sphere model the twin fault 1/6 <111>(133 
and the 1/6 <111>fīo} fault are thought to have high 
energies because a lattice expansion is required for their 
formation®. The surface relaxations and dilatation, 
because of the field stress, which occur in the surface of a 
field ion tip accommodate any lattice expansion and may 
account for the stability of the faults. Equally the stack- 
ing fault energy may vary aceording to the dilatation of 
the lattice. 

We thank Professor P. B. Hirsch and Drs B. Ralph 
and V. Vitek for discussions of faults in body centred 
cubic metals. We also thank Professor J. S. Anderson, 
who directed this research, and UKAEA for financial 
support. 
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eye. 


WaHen a pendulum bob is swung across the field of view 
and observed with a filter (attenuator) over one eye, the 
path of the pendulum appears to be elliptical in depth. 
As the density of the filter is increased, the apparent 
depth of the pendulum path is also increased. If the filter 
is changed from one eye to the other, the forward part of 


Study of the visual illusion known as the Pulfrich phenomenon 
with random dot stereo movies confirms that the filtering of one 
eye in effect introduces a delay in the system for that eye, which 
is the probable cause of the illusion. Other features of the illusion 
suggest that the considerable inertia in the stereoscopic depth 
process leads to the averaging of several successive frames in each 


the ellipse will be seen on the opposite swing of the bob. 
This is the Pulfrich phenomenon}, of which the classical 
explanation is that the filtering of one eye in effect puts a 
delay line in the system for that eve. The explanation 
fits the known data*, but there has been no direct test of 
the delay line hypothesis. 
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An alternative explanation’ based on saccadic suppres- 
sion, which has been found to be related to intensity of 
target illumination, can account for some of the asym- 
metries in the perceived path of the pendulum more 
adequately than the delay-line hypothesis. 

Our demonstration was gned to test directly the 
delay-line hypothesis. We prepared a computer-generated 
film loop in which each frame was a random dot stereo- 
gram! consisting of two matrices of randomly selected 
black and white dots. The matrices are identical except 
for a centre square that is shifted in the nasal (or temporal) 
direction in one matrix relative to the other, (The matrix 
size was 148 x 111 dots, the centre square was 60 x 60 dots 
and the disparity or horizontal shift was four dots.) 
Previous research? has shown that depth is easily seen 
with rapid cinematic presentation of a succession of such 
statistically independent random-dot stereograms. Al- 
though these movies appear as visual noise when monocu- 
larly viewed, when they are viewed binocularly, this 
dynamie noise separates into a square seen in front of (or 
behind) a surrounding matrix. 











The film loop used in the demonstration was identical 
with the previous case except that the stereoscopic pairs 
were displaced by one frame. Because of this displace- 
ment, no simultaneous pair in the loop of statistically 
independent matrices could form a stereoscopic pair, but 
every pair formed by the left image in frame n and the 
right image in frame n+ 1 could form a stereoscopic pair 
as shown in Fig. 1. Indeed, the left matrix on frame » if 
paired with the right matrix on frame n+ 1 would portray 
a square in front of the surrounding matrix. The left and 
right matrices of each frame were presented separately to 
the left and right eyes by stereoscopic techniques such as 
prisms and polarizing filters. With this loop, the delay 
line hypothesis would be directly demonstrated if an 
observer could report stereoscopic depth when viewing 
the film with an attenuator over the eye receiving the 
“leading” matrix. 

The experiments were conducted at various illumina- 
tions, the dimimest luminance being 0-01 foot lambert, 
and several film speeds. The horizontal extent of the 
viewed image was 30 degrees of arc. Observers equipped 
with a continuously adjustable neutral density wedge 
were asked to watch the film, slowly adjusting the 
attenuator over the appropriate eye until the display 
appeared to change, and then to describe its appearance. 
At slower speeds (twelve frames/s) they had little difficulty 
in reporting stereopsis once the attenuator was adjusted 
to sufficient density. They first reported a scintillating 
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rectangular field of dots, and then as the attenuator was 
adjusted to greater density they would remark that there 
was “something different about an area in the middle” 
and with further attenuation they would report, often 
with surprise, the presence of a central square in front of 
the rest of the matrix. Optimal attenuation could be 
easily set and at twelve frames/s was about 1-2 log units 
(12 dB) for 0-01 foot lambert and 1-5 log units (15 dB) 
for 0-1 foot lambert. (Results are given for one subject; 
three other subjects responded quite similarly.) 

At faster speeds the adjustment of the attenuator be- 
came less critical and had to be decreased to achieve 
stereopsis. At nineteen frames/s an attenuator of 0-5 log 
units (5 dB) gave the best stereopsis, but even without 
attenuation the centre square could be perceived in depth. 
At twenty-four frames/s strong stereopsis could be ob- 
tained without attenuation and only 0-2 log unit (2 dB) 
attenuation was required for optimum stereopsis, although 
the improvement was slight. The seeing of depth without 
attenuation at high film speeds was possible with either 
eye receiving the leading frames. Similar results occurred 
at higher illumination (0-1 foot lambert) except that at 
nineteen frames/s the optimal attenuation was 1-2 log 
units (12 dB) and without attenuation stereopsis was 
difficult to obtain. Yet at twenty-four frames/s no 
attenuation was required for stereopsis. The exact quanti- 
fication of these stimulus parameters goes beyond our 
present report. If should be noted that in each case 
stereopsis could be destroyed if adequate attenuation was 
given to the eye receiving the “lagging” matrix. 

This demonstration unambiguously establishes that 
filtering of one eye indeed has the effect of a delay line, 
and thus lends considerable support to the classical 
Pulfrich explanation. The demonstration does not reveal 
at what level in the visual system the delay takes place, 
nor does it provide any explanation for the asymmetries 
which caused Harker to put forward an alternative hypo- 
thesis for the phenomenon. Such asymmetries would be 
expected in situations where the brightness of the pendu- 
lum and the background against which it was viewed 
were not constant. Without adequate control over such 
display parameters, it may be premature to postulate a 
separate mechanism to account for these perceived 
asymmetries 

While the basic finding seems to confirm the classical 
delay-line hypothesis, some of the other results require 
a new explanation. It is of particular interest that at 
faster film speeds stereopsis can be obtained without 
attenuation and that attenuation confers only a slight 
improvement. The following simple model describes the 
facts reasonably well. We ime that the stereoscopic 
depth mechanism has an inertia with a T time conste 
As a result of this temporal inertia two or more successive 
frames of the film might be retained and averaged and the 
T time constant will be also referred to as integration 
time. The faster the film speeds the more frame 
left and right matrices will be averaged and the more 
correlated frames will be contained between them. For 
example, if at a certain film speed three frames are aver- 
aged and the eye gives assumedly equal weights to each, 
then the left eye integral L=L,+L,+L, and the right 
eye integral R=R,+R,+R, will contain between them 
two binoeularly correlated matrices (L R,) and (LRa) out 
of the three. Adding a one frame delay by the attenuator 
will align all three matrices in exact correlation. Ob- 
viously with increased film speeds the averaged frames 
will be almost as closely correlated as if they had been 
shifted into exact alignment. But at slow speeds, where 
the number of averaged frames is small, the averages of 
the left and right matrices will have inadequate correlation 
for stereopsis to occur. In this ease a one frame delay will 
result in 100 per cent correlation as attenuation is added 
and a dramatie increase in stereopsis will be experienced. 
From the findings one might also assume that the T 
integration time decreases with increased ilhimination. 
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Despite the simplicity of this summation model it is 
hard to explain the fact that stereopsis without attenua- 
tion is obtained for film speeds as slow as sixteen to 
twenty-four frames/s which fall in the optimum apparent 
(stroboscopic) movement region. At faster speeds where 
simultaneity is experienced the summation model seems 
very plausible because many successive frames are seen 
as superimposed. In the optimum movement region, 
however, the texture elements in successive frames are 
seen not as superimposed but as moving, so that the 
individual frames must initially be preserved. A further 
complication is that the individual dots in the matrices 
are seen moving in the various depth planes, which means 
that even after binocular processing the successive frames 
are not summed. One possible assumption might be that 
stereopsis (the localization of binocular information in 


641 


depth) and the cyclopean view (the binocular combination 
of the two eyes’ views into a single percept) are two 
different mechanisms. The time constant for stereopsis 
might be larger than for binocular combination, Even if 
the correct model remains elusive, it seems that the 
explanation of the Pulfrich phenomenon requires a short 
term visual memory having two time constants, one being 
the differential delay time between signals from the two 
eyes, the other being the monocular integration time. 
We thank Dr J. Krauskopf for his helpful comments. 
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Tue molecular mechanism of the movement of fibroblasts 
in culture is still not understood, although a number of 
theories have been advanced. The problem is perhaps 
most important in its relevance to cell locomotion in 
embryos and the contact inhibition of locomotion. 

Some of the current theories have recently been sum- 
marized by Curtis!. Most of these describe “active” 
locomotion, in which processes originating within the cell 
produce movement. Rather different is the idea of 
haptotaxis of Carter?, based on the early postulates of 
Berthold; this is a “passive”? mechanism in which the 
fibroblast cell is dragged along by surface tension forces 
and directed by irregularities in the surfaces with which it 
is in contact. In direct contrast are the observations of 
Dellinger’, who looked at the admittedly much larger 
Difflugia cells in side view, when quite clearly they were 
actively dragging themselves along by extending and 
contracting anterior pseudopodia. A side view of moving 
embryonie cells was also obtained by Gustafson and 
Wolpert (reviewed in ref. 5). Most of the current ideas on 
fibroblasts are, however, based on observations made on 
cells spread out and attached to a plane surface; in each 
case the observer has looked at the cells in a direction 
perpendicular to their plane of attachment. which limits 
the observation of changes in cell morphology away from, 
or towards, the substrate. 

In my experiments, a different view of fibroblast 
locomotion was sought. Cells were observed in culture by 
looking at them in the plane of the substrate on which they 
were moving, at right angles to their direction of move- 
ment. In order to use phase contrast microscopy, a sub- 
strate with a refractive index similar to the medium was 
used, a chick plasma clot. Other observations on polished 
glass surfaces were made with the Zeiss~-Nomarski inter- 
ference contrast systems. 

When a fibroblast is moving on a plane, the front portion 
of the cell is very flat and may or may not show ruffles 
when viewed from on top. In the past this has been 
referred to®? as a “ruffled membrane” or a “leading 
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Observations of fibroblasts by time lapse and still microphotography 
clarify the nature of the “ruffling” phenomenon, and suggest a 
mechanism for locomotion and contact inhibition. 


membrane’ when ruffling was absent. In order to avoid 
confusion with the cell membrane of the electron miero- 
scopist, it is now proposed to refer to the front portion of 
a cell, spread and moving on a plane, as the front or 
leading lamella, or as the “ruffling lamella’, when ruffling 
occurs. That portion of the leading lamella which is 
involved in ruffling and which, as will be seen In this 
article. is lifted off the substrate, will be referred to as a 
“ruffle”. 

Primary cultures were made of fragments of ventricle 
from 7 to 9 day old chick embryos using 2 inch glass 
culture dishes and a thin covering of the following medium: 
Medium 199—80 per cent; chick embryoextract in medium 
199-10 per cent; horse serum (Flow Laboratories, 
Rockville, Maryland)—10 per cent. After 2 days at 
37° C, suspensions of cells were prepared by treatment 
with 0-5 per cent trypsin (Difco, 1: 250) in calcium- 
magnesium free saline at 37°C for 10 min. The cells 
were washed twice with fresh culture medium and then 
placed in the filming chambers at a density of less than 
2x 10! cells/ml. 


Culture and Observation Chambers 

Observation chambers were usually constructed from 
metal filming slides, 1/16 inch thick, with a 0-5 inch 
round hole (Fig. 1). The back was covered by sealing a 


metal 
slide 








half coverslip 
coverslip 
medium 


plasma clot 





microscope 


FRONT VIEW 


SECTION 


Fig. 1. Sketch of chamber for incubation of fibroblasts and for sideways 

viewing. The position of the chamber during incubation was as shown in 

the figure. For microscopic examination and for filming, the chamber 
was turned through 90° so that the coverslips were horizontal. 
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coverslip across it with ‘Vaseline’. 
covered with half a coverslip cemented in place with a 
mixture of ‘Vaseline’ and wax. The chamber was placed 
vertically and a chick plasma clot formed in this trough 
either by carefully layering the solution before it clotted 
under sterile water or directly in air. The clots produced 
under water were carefully washed with medium before 
the cell suspension was added; the dry clots were used 
directly and at once. The cultures were incubated in a 
moist chamber at 37° C overnight with the surface of the 
elot horizontally arranged. Before filming. the chamber 
was sealed with another half coverslip and placed on a 
normal microscope stage so that the surface of the clot was 
vertical. Cells near to the half coverslips were viewed 
because of the short working distances of the microscope 
objectives. Because a plasma clot always retracts to a 
certain extent. the surface is somewhat curved, making a 
truly sideways view of cells difficult to achieve. For this 
reason, several chambers and cells had always to be 
examined to find suitable specimens. The angle of the 
surface of the clot with the coverslip was more nearly a 
right angle when the coverslips were coated with silicone 
fluid (M81107, Hopkin and Willams Ltd} or with 
‘Desicote’ (Beckman Instruments) and when the clot was 
formed under water. Using phase contrast. time lapse 
films were prepared as well as still photomicrographs at 
known time interv: 

In some cases a small glass slide with a polished edge 
was substituted for the plasma clot in the chamber of 
Fig. 1. In this case, mierophotographs were taken with 
the Nomarski interference contrast. system on the Zeiss 
Ultraphot IT to avoid the haloeffect which would have been 
seen in phase contrast. 

Sarcoma cells were from a mouse fibrosarcoma S180, 
which is a line kept in this laboratory. Small piecesof tissue 
were seeded into the usual medium on a plasma clot or 
on a polished glass edge in the usual chambers. These 
cells moved around freely and could easily be observed 
singly. 


The Ruffling Cycle 

Chick embryonic fibroblasts in side view show the details 
of the ruffling of the leading edge of the front lamella 
(Figs. 2, 3). The ruffling cycle. described here, occurs 
from time to time with no obvious regularity. The 
ruffling affects only the front portion of the leading 
lamella, some 3-5 microns, which may be as little as 
15 per cent of the whole front lamella. 
front lamella varies from cell to cell and from time to 
time in the same cell, but characteristically and over 
periods of up to I h. the ruffling portion remains remark- 
ably constant in extent. The sideways viewing shows 

















Sequence of still photographs, side views, 


The front was half 


The extent of 


10 s intervals, taken with phase contrast. 


only the events of one narrow sector of the leading 
lamella. 

The ruffling eycle is as follows (Fig. 4): the leading 
edge of the lamella expands rapidly (4-5 microns/min ; 
unpublished work of M. Abercrombie and J. E. M. 
Heaysman; and my unpublished work). The direction of 
expansion is usually parallel to the substrate; in that case 
it cannot be seen whether the expanded membrane is or 
is not in contact with the substrate. Not infrequently, 
however, expansion takes place at an acute angle to the 
substrate, that isimto the medium (Fig. 3), and in sarcoma 
S180 cells it has often been seen to take place on the sur- 
face exposed to the medium and at right angles to this 
surface. 

Next, the expanded lamella lifts off the substrate until 
it is standing up vertically. A lamella which expands at 
an angle to the substrate will also move into the vertical 
position. Occasionally the lamella will le down again on 
the substrate, but most frequently the vertical lamella 
will continue its backward motion. 

Finally, the vertical lamella or ruffle, which may be 
straight or somewhat curved. will be pulled right back 
into the rest of the front lamella. The cycle of expansion, 
upward swing and pulling back will then repeat itself, 
although it sometimes starts at the base of a ruffle still 
in a vertical position. The base of the ruffle does not 
usually move; the leading edge seems to swivel around 
a fixed position. 

The ruffling part of the leading lamella appears to be 
remarkably thin and uniform. It does not thicken until 
the ruffle is being pulled back into the lamella. According 
to preliminary electron microscopic examination of such 
lamellae by Mr Rajagopalan (unpublished observation) of 
this department, the thickness might be 0-2 microns and 
the length 2 microns (in one particular instance), whereas 
the front lamella itself is 0-4 microns thick. Professor 
Louis Wolpert (personal communication) has found 
lamellae and processes which are about 0-12 microns thick 
in electron microscope measurements of spreading cells. 

The ruffling eyele was observed, filmed and photo- 
graphed many times. On one occasion a cell was seen 
which approached a graphite particle, one of many placed 
on the substrate; the particle was picked up by the 
ruffling lamella and transported to the upper surface of the 
cell, being left just where the ruffles were pulled back into 
the surface. Then, after a short interval, the particle 
moved back along the upper surface relative to cell and 
substrate by some unknown mechanism and came to 
rest near the nucleus, Fi ig. 2 shows an accumulation of 
such particles on the upper surface of the cell. It should 
be noted that this backward movement of a particle on 
the surface is prima facie evidence against the theory of 
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Stills from time Japse film, side views of fibroblasts; sequence of 


Fig. 3. 
ten shots, 3 s apart, shows expansion of front end of Jeading lamella. 


cell locomotion in which the dorsal surface moves forward 
in a caterpillar tracklike motion, 


Mouse Fibrosarcoma $180 


No detailed observation of the ruffling lamellae of 


these cells was undertaken, but it can be seen from the 
photographs (Fig. 5) that in the cells shown the ruffles 
are much more complex. Particularly striking are the 
many sheet-like protrusions on the “dorsal” side of the 
cell, projecting into the medium. These originate any- 
where, wave in a random fashion and are again retracted. 
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Their function, if any, in a cell attached to a surface is 
obseure; perhaps they are important in vivo when the 
cell is in contact with other cells at many points. 


The Locomotory Cycle 

The ruffling cycle already described and given in Fig, 4 
describes my observations; such ruffling would not move 
the cell unless in contact with other cells. It is now 
proposed, however, that the mirror image of the ruffling 
cycle might be a true locomotory process. In this view, if 
contraction of the expanded edge of the lamella is stronger 
on the upper surface, the edge will lift and ruffling will 
result. If contraction is equally strong on both surfaces, 
simple retraction is the result. But if contraction is 
stronger on the lower or substrate surface of the expanded 
edge, then this edge would curl towards the substrate, 
make more efficient adhesive contact. and, through con- 
tinued contraction, produce the tension in the cell which 
ultimately results in forward locomotion. The cycle 
would repeat, just as for ruffling. It should be noted that 
different sectors of the leading lamella appear to act 
independently with respect to whether they are ruffling, 
retracting or “dragging”. The overall effect, however, 
must be to set up tension within the cell against the 
attachments in the rear, so that as these are gradually 
broken the cell moves jerkily forward. Perhaps some of 
the rear attachments, which might well be weaker or 
sliding adhesions (see discussion by Curtis*), are the re- 
mains of what were once leading or side lamellae before 
a change of direction by the cell. Clearly this type of cell 
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Fig. 4. Scheme of locomotion and of the ruffling cycle of chick embryonic 
fibroblasts (see detailed description in the text), a, Events which follow 
if contraction is predominantly in the underside of the expanded lamella; 
this sequence results in locomotion. 6, Events which follow if contraction 
is predominantly in the upper surface of the expanded lamella: this 
sequence results in ruffling, c, Equally strong contraction above and 
below results in retraction of the expanded lamella, In this drawing the 
thickness of the Jamella is drawn arbitrarily uniform, 


locomotion is quite similar to that suggested by Gustafson 
and Wolpert’ for certain embryonic cells and fibroblasts, a 
mechanism which involves contractile pseudopodia. 

The mechanism of locomotion proposed in this article is 
in agreement with much of the observed behaviour of 
cultured fibroblasts; in this view, contact. inhibition of 
locomotion® occurs when two expanded leading edges meet 
and attach much more firmly to each other (self-self 
recognition) than either would to the substrate. The 
eyele is broken, contraction results, but usually a new 
leading edge elsewhere in the cell is required to pull the 
two apposed cell edges apart. Such contact inhibition of 
locomotion requires. in my experience, contact between 
two living cells. If one cell had been heat killed so as to 
maintain its appearance and attachment to -glass, the 
approaching fibroblast would ignore the dead cell and force 
it off the glass substrate. 
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Fig. 5.) Fibrosarcoma Sid cells. 


Because the proposed scheme of locomotion postulates 
attachment to the substrate in front and rear only. it can 
account for the absence of attachments under the nuclear 
region of the cell?! On the other hand. the observed 
movement of small particles on the surface of fibroblasts, 
referred to earlier, is not explained. 

No real idea of the molecular basis of the proposed 
eyele of expansion and contraction can yet be formulated, 
but one might look for contraetile fibres under the cell 
membrane working against hydrostatie pressure or for 
rearrangement of the macromolecules m the cell mem- 
brane. 

L thank Professor Michael Abererombie, in whose 
laboratory these studies were carried out, for his advice. I 
also thank the other members of the group, particularly 
Dr Joan Heaysman and Messrs A. Middleton and G. 
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a, Top view: 
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h, side views, 10s apart. 
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Peptide Chain Elongation: GTP Cleavage catalysed by 
Factors binding Aminoacyl-Transfer RNA to the Ribosome 


by 

Y. ONO 

A. SKOULTCHI 
J. WATERSON 
P. LENGYEL 


Department of Molecular Biophysics, 
Yale University 


THe synthesis of polyphbenylalanyltRNA (polyphe-tRNA) 
from phenylalanyl-tRNA (phe-tRNA) in cell-free system 
directed by polyuridylic acid (poly U) may serve as a 
simple model for studying the mechanism of peptide chain 
elongation. This process requires the participation of 
ribosomes, guanosine-5’-triphosphate (GTP) and at least 
three amino-acid polymerization factors'-*. The factors 
S,, S, and S, were partially purified from an extract of 
Bacillus stearothermophilus*. They are analogous to 
factors from Æ. colit and Pseudomonas fluorescens’; S, 
corresponds to Ts factor of E. coli, 8, to G, and 8, to Tus. 
The particular factors are known to catalyse the reactions 
in the process of peptide chain elongation: 8, and 8, 
(similar to Ts and Tu) are involved in the formation of a 
complex with GTP and aminoacyl-tRNA (aa-tRNA); 
these factors also promote the binding of aa-tRNA 
(presumable from the above complex} to ribosomes 
attached to messenger-RNA (mRNA)*-13. Most of the 
product bound to ribosomes by 5, and 8, (or Ts and Tu) 
in the presence of GTP is diphenylalanyl--RNA (diphe- 
tRNA) and phe-tRNA. Polyphe-tRNA is not formed in 
these conditions®*“. S, (similarly to factor G in E. coli) 
appears to be involved in the translocation of peptidyl- 
tRNA from the aminoacyl or A site on the ribosome, to a 
second site, the peptidy! or P sitett-1!, Furthermore, in 
the presence of ribosomes, S, (similar to G) catalyses the 
hydrolysis of GTP to guanosine-5’-diphosphate (GDP) 
and orthophosphate (Pi). 

Here we describe studies aimed at elucidating the fate 
of GTP and the role of S, and 8, in attaching aa-tRNA to 
the ribosome-messenger complex. We have established 
that S, and S, catalyse the cleavage of GTP into GDP 
and Pi in the presence of ribosomes and this cleavage is 
promoted by the simultaneous presence of mRNA and 
aa-tRNA. The GTPase activity of the aa-tRNA binding 
factors (S,-S,) has several characteristics, which differen- 
tiates it from the GTPase activity of the translocase 
(S): The GTPase activity of 8, (and of G) is inhibited by 
the antibiotic fusidie acid which also blocks transloca- 
tion'#5.18, the GTPase activity of S, and S, is not affected 
by fusidic acid. We also confirmed reports’” that if 
5’-guanylyl-methylene-diphosphonate*” (GMPPCP), an 
analogue of GTP which cannot undergo enzymatic 
cleavage to GDP and Pi, is substituted for GTP, then 
aa-tRNA is bound to the ribosomes in the presence of 
S, and S, but peptide bond formation does not take place. 
This fact, and the observation that sparsomycin (an 
antibiotic blocking peptide bond formation)#!? does 
not inhibit GTP cleavage by S, and S, suggests that the 
cleavage of GTP by S, and $S, precedes (or is concurrent. 
with) peptide bond formation. Together these results 
indicate that at least two molecules of GTP may be hydro- 
lysed in the course of the addition of an aminoacy| residue 
to the peptide chain: the factors (8, and §,) binding aa- 
tRNA are involved in the cleavage of the first one and the 
translocase (S+) in that of the second one. An aa-(RNA 





At least two molecules of GTP may be hydrolysed during the 
addition of an amino-acid to a growing peptide chain. 


binding factor from rabbit reticulocytes also has GTPase 
activity’, 


Assays of GTPase Activity of S; and S3 

The amino-acid polymerization factors were partially 
purified (S,, thirty-fold; S, seventy-fold; S, hundred- 
fold) from B. stearothermophilus*. 8, is slightly contamin- 
ated with 8,; otherwise there is little if any cross-con- 
tamination among the three factors. Ribosomes were 
isolated from E. coli B and thoroughly washed, and Æ. coli 
B tRNA (from General Biochemicals) was charged with 
either 4C-phenylalanine (specific activity 205 wCi/umole), 
or *H-phenylalanine (specific activity 1,650 uCi/umole), 
or 4C-lysine (specific activity 247 uCi/umole)*?. Acetyl- 
uC-phe-tRNA (ac-4C-phe-éRNA) was prepared by acetylat - 
ing 4C-phetRNA*. P-GTP (gamma labelled) (specific 
activity 2,370 pCi/umole) came from the International 
Chemical and Nuclear Co. Fusidic acid and tetracycline 
HCl were given by Dr A. Laskin (Squibb Institute for 
Medical Research). Sparsomycin was a gift from the 
Cancer Chemotherapy National Service Center and Dr 
G. S. Fonken (Upjohn Company). All of the reaction 
mixtures contained the following components unless other- 
wise specified: 0-16 M (NH,)Cl; 0-04 M tris-HCl (pH 7-4); 
0-01 M magnesium acetate and 0-01 M dithiothreitol. 

For one step reactions | ml. of the reaction mixture 
contained in addition to the common components 2 
mumoles of #P-GTP (gamma labelled) and other com- 
ponents as indicated in the tables and figures. The final 
volume of the reaction mixture was 0-1 ml. The reaction 
was started by adding GTP. The reaction was usually 
terminated by adding 0-25 ml. of 0-02 M silicotungstic 
acid in 0-02 N H850, and the Pi released was determined 
as phosphomolybdate’®. 

For two-step reactions, 0-05 ml. of reaction mixture [ 
(1 ml. of which contained, in addition to the common 
components, other components as indicated in the tables 
and figures) was incubated at 30° C for 60 min and then 
cooled to 0° C. Step two involved adding an equal volume 
of reaction mixture IT (1 ml. of which contained, in addition 
to the common components, others as indicated in the 
tables and figures). The reaction was terminated and the 
released Pi determined as outlined for the “one-step 
reaction”. 

The conditions in the “two-step reaction” for GTPase 
activity are identical with those used to test if GTP is 
required in dipeptide formation (Table 6). The rationale 
for performing a two-step reaction with ac-phe-tRNA 
present in the first step is as follows: peptidyl-tRNA. in 
the ribosome P site can react with aa-tRNA in the A site, 
giving rise to a peptidy RNA one aminoacyl residue 
longer than before the reaction®:!*17.5,  Peptidyl-¢RNA 
in the A site, however, has to be translocated from the 
A site to the P site before such a reaction may take 
placet*-7, There is support for the view that GTP 
cleavage is required for translocation. We wanted to 
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S,, S3, ribosomes, 
polyU, phe- tRNA, 
ac-phe-?RNA 


Sp S3, 


ribosomes 


Pi released (zpmoles) 
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Time (min) 


Fig. 1. Kinetics of GTP cleavage as catalysed by S,, Sy and ribosomes 

in the presence of poly U, ac-phe--RNA and phe-tRNA. The reaction 

conditions were those of the “two-step reaction” (see also the legend to 

Table 1). The step 2 incubations were performed at 0° C. The amount of 

Pi released was determined in se done taken at the times indicated in 
the figure. 


discover whether GTP is cleaved in the course of the 
attachment of an aa-tRNA to the A site and its subsequent 
reaction with a peptidyl-t-RNA prebound in the P site in 
the absence of translocation. 

Ac-phe-tRNA is a partial analogue of peptidyl-tRNA, 
but its alpha amino group is blocked*4:?6:7, Seventy 
per cent of the ac-phe-tRNA bound to ribosomes (in the 
first step of the “two-step reaction”) in the presence of 
poly U is located in the P site. We conclude this because 
70 per cent of the acetylphenylalany] residues bound were 
released from their linkage to tRNA after incubating the 
reaction mixture with 0-2 mM puromycin at 30° C for 2 
min'426, Ribosomes with pre-bound ac-phe-t-RNA, as 
well as phe-tRNA, are present among the components in 
the reaction mixture of the second step. If in these eondi- 
tions GTP cleavage is required for the formation of 
ac-diphe-tRNA, then we can conclude that GTP cleavage 
is involved in the addition of an aminoacyl residue to 
peptidyl tRNA even in the absence of translocation. 


Table 1. GTPASE ACTIVITY oF S, +S? EFFECT OF RIBOSOMES, POLY U 
AC-PHE-IRNA AND PHE-LRNA 
Pi released from GPT (zumoles) 
Additions Exp. I Exp. II Exp.JI1 Exp. 1V 
Ribosomes 1:30 24 2-2 3-2 
Si, Ss 0-85 1-1 15 2-0 
Si, Sa, poly U ac-phe-t RNA, phe- 
tRNA 0-80 — — —— 
Sı, Sa, ribosomes 42 (2-9) 61(3:7) 44(22)}) 11-2 (8-0) 
Si, 8y, ribosomes, poly U = — — 9-5 (6:3) 
Sa S3, ribosomes, ac-phe-tRNA, 
phet RNA a — — 11-0 (7-8) 
Si, Sy, ribosomes, poly U, ac-phe- 
FRNA ~ — -—  110(7-8) 


8,, Sa, ribosomes, poly U, ac-phe- 
tRNA, phe-tRNA 8-3(7-0) 947-0) 9-0 (6-8) 
The reaction conditions were those of the two-step reaction. If ribosomes, 

ac-phe-{RNA or poly U were used, these were added to reaction mixture 1; 

if S,, S, or phe-tRNA were used, these were added to reaction mixture TT. 

The step 2 incubations were performed at 0° C for 40 min in experiments I, 

U and IH, and at 30° C for 5 min in experiment IV. The numbers in paren- 

theses are the net values of Pi released. These have been calculated by 

subtracting the amount of Pi released in the reaction mixtures containing 
only ribosomes from the amount of Pi released in the reaction mixtures in 
question. 


15-2 (12-0) 
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Table 2. GTPASE activity OF S,+8,: EFFECT OF RIBOSOMES, MRNA AND 
aa-tRNA 
Pi released from GTP 
Additions (ppmoles) 
Exp. I Exp. H 
Ribosomes 45 2-0 
$,, Ss 113 6-0 


Sa, Sa, ribosomes 

S,, Sa, ribosomes, poly U phet RNA 

S., Ss, ribosomes, poly U discharged tRNA 
Si, Sa, ribosomes, poly U lys-tRNA 

S,, 83, ribosomes, poly A lys-tRNA 

Sı, Sz, ribosomes, poly A discharged (RNA 
S,, 8;, ribosomes, poly A phe-tRNA 


31-3 (26-8) 25-2 (23-2) 
47-0 (42-5) oz 
31-3 (26-8) = 
31-0 (26-5) = 
38°3 (33-8) 36-8 (34-8) 
31:9 (27-4) 26-0 (24-0) 
32-7 (28-2) —_ 

The reaction conditions were those of the one-step reaction, except in 
experiment II where the concentration of magnesium acetate was 0-015 
M. The components of the reaction mixtures (other than the common 
components and labelled GTP) are specified in the table. The reaction 
mixtures were incubated at 30° © for 5 min, All values are the averages of 
two determinations. The numbers in parentheses are the net values of 


Pi released, after correction for the Pi released by ribosomes alone. (See 
also the legend to Table 1.) 


GTPase Activity of Si, S3 and Ribosomes 


The §, and 8, fractions catalyse the release of Pi from 
STP (Table 1). Inclusion of poly U, ae-phe-tRNA and 
phe-tRNA in a reaction mixture with S, and S, has no 
effect on this activity. Ribosomes, 8, and S, together, 
release about twice as much Pi from GTP than the sum 
of the amounts of Pi released by only ribosomes and only 
S, and §,. Including poly U, ac-phet+RNA and phe-t+RNA 
in a reaction mixture containing 8,, S, and ribosomes 
further increases the amount of Pi released by a factor of 
1-5 to 3. In the presence of ribosomes, however, there is 
no enhancement. of GTPase by either poly U and ac-phe- 
iRNA or by ac-phe-tRNA and phe-tRNA. 

The aa-tRNA must be the species specified by the 
mRNA to obtain this enhancing effect (Table 2). Poly U 
with lys--RNA or poly A with phe-t-RNA do not stimulate. 
That poly A and lys-(RNA do not promote GTP cleavage 
to the same extent as poly U and phe-tRNA may be 
because 8, and S, promote weaker binding of lystRNA 
than phe-tRNA in our conditions. Discharged {RNA has 


Sp S3, ribosomes, 
poly phe-tRNA 


iy 
© 


Pi released (moles) 
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Fig. 2. Dependence of the amount of GTP cleaved on the concentra- 
tion of S;. The reaction conditions were those of the “one-step reaction”, 
except that the amounts of S, in 0-1 ml. of the reaction mixtures were as 
specified in the figure. The components of the reaction mixtures (other 
than the common components and labelled GTP) are specified in the 
figure. The reaction mixtures were incubated at 30° C for 5 min. In these 
conditions the amount of Pi released by ribosomes and S, was 7-5 
Remoles. The uemoles of Pi released in the figure were calculated by 
subtracting 7-5 upmoles fram the zumoles actually released, 
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no effeet with either of the two messengers. The enhance- 
ment by poly U and phe-tRNA of the GTPase activity of 
So S, and ribosomes persists at 0° C for at least 40 min 
(Fig. 1). Fig. 2 indicates that the GTPase activity of 
8,, 8; and ribosomes (with or without poly U and phe- 
tRNA) depends on the concentration of S, in the reaction 
mixture. The GTPase activities of 8S, and 8, are syner- 
gistic in the presence of ribosomes with or without poly U 
and phe-tRNA (Table 3). GDP and Pi are the final 
products into which GTP is cleaved by $, S, in the 
presence of ribosomes with or without added poly U and 
phe-tRNA (Table 4). GMP is not formed. 

Table 3. GTPase ACTIVITIES OF S,, OF Ss AND OF $, +$, 


Pi released from GTP (uumoles) 


Additions 8, S, $,+5, 

Exp. I 

Factors 0-25 0-6 0-8 

Factors, poly U ac-phe-tRNA, phe-ERNA 026 OT 0-38 

Factors, ribosomes 2:3(1-0) 24(b1)  4:2(2-9) 

Factors, ribosomes, poly U, ac-phe-tRNA, 

phe-t RNA 8-2(1-9) 3-8(2-5) 8-3 (7-0) 

Exp. II 

Factors (ias 05 27 

Factors, ribosomes 1:5 (0:5) 35(2-5) 9-3 (8-3) 

Factors, ribosomes, poly U, phe-tRNA 2-9(1-9) 62(5-2) 13-6 (12-6) 


experiment 1: The reaction conditions were those of the two-step reaction. 
(See also the legend to Table 1.) The step 2 incubations were performed at 
0° C fer 40 min, Experiment II: The reaction conditions were those of the 
one-step reaction. The reaction mixtures were incubated at 0° C for 60 min. 
The numbers in parentheses (in both I and IT) are the net values of Pi released 
after correction for the Pi released by ribosomes alone (in experiment I this 
a in experiment H, 1-0 #umole) (See also the legend to 

able 1. 


S, and 8, form more nucleoside diphosphate from ATP 
than from GTP. But although the amount of ATP, 
CTP and UTP cleaved by 8, and 8, is not increased by 
adding ribosomes, poly U and phe-tRNA, the amount of 
GTP cleaved is enhanced several-fold (Table 4). 

Table 4. SPECIFHTY GF NUCLEOSIDE TRIPHOSPHATE CLEAVAGE BY S+ Sa 


Nucleoside diphosphate formed (zmoles) 


Nucleoside Si, 5a, ribosomes, 


triphosphate Ribosomes 81, 83 Sa, Sa, poly U, ac-phe-tRNA, 
added ribosomes phe-t RNA 
GTP 31 Li 8-5 (6-4) 17-1 (14-0) 
ATP 06 57 BA (4-8) 5:3 (4-7) 
CTP 04 14 1-6 (1-2) L5 (1) 
UTP Vd 1:3 2-5 (1-4) 2-4 (1:3) 


The reaction conditions were similar to those of the two-step reaction. 
Step 1, 0-05 ml, of reaction mixture I (1 ml. of which contained, in addition 
to the common components, some of the following as indicated: ribosomes, 
144 Asso Units: poly U, 80 ug; unlabelled ac-phe-tRNA, 14 Asas units) was 
incubated at 30° € for 60 min and then cooled to 0° ©. Step 2, to this solu- 
tion we added an equal volume of reaction mixture IIT (1 ml. of which 
contained in addition to the common components some of the following as 
indicated: phet RNA, 14 Ags units; 8,, 8-5 eg: Sa, 7-0 ug: OH-GTP (specific 
activity 800 #Ci/emole), 4 mumoles; *H-ATP (specific activity 1,800 aCi; 
umole), 4 mumoles; 4C-CTP (specific activity 149 wCi/zmole), 4 mumoles; 
SH-UTP (specific activity 1,200 «Ci/zmole), 4 mzumoles). The step 2 incuba- 
tion was performed at 0° C for 40 min. The reaction was terminated by adding 
a 200-fold excess of the corresponding unlabelled nucleoside triphosphate. 
Aliquots from the reaction mixture were applied to polyethyleneimine- 
cellulose (MN 800 PEI from Brinkman Instruments) thin layer plates 
(20 x 20x 0-025 cm) with the corresponding unlabelled nucleoside mono, 
di and triphosphates added as carriers, The chromatograms were developed 
with 4 M sodium formate (pH 3-15) at room temperature for 80 min according 
to the method of Randerath et al.. Sections (1 x 3 em) were scraped off 
from the plates and counted in 5 ml. of a toluene-based scintillator solution. 
The numbers in parentheses are the net values of nucleoside diphosphate 
vi, after correction for the nucleoside diphosphate formed by ribosomes 
alone, 


GTP Cleavage catalysed by S;, S3 and by S2 


Because S, (the translocase) hydrolyses GTP in the 
presence of ribosomes, we had to verify that the GTPase 
activities in S, and §, are the result of contaminations with 
S, The GTPase activity of the translocase in E. coli 
(factor G) is inhibited by fusidie acid. Table 5 reveals 
that the GTPase activity of S, (the translocase of B. 
stearothermophilus) in the presence of ribosomes is also 
inhibited by fusidic acid in the presence or absence of 
poly U, phe-tRNA and ac-phe-tRNA. The GTPase 
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activity of 8,, S, in the presence of ribosomes, poly U, 
ac-phe-t-RNA and phe-?RNA, however, is not affected 
by this antibiotic. 


DIFFERENCES BETWEEN THE CHARACTERISTICS OF GTP CLEAVAGE 
AS CATALYSED BY Sı +38, AND THAT CATALYSED BY Ša 


Table 5, 


Exp. I Exp. H 
Additions Sı + S; 8, StS, S: 
Factors 2-0 ü bi 0-2 
Factors, ribosomes U2(8'0) 104(72) 61(37) 33 (0-9) 
Factors, ribosomes, fusidic acid — 1-9 (0) —_ a= 


Factors, ribosomes, poly U, 


ac-phe-tRNA, phe-tRNA 1202-0) 16 (GLA PATO 2703) 
Factors, ribosomes, poly U, 

ac-phe-t RNA, phe-tRNA, 

fusidic acid W715) 3-3 (01) me- C 
Factors, ribosomes, poly U ac- 

phe-t RNA, phe-tRNA, spar- 

somycin 14-4 (11-2) — — _ 


The reaction conditions were those of the “two-step reaction”, 3-8 pg/ml. 
of S,, 1 mM fusidic acid or 0-2 mM sparsomycin was added to the reaction 
mixture II if so specified. The step 2 incubations were performed at 30° C 
for 5 min in experiment I and at 0° C for 40 min in experiment IT. The 
numbers in parentheses are the net values of Pi released, after correction 
for the Pi released by ribosomes alone which was, in Experiment I, 3-2 
pumoes and, in experiment H, 2-4 gamoles. (See also the legend to Table 1.) 


Another difference between the GTPase activities of 
the different factors is their temperature dependence. 
A decrease in the incubation temperature in the second 
step from 30° C for 5 min (Table 5, exp. I) to 0° C for 40 
min (exp. II) results in a 50 per cent decrease in the amount 
of GTP hydrolysed by 8, and S, and an 88 per cent 
decrease in that by S,. Fig. 3 confirms that the GTPase 
activity of the S, preparation is not due to contamination 
with Sẹ. Fig. 3 shows the distribution of GTPase and 8, 
activities in chromatographic fractions from a B. stearo- 
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Fig. 3. Distribution of GTPase activity in chromatographic fractions 
containing Sa A calcium phosphate gel fraction of the amino-acid 
polymerization factors from B. stearothermophilus was fractionated by 
elution with a linear concentration gradient of KCI between 0-15 and 0:55 
M on a DEAE-‘Sephadex’ column at pH 645. S, activity for polyphe- 
tRNA synthesis (in the figure phenylalanine incorporated) was assayed in 
the presence of 8, and $, (ref, 6). The reaction conditions for assaying 
GTPase activity (in the figure Pi released) were those of the “one-step 
reaction”, 10 ul. aliquots of the DEAE-Sephadex fractions were adde 

to reaction mixtures containing (in addition to the common components 
and labelled GTP) S,, ribosomes, poly U, phe-tRNA, and 1 mM fusidic 
acid, The total volume of each reaction mixture was 0-1 ml. The 
incubations were performed at 30° C for 5 min. In these conditions the 
amount of Pi released by ribosomes and 8, was 6-8 zumoles. The 
xumoles of Pi released in the figure were calculated by subtracting 

6-8 numoles from the zumoles actually released. 
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thermophilus extract. The peak of GTPase activity coin- 
cides with the peak of S, activity within the limits of 
experimental error. (The peak of S, activity is separated 
trom the peak of S, activity by 40 column fractions.) 


GTP needed for Dipeptide Synthesis in Absence of 
Translocation 


Both 8, and §, as well as GTP are needed for the optimal 
binding of phe-tRNA to a poly U-ribosome complex’. 
About half of the phe-¢-RNA bound to the poly U-ribosome 
complex carrying prebound ac-phe-tRNA is in the form of 
ac-diphe-tRNA (Table 6). We have established that 
GMPPCP can substitute for GTP in the binding of 
phe-tRNA, but cannot substitute for GTP in ac-diphe- 
tRNA synthesis. Sparsomyein inhibits the peptide syn- 
thetase in the 50S ribosomal subunit and permits binding 
but no dipeptide synthesis. Fusidie acid (the inhibitor 
of the translocase), on the other hand, allows the occur- 
rence of both binding and dipeptide synthesis. The fact 
that ac-diphe-tRNA synthesis is resistant to fusidic acid 
indicates that in our conditions this process does not 
involve translocation. 


Table 6, EFFECTS OF GTP, GMPPCP AND ANTIBIOTICS ON THE 5, +S, 
PROMOTED BINDING OF PHE-IRNA TO RIBOSOMES CARRYING AC-PHE-LRNA 


ac-4C-phe- ac-“C-phe-*H- 


Additions tRNA phe-tRNA *H-phe-(RNA 
(zpmoles) {u umoles) (uumoles) 
None 16-2 1-0 14 
Si, Ss, GTP 638 106 12-4 
S, Sa, GMPPCP 16-4 1-0 24-0 
Bi, Sa, GTP sparsomycin 16-6 O-4 17-0 
8,, Sa, GTP fusidie acid 76 88 14-0 


Step 1, 0-5 ml. of reaction mixture I (1 ml. of which contained, in addition 
to the common components, some of the following as indicated: ribosomes, 
14-4 Aygo units; poly U, 80 ug; ac-C-phe-tRNA (free of phe-t RNA and carry- 
ing 60 uumoles of acetylphenylalany] residues), 1-72 Aveo U) was incubated at 
30° C for 60 min and then cooled to 0° C. Step 2, To this solution we added 
an equal volume of reaction mixture II (1 ml. of which contained in addition 
to the common components: *H-phe-tRNA (carrying 140 xumoles of phenyl- 
alanyi residues), 15-5 Asso units and some of the following components as indi- 
cated in the table: S,, 13-6 xg: Ss, 4-8 ug; GTP, 0-01 umoles; GMPPCP 
(from Miles), 0-4 wmoles; sparsomycin, 0-4 moles; fusidie acid, 2 pmoles). 
The resulting solution was incubated at 0° C for 10 min and then immediately 
filtered through a Millipore filter. To determine the amounts of HC and 
*H-labelled compounds bound to ribosomes, the Millipore filters were counted 
in 6 ml. of a toluene-based scintillator solution. The nature of the labelled 
compounds bound to the ribosomes was determined in the following way: 
each Millipore filter was mixed vigorously twice, each time in 1 ml, of 1 N NH, 
OH to release from the filter the ribosomes and the bound products. The 
eluate was evaporated to dryness over P,O, in vacuo. The residue was resus- 
pended in a small volume of 0-5 N KOH and incubated at 37° C for 2 h, to 
release the aminoacy] and peptidyl residues from linkage to RNA. The 
alkaline solution was neutralized with perchloric acid and the precipitate 
removed, The resulting solution was analysed by electrophoresis on What- 
man 3.MM paper at two pH’s: (a) At pH 6-8 (in 0-1 M ammonium acetate)! 
at 33 Vicm for öh; in these conditions the movement of the standards from 
the origin towards the anode was the following (in em): acetylphenylalanine 
(from Sigma), 18-5; acetyldiphenylalanine (from Cyclo), 12-0; acetyltri- 
phenylalanine (prepared from triphenylalanine (from Cyclo) in a reaction 
with acetic anhydride in glacial acetic acid according to the procedure for 
preparing acetyl-DL-alanine*), 9-0. Phenylalanine migrates 2-5 cm from the 
origin towards the cathode; diphenylalanine (Schwartz) and triphenylalanine 
remain near the origin. (b) At pH 3-0 (in 0-1 M sodium citrate) at 55 V/cm 
for 2h, In these conditions the movement of the standards from the origin 
towards the cathode was the following (in cm): phenylalanine, 5-0; diphenyl- 
alanine, 12-0; triphenylalanine, 10-0. Acetylphenylalanine migrates 7-0 em 
from the origin towards the anode; acetyldiphenylalanine and acetyltri- 
phenylalanine remain near the origin, All standards were detected by their 
luminescence in liquid N, on irradiation with ultraviolet light. After 
electrophoresis, the paper was cut into 1 cm strips. These were counted in 
5 mi. of a toluene-based scintillator solution. 


Characteristics of S, and S GTP Cleavage 

The cleavage of GTP catalysed by S,, S, and ribosomes 
is probably a prerequisite of peptide bond formation. 
The requirement of mRNA and the appropriate aa-tRNA 
as well as ribosomes for maximal rate of GTP cleavage by 
the factors §, and 8, indicates that the cleavage may occur 
on the ribosome after the aa-tRNA-GTP-factor complex®? 
has been physically attached to the ribosome. Tetra- 
cyecline, which inhibits the binding of aa-tRNA to the 
mRNA-tribosome complex?*, unexpectedly did not inhibit 
the GPTase activity of S,, S, and ribosomes promoted by 
poly U and phe-+RNA (data not shown). It remains to 
be seen if this lack of inhibition reflects the existence of a 
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loose binding of aa-tRNA to the ribosome which may 
occur even in the presence of tetracycline. Because 
sparsomycin, which blocks peptide bond synthesis!» 2122, 
has no effect on this GTP cleavage, we presume that the 
cleavage occurs before (or concurrently with) peptide 
bond formation. 

S, may be recovered bound to the ribosomes if incubated 
in a reaction mixture including poly U, phe-eRNA, 8, and 
GMPPCP. If, however, GTP is substituted for GMPPCP, 
S, is not found attached to the ribosomes (unpublished 
results of A. 8. et al.). These observations suggest that 
Sa which may become attached to the mRNA-—ribosome 
complex together with GTP and aa-tRNA, is released 
from the complex after GTP has been cleaved and because 
GMPPCP is not cleaved, S, remains attached. 

We are now comparing the number of moles of GTP, 
whose cleavage by S, S, and ribosomes resulted from 
adding poly U and phe-t-RNA, with the number of moles 
of phe-tRNA, whose binding to ribosomes is catalysed by 
8, and 8, in the presence of GTP. Preliminary results 
indicate that this ratio (GTP/phe-tRNA) is less than 2, 
and Nishizuka and Lipmann?’ found that adding T factor 
(corresponding to 8, and 8,) to a polyphe--RNA synthe- 
sizing system with no T factor, or phe-tRNA to a system 
with no phe-tRNA, resulted in an increase in the amount 
of GTP cleaved. This increase was equimolar to the 
amount of phenylalanyl residues incorporated into poly- 
phe-t-RNA. Furthermore, Ravel and her associates (per- 
sonal communication) have observed a cleavage of GTP 
to GDP and Pi associated with the attachment of aa-tRNA 
to a mRNA-~ribosome complex in a cell free system from 
E. coli. 

This study was supported by a grant from the National 
Institutes of Health, US Public Health Service. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
The Alleged Supernova of 1006 


In the discussion of the position of this object by Shen? 
there is no mention of the evidence from the two European 
observations. The relatively unknown observation at 
Benevento, southern Italy, lat. +41° 8’ (ref. 2), indicates 
that the object was clearly seen; the second better known 
record of Hepidanus from St Gallen, Switzerland, lat. 
+47° 25’, where it is stated to have “disappeared entirely 
occasionally”, shows a low altitude consistent with a 
declination of only a little less than — 42° and a visibility 
perhaps aided or hindered by variations in refraction. 

It has been suggested? that possibly the star was a nova 
resulting from the explosion of x Lupi, present declination 
(1950) — 48°, but then about — 42°, giving a good altitude 
in southern Italy and a marginal one farther north. 
Identification seems to be confirmed by the statement in 
the Japanese Ming Yuch Chi: “[It] might be ‘Che Chen 
Chian Chi’ changing state and pouring out light’; and 
also the exact coincidence in position of Kappa with the 
Chinese estimate in the Seng Hai of 3° to the east of 
n Cen, and 3° west of à Lupi. 


S 
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Effect of a Constant Magnetic Field on 
the Neutron Beta Decay Rate and its 
Astrophysical Implications 


Recent advances in the production of large magnetic 
fields in the laboratory!* have generated interest in the 
effect of intense magnetic fields on various phenomena?:, 
The largest field that can be produced in the laboratory! 
at present is about 10° G, which is considerably lower 
than the quantum critical field value! of H.=mc/eV = 
44x 10% G; but the ‘“‘cosmie laboratory’? may be a 
source of much stronger fields and it has been suggested® 
that magnetic fields as large as 1014-1018 G may exist in 
neutron stars. Hoyle’ has cited the possibility of a large 
primordial magnetic field, and Brownell and Callaway? 
speculate that neutron stars and the dense early universe 
may be ferromagnetic. One of us (R. F. O.) has examined? 
various effects of a large magnetic field and has indicated 
an effect of magnetic fields which has been often ignored 
in astrophysical investigations, namely, that the rates of 
all elementary particle processes will be affected. Pur- 
suing this idea, we examine here the effect of a magnetic 
field on the 8 decay rate of a neutron. This is a funda- 
mental process in many astrophysical phenomena and in 
particular it is very important!* in a problem of current 
interest, that is, the production of He in the ‘‘big-bang”’ 
expansion of the universel, In addition, our calculations 
should be applicable to other elementary particle pro- 
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cesses. We present here only the main ideas; the caleula- 
tion details will be published elsewhere". 

We start with the V-A Hamiltonian density” but now 
use the exact wave functions for an electron in a constant 
magnetic field™ (H =H, say). These wave functions are 
characterized™ by discrete quantum numbers n and s and 
by the continuous variable k which denotes the z component 
of the linear momentum of the electrons. We treat the 
nucleons non-relativistically, as is usual. Integrating over 
the neutrino variables and summing over the quantum 
number s of the electrons, as well as the electron and proton 
spin states, we obtain the transition probability/s to an 
electron Landau level’ n and momentum interval k 
to k+dk, for an unpolarized source of neutrons. Integra- 


tion over k [consistent with k (m3) = + /W?-1— 4yn] 
total neutron 8 decay rate (k= c= m,= 1) gives 

ye nmax) 
w(H) =~" (1+32°) E (1— $no) {W(P — dyn)? — 

TÀ n=l 


2 pe ay da ; (1) 
3 (Pi — Ayn) — Woll + 4yn) sin h- 


(P35 — dyn) /(1 + Ayn) e} 
where! =g /9, 1-18, W,=2-53 is the total decay 
1H 
energy, y=5 H. Pi=W?—1, and where n(max) is the 
od E 
largest integer occurring in P?/4y. 
summation formula 


Using the Euler 


Hw 
u(H)={1+0-17 A + ---} w(0) for H H. (2) 
C 


where w(Q) is the zero field decay rate™. It is clear that 
the correction to w(O) is negligible for the largest fields 
attainable at present in the laboratory (H<10-7 H,). 
The situation, however, is quite different for fields of the 
order of those speculated to exist in the early universe and 
in neutron stars. When H> 2-7 He the only term in the 
sum that contributes is n=0 (this corresponds to the 
“one-dimensional gas” behaviour discussed by Manley**) 
and 


3 
w(H > 2-7 H)= f a (14322) {Po+}P3— wo sin APo 
X e 
H 
=0-77 — w(0 3 
0 TH, w(O) (3) 


For a magnetic field of arbitrary strength, numerical 
evaluation of equation (1) leads to the results presented 
in Fig. 1. An important feature is that w(H) is always 
greater than w(Q), and increases linearly with H for 
H>2-7 H.. 

What are the possible effects of our results on the produc- 
tion of He in an expanding universo? He is produced at 
a temperature of 10*-10° °K about 10* s after the start of 
the “big-bang’’}°.. The value of the primordial magnetic 
field’ and its dependence on time is a matter of speculation, 
but if a strong magnetic field does exist at this time then, 
as is clear from Fig. 1, w(H) may be substantially larger 


25 


us H){u(O) 


mà 
or 


0 10 2-0 3:0 
H/He 
The dependence of w#(H), the neutron 6 decay rate in a magnetic 
feid, on the magnetic field H. 


Fig. 1. 
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than w(O) and a larger decay rate for the neutron would 
reduce the amount of He produced”, which agrees with 
experiment!’4, But other factors must be considered. 
First, the magnetic field affects the thermodynamic energy 
distribution of the electron gas of the expanding universe. 
In addition, the magnetic field also affects the He produc- 
tion rate because the usual Friedman homogeneous model 
for an expanding universe must be replaced by an aniso- 
tropic model! (which in general reduces the He production 
ratet). 

What is the possibility of maintaining a magnetic field 
greater than He? Because of the fact that H > H, implies 
that 2unH > me? (where ug = eh/2me is the Bohr magnet on), 
it is sometimes stated that spontaneous pair production 
will occur in magnetic fields greater than He with the result 
that the magnetic field is destroyed, but this is incorrect 
because it considers only the Pauli spin energy of the 
electron and neglects the orbital energy (because of the 
quantization of orbits the latter can never be zero). One 
of us (R. F. O.) re-examined this question’, including not 
only these contributions to the energy but also the energy 
arising from the interaction of the anomalous magnetic 
moment of the electron with the magnetic field, It was 
concluded that spontaneous pair production will not 
occur for values of H ~ He but will only occur for values 
of H greater than 4na7H (=~ 5x 108 G). For fields greater 
than this value electron—positron pairs can be created at 
the expense of the thermal energy of the system and these 
pairs may then act to destroy the magnetic field which 
helped to give them birth. 

Finally, the effect of a magnetic field on elementary 
particle rates will also have application to the cooling 
rate of neutron stars if large magnetic fields exist there’. 


R, F. O'CONNELL 
J. J. MATESE 


Department of Physics and Astronomy, 
Louisiana State University. 
Baton Rouge, Louisiana 70803. 
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Detection of High Energy Gamma-rays 
from the Galactic Disk at Balloon 
Altitudes 


Is recent years there have been many attempts to detect 
extraterrestrial gamma radiation of energy greater than 
50 MeV (refs. 1-14), but the only positive evidence of the 
presence of this radiation was obtained recently by the 
OSO HI satellite experiment of Clark et al.. Their 
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measurements reveal a significant flux of gamma-rays 
associated with the galactic plane and an enhancement in 
the direction of the galactic centre. At present it is not 
known whether this flux comes from a number of unre- 
solved point sources, collisions between cosmic-ray protons 
and interstellar hydrogen, or Compton collisions between 
cosmic-ray electrons and the high intensity infrared radia- 
tion background?*!*, Attempts to detect the radiation by 
balloon experiments have suffered from a high level of 
locally generated background, which made the identifica- 
tion of the weak galactic source of gamma-rays a difficult, 
task. So far all balloon experiments have had an extra- 
polated primary flux at the top of the atmosphere greater 
than 1x 10-3 photons em-? s~ sr-t, irrespective of the 
type of detectors used (usually nuclear emulsions, scin- 
tillation Cerenkov detectors and spark chambers). This 
flux is an order of magnitude higher than the value of the 
isotropic primary flux of (1-2+0-2)x10-+ photons emv? 
s~ sr? reported by the OSO IIT experiment. 
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Fig, 2. Gamma-ray intensity plotted against atmospheric depth for 


three identical detectors. The dotted lines are three standard deviations 


from the mean. 
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Lh at altitude. Each detector was suspen- 
260 280<—; ded vertically from the balloon, so that the 
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The results described here were obtained from a number 
of balloon flights in 1967 and 1968 carrying gamma-ray 
detectors designed primarily to search for 7°-decay 
gamma-rays from the Sun. In order to minimize the back- 
ground, the flights were near the geomagnetic equator and 
the detector was carefully designed to reject spurious 
events simulating gamma-rays. 

The type of detector used is shown schematically in 
Fig. 1. Half a radiation length of lead converts the 
gamma-rays into eleetron—positron pairs. The electronics 
logie requires a coincidence between the elements B, C and 
D with an anticoincidence from the plastic seintillator A. 
& and D are one inch thick ‘Perspex’ Cerenkov radiators 
and C an eighth inch plastic scintillator. A pulse 
corresponding to the passage of both the electron and 
positron through the element is required in B, but only 
one electron is required in C and D. The efficiency of 
conversion of the incident gamma-ray is a function of its 
energy. Using the Monte Carlo calculations of Messel and 
Crawford'’, a figure of 38 per cent is arrived at for energies 
greater than 50 MeV. The conversion efficiency goes 
down rapidly below this energy. The Cerenkov elements 
Band D are both blackened at the top sur- 
face, which produces a unidirectional re- 
sponse for the detectors at a confidence leve! 
of about 98 per cent. The quarter-inch 
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The mean count rate for five flights, normalized to 4-3 mbar atmospheric depth, 
> scanned in galactic longitude 
The dotted line is the average count rate for the five flights. 


galactic plane moved through the polar 
diagram of the instrument as the Earth 
rotated. Three flights were made in October 
{ and November 1967, and the remainder 
during the same months in 1968. 

The gamma-ray counting rates of three 
identical detectors are plotted against 
atmospheric depth for the top 20 mbar of 
atmosphere in Fig. 2. A weighted least 
squares line is fitted to these points. Extra- 
polation to the top of the atmosphere cor- 
responds to a primary flux of (6+ 0-6) 
x 10- photons em-* s~? sr-!. This value is 
significantly lower than previous measure- 
ments with balloon-borne detectors. 

Indications of an enhanced gamma-ray 
flux from the galactic disk were observed 
on each flight, and Fig. 3 shows the mean 
count rate for the five successful flights, 
normalized to a depth of 4-5 mbar using 
the best line fit of Fig. 2 and plotted 
against galactic latitude. The count 
rate is enhanced at low galactic latitudes although the 
peak intensity seems to be displaced by 7° or so from the 
galactic plane. This displacement seems to be due to the 
increase in source strength in the direction of the galactic 
centre which is clearly seen in the OSO III results. Be- 
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cause of the 25° opening angle of our detector and the 
oblique angle at whieh its polar diagram crosses 


the galactic plane, the enhanced flux from the direction 
of the galactic centre would produce just such a displace- 
ment. 

In order to permit a direct comparison with the OSO IH 
data the measured flux values have been extrapolated to 
the top of the atmosphere and plotted in Fig. 4 with the 
OSO II values corresponding to that part of the celestial 
sphere scanned by our detector. Two intensity scales are 
shown, one based on the assumption of a line source and 
the other of an isotropic flux. The former is appropriate 
to the situation close to the galactic plane and the latter 
to high galactic latitudes. The published OSO LIT data 
are averaged for all longitudes at high galactic latitudes 
and it is this average value for the latitude range 50° to 
60° which is shown in Fig. 4. 
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thick scintillator anticoincidence shield A is 
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extended down the side of the five inch H 
photomultiplier tube coupled to element B, + OSO II Points E 
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Fig, 4. Gamma-ray intensity plotted against galactic coordinates, 
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The flux values measured in the two experiments are in 
exeellent agreement for directions corresponding to both 
low and high galactic latitudes and this agreement clearly 
demonstrates the feasibility of investigating extra- 
terrestrial gamma-rays using balloon techniques. The 
gamma-ray intensity measured here seems to be greater 
by a factor of about ten than that which would be expected 
on the basis of cosmic-ray interactions with interstellar 
hydrogen (as was also the case for the OSO IIT experi- 
ment)—-a discrepancy which has already been pointed out 
by Clark et al: 

I thank Professor H. Elliot, under whose direction this 
work was carried out, and Professor D. M. Thomson and 
his staff at Makerere University College, who provided 
base facilities and help in launching the balloons. The 
project was financed by a Science Research Council grant. 
I also thank the Rockefeller Foundation for a post- 
graduate scholarship. 
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Coronal Structure at the Solar Eclipse 
of September 22, 1968 


I recentLy published! a prediction of the coronal struc- 
ture to be expected during the eclipse of September 
22, 1968. Waldmeier has kindly made available a 
sketch prepared from his photographs obtained during 
this eclipse. The observations of Waldmeier were ob- 
tained with a 120 em focal length telescope near Yurga- 
mysh, USSR. 

The prediction and observation seem to have several 
features in common. Fig. la is the sketch of the eclipse 
of September 22, 1968, and Fig. 1b is the prediction of the 
coronal structure prepared on September 20, 1968. No 
prediction near the poles was made because observations 
of the photospheric magnetic field are of low quality in 
these regions. Proceeding counterclockwise from the 
north pole there are various similarities between the two 
figures. In the north-east quadrant, an open-rayed struc- 
ture is predicted and observed. The south-east quadrant 
shows two large helmet-type streamers. Two large 
streamers are observed. The resolution of the pictures 
was insufficient, however, to capture enough detail to 
trace any closed looped structure that may exist within 
these strearners. The model that predicts the structure 
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of the streamers does so only as far as 0-6 son 
above the photosphere. Hence the exact predicted ¢ 
tion of these streamers beyond this distance is somews 
uncertain. 

Above the south-west limb, one large streamer is 
predicted and observed. This streamer seems to consist 
of several coronal arches as predicted. Above the western 
equator some tight coronal arches are predicted with 
overlying streamer configurations. The direction and 
position of the rays in the sketch of Waldmeier are con- 
sistent with those of the streamers in the prediction. The 
rays appearing to emanate from the limb of the Sun as 
seen in the sketch may actually emanate from a configura- 
tion of closed loops (Pasachoff, private communication) as 
the prediction shows. Waldmeier (private communica- 
tion) describes this region as “the second-brightest in the 
corona, but almost structureless’. In the north-west 
quadrant, an open-rayed configuration at low latitudes 
and a streamer above a prominence chain at higher 
latitudes were predicted and observed, The high latitude 
streamer seems to have an open field line configuration 
suggesting somewhat hotter coronal temperatures. It is 
also possible that the streamer is closed with the open 
appearance being attributed to the orientation of the 
streamer base parallel to a meridian, as was the underlying 
prominence chain. 
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a, Sketch of the solar eclipse of September 22, 19685, drawn ty 


Fig. 1. 
Waldmeier, The shaded areas represent streamers. b, Prediction of the 
coronal structure drawn on September 20, 1068. 





Thus many of the features seen in the eclipse (streamers, 
open-rayed configuration and condensations) were in good 
qualitative agreement with those predicted from the 
model, Comparisons of the exact shape of many features 
may lead to improvements in the model and to a better 
understanding of corons] processes. 

I thank Professor M. Waldmeier for the sketch of the 
eclipse and his interpretation of coronal forms, and Dr 
John Wilcox for discussions. This research was supported 
in part by the US Office of Naval Research, by the US 
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Simultaneous Geomagnetic and Cosmic 
Noise Absorption Pulsations near 
Geomagnetic Noon 


SEVERAL groups"? usmg balloon-borne instruments in the 
northern auroral region have observed pulsating electron 
precipitation events occurring near local noon which were 
associated with geomagnetic pulsations of type Pc3 (con- 
tinuous pulsations with periods in the range 10-45 s). 
Pulsation events which are believed to be of the same 
basic type have been recorded with ground-based instru- 
ments, namely a riometer and geomagnetic micropulsa- 
tions (dH/dé) sensor, at Macquarie Island m the southern 
auroral region. 

The riometer consisted of a 30 MHz receiver monitoring 
the output of a vertically directed three-element yagı 
aerial. The diode detector output of the receiver was fed 
into an amplifier which removed the low frequency com- 
ponent so that fast time variations in cosmic noise absorp- 
tion (CNA) could be recorded. Tho output amplifier 
was normally run with a high frequency 3 dB cut-off at 
approximately 1 Hz. The geomagnetic pulsation sensor 
was a coil of 2x 105 turns on a ferrite core. We report 
here two pulsation events which were observed at Mac- 
quare Island. 

From approximately 18h UT on February 20 to 02h 
UT on February 21, geomagnetic pulsations of a quasi- 
sinusoidal nature and large amplitude were observed. 
(Because of a break m the record, no observations were 
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available for the time interval 19 h 50 mm to 22 h 23 min 
on February 20.) Pulsation at 30s period was the 
dominant feature of the record. The largest observed 
amplitudes which were greater than 20y peak to peak 
variation occurred in the mterval 19 h 20 mm-—19 h 40 mın 
on February 20. Throughout the event, CNA. pulsations 
with sharp onset and relatively slower recovery time were 
observed. When the component in geomagnetic pulsations 
with period 30 s was enhanced, trams of CNA pulsations 
of simular period were recorded. A typical section of the 
record for this event 1s reproduced ın Fig. 1. The magnetic 
index Kp during the pulsation event had values of 4, 
and 65. : 

From 23h UT on March 16 to 02h UT on March 17, 
large amplitude geomagnetic pulsations of a periodic 
nature were observed. The dominant period was approxi- 
mately 30s. The pulsations reached their maximum 
amplitude of approximately 10y peak to peak in the ın- 
terval 00h 40 mm-—00h 50 min on March 17. Through- 
out the event, CNA pulsations of similar character to 
those observed on February 20 were recorded. In the 
reproduction of the chart record given in Fig. 1, it can be 
seen that the CNA pulsations and geomagnetic pulsations 
have similar temporal structuring. The magnetic index 
Kp during this event was 3, and 4. 

The pulsation events described occurred near local 
geomagnetic noon and are similar to the electron pre- 
cipitation events with periods 20 to 35 s discussed by 
Parks ef al.2. (Local geomagnetic noon at Macquarie 
Island is approximately 00 h 20 min UT m the coordinate 
system of Kilfoyle and F. J.3.) 

We suggested that the sudden onset and short duration 
of mdividual CNA pulses are the result of precipitation of 
short bursts of electrons into the ionosphere. The slower 
recovery of the CNA pulses is presumed to result from the 
finite time for electron-ion recombination in the iono- 
sphere. 

This work was supported by a research grant from the 
Radio Research Board, Australia. We thank Mr D. 
Creighton for his part m the design of the equipment and 
Mr R. Schaeffer for his contribution to the development 
and operation of the equipment. We thank the Antarctic 
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New Pulse Technique for measuring 
Point Discharge in the Atmosphere 


Corona or point discharge ın the atmosphere occurs at 
the tips of earthed pointed objects when the vertical 
electric potential gradient near the ground rises to some 
hundreds of Vm-'; an example is St Elmo’s fire. Because 
there are always some 1ons present—from cosmic rays and 
traces of radioactivity—the enhanced potential gradient 
near the pomt leads to ionization by collision and a 
current passes to earth through the point. If a metal 
point at the top of a pole about 10 m high is connected to 
earth through a galvanometer a direct current of some 
microamperes is sometimes observed’. 

Observations for more than a century have shown that 
the average potential gradient near the surface over open 
ground bas remaimed near 100 Vm. The associated 
negative bound charge on the Earth’s surface would be 
neutralized in less than 1 h by the atmospheric 10on 
conduction current 1f this acted alone, for 1t brings down 
positive charge at about 3 pA m-* over almost all the 
Earth’s surface. Wilson’ suggested that the negative 
charge needed to make good this loss is carried to the 
surface durmg thunderstorms. It was proposed by 
Wormell? that the amounts of positive and negative 
charge brought to the surface by various processes in a 
year should very nearly balance, and figures quoted by 
Chalmers! suggest that the largest contribution results 
from pomt discharge. This makes its measurement a 
key operation if the charge transfer processes at the 
surface are to be quantitatively understood. It follows, 
moreover, that, if point discharge conveys the largest 
contribution to the surface, it must also leave behind in 
the air an equal charge of the opposite sign. We are 
concerned here with space charges which may be as large 
as any occurring ın a thunderstorm. The effecte of such 
large space charges may be far reaching, and for this 
reason also it 1s important to vestigate point discharge. 

Untal recent years most estimates of total point dis- 
charge to earth over a given area were based on the 
measured current through a metal pomt mounted on a 
pole. It was assumed that some natural surface feature, 
such as a tree, would behave like the mounted point, and 
by estrmating the effective separation of these features ıt 
was possible in principle to calculate the total current. 
The assumption could not easily be justafled, and indeed 
there ıs evidence that with an array of points, correspond- 
ing to close twigs on a tree, the total current 1s less than 
for an isolated point. It therefore does not follow that a 
more thickly wooded area will produce correspondingly 
more point discharge current. The reverse may be true. 
A tree, other than a small bush, is too large to be grown 
in an insulated container, so that it is not possible to 
measure the current directly for a tree growing naturally. 
Tf electrodes are inserted at two heights into the trunk of 
@ growing tree and connected to a galvanometer, the 
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current measured seems to be related to pomt discharge 
through a nearby metal pomt. There 1s evidence, however, 
that currents flow in the electrode circuit after the high 
potential gradient has subsided, and ıt 1s difficult to assess 
the effect of the electrodes on the living tree. Another 
approach 1s to look for differences in space charge con- 
centration or in potential gradient upwind and downwind 
of trees which may be discharging, but little success has 
been reported so far. In fact, to date, there has been 
hardly any evidence that point discharge occurs naturally 
on the large scale hitherto assumed. 
Here we make a prelimmary report on a new method of 
point discharge. This is based on the pulsed 
nature of the discharge current, caused, by space charge 
quenching, as described by Trichel* and by Large and 
Pierce’. For positave currents into a metal point the 
charge per pulse is of the order of 10-1° C, remaining 
roughly constant as current and pulse repetition frequency 
increase. Negative currents into metal points have dif- 
ferent characteristics, often occurrmg without pulses. 
Experimenta here using clip connexions to twigs newly 
cut from a spruce tree showed that during point discharge 
both positive and negative currents were always pulsed. 
It therefore seemed possible to dispense with direct con- 
nexions, and to use electrodes wrapped round but not in 
contact with a tree, thus coupling it capacitatively to a 
specially designed pulse detector. This was confirmed by 
preliminary tests with a small spruce tree growing in an 
insulated pot. Calibration with currents measured directly 
indicated an accuracy of + 20 per cent. 
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A field experiment followed, in Weardale, in a spruce 
plantatıon about 200 m by 150 m; the trees were about 
6 m apart and had an average height of about 18 m. The 
capacitative electrode was wrapped round one of the top 
branches of a tree, 0-15 m from the tip. The current 
indicated by the detector was recorded continuously, 
along with the vertical potential gradient measured by a 
field mill and the discharge current into a metal point on 
& pole 4 m high. Both field mill and pole were outside the 
plantation and 30 m from its edge. Part of a typical record, 
for a tree on the edge of the plantation, and also for the 
metal point on the pole, 1s reproduced in Fig. 1. It is 
seen that discharge at the metal point began when the 
potential gradient reached 2,500 Vm-!, but for the tree 
the onset value was 6,000 Vm-1. For the period June 1 
to August 31, 1968, the integrated discharge to earth 
through the metal point was — 7,200 uC, and for the tree 
— 430 pCi. Moreover, the duration of point discharge for 
the tree was less than one-tenth of that for the metal 
point. For the last 6 weeks of that period another tree, 
well inside the plantation, was furnished with a capacita- 
tive electrode, and the total discharge to earth was 
— 200 uCi, compared with —150 uCi for the other tree 
at the edge. It is surprising that the latter, being 
apparently more exposed, did not show the greater dis- 
charge. 

These seem to be the first measurements of natural 
point discharge made without inserting probes into or 
otherwise disturbing the trees. The technique at present 
involves much labour, though no doubt refinements will 
follow, Its most important application may be in the 
calibration of less elaborate apparatus. A more complete 
report will be published elsewhere. 

This work was supported in part by the US Office of 
Naval Research. 
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Polarographic Analogues for 

dispersing Fogs 

Two new techniques for dispersing natural fogs have 
emerged from studies of disperse-phase diffusion pheno- 
mena in gaseous media and of analogous behaviour at 
polarographic electrodes in liquid media. 

Experimental feasibility studies on natural fogs aro 
currently bemg planned, using both techniques, on 40 m, 
200 m and 1,500 m test sites. It is apparent that the 
techniques might find application, it successful results are 
achieved, in dynamic situations such as the conditions 
experienced on an aircratt carrier flight deck, as well as 
in the more static environment of an airfield runway. 

The technique—which emerged for a static environment 
—consists of the displacement of fog to a height of 40 m 
above an aircraft runway, with clearance extending to 
the full width of 100 m and to the length required for safe 
take-off, between 1,500 m and 4,000 m. 

The displacement 1s achieved by creating a stable 
disperse-phase diffusion layer at the interface between the 
fog base and a thin layer of dry aur at a lower temperature 
injected on to the runway. For aircraft take-off this 
diffusion layer is rapidly raised to the full operating height 
of 40 m by further injection of dry air, givmg an adequate 
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visual range for safe take-off. The dry-air layer might 
be retained on the runway by higher pressure injection 
along the sides of the runway, representing an inver- 
sion of the air-cushion principle used for hovercraft 
support. 

The volume of dry air required would be of the order of 
5x 10* m’, which would be produced by evaporation of 
5x 10° 1. of liquid air through heated directional louvres 
on either side of the runway. The liquid arr could be stored 
in two rows of fifty-six standard 1-2 x 10° foot? (gaseous) 
capacity tanks, each holding 5x104 J. of Lquid ar. 
Production of the liquid air could be achieved by a 
relatively small generator operating contmuously, with 
boosters when required, feeding the storage vessels through 
vacuum-insulated pipe networks. 

The second technique, which may be suitable for dynamic 
environments, evolved from experimental studies of the 
stability of interfacial diffusion layers between artificial 
water vapour condensation fogs and fog-free air, which 
suffered interruption from time to time by unexpected, 
spontaneous and complete dispersion of the fog. 

The dispersion was accompanied by deposition of a con- 
tinuous film of water and appeared to coincide with the 
applcation of a surface at a temperature of 0° C to the 
containing vessel within which the fog was generated. 
It was of interest that the water film appeared on the 
underside of the top of this containing vessel. 

It might be suggested, from these observations, that 
the effectiveness of the “dry-ice” method of fog precipita- 
tion is likely to be associated with the application of a 
cold surface rather than with a donation of nuclei. This 
technique, if proved to be feasible on the large scale tests, 
might be applicable to aircraft carrier flight decks for 
which the displacement technique would present difficul- 
ties in operation. 

The dispersal would be based on precipitation of the 
fog by exposure to a large area of surface cooled to very 
low temperatures by hquid air, and situated at the bow 
of the carrier, in order effectively to clear fogs approaching 
at relative speeds of up to 40 knois. 

It is envisaged that the efficiency of both techniques 
could be raised by consideration of the value of prelmin- 
ary filtration of larger droplets, in accordance with the 
operational limitations of the environment. 

Further details will be published elsewhere. 


W. J. Parker 
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Seismic Areas of the Guinea Coast 
where Atlantic Fracture Zones 
reach Africa 


STRUOTURAL features of the Guinea Coast indicate where 
some Atlantic fracture zones may reach the continental 
margins of Africa (Fig. 1) and are of interest because few 
such intersections have been described. 

The edge of the continental shelf south of Acora (Fig. 2) 
runs nearly straight for 200 km and strikes almost north- 
east. The slope is steep, falling to 4,000 m in 50 km. 
Isoseismals of the 1906 and 1939 Accra earthquakes': 
indicate epicentres near the edge of the shelf which has 
been considered to be fault controlled. Recent drilling 
has shown great Neogene sedimentary thickening across 
the line of the shelf edge under the Volta delta. The north- 
west margin of the Dahomey basin continues the trend, 
which is also shown by gravity observations and by seismic 
contours on the basement under Cretaceous and Tertiary 
sediments’. Fig. 2 shows that a left lateral fault south of 
Accra would offset the continental margin 300 km from 
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Fig. 1. Mid-Atlantic ri fracture zones in the Gulf of Guinea. The 
fracture zones reach ca between sedimentary basins. Rudge and 
fracture zones in the Atlantic taken from Stover’. 


under the Volta delta to south of the Cape Coast. This 
corresponds to the offset of the mid-Atlantic ridge by the 
Chain fracture zone®? and satisfies Wilson’s® condition 
that the offset of a contmental margin by a fracture zone 
transform fault must be the same as the offset at the 
mid-ocean ridge. 

If the Chain fracture zone extends to Accra, it must 
have a smaller radius of curvature close to the continental 
margin, than near the mid-Atlantic Ridge. Morgan’ has 
pointed out that increased curvature of the south Atlantic 
fracture zones is impleat in the difference between his 
pole of rotation, which represents the latter half of move- 
ment along the fractures, and that of Bullard eż al., which 
corresponds to the average motion throughout the opening 
of the Atlantic#®. Le Pichon" has estimated the position 
farther to the south of a pole which represents the earlier 
motion, and rotation, about this gives the required curva- 
ture of the eastern end of the Chain fracture zone. 

The correspondence between the offset of the continent 
margin and the mid-Atlantic ridge on the Chain fracture 
zone is further evidence that Africa and the south Atlantic, 
east of the mid-Atlantic mdge, may be considered as part 
of the same rigid block®.1. The occurrence, however, of 
an isolated seismic area near Accra with recently active 
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faults®1? (Fig. 2) indicates some comparatively small 
differential motion across the fracture zone. The Séhoué, 
Lokossa and Akwapim faults (Fig. 2), which make angles 
of about 20° with the shelf edge, resemble the tension 
gashes which can be produced experimentally’? in a 
superficial layer by horizontal motion between two under- 
lying blocks. They indicate left lateral motion as on the 
Cham fracture zone. The throw of the Akwapim fault 
and the intensity of the Acora earthquakes decrease into 
the continent and there is no evidence of faulting at 
distances greater than 300 km inland measured along the 
trend of the fracture zone. 

Farther east, Sieberg! reported five earthquakes from 
Cameroun of which two were associated with the Cameroun 
mountain volcano and two, including the largest, had 
epicentres at Kribi (10° E, 4° N), 200 km to the south. 
Kribi (Fig. 8) lies between the Cameroun and Gabon 
sedimentary basins, and the 8° S fracture zone can be 
brought to the continent there by continuing it along the 
Guinea ridge as Le Pichon" has s The offset on 
the 8° 8 fracture zone at the mid-Atlantic ridge is 200 km 
right lateral’ and this corresponds to a displacement of 
the 1,000 m submarine contour west of Libreville (Fig. 3). 

An isolated epicentre at 7° N, 11° W (ref. 14) could 
represent the junction of one of the small fractures south 
of the Vema fracture zone’ with the continent. Increased 
curvature on the Romanche fracture zone (Fig. 1) brings 
it to Africa along the north-west border of the Abidjan 
sedimentary basin. The 550 km offset which the fracture 
shows at the ridge®” can be projected to the continental 
margin, but there is no evidence of active faulting in this 
area. 

The distance between the suggested extensions of the 
8° S and Chain fracture zones measured perpendicular to 
the fractures at Accra is about one-third greater than their 
separation at the mid-Atlantic ridge. A possible explana- 
tion following a suggestion of Kennedy" is that the area 
now occupied by the Niger delta and the Benue valley was 
an, active rift in part of Cretaceous times. Spreading from 
this zone for about 10x 10 yr could have provided the 
extra 200 km of crust which now separates the fractures. 

The Cameroun volcanic line (Fig. 3) has been considered 
a major structural feature of the Gulf of Guinea"®-1’, but 
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lig. 2. The Accra seismic area. The Chain fracture zone Js suggested to run close to the edge of the shelf offsetting the continent 300 km. Three 
faults making angles of 20° with the shelf edge could be tension gashes produced by left lateral motion. 
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Fig. 8. The Kribi seismic area. The 8° 8 fracture zone is suggested to 
offset the 1,000 m contour and pass through the Knbi epioentres. 


the fracture zones, because they seem to have controlled 
the distribution of Cretaceous and Tertiary sedimentary 
basins, may be more fundamental. The Cameroun line 
cuts across a sedimentary basin, and although there is a 
continuous history of Caenozoic magmatic activity ın 
Camerouns?" the volcanoes which make up the line are very 
young. Structures which appear to resemble the Camer- 
oun volcanic lme are the Nasca, Cocos and Tehuantepec 
ridges of the eastern Pacrfic which Menard!* has suggested 
are tensional features related to the contact of oceanic 
fractures with the continent. 

Kennedy’ distinguished cratonic areas of Africa from 
those reactivated in the Pan-African orogeny and showed 
that Cretaceous and Tertiary marine sediments were 
confined to the reactivated areas. It may be a significant 
example of the control of later structures by earlier that 
the Chain fracture zone reaches the continent at the 
eastern border of the West African craton and the 8° S 
fracture at the northern border of the Congo craton. 

This is a contribution to the Nigerian Upper Mantle 
project. 

Kevin BURKE 
Department of Geology, 
University of Ibadan, 
Nigeria. 
Received December 9, 1968; revised February 10, 1969. 
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Lower Cretaceous Sourcelands and 
the North Atlantic 


Arrumprs to delay the Mesozoic opening of the North 
Atlantic! bear directly on the difficulties of accounting 
for the nature of Lower Cretaceous shelf deposits in 
western Europe. 

Non-marine sands (Wealden) in the Anglo-Paris basin 
indicate a metamorphic and igneous sourceland to the 
west’. They contain fragments of metaquartzite, mylon- 
ite, deformed feldspar (orthoclase > microcline > plagio- 
clase), high-grade schist, staurolite and kyanite (st Sky) 
and much tourmaline. Contemporary sands in eastern 
England (ky Zst, and so on) differ sharply, bemg supplied 
by northern sources feeding boreal Europe generally®. 

Metamorphism and tourmalinization in the western 
lands were presumably Caledonian or Heroynian (broad 
senses of Sutton?) or Cadomian’. But there are difficulties 
in identifying the sources with present day European 
massifs. Suitable high-grade rooks do outerop m Brit- 
tany’, Massif Central and so on, but they must have been 
negligible during the Lower Cretaceous. Heavy Hercynian 
tourmalinization features Cornwall—Devon, but high-grade 
metamorphic rocks are virtually absent there. In Wessex, 
the “western” detritus dominates the whole Wealden suc- 
cession. In Sussex, it was first restricted to the southern 
fringe of the basal Lower Cretaceous (Hasting Beds), but 
subsequently spread mto south Surrey (Weald Clay). 
There followed frequent interruptions (related to changes 
in palaeosalinity) resultmg from influxes from the northern 
source and London platform. During the succeeding 
marine Aptian, “western” detritus predominated again. 
By Lower Albian times “northern” detritus had per- 
manently displaced 1t°*. Normandy first received northern 
material in the Lower Albian; Paris and beyond, noneatall*. 

“Western” tourmaline-rich sands in the Weald Clay of 
mid-Sussex and Surrey are mcher in mica (biotite > 
muscovite) than normal, suggesting that the minerals had 
a common source. On traditional grounds this would be 
Hercynian (see note added ın proof). Confirmation may be 
seen in rare biotites with extreme optical dispersion, pre- 
sumably derived from Permian lavas!’ or sediments! like 
those ın Devonshire. But ‘°Ar/?*Ar dates of the weakly dis- 
persed biotites (Table 1) are Caledonian (from granites ?) 
and they do not appear to be recycled matenals. The 
inflexion at about 300 m.y. in the age/heating curve 
indicates a Hercynian event (re-heating ?), rather than 
discrete an grains. Both Caledonian (metamor- 
phic ?) and early Hercynian muscovites seem to be present, 
the latter predommating. 

It is necessary to look westwards for a tourmalinized 
source-ares including high-grade Caledonian rocks affected 
by two Hercynian events. Beyond Cornwall—Devon lies 
the Western Approaches, where the three European fold- 
belts converge (Fig. 1) and the geophysical omens!’ aro 
good; but it is inaccessible. 

The fold-belts reappear in North America!" shedding 
a comparable “Wealden” detritus. South-west from 
Newfoundland, dated orogenies (“Acadian”) span the late 
Caledonian-early Heroynian interval'* (compare ‘‘Vari- 
soan”). Three thousand km from Europe in the statistical 
fit of Bullard eż al.1” lies the metamorphic Piedmont. This 


Table 1. K—AR AGRS OF DETRITAL 11048 IN THE WEALD OLAY 


Mineral Method age and Remarks 
error (m.y.) 
Biotite ‘°Ar/**Arstep-heat- 884+8 Good “plateau” in age/heating ourve, 
- of crystallization, not out- 
analysis?’ ? Caledonian. 8hbght in- 
exion at 800 m.y.: Hercyntan 
Aluscovite m j 41645 Two distinct ‘ ux”, refore 
82943 two detrital ons, early Her- 
an > Caledonian ? 
Muscoy- ‘°Ar/*Ar total de 33744 um average age 
ite gassing analysis 


Sample: Top sandstone“ m Weald Olay exposed at Clock House brickyard, 
Capel, Burrey (TQ176884) = Bed No. 9 of ref. 14. 

Analytical Standard: USGS. P-207 Muscovite. 

Analysts: Buropa Engineering Oo. Ltd, London W8. 
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RELATIONS OF WEALDEN FACIES 
TO PRE-MESOZOIC FOLD-BELT 


{ CONJECTURAL) 


'Pre-drift reconstruction from Bullard ota!” 
Wealden facies 








aa 


R a 


Fig. 1. Post-orogenic pre-Wealden rocks and Pie-Cambnan fold-belts omitted. 


is tourmaline-bearing, high in grade and flanked by non- 
marine sediments (“Wealden”). Three principal isotopic 
events are reco, ed!#; an early Caledonian one about 
440 m.y. BP (intrusive), another (Cadomian/Pan-African ?) 
before that (syntectonic regional metamorphism) and a 
Hercynian event about 300 m.y. BP (on biotite, compare 
Table 1). Current thought emplaces the tourmaline during 
the metamorphism. 

Flanking ‘‘Wealden”’ (Patuxent facies!’ of the Potomac 
Formation) ım the Chesapeake-Delaware Embayment 
overlies Piedmont crystallines stratigraphically and is 
chiefly derived from them***°, Its detrital petrography 
approaches that predicted by extrapolating westwards 
the trends in the Anglo-Paris basın. Sands nearest to 
Europe (Delaware, Maryland") are often tourmalne-rich, 
contain more staurolite, kyanite (st ~ 7 ky (~ as southern 
England, northern France’)) and metaquartzite than those 
of Wessex and Normandy, and are poorer ın garnet and 
rutile. Amounts of K-feldapar vary greatly (the under- 
lying basement 1s saprolitized) and the clays are kaolinitic, 
as in Wessex and Normandy®-*4. Microcline predomin- 
ates over orthoclase, a difference conceivably the result 
of weathering. The American sediments are fluviatile 
(braided streams initially 1°) recalling Wessex, Normandy, 
Kent, Brabant—Ardennes and so on*. Like some of the 
European marginal developments, they le in an erosional 
embayment on a surface of unconformity which 1s irregular 
(channelled ?) on a smaller scale (maximum relief 150 
feet). Drainage systems over the Piedmont were broadly 
similar in sıze (up to 100 miles long’) and gradient to those 
on the European massifs, and about as frequent. Follow- 
ing conventional drift theory, there was origmally a unified 
Europe-Africa-America continental raft. This supported 
a land-mass at the end of the Palaeozoic, combining the 
west European, north-west African and east American 
Caledonian—Hercynian orogens. 

If the land-area, were divided by the sea before Wealden 
times (>135 m.y., BP), then the “‘American-type”’ 
materials in Europe may have been derived (1) directly 
from intervening crystallnes now submerged beneath the 
Western Approaches, or (u) secondarily from sediments 
flanking them, or (m) directly from extended Piedmont 
crystallmes by easterly drift along a narrow low-salinity 
“Atlantic”. ‘These possibilities would hold whether the 
division resulted from epicontinental transgression or 
immediate contimental rupture. If the latter, then the 
later the rupture the easier ıt is to explain the persistent 
geomorphological similarities between America and 
Europe lasting into Wealden times. 

Tf the division occurred during or soon after Wealden 
times (<135 m.y. BP), then assumptions concerning the 
Western Approaches can be avoided by postulating 
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immediate rupture, giving rise to easterly 
drainage along a rift-valley growmg be- 
tween America and Europe~Africa. Con- 
temporaneous marine sediments ın nearby 
Portugal and north-west Africa are not 
necessarily validating, nor would be proof 
of a south-easterly passage of the Patuxent 
into marine strata. A marginal intra- 
continental rift valley, branching towards 
Europe (English Channel, Bay of Biscay) 
and reaching the sea at both ends, could 
bear some resemblance to the present east 


African system’. Phonolitic 1gneous 
i activity (related ?), broadly “Wealden” in 
N age (132-111 m.y. BP)*, 1s known off 


Cornwall. Evidence of volcanic activity 
has been adduced‘ for the Upper Aptian 
(~1064+ m.y. BP). Possibly the per- 
manent disappearance of American-type 
detritus ın the Lower Albian (~100+ m.y. 
BP) reflects final rupture and formation 
of the deep North Atlantic. 

I thank Dr J. D. Glaser of the Maryland 
Geological Survey and Mr A. S. Arnold of Europa Engin- 
eering Co., Ltd, for help and advice, and the Continental 
Oil Co., Ltd, for financial asastance. 

Note added in proof. Since this communication was 
submitted, successful radiometric datang (Europa Engin- 
cermg) of detrital tourmalnes from the Weald Clay has 
confirmed their Hercynian age. One full-mze hand-picked 
concentrate gave 273+15 m.y. and a minute duplicate 
264+30 m.y. (minimum average ages; ‘°Ar/?*Ar total 
degassing analyses; ‘‘out-of-core” irradiation; constants 
and techniques as before). The rock was a weathered 
decalerfied sandstone rich ın tourmaline (> 60 per cent 
of heavy detritals), lymg stratigraphically above the 
Horsham Stone, and outcrop-sampled from the east side 
of A24, 1 km north-east of Warnham, Sussex (TQ164346). 
P. ALLEN 
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Submillimetre Absorption by 
Isotopic and Vibrationally Excited 
Forms of Water Vapour 


As a result of a number of high altitude submillimetre 
atmospheric observations using both the Sun’ and the 
sky®-* as a source, there is interest concerning the origin 
of a number of weak absorption features that have 
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INTERFACE CONVERSION FOR 
POLYMER GOATINGS 


Edited by P. Weiss and G. Dale Cheever, Polymers Depart- 
ment, General Motors Research Laboratories, Warren, Michi- 
gan, U.S.A. 


CONTENTS: Preface; molecular structure and electrostatic 
interactions at polymer-solid interfaces; diffusion and reaction 
of polymers in a capillary matrix; interfacial turbulence: 
spontaneous emulsification and evaporative convection; 
epitaxy and corrosion resistance of inorganic protective 
layers on metals; surface finishes of metals from the electro- 
chemical point of view; the kinetics of the formation of 
phosphate coatings; wetting of phosphate interfaces by 
polymer liquids; the role of oxide films in the zinc phosphating 
of steel surfaces; a collective viewpoint of surfaces; the 
hysical chemistry of surfaces and surface heterogeneities; 
ocalized oxidation processes on iron; interface conversion 
of polymers by excited gases; dynamics of ionic adsorption 
on polymers, polymer adsorption on substrates; adsorption 
of surfactants at polymer interfaces; factors in interface con- 
version for polymer coatings; author index; subject index. 


1969 389 pages 99 illus. £910 0 


ELECTROMAGNETIG 
SCATTERING ON SPHERICAL 
POLYDISPERSIONS 


D. Deirmendjian, The RAND Corporation, Santa Monica, 
California, U.S.A. 

CONTENTS: Preface; glossary of symbols; Part I. Poly- 
disperse scattering; Introduction; scattering on single 
particles; single scattering on many particles; discussion 
and application of the results; Part Il. Numerical tables; 
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1969 290 pages 
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QUANTUM MECHANICS 
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of wave mechanics; the physical interpretation of the quantum 
mechanics; the spin the electron and other elementary 
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atoms and molecules; the dirac equation; quantization of 
an electromagnetic fleld, emisslon and absorption of light; 
appendices; index. 


1968 584 pages 
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G. V. Marr, The J. J. Thomson Physical Laboratory, Reading, 
Great Britain 


CONTENTS: Introduction; plasma fundamentals; the 
absorption and emission of radiation; the spectra of atoms: 
the electronic spectra of diatomic molecules: bound-free 
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fields; free-free transitions; oscillator strengths in spectro- 
scopic analysis; the shape and width of spectral lines; plasma 
diagnostic index. 
83 illus. 
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physico-chemical effects; point defects; high flux neutron 
damage; index. 
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S.i. UNITS : CONVERSION AND 
METRICATION TABLES 

compiled by F. Socrates, Ph.D., M.Sc., and 

L. J. Sappen, L.L.B. 

This publication is designed to meet the imminent 
need of those engaged in science, industry, and 
commerce for a convenient means to convert 
existing units into S.l. units, now that some thirty 
countries have already decided to adopt the 
International System of Units as the only legally 
acceptable classification of physical quantities. 
Ready Shortly 5s. 


SYMPOSIUM ON FIBROUS PROTEINS 
edited by W. G. Crewther 

The symposium on Fibrous Proteins (Australia) 
held at the Academy of Sciences, Canberra, from 
14-18 August, 1967, was the third international 
conference to carry that title. The contents are as 
follows : Relation between Amino-acid Composi- 
tion and Conformation of Polypeptides and Proteins. 
Muscle and Flagella. Collagen and Elastin. Keratin. 
1968 432 pages illus. £10 


THE USE OF CHEMICAL LITERATURE 
—2ND EDITION 

edited by R. T. Bottle 

This new edition marks the formal start of a new 
series of literature guides entitled /nformation 
Sources for Research and Development under the 
general editorship of R. T. Bottle and D. J. Foskett. 
Selection is of importance here, and the editors 
have tried to include the information and reference 
sources which they find most useful rather than to 
present an uncritical mass of literature. The range 
of contributors is wide. 

1969 320 pages 65s. 


ELECTRICAL, MAGNETIC AND VISUAL 
METHODS OF TESTING MATERIALS 

by J. Blitz, M.Sc., F.Inst.P., M.N.D.T.S., William G. 
King, A.l.M., and Donald G. Rogers, M.N.D.T.S., 
A.M.LE.I. 

Following the publication of An Introduction to 
Industrial Radiology and Ultrasonic Methods of 
Testing Materials, this present volume completes a 
group of three books which aims to cover compre- 
hensively the conventional methods of non-destruc- 
tive testing. 

1969 224 pages illus. 65s. 


PROGRESS IN STEREOCHEMISTRY—4 
edited by B. J. Aylett, M.A., Ph.D.(Cantab) and 
M. M. Harris, Ph.D., D.Sc. 

The contents of this new volume will include: 
Configurational Analysis in Carbohydrate Chemistry. 
Stereochemical Correlations. The Stereochemistry 
of Main Group IV Elements. The Stereochemistry 
of the Protein Myoglobin. The Use of Models in 
Stereochemistry. 


(Ready Shortly approx. 376 pages illus. 
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Elementary Wave Mechanics 
with Applications to 
Quantum Chemistry 


W. Heitler 


This book, written primarily for chemists and non-mathematical 
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This is a comprehensive guide, for graduate engineers and physicists, to the properties 
and applications of magnetically soft ferrites. It deals with these properties In general, 
discussing those of technological importance ranging from B-H loops through complex 
permeability, losses, distortion, magnetostriction, with frequency, flux density and 
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the basic principles of both X-ray generation and photography are described, together 
with methods of determining polycrystalline wire and sheet textures, etc. 


178 pp. 103 illustrations 42s. net case 44s. by post 
28s. net student edition 30s. by post. 


XXIV 





NATURE, MAY 17, 


1969 





300 UVor VIS Spectrophotometric 
Determinations per Hour... with 
the Model 2443 Rapid Sampler 


Rack after rack of samples can now be processed simply 
and rapidly, perhaps with your spectrophotometer. 

The vacuum operated Gilford Rapid Sampling System re- 
quires samples of only 0.7 ml and can process over 300 per 
hour. The cuvette remains in the measuring beam for both 
filling and cleaning. Sample handling and cuvette breakage 
are minimized. The Kel-F construction 1s chemically inert. 


Samples can be analyzed with either UV or VIS energy, as 


the Model 2443 ıs adaptable to Gilford UV, VIS Spectrophotom- 
eters, and certain quality monochromators.. 


The increased productivity provided by the Model 2443 
Rapid Sampler can make transcription time a limiting factor. 
A permanent record of absorbance or concentration can be 
printed out automatically by adding the Gilford Model 410 
Absorbance/Concentration Meter and Model 4006 Data Lister. 


Learn how easily and inexpensively | ® 
these devices can be adaptedto your 
present system. Call 216/774-1041 
today, or write for Bulletin N-1759 


GILFORD INSTRUMENT LABORATORIES INC. OBERLIN, OHIO 44074 





DISTRIBUTED IN GREAT BRITAIN EXCLUSIVELY BY: 
WRIGHT SCIENTIFIC LTD., 3 LOWER ROAD, KENLEY, SURREY C-r2 SNH ENGLAND Telephone: 01-668 4611 


ae 


Ses! 


Ar 


ay 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs å l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angəfuhrten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabə im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviatèa: T. G. Scott e Son 
Ltd. L'affrancatura 6 a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dal! 
irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


Nature, May 17, 1969, p. a 


NATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 





IF you would like to receive further information on any product or servic 
advertised in this issue, please enter the appropriate details on the form below 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is require: 
if the letter form is posted in Great Britain or Northern Ireland, but all over 
seas readers must pay the necessary postage. 


Date of 
Issue 


Page 


Name of Manufacturer No. 











Product 











Date of Page 


Name of Manufacturer issue No. 





Product 





Date of Page 





Name of Manufacturer —. issue No. 
Product a ea AR eade Taa, 
—— 

Page 
Name of Manufacturer Snn a aa a No. 





Product 


Date of Page 


eet e a el a issue No. 


Name of Manufacturer 





Product 











Date of Page 
Name of Manufacturer SR a ee a issue No. 


Product eee 





Date of Page 
Name of Manufacturer issue No. 


Product aan 








Name of Manufacturer - issue No. 





Product 








PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASE 


Name . Pl ETE 





Position — 








Organisation ---.. eee ee eects Ba secre he 





Address 





ure, May 17, 1969, p. xvvi 


READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


2nd Fold 


NO POSTAGE 
STi 
POSTAGE NECESSARY IF 


LICENSEE 





BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 


1 Clement's Inn 
Strand 

London WC2 
England 


ard Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Fuck: a 





1st Fold 


NATURE 


INTERNATIONAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


NATURE, MAY 17, 1969 XXVII 





' EUROPEAN JOURNAL OF PHARMACOLOGY 


í Editors: D. de WIED, M.D. (Utrecht) and J. M. van ROSSUM, Ph.D. (Nijmegen) 

: Scope : General pharmacology and pharmacodynamics ; drug kinetics and drug metabolism ; toxicology 
t and teratogenicity; animal and human Pharmacology 5 pharmacology of the nervous system, 

i including behavioural pharmacology ; pharmacology of the uro-genital, the gastrointestinal and the 
i respiratory tract; pharmacology of the cardiovascułar system. 


For the rapid publication of sbort but complete research papers, the journal provides special facilities 
} in the section : 


SHORT COMMUNICATIONS 


Note to Authors: Average length: 1500-2000 wo including an abstract of not more than 50 words. 
Clarity of presentation is essential for rapid publication. Immediate refereeing. The 


original manuscript plus one carbon copy, includirig two sets of figures and tables, 
should be sent to the Editor: 


Professor D. de Wied, Department of Pharmacology, 
t Medical Faculty, University of Utrecht, 
Vondellaan 6, cht, The Netherlands. 


EUROPEAN JOURNAL OF PHARMACOLOGY 


Current subscription: vol. 4-8, 1969, Hfl. 60.— ($17.00) per volume 
Also available: Vol 1, 1967, Hf. 60.— ($17.00) 

Vol. 2+3, 1968, Hfl. 60.— ($17.00) per volume 
Sample copies available on request. 


Please address your order to your subscription agent or directly to: 


posoxze NORTH F HOLLAND setarcanos 


T= 





Simultaneous 
DTA+TG 


You already have a Stanton 
Thermobalance. 


You wouldn't be without It. 


Now you need the untt which 
goes with it to provide DTA 
plus TG at the same time, on 
the same sample. 


This way you get top-quality 
Differentlal Thermal Analysis 
at rock bottom price, plus 
instant correlation with your 
TG record. 


& 


Versatile Stanton deslgn and 
full Stanton technical 
applications service, of course. 


S 
N 
by stanton 
` 





j Stanton instruments Ltd., 
Department 11, 
Copper Mill Lane, London, 
S.W.17. 01-946 7731. 


XXVIII NATURE, MAY 17, 1969 





A NEW JOURNAL | 


Chemico-Biological 
Interactions 


AN INTERNATIONAL JOURNAL DEVOTED TO STUDIES OF THE MECHANISMS BY WHICH 
EXOGENOUS CHEMICALS PRODUCE CHANGES IN BIOLOGICAL SYSTEMS 


Managing Editor: G.P. Warwick (London, Great Britain) 
Associate Managing Editors: E. Farber (Pittsburgh, Pa., U.S.A.) and 
B. Ketterer (London, Great Britain) 


This journal contains papers dealing with the effects produced by chemicals foreign to the organism being 
studied, and which by molecular interactions, or incorporation, produce changes in biological structure and 
function. Biological systems studied include not only mammals but also plants, unicellular organisms, viruses, 
and systems derived from these. 


A major aim of the journal is to publish papers which explain as far as possible in molecular terms the 
mechanisms by which exogenous chemicals exert their effects in biological systems. 


Initially approximately one volume of 4—6 issues will be published per year. The first issue is scheduled for 
publication in September, 1969 and Volume 1 will cover 1969/70. 

The subscription price is Dfl. 90.00 plus Dfl. 5.00 postage or equivalent (US$25.00 plus US$1.40 or £10.9.6 
plus 12s. as at March 1, 1969). 


OF INTEREST TO: 

Workers in the fields of biochemistry, pharmacology, toxocilogy, cytology, histology, pathology, genetics, 
cancer research, teratogenesis, chemotherapy, botany, microbiology and virology as well as the libraries of 
universities and of research facilities of pharmaceutical and other industries. 


Further information, suggestions to authors and specimen copies will be sent on request by the publishers. 
Subscriptions may be placed with your usual supplier or with 





Elsevier 


P.O. Box 211 
Amsterdam - The Netherlands 





NATURE, VOL. 222, MAY 17. 1969 


appeared in these spectra. In particular a result obtained 
at an altitude of 12-6 km (ref. 4) has given tentative assign- 
ments to a number of the features observed. We present 
here laboratory results aimed at explainmg certain 
features ın the region 19 to 31 em-1 in terms of isotopic 
modifications of water vapour (HDO and H,O#*) (ref. 7) 
and the rotational transitions of the lowest vibrationally 
excited state of H,O! (v,, vy, v;=0, 1, 0, centred at 
1,595 cm- (ref. 8) Transitions resulting from these species 
apparently have not been considered in analysing atmo- 
spheric results. Also we present a result which has been 
referred to in both refs. 2 and 4, namely, an atmospheric 
absorption spectrum ın the region 40-54 cm-!, again with 
the purpose of identifying any weak features attributable 
to both isotopic species of water vapour, and the dimer 
of the water molecule? 39, 

The principal observations were made m a 7-5 m 
“White” cell with a path length of 180 m, using an NPL 
modular interferometer with a 190 um beamdivider’. 
The detector was a Golay cell. We observed the absorp- 
tion ın pure water vapour (P, = 0-02 atmospheres, that 1s, 
3-6 m atmospheres of water vapour), and then in water 
vapour contaming 1 per cent D,O, which would create 
approximately 2 per cent HDO, agam at a pressure of 
0-02 atmospher:. These results were ratioed against & 
vacuum background spectrum and are shown m Fig. 1, 
curves (a) and (b) respectively. The reason for using equal 
pressures of water vapour ın (a) and (b) was that by 
ratiomg (b) against (a) the absorption resulting from 
HDO alone can be identified: this ratio 1s shown as curve 
(c) of Fig. 1. The choice of long path length (2) and low 
pressure (Po) can be explained by considering the expres- 
sions for the integrated absorbance (A) m the lmit of 
weak and strong lines!. 

Weak lines A=Sope 

Strong lnes A=2VSypoAcopel (1) 
where S, is the integrated lne strength in cm- (em 
atmospheres)-! and Ao, 1s the self-broadened halfwidth of 
the water line for a pressure of 1 atmosphere in cm- 
atmospheres“. It can be seen that for maximum dıs- 
crimination of weak lines J should be as large as possible 
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Fig. 1. Spectrum showing water vapour absorption. a, Water vapour 

qhatuta abundance), b, water vapour with 2 per cent HDO, c, ratio of 

against a showing HDO features. Path le 180 m; vapour pressure 
15 torr, resolution 0°25 cm-t, 








sae N 
aoe 8 + 
+ 4 4 4 
? Oo N T 
aN o n hog 


Percentage of transmission 





0 
40 





42 44 46 48 50 52 54 


Wave-number (cm-!) 


Fig. 2. Quantitative absorption spectrum of water vapour show the 
6,-7-, transition at 4806 om~ (arrowed), Theoretical water vepour 
absorption spectrum shown at top, with the length of Lar proportional 
to the square root of the integrated line strength (S, in equation 1). 
Path length 120 m, vapour pressure 2 torr, resolution 0 25 cm-!, 


Table 1 
Predicted 
Transition frequency Observed 
Species J'y—>J"y” (a cm) frequency Comments 

(refs. 7,8) (o em=) 
HDO 2, 2 20 06 19 95 In curves a, b and e 
,01*(010) ., 1, 22 07 22 00 In curves a and b 
HDO 3s 4a 2760 2760 In curves a, band c 
HDO 7, 8, 28 80 28 80 In curves a, b and c 
H,07*(010) 2, 2 28 69 28 65 In curves a and b 
H,0**010) 2, 24 29 79 Not seen 
Hbo 0 le 207 2983 In curves b and c 


Five of the weak lines lsted and appealing in pure water vapour 
(curve a) can be assigned to HDO o: the 010 vibrational state of H,O'*, and 
only two lines at 229 cm~ (the 4;>5, transition in H,0” ıs predicted? to 
occur at 2294 cm, but we have been unable to positively confirm this 
assignment) and 31 2 cm~ [curves (a) and (8)] cannot be adequately explained. 


and the halfwidth (Ac=Assp,) should be as small as 
possible. The resolution limit 18 0-25 cm- (ref. 4). 

In the region 19-31 cm~ a number of weak features 
can be assigned to HDO and others to the 010 vibrational 
state of H,O* (“Hot” lines, Fig. 1). Table 1 shows these 
assignments. 

Comparing these results with the assignments in ref. 4, 
the possibility of observing D,O in the atmosphere seems 
remote, because of the exchange of hydrogen and deuter- 
1um with H,O to form HDO. For this reason and because 
of our observations, we suggest that the feature at 29-71 
cm~ (ref. 4) more probably results from HDO rather than 
D,O. Furthermore, the assignment of the feature at 
48-10 cm- (ref. 4) to D,O apparently overlooks the exist- 
ence of a relatively strong H,O tranaition 607-4 at 
48-06 cm-' (Fig. 2). The spectrum shown m Fig. 2 was 
obtained for pure water vapour over a path length of 
120 m and at a pressure of 0-0026 atmospheres, these 
conditions being chosen to give approximately equivalent 
absorption to that expected m the aircraft observations 
(about 20 um of precipitable water above the aircraft’). 
This prelmınary observation has been obtained as part 
of a comprehensive quantitative study of water vapour 
absorption m the region 40 to 130 em-!, which will be 
published. 

We are interested in a feature at 49-5 cm-!, for we have 
asserted that the observation of a simular atmospheric 
lne by Yaroslavakii and Stanevich’ possibly results from 
a grating artefact?. To support this assertion we show a 
result obtained in virtually identical conditions as in 
ref. 11, but with increased resolving power (0-2 cm-t). In 
ref. 11 the feature at 49-5 cm- is of comparable intensity 
to that at 44-1 cm- and because we observed no such 
feature we concluded that such a feature may be an 
expermental artefact. But laboratory studies to con- 
firm the existence of the water vapour dimer (ref. 12 and 
unpublished results of J. E. Harries, W. J. Burroughs and 
H. A. Gebbie) have shown that the Q branch K=1->0 


660 


lune of the dimer, at 7:5 cm-t, appears to become narrower, 
and more easily observable at low temperatures. For this 
reason 1t is reasonable to assign the feature appearmg at 
49-5 cm- (ref. 4) to (H,O),, as a consequence of the very 
low temperatures at an altitude of 12-6 km and above 
(where 7'~223° K) despite the apparent absence of 
such a feature at room temperature. This assumption 
18 also consistent with the strong absorption observed in 
earlier solar studies below 10 cm~ (refs. 2, 3). 
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Photoelectron Spectroscopy and 
Adsorbed Species 


RECENTLY vacuum ultraviolet photoelectron spectroscopy, 

using helium 21-2 eV radiation, has become of great value 

in examining ionization of compounds in the gas phase’. 

If the technique could be applied to an adsorbed layer, 

it should be possible to identify directly the orbitals 

mvolved in bonding to the surface. Catalytic intermediates 
could also be mvestigated. 
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Previous photoelectric work on reactions 
at surfaces has involved the determination of 
work functions and the changes brought 
about by the adsorption of gases’. At the 
low photon energies used (normally well 
under 10 eV), no structure from the ad- 
sorbed layer has been revealed. 

X-ray photoelectron spectroscopy (ESCA), 
however, can give information on atomic en- 
vironments in adsorbed molecules’. The 
application of very soft X-rays to the in- 
vestigation of adsorbed layers has also been 
suggested‘. 

There is some reason to suppose that 
a helium-excited photoelectron spectrum 
should be obtamed from adsorbed material. 
The number of molecules present on the 





Wave-number (cm~) 


Fig. 8. Spectrum of moist alr showing absence of strong pg at 49 5 cm-!. Path 
length O, resolution 02 om~. 


10 m, relative humidity 85 per cent, temperature 


The observation of rotational transitions of vibrationally 
excited H,O! in the laboratory is not of such interest in 
the high altitude work. The reason for this is the rapidly 
changing population with temperature. At 293° K the 
proportion of H,0** molecules in the 010 state is approxi- 
mately 0-04 per cent, while at 223° K this proportion has 
dropped to 0-005 per cent. This factor of eight reduction 
ın molecules ın the 010 state means that the intensity of 
rotational transitions in this state at high altitude 1s 
effectively negligible, because the effective water vapour 
absorption considered ın Fig. J is much greater than 
might be expected ın aircraft solar studies’. 
The results reported here clearly mdicate that in 
considerations of the weaker features ocourring in sub- 
mullimetre atmospheric absorption spectra, particular 
emphasis should be given to the possibility of absorption 
by various isotopic and vibrationally excited forms of the 
water molecule, and that ın this respect HDO and vibra- 
tionally excited H,O! are of special interest. 
W. J. BURROUGHS 
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H. A. Grssm* 
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surface would be no smaller than that par- 
ticipating in most gas phase experiments. 
Although volume processes are usually most 
important in determming photoemission from 
clean surfaces’, the large increase in photo- 
yields following contamination®.’ suggests a 
greater surface contribution from adsorbed material. This 
should be enhanced by using grazing photon incidence. 
Although definitrve experrments would require a well 
characterized surface prepared in ultra high vacuum, we 
have performed exploratory investigations in a modified 
Perkin-Elmer PS 15 spectrometer. Ultimate vacuum 
was about 5 x 10-? torr in the oil diffusion pumped system, 
but during an experiment helium from the lamp produced 
a pressure of about 10- torr in the target chamber. Solid 
specumens could be inserted into the chamber on the end 
of a 3/16 inch diameter tube passing through an O-ring 
vacuum seal. Fig. 1 is a diagram of the expermental 
arrangement. By applying & potential between the mner 
conductor and the supporting tube, specimens could be 
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heated directly to any temperature up to the melting 
point. 

Pieces of tungsten ribbon which exhibited strongly 
preferred onentation were spotwelded to the tubular 
holders and “aged” for several hours by heating in 
vacuo, treatment which is known to give surfaces of 
well defined work function®. They were then stored and 
later mounted in the spectrometer. Photoelectron 
spectra initially showed two broad peaks, but the higher 
energy peak was eliminated by flashmg. In the modest 
vacuum conditions this peak gradually reappeared and 
was taken to represent contammation, probably by oxide. 
A mbbon which had not previously been aged gave a 
single, more intense peak with a higher photoelectric 
threshold. After heat treatment in the spectrometer the 
intensity fell unti finally the spectrum became similar to 
those of flashed, aged specimens and was taken to charac- 
terize a “clean” surface. Ionization spectra’ of tungsten 
surfaces do not seem to have been reported, but our 
results seem consistent with published work on photo- 
yields’, as far as the two types of experiment are com- 
parable. Certainly the contaminated surfaces give a 
greater intensity. 

Adsorption of a number of substances was attempted, 
but it was only possible to obtain a signal from the 
adsorbed layer when the photon beam was very close to 
grazing incidence. 

Fig. 2 illustrates the spectra of (a) gas phase methanol, 
(5) methanol at 0-08 torr flowing over a tungsten surface, 
(c) the same surface after vapour was pumped out and 
(d) after flashing clean. The energy scale could not be 
taken as absolute, for the instrument was not precisely 
calibrated. The spectrum of chemisorbed methanol can 
clearly be identified. The peak at 11 eV, asmgned to the 
oxygen lone pairs’, is broadened but not displaced. The 
absence of a shift suggests that the methyl alcohol molecule 
continues to exist on the surface. Conversely, the peak 
near 13 eV, associated predominantly with a x-type 
orbital of the methyl group, is displaced by about 1 eV. 
The molecule must therefore be attached in such a way 
that the orbital is altered and this implies that the hydro- 
gen atoms are affected by bonding to the surface. The 
hydroxyl hydrogen might also be involved, but the spectra 
do not allow a firm conclusion to be drawn. 

Experiments carried out using diatomic gases met with 
little success. The technique may not reveal adsorbed 
atoms directly (see note added in proof). Small molecules 
could well dissociate or desorb on ionization and may only 
be detectable by means of a pulsed technique; but an 
experiment in which nitrogen ‘was flowed over tungsten 
did reveal an additional set of peaks, which may identify 





10 11 12 13 14 15 16 17 18 
Ionization potentual (eV) 


Fig. 2 Photoelectron spectra. (a) Gas phase methanol at 0 08 torr, 

(b) tungsten in position with methanol at 0 08 torr in gas phase, (c 

tungsten surface after exposure to methanol, no gaseous methano 
present; (d) tungsten after flashing clean. 
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physically adsorbed molecules. These did not remam 
after the nitrogen was pumped away. 
Photoelectron spectroscopy should prove to be a useful 
technique in surface chemistry. Plans to build an appara- 
tus better suited to such investigations are being prepared. 
We thank Perkin-Elmer Limited for the use of a spectro- 
meter, and J. N. A. Ridyard and J. C. Nash for assistance. 
Note added in proof. B. J. Waclawski, L. R. Hughes 
and R. P. Madden (Appl. Phys. Lett., 10, 305; 1967) 
attribute an morease ın photoyield from tungsten between 
16-9 and 21-2 eV with oxygen exposure to adsorbed atoms. 
W. T. Borpass 
J. W. LINNETT 

Department of Physical Chemistry, 

Lensfield Road, Cambridge. 
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Spin Doublets in X-ray 
Satellite Spectra 


SoRHENING and spin doublets in X-ray spectra are matters 
of great significance. The formation of these doublets in 
X-ray diagram lmes is now well known and has received 
satisfactory theoretical interpretation. The situation 
regarding the X-ray satellite spectra is, however, some- 
what different. The formation of screening doublets in 
these spectra was first pointed out by G. B. D.1 as early 
as 1931 and later fully substantiated in a number of 
communications*-“ from the X-ray laboratories of the 
University of Allahabad. ‘The overall similarity m the 
behaviour of the screening doublets shown by the X-ray 
diagram and non-diagram limes suggests the formation of 
the spin doublets in X-ray satellite spectra, and our 
critical analysis of the esting data for the various 
X-ray satellites has fulfilled this expectation. 
It is now well known that for any two diagram lines 
forming a spin doublet the relation 
Av “(2 n 
l 


A LEL R 
TEVA 


o,)4 


Ta (1) 
n 

can be taken to hold good to a close approximation. 

Equation (1) can be expressed ın the form 


AyN 1/4 
(=) =Z +y (2) 
n n NIH 
where y = C- t and y = —o47 


Equation (2) may also be taken as the criterion for the 
spin doublet formation in X-ray satellite spectra. 

A detailed analysis of the available high frequency 
satellites on the basis of this criterion has revealed for 
the first tıme the existence of a large number of K, L and 
M spin doublets in X-ray satellite spectra. Fig. 1 shows 
the spin doublet behaviour of the KB, and KR, satellites. 
The data used for Fig. 1 are collected in Table 1, in which 
R=109737-31 cm- (ref. 5) and the values of à for the 
KB, and KB, satellites have been taken from ref. U. 

The approximate invariant character of the wavelength 
difference, AA, of the members of a spm doublet also 
constitutes a second criterion for judging the spin doublet 
behaviour. Column 2 of Table 1 shows the variation in 
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Fig 1. (Av/R)!/* as a function of Z for the KA,, spin doublet. 


the value of Aà, which 1s not very different from that 
shown by the spin doublets of diagram lines. 


Table 1. SPIN DOUBLET FORMATION BY Kf, AND KA, SATELLITES FOR THR 
ELEMENTS Z=883 —Z = 44 


»|R 
zZ AXU B, Ba (^r/ R} H 
838 175 858 15 872 53 1-94780 
35 17-5 971 09 989 54 2 07263 
37 17-2 1,001 60 1,114 56 2-18899 
88 17-5 1,15428 1,180 40 2 26178 
39 177 1,218 76 1,248 81 2-88152 
40 180 1,285 28 1,818-77 2 40588 
41 178 1,854-64 1,890-40 2-44540 
44 169 1,572-28 1,619 46 2-862158 


The formation of screening and spin doublets in X-ray 
satellite spectra is expected to be important in the 
systematization of X-ray high frequency satellite spectra. 
We thank the CSIR and UGC, Government of India, 
for financial help. 
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Oxygen Isotope Separation in 
Zirconia Electrolyte Cells 


SoLID oxide electrolytes with predominantly oxide 10n 
(O*-) conductivity should show isotope effects resulting 
from the different mobilities of 1¢0, 170 and 18O through 
the anion sub-lattice. In particular, the oxygen-contain- 
ing gas stream leaving the cathode of an oxide electrolyte 
cell should be enriched in the heavier isotopes because of 
the greater mass and consequent lower mobility of 170 
and 120. This prmerple has already been suggested as a 
means of separating the heavier isotopes! and we now 
describe experiments which were undertaken to examine 
the magnitude of its effect. 

The electrolyte was a tube of yttria-stabilized zirconia 
about 1 cm in diameter with a wall thickness of about 
0-5 mm (see Fig. 1). Porous Ni was used for the anode, 
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cathode and auxiliary electrodes. Dense Ni was used to 
shield the hot electrolyte outside the active cell area in 
order to prevent surface exchange of oxygen isotopes in 
the cathode gas with this electrolyte. The active cell area 
was about 9 cm?. The anode was depolarized with wet 
H, and about 89-90 per cent of the H,O vapour entering 
the cathode as an H,O/H, mixture was dissociated and 
monitored by the downstream auxiliary electrode. At a 
cell temperature of about 1,000°C, the downstream 
auxiliary open-circuit voltage E, changed from an initial 
value of — 230 mV with no current flowing to about +130 
mV with current flowing. Fig. 2 shows the calculated 
relation between Æ, and the percentage dissociation of 
water vapour at the cathode for the particular inlet gas 
compositions used at the cathode and anode. After 
passing through the cell, the water vapour in the cathode 
gas stream was condensed and collected. The amount of 
water vapour dissociation could therefore also be deter- 
mined by measurement of the liquid product water/feed 
water ratio, and it agreed with that predicted by Fig. 2. 
The average current density during cell operation was 
1-7 A/cm’, resulting in a cell voltage of 1-1 V. Liquid 
product water was collected at the rate of 0-3 ml./h 
(see ref. 2). 

The cell described (Fig. 1) is a single stage separator, but 
can be used to obtain the effect of a multistage cascade by 
collecting the output water and recycling it as feed. The 
staging thus occurs in time. 

Two sets of concentration experiments were conducted 
—in the first, oxygen isotope analysis was carried out 
in-house whereas, ın the second set, samples were sent out 
for isotopic analysis to an independent laboratory (the 
Gollob Analytical Service, 47 Industrial Road, Berkeley 
Heights, NJ 07922). A different zirconia electrolyte con- 
centration cell was assembled and operated in each set of 

iments. 

In the first set, about 80 ml. of first-stage liquid product 
water was collected, using distilled water as the cathode 
feed. Most of this was recycled to give about 4 ml. of 
second-stage liquid product water. The cell was operated 
for several hours before product water collection in each 
case to allow the isotopic composition of the electrolyte to 
equilibrate with that of the cathode gas. Alkaline 
samples of the product water and also distilled water were 
electrolysed with Pt wire electrodes under vacuum at. 
0° C to give about 2 to 3 om? STP of O, for mass spectro- 
meter analysis on a CEC Model 21-104 (ref. 3 and private 
communication from R. E. Carter). 

A Faraday cup was used as the detector, coupled through 
a d.c. amplifier internal’ to the spectrometer through 
a 50,000 MQ resistor. The mass 33 peak from 1°0 170 was 
observed, but because of background the extent of the 
170 concentration could not be determined. The time 
constant for the spectrometer sample system was about 
1:7x 104 s, leading to a 1 per cent change in output 
voltage in 150s. Because this time interval is comparable 
with that necessary to obtain a set of background and 
peak readings for masses 32 and 34, as well as because of 
the relatively high background, a single channel data- 
logging set-up was used to obtain the time variation of the 
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Fig. 1. Schematic cross-section of oxygen isotope concentration cell. 
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Fig. 2. Calculated value of downstream open-circuit potential as a 
function of percentage water dissociated at cathode. 


mass 32 and 34 peak outputs and the background. This 
equipment consisted of a 5-place digital voltmeter and 
modified teletype/tape punch. Voltage readings collected 
over 20 s intervals with about a 1l s repetition rate were 
averaged and processed to give the coefficients for a first- 
order rate of change of mass peak output voltage with 
time, relative to an average or linearly changing back- 
ground. These coefficients were then used to compute 
average 18O /760 ratios for each sample; also, the reciprocal 
of the second coefficient is the time constant for the 
spectrometer sample system. Using this technique, the 
resolution of an absolute determination of the 1850/180 
ratio was +3 per cent. Thus for this first set of experi- 
ments, the possible error in the measurement is com- 
parable in size with the anticipated change in isotopic 
ratio resulting from 0O concentration. 

For the second set of experiments the mass spectrometer 
used by the independent laboratory was a CEC Model 
21-6204. They claimed a resolution of 0-5 to 1-0 per 
cent for the 18O/'*O ratio in the range of the natural abund- 
ance. The actual variation they obtained from a series of 
oxygen samples prepared from distilled water was 0-8 per 
cent. Isotopic analyses were obtained for samples of 
first and second stage water. 

The O, obtained by electrolysis of alkaline liquid water 
should be somewhat deficient in 1O as compared with 
atmospheric O, because of the small isotope effect in the 
hydroxyl/water equilibrium‘'-*. This ratio could be 
sensitive to current density, sọ water containing 2 per 
cent H0O concentration was electrolysed at different 
current densities. No dependence in the resulting ¥O/!*O 
ratio on current density was found. 

Isotope ratios obtained frorn both sets of experiments 
are presented in Table 1. It is apparent that an isotope 
effect exists, but because the best resolution is +1 per 
cent and the average concentration per stage is about 
3 per cent, only a semi-quantitative evaluation of the data 
is possible, but the trend of the data is correct. 


Table 1, AVERAGED VALUES OF ISOTOPE RATIOS 


48, 
OF HO * 100 
GE analyses Gollob analyses 
Distilled water 0194 0-192 


First-stage water 0-199 0-194 
Second-stage water 0-204 0-204 
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Zirconium dioxide processed in atmospheres containing 
the naturally occurring 10/180 ratio is essentially a 
dilute solution of Zr?8O, in Zr!8O,. Because ionie mobility 
is proportional to vibrational frequency, and thus 
to the reciprocal of the square root of the ionic mass, the 
mobility of 102- in this oxide should be about 6 per cent 
less than that of !8O?-. 

The actual degree of concentration obtained in a single 
stage of any dynamic isotopic separation process (a process 
based on differences in transport properties) will be 
proportional to the mobility difference of the isotopes 
involved, but will also involve process parameters. A 
cell of the type shown in Fig. 1 can be considered as a 
cross-flow separator, for which the relevant process 
parameter is the amount of undissociated water vapour 
leaving the cathode, relative to the entering water vapour. 
For the systems and conditions used here, the concentra- 
tion per stage would be expected to be of the order of that 
predicted from the mobility difference, that is, about 6 
per cent. The actual concentration per stage was 2-5 to 
3 per cent. Considering the resolution of the measure- 
ment on the mass spectrometers, the experimental and 
theoretical results are in fair agreement. We suspect that 
diffusion in the longitudinal direction in the cathode gas 
phase, which would tend to decrease the 0 concentration 
gradient, could significantly decrease the effective con- 
centration below that predicted by mobility differences. 

It is interesting that the 18O/*O ratio in the distilled 
water is less than that usually reported for the natural 
abundanee. There is, however, considerable variation in 
the 10/10 ratio in natural sources of oxygen’, depending, 
for example, on whether the oxygen source is fresh water 
or salt water. Also, there is a small isotope effect expected 
in a distillation process, which would lead to a slight 
depletion of the heavier isotopes, and therefore the values 
shown in Table 1 for distilled water are reasonable. 

We thank W. A. Stoddard and T. F. Andrus for assist- 
ance, Dr P. R. Kennicott for discussions on mass spectro- 
metric analytical methods, and G. P. Schacher for his 
help with the mass spectrometer measurements. 
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Spontaneous Oxidation of Steroidal 
I1s-ols to I1-Ketones in the Crystalline 
State 


We report here a remarkable property of the C-20- 
epimerie 116 - hydroxy - 17,20 - acetonido - 21 - acetates 
(1) [melting point (mp) 206°-207° C [x]o+42° C (meth- 
anol)] and (IT) [mp 196°-197° C [alo + 105° C (methanol)). 
On standing in pure crystalline form at room tempera- 
ture, both compounds deteriorate slowly as indicated by 
a progressive decrease in their melting points. Examina- 
tion of the erystals at intervals by infrared spectroscopy 
demonstrated the appearance, first of a shoulder, and 
subsequently a definite band at 1,700 cm~ together with 
a diminution of the hydroxyl band. Thin-layer chroma- 
tography showed the progressive formation of a single, 
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slightly more mobile product in each case which had the 
same Rp value as the corresponding 1l-ketones (Ia) 
and (Ha). 

After standing at room temperature for approximately 
10 months, 40 mg samples of (I) (mp 130°-140° C) and 
(IT) (mp 149°--160° C) were saponified (in order to facilitate 
separation), and the resulting 2l-ols were recovered by 
cohumn chromatography. From each epimer was obtained 
12 mg (34 per cent) of a more mobile product which had 
the same melting point, optical rotation, chromatographic 
mobility and infrared spectrum as the corresponding 











ll-ketones (Ib) [mp 244°-246° C, [x]o+92-4°C (meth- 
anol)| and (TIb) [mp 262°-263° C, [a]p +1257 © (meth- 
anol)]. 
CHR 
Í 
He „OTC 
HC “O, 


dy) 
(Ha) R- 
(o) h= 





io R =OH, R 


The 118-ols (1) and (II) seem to be stable when stored 
at — 15° C, and yet their deterioration is not appreciably 
hastened by heating in air at 100°C for as long a 
weeks. In addition, (1) and (11) are no more sensitive in 
solution to the action of mild oxidizing agents such as 
oxygen/platinum, cupric acetate, silver oxide or lead 
tetraacetate than other 118-ols. In a simple experiment 
glass vials containing fresh specimens of (I) and (II) were 
stored at room temperature both in the presence and 
absence of ambient light. After a month the melting 
points of the samples stored in the light fell approximately 
20° C, whereas the melting points of the covered samples 
remained unchanged. We therefore believe that light is 
an important factor in this oxidation. 

We believe this is the first report of the spontaneous 
oxidation in the crystalline state of an 11$-hydrosy! 
group to the 1l-ketone. The 2l-acetoxyl group is essential 
for this oxidation because the corresponding 2l-ols (le) 
and (Tec) are stable. Examination of Dreiding models 
shows no configurational peculiarities of these molecules 
which would account for their behaviour, a conclusion 
which is supported by the fact that both epimers undergo 
deterioration, and to the same extent. 

This work was supported by a research grant from the 
National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, US Public Health Service. 
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Frequency Modulation and Spatial 
Filtering applied to the Photographing 

of Phase Objects 

Ir is not possible to photograph a transparent phase 
object placed against uniform background. The phase 


object is visible only insofar as it modifies the appearance 
of other objects in its vicinity (Fig. 1). It is possible, 
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however, to make the phase object visible in a beam of 
spatially coherent light: Foucault or schlieren methods, 
defocusing!, phase contrast?, or interferometrie methods’, 
so on, may be used. A special process for diffusing 
deseribed recently? consists of forming inter- 
ference fringes on the object to be studied, its relief 
being shown by the changes in the shape of the fringes. 
The method described in this communication differs from 
the latter method in two important features. 











‘Transparent glue on glass plate. 
in front ot a uniform background, Jt i 





First, we have separated the production of the fringes 
from their use: once the interference fringes have been 
photographed, for the next operation we use only the 
resulting photograph. Thanks to these “prefabricated” 
fringes we can then use totally incoherent light to iu- 
minate the object placed in front of them. Second, 
having photographed the fringes distorted by the object 
we then eliminate them by spatial filtering Fi ig. 2}. 

In practice a source of white heht iuminates a diffusing 
sereen in front of which are placed the photograph of the 
fringes (spacing: 170 microns) and the phase object 
shown in Fig. 1. The camera is focused on the fringes 
visible through the object and prints them. The photo- 
graph, obtained (Fig. 3) on a high resolution plate (Kodak 
649-7"). resembles a hologram, but its properties are not 
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Fig. 2. Principle of the method described in this communication. 
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Fig. 3, Enlargement of part of the photograph obtained (50 microns 


spacing for the upmodulated fringes). 


the same. Nevertheless the original photograph and its 
negative both give the same image. 

The second operation is carried out using a beam of 
white light made to converge on the photograph pre- 
viously obtained. Without filtering, this photograph 
looks uniformly grey because the fringes are too close 
together to be seen by the naked eye. But if they are seen 
through an appropriately positioned slit, the detail of 
the objeet is clear (Fig. 4). This ean be explained as 
follows. 








Fig. 4. R 


esult obtained after filtering. 


The photegraph of the modulated fringes can be con- 
sidered as a collection of elementary gratings with dif- 
ferent spacing values. The gratings with spacing not too 
different from the frequency of the unmodulated fringes 
help to iluminate the slit, which is lined up on the first 
order diffracted spectrum. On the other hand, the zones 
showing alteration corresponding to contours of the 
object do not diffract any light in this direction and so 
look black on a clear ground. In reducing the width of the 
slit, the filtered bandwidth is also reduced and the contrast 
correspondingly enhanced. Too narrow a slit, however, 
would not allow sufficient information to pass through to 
give a good image of the object. It is therefore necessary 
to choose the width of the slit to reconcile the opposing 
demands of contrast and definition of the image. 

The object used in this experiment was chosen for 
reasons of convenience. We will continue with more 
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difficult but more interesting objects, such as liquid or 
gaseous convection currents. 
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Exchange Coupling in Two Dimeric 
Copper Adenine Complexes 


THE examination of interactions between copper ions and 
adenine is germane to the understanding of the role of 
trace elements in biochemical processes involvi ing nucleic 
acids!. Optical and electron paramagnetic resonance 
investigations of two copper(II) adenine complexes, 
Cu (CH; N; (ClO nHO and Cu,(C,H,N;),4H.0, have 
been undertaken in order to a the nature of such 
interactions. There is definite evidence for antiferro- 
magnetic coupling between pairs of metal ions m the 
complexes of neutral and anionic adenine, designated as 
I and Il respectively. The magnetic parameters, gu and 
Ay, which have been determined for I in this study, will 
supplement the results reported by Goodgame and Price, 

The complex Cu(C 3H5N,),(C10,),3-0H,O was reported 
by Venner and Weiss’. The material we examined was 
prepared by a procedure which differs from that of Venner 
and Weiss in that the preparative solution was maintained 
at pH 3 throughout the reaction. 

The complex I was prepared by adding a solution of 
copper(I) perchlorate (hexahydrate) to a hot (~ 100° C) 
aqueous solution of adenine in a mole ratio of 1: 2; he 
addition of small amounts of perchloric acid served to 
maintain a solution pH of 3-0 to 3-1. When the solution 
was cooled, a dark blue-violet polycrystalline substance 
was obtained. The chemical analysis found: C, 9 per 
cent; Cu, 12-2 per cent; N, 24-0 per cent; Cl, 12-5 per 
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Fig. 1. X-band electron paramagnetic resonance spectrum (77° K) of 


polycrystalline F. 
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Fig. 2. X-band electron paramagnetic resonance spectrum (77° K) of 


the high field parallel lines of polyerystalline I. 


cent; H, 2-1 per cent, Calculated for n=3-0: C, 21-5 per 
cent; Cu, Il-4 per cent; N, 25-0 per cent; Ci 12-7 per 
cent; H, 2-3 per cent. 

The X-band (9 GHz) electron paramagnetic resonance 
spectrum of polycrystalline I shown in Fig. 1 is character- 
istic of a species with a spin of one’. This condition may 
arise if two copper(II) ions, each with a spin of one-half. 
are exchange coupled’. The Aj/=2 spectral region 
centred at about 0-13 tesla (1.300 G) exhibits a seven-line 
hyperfine pattern with a splitting somewhat less than 
An’. The low field parallel portion of the spectrum 
appears between the AJ/=2 region and the low field 
perpendicular peak. The high field parallel spectrum 
appears just above the high field perpendicular resonance; 
a spectrum of this region obtained at higher gain is shown 
in Fig. 2. The magnetic parameters are gy = 2-22 + 0-03, 
ga? 054001, pei (0-110 + 0-005) em, F< 0-03 em. 

(Ay)/2 = (883) x 10- cm- and A, <0-002 cem De- 
hydration of the sample changed the Tolour of the material 
to violet, but had a negligible effect on the magnetic 
parameters. Dehydration under vacuum (< 10- torr) at 
25° C yielded a value of 5-5 per cent water. This value 
was obtained by measur ing both the weight Joss of the 
sample and the quantity of material collected and 
identified as water by infrared spectroscopy. These 
results correspond to 1:6+0:1 molecules of water per 
copper atom. 

Temperature variation of the line intensity over the 
range 77° K to 300° K indicates that the triplet state lies 
300+60 cm- above the singlet ground state. Optical 
spectra of I (hydrocarbon mull) at room temperature 
revealed two bands centred at approximately 18,000 cm-} 
and 25,000 em- 

Complex IT was prepared according to the method of 
Venner and Weiss’. An X- “ray powder pattern of this 
material demonstrated that it is identical to the substance 
examined by Sletten®. The magnetic parameters are 
gy 2-19+0-08, gy =2-05+0-01, == (O'121 40-005) em, 
#£<0-03 em, (4y)/2= (8148) 10> em and A, < 0-002 
cm- 

The superexchange coupling constant J (J is defined by 
he term +JS8,. Se in spin Hamiltonian) for the complex 

IL is 160+60 cm~. The optical absorption spectrum 
from a hydrocarbon mull of IT contained a band at about. 
18,000 cm~. Our data are in agreement with the results 
obtained by Goodgame and Prie 
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Evidence for the existence of exchange-coupled pairs of 
copper(II) ions in both complexes, as well as the similarity 
of their g and A values, supports our supposition that the 
molecular geometry of the two complexes is similar. The 
pronounced differences in the J values and in the optical 
spectra can be attributed to differences in the charge 
distribution in the adenine moieties. 

We thank Dr T. D. Coyle for discussions, Mr N. K. 
Adams for experimental assistance and Mrs Marlene C 
Morris for the X-ray powder pattern analysis. 
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BIOLOGICAL SCIENCES 


Novel Method for achieving the 
Cell-free Synthesis of Protein 


PROTEIN synthesis at the cell-free level is inefficient: and 
short lived in comparison with the same process in vivo. 
This difference must largely be attributed to the ability 
of living cells to maintain a constant internal environ- 
ment. Things are very different in reaction mixtures for 
cell-free protein s ynthesis, in which polysomes and an 
enzyme-tRNA complex are incubated in a buffered solu- 
tion with amino-acids, GTP and ATP together with an 
ATP regenerating system. Substrate and product con- 
centrations are undergoing constant and irreversible 
change until unfavourable conditions develop and the 
reaction stops. 

It is possible, however, that in such a system polysome 
integrity can be preserved by eliminating degradative 
enzymes and by recycling ribosomes. Further, by using 
mild conditions all the enzymes involved in the process 
may be protected. There remains the difficulty of main- 
taining a constant optimal level of precursors and eliminat- 
ing unwanted products. A suitable means of overcoming 
these problems may result in maintenance of the relatively 
high initial rate of in vitro synthesis and even prolonging 
the overall time course of the process. 

This communication describes a preliminary attempt 
to produce such a system. It involves eluting a polysome— 
tRNA-enzyme mixture down a ‘Sephadex G-25’ column, 
loaded with "C-labelled amino-acids, GTP and ATP, 
using TMK buffer (0-05 M tris buffer, pH 7-6, containing 
6-01 M Mg?* and 0-085 M KCl) as shown in Fig. 1. The 
rationale behind this procedure is that the polysorne-- 
t{RNA-enzyme mixture passes down the ‘Sephadex’ 
column outside the gel particles, which exclude molecules 
of molecular weight more than 5,000. As it passes down 
the column the complex meets a fresh and relatively 
constant supply of amino-acids and energy. At the same 
time low molecular weight degradation products enter 
the gel particles and move more slowly than the polysome— 
tRNA enzyme mixture. 

There are possible variations of this technique. 
dex G-75’, 





‘Sepha- 
which excludes molecules of molecular weight 
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greater than 50,000, could be loaded with amimoacyl- 
tRNA and GTP, and a polysome-enzyme complex could 
be passed down the column. This mght eliminate low 
molecular weight hydrolytic enzymes from the polysome— 
enzyme complex. 

The process is illustrated by comparing “C-labelled 
amino-acid incorporation into hot trichloroacetic acid- 
insoluble materal by a cell-free protem synthesizing 
system derived from Bacillus amyloliquefactens (‘‘static”’ 
system) with the mcorporation achieved by the same 
components in the ‘Sephadex’ column procedure (“dyn- 
amio” system). 

In Fig. 2 ıt can be seen that over the first 20 min the 
“dynamic” system meorporated C-labelled amino-acids 
three times faster than the ‘‘statac” system, while over a 
40 min mcubation period incorporation was four times 
more than in the “static” system. These results suggest 
that the initial rates of imcorporation were determmed 
by ATP concentration, the effectively higher concentra- 
tion in the “‘static” system being inhibitory. The plateau 
level of meorporation reached in the “static” system, 
amounting to only 25 per cent of that ın the “dynamic” 
system, indicates a 75 per cent loss of capacity to mm- 
corporate amino-acids. This may reflect depletion of 
energy supply by ATPase action, possibly coupled with 
a loss of polysomal or transfer RNA which could be 
brought about, for example, by the action of polynucleo- 
tide phosphorylase rendered active by the liberation of P 
from ATP. This would be eliminated in the “dynamic”? 
system. 

Maximum incorporation after 40 min incubation m the 
“dynamic” system was little more than at 20 mm. If 
the rate of incorporation at 10 or 20 min had been main- 
tained for the full 40 mm, then only half of the low 
molecular weight precursors would have been used when 
incorporation ceased. This suggests exhaustion of the 
polysome supply. 





a b c q 


1. Scheme for gel filtration procedure. a, A column (0 65 cm x 
75 om, made from barrel of a 5 mi. graduated pipette with the 
end of a 1 ml. luer hypodermio e fused onto the bottom) was 
prepared with a 2'5 bed of ‘Sep G-25’ (fine) equilibrated 
with TMK buffer (tns-HOL, 0-05 M; m um acetate, 001M, KOI, 
0 085 M, pH 7 6), and 0 75 ml. of a solu n of ~O labellod ammo- acids, 
GTP and ATP in TMK buffer was Placed. over the gel bed. b, The 
amino-acıd-GTP-ATP solution was allowed to run down the column 
untl it had all penetrated the gel; this ocoupied half of the volume of 
the column. 01 ml. of a polysome-*RNA-enryme preparation (P-25, 
8-150) was then loaded onto the column. The column was elu with 
TAK buffer and, as shown ın o and d, the polysome-+RNA-enzyme 
mixture moved twice as fast down the column as the amino-acid— 
GTP-ATP mixture, the fronts of both components the bottom 
of the column smmultansously. A cut-off hypodermic n e fitted with 
a 07 mm diameter ‘Teflon’ tube was attached to the luer joint on the 
end of the column and the flow rate was varied by altermg the height 
of the outlet. A constant head was mainteined continuously We ae 
up the column to & redetermmed level Shaan rk path 
buffer; hatched, ‘Sephadex G-25’, cross-hatched, cathode: ATP, 

GTP; black, P-25, 8-150 
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UGy-amino-acid mecoiporntion (e pm x 10-3) 





20 
Incubation time (min) 


Fig. 2. Companson of C-labelled amino-acid incorporation by, “static” 
(O) and “dynamic” (@) . The complete “static” system 
consisted of 12 5 wmoles tris-HOl, 2 5 umoles magnesium acetate, 21 25 
umoles KCl, 1 5 «moles 6-mercaptoethanol, 0 015 umole GTP, 0 5 umole 
potassium ATP, 0 2 uo “C-labelled Chlorella protem hydrolysate supple- 
mented with **0-4-amino-actds in which in which ıt was deficient (specific actinite 
360 uOijmg), myloliguefaciens soluble e cna 
(S-150) (15 mg re per Ba prepared in T in TMK buffer (trs-HC1, 0 05 M: 
magnesium gcetate, O 001M, 0 085 re and 0-05 ml, 
wquefaciens polysome suspension E 25 buffer. The 
Ont cath uation mritate wax D St mak nad ths pH, 76. Incuba- 
tions were carried out at 25° O and the reaction was s 


06 per cent (w/v) casem 
the components except the P-25 and 8-150 preperaue ons were diseolved 
in 0 75 ml. sterile buffer and loaded onto eed , equilfbrated 

at a temperature of 25° 0, as described in EL ‘A mixture of equal 
volumes of P-25 and 8-150 was then and 0-1 ml. was eluted 
down the column with stemle TMK buffer and collected in 5 ml. 10 per 
cent (w/v) tmohloroacetic acid contaming 1 per cent (w/v) casein hydro- 

lysate which was made up to 10 ml. with water when elution was 
complete. Details of the pre tion of 8-150 and P-25 extracts from 
logarithmic phase cells of amyloliquefaciens and preparation of 
samples for counting were as described by Coleman. 


During this work, care was taken to eliminate bacterial 
contamination of the ‘Sephadex’. Columns were prepared 
immediately before use, and sterile TMK buffer was used. 
in their preparation and subsequent elution. That these 
precautions were effective was shown by imeubating 
“static” systems for 20 min and then comparing the 
effect of passing the whole incubation mixture down a 
column over a 20 min period with a further 20 min 
incubation. It can be seen in Table 1 that after reaching a 
plateau level of incorporation, passage of the reaction 
mixture down a ‘Sephadex’ column had no effect on the 
extent of the incorporation. 


Table 1. BFFHOT OF PASSING “STATIO” SYSTEM, IN WHICH MAXIMUM LEVEL 
OF }40-1-ANINO-AOID LXOORPORATION HAD BEEN AOHIEVED, DOWN A OOLUAIN 
OF ‘SEPHADBX G-25’ 


“Static” Time of passage down “C-T-amino-acid 
incubation time ‘Sephadex G-25’ column incorporation 
(min) (min) (pm) 
20 — 1,277 
20 20 1,278 
40 == 1,161 


These results, which show a four-fold imecrease in 
efficiency by using the ‘Sephadex’ column technique, are 
sufficiently encouraging to suggest a new direction in the 
study of tn vitro protem synthesis. 

I thank Miss J. Davison for technical assistance and the 
Medical Research Council for financial support. 
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€-N-MethyI Lysine: an Additional 
Amino-acid in Human Plasma 


We have found that plasma of fasting humans usually 
contams small amounts of a previously unrecognized 
amino-acid which we have tentatively identzfied as 
e-N-methyl lysine. We first noted the presence of this 
compound when we began chromatographing plasma 
samples from adults with a new automatic amino-acid 
analyser technique!, which uses an elution gradient of 
hthium citrate buffers instead of the usual sodium citrate 
buffers. Our procedure alters the order of emergence of 
certain amino-acids from the column, and we were sur- 
prised to observe the regular appearance on chromato- 
grams of a small unidentified peak between lysine and 
histidme. 1-Methy] histidine, 3-methyl histidime and the 
dipeptides anserme and carnosine are all eluted after 
histidine with our technique, and no known ninhydrin- 
positive components of plasma should have been eluted 
between lysine and histidine. 

We isolated the unknown compound from two speci- 
mens of plasma, selected because they contained relatively 
large amounts of it. One of the plasmas had been obtamed 
from a normal male adult, and the other from a woman 
suffering from Huntington’s chorea. We chromatographed 
a large volume of each of these plasmas on a 120 cm 
column of ‘“‘Chromobeads B” resin on a Technicon amino- 
acid analyser, using the hthrum buffer technique!. The 
zones of column effluent calculated to contain the unknown 
compound were collected from each of the preparative 
columns before the effluent was mixed with nmhydrin 
solution in the proportioning pump. These effluents were 
desalted on columns of ‘Dowex 50 x 2’, H+, by a modifica- 
tion of the technique of Kakimoto and Armstrong’. 
After removal of the lithium citrate buffer, the unknown 
compound was eluted from the ‘Dowex 50’ columns with 
ammoniacal ethanol and taken to dryness on a rotary 
evaporator. 

We could then chromatograph or electrophorese 
small amounts of the unknown compound on paper, as 
well as study its behaviour with different procedures on 
the amino-acid analyser. Table 1 shows that the unknown 
compound and authentic «-N-methyl lysine (CalBiochem) 
behaved identically when chromatographed on paper in 
four different solvent systems, during high voltage paper 
electrophoresis, and when chromatographed on the amino- 
acid analyser with three different techniques. Both the 
compound isolated from plasma and authentic s-N- 
methyl lysine gave a purple colour when paper chromato- 
grams were sprayed with ninhydrin. Neither substance 
gave the red colour yielded by N-methyl «-amino-acids 


Table 1. CRITERIA USHD IN IDENTIFICATION OF 6-N-METHYL LYSINE IBOLATED 
FROM HUMAN PLASMA 


Compound isolated — Authentic 


Property from plasma s-N-methyl lysine Lysine 
ş PAA 0 37 037 039 
Rr in j IF 0 28 0 28 021 
BuAc 011 011 01l 
IA O24 0 24 0-12 
Electrophoretic mo- 
bility —67 om —67 cm —5 5 cm 
Emergence of peak on 
amino-acid - 
ser chromatogram: ¢ 
60 cm sodium 11min afterorn, 11 minafterorn, 11min after orn, 
column, 60° © 10min beforehis 10min before his 10 mın before his 
120 om lithium 33 min after lys, 38 min after lys, 
column, 70° 0 8 mmn before his 8 min before his 
120 om Lithium 84 min after lys, 84min after 
column, 65°O 16minbeforehis 16 min before 


* Solvents used ın paper chromatography were: PAA, pyridine~acetone— 
ammonium hydroxide-water (45 : 80- 5 z0) ; IF, wop ‘ormic acid- 
water (75.125.12-5); BuAc, n-butanol-acetic acid-water (12.8. 5); 
IA, lsopropanol-ammonium hydroxi (8:171). 

t pec pierre was carried out on Whatman 3M M paper in 0-1 M borate 
buffer, pH 10 0, for 45 min at 8 kV (59 V/cm). —, Indicates migration towards 
the cathode. 

+65 cm column of Technicon amino-acid analyser was developed with 
sodium citrate buffers by a shght modification of standard method‘. 120 cm 
column was developed with lithium citrate buffers, at 70° O for last 14 h of 
chromatogram}, or at 65° O for last 14 h 


Orn = ornithine, lys =lysine, hs = histidine. 
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when sprayed with p-nitrobenzoy! chloride and pyridine’. 
The unknown compound was not altered by hydrolysis 
in 6 N hydrochloric acid for 16 h at 110° C. Thus it seems 
lighly hkely that the compound isolated from plasma 
of fasting humans is ¢-N-methyl] lysine. 

Ambler and Rees® were the first to report natural 
occurrence of s-N-methyl lysine; they found this amino- 
acid in acid hydrolysates of flagelhn from Salmonella 
typhimurium. Later Murray’ identified e-N-methyl lysine 
residues in acid hydrolysates of histones prepared from 
calf and rabbit thymus, liver and kidney. To our know- 
ledge, this amino-acid has not been reported previously 
in free form in either tissues or physiological fluids. Its 
presence in blood plasma could easily be missed because 
e-N-methyl lysine ıs eluted simultaneously with lysine 
ım the standard short column procedure on the Technicon 
amino-acid analyser (Table 1). When amino-acid analyses 
are performed on the two column system’, e-N-methyl 
lysine appears as a shoulder on the descending side of the 
lysme peak‘. Thus small amounts of this ammo-acid 
ın plasma could also be hidden easily by the larger amounts 
of lysine present, when specimens of plasma are exammed 
by the technique of Spackman et al.’. 

The concentration of e-N-methyl lysine in the plasmas 
of most healthy adults ranged from barely detectable 
traces to 0-003 umoles/ml., and was comparable in amount 
with aspartic acid or with 3-methyl histidine in human 
plasma. Three healthy adults out of twenty examined 
bad fasting plasma concentrations of e-N-methyl lysine of 
approximately 0-01 umoles/ml. In adults suffermg from 
Huntington’s chorea or from chromo schizophrenia, we 
found fasting plasma levels of this ammo-acid to be 
higher; approximately half of these patients exlubited 
concentrations of 0-01 to 0-02 ymoles/ml. The plasma of 
such patients contamed almost as much e-N-methy]l lysine 
as it did methionine or a-ammo-n-butyric acid. We have 
not detected s-N-methyl lysine in specimens (2:0 ml.) of 
cerebrospinal fluid obtamed from normal adults or from 
patients with Huntington’s chorea. 

Presumably free e-N-methyl lysine in blood is derived 
from the degradation of histones. Whether the increased 
amounts of this amino-acid m the plasma of some patients 
with serious mental disease reflect abnormalities in endo- 
genous metabolism of histones, or are related to the 
psychotropic drugs given to these patients, or to other 
environmental factors, merits further mvestigation. 

This work was supported by grants from the Medical 
Research Council and the Department of National Health 
and Welfare, Canada. 
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Present Knowledge concerning the 
Amino-acid Sequence of 

Cow K-Casein 

In a recent article, Hill and Wake! suggested that the 
basis for the micelle stabilizing property of cow x-casein 
‘was its amphiphile nature, for the N-terminal two-thirds 
of the molecule were hydrophobic and the C-terminal 
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Gin (7) 

Peak 6. 8e- + 

Peak 2 fear * 

Peak 2: Val- Lou-Ser-Arg* 

Peak 10: Phe-Phe-Ser-Asp-Lys* 

Peak 1: (ihre Gia Be ae Ge att 

ea : . £ 
Peak 18: Gin ney re Al Gin, bio. TiejArg* poraa casein 
Ammo-acids not yet placed into tryptic peptides 
ae, OCT ei, 1, GlUy-, Prog s, Glyss, Alare, Valie, Ilesa, Leur 
n» Pho, » LY8e, His, Algi 
Phe<«-Ser+—Leu«—His<—Pro<—Pro<-His«— Arg or 
-_ Peak 9 —>) Lys 
+———-RENNIN Sopp x-caseino- 
et nla lepro Pro-+ Lye Le Ammann, Glx)->Lys—+Thr-rGlu-+(Pro, Tle)—(Thr, De, Asn) > Bl->Ser-+Thr-+Ala-+Val.0H glycopeptide 
<<. + 4 "Beak —— uur 
E, fin ther amino-acids of the O-termma] tryptic peptide: Gali tas ta (5 sada 
, 9 , P—Ser,, Prosa Gly, , » LEU: 
Thr>N-acety no, nlactose: terminal a e d 


Asx: Asp or Asn; Glx; Glu or Gln; AEOys: aminoethylcysteme. 


* Tryptic peptide. 


t The sequences Trp-Ser and Trp—Glu were established after reaction with bromosucolnimide. 
t Tryptic peptide, no split occurred after the AEOys and Lys residues. 
A peak may contain several tryptic peptides which are purified by rechromatography. 


Fig. 1. Present knowledge co 


third hydrophilic. Their chemical structure data were 
chiefly based on some results of our group published some 
time ago*?. We present here very briefly our present 
knowledge of the amino-acid sequences of cow x-casein 
(Fig. 1). It is now clear that its peptide skeleton 1s almost 
homogeneous; a few changes attributable chiefly to genetic 
variants and variations in the sugar composition are 
ultimately responsible for the heterogeneity observed on 
electrophoresis?‘-*, The carbohydrate-free protein stabil- 
izes a@g-casemn against precipitation by calcrum!. It is 
thus sufficient for micelle stabilization, and it 1s attacked 
in the normal manner by rennin (EC 3.4.4.3)12.4, 

For our chemical structure studies, we prepared cow 
x-casein according to McKenzie and Wake’. During the 
primary enzymatic phase of the action of rennin’, & 
large peptide called x-macropeptide in the absence of 
sugars or x-caseino-glycopeptide in the presence of sugars 
18 liberated and para-x-casem precipitates. The large 
peptide has already been intensively studied*?.», It has 
a rather unusual compoaition, chiefly because of the high 
proportion of the hydroxyhe amuno-acids (serine and 
threonine) and the acidic amino-acids (aspartic acid or 
asparagine, glutamic acid or glutamine) and the absence 
of aromatic amino-acids, cystine and arginine’. P. J. 
et al. reported the structure of the N-terminal octa- 
decapeptide* as well as of the C-termmal sequence?)?, 
This latter was the same as the C-terminal 
end of x-casem?*, The x-Caseino-glycopep- 
tade thus constitutes the C-terminal moiety 
of x-casemn. The caseino-glycopeptide con- 
tains three lysine?’ residues and, because 
its C-terminal amino-acid is- valine!, four 
tryptic peptides are obtained, as expected, 
after tryptic digestion. The C-terminal 
tryptic peptide is a very large one (41-47 
amino-acids) and constitutes in fact the 
characteristic hydrophilic part. It contains 
(a) the unique phosphoserine residue of the 
caseino-glycopeptide and (b) the sugar part. 
Fiat et al. characterized an O-glycomdic 
linkage between a threonine residue and 
N-acetylgalactosamine. After chymotryptio 
digestion, Delfour and Jollés (unpublished. 
data) were able to characterize the peptide 
Ser-Thr-Ala-Val which constitutes in fact 
the C-termmal sequence of the x-casemo- 
glycopeptide as well as of x-casein. The 
elucidation of the complete structure of 
the C-terminal tryptic peptide of the 
x-caseino-glycopeptide is very difficult, how- 


Ninhydrin after alkaline hydrolysis (OD at 570 my) 


ncerming the amino-acid sequence of cow x-casein (residues per monomer of molecular weight 20 000 (ref. 13)). 
The data in this figure have been obtatned from this article and from refs. 2, 3, 9-12. 


ever, for ite ammo-acid composition (chiefly Ser, Thr, 
Pro, and Glu or Gin residues) varies slightly from 
one lot to another even after several purification 
steps. 

In order to learn more about the structure of para-x- 
casein, we submitted x-casein to tryptic digestion, after 
reduction with mercaptoethanol and aminoethylation". 
The tryptic peptides (including peptides with a C-terminal 
ammoethyleysteme, AECys, residue) were chromato- 
graphed on ‘Dowex 1x2 and twenty-two peaks were 
characterized (Fig. 2). An almost identical figure was 
obtained when a, tryptic digest of x,-casein was submitted 
to the same treatment. The tryptic peptades were purified 
by rechromatographies on ‘Dowex 60x 2’ columns or on 
Whatman No. 1 paper. Their structures were established 
by the usual methods, chiefly by the Edman technique. 
Fig. 1 mdicates nme tryptic peptides of the para-x-cagein. 
part out of the theoretical expected fourteen (five arginine 
residues, six lysine residues, two AECys residues, C- 
terminal sequence; residues calculated per monomer of 
molecular weight 20-000 (ref. 13)). The tryptic fragment 
comprising the C-terminus of x-casemn desoribud by Hilt 
and Wake! was characterized in peak 15. Furthermore, 
an important tryptic core was obtained; 1ts detailed study 
will be indicated later. Fig. 1 also shows the tryptic 
peptide with the rennin-sensitive linkage of cow x-casein: 


«mixing chomber:1£pH 84» 
B4—~e05N HAc)sal(o2N HAc)—»=2N HAc——ee-2N HCI 





Fig. 2. Chromatography on seers 1x2 (148 x 2-4 om column) of the tryptic hydro- 


te of cow x-casein (1 g). 
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it constitutes the overlapping peptide of para-x-casein 
and x-caseino-glycopeptide. A detailed study of it has 
already been published by us’. 
JACQUELINE JOLLES 
PERRE JOLLES 
Laboratory of Biochemistry, 
Faculty of Sciences, 
96 Bd. Raspail, 
Paris 6°. 
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CHABLES ALAIS 


Error Frequency during in vitro 
Transcription of Poly U is 
increased with y-Irradiated 
RNA Polymerase 


Smoon the origmal postulation of the “Central Dogms’’! 
it has been noted that changes ın environment of the 
enzymes involved ım replication, transcription and 
translation of the genetic message may induce error*’. 
The most direct evidence is the increased mutation rate in 
DNA replication observed in gene 43 mutants of cohphage 
T4 which contam mutagenic DNA polymerase’. 
ancreased error frequency has also been observed in viro 
using mutagenic DNA polymerase’. 

Tf, as has been suggested’, not only the templates but 
also RNA polymerase plays some part in base selection, 
radiation could possibly damage the sites on an RNA 
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Poly A-primed Poly U synthesis. a, tivation by y-irradiation. 
Reaction mixture contained 0-6 »moles aas UTP (1-2x10* c.p.m./ 
umole), 0-1 moles GTP, 50 Poly A and ‘A polymerase (approxim: 
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Hig. 2. Nearest neighbour frequency analysis of base composition of 

Poly U-primed product oyntheslzod by y-iradiated RNA. a, Per cent 

ApA; b, per cent GpA (O), with per cent GMP cE) shown ın Fig. 3 

(o) included for companson. n contained 06 olos 

ATP-a-"P (1:2 x10* c p.m./umole); 01 pmoles UTP, GTP and OTP; 

0-76 pinole MnOl,; 87 8 umoles tris pH 7 5; 50 ug Poly U and 63 umts 
of RNA polymerase y-irradiated as shown. 


polymerase molecule involved in base selection. Such 
need not necessarily cause loss of catalytic 
activity, for ıt 1s now known that X-irradiation may 
damage an ’g allosteric site without complete loss 
of catalytic activity®. It was to investigate this possibility 
that these preliminary experiments were undertaken. 

Poly A and Poly U were purchased from Miles 
Chemical Co. Unlabelled nucleomde trphosphates (NTPs), 
[2H]-ATP and [a-**P]-UTP were obtained from Schwartz 
BioResearch Inc. and [*H]-UTP and [*C] labelled NTPs 
from the Radiochemical Centre, Amersham. RNA 
polymerase from M. lysodeiktious was prepared by 

cedure A of Nakamoto, Fox and Weiss”. 

Ultraviolet irradiation was done with a low pressure 
mercury lamp emitting chiefly st 253-7 nm. RNA 
polymerase samples, dissolved in 50 per cent glycerol and 
contamed ın spectroml tubing, were ultraviolet irradiated 
for up to 15 min as broken glasses at 77° K, with~ 5x 101° 
Co y-irradiation of ammonium sulphate 
nzyme, dissolved to 0-5 mg/ml. in 0-1 M KCI, 
was performed at 77° K, total doses varying from 0-1 to 


Synthesis, incubation, 
analyses were performed as described previously". 
Optimal reaction conditions used for Poly A and Poly U 
primed synthesis are shown m the appropriate figure 
legends. For checking the amount of non-complementary 
(“wrong”) base incorporated, the “wrong” base NTP was 
labelled with “C, the complementary (“normal”) base 
with °H, which emits lower energy p radiation on decay. 
Thus, by selecting the energy range of radiation counted, 
all 2H “normal” base was eliminated from the 1C “wrong” 
base. When “wrong” base and “normal” base incorpora- 
tion were estimated by concurrent assay in separate tubes, 
the two incubation mixtures were made uniform by using & 
common mixture contaming all components but the 
template and “hot” labelled NTPs. 

The inactivation of RNA polymerase by radiation is 
shown in Figs. la and 1b. The rapid freezing and thawmg 
of the glyverol-based solution of RNA polymerase led to 
only 5 per cent loss of activity (Fig. 16). 

Irradiation of RNA polymerase with ultraviolet ght 
led to no changes in the relative amounts of NpU and 
NpA in the Poly A and Poly U primed synthesis. 
Similarly no change was found in the percentage of NpU 
when Poly A was transcribed by y-irradiated RNA 
polymerase. 

The product synthesized with y-rradiated RNA. poly- 
merase directed by Poly U, however, contained GMP, the 
amount of GpA in the product increasing approximately 
linearly with increasing dose (Fig. 2b) accompanied by & 
corresponding decrease m the amount of ApA (Fig. 2a). 
No change was found in the amounts of UpA or CpA. 
Investigations by double labelling (P4C]-GTP and 
(?H}-ATP) and concurrent single labelling confirmed this 
(Fig. 3). It can be seen from Figs. 3a-c that this increase 
in GMP represents an increase in error frequency. Total 
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Fig. 3. Change in base composition of Poly U-primed uct syn- 
polymerase. (i) nbis labe 
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que (O): reaction 
atin c.p.m. at restricted gate/umole) and 0-6 moles 
1-2 x 10° c.p.m./smols). 1) By concurrent single labelling (0): 
mixture contained elther |10] GTP (6-0 x 10° ¢.p.m./jm 
gia a ATP (60x1 € pele) and “cold” GTP. a, Oha 
m 


nge 
incorporated, chango pin total AMP incorporated; o, 


change in fraction Incorporated. 


GMP incorporated decreases with increasing dose (Fig. 3a), 
but this decrease per unit dose is less than that for total 
AMP incorporated (Fig. 3b). 

The nature of the radiolytically produced species 
causing the malfunction of RNA polymerase has not yet 
been clearly established. In the absence of other solutes, 
during irradiation of frozen KCl solutions at 77° K, all 
the H atoms and electrons and most of the OH radicals 
produced are consumed, the major products being H, 
Cl,, HO, and Cl; (ref. 12). In the presence of relatively 
high concentrations of protem, however, there may be a 
considerable change ın the nature of the secondary 
reactions and the protem may be attacked predominantly 
by OH radicals. The site of attack is also a matter for 
speculation. Hither disruption of the tertiary structure of 
the enzyme or damage to the amino-acids comprising the 
active site involved in base selection could lead to 
malfunction of the RNA polymerase}. 
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Secretion of «-Lactalbumin into Milk 
and its Relevance to the Organization 
and Control of Lactose Synthetase 


a-LAOTALBUMIN has recently been recognized as a com- 
ponent of lactose synthetase!; it has long been known 
as & major protein component of milk whey’. Studies of 
the biosynthesis and secretion of «-lactalbumm in prepara- 
tions from the lactating guinea-pig mammary gland? 
indicate that the protem found ın milk arises not by 
leakage and breakdown of mammary cells but is specific- 
ally secreted. The relatively high concentration of 
a-lactalbumin in milks, 1 mg/ml. in bovine milk‘ and more 
than 5 mg/ml. in gumea-pig mulk*, supports this view. 

The paradox of the secretion into milk of large quanti- 
ties of a protein with an important intracellular function 
during lactation is resolved here by a discussion of the 
subcellular organization and known properties of lactose 
synthetase. The secretion of «-lactalbumin appears to be 
one facet of a unique enzyme control system. 

UDP-p-galactose : D-glucose -1,4-galactoalytranaferase 
(lactose synthetase) consists of two proteins, the A and B 
proteins, both of which are required for enzyme activity‘. 
The B protein is «-lactalbumin}, and the isolated A protein 
has been shown to catalyse the transfer of galactose from 
UDP-galactose to N-acetylglucosamine either free or 
attached covalently to protein’. This latter reaction gives 
& protem-bound N-acetyllactosamme group. It is an 
important step in the serial attachment of monosac- 
charides to form the carbohydrate moiety of many 
glycoproteins*. In the presence of a-lactalbumin the 
substrate acceptor specificity of this enzyme is modified 
to include glucose, and the characteristics of the transfer 
to N-acetylglucosamine are affected in a complex way. 
«-Lactalbumin thus permits synthesis of a new product, 
lactose. This is a new type of controlling activity for a 
protein and «-lactalbumin has been designated a “speci- 
fier” protein’. a-Lactalbumin also controls the rate of 
lactose synthesis both during mammary development and 
also in hormonally stamulated mammary organ cultures’. 

Published evidence of the subcellular organization of 
the A and B proteins shows good internal consistency and 
is summarized here. (1) In homogenates of mammary 
tissue prepared by a Virtis overhead homogenizer, the 
A protein is bound to the microsome fraction while 
«-lactalbumin ıs distributed between the microsomal 
and soluble cell fractions’®. (2) «-Lactalbumin synthe- 
sized in a cell free system prepared from the lactating 
guinea-pig mammary gland is enclosed in vesicles derived 
from the rough endoplasmic reticulum and is released by 
disrupting the membranes with ultrasonic vibrations’. 
(3) In homogenates prepared by pulverizing frozen 
mammary tissue, both proteins are associated with a 
single particulate fraction apparently derived from the 
Golgi regions of the cell. «-Lactalbumuin 1s released from 
this fraction by ultrasonic vibrations or homogenization. 
with a Virtis homogenizer". 

The release of «-lactalbumin from these “lactose synthe- 
tase particles” was interpreted as a dissociation of a 
complex of the A and B proteins, a suggestion not in 
accord with the temporary nature of the complex of the 
corresponding milk proteins’. 

A further supporting argument for the exact subcellular 
location of the A protein can be derived from the role 
of the enzyme in glycoprotein synthesis. This particular 
galactosyl transferase is required for a step in the biosyn- 
thesis of the trisaccharide unit: sialic acid—>galactose—> 
N-acetylglucosamine—glycoprotem, which is common to 
fetuin and other exported glycoprotems*. In the liver, 
N-acetylglucosamine is attached to the apoprotein at 
some early stage during or after its assembly on the ribo- 
some while sialic acid is attached at a later stage during 
passage of the protein through the smooth surfaced endo- 
plasmic reticulum or Golgi region!*. Milk proteins being 
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exported by the lactating mammary epithelial cell as well 
as proteins being exported by other tissues pass into the 
vesicles of the endoplasmic reticulum after their assembly 
and thence to the Golgi bodies before their secretion by 
reverse pinocytosis!*“"*, The sequential attachment of the 
trisaccharide unit therefore requires that the A protein 
be attached to the membranes of the endoplasmic reticu- 
lum or Golgi bodies, specifically to their inner surface, 
enabling ıt to act on substrates within the structure. A 
similar location has been suggested for other glycosyl 
transferases volved ın glycoprotein synthesis (G. R. 
Lawford, personal communication). 

Previous work on the components of lactose synthetase 
combines to produce a comprehensive scheme for the 
synthesis and secretion of lactose when viewed 1n the hght 
of the preceding discussion. 

Durmmg lactation, ¢-lactalbumin 1s synthesized on ribo- 
somes associated with membranes of the endoplasmic 
reticulum, and then transferred to the lumen of the 
reticulum. Transport through the channels of the endo- 
plasmic reticulum brings the a-lactalbumin to regions of 
membrane within the Golgi system where the A protein 18 
situated, creating the necessary enzymatic conditions for 
lactose biosynthesis. Lactose ıs thus synthesized within 
the cisternae of the Golgi region and can be secreted to the 
exterior of the cell by concentration mto secretory 
granules which, after transport to the cell surface, fuse 
with the cell membrane and empty their contents to the 
lumen of the gland. Lactose synthetase particles isolated 
after homogenization are thus interpreted as pinched off 
sections of Golgı membranes with the A protein attached 
to them mner surfaces and «-lactalbumin m relatively 
high concentration within the vesicles. 

During the process of secretion from the Golgi region, 
a-lactalbumin, which interacts only tenuously with the 
A protein and its substrates’, 18 secreted along with lactose 
and milk protems. Some A protein is also lost from the 
mammary gland into milk, but much less than a-lactal- 
bumin (unpublished results of K. B., T. C. Vanaman and 
R. L. Hill). Viewed ın this way, the secretion of a-lact- 
albumin becomes an inevitable product of the organization 
and properties of lactose synthetase, and although appar- 
ently wasteful it has several biological advantages. The 
continuous flux of a-lactalbumin through the mammary 
cell ensures that its concentration at any time rapidly 
reflects changes ın the rate of its synthesis. Regulation of 
the rate of synthesis of a-lactalbumm thus becomes an 
effective way of regulating the rate of lactose formation 
within the gland. It gives a switch mechanism through 
which lactogenesis can be terminated. When synthesis 
of «-lactalbumin ceases ın response to any stimulus, the 
remaining protem within the cell 1s secreted and lactose 
synthesis 1s rapidly stopped. This contrasts with a 
mechanism whereby activity gradually ceases as enzyme 
18 removed by intracellular protein degradation. 

This (currently) unique control system can be seen as 
the result of a fortuitous evolutionary event ım which 
the secretory pathway of the “specifier” component, a- 
lactalbumin?’, was superimposed on a pre-existing glyco- 
protein synthesizing system, but ıb is remarkably well 
adapted for controlling the nature and rate of a specialized 
metabolic activity during the temporary secretory state 
of lactation. 

K. Brew 


Department of Biochemistry, 
University of Leeds. 
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Suggested Role of Lysosomal Lipid in 
the Contrasting Effects of ‘Triton 
WR-1339 and Dextran on 
Tuberculous Infection 


Tue non-ionic surface-active agent ‘Triton WR-1339’ 
retards the development of experimental tuberculosis 
when injected into mice; furthermore, bacterial multi- 
plication is slowed im peritoneal macrophages isolated 
from rabbits and gumea-pigs previously treated with 
this substance and infected in tissue culture with Myco- 
bacterium tuberculosis. The chemically related agent 
‘Macrocyclon’, which 1s less toxic than ‘WR-1339’ and can 
be used directly ın tissue culture, 1s as effective as ‘WR- 
1339 ım the ving mouse and is also active when added 
to mouse peritoneal macrophages before or after intra- 
cellular infection!. Dextran, on the other hand, acceler- 
ates the intracellular growth of tubercle bacilli when 
added to similar macrophage cultures*. These substances 
are thought to act on the cell rather than the bacterium?5; 
because they probably accumulate ın the macrophage 
lysosomes? ıt seemed logical to examine the possible role 
of these organelles ım tuberculous infection. In particular 
we wished to know whether any of the constituents of the 
detergent-containing and dextran-containing lysosomes 
would show inhibitory or other effects on the baculi 
cultured in vitro, in the absence of macrophages. 

Mouse peritoneal macrophage lysosomes are difficult to 
isolate. Lysosomes, however, can be obtained from rat 
liver ın good yield and virtually free from other cyto- 
plasmic particles after pre-injection of the animal with 
either ‘WR-1339" (refs. 4 and 5) or dextran‘, both of which 
accumulate in the (secondary) lysosomes of liver cells‘)’. 
Advantage has therefore been taken of the availability 
of these liver ‘Triton-lysosomes” and ‘“‘dextran-lyso- 
somes”, in the hope that in any action on tubercle bacill: 
in vitro they might resemble lysosomes of peritoneal 
macrophages after treatment with these substances. It 
was convenient to measure inhibition of bacterial multi- 
plication, and this was appropriate to the bacteriostatic 
action of ‘WR-1339’ and ‘Macrocyelon’ in vivo’; but in 
order to obtain growth in the contro! tubes the pH of 
the culture system could not be as low as apparently 
exists in “digestive vacuoles” secondary lysosomes such as 
those contaming bacteria after phagocytosis by macro- 
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The ‘Triton’-lysosomes were prepared from livers of rats, 
2 to 4 days after intraperitoneal mjection of “Triton 
WR-1339° (Rohm and Haas, Philadelphia) at 2 g/kg body 
weight, by 1sodensity equilibration of the whole liver 
homogenate” or of ite “large granule” fraction’. Dialysis 
overnight against 10 M sodium acetate buffer pH 5 in 
0-9 per cent NaCl led to the complete breakdown of the 
lysosomes, and the preparation (“lysosome juice”) was 
stored frozen; ıt was ‘Millipore’ filtered to sterilize it 
before use. A preparation of dextran—lysosome juice was 
similarly made after injection of dextran (Pharmacia, 
Uppsala; mean molecular weight about 500,000)°*. The 
basal culture medium contained Difco (Bacto) “Casammo 
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acids”, 2-5 g; L-asparagine monohydrate, 0-3 g; Na,HPO,, 
2:5 g; KH,PO,, 1:0 g; tmsodium citrate, 1:5 g; MgSO,, 
THO, 0-6 g; glycerol, 25 ml.; deionized water to 1 l.; 
the pH was adjusted to 7-0-7-2 and the medium was 
autoclaved at 115° C for 20 min. The growth test mixture 
consisted of basal medium, 0-1-0-4 ml.; lysosome juice 
(diluted 1f required in 0-9 per cent NaCl), 0-4-0-1 ml.; any 
other addition, in 0:05 ml.; homogenized aqueous suspen- 
sion of M. tuberculosis strain H37Rv, 0-1 ml. (contaiming 
0-004 mg wet weight from a surface culture on Proskauer 
and Beck liquid medium); total volume, 0-6—-0-65 ml. 
contained in 150 x 15-16 mm test tubes closed with silicone 
corks; pH 7-0-7-2. The tubes were mcubated at 37° C 
and examined for bacterial growth after 1 and 2 
weeks. 

The growth of M. tuberculosis in this test system was 
suppressed by the Triton-lysosome juice (six batches) at 
a concentration of 5-10 per cent (v/v) in the culture mıx- 
ture; the suppressive activity increased two-fold if the 
pH of the mixture was lowered to 6-3. On the other hand, 
dextran—lysosome juice (four batches) neither mhibited 
nor enhanced growth at a concentration of 80 per cent 
(v/v). In an experment in which ‘Triton’-lysosome and 
dextran-lysosome juices were compared (after dilution to 
equalize their acid phosphatase contents) the former sup- 
pressed growth at a concentration of 12-5-25 per cent, 
while the latter did not inhibit at 80 per cent. These find- 
ings suggested that the contrasting effects of the detergents 
and of dextran on the growth of tubercle bacilli in living 
macrophages might be mediated by lysosomal con- 
stituents. 

With this possibility in mmd, we examined further some 
properties of the growth-mhibitor ın “Triton’-lysosome 
juice. Because ‘WR-1339’ does not easily pass through a 
‘Cellophane’ membrane, some ıs retamed ın the lysosome 
juice after dialysis. ‘WR-1339’ 1s, however, unlikely to 
be the inhibitory factor in the present in vitro 
because it actually prevents inhibition when added to the 
growth test mixture at an extra 2 mg/ml. Furthermore, 
although ‘WR-1339’ does inhibit M. tuberculosis in vitro 
at high concentrations, the less toxic and chemically 
better defined ‘Macrocyclon’ does not inhibit growth of 
tubercle bacilli in vitro even at concentrations as high as 
40 mg/ml.; yet juice of rat liver lysosomes obtamed by 
substituting ‘Macrocyclon’ for ‘WR-1339’ was as inhibitory 
as the “Triton’-lysosome juice. Because lysosomes obtained 
after injection of dextran contain this polymer, 1t was 
tested separately in the culture system; it had no growth 
promoting or inhibiting effect over a range of 7-5~60 
mg/ml. oe 

The inhibitory action of the ‘Triton’-lysosome juice was 
prevented by inclusion of bovine serum albumin (fraction 
V), 5 mg/ml., in the growth test mixture. It was not 
significantly diminished by prolonged storage of the juice 
at —20°C; by heating at 100° C for 1h; or by mcubation 
for 1-3 days at 37° C, either alone (at pH 4-3-8-6) or in the 
presence (at pH 7) of trypsin (Difco 1 : 250, 2-5 mg/ml.), 
pronase (0:25 mg/ml.) or pancreatic hpase (Koch—Light, 
3 mg/ml.). Pronase did not imactivate the juice even if 
the latter had been previously heated at 100° C for 20 min. 
Curiously, addition of CaCl, (0-005 M), which did not 
inactivate unheated juice, did so partly if heated with ıt 
at 100° C for 1 h. 

The active material has lipid properties, being largely 
extractable into 90 per cent ethanol and also into ether— 
methanol 2:1 (by volume). The hpid composition of 
‘Triton’ and dextran-lysosome juices differs, the former 
containmg much more phospholipid and cholesterol*. In 
this connexion lysolecithm mbhibited growth of M. 
tuberculosis in the present system at about 10 ug/ml. 

“Triton’-lysosomes are known to contain plasma pro- 
teins’, possibly including lipoproteins brought ın as com- 
plexes with the ‘WR-1339’ (refs. 11 and 12); exclusion of 
‘WR-1339 itself as the active factor would not be mconsis- 
tent with the factor being a lipoprotem, or its lipid moiety, 
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complexed with the detergent. Much of the ‘WR-1339" in 
the juice 1s extracted along with the active factor into the 
organic solvents so far used. 

Two possibilities arise: (1) that the inhibitory factor in 
“Triton’-lysosomes 1s & normal component of these organ- 
elles, which ıs neutrahzed when lysosomes are obtained 
after dextran treatment; or (2) that it 1s produced as a 
result of the injection of ‘WR-1339’ but not of dextran. 
Dextran-lysosome juice 18 inactive, and addition of this 
juice to “Triton’-lysosome juice did not mpar the latter’s 
mbibitory power. It therefore seems likely that the second 
possibility 1s correct. 

Our present hypothesis is that after treatment with 
‘Triton WR-1339’ lysosomes contain an antituberculous 
lipid or lıpıds not present, or present at much lower con- 
centration, in lysosomes of normal cells. This idea 1s 
consistent with the suggestion’? that some mbubitory 
mechanism other than direct antibacterial action by 
lysosomal enzymes may be responsible for the restriction 
of mycobacterial growth in macrophages under detergent 
treatment. 
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Bentonite Agglutination Test for the 
Detection of Hydatidiform Mole 


Tum early diagnosis of hydatidiform mole, an aberration 
of pregnancy, remains a problem. Laboratory procedures 
developed to detect this trophoblastic disorder are based 
on, the determination of the concentrations of human 
chorionic gonadotropin (HCG) in urme and blood. Before 
the tenth to the eleventh week of pregnancy, however, 
it 18 difficult to differentiate between normal and abnormal 
pregnancy with the available pregnancy tests because 
both give high concentrations of HCG. A technique to 
distinguish normal from abnormal pregnancy especially 
in the first trimester will be very valuable. 
Immunological procedures have been used to study 
neoplasms and have revealed the immunological reaction 
of cancer patients agamst their own tumours and the 
existence of specific cancer antigens. There may be a 
specific antigen in hydatidiform mole in the trophoblast 
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or m the fluid contamed within the cyste. This may be 
recognized as foreign by immunologically competent cells 
and induce antibody formation. We have tried to detect 
such antibodies ın the sera of patients with trophoblastic 
tumours and to test whether an immunological procedure 
can be used to differentiate tumours from normal preg- 
nancy, especially in the first trimester. 

We used the bentonite agglutination test!. We obtained 
mole fluid by aspirating individual saline washed vesicles 
from one specimen. The protem content of the pooled 
fluids was determined by the biuret method. The equiva- 
lent of 0-4 mg of protein was found optimal for senmtiza- 
tion of bentonite; for HCG, 0-5 mg was optimal. Antisera 
to mole fluid and HCG, produced in rabbits, served as the 
positive control sera. 

One hundred and sixty-four sera from normal pregnant 
women belonging to different trimesters (seventy-one of 
the first trimester, fifty-four of the second trimester and 
thirty-nine of the third trimester), seventy-one patients 
with hydatidiform mole, and eight with choriocarcinoma 
were tested. 

Figs. 1 and 2 show the reciprocal antibody titres obtained 
m the different subjects. Usmg bentonite sensitized 
with mole fluid, the range of antibody titres of patients 
with hydatidiform mole was 1:640 to 1: 1,310,720; 
ım choriocarcinoma patients, 1: 640 to 1: 243,000; m 
normal pregnancies, first and second trimester, 0 to 
1: 5,120; and in the third trimester, 0 to 1 : 40. With HCG 
sensitized bentonite, lower titres were obtamed. In 
hydatidiform mole patients, antibody titres ranged from 
0 to 1: 5,120 and in choriocarcmoma patients from 0 to 
1: 60,750. Normal pregnancy sera, however, gave a 
simular range of titres. The earliest normal pregnancy 
sera collected were from patients 7 weeks pregnant. The 
titres obtained with either mole fluid or HCG sensitized 
bentonite were 0 to 1: 80. 


Table 1. NUMBER AND PHROENTAGH OF SUBJECTS WITH SIGNIFIOANT ANTI- 
BODY TITRES 


Trophoblastic Nonnii 
tumours ormal p: cy 
Chorio- First Beond Third 


H. mole carcinoma trmester trimester trimester 


No. % No. % No. % No. % No. % 
Molo ftuld sensitized 
bentonite. Titres >1° 


640 
HCG senmtized benton- 
ite, Titres >1:160 


66 98 8 100 4 
61 86 6 75 8 


56 6 98 0 
11213824 0 
With bentonite sensitized with mole fluid a titre of 
1 : 640 18 the dividing lme between normal and abnormal 
pregnancy. 93-100 per cent of trophoblastic disorders 
gave titres above 1 : 640 (Table 1) whereas only 6-9 per 


cent of normal pregnancies, from the first and second 
trimesters, had titres greater than 1 : 640. With HCG 
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Fig. 1. Reciprocal antibody titres using mole fluid sensitized ben- 
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sensitized bentonite, a titre of 1 : 160 ıs the dividing lme 
between normal and abnormal pregnancy. <A lower 
percentage (86 per cent) of abnormal pregnancy, however, 
gave titres above 1: 160, while 11—24 per cent of normal 
pregnancy sera gave titres above 1: 160. 

Our work shows the presence of antibodies to mole 
fluid and HCG ın the sera of patients with trophoblastic 
tumours. The bentonite agglutination test usmg mole 
fluid for sensitization can be used to detect trophoblast 
tumours and differentiate such tumours from normal preg- 
nancy. 

We thank Dr Genara Manuel-Limson and the staff of 
the Department of Obstetrics and Gynecology at this 
college for their cooperation. This work was aided 
by a grant from the Natural Science Research Council, 
University of the Philippines. 
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Cellular Immune Response during 
Rejection of a Liver Transplant 
in Man 
THe diagnosis of rejection of transplanted organs can be 
difficult. Function of a renal transplant can be similarly 
affected by ischaemia, obstruction and rejection. Anorexia. 
and malaise may be the earhest signs of rejection of a 
heart transplant! but are clearly difficult to mterpret, andl 
a rise ın serum enzyme concentrations may occur too late 
to be of practical value. Rejection of a liver transplant. 
may be accompanied by a cholestatic jaundice’, but a. 
drug reaction, particularly to azathioprine used ın immuno- 
suppressive therapy, serum hepatitis and extrahepatic 
obstruction, can all produce the same picture. First set. 
rejection of transplanted organs seems to be mediated 
by cellular immune mechanisms rather than circulating: 
antibodies?. If alterations m the cellular mune response 
could be detected in vitro the diagnosis might be made 
with more certainty and treatment instituted more 
rapidly. 

Changes in the migration, of immunocompetent cells im 
the presence of antigen have been shown to be related to 
cellular hypersensitivity‘, and Søborg and Bendixen’s 
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applhcation of this technique to the migration of peripheral 
leucocytes in man’ allows a quantitative measurement 
of the cellular immune response. Søborg has recently 
shown‘, using this system, that stimulation of leucocyte 
migration ın the presence of antigen indicates weak sensi- 
tization, and inhibition of migration strong sensitization 
to that antigen. We have used this technique to investi- 
gate the migration of peripheral blood leucocytes ın the 
presence of liver antigens during rejection of a liver 
lant in man. 

Daily blood samples were taken and the leucocytes 
transferred to capillary tubes. Four tubes were prepared. 
trom each blood sample; two were placed in a small tissue 
culture chamber containing 199 medium and 10 per cent 
horse serum and two in a chamber contaming this solution 
plus foetal liver homogenate. The cencentration of liver 
homogenate in the medium was adjusted to produce a 
final protein concentration of 400 ug/ml. This high con- 
centration, of antigen was chosen to mcrease the sensitivity 
of the system and in these conditions there was slight non- 
specific hibition of leucocyte migration in the chamber 
to which antigen had been added. Both chambers were 
incubated at 37° C for 20h and the areas of migration 
of the leucocytes measured. The migration index (MI) 
{was calculated by dividing the mean area of migration 
with antigen by the mean area of migration in the control 
medium. A value greater than one indicated stimulation 
of migration and less than one whibition. 

The values of the migration index, plasma total bil- 
rubin and alanme aminotransferase (glutamic pyruvic 
transaminase) during the 28 days after liver transplanta- 
tion are shown in Fig. 1. The plasma bilirubin was normal 
for the first 5 days and the initial values of the migration 
index of 0-89 and 0:87 reflected the shght non-specific 
inhibition of migration produced by the high concentra- 
tion of antigen. Plasma alanine aminotransferase values 
were initially very high, due to the ischaemic damage 
ancurred before transplantation, but fell rapidly to normal. 
On the seventh day there was a slight rise in the plasma 
bilrubm and amuimotransferase. Measurements of the 
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migration index were not obtamed at this time because of 
technical failure of an incubator, but on the ninth day when 
rejection was established marked inhibition of migration 
was found. Antilymphocyte globulm (ALG) (kindly 
supplied by Professor W. Brendel of Munich) was infused 
intravenously on the tenth, eleventh and twelfth days. 
Six hours after the first dose of 20 ml. the migration index 
had risen from 0-58 to 0:80 and a further mcrease was 
apparent 3 h after the start of the second 4 h fusion. 
Further supplies of ALG could not be obtained, so only 
7-5 ml. was given on the twelfth day and the migration 
index fell at the end of this infusion to 0:89. The improve- 
ment in migration index on the tenth and eleventh days 
was associated with a subsequent decrease in the rate of 
rise of plasma bilirubm. 

On the thirteenth day inhibition of migration was again 
present (MI= 0-68), but a further rise in plasma bilirubin 
did vot occur until 24 h later. Liver biopsy, taken on the 
same day, showed liver cell necrosis with a portal tract 
infiltrate of lymphocytes and plasma cells consistent with 
rejection. The dose of prednisone was increased to 200 
mg/day and within 12 h the migration index had risen to 
1-0 and after a period of stimulation it returned to normal 
on the seventeenth day. The plasma alanme ammo- 
transferase remained high throughout this period and the 
plasma, bilirubin did not fall until the sixteenth day. 
From the seventeenth to the twenty-third day the migra- 
tion index remamed withm 12 per cent of the values 
recorded immediately after transplantation and the plasma 
bilirubin continued to fall. On the twenty-fourth day, 
12 h after a reduction of prednisone to 100 mg/day, 
slight stamulation of migration was recorded and azathio- 
prine 75 mg/day was introduced. Subsequently, after 
still further stamulation of migration, there was a fall 
towards normal. The plasma aminotransferase values 
fluctuated considerably throughout this period. 

Rejection of a liver transplant is presumably initiated 
by differences in the histocompatibility antigens. The 
leucocyte migration test using foetal liver homogenate 
probably detects alterations in the cellular immune 
Tesponse to organ specific antigens rather than histo- 
compatibility antigens, and it 1s perhaps surprising that 
we found the changes to occur at the same time as, or 
before, alterations in the tests of hver function. The role 
of organ specific antigens during rejection has not been 
clearly defined and it is possible that, once rejection has 
started, these antigens are capable of inducing an immune 
response. The rapid change from inhibition to stimula- 
tion of migration which followed the mtroduction of 
additional immunosuppressive therapy demonstrated the 
sensitivity of this test. Studies are necessary to determine 
whether immunosuppressive agents are capable of directly 
altering leucocyte migration, and further investigation 
of this test ın patients with organ allografts 1s being 
undertaken to determine whether it has genuine predictive 
value on the development of rejection. 
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Efficiency of Low Level DTPA 
Therapy in removing Plutonium 
from Mice 


TH therapeutic use of diethylene-triamme pentaacetic 
acid (DTPA) for removing plutonium from animals given 
injections of soluble plutonium has been reported'“. In 
these studies the amounts of ***Pu injected were between 
2-4 and 60 g/kg body weight and the amounts of DTPA 
used in the treatment were between 0-5 and 1 g/kg. In 
many cases of accidental contamination of humans, the 
amount of plutonium entering the body has been 0-1 pg/kg 
or less; nevertheless, the DTPA treatments usually con- 
sist of a series of 1 g injections’. Lower doses of DTPA, 
which minimize any risk of side effects from DTPA, are, 
however, preferable*?. In our work, reported here, we 
gave rats injections of small amounts of ***Pu, which are 
equivalent to those commonly found in human acoidenta, 
and compared the effectiveness of removal of plutonium 
by small doses of DTPA with the large doses used by 
others‘. Our work was made possible by the develop- 
ment of a technique for the use of small masses of *7Pu 
as a metabolic marker for the injected ***Pu (ref. 8). 

Female albino mice, stran T.O., weighing approximately 
30 g were divided into groups of fifteen. Each group was 
placed in a cage. All the experimental animals received 
an intraperitoneal injection of plutonium in 0-2 ml. of 
0-1 M citrate solution at pH 7. The injection dose con- 
tained 9x10 ug/kg body weight of plutonium(IV)-239 
and 27x10 ug/kg body weight of plutonrum(IV)-237. 

Animals given “early treatment” received the appro- 
priate dose of DTPA intraperitoneally m 1 ml. of water. 
The DTPA solution contamed 0-7 mM calaum/mM 
DTPA. The first injection was given 10 min after the 
plutonium was administered and further injections were 
given after 2, 5 and 8 days. Animals given “late treat- 
ment” recerved daily injections of DTPA for 5 days, 
beginning 36 days after plutonram was admuustered. 
Excreta were collected at intervals and these les were 
assayed for plutonium by means of the 100 keV X-rays 
from Pu (ref. 8). Animals given “early treatment” 
were killed after 40 days. 

The results are expressed as mean cumulative per cent 
of the injection dose excreted per cage of fifteen animals 
together (Table 1). It seems that ın the conditions of the 
experiment, the lowest dose level of DTPA (7 pM/kg of 
body weight) is as effective as the highest dose used in an 
early treatment. Our lowest dose 1s equivalent to 0-2 g 
in a human. Late treatment is marginally effective at 
the three doses of DTPA used; the degree of effectiveness 
is the same for the three levels. Thus for late treatment 
of humans there seems to be no ment in using high doses 
of DTPA. 

In summary, these animal experiments indicate that 
injections of about 0-2 g of DTPA are satisfactory for the 
removal of small amounts of plutonium from humans if 
treatment is initiated at an early stage. 

Side effects have been reported"? in humans treated 
with daily injections of 1 g of DTPA, and these could 


Table 1. 
. Days after plutonium 1-8 3-15 15-29 29-36 
Controls 9 08+ 42:59 + 5059+ 68-70 + 
0 85 5 20 591 479 
DTPA, 1,500 uM/kg on days 8005+ 92 00+ 9780+ 10005+ 
1, 2, 5, 11 60 12-82 10-40 11 96 
DTPA, 1,500 uM/kg on days 1005+ 40 95+ 40-82 + 5204+ 
36-40 incl. 0 80 3-80 4-62 4:87 
DTPA, 35 uMf/kg on days 1, 2, 79 20+ 90:75 + 98-00 + 99-90 + 
5, 8 6 40 8 20 915 10-48 
DTPA, 35 4M/kgon days 86-40 10 00+ 41 30+ 60-91+ 53 00+ 
incl. 1 06 512 5 6-75 
DTPA, 7 u«M/kg on days 1, 2,5, 7986+ 91:18 + 97-814 90 77+ 
8 7 80 9-84 8 62 9- 
DTPA, 7 uM/kg on days 86-40 1052+ 41:36 + 50 M+ 53 81+ 
incl. 105 8 82 5 80 51 
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probably be reduced by the injection of 0-2 g daily; this 
would not reduce the effectiveness of treatment. 

We thank Mr D. Ramsden, UKAEA, Winfrith, and 
Messrs R. Todd and R. Logan, Chapelcross, for their 
preparation and isolation of the **"7Pu isotope. We also 
thank Dr G. W. Dolphin for his helpful comments on 
the manuscript. 
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Increased Intracellular Pressure 
accompanying Active Transport in 
Corneal Endothelium 


WHEN a cornes 1s exposed to low temperatures ıt swells; 
if it is subsequently warmed, 1t can expel ite excess flud 
and revert to physiological thickness. The phenomenon 
is called temperature reversal and has been used to show 
that active transport of fluid out of the cornea is controlled 
by the endothehum, liming the posterior surface of the 
cornea. Temperature reversal occurs in vivol? or in viro 
if a suitable fluid such as KEI? bathes the endothelium. 
Metabolizing cells of the corneal endothelium also generate 
a positive intracellular pressure which causes convex 
bowing of the unattached posterior cell membrane‘. We 
report here direct observations on the posterior cell 
membranes of the endothelium during temperature rever- 
sal using a recently described specular microscope’. 

Eyes from adult Dutch rabbits were used in all experi- 
ments. Corneal endothelia of the excised eyes were observed. 
with the specular microscope while the anterior chamber 
was perfused with KEI. Intra-ocular pressure was 
maintained at 20 mm of Hg and the temperature of the 
eye was varied at will. Ornentated histological sections 
through the cornea were prepared as before’. 

At all temperatures, the posterior membrane of the 
corneal endothelium had one of two appearances. State 
I produced a reflexion (Fig. 1) and a histological appear- 


INFLUENOH OF DTPA ON PLUTONIUM MXORETION IN MIOR 


36-60 40-50 50-61 61-70 70-80 80-01 91-105 
54 70+ 68 89+ 61 66+ 64 244 67:82 + 72°38 + 74 334 
6 08 6 25 7-52 6°95 6- 8 09 7 20 
101 00+ 
12-20 
60-20 + 68-40 + 72-58 + 75 00+ TTA2Z + 81:70 + 83-08 + 
6 54 8 02 7-20 6-98 8-00 9°20 9 30 
100 26+ 
10 82 
59 20+ 67-45 + 7210+ 75 20+ 77-16 + 81 80+ 83-10 + 
7-00 8 02 8 54 8 62 8 90 905 8 75 
101 25 + 
9 95 
59 90+ 67:17 + 71:07 + 73-49 + 76-32 + 80-61 + 82°85 + 
6-82 710 6 89 7 7 82 11-62 915 


Results expressed as cumulative percentages of the initial injection dose excreted by each group of fifteen animals. Each pomt records the mean of 


fifteen animals together with the S.E. of the mean. 
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Fig. 1. Specular micrograph of corneal endothelium in a whole eye while 
the cells are transporting fluid. State I in the text, (x 800.) 


Fig. 2. Specular micrograph of the same area of cells as that shown in 
Fig. 1. The fluid transporting mechanism is inhibited by low tempera- 
tures, State II in the text. Figs. 1 and 2 were processed by identical 


methods. ( « 800.) 


ance. sectioned in orthogonal plane (Fig. 3). The posterior 
membrane of each cell is convex. State II produced a 
reflexion (Fig. 2) and a histological appearance (Fig. 4) 
when the posterior membrane was flattened. Warm, 
fresh endothelium always appeared in state I: corneal 
endothelium equilibrated at 4° C always appeared in 
state IT. If cooled and swollen corneas were warmed to 
37° C, the endothelium reverted from state II to state I 
within 3 min and maintained that appearance while 
the endothelium continued actively transporting fluid out. 
of the cornea (Fig. 5). Repeated alternate exposures to 
temperatures of 37° C and 4° C in one cornea were accom- 
panied by the appropriate slow oscillation of the endo- 
thelium between states I and I. Table 1 shows the 


faye 
Nerve 





Fig. 3. State I in histological section normal to the cornea. (x 800.) 
See Fig. 1. 
Fig. 4. State IH in histological section normal to the cornea. (x 800.) 


See Fig. 2. 


677 


Table 1. THE VOLUMES OF CORNEAL ENDOTHELIAL CELLS DURING PUMPING 
AND WHEN THE PUMP IS INHIBITED BY LOW TEMPERATURES 


Fluid transporting cells Tnhibited cells 
100 +2 
Units are arbitrary. 


S033 


relative volumes of the endothelium, determined histo- 
logically, when the cells are in state I and state Il. It is 
known that sudden irreversible changes from state I to 
state II cause rapid extrusion of fluid from the cells'. 
Table 1 also shows that a gradual, reversible, change in 
the opposite direction (state II to state I) results in an 
uptake of fluid in the endothelium. During fluid trans- 
port, the intercellular spaces of corneal endothelium do 
not expand? as they are reported to do in other tissues*®, 
and so increased endothelial volume when the fluid pump 
is activated must be intracellular. 


i0 


500 


= 480 





= 470 





-10 16 20 30 40 5U 
‘Time (min) 


Fig. 5. Showing the thinning rate of the cornea (an indication of activity 

of the fluid pump in the endothelial cells) when the cornea is warmed 

from 4° C (indicated as negative time on the abscissa) to 37° C {at time 

zero and beyond). Fig. 1 was recorded at point B, Fig. 2 at point A. 
Vertical lines indicate uncertainty of the readings. 


When stored corneas are warmed to physiological 
temperatures, the endothelial cells increase their intra- 
cellular pressure and volume. Whether this extra endo- 
thelial fluid is derived from the swollen corneal stroma and 
represents the first stage of active transfer of fluid out of 
the cornea will be the subject of further work. Specular 
microscope observation of the endothelium, however, 
can simply and rapidly show whether the endothelium 
is viable and would serve as an unambiguous indication 
of the suitability of stored tissue for human corneal 
grafting. 

I thank Miss Audrey Meenan for determining endo- 
thelial volumes. 
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Failure to replicate Dissociation 
between Antidiuretic and Vasopressor 
Activity in Rat Posterior 

Pituitaries in vitro 


We have reported a dissociation between antidiuretic and 
vasopressor activities of vasopressin in the posterior lobe 
of rat pituitary in vitro'. Posterior pituitaries incubated 
in Krebs-Ringer bicarbonate glucose lost nearly all anti- 
diuretic activity, although vasopressor activity was 
reduced only slightly. Antidiuretic activity seemed to 
have been released into the incubation medium, for there 
was far less vasopressor than antidiuretic activity in the 
medium. Thorn could not confirm this discrepancy in the 
release of the two activities in vitro using slightly different 
conditions?. We repeated the experiments (unpublished) 
in 1966 and observed the dissociation, although less 
marked than originally. When we repeated the work in 
1968, we were unable to demonstrate the dissociation, 
although the experiments were apparently performed in 
the same conditions as before’. We thought that 
conditions might have been somewhat different after 2 yr, 
and decided to investigate some modifications of the 
conditions in vitro and in vivo. 

Antidiuretic and vasopressor activity was determined 
as described earlier’. When posterior pituitaries were 
incubated in Krebs-Ringer bicarbonate glucose at 21° C or 
40° C instead of 37° C, or at pH 7-1 or 7-7 instead of 7-4 
or in air instead of 95 per cent oxygen and 5 per cent 
carbon dioxide, there was no significant difference in 
antidiuretic and vasopressor activities in the incubated 
posterior pituitaries or in the medium. Similarly, neither 
the use of a modified Locke solution®, unchanged or modi- 
fied by adding a high concentration of potassium, or a low 
concentration of sodium, nor the use of a calcium and 
magnesium-free medium!, induced dissociation in the 
two activities in vitro. 

Changing the in vivo conditions had no effect on the 
ratio of antidiuretic to vasopressor activity of the posterior 
lobe or the medium. Neither anoxia induced by com- 
pressing the throat for | min nor stress caused by exposing 
the feet to electric shocks for 45 s revealed any dissociation 
in antidiuretic and vasopressor activity in pituitary or 
medium. Water deprivation for 1, 3 or 6 days, which led 
to a marked decline in the hormone content of the posterior 
lobe and its release in vitro, or water loading for 3 days 
also failed to alter the ratio of antidiuretic to vasopressor 
significantly from 1. 

Thus we failed to observe again the dissociation! in 
these two activities when posterior pituitaries are in- 
cubated in vitro. At the moment we cannot explain our 
original observation and wish to withdraw our statement 
that two principles are present in the posterior lobe 
in vitro, one with pressor and one with antidiuretic 
activity. 
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Functional Occlusion in 
Tribosphenic Molars 


ATTEMPTS have been made to deduce mandibular move- 
ments in primitive mammals from dried skulls and 
particularly the morphology and wear on the teeth!*, 
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The work reported here shows that this is not possible. 
Until mandibular movements are precisely determined for 
appropriate living mammals, the interpretation of the 
structure and evaluation of the function of mammalian. 
teeth is extremely difficult. Studies of living mammals are 
particularly relevant. at present because the evolution of 
pre-Tertiary mammals can now be explained with greater 
confidence using the recently discovered early mammalian 
material from the Triassic, Jurassic and Cretaceous. 

We have started to study mastication in primitive 
mammals using a specially designed cinefluorographic 
unit and Didelphis marsupialis as the first experimental 
animal. This technique has been used with rabbits’, 
rat‘ and the wallaby (W. D. L. Ride, personal com- 
munication), all highly specialized mammals. Here we 
briefly describe our equipment and outline the results; a 
full account will be published later. 

The einefluorographic unit consists of a 125 kV rotating 
anode tube aligned with a 15 cm image intensifier. A 
16 mm cine and a television camera are mounted on the 
image intensifier and can be run simultaneously, allowing 
continuous monitoring of the animal's behaviour which 
ean be selectively recorded on both cinefilm and video- 
tape. The particular advantage of the apparatus com- 
pared with standard diagnostic equipment is the flexibility 
of the mounting: the tube and intensifier can be raised 
and lowered, tracked horizontally and rotated through 
360°, simultaneously if necessary. Any natural changes 
in the position of the animal relative to the plane of the 
beam can be accommodated, so distortion is reduced. 

Most mammals, including all with primitive dentitions, 
are anisognathic, so that chewing can only occur on one 
side of the mouth at any one time. Ina ‘che swing stroke 
the molars on the balancing side cannot come into contact. 
Mills!:* has reviewed molar evolution in a series of primitive 
mammals including primates, insectivores, some mar- 
supials and some bats. He deduced that in all cases the 
chewing stroke commenced with the jaw depressed and 
lateral to the active side at initial tooth contact and 
that an upwards and medial movement followed until the 
protocones of the upper molars were locked into the talonid 
basins of the lower molars and the jaw was symmetrically 
placed about the midline. This he described as the “buccal 
phase” and the terminal position of the jaw as the “centric 
occlusion” or the ‘‘centrie’’*®. Mills said that in many 
mammals the “buccal phase” was followed by a “lingual 
phase” in which the jaw moved further medially to bring 
the molars of the hitherto inactive balancing > into 
functional occlusion. He suggested that during this second 
phase of movement the protocones of the upper molars. 
act as a pestle in the mortar of the talonid basins. This 
implies that chewing in the animals Mills examined 
consists of a single stroke involving both sides of the jaw 
in sequence, 

The cinefluorographie study has shown that all feeding 
activity in Didelphis is cyclical, rhythmic and repetitive: 
and that chewing occurs on one side of the mouth only 
for up to thirty cycles, depending on the type of food, 
before active and balancing sides are changed. In the 
early stages of mastication, the food is crushed and 
punctured by the tips of the molar and premolar cusps 
without their coming into contact. This crushing type of 
mastication produces a distinet set of wear facets on the 
tips of the cusps. After a long period of crushing. the 
softened food is then cut by the shearing surfaces on the 
slopes of the cusps of the upper and lower molars; this 
produces a second group of striated wear facets. The- 
chewing cycle in Didelphis consists of three strokes. 
First, a preparatory stroke in which the lower jaw swings 
upwards and laterally towards the active side until 
contact between tooth and food or tooth and tooth is 
achieved; second. a power stroke in which the lower jaw 
on the active side continues to move upwards but also 
medially and finally anteriorly to terminate with the 
protocones locked in the talonid basins or an equivalent 
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position depending on the bulk of the intervening food. 
Finally, a recovery stroke in which the lower jaw moves 
downwards until the maximum gape for the cycle is 
reached. The size of the gape and the actual duration of 
the cycle vary with the consistency of the food. At no 
time does the mandibular symphysis cross the midline; at 
the termination of the power stroke when the protocones 
are locked in the talonid basins, the symphysis is still 
to the active side of the midline. In other words, although 
the teeth are in a “centric” position, as defined by molar 
occlusion, the jaws are not in centric relation, that is 
they are not symmetrically placed about the midline. 
“Centric” when used to define the occlusal relation of 
upper and lower molars is not synonymous with the 
“centric”? position in which the jaws are symmetrically 
arranged about the midline. The two terms should not 
therefore be used interchangeably. The power stroke 
does, however, correspond to the “buccal phase’ of 
occlusion described by Mills?, but no “lingual phase” 
occurs in Didelphis and we believe this to be true also for 
most of the insectivores, bats and primitive primates. At 
no time during the repetitive chewing cycles, on an active 
side, does the mandibular symphysis cross the midline, so 
the jaw does not come into or pass through a “centric 
position” during a cycle as Mills suggests. 

As the lower jaw on the active side is depressed at the 
end of the power stroke in the opossum, the talonid is not 
dragged across the protocone in a “pestle and mortar” 
fashion to produce a grinding stroke; we suspect this is 
also the case in all mammals having primitive tribosphenic 
molars. The protocone and talonid in such molars 
appear to provide additional vertical or near vertical 
shearing surfaces and a platform for crushing, rather than 
an arrangement for grinding. Initially the talonid and 
protocone may have provided an ocelusal stop. 

The cinefluorographic recordings have shown clearly 
that the mandibular symphysis is mobile, and therefore a 
syndesmosis, and that it mediates movements between 
the two halves of the mandible during mastication. This 
movement can be quite asymmetrical, one half of the jaw 
moving towards or away from the other. It is not therefore 
possible to determine the behaviour of both sides of the 
jaw, where a syndesmosis is present, from the dried skull 
alone. 

The molars of Didelphis are, except for minor morpho- 
logical differences, functionally identical to the tribo- 
sphenic molars of many of the early Eutheria and 
Metatheria*-*, such as the eutherian Cimolestes and the 
metatherians Clemensia and Alphadon, from the late 
‘Cretaceous. Our studies will therefore make it possible 
to interpret the function and evolution of early mam- 
malian dentitions. This research has been supported by 
a grant from the US National Institutes of Health. 
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Uptake of “C Glycine by Spinal Cord 


THERE is much evidence that glycine may be an inhibitory 
transmitter in the mammalian spinal cord. The distribu- 
tion of this amino-acid in the cat spinal cord has been 
related to the presence of inhibitory interneurones'. 
Glycine hyperpolarizes spinal motoneurones*, and. the 
changes in membrane permeability which it produces 
seem to be similar to those produced by a spinal inhibitory 
synaptic transmitter?. Strychnine, which reduces spinal 
post-synaptic inhibition, blocks the effects of glycine ‘on 
spinal motoneurones'. 

The mechanism by which the actions of spinal inhibitory 
transmitter and iontophoretically applied glycine are 
terminated is not known, but because p-hydroxymercuri- 
benzoate potentiates the inhibitory action of glycine on 
spinal interneurones, it has been suggested that glycine 
may be inactivated enzymatically’. An alternative 
method of inactivation, however, may involve an uptake 
mechanism in the neural tissue of the cord similar to that 
described for y-aminobutyric acid (GABA) in the cerebral 
cortex®, 

Slices of rat spinal cord (0-1 x 0-1 x approximately 
0-2 mm) were suspended in Krebs bicarbonate medium 
and distributed volumetrically. Slices of cord equivalent 
to 10 mg wet weight were incubated for various times with 
1C glycine (6 x 10-7 M) in 10 ml. of oxygenated medium. 
The tissue was collected by rapid filtration, washed with 
5 ml. of ice-cold medium and the total radioactivity was 
measured by liquid scintillation counting’. In a few 
experiments slices of rabbit spinal cord were prepared in 
a similar way after the separation of the tissue into grey 
and white matter. 

In rat spinal cord there was rapid uptake of “C-glycine 
as estimated by the accumulation of radioactivity in the 
tissue (Fig. 1). After incubating the slices for 40 min at 
37° C there was a tissue : medium ratio of 30: 1. 

In two experiments in which spinal cord was incubated 
for 40 min, tissue extracts were subjected to paper chroma- 
tography, using n-butanol, acetic acid, water (8:5: 3) 
as the solvent system. Only a single radioactive spot, 
corresponding in Rp to authentic glycine, was detected. 
The tissue protein remaining after the extraction procedure 
was dissolved in hyamine and the radioactivity was 
measured. Less than 2 per cent of the “C-glycine was 
incorporated into protein. 

The uptake of “C-glycine by rat spinal cord showed 
saturation kinetics for a range of external glycine concen- 
trations from 10-¢ M to 10-4 M with an apparent Kn 
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Fig. 1. ‘Time course of uptake of “C-glycine in slices of spinal cord 

incubated at 0° C and 25° C with “C-glycine (6x 10-7 M). Figures in 

parentheses indicate number of experiments at each time; vertical bars 
indicate S.E.M. 
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Fig. 2. Effect of preincubation for 15 min and incubation with metabolic 

inhibitors or strychnine on uptake of “C-glycine in spinal cord slices 

incubated at 37° © with “C-glyecine (10° M) for 10 min. Figures in 

parentheses indicate number of experiments; vertical bars indicate 
S.E.M. 


for glycine of 31 x 10 M. The uptake of 1C-glycine was 
temperature dependent, being greatly reduced at 0° C and 
optimal at 37° C (Fig. 1). Replacement of sodium chloride 
in the incubation medium by choline chloride reduced the 
uptake of MC-glycine to less than 1 per cent of the control 
values. As shown in Fig. 2, incubations of the tissue in 
medium containing 2,4-dinitrophenol (10-? M) or with 
ouabain (10-5 M) also caused a large reduction in the uptake 
of 4C-glyeine. Strychnine (10 M) did not affect 1C- 
glycine uptake, but p-hydroxymercuribenzoate (10-5 M) 
significantly reduced the uptake of 14C-glycine into slices 
of spinal cord. The uptake process for glycine in the cord 
showed considerable specificity, for incubations of tissue 
with the amino-acids, GABA, pt-s-alanine. L-histidine. 
DL-aspartate, Di-valine, u-proline and -glutamate at 
concentrations of 10- M, did not significantly reduce the 
uptake of C-glyeine. In four experiments the spinal 
cord was removed from rabbits under pentobarbitone 
anaesthesia. The uptake of 'C-glycine by grey matter, 
white matter and whole spinal cord is shown in Table 1. 
Grey matter accumulated radioactivity more rapidly 
than white, the maximum ratios of tissue : medium after 
30 min being 12-8 and 1-5 respectively. The ratio for white 
matter was similar to that obtained for rat spinal cord 
at 0° C, 











Table 1. UPTAKE OF HC-GLYCINE BY GREY AND WHITE MATTER FROM RABBIT 


SPINAL CORD 





Incubation Tissue to medium ratio 

time (min) White matter Grey matter Whole cord 
20 rā 2-60-43 
30 t8 t027 
45 5-1 +063 





The results show the existence in the spinal cord of an 
efficient uptake mechanism for glycine which shows 
many of the characteristics of an active transport process. 
This uptake seems to occur chiefly in the grey matter and 
could act as a mechanism for terminating the inhibitory 


action of glycine on spinal neurones. The potentiation of 


the effects of iontophoretically applied glycine on moto- 
neurones produced by p-hydroxymercuribenzoate may 
therefore not be due to inhibition of metabolic degrada- 
tion of glycine but may be caused by the action of this 
compound in reducing the uptake of glycine from the 
extracellular space. 
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Microtubules in the Cytoplasm 
of an Amoeba 


INVESTIGATIONS of a wide range of cells have shown that 
microtubules, acting as skeletal elements, are associated 
with cytoplasmic movements!~*. Here I describe micro- 
tubules in the cytoplasm of a small amoeba. believed to be 
a new species of the genus Hartmannellas. 

A clone strain of Hartmannella sp. has been maintained 
in monoxenie culture with Klebsiella aerogenes on (2 per 
cent peptone-agar plates. The organisms were fixed 
in situ on the plates using 2-5 per cent ghutaralde 
buffered with cacodylate at pH 7-3, for 25 min at 20° C. 
The amoebae were washed overnight in several changes of 
buffer before postfixation in 1 per cent osmium tetroxide 
for 60 min. Dehydration was in graded ethanols follow- 
ing overnight “staining” in 0-5 per cent aqueous uranyl 
acetate and pellets were embedded in ‘Araldite’. Sections 
were stained with a saturated solution of uranyl acetate 
in 50 per cent ethanol and examined in the AEI EAI6B 
electron microscope. 

Both microtubules and microfilaments can be dis- 
tinguished in the cytoplasm. In profiles that appear to 
represent median longitudinal sections through the cell, 
microfilaments. 160 A wide, can be seen in great numbers 








Fig. 1. Section of Hartmannella sp. showing digestive vacuole containing 

bacterium (B), mitochondrion (M), and elements of granular reticulum. 

Microtubules (arrowed) are visible bordering the digestive vacuole 

membrane, in transverse section (above) and in longitudinal section 

(below). A single eee is beat close to the mitochondrion. 
x 37,500. 
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immediately beneath the plasma membrane and in the 
uroid. This distribution has been thought to suggest a 
positive role for microfilaments in amoeboid movement’. 

The distribution of the microtubules in relation to the 
cell’s outline is insignificant, but their association with 
larger cytoplasmic organelles is more important. Profiles 
of microtubules in transverse section are most often found 
bordering the membranes of contractile vacuoles and 
digestive vacuoles, and less often adjacent to the outer 
membranes of mitochondria (Figs. 1 and 2). Sometimes 
profiles of vacuoles are seen within a cage of parallel 
microtubules cut longitudinally in the plane of section. 
Most frequently, sections with microtubules also show the 
profile of a nucleus in interphase. 

Microtubules are an integral component of the cyto- 
plasm of these amoebae. The intimate relationship of 
the microtubules and membrane-bound organelles is a 
recurring observation. Bowers and Korn have reported 
cytoplasmic microtubules from the related genus Acanth- 
amoeba and they note a focus of microtubules in the Golgi 
complex®. 

A microtubule framework in an active amoeba may 
restrain the drift of organelles in the current of streaming 
plagsmasol. Goldacre has drawn attention to the part 
played by a plasmagel network in restricting organelle 
translocation in larger amoebae of the Amoeba proteus 
type’, but in the smaller limax-form amoebae the plasma- 
gel can be distinguished only as a limited peripheral tube. 
Two observations are relevant: first, the active form of 
Hartmannella is monopodial, streaming is rapid (the 
amoeba passes through its own length once every 2-3 min) 
and unidirectional, yet visible organelles tend to maintain 
their relative positions within the cell. Second, the water 
expulsion system is complex, the several contractile vacu- 
oles are highly deformable. In the monopodial amoeba 
this system is seen as a communicating network of mobile 
vesicles and tubules continuously fusing and dividing in 
a pattern of activity that is superimposed on the expulsion 
cycle. 

Both restriction of organelle translocation and local 
mobility of vacuoles of the water expulsion system could 
be explained by presupposing an underlying structural 
framework in the cytoplasm. 


Rebhun has suggested that saltatory movements of 


intracellular particles are mechanistically similar to the 
at mitosis, 


movements of chromosomes and, because the 





Fig. 2, Another section of a small digestive vacuole showing surround- 
ing microtubules, 250 A in diameter, at high magnification. (x 182,000.) 
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consistently detectable structure of the spindle is the 150 
À microtubule, “this filament or one related to it may be 
responsible for saltatory movement’’*. Freed et al. have 
reported that one effect of colchicine (10-5 M) on HeLa 
cells and on mouse peritoneal macrophages is to inhibit 
the saltatory movements of particles®. These treated cells 
show disrupted cytoplasmic microtubules when viewed 
in the electron microscope. Microtubules associated with 
organelles in the cytoplasm of Hartmannella sp. would 
seem further to implicate these structures in the pheno- 
menon of intracellular movement as distinct from ‘the 
gross movements of whole cells. In active a oebae'a 
microtubule cytoskeleton might functionally separate 
the movements of organelles from the pronounced one-way 
streaming of the smaller components of the plasmasol. 

I thank Dr Keith Vickerman for his advice and encour- 
agement throughout the course of this study. This work 
was supported by a Medical Research Council scholarship. 

Davin HOLBERTON 





Department of Zoology, 
University College, 
Gower Street, 

London WC1. 


Received January 27; revised March 3, 1969. 


! Porter, K. Ba _in Principles of Biomolecular Organization. (edit. by Wolsten- 


holme, G. E. W., and O’Connor, M.) (Ciba Foundation Symposium, 1966), 
? Sabnis, D. D., and Jacobs, W. P., J. Cell Sci., 2, 465 (1967). 
2 Tilney, L. G and Porter, K. R., Protoplasma, Bd. LX/4, 
* Page, F. C., J. Protozool., 14, 499 (1967). 
ê Bhowmick, D. K., Exp. Cell Res., 45, 570 (1967). 
* Bowers, B., and Korn, E. D., J. Cell Biol., 39, 95 (1968). 
? Goldacre, R. J., in Primitive Motile Systems in Cell Biology (edit. by Allen. 
R.Ð., and Kamiya, N.) (Academic Press, 1964). 
$ Rebhun, L. L, in Primitive Motile Systems in Cell Biology (edit. by Allen, 
R. D., and Kamiya, N.) (Academie Press, 1964). 
Eaa H., Bhisey, A. N., and Lebowitz, M. M., J, Cell Biol., 39, 46a 


21 (1965). 


Isolation of Influenza Virus 
Type A, (Hong Kong Variant) in the 
Allantoic Cavity of Chick Embryos 


THE standard method for isolating influenza virus from 
patients is to inoculate throat washings into the amniotic 
sac of chick embryos. Newly isolated strains propagate 
well in the allantoic cavity only after one or more amniotic 
passages. Isolation by direct inoculation into the allantoic 
sac has been attempted but has only occasionally been 
successful’. 

In October 1968, while investigating an outbreak of 
influenza in Calicut, we noticed that allantoic fluid 
samples from eggs inoculated amniotically with throat 
washings contained haemagglutinating virus. This led 
us to try to isolate influenza virus directly by allantoic 
inoculation. 

Throat washings containing penicillin, streptomycin and 
nystatin were stored at —30°C and then inoculated in 
parallel into the amniotic sac of 13 day old chick 
embryos and the allantoic sac of 10 day old embryos. The 
former were incubated at 37° C for 90-100 h and the latter 
for 40-50 h, when the eggs were chilled and collected. 
Influenza virus was isolated in ten of twelve samples of 
throat washings, tested by either method in the first. passage ; 
two specimens were negative in both tests after two blind 
passages. 

The haemagglutination inhibition test was carried out 
using two of the isolates, two A,/Hong Kong/68 variants 
and a strain of influenza virus A, isolated in 1963. Paired 
sera from seven patients in this outbreak from whom 
influenza virus was isolated and a rabbit antiserum to the 
1963 A, strain were used. (Sera were pretreated with 
trypsin and potassium periodate*.) The isolates behaved 
like Hong Kong/68 variants in this test (Table 1). 
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Table 1. HAEMAGGLUTINATION INHIBITION TITRES 
Virus strains 
A,/ESI.9/ 
Ay! Case 2 Case 3 Coonoorjés A,/Hong 
Sera 1963 isolate isolate (Hong Kong Kong/6ë 
variant} 

Case 1 Acute < 20 <20 <20 <20 <20 

» » Convalescent 160 80 60 60 60 
Case 2 Acute <20 <20 < 20 < 20 <20 

no a Convalescent 240 160 80 120 120 
Case 3 Acute < 20 < 20 <20 <20 <20 

ay Convalescent 640 160 160 120 120 
Case 4 Acute <20 <20 <20 20 < 20 

so n Convalescent 820 120 80 120 80 
Case 5 Acute 20 <20 <20 <20 <20 

+ os Convalescent > 1,280 640 640 480 240 
Case 7 Acute 40 20 < 20 20 <20 

» Convalescent > 1,280 640) 320 960 480 
Case 10 Acute 80 < 20 <20 <20 <20 

» as Convalescent > 1,280 1,280 320 960 960 
Anti A,/1963 rabbit 

serum 1,920 160 80 120 80 


There is no possibility that these isolates are laboratory 
contaminants of established strains because, until after 
they were obtained, no other influenza virus was handled 
in this laboratory; the 1963 A, strain and the two Hong 
Kong/68 strains were passaged only later, 

The ability of these isolates to grow directly in the 
allantoic sac could be the result of a biological variation, 
Tf this is true of the strains now causing influenza outbreaks 
in different parts of the world, their isolation could be 
greatly simplified by using initial allantoic inoculation. 
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Differential Effects of Actinomycin D 
and Puromycin on the Release of 


Interferon induced by 
Double Stranded RNA 


Tae induction of interferon production with synthetic 
double stranded RNA! is suppressed by actinomycin 
D*3, Finkelstein et al.A, however, reported that consid- 
erably higher concentrations of actinomycin D were 
required for the suppression of interferon production 
induced by double stranded RNA than for the inhibition 
of viral-induced interferon synthesis. Moreover, the 
release of interferon after treatment with double stranded 
RNA in the intact organism® or in cell cultures! was 
not suppressed by inhibitors of protein synthesis. while 
viral-induced interferon synthesis was inhibited in the 
same conditions. 

Rossman® found that the addition of actinomycin D 
to chick embryo cells 10-14 h after inoculation with 
Chikungunya virus not only failed to suppress subse- 
quent interferon synthesis, but resulted in an increased 
release of interferon from cells treated with the drug. 
The increase in the yield of interferon from cells treated 
with actinomycin D was slight (usually two-fold) but 
reproducible. Here we describe a more striking enhance- 
ment, by actinomycin D, of interferon synthesis induced in 
rabbit kidney cell (RKC) cultures with double stranded 
RNA. Our observations may help in studies of the mech- 
anisms of induction of interferon synthesis. 

We used double stranded RNA produced from syn- 
thetic homopolymers of polyriboinosinic acid (rI) and 
polyribocytidylic acid (rC) for the induction of interferon 
synthesis't. The techniques used for the preparation of 
rl: rC, the growing of RKC, the production of interferon in 
RKC, and its titration by inhibition of vesicular stom- 
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Fig. 1. Kinetics of the release of interferon in RKC treated with rI : r€. 

Cultures were treated with 41 gg of rl: rC for 1 h, then thoroughly 

washed and replenished with Eagle’s minimal essential medium contain- 

ing 2 per cent foetal calf serum. Three cultures were removed at each 

interval, and the medium pooled and assayed for interferon. The yield of 
interferon is expressed in units/ml. 


atitis virus (VSV) plaques in homologous cells have been 
described previously’. 

Fig. 1 shows the kinetics of interferon synthesis in 
RKC stimulated with rI:rC. Most interferon was re- 
leased into the culture medium between 2 and 5-5 h 
after the addition of rl: rC. Fig. 2 shows the effect of 
actinomyein D, added at different times before or after 
rl : rC, on subsequent interferon synthesis. As previously 
observed?-4, treatment of cells with a high dose of actino- 
mycin D before the addition of rI : rC greatly suppressed 
the y eld of interferon. Treatment with actinomycin D 
at 2 h after the addition of rI :rC had no effect on the 
subsequent interferon release, while the addition of 
actinomycin D at 3-5 or 5-5 h resulted in an eight-fold 
and four-fold increase in the interferon yield, respectively. 

In contrast to the effects of actinomycin D, the addition 
of a high concentration of puromycin before exposing cells 
to rl: r€ did not suppress the yield of interferon. This 
result agrees with the data of Finkelstein et al.4. When 
puromycin was added 3-5 h after the addition of rI : rC, 
however, there was a decrease in the subsequent release 
of interferon. The increased release caused by actino- 
mycin D was blocked in the presence of puromycin 
(Table 1). 

The increased yield of interferon on the addition of 
actinomycin D several hours after exposure to rI :rC 
resembles other inducible systems in animal cells. 
McAuslan? found an increase in the concentrations of pox- 


Table 1. EFFECT OF ACTINOMYCIN D AND PUROMYCIN ON TI ; rC-INDUCED 
RELEASE OF INTERFERON 
Time of addition of inhi- Yield of 
bitor or control medium Treatment* interferon t 
1 h before rl: rC Actinomycin D <2 
Puromycin 3 32 
Actinomycin D + puromycin <2 
Control medium 32 
S5hafterrl:rC Actinomycin D 128 
Puromycin 2 
Actinomycin D + puromycin 2 
Control medium 16 


* Actinomycin D (2 yg/ml.), puromycin (10 ug/ml.) or control medium 
(Eagle’s minimal essential medium with 2 per cent foetal calf serum) was 
added to cells at the indicated times for 30 min. The cultures were then 
thoroughly washed and replenished with medium. Cultures treated with 
puromycin or the actinomycin D+ puromycin combination received medium 
with 10 xg puromycin/ml. AH other cultures received control medium. Before 
titration of interferon, all media were dialysed against two changes of medium. 

+ Interferon units/ml. in pooled medium from groups of three REC cultures 
collected 21 h after addition of 65 wg of rI ; rC per culture. Results indicate 
yield of interferon after respective treatment. (Medium collected from 
pails cultures 3-5 h after addition of rl: rC contained 32 units of inter- 
eron. 
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Interferon units produced after addition 
of actinomycin D or control medium 
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Fig. 2. 
treated with ri: rC, Cultures were treated with rl: rC as described 
under Fig, 1. Actinomycin D (2 ug/ml.) or control medium (Eagle’s 
roinimal essential medium with 2 per cent foetal calf serum) was added 
to cells at the indicated times for 30 min. The cultures were then thor- 
oughly washed and replenished with medium. Media were collected from 
groups of 3 RKC cultures 22 h after the addition of rl :r€. Results 
represent yield of interferon (in units/ml.) after treatment with actino- 
mycin D or control medium. 





virus-induced thymidine kinase made in cells exposed to 
actinomycin D several hours after infection. Tomkins 
et alë described a similar paradoxical effect of actino- 
mycin D on the synthesis of hydrocortisone-induced 
tyrosine transaminase. In both cases the increased syn- 
thesis after treatment with actinomycin D was ascribed 
to the inhibition of synthesis of inhibitors of translation 
for the respective enzymes. In the absence of actinomycin 
D the synthesis of such inhibitors would interfere with 
the translation of the relatively stable messenger RNA for 
the enzyme protein. Reel and. Kenney® recently proposed 
that actinomycin D may cause an increase in enzyme con- 
centrations by interfering with enzyme degradation, rather 
than by inhibiting the synthesis of a translation inhibitor. 
Tt is likely that the bulk of interferon released from RKC 
after treatment with rl : r is derived from preformed 
inactive protein. While some RNA synthesis may be 
necessary, protein synthesis does not seem to be re- 
quired for the conversion of this precursor protein into 
active interferon. The increased release of interferon 
from cells treated with actinomycin several hours after 
exposure to rl: rC may be explained by the blocking of an 
endogenous inhibitor of interferon, Such inhibitor could 
be either preventing the synthesis of interferon or causing 
inactivation of interferon in the cell. 
This work was supported by the US Public Health Service. 
One of us (J. V.) is the recipient of a PHS research career 
development award. 
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Viral Induced Simian 

. . ee 
Conjunctivitis 
NvuMEROUS viruses have been isolated from simians'“, but 
studies to determine the role of these viruses in the 
aetiology of disease in simians have proved relatively 
fruitless. Epidemiological studies indicate that a large 
percentage of monkeys support viruses which resemble 
human adeno and enteroviruses. Tyrrell et al. have 
identified SV-17 as the aetiological agent responsible for 
a conjunctivitis and rhinorrhoea in Erythrocebus patas 
monkeys. Here we deseribe the isolation of an adenovirus 
from an outbreak of conjunctivitis in newborn Macaca 
mulatta. 

A mild form of non-febrile conjunctivitis with simple 
exudation, lasting 5 to 7 days, was noticed in a group of 
six infant (2-3 weeks old) Macaca mulatta. The malady, 
which appeared suddenly and spread within the group, 
was similar to the keratoconjunctival syndrome attributed 
to adenovirus type 8 in humans’. We attempted to 
isolate virus from these animals by taking pharyngeal, 
ocular and anal swabs. Washings from these swabs in 
Hanks balanced salt solution, with 1 per cent bovine 
albumin (Armour), 50 units of penicillin and 50 ug of 
streptomycin, were used for isolation of the virus. Stable 
monkey kidney cell cultures (LLC-MK2) were used for all 
isolation and neutralization procedures. These cultures 
were initiated in MEM (Hagle’s) and 10 per cent foetal 
calf serum and maintained in MEM and 2 per cent agamma 
calf serum. Cytopathie effect was used as a criterion of 
viral isolation. Five tenths ml. of washing from each 
swab was inoculated into each of four tubes. Inoculated 
cultures were observed for cytopathic effect and passaged 
at the end of 21 days, or until a cytopathic effect was 
demonstrable. Five of the six animals were negative for 
virus after three passages. The single positive swab was 
an ocular swab yielding a virus which showed eytopathic 
effects similar to those of adenoviruses. 

Neutralization tests were run against antiserum to ten of 
the simian adenoviruses. Serum neutralization tests were 
performed by mixing equal aliquots of serum dilutions 
and virus suspensions containing 100 TCTD,,/0:-1 ml. The 
mixture was allowed to incubate at room temperature 
for 45 min. Four cultures were inoculated with 0-2 ml. of 
the virus serum mixture for each serum dilution. Anti- 
serum to SV-15 completely neutralized the isolate. Con- 
valescent serum from the six monkeys showed a signifi- 
cant increase in antibody titre against SV-15. Table 1 
illustrates the pre and convalescent serum titres for each 
of the six monkeys against SV-15 and the isolate from the 
animal designated B2782. In all but one case, a significant 
rise in titre occurred to both SV-15 and the isolate from 
B2782. 











Table 1, SERUM TITRES AGAINST ADENOVIRUS §V-15 AND ISOLATE B2782 
Pre-sera against Post-sera against A 
SV-15/B2782 isolate SV-15/B2782 isolate Isolations 

B2782 1: 40/1: 20 + 
B2847 1210/1: 10 ~ 
B2929 1:5/<1:5 a 
B2930 1:20/1; 20 = 
B2997 1 :20/1:10 ia 
B2998 1: 10/1 : 20 aa 





Believing that SV-15 was the aetiological agent for the 
described syndrome, we inoculated a prototype of SV-15 
virus into an additional sight monkeys which showed a 
<1: 5 antibody titre to SV-15 at the time of inoculation. 
Animals were inoculated with 10-20 ml. of 100 
TCID,,/ml. of SV-15 virus as follows: two subcutaneously, 
two intravenously and intraperitoneally, two intravenously 
and subcutaneously, and two directly on the conjunctiva 
of one eye with a sterile cotton swab. Increase in serum 
antibody and isolation of virus were the criteria for 
infection. Occurrence of conjunctivitis signified active 
infection and aetiology. Pre and post-inoculated sera were 
obtained from the actively infected animal, as well as 
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those showing the disease naturally. Of the eight animals, 
only two demonstrated any conjunctive al involvement 
similar to the naturally occurring outbreak. These were 
the two animals inoculated directly on the conjunctiva; 
the inflammation was ponn in both eyes. On the other 
hand, all eight animals produced a demonstrable rise in 
titre of antibody to SV-15, and five out of eight to the 
isolate from B2782. In all cases, SV-15 was isolated from 
the animals after infection (Table 2). 


Table 2. SERUM TITRES AGAINST SV-15 AND B2782 IN MONKEYS INOCULATED 


WITH SV-15 


Pre-sera against Post-sera against 


SV-15/B2782 isolate SV-15/B2782 isolate Isolations 
B3003 S E) 1:40/<1:5 + 
B3016 <1:6 UET EE) + 
B3019 <1:5 1 : 160/1 : 40 + 
B3028 <1:5 1:20/<1:5 + 
B3030 <1:5 1; 20/1 : 20 + 
B3044 <1:5 1 : 20/1 :10 + 
B3049 <l:5 1 : 40/1 : 20 + 
B3050 <1:5 1: 10/135 + 


It seems that we have isolated a virus antigenically 
homologous to SV-15 from an epidemic case of conjuncti- 
vitis. Conversely, a prototype of SV-15 virus causes a 
conjunctivitis in newborn monkeys not previously exposed 
to the virus. It therefore seems that SV-15. an adenovirus 
of monkeys, is the aetiological agent of at least one type 
of conjunctivitis in monkeys. 

This study was supported by the National Cancer 
Institute, US Public Health Service. 
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Contribution of Endotoxin to 
Antibody Formation against 
T2 Phage 


INDUCTION of a primary immune response in vitro remains 
one of the most ambitious aims of the experimental 
immunologist. Fishman suggested that the initial step 
in antibody formation is the processing of the antigen by 
macrophages; in these cells “reactive RNA” is formed 
which is assumed to transmit information for the synthesis 
of antibody to lymphoid cells'. To prove this experi- 
mentally, Fishman and other investigators used T2 phage 
as the test antigen. They reported that RNA extracted 
from macrophages, w hich had phagocytosed T2 phage, 
indaced synthesis of antiphage antibodies in untreated 
lymph node cells. But stocks of T2 phage contain soluble 
cellular substances from the Æ. coli hosts on which they 
were grown, including bacterial somatic antigen. This 
antigen is an effective non-specific stimulant of immune 
reactions and we therefore investigated the possible effects 
of the somatic antigen on the immune response to T2 
phage. Endotoxin has been shown to have adjuvant 
properties? and also to cause release of preformed anti- 
bodies from antibody forming cells?-4, 

We used six week old white female mice, strain Cox/ 
ICR. Each serum sample was prepared from a pool col- 
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lected from three or more mice. The pyrogenicity of the 
preparations was tested by intravenous injections of New 
Zealand albino rabbits. Lipopolysaccharide was prepared 
from bacteria by phenol-water extraction’. A stock of 
T2 phage was prepared by infecting a nutrient broth 
culture of E. coli B with the virus. Bacterial debris 
remaining in phage suspensions was removed by centri- 
fugation and filtration through a ‘Millipore’ filter; the 
phage concentration was 5 x 10! particles/ml. In neutral- 
ization experiments an inoculum of 5 x 10° phage particles 
was mixed with serial dilutions of sera and the mixtures 
incubated at 37°C for 2 h. Aliquots from each mixture 
were plated out in semi-solid agar medium which contained 
an inoculum of Æ. coli B cells. We determined the number 
of phage particles that survived in each mixture by 
plaque counting’, The neutralizing activity of the sera 
was measured by determining the serum dilution which 
caused 50 per cent reduction of the original phage 
inoculum. 
Table 1. PHAGE NEUTRALIZING ACTIVITY OF MOUSE SERA 


Reciprocal values of serum dilutions 
causing 50 per cent phage neutralization 


Mice injected with Days after injections 


I 2 3 4 5 6 7 
E. coli B endotoxin (50 ng) 16 8 4 2 2 2 4 
Shigella shiga endotoxin (50 ug) 16 16 4 2 2 2 2 
T2 phage (10°) 8 64 128 512 1,024 1,024 1,024 
Macrophage lysate (0-5 mg) 32 16 4 2 2 2 2 
(endotoxin treated) 
Nothing 2 
‘Table 2. TESTS FOR PRESENCE OF E. coli B ENDOTOXIN 


Amount required 


Preparations tested Minimal to inhibit 
pyrogenic dose* _haemagglutination 
E. coli B endotoxin OL wz 5 ug 
T2 phage suspension 0-OL mi. O25 mi, 
Macrophage lysate 100 pg 50 pg 


{endotoxin treated} 
*Amount required to raise rabbits’ temperature by 3° C in 2 h. 


Serum of untreated mice had a low but consistent level 
of phage neutralizing activity (Table 1). When mice 
were injected intraperitoneally with an inoculum of 10° 
phage particles, a rise of phage- -neutralizing activity in 
the mouse serum occurred 18 h after injection of the 
phage; an exponential rise of phage-neutralizing activity 
continued for 5 consecutive days. An increase of anti- 
phage activity of the serum was also achieved by intra- 
peritoneal injection of mice with 50 ug of E. coli B lipo- 
polysaccharide. Phage neutralizing titres of serum from 
animals injected with the lipopolysaccharide were sub- 
stantially lower than those obtained after administration 
of T2 phage. Tn addition, serum titres of the former group 
were elevated only for a short time. The increase in the 
mouse serum activity was induced not only by E. coli B 
but also by Shigella shiga lipopolysaccharide. Because 
lipopolysaccharide affected the antiphage activity of 
mouse serum, we determined whether phage suspensions 
contain enough of the bacterial antigen to influence the 
immune response. The endotoxin content of phage pre- 
parations was determined by pyrogenicity and haem- 
agglutination inhibition tests. Intravenous injection of 
O-1 ug of E. colt B lipopolysaccharide increased the body 
temperature of the rabbits by 3° C (Table 2); 5 ug of 
the substance was needed to inhibit agglutination of 
lipopolysaccharide-coated erythrocytes exposed to anti- 
coli antibodies. Phage preparation as measured by the 
pyrogenicity test contained about 10 ug/ml. of endotoxin, 
and as determined by the haemagglutination inhibition 
test about 20 ug/ml. of E. coli B somatic antigen. 

We investigated the ability of macrophages to ingest 
and retain bacterial lipopolysaccharide with peritoneal 
macrophages collected from mice which were injected 
intraperitoneally 3 days earlier with 2 ml. of thioglycollate 
broth. 108 macrophages were mixed with Æ. coli B lipo- 
polysaccharide (1 mg/ml.) and the mixtures incubated at 
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37° C for 1 h. Following incubation, i i 

macrophages were washed free of lipo- Fomily No. 1 WBC Cultures 

polysaccharide and disrupted by sonica- RLN 7 
tion; the supernatant was separated from [+ + ft 1 Go 

the cell debris by high speed centrifugation, [| OÑ a BO Ore O Oo ® Ho 
dialysed and lyophilized. The material | pot eee eS eh 
was dissolved in saline and tested for its 1 ae dae ow ge ae -D0 Q dondtod oa og 
ability to induce fever in rabbits and to i | | 
inhibit agglutination of E. coli B antigen- mri n TunT | 

coated erythrocytes with its homologous m 00 HO pomeo e 


antiserum. Macrophages exposed to lipo- 
polysaccharide contained a considerable 
amount of somatic antigen (Table 2). The IV 
macrophage lysates injected into mice 
induced increase in phage neutralizing 
activity of mouse serum (Table 1). Lysates 

of untreated mouse macrophages did not 
show any of the effects demonstrated by 
lipopolysaccharide-treated macrophages. 

Our results confirm that the phage 
particles are effective antigens. The 
“standard” phage suspensions are contaminated with 
microbial antigens which assert a significant effect on 
immune response*+. Mice used m our experiments had 
phage-neutralizing substances in their sera and there- 
fore endotoxin could cause release of pre-formed neutral- 
izing substances. Natural antiphage antibodies have 
been demonstrated by several investigators’. In- 
vestigators studying primary immune response in vitro 
should therefore obtain their lymphoid tissues from 
animals lacking natural antibodies to the test antigen, 
and should strive to use antigens not contaminated with 
endotoxin. Extraction of macrophages with hot phenol 
removes not only the desirable RNA but also endotoxin, 
if present’. 

This work was supported in part by grants from the 
US Public Health Service and the Heart Association of 
South-western Ohio, Inc. The senior author was the reci- 
pient of a US Public Health Service career development 
award. 
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Genetic Study of Cystic Fibrosis 
of the Pancreas using White Blood 
Cell Cultures 


Cystic fibrosis of the pancreas is probably the most 
frequent inherited disease in Caucasian populations. The 
use of antibiotics and improved medical management has 
increased the importance of this highly lethal genetic 
disorder. Formal genetic analysis indicates that the 
disease is inherited in a simple autosomal recessive 
fashion; the frequency of the clinically unaffected hetero- 
zygous carriers has been estimated to be approximately 
one in twenty-five live births?. 

The detection of cytoplasmic metachromasia in skin 
fibroblast cultures derived from patients with cystic 


Pedigree of family with cystic fibrosis of the pancreas. 
negative) inside the male (square) and female (circle) symbols indicate whether the white 





WO Affected individual 
& @ Carrier 

& © Non-carrier 

OO Not tested 


The signs (positive and 


blood cell cultures showed cellular metachromasia. 


fibrosis and heterozygous carriers? has suggested that the 
same morphological abnormality might be detected in 
cultures derived from cells from other tissues, including 
peripheral blood. We have found that cultured peripheral 
white cells do reveal cellular metachromasia and thus 
provide a rapid and simple method of investigating the 
cellular expression of eystic fibrosis in affected individuals 
and healthy heterozygous carriers. 

Samples of venous blood were obtained from twenty 
individuals (aged 6 months to 15 yr) affected with cystic 
fibrosis; their heterozygous parents; twenty-four healthy 
unrelated subjects, presumed non-carriers; and twelve 
patients with other chronic pulmonary diseases. Venous 
blood was obtained from forty-one members of one family 
of four generations (Fig. 1). Cystic fibrosis was diagnosed 
clinically on the basis of abnormal sweat tests. White 
blood cell cultures were established using a modification 
(unpublished results of K. M. F., B. S. D. and A. G. B.) of 
the Fedorko method (unpublished results of M. D. Fedorko) 
by a dextran separatory procedure. The cultures were 
incubated undisturbed, except for a medium change every 
7 days. At 4, 7, 14, 21 and 29 days, coverslips were 
removed from the cultures, fixed and stained for meta- 
chromasia with toluidine blue O as described earlier‘. 
Cellular metachromasia of a culture was scored as positive 
or negative. 

Examination of fresh peripheral blood cells from normal 
subjects and patients with cystic fibrosis revealed no 
cellular metachromasia. In all cultures five white cell 
types could be distinguished in the stained preparations: 
(1) round mononuclear or multinucleated cells, (2) 
lymphocytes, (3) spindle shaped fibroblast-type cells, 
(4) wandering cells, often clustered around cell debris, and 
(5) small leucocytes. No difference in cell type, morpho- 
logy or activity could be noted between cultures derived 
from normals, affected individuals and their parents. By 
14 days the cells formed a semi-confluent layer with the 
fibroblasts and wandering cells interspersed between the 
large mononuclear or multinucleated cells. 

No cellular metachromasia was seen in cultures derived 
from normal, presumed non-carrier individuals irrespec- 
tive of the age of the culture (Table 1). Small leucocytes 
with scant eosinophilic cytoplasm were noted in nearly 
all healthy cultures. The round mononuclear cells in 
these cultures initially had clear cytoplasm without 
granules or other stainable material, but gradually accumu- 
lated cytoplasmic material which stained deep blue. 
Cultures derived from patients with other chronic pulmon- 
ary diseases showed no cellular metachromasia. 

Throughout the 29 days, cultures derived from indivi- 
duals affected with cystic fibrosis and their parents showed 
the same spectrum of cell types and activity as cultures 
derived from normal individuals. In contrast to the cells 
from normal subjects, the cultures derived from seventeen. 
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Table 1, CELLULAR METACHROMASIA IN WHITE BLOOD CELL CULTURES 
DERIVED FROM FAMILIES WITH CYSTIC FIBROSIS, NORMAL INDIVIDUALS AND 
PATIENTS WITH OTHER CHRONIC LUNG DISEASES 
(7 day cultures) 


Metachromasia 
No, of Affected Parents (pre- 
families individuals sumed carriers) 
studied Class No. Meta- No. Meta- 
tested chromasia tested chromasia 
5 I (metachromasia confined to 


vesicles) 9 + 12 + 
8 II (generalized metachromasia— 

vesicular—granular-cy to- 

plasmic) 8 + 16 + 
3 IH (ametachromatic) 3 = 6 - 


Twenty-four healthy, unrelated individuals—ametachromatic. 
Twelve patients with other chronic lung diseases—ametachromatic. 


affected individuals (Table 1) showed metachromasia 
which appeared after the fourth day and rapidly increased 
to reach a maximum within 7—10 days. In cultures derived 
from nine affected individuals, the metachromasia was 
vesicular, whereas the other eight had a diffuse meta- 
chromasia. Diffuse metachromasia was seen in both skin 
fibroblasts and white blood cells of one of the affected 
individuals. After 10 days in culture the cytoplasmic 
metachromasia was significantly reduced, and in many 
cultures it had disappeared after 14 days. All cultures 
were ametachromatic at 29 days. Blood cultures estab- 
lished from the heterozygous parents of all seventeen 
affected individuals had the same class of metachromasia 
as their affected offspring. No distinction was possible 
between affected individuals and heterozygous carriers. 

In one large family studied in detail (Fig. 1). meta- 
chromasia was not observed until the sixth day and had 
disappeared by the fourteenth day. Cultures from the five 
affected children, their respective parents and other 
family members showed vesicular metachromasia of the 
same type and to approximately the same degree. In the 
second generation, one heterozygous female (H, 2) was 
detected who had presumably inherited the abnormal 
gene from her mother who, unfortunately, was not avail- 
able for testing. 

The cultures derived from the remaining three affected 
individuals, as well as their parents. showed no cellular 
metachromasia throughout the culture period. Cultures 
established from a second sample of blood from all six 
individuals were also ametachromatic. 

The demonstration that skin fibroblasts from both 
affected individuals and heterozygous carriers consist- 
ently had the morphological abnormality of cytoplasmic 
metachromasia® suggested that cell culture could be used 
for detecting directly the carrier state as well as for study 
of the basic defect in his disease; but the culture of skin 
fibroblasts is tedious, expensive and time consuming. 
The purpose of this research has been to ask whether 
the cellular metachromasia seen in skin fibroblast cultures 
derived from affected individuals and carriers of cystie 
fibrosis would also be seen in white cells cultured from the 
peripheral blood. 

During the first week of culture, cellular metachromasia 
first became evident and the intensity of the cytoplasmic 
metachromasia steadily increased. The disappearance of 
metachromasia was coincident with the appearance of 
giant, multinucleated cells. Cultured white cells have a 
short life-span, measured in weeks, and so the disappear- 
ance of metachromasia may be analogous to that seen in 
skin fibroblast cultures after months of continuous 
culture’, The results obtained using cultured peripheral 
white blood cells were similar to those previously obtained 
using skin fibroblasts?. Two metachromatic classes of 
cells were observed corresponding to class I (vesicular) 
and class IT (vesicular-granular-cytoplasmic) previously 
observed in cultured skin fibroblasts’. In one patient it 
was possible to study cultured white cells and fibroblasts 
and all the cells belonged to class IT. This suggests that 
the metachromatic class of cultured cells is a property 
of the cell rather than the cultural conditions used. In 
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contrast to fibroblast cultures, where nineteen patients 
with cystic fibrosis and thirty-one parents of patients 
with the disease had cells which were metachromatic in 
culture*, there was a third, ametachromatie class of 
cultured peripheral white blood cells (Table 1). Meta- 
chromasia in cultured white cells is a transient pheno- 
menon and preparations of cultured cells should be exam- 
ined daily for the first 14 days before the cultured cells 
can be classified as ametachromatic. It is interesting that 
the presence of human serum in the culture medium did 
not seem to suppress cellular metachromasia as observed 
in skin fibroblast cultures in both cystic fibrosis? and the 
genetic mucopolysaccharidoses’. 

Recent work on skin fibroblast cultures derived from 
patients with various inherited metabolic diseases has 
shown that the skin fibroblast can reveal the presence of 
an abnormal gene, even though in vivo the skin cells 
appear quite normal’. Tissue cells from bone marrow 
aspirates from individuals affected with cystic fibrosis 
have been reported to show cellular metachromasia at the 
time of the first subeulture, within 2 weeks of the initiation 
of the cell culture’. The unexpected finding of a small 
ametachromatic group suggests that there may be some 
limitation to the present method for unequivocal detection 
of all heterozygous carriers with this disease. It remains 
possible, however, that with additional experience on the 
sequential appearance of metachromasia and a more 
rigid control of the culture conditions, this small ameta- 
chromatic group will yield metachromasia. The signifi- 
cance of this group will require further evaluation using 
eultured skin fibroblasts. 

Although it is generally agreed that cystic fibrosis of 
the pancreas is inherited in an autosomal recessive 
fashion, there is less certainty whether the disease is due 
to one or more mutant genes. An extensive formal 
analysis in which the relative frequency of the disease in 
individuals of related and unrelated parents was com- 
pared, and the frequency of the disease in cousins was 
studied, suggested that all data were compatible with the 
disease being due to a gene at a single locus!?@"!, In an 
attempt to explain the variability of sweat electrolytes in 
affected individuals and heterozygotes from the same 
family, however, Childs!? suggested that a system of 
alleles at one locus or genes at different loci may be 
operative. The heterogeneity observed in this study in 
which there is a strong intrafamilial correlation of the type 
of metachromasia strongly suggests that the phenotype 
of cystic fibrosis is due to homozygosity of genes at 
different loci. 

This research was supported by a grant from the US 
National Science Foundation and, in part, by the National 
Cystie Fibrosis Research Foundation. We thank Dr C. H. 
Bauer, Dr J. D. Gorvoy and Dr W. O'Connor for referring 
patients to us and the Suffolk County (New York) Chapter 
of the National Cystic Fibrosis Research Foundation for 
its interest and coperation. 
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Inhibition of Mouse Sarcoma 180 by 
Polysaccharides from Lentinus edodes 
(Berk.) Sing. 

POLYSACCHARIDE preparations from bamboo leaves’, 
bagasse?? and wheat straw? inhibit the growth of sarcoma 
180 implanted subcutaneously in mice. It was proposed 
that this activity was host mediated, not cytocidal. 

We found activity against this tumour in water soluble 
extracts of basidiomycetes® used as folk remedies in Japan, 
especially Phellinus linteus (Berk. et Curt) Aoshima and 
Ganoderma applanatum (Pers.) Pat. and from some edible 
basidiomycetes®. 

We have now isolated the active compounds in Lentinus 
edodes (also known as Cortinellus edodes (Berk.) S.Ito et 
Imai, Armillaria edodes (Berk.) Sacc. and Cortinellus 
shiitake (Takeda) P. Henn), an edible mushroom found in 
Japan and other parts of the Far East. Four poly- 
saccharide preparations, LC-33, LC-1, EC-11 and EC-14, 
were fractionated from the mushroom by the scheme shown 
in Fig. 1. The first two fractions have antitumour activity. 

LC-33 is only slightly soluble in water, [«]35+ 19-5 ~ 21-5° 
(c= 0-1 in 1 N-NaOH) and does not contain nitrogen and 
ash. This polysaccharide is an unbranched @-(1—-3) linear 
glucan. Determination was by total hydrolysis, partial 
hydrolysis, partial acetolysis and quantitative digestion 
by exo-8-(1-+3) glucanase from sclerotium. Its physical 
properties and bioactivity are different, from those of 
8-Pachyman’, 8-(1—3) linear glucan from Porta cocos 
Wolf. 

LC-1 is easily soluble in water. This fraction does not 
contain nitrogen or LC-33, and seems to consist chiefly of 
the 8-(1->4), B-(1—6) linked glucan, because it gave 
glucose, cellobiose and gentiobiose as main products of 
partial hydrolysis and partial acetolysis. Details of 
further structural studies of LC-33 and LC-1 will be 
reported soon. 


L, edodes (20 kg) 


Extract 


687 


EC-11 and EC-14 do not inhibit the growth of sarcoma 
180. EC-11 was a heterogalactan containing galactose, 
mannose, fucose and trace of xylose. EC-14 gave glucose 
as the main product of total hydrolysis. It was con- 
firmed that these polysaccharides respectively behaved as 
one spot in high pressure glassfibre-paper electrophoresis. 

Swiss albino mice weighing about 20 g were used for the 
antitumour assay. Seven day old sarcoma 180 ascites, in 
0-5 ml. doses, were injected subcutaneously in the right 
groin of mice. The test samples were injected intra- 
peritoneally daily for 10 days starting 24 h after tumour 
implantation, The rate of tumour growth was charted 
weekly for 5 weeks, in comparison with that in the control 
mice. At the end of the fifth week, the mice were killed, 
the tumours dissected out and weighed, and the inhibition, 
ratio and complete regression of the tumours determined. 
The results are shown in Table 1. 


Table 1. ANTITUMOUR ACTIVITY OF L. edodes POLYSACCHARIDE PREPARA- 


TIONS 
: Body Average Complete 
Sample Dose weight. weight Inhibition regres- 
change of tumour ratio sion 
LC-1 100 mg/kg +472 21g 71:3% 2/9 
Control +13 8-1 0/10 
30 mg/kg ~12 02 96-5% 8/9 
15 mg/kg +20 0 100% 10/10 
5 mg/kg +1:9 0-04 99:3% 8/10 
ontrol +830 57 0/10 
30 mg/kg +10 0 100% 10/10 
5 mg/kg +24 03 90-0% 9/10 
Control +47 75 0/10 
LC-33 25 mg/kg +13 L7 730% 2/9 
5 mg/kg +12 0-15 975% 7/10 
1 mg/kg +2-7 0-31 95:1% 6/10 
Control +60 63 0/10 
5 mg/kg + 2-2 0-2 97-3% 7/10 
200 y/kg +41 1-6 781% 6/10 
Control +67 73 0/10 
EC-11 50 mg/kg +21 6-2 -16% 0/10 
Control +59 6-1 0/10 
EC-14 50 mg/kg +30 44 421% 0/10 
Control -01 76 0/10 


The tumours regressed in all mice given doses of 
5-30 mg/kg of LC-1. LC-33 also had good antitumour 
activity. In doses of 200y-5 mg/kg when the inhibition 
ratio was 80-98 per cent, its activity was greater than 
that of the lowest doses of polysaccharide preparations 
from wheat straw! and other higher plants*, fungi®?, 
yeasts! and lichens**-45, Antitumour activity of LC-33 
varied according to dose. With a large dose of 100 mg/kg, 
the antitumour activity decreased. The dose response 
results suggest the mechanism of action of this poly- 
saccharide. 


extraction with hot water, 80-100°, 8-12 h. 





1x EtOH 

ppt. (30 g) 
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0-2 M—CTA—-OH 
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Fig. 1. 


Fractionation of polysaccharides from L. edodes. 
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These polysaccharides were non-toxic, and there was 
nothing left after the complete regression of the tumours. 
We thank Dr Waro Nakahara for his continued interest 
and encouragement and Miss R. Tokuzen and Miss M. 
Nakanishi for their cooperation. 
Goro CHIHARA 
YUKIKO MAEDA 
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Femiko FUKUOKA 
National Cancer Center, 
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Mechanism of Mouse Awareness of 
X-Radiation 


ANIMALS are aware of X-radiation!, but no one knows how 
they achieve this awareness. Recently, a biological tool, 
the acatalasaemic mouse developed in this laboratory?, 
has become available to test the one mechanism which has 
been seriously investigated. The acatalasaemic mouse is 
a mutant strain, Csb, which differs from its normal, wild 
type progenitor strain (Cs®); the blood catalase activity 
of the mutant is about 1 per cent of normal. The catalase 
activity of the solid tissues is also reduced’, but it is difficult 
to measure the change because the mutation is more a 
modification of molecular stability than change of actual 
activity and thus is critically dependent on the method of 
assay used‘, 

Our experiments arose from the following considera- 
tions: (a) Hunt, Carroll and Kimeldorf’, using parabiont 
pairs of rats with a skin-vascular anastomosis, postulated 
that a humoral factor provides the radiation awareness; 
(2) Garcia, Ervin and Koelling® also argued for a humoral 
factor, based on experiments in which injected serum from 
irradiated donors was compared with that from non- 
irradiated donors; and (3) LeVan and Moos? suggested 
that hydrogen peroxide, H,O., known to be a product of 
the irradiation of aqueous solutions, may serve as a cue 
in post-irradiation aversion to saccharine in mice. The 
acatalasaemic mouse provides the possibility of directly 
testing for a role of H,O,. 

The established procedure for demonstrating awareness 
to X-radiation is to condition an aversion to water 
flavoured. with saccharine’, Animals that drink saccharine 
solution during exposure to radiation avoid the sweetened 
water during subsequent preference tests. We used two 
modifications of this general technique. 

In the first, ten Cs8 and ten Cs? mice were housed in 
individual cages, deprived of liquid for 24 h, then given a 
48 h saccharine preference test to establish initial prefer- 
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ence. In this test, each cage contained one bottle of tap 
water and one bottle of 0-1 per cent saccharine. Bottle 
positions were reversed after 24 h, to control for position 
preference. After the initial preference test, all animals 
were again deprived of liquid for 24 h. They were then 
housed in individual ‘Plexiglas’ chambers and placed on a 
rotating turntable beneath a deep-therapy X-ray machine, 
where they received 200 r. delivered at 38 r/min. The 
X-rays were generated at 250 kVp and 15 mA. Dose rate 
was measured in air with a ‘Victoreen’ thimble chamber. 
After the irradiation exposure was completed, the animals 
were returned to their home cages and given the condi- 
tioned stimulus presentation 45 min after they had been 
irradiated. The conditioned stimulus was a 30 min period 
in which to drink saccharine solution. All animals drank 
the saccharine fluid. Presentation of the conditioned 
stimulus 45 min after irradiation ensures the greatest 
aversion’. After the presentation of the conditioned 
stimulus the animals received no liquid for 24 h and were 
then given a post-irradiation saccharine preference test 
for 48 h. On completion of this second preference test, 
the S-scores for each test were determined. The S-seore 
is the percentage of saccharine consumed of the total 
liquid consumption. This is used as an index of saccharine 
aversion, 

In the second modification of this technique, the initial 
preference test was omitted, because the two mouse strains 
do not differ in their unconditioned preference for sac- 
charine. The animals were X-rayed, returned to their 
home cages, and given the conditioned stimulus presenta- 
tion 45 min after having been irradiated. The eondi- 
tioned stimulus was again a 30 min period in which to 
drink saccharine solution, this being their first exposure to 
saccharine. As in the first modification’, the animals 
then received no liquid for 24 h and finally were given a 
48 h saccharine preference test. The advantage of 
omitting the initial preference test is that an animal is 
commonly more sensitive to a novel stimulus. 

Two experiments were performed using the first modifi- 
cation. In one, mice of the same age, 90-100 days, were 
selected. Mean body weights were: Csb, 22-7 g; Cs, 
26-2 g. Because of the possibility that the heavier animals 
might absorb a critically greater dose of irradiation, the 
second experiment was done with mice of uniform weight 
deliberately selected from comparable age groups. Mean 
body weights were: Csb, 24-8 g; Csa, 25-1 g. Both experi- 
ments showed that normal mice, Cs, avoided saccharine 
to a significantly greater degree than did acatalasaemic 
mice, Csb (Table 1). There was no significant difference in 
the initial, pre-radiation saccharine preference between the 
two strains (P > 0-05), and both strains showed a statistic- 
ally significant (P< 0-01) post-radiation decrease in their 
preference for saccharine. 

Fig. 1 shows the results with the second technique. 
Again normal mice had a greater aversion to saccharine 
than acatalasaemic mice. The sharpest distinction is 
shown at a dose level of 50 r. (P< 0-001), but even at a 
dose level of 25 r. a clear and significant (P < 0-01) differ- 
ence exists between the two strains of mice. 

The aversive behaviour of normal and acatalasaemic 
mice differs significantly. Because the only known differ- 
ence between these two strains is in blood and tissue 
catalase, hydrogen peroxide must be involved in the 


Table 1, SACCHARINE AVERSION OF X-IRRADIATED NORMAL AND ACATAL- 


ASAEMIC MICE 
8-scores (mean +S.E,) 





Experi- Strain Post-radiation 
ment Initial test. test P value 
1 Normal T7045-8 45-94-09 <O-01 
Acatalasaemic 84-8 3-8 726463 
2 Normal 81-1429 38-84 7-4 < 9-005 
Acatalasaemic 87-4415 FOL +62 


“§-score”: percentage of total liquid consumption which was saccharine 
solution. 


P values compare the post-radiation $-score of the normal and the acata- 
lasaemic group. Dose of radiation was 200 r. In the first experiment, groups 
were matched by age; in the second experiment, by weight. 
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calculators put immediate answers to basic 
i Hthmetic computations, complex equations or pro- 
rammed calculations’... right at your fingertips. 
Unique modular design ‘lets you specify the exact 
amount of power and versatility you need from the 
widest range of optional capabilities in the calcu- 
lator field, 
You can choose models that will loop, branch, per- 
form subroutines.and manipulate arrays, with up 
to 480 steps of program storage and up to 280 
separate data storage registers. Other options such 
as: automatic typewriter or teletypewriter. output, 
CRT graphic display and time-sharing basic key- 
boards give you unequaled versatility. 






You can solve such problems as: 


..» Inversion of 14 x14 Matrices, 
..» Roots of Equations, 

<. Upto 15 Simultaneous Equations, 
++ Fourier Analysis. 


«+» Mean, Variance and Standard Deviation, 
... 2nd-order Regression Analysis, 
+ ++ Distributions such as: 

Binomial, Normal Probability, etc. 


.+« General Nth-order Regression, 
«+ . Multiple Regression, 

«+. Analysis of Variance, 

... Factorial Design. 


These are just a few of the many programs provided 
free in the «most comprehensive. program. library 
available. You can purchase Wang high perfor- 
mance systems at less cost than renting larger, less 
versatile:systems for a year. And you will get the 
high performance, reliability and service you'd ex- 
o pect. from America’s Sa manufacturer of elec- 


“Solves problems 
ordinary calculators - 
= cant, 

full- ‘scale computers - 
shouldn't. 


Call your nearest Wang office at: 


Tavistock House South Dane Road 
Sale, Cheshire 
Manchester 


Tel: (061) 973 49 51 


Tavistock Square 
London W.C. 1 
Tel: (01) 387 0204 
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SIMPLIFIED OPERATION 
MICROWAVE FREQUENCY 7000 M Hz. 


Until now the main drawback in undertaking Elec- 
tron Spin Resonance Spectrometry has been the 
cost of the Spectrometer. The new Beckman ESR 
Spectrometer costs only as much as a standard UV 
Spectrophotometer and has many of the capabilities 
of the much higher priced ESR instruments. 
Featuring solid state electronics throughout the new 
ESR Spectrometer is simple to operate allowing 
useable spectra to be obtained within minutes. Lift 
top construction gives access to printed circuit 
boards for easy maintenance. 

It enables studies to be undertaken in: 
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Speciation in Tropical Environments 

Edited by R. H. Lowe-McConnell 

Biological Journal of the Linnean Society, Volume 1, Numbers 1 and 2, 1969. 
Special clothbound edition, June 1969, viii 246 pp., 80s. 


The original papers contained in this volume were read at a symposium organised jointly by the 
Linnean Society of London and the Tropical Group of the British Ecological Society on 31 October 
and 1 November 1968 


CONTENTS: Bird Speciation in the Tropics. Patterns of Communities in the Tropics. Ecological Genetics and Speciation in 
Land Snails of the Genus Pariula. Ecology and Speciation in African Blackflies (Diptera: Simuliidae). Speciation in Tropicat 
Freshwater Fishes. Speciation in Madagascan Lemurs, Evolutionary Action of Tropical Animals on the Reproduction of Plants. 
Plant Speciation in Malesia, with Special Reference to the Theory of Non-adaptive Saltatory Evolution, Evolution and Specia- 
tion ina Tropical High Mountain Flora. Speciation in the Tropical Rain Forest and the Concept of the Niche. Speciation among 
Tropical Forest Trees: Some Deductions in the Light of Recent Evidence. Patterns of Evolutionary and Geographical Distribu- 
tion in Neotropical Orchids. Evolutionary Mechanisms in Tropical Ferns. First Thoughts on Species, Evolution in Malayan 
Macaranga (Studies in Macaranga HI). Speciation in the Tropical Environment: Summing-up. Subject Index. 


Neoplastic Development Volume 1 
By L. Foulds 
May 1969, xii+440 pp., 110s. 


Volume 1 of this book provides a historical background of experimental cancer research, a general 
consideration of neoplastic development in animals and man, and a discussion of medical and bio- 
logical problems that evolve therefrom, There is now a formidable accumulation of empirical observa- 
tions on neoplasia, obtained in a wide variety of ways; this book contains an assessment of the extent 
to which recent ideas about biological organization may provide a useful terminological and con- 
ceptual machinery for the discussion and synthesis of this information. 

CONTENTS: Part 1: Historical introduction. Part 2: General and Experimental Pathology of Neoplastic Development. 
Aetiological Factors. Neoplastic Development. Definitions, Classifications and Terminologies. Characteristics of Neoplasms. 
The Histological Analysis of Neoplasms. Biochemical Characteristics and Biological Problems of Neoplasia, Part 3: Bio- 
logical Organization and Developmental Biology. Biological Organization. Dynamic Organization. Cytoplasmic Organization. 
Biological Organization in Unicellular Organisms. The Organization and Development of the Metazoa. The Relationship 
between Cell Proliferation and Cytodifferentiation. Differential Utilization of the Genome. Applications of Recent Concepts 
of Biological Organization to some Problems of Normal and Neoplastic Development. 


Isolation Methods for Microbiologists Part 1 


The Society for Applied Bacteriology Technical Series No. 3 
Edited by D. A. Shapton and G. W. Gould 
May 1969, xii+178 pp., 50s. 


This book will be of particular use to the practical microbiologist dealing with.isolation problems 
and also the student who wishes to know more about techniques which experts use in their everyday 
work, 


CONTENTS: The Use of Baird-Parker’s Medium for the Isolation and Enumeration of Staphylococcus aureus. Media for the 
Isolation and Enumeration of Coagulase Positive Staphylococci from Foods. Bismuth Sulphite Media in the Isolation af Sat- 
monellae. Methods for the Detection of Salmonellae in Meat and Poultry. Isolation Methods for Mycoplasmas from Man and 
Rodents. Isolation of Mycoplasma suipneumoniae. /solation of Listeria monocytogenes. The Isolation of Non- Pathogenic 
Yeasts. The Isolation ef Myxomycetes. Isolation of Phytophthora and Pythium. Isolation of Pathogenic Fungi from Water- 
fowl. Techniques for the Isolation of Pathogenic Fungi. Membrane Filtration Techniques for the Isolation from Water of 
Coli-aerogenes, Escherichia coli, Faecal Streptococci, Clostridium perfringens, Actinomycetes and Microfungi. Isolation 
of Surface Micro-organisms with the Agar Slice Technique (Agar Sausage). Some Isolation Techniques Used in the Evaluation 
of Antibacterial Compounds. The Isolation and Cultivation of Single Bacteria and their Spores by the Agar Gel Dissection 
Techniques. Author Index. Subject Index. 


Elementary Rheology 


G. W. Scott Blair 
May 1969, viii 158 pp., 35s. 


Students may often find it difficult to attend courses in elementary rheology but wish to get a pre- 
liminary idea of its subject matter and experimental methods. Existing textbooks are generally too 
advanced and detailed to meet these requirements. The author sets out to meet these needs. He gives 
a brief history of the subject, followed by an account of the main lines of work, as far as possible 
without mathematics, but giving definitions of the terms used. 


CONTENTS: Part 1: Rheological Systems and Concepts. Laws and Equations. “Basic Equations”. Elasticity. Flow: 
Liquids and Solids. Rheological Models of Complex Systems. Flow of Complex Systems through Capillaries. Hysteresis and 
Rheotropie Effects: Normal Forces. Elastic Fluids. Sinusoidal Straining. “Intermediacy’. Dispersed Systems. Effects of 
Concentration and of Electrically Charged Particles. Theory of Dimensions: Power Equations: Turbulence. Surface Rheology 
and Other Surface Phenomena. Biorkeology (1) Haemorheology. Bierheology (2) Miscellaneous. Psycho-rheology: Measure- 
ment of Sensations: Craftsmanship. Part 2: Rheological Measurements. Materials of Low Consistency. Materials of 
High Consistency. Some Applications of Rheology. Appendix 1. Rheology of Metals by A, Graham. Appendix 2. Derivation 
of Poiseuille--Hagen Margules and Stokes Equations: Some other Equations. Appendix 3. Books for Further Reading (with 
Brief Appraisals). References. Author Index. Subject Index. 
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Fig, 1. Comparison of post-radiation saccharine preference of acatalas- 


aemie (Cst) and normal (Cs*) mice after varying doses of X-rays. 


aversion phenomenon. If H,O, per se is responsible for 
aversion, the acatalasaemic strain should be the more 
sensitive, because H,O, would presumably linger longer 
in these animals. This is not the case; the acatalasaemic 
mouse exhibits less radiation-induced aversion. This 
implies that the actual aversive stimulus is dependent 
on the presence of H,O, and catalase. The only products 
of the catalytic reaction are oxygen and water, neither of 
whieh seems a likely candidate, so we suggest that the 
actual aversive stimulus is some product of the peroxidatic 
action of catalase, the chemical nature of which is un- 
known. 
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Comparisons of Isolated and in vivo 
Mitotic Apparatuses 


Mrroric apparatuses (MA) isolated from sea urchin eggs 
are not funetional', and although their biochemical 
compositioni, stability® and morphological character- 
istics?-*” have been studied, isolated MA may be quite 
different from in vivo MA. In particular, MA may lose 
material during isolation™, and the birefringence may be 
altered. We therefore studied the effect of the isolation 
procedure on mass and birefringence. 

We used interference microscopy!?* to determine the 
concentration of dry matter in the cytoplasm and in 
metaphase MA of living sea urchin eggs, Echinus esculentus 
Linn. (Table 1). We isolated Echinus egg MA using 1M 
hexylene glycol as both lysing and isolation medium‘. 
Each isolated MA consisted of a birefringent spindle region 
surrounded by some optically isotropic cytoplasm (Fig. 2 
and ref. 10). Using interference microscopy, we found 
that the concentration of dry matter (in the birefringent 
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Table 1. SUMMARY OF DRY MASS DETERMINATIONS ON VARIOUS SEA URCHIN 


EGGS (G DRY MATTER/100 CM? OF MATERIAL)” 


Grams dry matter contained Echinus Arbacia Psammechinus 
in 100 em? of egg egg egg 
agg cytoplasm 22 g 26-4 gi 24 g 
23-9 gt 
First cleavage division MA 
in vivo 17-18 g ? 19g 
21g} 


Birefringent region of MA 
isolated at pH 7-1 2-3 g 9 3g 


Birefringent region of MA 


isolated at pH 6-4 6-7 g 0-9 g$ ög 
Birefringent region of MA 

isolated at pH 6-1 10-11 g ? 9g 
Birefringent region of MA 

isolated at pH 5:3 t 2 13g 


* Unless otherwise specified, the data were obtained using interference 
microscopy, and calculations assumed a refractive index increment of 0:0018. 


+ Chemical determinations of Ballentine’ and Krahl’, 
+ These values are calculated from the interference microscope data of 


Mitchison and Swann’! using 0-0018 as refractive index increment instead of 
0-00165, as they did. The “MA in vivo” values of Mitchison and Swann are 
actually of metaphase and anaphase asters. 
§ Biochemical determinations of total protein in ref. 4, 19. 
Table 2. SUMMARY OF RETARDATION (BIREFRINGENCE) MEASUREMENTS ON 
Arbacia AND Echinus BGG MA 
Retardation of 


Echinus egg Arbacia egg 


MA in vivo 6-5 my ? 
MA isolated at pH 6-8-7-1 4 mg ? 
MA isolated at pH 6-4 7 mye 3-5 my (ref. 8) 


3 mp (ref. 10) 
5 me (ref. 10) 


MA isolated at pH 6-1 65 my 
region) depended on the pH of the isolation medium 
(Table 1), and hence, because the birefringent region was 
the same volume at all pHs, the total amount of dry 
matter depended on the pH. MA isolated at pH 6-1 
contained about 60 per cent of the in vivo dry matter and 
contained four times as much dry matter as MA isolated 
at pH 7-1 (Table 1). 

We used polarization microscopy!’ to determine 
the birefringence of in vivo and isolated MA, the bire- 
fringence being expressed as amounts of retardation 
(Fig. 1). The retardations of isolated MA depended on the 
pH of the isolation medium, lower pHs producing larger 
retardations (Table 2). MA isolated at pH 6-1-6-4 had 
the same retardations as in vivo, and MA isolated at 
pH 6-8-7-1 had 62 per cent of the retardation in vivo. 

Whereas other workers have dissolved isolated MA in 
unbuffered 0-5-0-6 M KCB-51, we have found that the 
solubility of Echinus egg MA depends on the pH of the 
isolation medium. Thus after addition of 0-6 M KCI to 
MA isolated at pH > 6-8, the entire MA dissolved, leaving 
nothing but small granules. When MA were isolated at 
pH < 6-8, on the other hand, KCI caused the birefringence 
to disappear, but optically isotropic material remained 
undissolved both in the region which was previously 
birefringent (the spindle) and in the surrounding isotropic 
cytoplasm. 

These results are not unique to Echinus egg MA; 
the pH of the isolation medium had the same general 
effect on the mass, retardation and the solubility 
in KCl of MA isolated from eggs of the sea urchin 
Psammechinus miliaris Gmelin (Table 1 and Fig. 3). 

Much work has been done on Arbacia egg MA, but pig- 
ment and other granules*? make it impossible to measure 
the mass or retardation of MA in vivo, To deduce the 
relationship between in vivo and isolated MA of Arbacia, 
we studied Echinus egg MA isolated at various pHs and 
compared them with known properties of Arbacia egg 
MA®%:10, We found that Arbacia egg MA isolated at pH 
6-4 are equivalent in properties to Echinus egg MA isolated 
at pH > 6-8 (Table 3), and therefore we infer that Arbaciaegg 
MA isolated at pH 6-4 have smallermass and less retardation 
than in vivo (Tables 1 and 2). This inference is directly sup- 
ported by the result that Arbacia egg MA had higher 
retardations when isolated at pH 6-1 than when isolated at 
pH 6-4 (ref. 10). 

Previous workers':! have used data from isolated MA to 
calculate the fraction of the egg’s dry matter found in the 
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Table 3. 
Solubility in * 
0-6 M KCI 
Echinus egg MA isolated at pH <6-8 Birefringence of the spindle 40-50% 


disappears but isotropic value 
cytoplasm remains 


Entire MA dissolves 


MA 


Echinus egge MA isolated at pH > 6-8 Zero 


Arbacia egg MA isolated at pH 6-4 Entire MA dissolves (ref, 8) 


Arbacia egg MA isolated at pH 6-1 i 30-50% 


value (ref. 10) 


Zero (ref. 8) 
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VARIOUS PROPERTIES OF Echinus EGG MA AND Arbacia EGG MA 


Final retardation + 
after storage of MA 
at room temperature 


Total MA proteing 
ig protein in 
100 cm? of MA) 


RNA ia KOE 
soluble fraction (g 
RNA per g protein) 


Amount of optically t 
isotropic cytoplasm 
around the MA 


initial Relatively large 13g (MA isolated 0-20 
at pH 6-1) 
Relatively small 1-0 g** (MA isolated 0-06 
at pH 7-1) 
Relatively small (refs. 0-9 tt (see refs. 4, 19) 0-05 
6, 23) (ref. 4) 
of jnitial Relatively large (refs. 7 ? 
6, 23) 


* This is the solubility of freshly isolated MA; in all cases this solubility disappeared when MA were stored. 
+ The complete loss of retardation (that is final level of zero) occurred after 2-4 h at room temperature in both Arbacia egg MA (ref. 8 and unpublished 


work of A. F.) and Echinus egg MA. 


in all cases storage at 0° C slowed down the drop in retardation"? 03, 


{f MA isolated at lower pHs were also more fibrous than those isolated at higher pHs. 
$ Determined using technique of Lowry’, on aliquots of the KCI-soluble fraction, and on aliquots of the KCI insoluble fraction immediately after solu bil- 


ization in 0-1 N NaOH. 


€ Determined from the absorptions at 260 mmicrons and 280 mmicrons (ref, 25). 


Fifty per cent of the total protein was found in the KCl-soluble fraction. 


** Seventy to eighty per cent of the total protein was found in the KCl-soluble fraction. 
++ Seventy to eighty per cent of the total protein was found in the KCl-soluble fraction’. 


Table 4, FRACTION OF THE CELL'S DRY MATTER CONTAINED IN THE MA 
Psammechinus 

59x 10% p’ 

34 «108 u 


Echinus 


‘3x 10" u? 
“Bx 108 p” 


Volume of the egg 

Volume of the MA 

Percentage of the cell's 
dry matter found in 
the MA 


oes 





18% 47% 

MA, but, as we have shown, MA lose dry matter during 
isolation. We have therefore made similar calculations 
based on the concentrations of dry matter in eggs and MA 
(Table 1) and on the volumes of eggs and MA as estimated 
from measurements of the dimensions (our unpublished 
results), which are summarized in Table 4. 

We conclude that the solubility, the total amount of 
dry matter, and the birefringence of isolated MA all 
depend on the pH of the isolation medium, and that the 
specific pH values for the properties in question are not 
necessarily the same for different species. Hence it is 
impossible to compare directly results from different species 
until the effects of the pH of isolation are known for each 





Fig. 1. A living but somewhat flattened egg of Echinus, photographed 

through a polarizing microscope. This illustrates the transparent 

nature of these eggs when viewed with polarized light, and the clarity 

with which one can see the birefringent spindle, which in this photo- 

graph appears dark. (The astral rays appear bright or dark, depending 
on their orientation with respect to the crossed polars.) x 200, 





Fig. 2. An MA isolated from Echinus eggs (using 1 M hexylene glycol 

bulfered at pH 6-1), photographed through a polarizing microscope, 

The birefringent spindle appears bright and is surrounded by nön- 
birefringent material. x 700. 





Fig. 3. A living but somewhat flattened egg of Psammechinus, photo- 
graphed through an interference microscope, illustrating the clarity 








with which one can observe in vivo MA, x540. 
species. Further. different isolation media?’ might 
have different effects on the MA. Differences such 


as these might account for the different biochemical results 
obtained with MA isolated from eggs of different animals® +27, 

Although we cannot yet claim 100 per cent preserva- 
tion of dry matter when MA are isolated, low pHs give 
four times as much dry matter in the birefringent spindle 
region as the usual procedures. Study of these high-mass 
MA might facilitate chemical identification of birefringent 
and non-birefringent spindle components for KCI has no 
apparent effect on the isotropic components, vet causes 
the birefringence to disappear. 

The idea that spindles are composed chiefly of protein 
is derived from analyses of isolated MA! But much of 
the MA mass is lost during the usual isolation procedures, 
so this conclusion may not be valid. Indeed, the KCI 
extract of high-mass MA includes substantial amounts of 
RNA and of carbohydrate containing material. 
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the European Office of Aerospace Research. We thank 
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intrachromosomal Crossover Increase 
with Distal Homeologous 
Substitution 


THE frequency of genetic crossing over has long been 
known to be subject to several forms of experimental 
modification. Among these, some of the most erratic 
have been chromosomal inversions, translocations and 
substitutions. Changes in crossover or chiasma frequency 
have been found in chromosomes which are themselves 
structurally modified (in regions either adjacent to or 
relatively remote from those where the changes were 
noted). These modifications have been reported in 
organisms as diverse as Drosophila, maize, cotton and 
grasshoppers!-4, Probably better known is the hetero- 
logous effect which occurs in structurally normal chromo- 
somes when other members of the complement have been 
rearranged. This has been reported in Drosophila, maize, 
grasshoppers and rye (reviewed by Ramel and sub- 
sequently studied by others!*-*4), 

The inadequacy of a purely mechanical explanation for 
such effects has been emphasized repeatedly!?:15.17.19, 22,23, 
The seemingly competitive nature of distribution of cross- 
overs in some cases (noted early by Mather?) and apparent 
tendencies for compensatory reductions and increases to 
occur togethert-? have tended to support the view that a 
searce substance, essential directly or indirectly to the 
crossover process, may be limiting in some circumstances, 
so that its disuse in one region may contribute to its 
greater abundance in another'1°6, But if this is so, 
no simple relationship seems to be discernible®*.?7.°8, J 
describe here a further case where complexity of hypothesis 
seems to be required. 
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Table 1, RECOMBINATION IN sk v REGION 
Test Parental type progeny Recombinant progeny Per cent. 
cross SEV sku sk V Ske recombination 
(i) 84 67 51 47 39-4 
(2) 68 53 33 39 38-9 
(3) 26 20 13 20 41-8 
(4) 10 18 15 10 72 
Total 188 158 117 118 402 
Table 2. RECOMBINATION IN B sk REGION 
Test Parental type progeny Recombinant progeny Per cent 
Cross bSk Bsk BSk bsk recombination 
(G) 122 110 9 8 68 
(2) 99 a6 8 5 66 
(3) 43 30 3 3 76 
(4) 18 30 2 3 9-4 
Total 282 256 2 19 TI 


In disomie maize which is heterozygous for substitution 
of approximately the distal half of chromosome 2 by a 
homeologous region from Tripsacum, crossing over is 
strongly inhibited between the maize and Tripsacum 
homeologous segments**3*, Recombination frequency was 
tested between normal maize regions adjacent to the 
substitution in plants of this constitution. The substitu- 
tion was transmitted through the female parent only (and 
with frequency which did not deviate at the 5 per cent 
level from random expectation). Ears were fully filled. 
and seedling mortality and germination failure totalled 
only 4 per cent. Bias from differential viability of meiotic 
products or non-random chromosome distribution seems 
improbable. The tester stock used was a standard 
homozygous recessive b sk v line obtained from the Maize 
Genetics Coop. 

Results are listed in Tables 1 and 2. The standard 
genetic map of maize chromosome 2 (ref. 31) and the 
probable breakpoint of the substitution®? are illustrated in 
Fig. 1. Data from the four sibling test crosses did not 
deviate from homogeneity (at the 5 per cent level) and 
were pooled. Recombination in the colour booster (#)- 
silkless (sk) region was equal to standard map expectation 
although much of this region is probably distal to the. 
breakpoint (where crossing over is strongly inhibited). 
A very significant increase (at the 1 per cent level) was 
found in the sk-virescent (v) region. It seems probable 
that recombination frequency was strongly increased 
above standard expectation throughout at least the 
region bounded by the substitution point and v. Coinci- 
dent recombination in B-sk and sk-v regions (2 per cent) 
showed scant evidence of interference even though only 
about four of the map units included are located across the 
centromere from the substitution point. 

A strikingly similar increase in recombination frequency 
above standard map expectation was found in the same 
region in trisomic plants which carry the reciprocal maize 
and Tripsacum interchange chromosomes as well as a 
normal maize chromosome 2 (ref. 33). These differ from 
the disomic plants I have described in having an extra 
chromosome (7), a trivalent configuration in which 
homologous maize segments synapse is usually formed (by 
the chromosomes in which crossover frequency was 
tested), and crossing over distal to the interchange 
(between maize segments in this case) at least approxi- 
mates normal*®?. In plants of this trisomie constitution 
crossing over is apparently strongly inhibited only in the 
two Tripsacum segments (which lack partners). The 
two constitutions are similar in that the chromosomes in 
which sk-v recombination was tested are identical (or 

nearly so) although the distal involvement 

of one of them in genetice exchange differs 

Ch drastically**. Apparent distal synapsis 
SS of this chromosome in the two cases differs 








ws, ai Ig, gi, B sk fl, iso y3 

rt + Pp 

04 H 30 49 156 68 74 83 

Fig. 1. The genetic map of maize chromosome 2 (ref. 31). The arrow indicates the 


approximate location of the substitution point”; 
probable location of the centromere. 


ws, White sheath; 
B, colour booster; sk, silkless; 


fi, floury endosperm; ts, tassel seed; 
Ch, chocolate pericarp. 


the double crossbar represents the 
al, albescent; dg, liguleless: 


v, Virescent seedling: 


128 much less?**4, although in the disomic 
case it involves association of maize- 
Tripsacum homeologues and, in the tri- 
somic case, maize homologues. If only 
the disomic case had been studied, it 
might have been concluded that a proxima} 
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erossover increase was somehow attributable to distal 
crossover inhibition. A similar proximal increase in the 
trisomic situation (in the absence of accompanying distal 
inhibition) casts doubt on such an explanation. 
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Chromosome Alterations in Leucocytes 
from Subacute Sclerosing 
Panencephalitis Patients 


Virar aetiology of subacute sclerosing panencephalitis 
(SSPE) has been suggested recently and the presence of 
high titres of measles haemagglutination-inhibiting (HI) 
antibodies in sera of SSPE patients has been reported 
frequently!*. Reports of chromosome alterations in the 
course of viral infections?! prompted us to examine 
chromosome preparations from SSPE patients. This is a 
preliminary report on a study of specimens obtained 
from SSPE patients admitted to the First Clinic of 
Neurology and Psychiatry, Budapest. 

Using the method of Moorhead et al’, we studied 
chromosomes of 48 h cultures of leucocytes from the 


Table 1. 





Patient 
Age Measles at age of 
No. Initials (years) Sex 
1 H.F. 14 M è 
2 W. Gy. 14 M inica] measles 
3 e es 13 F Between 4 and 15 months 
4 R. V. 15 M No measles recorded 
5 8.. 22 F 9 years 
6 N.M. 23 F No measles recorded 
Measles conval. 2 M 9 days after appear. of rash 


Normal leucocytes infected with OKI- measles virus strain in vitro 
Normal leucocytes Infected with the Edmonston measles virus strain in vitro 
Normal preparation $ average for three persons 
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Chromosomes of a leucocyte of an SSPE patient showing chrome 
sume breakage (arrows), 


Fig. 1. 





Fig. 2. 


Chromosome pulverization in leucocytes of an SSPE patient. 


peripheral blood of six patients. As controls, leucocytes 
from three healthy persons and from a measles patient 
were ineluded. In addition, two cultures of normal 
hurnan leucocytes, infected in vitro with measles virus, 
were examined. The HI antibody to measles virus was 
titrated in serum samples from each patient (Table 1). The 
patients included in this study had no history of treat- 
ment with any eytostatics or radiation and received no 
antibioties during the period of examination. 

All the leucocyte cultures from SSPE patients showed 
ehromosome alteration. The alterations may be divided 
into two main patterns, chromosome breakage (Fig. 1) 
and a condition (Fig. 2) very similar to those described by 
several authors as virus induced pulverization®*, The 
rates of these phenomena varied among the individuals. 
In patients 2. 4, 6, and in patient. 1, the main chromosome 
alterations were breakage and pulverization respectively. 
All patients had HI antibodies and in two the titre was 
extremely high. In cultures infected in vitro, an apparently 
higher incidence of breakage was induced by the wild 
strain OKI-ID than by the Edmonston strain. The 












Serum HI No, of Chromosome alterations 
Onset of antibody mitoses (per cent) 

SSPE titre analysed Break.  Pulv. like Total 
Sept. 1966 2,560 84 &2 23-8 32-0 
Aug. 1967 2,560 240 21:3 oa 
Sept. 1967 320 50 16-0 41 
Aug. 1967 160 150 286-7 33 30-0 
June 1957 320 140 15-0 OF 157 
April 1966 380 100 32-0 —_ 32-0 

— 320 112 12-5 6-2 18-7 
114 13-2 3-5 16-7 
114 43 08 52 
200 os a os 
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incidence and type of chromosome were not correlated 
with the HI antibody titre of the serum. 

The high rates of chromosome alteration in SSPE 
patients, associated with high antibody concentrations. 
suggest a prolonged persistence of measles virus in 
human cells. Studies on larger groups of patients and 
controls are in progress. 

We thank Dr M, Sellyei for his advice. 











G. SZIRTES 
First Clinic of Neurology and Psychiatry, 
University Medical School, 
Budapest. 





E. CSONKA 
M. LIPCSÁK 
National Institute of Publie Health, 
Budapest. 


Received February 24, 1969. 


1 Lennette, B. H., R. L., and Freeman, J, Me 
(1968). 
* Berman, P. H., Giles, J. P., and Krugman, S., Newrology, 18, 91 (1968), 


Levan, A., 


Magotin, Neurology, 18, 21 





š Nichols, W. W. Hall, B., and Ostergen, G., Hereditas, 48, 367 
(1962). 
‘Nichols, W, W., Levan. A., Aula, P., and Norrby, E., Hereditas, 51, 380 


(1964). 
' Gripenberg, U., Hereditas, 54, 1 (1965). 
* Kato, R., Hereditas, 88, 221 (1967). 
? Bartsch, H. D., Habermehl, K. O., 
671 (1967). 
S Melia, B., Neurology, 18, 741 (1968), 


3 Moorhead, P.S. Nowell, P. C., Mellman, W, d., 
ford, D. A., Erp. Cell Res., 20, 613 (1960). 





and Diefenthal, W.. Erp. Cell Res., 48, 


attips, D. M., and Hunger- 


Experimental Conditions in which 
Feather Morphogenesis predominates 
over Scale Morphogenesis in Bird 
Embryos 


THe embryonic skin of birds is the site of morphogenetic 
Interactions between the epidermis and dermis leading to 
the formation of cutaneous appendages'-*, Recombina- 
tions of the dermis and epidermis from the dorsal feather- 
forming region and the tarsometatarsal scale-forming area 
show that the dermis plays a decisive part in the regional 








Fig. 1. 
12 dave after the combination. 


Foot composed of duck wing ectoderm and chick leg mesoderm 






The anterior face (arrow) of the metapod 

and the longest toe are entirely covered with featt ‘The posterior face 

of the foot bears epidermal derivatives, the structure of which is inter- 

mediate between tubercular scales and small feathers. The smallest toe, 
at left, shows a series of scales associated with feathers. 










Fig. 2, Foot composed of chick wing ectoderm and chick leg mesoderm 
11 days after the combination. Feathers developed all around the meta- 
pod and the toes. A few scale furrows are seen on both toes. 
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Table 1. RESULTS OBTAINED FROM HETEROTOPIC HOMOPLASTIO AND XENO- 
PLASTIC COMBINATIONS OF DUCK AND CHICK LIMB BUD CONSTITUENTS 
Mesoderm 
ee =e 


Duck 


Chick 








é Hand | 
E : 


> Hand | 
F 





| 
—_ 
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i Foot 
l l | | 43 F 
|g | Bl | 2 
ath Sais ar aia 
A | ke . Hand} | Hand, | 
| | ES 16 F | l 9 F | 
i H d i 






incubation Tor ‘he chick medai combinz 
incubation for the duek mesoderm combina i 
resulted in the formation of a limb, the autopod thane or foot) of which bote 
feathers (F) and/or seales (S), 


differentiation of the skint. The development of epider- 
mal structures such as feathers and scales is generally 
determined by the regional origin of the associated dermis. 
In specific heterochronous combinations, however, the 
epidermis tends to impose the nature of its differentiation 
according to its own regional quality. An example of 
this occurs when the dorsal feather-forming 6-7 day old 
epidermis is associated with tarsometatarsal seale- 
forming 11-12 day old dermis. In such combinations a 
conflicting situation appears to be created which leads to 
the formation of either feathers and scales or feathers 
alone. Because the production of scales alone is not 
observed in these conditions, it seems that feather morpho- 
genesis predominates over scale morphogenesis. 

To test this hypothesis we devised new experimental 
conditions in which the heterochronicity of the combina- 
tion was eliminated and its possible function in the pre- 
dominant formation of feathers was ruled out. 

Heterotopic homoplastie and xenoplastic combinations 
of wing and leg bud ectoderm and mesoderm were per- 
formed on chick embryos (stages 19-22 of Hamburger and 
Hamilton’) and on duck embryos (stages 15-18 of 
Koecke’). As can be seen in Table 1, this treatment 
resulted in the formation of a limb, the skeleton and 
general morphology of which developed according to the 
origin of the mesoderm®?. The cutaneous appendages 
produced by the thirty-nine experimental wings (com- 
binations of w ing mesoderm and leg ectoderm) and by the 
stylopod and zeugopod of the eighty-eight experimental 
legs (combinations of leg mesoderm and wing ectoderm) 
were typical feathers. The foot of the latter combination, 
however, bore epidermal derivatives which did not 
strictly conform with the hind-limb origin of the meso- 
derm. Because the specific origin of the ectoderm has no 
influence either on the gross phenotypic anatomy of the 
limb*? or on the nature of its cutaneous appendages, we 
will not mention further the homoplastic or xenoplastic 
character of the combinations. 

None of the feet of the thirty-four heterotopic legs 
containing chick mesoderm was covered with scales only 
(Figs. 1 and 2). In twenty-two cases, only feathers 
formed al around the metapod and on the anterior face of 
the toes; the posterior face bore an almost normal cover 
of small tubercular scales among which were a few ab- 
normally long scales. In the twelve remaining cases, 
the anterior face of the toes bore normal or abnormal scales 
which had developed among the feathers. Normal seales 
seldom occurred and were restricted to the phalanges 
next to the claws, which were always present and normally 
differentiated. Abnormal scales characterized by a feather 











Fig. 3. Foot composed of chick wing ectoderm and duck leg mesoderm 

12 days after the combination. Note the presence of feather-bearing 

scales on both toes and of a typical webbing. The metapod is completely 
surrounded by feathers. 


Fig. 4. Foot composed of duck wing ectoderm and duck leg mesoderm 

14 days after the combination. Note the presence of well differentiated 

feathers and the absence of scales on the anterior face of the metapod and 

of the middle toe. The posterior 3 of the ankle and the other toes are 
covered with normal and abnormal feathered scales. 
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growing out of their distal rim were sometimes found more 
proximally. ‘The overall appearance of the foot in these 
twelve cases was that of a feathered extremity rather than 
a scaled one, the feathers being much more numerous than 
the scales, 

With the heterotopie legs containing duck mesoderm 
(Figs. 3 and 4) the phenotype was always duck with a well 
developed webbing in spite of the alar origin of the 
ectoderm, None of the feet of the fifty-four legs of this 
type was covered with scales alone. In forty-four cases the 
acales were predominant. particularly so on the toes. Some 
>s were normal while others were associated with 




















The metapod was always 
eovered with feathers; on the anterior face of the toes 
the skin was bare or had only a few feathers irregularly 
distributed in tufts rather than in rows; the posterior 
e was poorly scaled or had no scales. Tegumentary 
differentiation of the toes was less altered; in most cases, 
numerous normal scales were present together with a 
normal webbing. 

These results show that, at the time of the operation 
(fourth day for the chick embryos and fifth day for the 
duck embryos), the ectoderm of the wing bud and that of 
the leg bud are not equivalent in respect to their mor- 
phogenetic capacity. Combined with leg bud mesoderm, 
wing bud eetoderm gives rise to feathers and scales, 
whereas leg bud ectoderm never forms feathers on the 
festet, Thus wing bud ectoderm contains, and is able to 
express, feather-forming information in spite of the leg- 
type induction imposed on it by the leg bud mesoderm, 
resulting in the formation of a leg. Leg bud ectoderm 
from the foot region does not express this feather-forming 
information (in so far as it possesses it) when associated 
with leg bud mesoderm. : 

Seale forming information is not intrinsically present in 
either wing or leg bud ectoderm, as neither ever produces 
scales when combined with wing bud ectoderm. 
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Thus leg and wing bud ectoderm differ in that wing bud 
ectoderm received or had, before the operation, feather- 
forming information which could not be entirely repressed 
by ascale inducer. In this respect, duck leg bud mesoderm 
appears to be a more potent inducer of scales (and thus a 
more potent feather repressor) than the chick leg bud 
mesoderm. In the chick, and less so in the duck, feather 
morphogenesis predominates over seale morphogenesis. 
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Brackish Water Hydromedusa 
Maeotias inexpectata in North America 


THe Virginia Institute of Marine Science has recently been 
studying the biota of waters of low salinity in several 
Chesapeake Bay tributaries. During two successive 
cruises to the Pam yv River in autumn 1968, hydro- 
medusae of the family Olindiidae, never before found in 
Virginia, were collected in trawls. The specimens were 
identified as Maeotias inexpectata, a brackish water spec 
origmally described from the Don and Kuban estuaries 
Sea of Azov', and known elsewhere only from the Black 
Sea?. Ten specimens were collected on October 15, 1968, 
at station P-40 (37° 33’ N, 76° 53’ W, 4-2°/,, salinity, 
20-1° C water temperature) and one specimen was found 
on November 14, 1968, at station P-30 (87° 33° N, 
76° 50 W, 10°7%Joq salinity, 11-3° C water temperature. 
Hydrographic conditions at these two stations vary 
considerably at different tidal stages as well as seasonally, 
but salinities are mesohaline or lower at all times. Over a 
13 year period, 1955-1967, the mean salinity and tempera- 
ture during autumn were 9-0°/,) and 125° © at station 
P30, 1-2%J5g and 122°C at station P-40 (W. A. Van 
Engel, personal communication). 

Like Moerisia lyonsi, another brackish water hydro- 
medusa reported from Virginia’, Maeotias inexpectata is 
an example of a Sarmatic cnidarian in the Chesapeake Bay 
system. M. lyonsi and M. inexpectata are recent finds in 
Virginia and are unknown elsewhere in North American 
waters, which suggests that both species are new immi- 
grants to the Americas. They have probably been intro- 
duced to the eastern United States by shipping. Thiel 
believed Blackfordia virginica, a hydromedusa originally 
described from Virginia®, was indigenous to the Black Sea 
and concluded that it had been brought to North Americe 
by shipping. Kramp® attributed the occurrence of B. 
virginica in the Ganges estuary to shipping, and Ostrou- 
movia inkermanica, a moerisiid hydromedusa, was probably 
introduced into the Netherlands in the same way’. 

Such organisms could be transported by ship in several 
ways. The more tolerant polyp ge might survive 
adhering to erusts of fouling organi m a ships hull. 
It is unlikely that the polyp of brackish water hydrozoans 
could remain active during transoceanic voyages, but 
dormant stages in the polyp or fertilized egg may well be 
able to survive. The polyp of Ostrowmovia inkermanica is 
known to form plano-convex cysts’, but whether such 
resistant stages are formed in response to high salinities 
is uncertain. 
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Brackish water forms might be transported in bilge 
water or ballast tanks of ships. The American blue crab 
Callinectes sapidus was probably transported to Israel in 
ballast tanks’, Because ships passing through the 
Panama Canal must maintain a minimum draft, empty 
ships required to take on additional salt water ballast 
probably transport microscopic marine organisms from 
ocean to ocean}, Several ports in the Chesapeake Bay— 
for example, Baltimore, Norfolk and Newport News— 
are either large commercial ports, sites of naval bases or 
both. West Point, Virginia, adjacent to station P-30, is 
visited by ocean-going freighters loading paper products. 
The controlling depth of the river channel to this point is 
less than 6-5 m, so bilges and ballast tanks are pumped to 
enable more cargo to be loaded. This may be the way in 
which brackish water organisms from similar regions 
elsewhere are being introduced. 

Three specimens of M. inexpectata from the Pamunkey 
River, Virginia, have been deposited in the National 
Museum of Natural Sciences, Ottawa, Canada. One of us 
(D. R. C.) thanks the National Research Council of Canada 
for support through a postdoctorate fellowship. 


Dave R. CALDER 


National Museum of Natural Sciences, 
Ottawa 4, Ontario, Canada. 
Vicror G. BURRELL, jun. 


Virginia Institute of Marine Science, 

Gloucester Point, Virginia 23062, USA. 

Received March 31, 1969. 

? Ostroumov, A. Bull. Acad. Sci, St Petersburg, 5, 389 (1896), 

? Borcea, I., Ann. Sci. Univ. Jassy, 15, 286 (1928). 

3 Caon R., and Burrell, jun, V. G., Amer, Midland Natur., 78, 540 
‘Thiel, M. E., Zool. Anz., 111, 161 (1935). 

è Mayer, A. G., Carnegie Inst. Washington, Pub. 109, 231 (1910). 

* Kramp, P. L., Rec. Indian Mus., 53, 339 (1958). 

7 Saraber, J. G. A. M., Beaufortia, 9, 117 (1982). 

* Rees, W. J., Bull. British Mus. (Nat. Hist.) Zool., 4, 455 (1957). 

* Holthuis, L. B., and Gottlieb, E., Bull. Res, Coun. Israel, 5B, 154 (1955). 
» Chesher, R, H., Limnol. Oceanog., 18, 387 (1968). 


Induced Bactericidal Response 
in a Sipunculid Worm 


THERE is increasing evidence that inducible immunity 
may be demonstrated in several invertebrate species 
using appropriate methods. The bactericidal system! ? 
seems to occupy an important position in the phylogenetic 
emergence of inducible immunity. Such responses and 
others have been reviewed recently?) 

Bang* has reported an inducible lysin in the coelomic 
fluid of a sipunculid worm. This substance caused lysis 
of a parasitic marine ciliate and could be induced by the 
injection of foreign substances, including crab blood with 
or without the ciliate, and by injecting large numbers of 
bacteria. 

The preliminary experiments described here demon- 
strate an inducible bactericidal system in another sipuncu- 
lid species, Dendrostomum zostericolum Chamberlain, a 
worm used for other experiments on comparative immuno- 
logy’. 

Animals were collected, maintained and bled as pre- 
viously deseribed*®, The bacterium used for immunization 
and assay was strain EMB-1, a Gram-negative bacillus 
isolated from the normal gut flora of a spiny lobster?. 
Antigen preparation and bactericidal assay procedure* 
were identical to those used for lobsterst. Animals 
received a primary intracoelomic injection of 24108 
formalin-killed bacteria (0-1 ml.). Sixty days later the 
survivors received a secondary injection of 4 x 108 bacteria. 

As Table 1 shows, coelomic fluids from fourteen non- 
immunized worms had no bactericidal activity After a 
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Table 1. BACTERICIDAL TITRES OF CENTRIFUGED COELOMIC FLUID 
No. of No. of 
antigen Day animals Individual titres 
injections in group 
None 0 l4 0 
One 1 9 0 
Pool* 10 
2 8 0 
4 Pool* 0 
7 4 0 
1 10 
60 5 0, 0, 40, 80, 160 
Two 62 5 0, 160, 160, 320, 320 
67 6 10, 80, 640, 640, 640, 640 


* Pool of coelomic fluids from five worms. 


primary injection of antigen, most animals were negative 
from days 1 to 7 although slight responses were observed 
in two cases. By the sixtieth day, three of five animals 
had developed significant titres without further immuniza- 
tion. On days 62 and 67, after an additional challenge 
with antigen on day 60, bactericidal activity was consider- 
ably enhanced. Another group of five non-immunized 
worms bled at this time were negative. This verified that 
the increase in coelomic fluid bactericidin was not a 
consequence of non-specific seasonal variation. 

It is interesting that there was no significant response 
during the first week after primary immunization; thus 
the sipunculid seems to differ from other invertebrate 
systems!~4 which often increase their activity significantly 
during the first day or two after immunization. 

The accelerated secondary response of this sipunculid 
is somewhat reminiscent of the antibody response in 
mammals. Obviously studies of specificity will be re- 
quired to assess the significance of this bactericidal 
system in the evolution of immunity. Such studies are 
in progress and will be reported elsewhere. 

We thank Miss Susan Sawyer and Mrs Sheelagh Fuzes- 
sery for technical assistance. This work was supported 
in part by grants from the US Public Health Service and 
by a contract from the US Office of Naval Research, 
Biology Branch. 
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Discrimination of Auditory 
Sequences by Monkeys 


We have been successful in an attempt to train rhesus 
monkeys to discriminate among the four permutations 
of a two element auditory sequence in which each of the 
elements can be either a burst of tone or a burst of noise. 
This is an unusually complex task and as such should 
prove sensitive to manipulations of the central nervous 
system. Indeed, in experiments now under way, severe 
deficits have been found in the discrimination performance 
of monkeys following unilateral ablations of the cortex 
of the superior temporal gyrus (auditory ‘‘association”’ 
cortex). 
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Fig. 1. Testing display. 

Training the monkeys to make auditory discriminations 
is straightforward. From their 22x 22x22 inch cage 
they can easily reach, through the bars, a 24x 24 inch 
testing display (Fig. 1). Mounted behind this display is a 
loudspeaker through which the auditory stimuli are 
delivered. On the monkeys’ side of the display, centred 
directly in front of the cone of the loudspeaker, is a 2x 2 
inch ‘Perspex’ panel which, if pressed at the appropriate 
time, causes the delivery of an auditory stimulus. Thus 
to get an auditory discriminative stimulus, the monkey 
must first give an “observing response’”’?. 

Lower on the display, placed symmetrically at each 
side of the food-well, are two circular ‘Perspex’ response 
panels which, if pressed at the appropriate time, cause a 
burst of tone (left panel) or a burst of noise (right panel) to 
be c zered through the loudspeaker. In the initial 
oe of training, the animal is taught to press the left 
panel after a tone stimulus (1,000 Hz for 0-5 s) and the 
right panel after a noise stimulus (20,000 Hz low-pass 

“white” noise for 0-58). A trial begins therefore when the 
monkey presi the observing response panel: either a 
tone or a noise is delivered (at equal probability for each) 
on a random schedule. Immediately afterwards, the 
monkey must indicate the nature of the stimulus by pres- 
sing either the left or the right circular panel. A correct 
choice results not only in a tone or a noise (appropriate 
for the panel pressed) but also in food reward (CIBA 190 
mg banana-flake pellet). An incorrect choice results in a 
tone or a noise (appropriate for the panel pressed) and in a 
3 s blackout during which a press on any panel ts ineffec- 
tive. After the blackout (or after the delivery of a food 
pellet when the choice is correct) a new trial may be 
initiated. Each of the three panels is illuminated from 
behind, so that at the beginning of a trial only the observ- 
ing response panel is lit; when the stimulus has termin- 
ated, only the left and right panels are lit. 

When this task has been learned (90 per cent correct 
responses in three consecutive daily 100 trial sessions), 
the monkey is further trained to discriminate between 
the stimuli when their durations range between 0-1 and 
100 s. 

Then training on sequence discrimination begins. 
Instead of a single tone or noise burst, a two element 
sequence (with a silent interval between the two elements) 
is delivered to the monkey when he presses the observing 
response panel, All four patterns of this two element 
sequence occur randomly, each at 0-25 probability of 
oceurrence over a block of 100 trials. Two consecutive 
presses in the appropriate sequence on the circular pancls 
are required before the next trial can be undertaken. 

Five monkeys have so far learned this problem to the 
90 per cent correct TEE eriterion. This performance 
was achieved after 17, 26, 45, 89 and 125 daily sessions 
for the five animals. The average number of trials per 
session was 190, 300, 300, 180 and 185, so that the total 
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number of trials to criterion for each of the monkeys was, 
respectively, 3,230, 7,800, 13,500, 16,020 and 23,025. 
Tt is essential to point out that these figures are only for 
sessions during which no shaping of the animals’ behaviour 
was undertaken; they therefore do not represent the total 
effort expended by either experimenters or monkeys but, 
rather, about a half. 

We next investigated the effects on discrimination per- 
formance of altering the durational characteristics of 
portions of the sequence. This was done using a titration 
testing method? labelled ‘staircase’ or “up-and-down” 
in which changes in the level of difficulty of discrimination 
are made within the session in the light of the immediately 
preceding performance by the subject®*. This method 
allows the experimenter to foree performance to a pre- 
determined level for a wide range of stimulus conditic 
It is also important that, through the principle of negative 
feedback, discrimination performance about the predeter- 
mined lev el of difficulty becomes progressively more. 
stable. 

This phase of the experiments required at least fifty 
daily sessions of 100-150 trials. At each session the dura- 
tion of one portion of the sequence (either the elements 
or the silent interval between the elements) was manipu- 
lated according to a protocol drawn up before the first 
session, while the other portion was held constant. There 
were three basie types of sessions in which the duration of 
elements was increased, in which the interval between 
them was increased and in which the duration of 
elements was decreased. Increases and decreases were 
made from the point of origin of 0-5 s-—the duration at 
which all monkeys were originally trained and for which 
their performance was best. Durations were from 0-03 s 
to 100 s, divided into fifteen steps—seven on either side 
of O35 s. The Raubal used as constants included 0-1, 
0-3, 0-5, 0-75, 1-0, 1-5 and 20 s. During the course of a 
session, the eee of the critical portion of the sequence 
was changed one step in the direction of greater difficulty 
of discrimination after three correct responses in a row 
and one step in the direction of greater ease of discrimina- 
tion after an incorrect response. Either an increase or 
decrease of element length from 0-5 s causes the animal’s 
performance to deteriorate progressively from the stable 
90 per cent level, as does an increase of the duration of the 
silent interval. (Decreasing the interval from 0-5 s to 
zero does not, in these experiments, adversely affect the 


























monkeys’ performance.) Throughout these determina- 
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Fig. 2. Response areas for three monkeys. Combinations of sequence 


element and silent interval duration which fall outside the area yield 
discrimination performance below the 79 per cent correct response level. 
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tions (at the end of every day’s testing session) each monkey 
has been shown to be discriminating at the 90+ per cent 
correct response level whenever elements and interval 
were set equal at 0-5 s. The first monkey of the present 
group of three has now been performing at a stable 96 
per cent level for 10 months. 

We have chosen to plot the data as response areas, within 
which the monkey can discriminate at the 79 per cent 
level or better, and outside which his performance falls 
below 79 per cent correct. This percentage level is a 
consequence of the testing rules, that is, requiring three- 
in-a-row correct before inereasing the difficulty of the 
discrimination forces the animal to “home in” on the 
79 per cent level’, Fig. 2 shows response areas for three 
monkeys. 

A prime ingredient of auditory sequence discrimination 
which can be assessed from the data of Fig. 2 is short term 
or recent memory. The testing paradigm we have used 
resembles a technique developed by Konorski’ to study 
recent memory, and it is important to indicate the differ- 
ences between the methods and explain why Konorski’s 
technique is unsuitable for sequence discrimination 
problems. Konorski trained dogs to respond or to with- 
hold response (“go-no go”) according to whether two 
successively presented auditory stimuli were the same or 
different. This problem has also been mastered (though 
with considerable difficulty) by monkeys who learned to 
indicate whether two successive trains of acoustic clicks 
were made at the same or a different rate®. Clearly, an 
animal need not discriminate between trials where A is 
followed by B and where B is followed by A; both require 
the same response. Similarly, trials where A follows A 
and where B follows B are also equivalent in terms of 
response requirement. In our experiments, however, 
AA, AB, BA and BB trials each require different patterns 
of response, and only by remembering the sequence of 
presentation can the animal perform correctly. Stepien 
and Cordeau indicated that requiring their monkeys to 
withhold response as one of the two response alternatives 
was perhaps detrimental to the mastery of the problem. 
Instead, they felt that a “go left-go right” paradigm, using 
two manipulanda, might prove more successful (Cowey® 
gave a detailed discussion). We have adopted this sug- 
gestion. 

The fact that our animals must remember the order in 
which particular stimuli are heard has important implica- 
tions. By introducing a delay between the end of the 
two-element sequence and the time when the animal can 
begin his responses, or by increasing the number of 
elements in the sequence, for example, to tone-tone- 
noise-tone, it should be possible to study short term 
memory and its decay or interference. It will then be 
feasible to perform with monkeys the type of digit span 
experiment that has proved so profitable in the study of 
short-term memory in man. 

The ability to deal with auditory sequences is vital to 
verbal behaviour’. It is well known that, in man, severe 
deficits in verbal behaviour often follow damage to the 
dominant. cerebral hemisphere. Cerebral dominance has 
never been demonstrated for any infra-human species. 
We feel that such a phenomenon might be uncovered by 
study of the effects of unilateral cortical lesions on the 
discrimination of auditory sequences by monkeys. 

This research was supported by a career development 
award from the National Institute of Mental Health, 
US Public Health Service, and by an MRC grant. We 
thank Professor L. Weiskrantz for encouragement and 
criticism. 
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GENERAL 
Centroid Method of Integration 


THE usefulness, for numerical integration in p dimen- 
sions, of the following “centroid method” seems to have 
been generally underestimated. The method is a general- 
ization of the mid-point method for one dimension. The 
first approximation to the integral is f(¥) multiplied by 
the “volume” of the region of integration, where % is the 
centroid of the region. This first approximation is itself 
often more accurate than might be expected. (It is exact 
if f is linear.) If f has a p-dimensional Taylor expansion 
about the centroid, valid in the region, then the integral 
is given exactly by the following equation 





J... S f(x) dx 
“on... mo afa) | 
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where n=v, +y +.. .+yYp where the terms for n=1 
vanish, and where m(v) is the generalized moment of 
inertia 

f.f æn. 
Because any non-pathological domain can be “‘triangu- 
lated” into simplexes, it is convenient to have a formula 
for the generalized moments of inertia of a simplex the 
vertices of which are xr = (£r -- ., Zep) (k=0,1,..., P) 
It can be shown that m{v) is equal to the coefficient of 
frite... in 
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where V is the “volume” of the simplex, given by a 
familiar determinant, and where 


If l<n<3 (but not if n24), it can be readily deduced 
that. 
Vp!m-—l)! 
m(v) Be ee 
(p+n)! k 


and if p=2 and 1<n<5 (but not if n > 6), 
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where ¢,= 1/12, cg=¢,= 1/30, ¢,;= 2/105. 
a fourth moment for arbitrary p is 


m= (4,0,0,.... 0) 


An example of 


3Vp! i p ett p, Jai 
=a 1) D Re —2,)*| +2 5 (æn) 
Grieg lO ae 
As an example we take f(x)=exp (w,+...+2p), and 
for the region of integration the simplex whose vertices 
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are (0,0,.... 0), (%,0,0,....0),..., (0,0,0,..., 2) and 
we find that for p=3, «=0-1, the first, second and third 
approximations (corresponding to n=0, n=2 and n=3) 
are 0-000179647358, 0-000179681042 and 0-000179680855 
whereas the accurate result is 0-000179680858. The 
reciprocals of the proportional errors are about 5,000, 
1,000,000 and 60,000,000. For x=0-5 the reciprocals of 
the proportional errors are given approximately by the 
following table 


p: 1 2 4 4 5 
lst approx. 100 150 200 300 400 
2nd approx. 30,000 7,000 8,500 10,000 15,000 


3rd approx. 30,000 60,000 90,000 150,000 300,000 
I. J. Goop 
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The ‘‘Instinct to Teach’’ 


In a recent interesting communication Barnett! discusses 
teaching in man and other mammals. He points out that 
teaching by punishment is common among animals but 
believes that the evidence for teaching by encouragement 
is weak. He further notes that it is difficult to distinguish 
between “behaviour which promotes learning of skills by 
imitation, on the one hand, and directed teaching, on the 
other”, but he does not deal with a third possibility which 
forms the basis of the educational system of subprimate 
mammals. This is the creation by the parent of a situation 
in which the responses of the young automatically lead to 
their learning. 

This type of education is most clearly shown among 
the Carnivora, where it may be combined with parental 
encouragement, and the parental behaviour may also show 
the adjustment in relation to the performance of the pupil 
which Barnett cites as a criterion of genuine teaching. 
The most striking examples are the introduction of the 
young to the eating and killing of prey; the most familiar 
example, of course, is the domestic cat. Leyhausen? 
describes in detail how the female at first merely brings 
her prey and eats it in the presence of her young; later 
she permits them to attack the prey which she has killed; 
and finally, she brings in live prey and liberates it in the 
presence of the young and she may summon them by a 
special call. In the last phase adjustment to the perform- 
ance of the young is often seen. The mother does not 
assist or interfere with the efforts of the young to kill the 
prey, but if it escapes from them she will bring it back. 
Tigers show comparable behaviour. Schaller? saw a tigress 
pull down a buffalo and leave it to her cubs to kill: when 
it shook them off, she again felled it and left it to them. 
Similarly, Kruuk and Turner* saw a cheetah bring a live 
Thomson’s gazelle to her cubs and release it before them. 
Liers® describes how a female Canadian otter brings live 
prey to her young and liberates it for them. He also 
records that she too gives a special call not only to attract 
the attention of the kits to the prey but also to entice them 
into the water. 

Whether these “‘summoning” calls also have an en- 
couraging effect on the young is not known, but I have 
seen an adult female caracal appear to give vocal en- 
couragement to a 2 month old male kitten (not her own 
offspring), both kept as domestic pets. The kitten was 
presented with a killed mouse, his first encounter with 
whole prey. He had great difficulty in discovering how to 
deal with this situation and I was not convinced that he 
even recognized the mouse as potential food: several times 
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he almost abandoned the struggle. The female gave no 
active assistance but sat and watched him carefully. 
During the procedure she gave a low mewing call on 
several occasions, and each time she did so the kitten 
responded by a clear increase in his efforts. She called 
thus once when he had actually left the prey, apparently 
losing interest in it, and he promptly returned and attacked 
it again. 

I have described in detail the way in which the female 
Suricata introduces her young to solid food’. This 
behaviour is particularly interesting. The female had 
been raised in isolation from conspecifics, but showed the 
feeding behaviour as soon as the young of her first litter 
were of suitable age. Her behaviour showed gradual 
maturation. Its first manifestation was no more than an 
inhibition of actual eating: the food was picked up, held 
in the mouth for some time and finally swallowed with 
apparent difficulty. When fully matured, the pattern 
consisted of picking up the food (or capturing live prey), 
holding it in the mouth, carrying it to the young and 
running to and fro before them. This procedure normally 
evokes the response of snatching the food, but if her young 
failed to do this the female would finally lay down the. 
food in front of a youngster. The female quite clearly 
did not comprehend the function of her own behaviour. 
Her first retention of the prey in her mouth was not 
orientated in relation to her young and her fully developed 
behaviour was shown even when the young were all 
busily eating from a feeding dish, so that her efforts 
hindered rather than assisted them. 

There is no need to suppose that the fernale cat 
necessarily understands what she is about—at least with 
her first litter—although she may herself subsequently 
learn what her behaviour is ‘‘for’’. She does not necessarily 
bring back live prey for her young to kill: she brings it 
back and they kill it. Just as in Suricata, the important 
change that takes place in the eats behaviour is a pro- 
gressive inhibition of her predatory behaviour, working 
from the terminal stages forwards. The eat first delays 
her eating until the food has been brought back to the 
young: later she kills but fails to eat and, finally, she 
captures but fails to kill. If the prey eludes the young, it 
at once evokes in the cat the only part of the sequence 
that has not been inhibited: she responds to the escaping 
prey by recapturing it. 

In such behaviour I believe it is preferable to think in 
terms of instinctive patterns which produce learning, 
rather than of the “instinct to teach”, which, in any case, 
has subjective overtones. It is also misleading and 
anthropocentric to concentrate on the behaviour of the 
mother. Her responses and those of her young have been 
selectively tailored to complement each other. The 
responses of the mother are simply those which provide the 
correct situation for evoking the developing repertoire of 
responses of the young who are thus enabled to educate 
themselves. Although we as adults tend to think first of 
the parental side of the interaction, there is no justification 
for projecting this attitude into studies of other species. 
If we had found it a little easier to study our cats without 
prejudice, educational theory might have been quicker to 
appreciate that our own teaching practice should be 
geared to the developing responses and responsiveness of 
our young and to see that the ‘instinct to learn” is at 
least as important as any “‘instinct to teach”. 


R. F. EWER 
Department of Zoology, 
University of Ghana. 
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Book Reviews 


ACTION-THINKER 


The Autobiography of Bertrand Russell 
Vol. 3: 1944-1967. Pp. 232410 plates. 
Unwin : London, May 1969.) 42s, 


Wuen Bertrand Russell sailed on a Liberty ship from 
America to Britain in May 1944, he was also embarking 
at the age of 72 on the most turbulent phase of his con- 
troversial career. The first few years, between 1944 and 
1950, were deceptively quiet: The History of Western 
Philosophy was published and acclaimed; and he made 
many lecture tours at the request of the British Govern- 
ment, for there could be no better roving ambassador 
than one honoured all over the world as among the greatest 
intellects of our time. Lord Russell reached the very 
summit of respectability when he was appointed to the 
Order of Merit in 1949 and awarded the Nobel Prize for 
Literature in 1950. As if spurred on by the prize, he wrote 
soon afterwards those two delightful yet arresting sets 
of stories, Satan in the Suburbs and Nightmares of Eminent 
Persons. 

Outwardly, he seemed to be making peaceful progress 
towards respectable retirement; but inwardly, he was 
beginning to seethe with indignation about the growing 
threat of atomic war and the doubtful future of mankind. 
In 1954 Russell gave a radio broadcast on “Man’s Peril”, 
and in 1955 he refashioned it into a manifesto that was 
signed by Einstein a few days before his death, and by 
other eminent scientists. This Russell~Einstein mani- 
festo served as the inspiration for the series of Pugwash 
conferences that have shown how scientists from all 
countries can overcome national prejudice and agree on 
a common policy for peace. The Pugwash movement 
was and is most valuable in speaking for the conscience 
of science, and, as Professor Rotblat remarks in his 
history of Pugwash, Russell deserves the credit for starting 
it. He also acted as chairman of the Pugwash Continuing 
Committee for several years. 

But Pugwash was not enough: Russell thought govern- 
ments were still not alive to the folly of nuclear war, and 
this thought was rapidly translated into action. January 
1958 saw the founding of the Campaign for Nuclear 
Disarmament, with Russell as president for the first few 
years; and in 1959 his book Common Sense and Nuclear 
Warfare appeared. But CND was not enough either. By 
1960 he began to think its impact was waning, for the 
yearly Aldermaston marches were becoming almost 
respectable. So he took more direct action, by promoting 
a civil disobedience campaign, coordinated by the Com- 
mittee of 100, and culminating in the sit-down of about 
10,000 people in Trafalgar Square on September 17. 
1961. Russell himself was not in the square that day, 
because his all-too-direct actions had qualified him for a 
short spell in prison. The nuclear catastrophe he feared 
very nearly came about with the Cuban missile crisis of 
October 1962, as Robert Kennedy’s recent book has 
shown. Russell’s intervention in this crisis and in the 
Sino-Indian dispute, and his telegram-dialogues with 
Kennedy, Khrushchev, Nehru and Chou En-Lai, are 
recorded in his book Unarmed Victory. 

By 1962 he was becoming a little discouraged about the 
response to his campaigns against the perils of nuclear 
warfare: “Everybody said, ‘How true’, and did nothing”. 


(Allen and 
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But he has continued his work for peace through the 
Bertrand Russell Peace Foundation and the Atlantic 
Peace Foundation, and has spent a great deal of time and 
energy in helping the persecuted in more than forty 
countries. 

These are some of the bare facts covered in the third 
volume of his Autobiography, published three days before 
his ninety-seventh birthday. As in the previous volumes, 
the covering is a witty and ironic narrative interspersed 
with groups of letters from many friends and some enemies. 
Although the public events tend to dominate the book, 
there is plenty of human interest too, and the accounts of 
idyllic journeys with his wife Edith will hearten those who 
expect enjoyment to end at eighty. The second volume 
of the Autobiography left a feeling of sadness; but volume 
three is a triumphant and most enjoyable book. 

It is difficult to find any historical parallel for this 
latest phase of Russell's career. Michelangelo, Titian 
and Goethe all did good new work at an advanced age, 
but no one of such distinction has at the age of more than 
eighty developed such a passionate concern for the welfare 
of mankind, pursued it so energetically against strong 
opposition, and won such enthusiastic support from the 
young. His previous career, although punctuated by 
public protests, had been centred on mathematical logic, 
philosophy, social reform and other intellectual pursuits; 
from this he turned to public affairs. and within ten years 
created four separate organizations, which still flourish. 
And his advocacy of direct action has even been blamed 
for stimulating the student protest movements so rife 
today. Perhaps the nearest historical parallel—or anti- 
parallel--to the recent Russell is the young Shelley, who 
before he became a poet was an ardent reformer, keen to 
fight injustice at every turn and “batter down the gates 
of earthly wrong”. Russell has always acknowledged 
Shelley's influence, and this third volume of the Auto- 
biography begins and ends with verses from Shelley’s 
Hellas. When Russell first visited his present hill-top 
home at Penrhyndeudraeth he was captivated by the 
views south to the sea and north to Snowdon, “and 
particularly pleased that across the valley could be seen 
the house where Shelley had lived”, at Tremadoc. There 
Shelley ended his chief campaigns for practical reform; 
and Russell began his, nearly 150 years later. 

D. G. Kiye-Here 





WORLD SOCIETY 


Systems, States, Diplomacy and Rules 

By J. W. Burton. Pp. xii+ 251. (Cambridge University 
Press: London, 1968.) 40s. 

Dr Burron’s latest book refines and develops the 
approach to the study of international relations with which 
his name, together with those of Deutsch, Easton and 
Kaplan, has become particularly associated. Briefly, 
his thesis is that our capacity to understand and control 
the course of international relations will be increased if we 
abandon the “traditional” approach, grounded on histori- 
cal studies, which considers States as ‘‘powers”’ in an inevit- 
able condition of latent or patent conflict; and instead 
regard them as ‘‘clusters of systems”, tems which 
themselves stretch beyond State boundaries and develop 
their own values. States themselves should not be 
regarded as systems, because to do so “does not draw 
attention to the way in which boundaries disturb trans- 
action flows and prejudices in advance an analysis of the 
role of States in world society”? (page 10). It is the 
function of State authorities “to allocate system values, 
protect systems from outside influences, to spread burdens 
of adjustment, and to do this with a view to promoting 
transactions outside their boundaries where these are 
required by the general interest of the systems that com- 
prise the State” (page 42), They possess varying degrees 
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of power, that is, the means of bringing environmental 
adjustment demands within their component systems’ 
adjustment capabilities; and their authorities have to 
balance the costs of adjustment against the costs of a 
conflict which would force the burden of adjustment on 
others. 

The source of international conflict, suggests Burton, 
therefore lies not in “the international system, the exist- 
ence of sovereignty, the aggressiveness or power motiva- 
tions of States, ideological or other value conflicts”, but 
‘in internal politics, in failures of States to adjust to their 
altered conditions, and in the struggles by States to defend 
their internal value systems by supporting equivalents 
elsewhere” (page 169). Conflict becomes dysfunctional 
when costs are miscalculated; and such miscalculation is 
“evidence of faulty information and inadequate theories 
of international behaviour; evidence that is of faulty 
decision-making’? (page 189). Moreover, “inefficient 
decision-making by authorities, that is failure to be aware 
of choices and to act in systemic and State interests, is no 
different in character from non-legitimized decision- 
making” (page 57). For “Legitimacy depends more 
upon performance in the satisfaction of needs than upon 
the particular forms or processes involved” (page 44). 
The legitimacy of a State authority is to be tested by such 
evidence as electoral support, evidence of opposition and, 
above all, the extent to which it does not require the 
support of threat or coercion. So, Burton concludes, “a 
norm of State behaviour is, in systems terms, behaviour 
when authorities are fully legitimized, acting in the 
interests of systems, and capable of perceiving the environ- 
ment accurately and responding to it appropriately” 
(page 100). 

The failure of decision-makers hitherto to conform to 
this norm, Burton suggests, lies in their faulty perception 
of the situations with which they have been confronted, 
in itself the result of inadequate theory. Perception is 
selective and “each successive event perceived seems to 
confirm past perceptions because of the selective and 
interpretative processes involved” (page 68). To make 
matters worse, crisis-simulation suggests that “under 
stress there is in decision-making a reversion to simple 
popularly-held notions [so] unless and until alternative 
theories become part of conventional wisdom, expecta- 
tions that seriously restrict choices of policies will continue 
to dominant decision-making” (page 71). So there is an 
urgent need to train diplomats and decision-makers, not 
in the old but in the new disciplines. With the aid of 
the behavioural sciences, claims Burton, “foreign-policy 
decision-making can now be transformed from an art. into 
an applied science” (page 214). 

This carefully written and closely argued book calls for 
a critique longer and more profound than is possible 
within the compass of this review. Burton criticizes the 
traditionalists for deriving their theories from the experi- 
ence of the European States-system of the eighteenth and 
nineteenth centuries; whereas, in his view, the develop- 
ing world society of today renders that system atypical 
and conclusions derived from studying it misleading. He 
further taxes them (alas, often with reason) with intellec- 
tual ossification, a reluctance or inability to learn and apply 
new skills. But his own work suffers from a comparable 
narrowness. So far from broadening the field from which 
he draws his data, he narrows it. His rigour in excluding 
any events earlier than 1945 and his disinterest in tradi- 
tional great-power relationships mean that his observa- 
tions are based almost entirely on the interactions of the 
industrialized nations and the underdeveloped countries; 
whose underdevelopment is itself, he somewhat surpris- 
ingly asserts, “the result of the bargaining advantages 
and the power of greater States” (page 131). As an 
Australian he is naturally and particularly concerned 
with the relationship between the United States and 
Asia, especially Vietnam; but this is a matter about 
which he is no more coolly dispassionate than the rest of 
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us. At times indeed his writing sinks to the level of frank 
political polemic. His warnings about the shortcomings 
of a Europocentric, backward-looking theory are salutary ; 
but one wonders whether he himself is doing any better 
in generalizing as freely as he does from the even narrower 
experience of the past twenty years—experience on which 
it is difficult for any of us to reflect without strong emotion. 
Burton’s hopes of developing an exact science from so 
precariously narrow a basis seem at present rather over- 
ambitious. 

Nevertheless, the very sharpness and dogmatism of 
Burton’s approach make this a stimulating work. It 
is no dispraise of it to suggest that its principal value may 
be heuristic rather than prescriptive. 

MicuarL HOWARD 


MICROBIAL GENETICS 


The Genetics of Bacteria and their Viruses 

Studies in Basic Genetics and Molecular Biology. By 
W. Hayes. Second edition. Pp. xvi+925+34 plates. 
(Blackwell (Scientific): Oxford and Edinburgh, September 
1968.) 95s. 

Tue first edition of this book, published in 1964, quickly 
established itself as a standard text in microbial genetics. 
It began with a general introduction on genetics and the 
principal concepts of molecular biology, continued with 
a comprehensive and extremely readable account of the 
main facets of bacterial and phage genetics, and concluded 
with a versatile index and a detailed bibliography to more 
than 800 original papers. At the university level, the 
book proved invaluable both to teachers and students. 
while on the research side it has been a constant source of 
stimulation, as well as serving as a basic work of reference. 

The success of the book stems largely frorn its ability to 
coordinate advances in many disparate fields into a 
unified picture. This arises because the book is the work 
of a single author—-an acknowledged expert on bacterial 
conjugation—-who undertook a survey of the greater part 
of microbial genetics, made his own synthesis of the 
developments occurring in the various specializations, and 
wrote the book while still excited about the bearing these 
studies provided on fundamental problems in molecular 
biology. This sense of excitement comes through clearly 
in the book, as also does, to a remarkable degree, the 
individuality of the author. 

The second edition of the book follows the same plan as 
the first. There are some superficial changes. Red has 
given way to green both with regard to the colour of the 
dust cover and also in the two-tone diagrams. There arc 
extra pages in the text and 140 extra pages of references: 
and the price has been increased by 20 shillings, which is 
good value. 

The introductory chapters on classical genetics have 
in part been revised, largely at the behest of J. B. S. 
Haldane. (As recounted in the preface, Haldane read the 
first addition not long before he died, while recuperating in 
London after a major operation. He enjoyed the microbial 
genetics enormously, but wasn’t impressed by the classical 
introduction, and these feelings he passed on to Hayes in 
no uncertain terms.) The more specialized chapters now 
contain new material incorporating the advances which 
oceurred between 1963 and 1967. These chapters have all 
been partially rewritten and extended. 

During the past five years there has been a great 
increase in the number of research workers who have 
been attracted to microbial genetics as a field of study 
(many of whom were initially introduced to the subject by 
the first edition of this book), and consequently a vast num- 
ber of original papers were published during the years 
under consideration. The selection of new material for 
this edition. and the emphasis placed on various dis- 
coveries, must therefore be arbitrary to some extent. 
There were clear major advances during this period. These 
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concerned the elucidation of the genetic code, the regula- 
tion of protein synthesis, the conformation of protein and 
RNA molecules, the mechanism of the repair of radiation 
damage and its relation to recombination, the life cycle of 
the single-stranded phages, and the distribution and 
properties of plasmids, especially the medically important 
resistance transfer factors. These topics have all been 
treated extensively in the current edition. 

Less dramatic advances have also been incorporated. 
Here, however, the element of personal selection has 
played a bigger part. Any specialist reading the sections 
on his own topic will almost certainly disagree in places 
with the emphasis placed on particular findings, and 
probably will feel some interpretations placed on these 
findings are far from justified. Such shortcomings must, 
however, be expected in a book of this scope written by a 
single person. And the advantages of a single voice 
commenting on the whole spectrum of the subject far 
outweigh the disadvantages of occasional omission or 
error, 

There is no doubt that this second edition, like its 
forerunner, will prove an invaluable friend to all students 
and research workers studying microbial genetics. 

NEVILLE SYMONDS 


BIRDS OF PREY 
Eagles, Hawks and Falcons of the World 


By Leslie Brown and Dean Amadon. Vols. 1 and 2. 
Pp. 946 (181 pages of plates in colour and in monochrome). 
(Hamlyn: Feltham, Middlesex. Published for Country 
Life Books, February 1969.) 315s, 

Tus is a fine work in several respects. It is very hand- 
somely produced in two volumes of large format, together 
in a printed case; and these are abundantly provided with 
colour and other plates by a galaxy of distinguished bird 
artists. It is at the same time an authoritative source of 
information about a large and important order—the 
diurnal birds of prey or Falconiformes. Dean Amadon of 
the American Museum of Natural History is an ornitho- 
logical systematist of high repute. Leslie Brown, of 
Scotland and Kenya, is a field worker of great experience 
with a special interest in this group. Their partnership, 
over a period of years, is now seen to have been indeed a 
fruitful one. 

With close on three hundred species to consider 
separately, the systematic treatment naturally occupies 
the greater number of pages; but a great deal of interest is 
to be found in the twenty introductory chapters dealing 
generally with the group in its different aspects. In spite 
of an obvious similarity running through the members of 
the order, there is in fact an interesting degree of diversity 
among them—variations, so to speak, on an easily 
recognizable theme. The secretary-bird of Africa stands 
out as unique, constituting a monotypic family. The 
seven species of New World vultures, with related fossil 
forms, are set apart in a suborder of their own. 

Size ranges from the giant condors weighing some 25 
pounds to the tiny falconets weighing a tenth of a pound; 
the females in some species are twice as heavy as the males, 
but in others the difference is slight. The prey is usually 
much lighter than the predator--something that can be 
not only killed but carried away. Prey may be killed on 
the ground, in the air or in water; and of course some of 
the species are eaters of carrion. Some of the smaller 
predators live on insects and snails. One species, the 
palm-nut vulture, is primarily vegetarian. 

Some of the larger birds spend long days soaring in the 
thermals on the look out for food. By contrast, the 
feeding activity of the African bat-hawk is necessarily 
limited to two crepuscular hours in the twenty-four. 
Young birds of prey, after they leave the nest, are 
dependent on their parents for food during periods of 
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varying length; eventually they learn to fend for them- 
selves and then disperse. Many birds of prey are rather 
solitary, apart from their pair-bond and temporary family 
ties; others are highly gregarious, in breeding colonies or 
on migration. Members of the order are found almost 
everywhere in the world, and in a great variety of habitats. 
There is a richness in the pattern of their lives which this 
work brings out well. LANDSBOROUGH THOMSON 


CHINA’S DOMESTIC ANIMALS 





Bronze water buffalo from the Eastern Chou Dynasty (722- 


481 Bc). One of many illustrations in Domestic Animals 

of China by H. Epstein (Commonwealth Agricultural Bureaux: 

Farnham, Bucks, April 1969, 80s), a description of the origin, 

distribution, characteristics and performance of Chinese 

breeds of cattle, yak, buffalo, sheep, goat, pig, horse, ass, 

camel, reindeer and dog. Many local varieties now almost 
extinct are recorded. 


FOSSIL MAMMALS 


Fundamentals of Palaeontology 
Edited by V. I. Gromova. 
Translated from the Russian. Pp. vi+585. (Israel 
Program for Scientific Translations. Distributed in the 
UK by H. A. Humphrey, London, March 1969.) 160s. 


Tue title of this volume is confusing. The book is not, as 
might be thought, a basic textbook for students; but it 
is more helpfully described by its subtitle as “A Manual 
for Palaeontologists and Geologists of the USSR”. The 
scope of the volume is, however, wider than this would 
suggest. It most closely resembles in its treatment 
Zittel’s Text-book of Palaeontology but it is obviously 
oriented towards those groups which are represented in 
the Soviet Union. 

From this point of view the treatment is commendably 
thorough. Genera occurring in the Soviet Union or 
regions adjacent to it are concisely described. The sub- 
families and families to which the genera belong are also 
defined and described. All the orders of mammals are 
considered in the book, whether or not they are represented 
in the Soviet Union. The taxonomy of these orders 
which are not represented in the Soviet Union or adjacent 
regions is not, reasonably enough, taken further. 

It is difficult to check the accuracy of a book much of 
whose value lies in the unfamiliar nature of the facts 
presented. The treatment of the Mesozoic orders of mam- 
mals, none of which, by the way, has ever been found 
in the Soviet Union, is perfectly reasonable. A little more 
might perhaps have been said about Djadochtatherium, 
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which comes from Outer Mongolia and hence deserves 
more than a brief mention in the caption to one illustra- 
tion. There is also confusion about the position of 
Morganucodon, which appears both as a triconodont and 
as a docodont. This confusion has not, however, been 
confined to the author of the chapter in Fundamentals 
of Palaeontology. 

It is unfortunate that no date is given for the publication 
of the original edition in Russian. Checking through 
the lists of references I get the impression that the manu- 
script was completed by 1960 or soon after. The references 
are given in two groups-—Russian and others—for each 
major unit. The first group gives the impression of being 
comprehensive. The non-Russian references have clearly 
been selected but, in the cases I have checked. the selection 
seems fair and reasonable. 

The value of this book to the specialist concerned with 
the correlation of the mammalian faunas of the Soviet 
Union with those of the other parts of the world is obvious. 
Those, however, who like myself are not specialists on 
Tertiary mammals can still welcome it, despite its intended 
limitation of scope, as a more up to date replacement for 
“Zittel”. The last edition of the mammal volume of this 
textbook in English was in 1925, when it was revised by 
Sir Arthur Smith Woodward. This edition, valuable 
though it has been, is now inevitably badly out of date. 

Finally, the publishers are to be thanked for making 
this work available in English. K. A. KermMack 





SUGAR PATHWAYS 


The Biosynthesis of Deoxyribose 
By Peter Reichard. (Ciba Lectures in Biochemistry.) 
Pp. vin+77. (Wiley: New York and London, February 
1969.) 75s. 
Tuis beck continues the useful practice of publishing the 
annual Ciba Leetures in Biochemistry delivered at the In- 
stitute of Microbiology at Rutgers University. Although it 
is to be expected that the lecturers would be chosen mainly 
from distinguished research workers in microbiology and 
microbiological chemistry, it is significant that the books 
in the series. including the one reviewed here, cover a 
number of major branches of genera] biochemistry. This 
illustrates the importance of studies on microorganisms 
as a means of advancing our general understanding of 
biochemistry and molecular biology. The subject of the 
present book, the biosynthesis of deoxyribose, is one 
in Which the study of bacteria has been of considerable 
value in the elucidation of a biochemical pathway that is 
of equal importance to all living cells. The studies have 
shown once again that fundamental biological processes 
usually follow the same general pattern in different kinds 
of cells, but that interesting variations in detail occur. 
This combination of similarity and difference is frequently 
encountered and is an important factor in maintaining a 
lively and stimulating atmosphere in biochemical research. 
Together with glucose, ribose and deoxyribose repre- 
sent the most important sugars in most cells. Their phos- 
phate esters occur in all forms of life, and ribose and 




















deoxyribose are respectively components of RNA and 
DNA. Their biosynthesis and its control are therefore 


significant in relation to cell growth and reproduction. 
Nevertheless. the biosynthesis of deoxyribose has been 
established only in relatively recent times, and Professor 
Reichard and his associates have been major contributors 
to its elucidation. The reasons for the delay in establish- 
ing this pathway become clear on reading this excellent 
book. The origin of the deoxy sugar is ribose in its com- 
bined form as nucleoside diphosphates; thus, cytidine 
diphosphate is reduced to deoxyeytidine diphosphate. 
In chemical terms, this involves the removal of oxygen 
from the 2-position on the ribosyl residue of the nucleotide. 
or more accurately the replacement of a hydroxyl group by 
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hydrogen. This superficially simple replacement, how- 
ever, requires a multienzyme system of considerable 
complexity, and the system embodies several novel 
features. First of these was the discovery of the thio- 
redoxin system, a new type of system for the transport of 
hydrogen involving oxidation and reduction of a disul- 
phide bond in a small protein. The participation of 
Vitamin B,, as a hydrogen carrier in deoxyribose nucleo- 
tide synthesis in lactobacilli. and the participation of a 
non-haem iron protein in the corresponding synthesis in 
mammalian cells and in Escherichia coli, were unexpected 
discoveries. Moreover, novel features were established 
in the nature of allosterie control of the syntheses. 

The three chapters correspond to the three lectures 
given by the author at Rutgers University in 1967. 
They describe in an authoritative and readable manner 
the events leading to the several stages in the elucidation 
of this metabolic pathway and its biochemical control. 
The author’s appreciation of the importance of chemicai 
aspects of his subject is evident, and the considerable 
success of investigations in this field is due in no small 
measure to the application of chemical reasoning. The 
book should appeal to biochemists generally. 

J. BADDILEY 


HISTOCHEMICAL HANDBOOK 


A Guide to Practical Histochemistry 

By J. Chayen, Lucille Bitensky, R. G. Butcher and L. W. 
Poulter. Pp. xi+261. (Oliver and Boyd: Edinburgh, 
March 1969.) 63s. 


Tars laboratory handbook of histochemical techniques is 
written essentially for the non-expert who wishes to 
know something of the simpler methodology of histo- 
chemistry. To write a “poor man’s guide” is a praise- 
worthy aim, but it carries with it the obvious danger of 
oversimplification and the difficulty of selecting the most 
suitable and relevant methods. A histochemist reading 
this book will find a number of helpful technical sugges- 
tions, but will regret that so many principles and methods 
have been excluded. He will also notice that the literature 
citation is somewhat limited and is not as eclectic as might 
be expected in a handbook for general use. The non- 
expert may find much of this book technically helpful: 
the methods are clearly set out and well arranged. 

The first part of the handbook is an adequate introdue- 
tion to the preparation of sections for histochemistry. 
The second part is an excellent discussion of the principles 
of incubating sections in enzyme histochemistry: much 
interesting information and ideas are included in this 
section. The third part on quantitation in histochemistry 
is rather sketchy. The authors show their distrust of 
optical electronic quantitative methods, yet it is a pity 
that they do not mention other quantitative histochemical 
and cytochemical techniques--many of which are suffi- 
ciently simple to be mentioned in an elementary hand- 
book. The fourth part is concerned with general histological 
stains and could perhaps have been omitted from a histo- 
chemical handbook, for such methods are eg ily found 
in standard books on histological technique. 

The plan of the fifth part is an excellent idea. A 
scheme is set out for the step-wise histochemical identifica- 
tion of substances in tissue sections. This is certainly a 
logical and scientific approach to the problem; in a sense 
it resembles standard chemical or botanical analytical 
procedures. Regretfully, the methods chosen are not 
always the best and a number of useful specifie tests have 
been omitted. Thus the obsolescent Millon method for 
tyrosine and the relatively non-specific coupled tetrazon- 
ium method are presented for identifying proteins. 
whereas newer and better methods for tryptophan and 
tyrosine are conspicuously absent. Lipids are dealt with 
somewhat scantily. Even the acid haematein technique 
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for choline-contammg phospholpids could have been 
discussed ın more detail; it is difficult to understand how 
chloroform—methanol “unmasks” phospholipids without 
dissolving them. The identification of pigments ın tissue- 
sections, which is a most umportant histochemical problem, 
is skirted round by reference to other standard histo- 
chemical textbooks. Catecholamine fluorescence micro- 
scopy is explained too superficially for practical use. 
Emulmon-dipping autoradiography 1s not presented; 
however, perhaps the authors were wise to describe only 
the simpler stripping-film autoradiographic method. 
Taken as a whole, this chapter could have been excellent 
but ite execution makes it of more lumited value. 

The last part is devoted to enzyme histochemistry, and 
here the authors write with conviction. The section on 
phosphohydrolases 1s good and the simplest most depend- 
able methods are set out. Surprisingly, the Karnovsky— 
Root’s cholinesterase method and Glenner and Takeuchi’s 
UDPG glycogen transferase method are not described, 
while the various natural substrate-flm (autogram) 
techniques are only mentioned ın passing. The mtroduc- 
tion to the dehydrogenase section 13 clear and helpful, 
but the solubility of cytoplasmic dehydrogenases is only 
briefly mentioned at this point—even though the problem 
is discussed m part two. The novice would not realize 
that well over half of the lactic dehydrogenase 1s leached 
from a section durmg histochemical incubation, 1f he were 
to rely on the technical directions for demonstrating this 
enzyme. By contrast, the use of polyvinyl alcohol and 
other manoeuvres to impede the diffusion of pentose- 
shunt dehydrogenases are very fully stated. The choice of 
tetrazoles and the use of acetone to remove lipid-soluble 
monoformazans could helpfully have been considered in 
this section. 

In summary, tho authors have attempted the nearly 
impossible task of explainmg histochemical techniques 
for use by non-histochemists. With certam exceptions, 
this am has unavoidably led to the exclusion of much 
theory and discussion of controversial questions: many 
histochemuists will feel that the problems of histochemis- 
try have in part been dangerously oversumplified. 

C. W. M. ADAMS 


COUPLING CONSTANTS 


Nuclear Quadrupole Coupling Constants 
By E. A. ©. Lucken. Pp. x+360. (Academic Press: 
London and New York, February 1969.) 100s; $14.50. 


Taus monograph consists of two distinct parts. The first 
of these deals with the theory of nuclear quadrupole 
effecta, with the experimental methods used to measure 
them, and wıth the theoretical methods used to obtain 
electric field gradients in atoms and molecules; and the 
second is a survey of the experimental numbers and of 
the chemical information that can be obtained from them. 
The book is intended for the ‘‘everyday chemist, whether 
organic or inorganic” and not just for the specialist m 
the field. Indeed, ıt is specifically intended to bring to 
the notice of chemists ın general the usefulness of quad- 
rupole coupling data in research and teaching. 

The author’s intentions are admirable, and the book 
fills a gap in the literature and will undoubtedly be useful 
to many people. Its usefulness is, however, seriously 
impaired by a number of defects. The theoretical exposi- 
tion 18 obscure in many places, and the author has a 
tendency to make statements which are at best mis- 
leading and at worst untrue. For example, we are told 
(page 3) that the mner product of two tensors “depends 
on the mutual orientation of the two axis systems to 
which the two tensors are referred’, and on the next 
page that “1t can be shown” that V*V=0, where V 1s the 
electrostatic potential at the nucleus. A few pages later, 
the Wigner—E:ckart theorem is quoted maccurately. Such 
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mistakes mean that one cannot have any confidence in 
the many formulae which are (inevitably, ın a book of this 
nature) quoted without proof. Furthermore, the book 
abounds with mathematical errors and misprints, 
and signs ım general and phase factors m particular 
are treated very capriciously. For examples, the 
reader may compare equations (25) and (29), or (42) 
and (44), or (61) and (55) (near the beginnmg of the book), 
or (10) and (12) on page 223. The theoretical specialist 
would have some difficulty in gettang everything straight, 
and I suspect that the ‘everyday chemist” would be 
completely defeated. This 1s a great pity, because apart 
from these criticisms the book 1s a very useful survey. 
I hope that it will run to a second edition, and that tke 
opportunity will then be taken to correct the errors and 
to remove the obscurities and grammatical infelicities ın 
the text. A. J. Stonn 


THEORETICAL PHYSICS 


Lectures on Quantum Statistics 
By N. N. Bogolbov. Vol. 1: Quantum Statistics. 
English edition revised by N. N. Bogohubov. Edited by 
L. Klon and 8. Glass. Pp. m™+242. (Macdonald. 
London, November 1968.) 100s. 


Tms book 1s a translation of lectures which were given, 
and then published, in Kiev (ın Ukranian) in 1949. Very 
few copies reached the West and tantalizing references 
continued to tempt the would-be reader. The translation 
now, after so many years, 1s still welcome: in its pages one 
can find the techniques which the author and his achool 
brought to bear on superconductivity and the many-body 
problem m all ite various guises. Moreover, we are prom- 
ised a second volume, to bring ın the more recent tech- 
niques lıke Green’s function methods. 

The title of the book is a bit of a misnomer: only half 
of it can be subsumed under quantum statistics. Here 
what 1s offered in three chapters is, first, an abstract 
development of the equations of motion of reduced density 
matrices, together with the usual formalsam of quantum 
statistical mechanics. Second, quantization, in the man- 
ner of Fock’s classical papers, 1s derived ab inito ın the 
second chapter ın some detail, and applied to bosons and 
fermions. The last, third chapter, of this part, is devoted 
to the Bose—Einsten condensation, the energy spectrum 
of an imperfect Bose-Einstein gas and the derivation of 
Landau’s theory of superfluidity. This is essentially the 
content of the author’s famous 1947 paper: the Bogoliubov 
pairing transformation and the method of approximate 
second quantization. 

The fourth chapter, covermg almost one half of this 
book, concerns itself with the theory of metals, considered 
entirely from the standpoint of the polar model. This 
approach to the metallico bond was mitiated by 8. Schubin 
and §. Vonsonsky in a pioneering paper published as 
early as 1984 (Proc. Roy. Soc., 145) and then taken up in 
connexion with ferromagnetism by Slater m 1937 (Phys. 
Rev., 52; 1937). It is historically the first real many-body 
approach to the theory of metals and presents formidable 
difficulties. To allow for current carrying states, the 
Heitler-London ‘“homo-poler” basis of states must be 
enlarged to allow for ionized (“polar”) sites, whence 
derives the name of the model. To obtain the connexion 
with the band theory, Bogohubov and Tyabilkov devel- 
oped their version of perturbation theory which has found 
applications in other connexions. The calculations are 
pushed far enough to exhibit the effective Hamiltonian 
of the polar model, and in the next approximation the 
effective current operator. By means of pairing trans- 
formations, the weakly excited states of the system are 
treated: the concept of ‘“‘quasi-particles” probably made 
its first appearance here. Fmally, the Bloch model of 
ferromagnetism is derived. 
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Bogoliubov’s style is abstract and formal: physical 
relationships, if mentioned at all, are merely sketched. 
The first, more general, half of the book can be recom- 
mended to every student of theoretical physics; the 
second part is for those who wish to specialize in the 
theory of metals and their magnetic properties, and 
they are advised to turn to Herring’s book, Magnetism, IV 
(Academic Press: New York, 1966) for a profound discus- 
sion of the relevance of the polar model. 

The translation reads smoothly, but I am baffled why 
a book of 242 pages without a single illustration should be 
priced at five pounds. 8. ZENAU 


PARTICLE MODELS 


The Nuclear Independent Particle Model 

The Shell and Optical Models. By A. E. 8. Green, T. 
Sawada and D. S. Saxon. Pp. x+363. (Academic Press: 
New York and London, November 1968.) 149s 4d. 


Tms book describes the evolution and application of the 
independent particle model, including the shell model for 
bound states and the optical model for scattering. In 
each case, the basic techniques of mathematics and quan- 
tum mechanics required for the application of the model 
are developed and then the use of the model for a pheno- 
menological analysis of expermental data ıs described. 
Finally, there is a discussion of the nucleon-nucleon 
interaction and the theoretical basis of the independent 
particle model. 

The chapters on the optical model provide a useful, 
though not very stimulating, review of nucleon—nucleus 
scattering over a wide range of energies and there 1s a very 
useful chapter on velocity-dependent and non-local 
potentials, but the treatment of the scattering of strongly 
absorbed projectiles is rather inadequate. The discussion 
of realistic shell model potentials 1s again useful but sur- 
prisingly out of date, and the lack of recent references is 
disappointing m view of the recent revival of interest in the 
shape of the nuclear matter distribution and the difference 
between the proton and neutron distributions. 

There is certainly a need for an authoritative survey of 
the independent particle model, but the task is a demanding 
one and the present book, unfortunately, falls short of what 
one might hope for. It is not clear for whom the book is 
intended because ıt begins with the solution of the 
Schrodinger equation for a square well potential and ends 
with the Bethe-Goldstone equation and one boson ex- 
change potentials. The detailed discussion of some of the 
formalism and caloulational methods and the extensive 
list of references may be useful to research students, but 
the price will hardly be attractive to them. 

DAPHNE F'. JACKSON 


ELECTRICAL COMPONENTS 


MIcrowave Components 

By P. A. Matthews and I. M. Stephenson. (Modern 
Electrical Studies.) Pp. viii+ 196. (Chapman and Hall: 
London, February 1969.) 60s. 


For a number of years there has been a need for a book 
descrıbing the basic principles of modern microwave com- 
ponents. Excellent design charts for waveguide compon- 
ents can be had free, and instrument manufacturers 
provide comprehensive notes on facets of microwave 
measurements. Expensive texts are available, ini 

@ number of devices in detail, but the available material 
has tended to be too complex for a newcomer to the 
field. Matthews and Stephenson have produced this 
short volume in order to fill the gap, aiming particularly 
at the final year student-new graduate market. It is 
assumed that the reader will have a fair understanding 
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of electromagnetic theory, and the amount of mathe- 
matics in the test is kept to a minimum, preference being 
given to description and explanation. The clarity of the 
large number of diagrams materially assists comprehen- 
sion. 

Transmission media for guiding waves are considered, 
including the perallel-plate and the triplate stripline, 
coaxial cable, and rectangular, ridged and circular wave- 
guide. In order to discuss these topics Maxwell’s equa- 
tions are stated and the usual equations for components 
of H and E are developed. Transmission line theory serves 
as an introduction to circle diagrams and impedance 
matching, and the scattering matrix is used as a basis for 
a discussion of devices with up to four ports. 

A detailed evaluation of the non-reciprocal properties 
of ferrites ıs included, on which descriptions of a number 
of types of isolator and circulator are based. Darlington’s 
filter theory ıs also exammed ın some depth, for use in a 
section on microwave filters and cavities. 

The remainder of the book, more than one hundred 
pages, consists, for the most part, of brief qualitative 
descriptions of a wide variety of components. The most 
commonly used forms of passive component are men- 
tioned, including fixed, mechanically variable and elec- 
trically variable types. 

Brief descriptions of various measurement techniques 
occupy a chapter, and include details of standing wave 
measurements, reflectometers, power and noise measure- 
ment. 

There is some difficulty in relating the sections of general 
analysis to the components described in subsequent pages, 
and in some places the presentation is awkward, mixers 
and PIN diode attenuators each being described partly 
in one chapter, partly in another. Undergraduates should, 
nevertheless, find the text stimulating, introducing 
them. as it does to a large number of present-day devices. 
The book makes generally easy and enjoyable reading, and 
is useful to anyone meeting microwave systems for the 
first time. D. P. Howson 


Correspondence 


African Rift System 


Swœ,—The manner in which the African Rift System is 
portrayed on the new International Tectonic Map of 
Africa (ITMA 1968)* is both worrying and disappointing 
to students of African geology. 

Officially published geological maps and internationally 
agreed interpretations made by geologists familiar with 
the ground have either been modified or ignored. The 
result can only be described as a caricature of rift geology 
as we know it today. 

It is not possible here to mention or to plot all the 
variations from officially published national or from inter- 
nationally accepted sources because of space and map 
scalo problems, but the following examples drawn from 
the African Rift Zone are quoted. (1) Arabia: 65 per cent 
of the faults shown in ITMA 1968 for the Arabian section 
of the Afro—Arabian Swell enclosed by the sedimentary 
Palaeozoic boundary differ either in position, length or 
direction from those faults plotted on the US Geological 
Survey-ARAMCO map, 1963 edition, scale 1 : 2,000,000, 
No. I-270A. (2) Sinai: trends of folds forming part of the 
Syrian Arc system plotted in northern Sinai vary by as 
much as 30° from the published directions!*. (3) Suez: 

* General coordinator, G. Choubert, assistant coordinator, A. Faure-Muret; 
nine sheets, published by the Assoclataon of African Geological Surveys and 


O, Paris, and wn and printed by the Institut Geographique 
National, France, 1968. 
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the structure contours drawn on the top of the Basement 
for this area trend at mght angles to the generally accepted 
trend!+, (4) Hadhramut: the plotted lengths of folds 
shown on ITMA 1968 differ from lengths shown on the 
USGS-ARAMCO map of the Arabian Peninsula and from 
Beydoun*. (5) Ethiopia: almost 95 per cent of the faults 
plotted on ITMA 1968 differ in some way from the faults 
shown on the International Committee of Scientific 
Unions (ICSU), Upper Mantle Committee (UMC)- 
UNESCO Structural Sketch Map of part of the Rift Zone 
of Eastern Africa, scale 1 : 5,000,000, published in Nairobi, 
1965. (6) North-west Uganda and adjacent areas: in 
the Nimule (Sudan) and Lake Albert areas (Uganda) the 
fault pattern portrayed on ITMA 1968 differs from 
that plotted on 1: 1,250,000 map 1961 publshed by the 
Uganda Geological Survey. The Aswa Mylonite Zone is 
plotted as a fault, even though a symbol for mylonite 1s 
listed ın the legend. (7) Kenya and Uganda: the mterpre- 
tation shown on ITMA 1968 differs widely from that 
published on the 1965 UMC-UNESCO East Afnca 
1: 5,000,000 map. New data appear to have been added 
for Uganda but data of a sımılar type have been omitted 
from an area in Kenya west of Lake Rudolf. (8) Tanzania: 
the fault pattern for the whole of Tanzania has a novel 
look on ITMA 1968. New data have been added to the 
1965 UMC-UNESCO 1: 5,000,000 map and to the inter- 
territorial geological map of East Africa, 1961. Data 
plotted on both these maps have been omitted however 
from the ITMA 1968. (9) Faults and other structures 
plotted on the previous structural map of Africa, Esquisse 
Structurale Provisoire de l'Afrique, 1958 edition, scale 
1: 10,000,000, published by the International Geological 
Congress and the Association of African Geological Sur- 
veys, have been omitted from ITMA 1968 for the rft 
system. Similarly some of the mft structures shown 
on the Geological Map of Africa 1963 Edition, scale 
1: 5,000,000 (GMA), published by the Association of 
Afmcan Geological Surveys and UNESCO, are omitted 
or are plotted differently on ITMA 1968. (10) Distribu- 
tion of the Mozambiquian Belt: much has been written 
in recent years about the nature and distribution of the 
Mozambique Belt, and other ancient fold systems in 
Africa. Attention has been drawn to both positive and 
negative correlations of mft trends and basement struc- 
tures, therefore it 18 important that structural data and 
age determmations should be plotted as accurately as 
possible. 

Cahen and Snelling* provided a convenient summary 
of knowledge of ancient fold systems and metamorphic 
bolts in Central Africa but, despite the fact that 
reference is made to Cahen as a contributor to ITMA 
1968, important conclusions made by them bearing on 
gift geology have been omitted. 

ITMA 1968 shows a radically different interpretation. 
Mozambiquian (730-600-450 m.y.) 1s not shown at all ın 
the area of the Albert-Edward rift depression, whereas 
the Uganda Basement (2,500-2,600 m.y. or older), between 
the Aswa Mylonite Zone and the Tertiary Volcanics of 
Turkana, and in the southern Sudan, is labelled Mozam- 
biquan. 

Also Mozambiquian pattern has been apphed to 
approximately 300,000 square mules ın the Sudan Republic. 
Only two radiometric ages have been reported for Sudanese 
Basement Complex rocks. Both are in the northern 
Sudan'-* and were submitted to the coordinators of 
JTTMA 1968. 

Because the Mozambiquian can only be defined radio- 
metrically, 1t 1s misleading to attempt to delimit ıt ın the 
Sudan Repubhc without radiometmc data over an area 
of approximately 300,000 square miles. 

The treatment of the African Rift on ITMA 1968 
raises a number of fundamental points. 

Tt is clear that the proofs of the map were not checked 
by contributors, and persons who contributed base 
documents, and whose names are listed on the ITMA 
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1968, are now placed ın the position of condoning versions 
with which they do not agree. 

A second pomt ıs why were UNESCO-UMC documents 
produced at an international meeting of geologists and 
geophysicista convened in Nairobi, 1965, specifically to 
coordinate African Rift studies, apparently ignored, and 
another version of the geology of the East African Rift 
System plotted on the AAGS-UNESCO sponsored ITMA 
1968 ? 

Finally, the state of portrayal of the Afrmcan Rift 
System on the ITMA 1968 indicates grave defecta in the 
method by which the basic data were collected, processed, 
plotted, checked and edited. Internationally accept- 
able procedures must be established and such maps must 
reflect the opinions of the contributors and not those of 
regional coordmators (North-East Africa and Arabia, L. 
Dubertret ; eastern Africa and Madagascar, J. W. 
Palhster; and Central Africa, J. L. Mestraud). 

Clearly if maps such as the ITMA 1968 and the GMA 
1963 are to be revised, or new geological maps of Africa 
are to be produced, then this should be done through the 
national commuttees of the International Union of Geo- 
logical Sciences which consist of representatives of the 
national surveys, universities, the mming and petroleum 
industries. A more representative view of African geology 
will then be obtamed. 

Yours faithfully, 


A. J. WHITEMAN 
Department of Geology, 
University of Ibadan, 
Ibadan, 


Nigeria. 


1 Bald, R., The Geology of Egypt (Elsevier, 1962). 
casei i Intern. World Raft System, Geol. Surv. Canada Pap. 66-14 


2 Whiteman, A. J., Geol, Mag., 108, 231 (1968). 

í Kostandi, A. B., First Arab Petrol. Cong., 2 (1059). 

3 Beydoun, Z. R., Ths Stratigraphy and Structure of East Aden Protectorate 
(HMSO, London, 1064). 

*Cahen, L., and Snelling, N. J., The Geochronology of Equatorial Africa 
(North-Holland, 1966). 

7 Whiteman, A. J., Geology of Sudan Republic (Khartoum, 1965). 

bs bc A. J., UNESCO Seminar East African Rift System, Nairobi, 34 

* Almond, D. © , Geol. Mag., 104, 1 (1967). 


Worcester Foundation Marks Time 


Siz,—The article in the Apml 19 issue of Nature (222, 
216; 1969) gives a somewhat misleading picture of the 
Worcester Foundation for Experimental Biology. We 
are especially unhappy about the headline, “Worcester 
Foundation Marks Tıme”. Stmce no mention was made 
of the present administration and direction of the founda- 
tion, I would hke to comment on it. 

Gregory Pincus and I were co-founders in 1944 and 
co-directors with equal seniority at the Worcester Founda- 
tion. We both directed research programmes and were 
responsible for the overall administration. I had planned 
to retire in 1968 at the age of 68, and Dr Pincus, three 
years my Junior, planned to continue until 1970. We had 
agreed, with our trustees, on a new executive director, 
Mr Mason Fernald, and had engaged him to come to us 
on January 1, 1968. For the previous seven years he had 
been administrative director of research and development 
for the pharmaceutical firm of Smith, Khne and French, 
and was thus experienced in administering large research 
programmes. His department at Smith, Kline and French 
was over three times the sıze of the Worcester Foundation. 

Mr Fernald came to usin September of 1967, mmediately 
following the untimely and unexpected death of Dr Pincus 
in August of that year. I was asked to remain as president 
of the foundation for an additional year, retiring January 
1, 1969. Mr Fernald has proved to be an excellent 
administrator and he appomted an advisory council of 
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some of our distinguished senior scientists to function as 
a scientific directorate. This directorate includes M. C. 
Chang, PhD and ScD (Cantab.), and James Tait, FRS. 

Recently Fernald and his advisers have felt that it 
would be desirable to bring a research director here and 
accordingly a search ıs under way for such aman. While 
we have several on our staff who are well qualified for 
this post, it was agreed to seek someone from outside. 

Dr Pincus’s death and my retirement have occurred at 
& period when government research funds in this country 
have been reduced compared with the previous two 
decades. This has resulted in some reduction in support 
of biomedical research both here and at other institutions. 
But we do not feel we are “marking tıme” in that there 
has been no serious curtailment of any of our programmes 
and we have increased our teaching from two postdoctoral 
training programmes to three during the past two years. 
Moreover, from legacies, our endowment, while small, 
has tripled in the past two years. 

It might be said that all life science research in America 
1s marking time compared with the booming period of 
the fifties and early sixties when the Congress greatly 
increased ita annual research appropriations to our 
National Institutes of Health, but this would be a gross 
exaggeration, for curtailment of government fundmg 1s 
reflected not so much in reductions of appropriations by 
Congress as in the fact that appropriations have not 
increased annually at the rate they did m the past. In- 
flation, government economies and im ing numbers of 
scientists entermg the field have reduced the formerly 
rapid growth of biomedical research. 

The Worcester Foundation has fared as well as most of 
our major universities in terms of grant support. Our 
research programmes are going well and we are optimistic 
about the future. 

Yours faithfully, 


Hupson HOAGLAND 
Worcester Foundation for 
Experimental Biology, 
Massachusetts, USA. 


Continental Drift 


Sim,—I think that a time hag come when some protest 
must be made against the biased propaganda in favour 
of continental drift. The Science Report in The Times 
for March 17 begins with the words: “Now that it is 
universally accepted that the continents have in the past 
drifted apart and that the movement 1s continuing ın 
many places ...”. There have been several similar 
statements in the Press containing the words ‘“‘univer- 
sally” or “unanimously”. They are false. Many noted 
geophysicista are unconvinced. Some criticisms of the 
evidence and of the alleged mechanical explanations are 
in two lectures of mime?, the second of which gives 
references. The main point is that there is now over- 
whelming evidence for a law of imperfection of elasticity 
at small stresses that forbids convection and continental 
drift, and explains several well established facta that 
supporters of continental drift have totally neglected. 
No reply to the arguments has been offered, and the 
evidence is now stronger than when these lectures were 
delivered. The only law that permits either convection 
or continental drift, when apphed to other phenomena, 
requires values of the viscosity differing by factors up 
to 10°. 
Yours faithfully, 


HAROLD JEFFREYS 
St John’s College, 
Cambridge. 
1 Jeffreys, H., Presidential Address to the Association of Selsmology and 
Physics of the Rarth’s Interior, Helsinki, 1960. 
* Jeffreys, H., Quart. J. Roy. Astro. Soo., 5, 10 (1964). 
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University News 


Professor A. S. Breathnach has been appointed to the 
chair of anatomy at St Mary’s Hospital Medical 
School, University of London. 


Professor Hugh Ford has been appointed to the chair 
of mechanical engineering at Imperial College of 
Science and Technology, Univermty of London. 


Professor J. M. Alexander has been appointed to the 
chair of appled mechanics at Imperial College of 
Science and Technology, University of London. 


The title of professor of insect physiology has been 
conferred on Dr A. D. Lees in respect of the post held by 
him at Imperial College of Science and Technology, 
University of London. 


Professor A. Frohlich has been appointed to a chair of 
mathematics at King’s College, University of London. 


Professor R. E. Steiner has been appomted to the chair 
of diagnostic radiology at the Royal Postgraduate 
Medical School, University of London. 


Dr S. S. Schwartz, New York University School of 
Medicine, has been named professor of radiology and chief 
of the section of diagnostic radiology at the Yale School 
of Medicine. 


Appointments 


Dr R. L. Ringler has been appointed deputy director 
of the National Heart Institute, Bethesda, Maryland. 


Dr J. L. Locke has been appomted assistant director of 
the Radio and Electrical Division of the National Re- 
search Institute of Canada. 


Professor G. B. Kistiakowsky, Harvard University, 
has been elected to a second term as vice-president of the 
National Academy of Sciences. 


Mr J. M. Cameron has been appointed chief of the 
newly formed Office of Measurement Services m the 
Institute for Basic Standards at the National Bureau 
of Standards, US Department of Commerce. 


Announcements 


Academician V. A. Ambartsumian, director of the 
Burakan Astro-Physical Observatory and president of 
the Armenian SSR Academy of Sciences, Dr Inge 
Lehmann, formerly chief of the seismological department 
of the Danish Geodetic Institute, Professor A. S. Romer, 
emeritus Alexander Agassiz professor of zoology, Harvard 
University, and Professor K. V. Thimann, professor 
of biology and provost of Crown College, University of 
California, have been elected Foreign Members of the 
Royal Society. 

The Paul Instrument Fund Committee, composed 
of representatives of the Royal Society, the Institute of 
Physics and the Physical Society and the Institution of 
Electrical Engineers, bas made grants to Professor 
J. B. Chappell and Dr A. R. Crofts, University of 
Bristol, for the construction of a recording speotropho- 
tometer with double-beam and split-beam facilities, 
a rapid time resolution and attachments for fluorimetry 
and actinic Wlumination; to Dr P. J. Kennedy, Univer- 
sity of Edinburgh, for the construction of a sold state 
source capable of providing highly polarized high current 
electron beams for experiments in spm dependent collision 
experiments; and to Mr A. R. Luxmoore, University 
College of Swansea, for the completion of the construction 
of a morré-scope and for the extension of means of meas- 
urmg in-plane strams by usmg holographic methods. 
Former Senator Lister Hill of Alabama has been awarded 
the Public Welfare Medal of the National Academy of 
Sciences for his services in the application of sciences 
to public welfare. 
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International Meetings 


June 10, Natural Plasmas, Manchester (Mr J. E. Dyson, 
Astronomy Department, University of Manchester). 


June 12-13, Liquid Crystals, London (Secretary, Admis- 
sion Department, Woolwich Polytechnic, London SE18). 


July 1-3, Chemical Effects of Nuclear Transforma- 
tions, Cambridge (Dr John F. Gibson, The Chemical 
Society, Burlington House, London WIV OBN). 


July 4, Polymers and Water, Cardiff (Organizer of Short 
Courses, University of Wales Institute of Science and 
Technology, 22 North Road, Cardiff CF1 3DY, UK). 


July 8-9, Oxidation in Organic Chemistry, Manchester 
(Registrar, University of Manchester Institute of Science 
and Technology, PO Box 88, Manchester, UK). 


August 28-September 5, International Congress of 
Nutrition, Prague (Sokolská 31, Prague 2, Czechoslova- 
kia, and after August 26, Czech Technical University, 
Prague-Dejvice, Czechoslovakia). 


September 9-10, Technological Forecasting—Some 
Techniques, Birmingham (Mr C. Hearn Buck, Depart- 
ment of Industrial Admunistration, University of Aston 
in Birmingham, Gosta Green, Bummgham 4, UK). 


September 22-23, Plasma Turbulence, Manchester 
(Meetings Officer, The Institute of Physics and the Physical 
Society, 47 Belgrave Square, London SW1). 


September 22-24, European Phage Meeting, Brighton 
(Professor N. Symonds, Biology School, University of 
Sussex, Brighton, Sussex, UK). 


Sabbatical Itinerants 

In the hope of providing some practical assistance In the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up perlods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 

whether they are effective. 


Wanted: From June 1 for 5-6 months, fully 
furnished flat with 2 bedrooms and central heating 
for American professor, within easy access of Ham- 
mersmith. Please contact Miss Hickman, Kennedy 
Institute of Rheumatology, Bute Gardens, London 
Wwe. 


Wanted: Accommodation with 4 bedrooms in 
London for scientist and family arriving from USA 
on June 20 until mid-August (central or NW 
preferred). Please contact Dr M. B. Huglin, Depart- 
ment of Chemistry, University of Salford, Salford 5, 
Lancashire. 


Vacant: 
August 1969 to July 31, 1970. Situated near 
Southend within convenient commuting distance 
from London (10 min walk to station and 40 min 
journey to Fenchurch St). Five bedrooms, large 
well-equipped kıtchen, and 3 other rooms. Central 
heating, garage, garden. Very suitable for a family. 
Please contact J. S. Coe, Chemistry Department, 
King’s College, Strand, London WC2. 


Vacant: Furnished house in Ealing, London W5, 
August 1969-August 1970. 3 bedrooms, 2 reception 
rooms, breakfast room, kitchen, bathroom, garden 
and garage. Please contact Dr R. C. Poller, Chemis- 
try Department, Queen Elizabeth College, Campden 
Hill Road, London W8. 


Furnished house for the period mıd- 
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Monday, May 19 
UNIVERSITY OF LONDON (at the Wright-Fle Institute, St 
Hospital Medical School, Norfolk Place, London, W2), at 5 p.m.—Ssir Pole 
Medawar, FRS: ‘‘Antilymphocyte Serum” (third of "four th Wnaht 


lectures). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr E. M. Freeman ‘Travelling Waves in Induction 
Machines—Impedance and Equivalent Circuits’. 


INSTITUT FRANCAIS DE ROYAUME-URI (at Queensberry Place, London, 
8W7), at 8.15 p m.—Presentation of French Scientific Films 


Monday, May 19-Friday, May 23 


POLYTROHNIO SCHOOL OF MANAGHMENT STUDIES (at 32-88 Wells Street, 
London, W1)—Symposium on “The Management of Research and Develop- 
ment”, 


Tuesday, May 20 


UNIVERSITY OF LONDON (at University Co 
University Street, London, W01), at 5 p.m.— 
(North Carolina): “Repioductuve Efficiency’’. 


INSTITUTION OF ELEOTRIOAL ENGINEERS | ar Savoy Place, London, WC2), at 
5.80 p.m.—Lecture—“‘Ground to Ar 88B 


INSTITUTION OF ELEOTRIOAL EKGINEERS JomstT IEE/IERE MEDIOAL AXD 
BIOLOGICAL ELROTRONICS GROUP (at Bt Bartholomew's Hi ital, London, 
EC1), at 5.30 p.m.—Dr H. A. Beagley: “Penpheral Auditory echanisms”. 


UNIVERSITY OF LONDON (in Mechanical Engin Lecture Theatre A, 
Imperial Sollege ot 8 of olence and Technology, London, 8W7), at 5:30 p.m — 
Professor R. “Research and Development in 


UNIVERSITY OF panes (at St Fhilip, s Hospital, Sheffield Street, London, 
WC2), at 6 pm.—Dr A. M. Joekes ‘Clinical Demonstration”. (Last of 
eight lectures on “The Use of Radioisotopes in Renal Disease’’.) 


BRITISH SOCIETY FOR SOOIAL RESPONSIBILITY IN SOIENCE (at “The 
Black Horse”, Rathbone Place, London, W1), at 7.30 p.m.—Meeting on 
“Problems of Sponsored Research”. 


Hospital Medical School, 
rofessor O. H. Hendiicks 


Tuesday, May 20-Wednesday, May 21 


BRITISH SMALL ANIMAL VETERINARY ASSOCIATION; BRITISH LABORATORY 
ÀXIMAL VETHRINARY ASSOGIATION; and LABORATORY ANIMAL 8 
ASSOCIATION (at the Zoological Soclety of London, Rogent’s Park, Tondon, 
NW1}—S8ymposium on “Nutrition and Disease in Expenmental Animals”. 


Wednesday, May 21 


GEOLOGICAL SOOIETY OF LONDON, EXGINWSRING AND VOLOANIO STUDIES 
GROUPS (at Burun en House, Piccadilly, London, Wi)—Whole-day meeting 
on “Engineering lems Associated with Volcanic Rocks”. 


UNIVERSITY OF LONDON 
Road, Tondon; EA 


at Chelsea College of Science and Techno! 
Manresa 
ae in caiman 


v8), at 11 a.m —Dr M. Maxhover- ‘Selec 


Se aces GROUP (in the Ehyercs Dep Department, 
ondon Sn at 2.15 p.m.—Dr W. D. Williams: “A 
ction”, G. F. Lothian: “Beer's Law”; Mr R. Johns: 
“The Determination of Major Components in Oxides and Oxide Mixtures 
Us! Precimon Automatic Spectro: hotometry?’, Mr G. E. V. Lambert 
“Filters for Spectrophotometrio Stan: tandardizatlon 


UNIVERSITY OF LONDON (at Chelsea Co 
Manresa Road, London, 8W3), at 2.45 15 p. .m.—: 
sophical Problems of Quantum Physics’ 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 2, Upper Belgiave Street, London, SW1), at 5 p. m Mr R. H. Waldman. 
vigation of Long-Range Bubsonic Transports in the 19708”. 


ROYAL MATEOROLOGIOAL SOCIETY (at 49 Cromwell Road, London, 8W7), 
‘ “A Major Low-Level Air Current Near the 


T rt of Air in the Lower Troposphere Over the Western, Taian O cean’ 

Mr E. Phillpot: “Antarctic Stratospheric Warming R m The 

Light of 1967 Observations”; Mr D. 0. Thompson: ‘ vea Wi Winter at 
tt Base”. 


UNIVERSITY OF LONDON (at Impenal Co London, 8W7) at 6 p.m.— 
Professor F. Leonhardt (Stuti Technical niversity) ; “Conclusions on 
the Stuttgart Shear Teste” (further lectures on May 22 and 28). 


INSTITUTION OF ELECTRICAL ENGINBERS (at Savoy Place, London, WC2), 


of Science and Technolo 
essor Arthur Fine: Philo. 


at 5.30 p m.—Mr P. C Hoare: “Examples of Complex Hlectrical Installations 
im mp the Crystal vee 8 oris Centre, the Queen Elizabeth Hall and Haywood 
u 


INSTITUTION OF ELEOTRIOAL ENGINERES, JOINT IER/IEĘRE COMPUTER 
Group (at Savoy Place, London, WO2), at 5.30 p m.—Discussion meeting on 
“Why Computer Grid”, 


Uxivursiry OF LONDON (at the Institute of Neurology, The National 
Hospital, Queen Square, London, WO1), at 6 p.m —Dr M. J. McArdle: 
“Symptoms and pigos of Spinal Cord on” 7 p.m.—Dr B. Kendall. 
“Curent Approach to Spinal Cord Lesions”. 


Thursday, May 22 


UNIVERSITY OF LONDON (in Mechanical eering Lecture Theatre A, 


Impenal Co of Science and Technology, ndon, 8W7), at 5 p.m — 
Professor F. nhardt “Bome Aspects of Torsion m Reinforced and 
Prestreseed Concrete Structures”. 


INSTITUTION OF ELECTRICAL ENGINEURS (at Savoy Place, London, WC2), 
at 530 p m—aAnnual General Meeting. 6.80 p.m.—Technical Films. 

H G. WELLS Soorery (in the Electrical Engineering De nt, Impenal 
College, Exhibition Road, London, 8W7), at 7.45 p m.—Mr Edmund Cooper: 
“What 1s Science Fiction ?”, followed by an informal discussion. 
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Thursday, May 22-Friday, May 23 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 10 a.m. 
daily. Discusion meeting on “Determination of Sex”, eee by Pro- 
fessor G. W. Karns, FRS, and Mr R. G. Edwards. 7 


Friday, May 23 


UNIVERSITY OF LONDON (in Mechanical ture Theatre A, 
Imperial College of aeneo and Technology don, oN at 5 p.m.— 
fessor F, “Modern Ounstenetion Methods for Long-Span 
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Green’s filter papers 


Filtration is becoming increasingly important ın 
the field of laboratory and scientific study and 
practice, with modern requirements being met only 
by the most up-to-date methods and materials, 

Be sure you are using the right filter papers. 

Write for a free copy of our booklet d 
“Signposts to Better Fıltration’ (ref N) 


J. Barcham Green Ltd 


Hayle Mill, Maidstone, Kent 
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. . . prepared by well known investigators in each special 
field for those engaged in teaching and research. 


Editors: 
ARTHUR C. DEGRAFF, WILLIAM P. CREGER 
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FIBREGLASS LIMITED 


a growth company 

The end uses of Glass Fibres are too numerous to list — the potential is enormous. 
With the backing of the PILKINGTON GROUP and our own world wide connactions, 
FIBREGLASS LIMITED continues to expand and, to support our planned 
development, we invite applications from suitably qualified candidates for the 
following new appointments:- 


RESEARCH AND DEVELOPMENT 


SENIOR DEVELOPMENT 
ENGINEER 


New Processes Development. Main responsibility will be leadership of new process 
development and design work Including the commissioning and running of expenmental 
plant and pilot facilities. 

Candidates, age range 25-40, should hold a degree or professional qualification in 
Engineering, and must be able to demonstrate flair and Previous success In creative 
engineering activity. 

Ref: SRE/SDE 


GRADUATE SCIENTIST 


Insulation Physics Main responsibdity will be for an applied research project on the 
basic factors influencing the mechanical properties of glass fibres in the form of in- 
sulating materials and non-woven membranes. 

Candidates, age range 21-36, will hold a degree in Physics; Textile Physics, Materials 
Science or Paper Science, and, preferably, will have had previous industrial expenence. 
Ref SRE/IP 


MANUFACTURING MANAGEMENT 


TWO GRADUATES 


Two Graduates in Science or Engineering for Management Services To support 
and develop existing work study and allied services in operating Divisions. 

Candidates, age range 28-30, should preferably have a degree in science H N.C. 
standard candidates will also be considered 

Previous experience in a technically orientated process industry Is essential. 

Ref SRE/MS 


COMPANY ENGINEERING 


TWO DESIGN AND 
DEVELOPMENT ENGINEERS 


To join teams engaged In the design and development of a wide range of process 
equipment used in the manufacture of glass fibres The technology is modern and in 
a state of continuing evolution and development. The appointments offer a wide range 
of engineering interest and require close liaison with other technical departments within 
the Company and with outside manufacturers. 

Candidates, aged at least 23, should be of degree or H N D standard in mechanical or 
chemical engineering, and should have completed their basic practical engineering 
training 

Ref SRE/DDE 


REINFORCEMENTS DIVISION 


PLANNING AND ANALYSIS 
OFFICER 


To investigate and assess markets in the reinforcements industry, and to evaluate their 
requirements in terms of product profitability and growth. 

Candidates, age range 23-30, should be of degree standard, and have previous experience 
of modem marketing management techniques. 

Ref SRE/PAO 
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The challenge offered by these new appointments will appeal to energetic young men 
who wish to join a growth company and grow with it. 

Salaries will be negotiated with individuals to take account of their experience and 
what we expect of them. Fnnge benefits will speak for themselves. 

If you are interested, please write for an application form, quoting the appropriate 
reference, to J. C Pritchard, Personnel Officer (STAFF), Fibreglass Limited, Head 
Office, Prescot Road, St. Helens, Lancashire. 
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SCIENTIFIC RESEARCH 
GOVERNMENT OF CANADA 


Interviews various centres United Kingdom and Western 
Europe—June 23 to July 4, 1969 


Opportunities are available for experienced scientists and recent graduates trained at the Doctorate level to 
carry out both Independent and co-operative research In the Biological and Physical Sclences in varlous Govern- 
ment Departments. 


AGRICULTURAL, BIOLOGICAL AND CHEMICAL SCIENCES 


100A GENETICIST—to provide leadership for animal breeding programmes with cattle, sheep, swine; Lennoxville, Quebec 

100B POMOLOGIST—to Investigate factors involved in growth, development and management of apple seedlings, root- 
stocks and trees in relation to winter survival and productivity; St Jean, Quebec. 

100C PEANT PHYSIOLOGIST—to conduct research on factors affecting tobacco development and leaf quality; Delhi, 

ntarlo. 

100D PLANT ECOLOGIST—to conduct research on weed ecology and control in relation to agricultural production; 
Beaverlodge, Alberta 

100E APICULTURIST—to investigate factors affecting honey bee production; Beaverlodge, Alberta. 

100F ENTOMOLOGIST—to conduct research on the physiology of host-parasite relationships of ecto-parasites of domestic 
animals; Lethbridge, Alberta 

100G PHYSIOLOGIST—to investigate effects of toxic chemicals on various physiological functions; Ottawa, Ontario. 

100H TOXICOLOGIST—to develop biochemical procedures for assays of toxic chemicals; Ottawa, Ontario. 

1001 BIOCHEMIST—1to undertake research on methodology for assessment of nutritional status—water soluble vitamins; 
Ottawa, Ontario. 

100J BIOCHEMIST—to conduct research on steroid metabolism at subcellular levels; Ottawa, Ontario. 

100K PHARMACEUTICAL CHEMIST—to develop new analytical methods for drugs and metabolites in biological media; 
Ottawa, Ontario. 

100L PHARMACEUTICAL CHEMIST—to undertake research on analysis and quality control of drugs in single and multiple- 
component dosage forms; Ottawa, Ontario 

100M SENIOR CHEMIST—to provide research leadership in food contaminants and additives, Ottawa, Ontario. 


PHYSICAL AND EARTH SCIENCES 


110A SOIL PHYSICIST—to conduct research on factors affecting water involvement in soils, Lethbridge, Alberta. 

110B BIOMETRICIAN—to provide a consulting service to professionals in the forest research programme covering the 
statistical—mathematical—blometrical or computer aspects of their projects; Ottawa, Ontario. 

110C CONSULTING STATISTICIAN—to provide a statistical consulting service and to conduct research in statistical theory 
and methodology; Ottawa, Ontarto. 

110D PHYSICAL LIMNOLOGIST—to develop and pursue a programme of hydro-dynamical research appropriate for the 
Canadian lakes, especially the Laurentian Great Lakes; Burlington, Ontario. 

110E PHYSICAL LIMNOLOGIST—to assist In a programme of thermo-dynamical research as noted under position 110D”; 
Burlington, Ontario. 

110F GEOHYDRAULICIST *—to study the suspended load of sediments In the Great Lakes and the suspended load behaviour 
in relation to different lake conditions; Burlington, Ontario. 

110G SEDIMENTOLOGIST *—to study various aspects of lake eutrophication; Burlington, Ontario. 

110H CLAY MINERALOGIST *—to undertake studies on the clay mineralogy of recent sediments of the Laurentian Great 
Lakes; Burlington, Ontario. 

1101 RESEARCH HYDROLOGIST—to initiate a research programme on flood forecasting methods; Ottawa, Ontario 

110J PHYSICAL OR CHEMICAL OCEANOGRAPHER—to conduct oceanographic research at the Atlantic Oceanographic 
Laboratory (Bedford Institute) ; Dartmouth, Nova Scotia. 

110K WASTE WATER TREATMENT SPECIALIST—to conduct applied research and development programmes in industrial 
water and waste water treatment relating to water pollution abatement and control; Ottawa, Ontario. 





* Incumbent to assume duties April 1, 1970. 


Salaries are commensurate with training and experience. Salaries for new doctoral graduates $10,500 per annum. 
Performance of the duties of the positions ın Quebec requires proficiency In French. For the performance of the duties of the 
positions in Ottawa proficiency in English and French, while not essential, is desirable. 


Detailed résumés, In English or French, of education, experience and a list of research publications should be forwarded immed- 


iately to the: 
Public BIO-PHYSICAL SCIENCES PROGRAM 
STAFFING BRANCH 
Service PUBLIC SERVICE COMMISSION OF CANADA 
of OTTAWA 4, ONTARIO. 
Canada Please Indicate position or positions of interest. 





(1936) 
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Wellcome 


BIOCHEMISTS 


Pharmacology Laboratory 


Applications are invited for two new research appointments to 
a laboratory which has been traditionally concerned with 
the discovery of drugs of novel action and their subsequent 


evaluation preparatory to clinical trial. 


One appointment will be at senior level requiring a research 
worker of proven ability in the fields of physiology or 
pharmacology but both posts demand a keen interest tn 
modern biochemical techniques and theory. Every effort is 
made to provide first-class facilities and there is ample 

scope for fundamental research and collaboration with highly 
specialised scientists of related disciplines. 


The appointments carry excellent conditions of employment 
in pleasant surroundings. 


Applications, giving general details of qualrfications and 
experience to date, and quoting reference U.119, should be 
addressed to the Senior Personnel Officer, 

THE WELLCOME RESEARCH LABORATORIES, 

Langley Court, Beckenham, Kent, BR3 3BS. 





(1938) 


AUSTRALIA 
New South Wales — Department of Agriculture 


SENIOR RESEARCH OFFICER 
(ANIMAL HUSBANDRY) 
Agricultural Research Institute, Wagga Wagga 


Salary: ¢A6,360 range %A6,800 per annum, with progression to $A7,350 per 
annum, subject to conditions. 

Qualifications: Degree in Agricultural Science, Rural Science or equivalent Several 
years’ of post-graduate experience in animal husbandry research essential. 


Duties: To formulate and supervise animal husbandry research programmes ın the southern 
wheat belt and southern tablelands of New South Wales 


Conditions of Employment: 

(a) Career salary scales and promotional (d) Four weeks’ annual leave 
Opportunities (e) Liberal sick end Jong service leave 

(b) Security of employment beneftts. 

Subject to certain conditions, the successful applicant will be eligible for ° 

@ Payment of fares to Sydney @ Financial assistance towards cost of 

@ Financial Assistance towards cost of initial accommodation expenses 
removal expenses 


General: Single accommodation avallable at 8A7.20 per week. 


(c) Excellent superannuation 


For application form and further information wrrte to the Recruitment Section, New South 
Wales Government Offices, 56 Strand, London, W.C.2, where applications close on 20th 
JUNE, 1869 When writing, please quote reference 44/407(N). 


Hon. A LANDA, 
Agent General (1895) 





UNIVERSITY COLLEGE GALWAY 
RESEARCH “TECHNICIAN/SENIOR 
TECHNICIAN 


AT THE REGIONAL HOSPITAL, GALWAY 
Experience with Isotopes, laboratory ammals 
and biochemical methods advantageous. Re- 


intestinal disorders. scales 

IMLT or equivalent £961 to £1,151. Asoc- 
ateship £1,148 to £1,400. Non-contribatory pen- 
sion. 

Further information Dr. C. P. McCarthy. Ap- 
plications to the Secretary, ‘* Univermty CoWege, 
Galway, Ireland,” before June 15, ae Ə 

TI 


LECTURER IN PHYSIOLOGY 

Appbeauoni a are invited for the appointment of 
Lecturer Department of Fhynology of 
Obaring Cros Hospital Medial The 
appointment will be or one year S ie first 
instance, 

Apphcants, who ‘should " preferably hold a 
medkcal qualification, should apply in wriung not 
later than May 23, 1969, to the 
Charing Cross Hospital Medical School, The 
Adelphi, 1-11 John Adam Street, London, 
W.C.2. (1889) 


UNIVERSITY OF IFE 
NIGERIA 

Appheations are invited for (a) SENIOR LEC- 
TURER and (b) LECTURER IN MATHE- 
MATICS For che Senlor Lectureship, prefer- 
ence will be given to candidates specialised in 
modern Mathematics, i.e., Topology, Fanetional 
Analysis, Group Theory etc. Candidates should 
posecss co bie teaching and research ex- 
perience For the Lectureship, apphcants should 








(b) Lecturer, £N1,200 to £€N2,175 per annum. 
(EN1=£1 3s. 4d. sterting.) Salary supplemented 
in range £340 to £515 per annum (stering) and 
education aHowances and children’s holday vist 
race payable In appropiate cases under 

Expatriate Supplementation Scheme. 
Family passages ; various adowances, superannua- 


Counce, 90-91 Tottenham Court Road, London 





W1P ODT, from whom further particulars are 
available. (1843) 
. K. BUREAU 
Offer Free Personal To 


especially 
Agricuitorists, Applied Biologists, Chemists, 
Metallurgists, Geologists, Physicists, and 
Technicians 


Ring or Write as 
Interwiews re by Appointment omy 
17 SHAETESDUR: 


LONDON W. 
ie fas (11 dines) 4937) 


LONDON SCHOOL OF HYGIENE 


AND TROPICAL MEDICINE 
INCORPORATING THE ROSS INSTITUTE 
(University of London) 
LECTURER IN MEDICAL PROTOZOOLOGY 
Applications are invited for appointment as 
Lecturer (Technical Assistance) in Medical Proto- 
zoology. The appomtment cemal be for threc 
with possibte exten- 
mon for two further years’ Apphcants must be 
nationals of the UK or of the Irish Republic, 
quahfied in medicine, veterinary or biological 
sciences and mast be willing to be seconded for 
work overseas. will be expected to assist 
with teaching in London when not on second- 
ment and to undertake research. Extensive cx- 





and a real interest in that subject. Salary Scales: 
Medical £1,885 to £3,045; non-medical £1,240 
to £2,735. When seconded overseas lecturers 
are pad additional allowances. 

Further informanon from the Dean, London 
School of Hymene and Tropical Medscane, 
Keppel Street, London, W C.1, to whom appl- 
cauons should be sent before June 14, 1969. ) 

(1854 


JUNIOR TECHNICAL OFFICER (MALE) 
required to asmst in research concerning bo- 
chemistry of mervous tissue. Experience in wo- 
chemical techniques preferable. HNC. in ap- 
pled biology or equivalent qualification deswable 
but consideration may be given to HNC. 
students. Salary im the range, at presem under 
review, of £617 to £1,285 plus London weighting 
according to age, 


Toxicology Research Unit, M.R.C. ` Laboratones, 
Carshalton, Surrey. (1886) 
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GENERAL HOSPITAL 
SOUTHEND-ON-SEA 


DEPARTMENT OF PHYSICS 


Appkeations are invited from 


PHYSICISTS 


posscssing a good Honours degree for the 
following posts newly created so the de- 
partment 

Post (a) is for work concerned with the 
application of radiossotopes to medicme, 
parucularly problems associated with 
scanning techniques 


Post (b) 1s concerned with problems in 
radiotherapy, X-ray diagnoss and radiation 
protecuon, 


Facilites will be granted to successful 
apphcants to enable them to read for a 
degree No previous experience fs 


The dutes for both posts com- 

September 1, 1969. New 

entrants to the Health Service with first- or 

second-class Honours degree will commence 

on the probationary grade at a salary of 

£1,080 per annum, rwng by annual incre- 
ments to £1,355 per annum 


Further details may be obtained from the 
Princrpal Physicist. AppHcations, stating 
age, qualrfications and experience, if any, 
and giving names of two referees, should 
be sent to the Secretary, General Hospital, 
Southend-on-Sea, Essex. (1922) 


UNIVERSITY OF LIVERPOOL 


SENIOR RESEARCH 
ASSISTANTS IN ORGANIC 
CHEMISTRY 


Applications are invited for these post- 
doctoral appointments tenable from Octo- 
ber 1, 1969, or alternative dates by arrange- 
ment Selanes’ up to £1,440 per annum. 
Opportaniues for research in peptides, blo- 


the Regustrar, the University, P.O. Box 
147, Liverpool L69 3BX. 
Please quote Ref.. RV/2693/N 
(1857) 


LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


LECTURER IN ERGONOMICS 


Applications are invited for the post of 
lecturer wo the Department of Ergo 


medamne or ecgonomucs, with an 
m practical applications or experience in 
industry 


In aduon, candidates should preferably 
have a higher degree and research cxperi- 
ence in some areas of ergonomucs. 


Salary within the scale 
£1240—£2045 (bar)—-£2735 


Further paruculars and an application form 
may be obtamed from the Assistant Regit- 
trar, to whom completed applications 
shouid be submitted as soon as possibk, 
quoting ref. 69/16. 
Loughborough Leicestershire 
(1877) 





BREAD RESEARCH 
INSTITUTE OF 
AUSTRALIA 


POSTDOCTORAL RESEARCH FELLOWSHIP 


Applications are invited for a Post Doctoral Fellowship with the Institute 
which, with an attached C.S.I.R.O. Wheat Research Unit, is engaged tn a 
comprehensive programme of research into the biochemical, physicochemical 
and technological aspects of wheat, flour and bread quality. The appointee 
will develop a programme of applied research which may be concerned with 
either the physical or chemical understanding of dough behaviour and 
manipulation and will be related to advances in baking technology. 


Applicants should possess a Ph D degree or expect to obtain such a degree 
before taking up the appointment or should have post graduate experience 
of equivalent standard. They should be less than 36 years of age. 


The Institute is a research association supported by the Australian baking 


industry and the Commonwealth Scientific and Industrial Research Organiza- 
tion. Its laboratories are on the C.S.I.R.O site at North Ryde, 8 miles from 
the centre of Sydney, accommodating the C.S.I.R.O. Divisions of Food 
Preservation, Mineral Chemistry and Animal Genetics. It is two miles from 
Macquarie University. Library and other facilities are excellent and the 
active research in many disciplines proceeding on the site provides a 
stimulating atmosphere. 


Salary is dependent on qualifications and experience, but will be within 
the range of Research Scientist $A5,321-$A6,693 p.a. or Senior Research 
Scientist $A6,963-$A8,045 p.a. 


The Fellowship is offered for an initial period of three years after which, If 
mutually desired, either an extension or senior appointment will be considered 


Fares to Australia will be paid for the appointee and his dependent family 
and return fares paid if the position ıs relinquished after a three year period. 


Applications, giving details of age, marita! status, nationality, qualifications 
and experience, together with the names of referees, should be addressed to: 


The Director, 

Bread Research Institute of Australia, 
c/o Australian Scientific Liaison Office, 
Africa House, 64 Kingsway, 


LONDON, W.C.2, by the 4th June, 1969. 


(1916) 





UNIVERSITY OF MANCHESTER 


ASSISTANT LECTURER IN 
MECHANICS OF FLUIDS 


per annum £1,240 to £1,470. 
Dates commence as soon as possible. Per- 


June 7) from the Regustrar, the Uarversity, Ma 
chester, M13 9PL. Quote Ref. esis rc 





UNIVERSITY OF READING 


Applications are invited for a Lectureship m 
Zoology Preference may be given ether to a 
mathematical blologut with computer expenence 
or to a vertebrate zoologist. 

Further mformation may be obtained from the 
Remstrar (Room 208, House), The 

ty, , Reading, RG6 2AH, 
by whom apphcations shouid be received not 
later than June 20, 1969. (1944) 


ANIMAL VIRUS RESEARCH 
INSTITUTE 
PIRBRIGHT 


Readvertisement at Highe: Grade 


The Insttute invites applications for the post 
of Head of Department of Epidemiology. Ap- 
plicants should have considerable experience fn 
epidemiology, serology or general virology. 

The Department operates the World Reference 
Laboratory for Foot-and-Mouth Disease and o 
concerned with surveys of the distnbution of 


seas. In Brita, the Department cooperates 
with the M.A.F.F. in diagnoss and research on 
fleld outbreaks. 

Ie as envisaged that future studies in the De- 
partment well mclude viruses other chan foot- 
and-mouth disease. 

Appomtment in S.PSO. grade (£3,850 to 
£4,400). Superannuation under F.S S.U. AppH- 
cattons should be received by June 6 Further 
particulars from ry, Animal Virus Re- 
search Institute, Pirbngit, Woking, Surrey 
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Minnesota 3M Research Limited 
A Subsidiary of 3M Company, U.S.A. 


PHYSICIST/ 
DESIGN ENGINEER 


Applications are invited by physicists or design engineers to join a group working on the 
design and construction of sophisticated mechanical and electronic devices for the evaluation 
and understanding of photographic materials. In addition the successful applicant will be 
involved in other projects in photographic technology. The post will include the supervision 
of a small workshop and provide excellent opportunities for an enthusiastic man on account 
of plans for expansion which are now under way. 

Requirements will be a degree in physics or possibly some equivalent qualification together 
with experience in mechanical design and workshop practice: some electronic experience 
would be an additional advantage. Preferred age in the region of 25-32 years. 


The company operates generous Pension, Life Assurance and Sickness Benefit schemes and 
an attractive salary will be offered. Staff restaurant and social facilities are available. 


Applications should be addressed to: 
Mr. S. A. Bateman, Minnesota 3M Research Limited, Pinnacles, Harlow, Essex. 


UNIVERSITY OF READING 
GOVERNMENT OF NORTHERN IRELAND NATIONAL COLLEGE OF FOOD 
TECHNO! 


LOGY 
MINISTRY OF AGRICULTURE Se. George's Avenoe, Weybridge, Surrey 


Applications ere enytted for th bie post of DIRECTOR at the Horticultural 
Cenie, Loughall, Co, Armagh. The Centre is under the direct control of the Minstry LABORATORY TECHNICIAN 
of Aaalmre ana 5 concerned with applied research and erpenmental work in all OR 

aspects rtıcuitural industry ın Northern Ireland SENIOR I BORATORY 


Qualifications : 

Candidates strould be of Briush nationality and preferably have an Honours degree in 
hortecukure, botany or ablied science with extensive expertence in the field of horticultural 
researoh and commeraai honuculture x 


Salary Scale : 
£2,913-£3,683 


salary will be related to qualificadons and experience, An unfurnished 


Commieieing pay 
house is avaiable at a reasonable rental £722 to £1,007 ; Sealor Technictan £987 to 


Application forms, obtainable from the Secretary, Cavil Service Commussion, Stormont, £1,225). Sday week. Pension scheme. 
Belfast BT4 3SZ, mus be rerumed by June 9, 1969 Lunch facilites 

P; Anply in woteng to the Principal of the 

lease quote S B 72/69/64 (1846) College (1842) 


UNIVERSITY OF EDINBURGH 


HUNTINGDON RESEARCH CENTRE 
GRANT INSTITUTE OF 
RESEARCH OFFICERS GEOLOGY 


Apphcations are invited for the post of 
ASSOCSATE for a two-year 


knowledge They should have métiative and organising ability. 
Experience ın the field of Toxicology would be considered 
# oot essential, The commencng salary 


Applications should be addressed to the Personnel Officer, Huntingdon 
Research Centre, Huntingdon, quoting reference PRN. 





(1885) 
Salary £920 per annum, pas FSSU. 
benefits 
IMPERIAL COLLEGE RESEARCH ASSISTANT FOR THE STUDY Apphcetions, stating age, expenence, and 
Two-year appointment availeble for Post- Cf, 0loch ses in intents undergoing giving the names of two referees, should be 
- heart surgery. Wintkey Council condiuoms. Two- 
Doctoral Research Assistant, to apply high-speed year appointment with salary in range of £1,200 
techmques in investigations of to £1,400 per annum —Particulars of age, quah- 
transient plasmas and haser: fications, experience names of two 


partment of Physics, Impenal College, Loodon Children, Great Ormond Street, London, W.C.1. 
S.W.7. (1828 (1834) 
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MCGILL UNIVERSITY 
MONTREAL 


MASS SPECTROMETRIST, preferably post- 
doctoral, requiced by the McGaH University 
Cho, Royal Victoria Hospital, Montreal to col 
laborate wath other unvestigatoms interested in 
problems of structural Leper end to crrect 
the opereuon of an LKB 9000 GC-mass 
meter Apphcants should be quakfied in chem- 
istry or physics and preferably with some pre- 
vious experience m ‘the mass spectrometry of 
natural products. Selary to be negotiated based 
on quahficanons and experience. 

Applicants should write to Dr. J. C. Crawhall, 
Division of Clnical Biochemistry, Royal Victoria 
Hospital, Montreal, P.Que. Canada, and include 





a copy of ther curnculum vitae. (1902) 
LONDON HOSPITAL MEDICAL 
COLLEGE 


(UNIVERSITY OF LONDON) 
LECTURER IN ANATOMY 


Applications are invited from medical or non- 
medical graduates for the post of Lecturer in 
Anatomy in the above College. Applicants 
should have bad experience or be prepared to 
train wn hesological and cytological methods In 
addition to the teaching of Histology to medical 
undergraduates the successful appkcant will be 
expected to participate in the cunmeng of a 
course ın CeM Biology for science students The 
Deparment offers exceMent facilities for basic 
reb Ta the appointee wi be given every 

to pursue restarch of his own in- 
ont mfua salary according to qualfications 
and rA with the range £2,045/£2,735 
plus £60 London AHowance per annum, together 
with superanonation under the FSSU. ln- 
quinies to Professor F. R. Johnson. Tel. 01-247 
0644 

Appacations, two copies, together with name 
of one referee to The Secretary, The London 
Hospital Medical Colege, Tumer Street, Lon- 
don E1. (1893) 


UNIVERSITY OF SYDNEY 
LECTURESHEP IN PURE MATHEMATICS 


Applications are invked for the above-men- 
tioned post. Salary will be within the range 
Ye ee 

Information uation, 





about superana ousmg 
scheme, sabbetscal leave, etc, amd method of 
application from the Amoc- 


close on May 30, 1969. ; (1885) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHYSIOLOGY 
Applications are inwted from non-medical or 

quahfied candidates for the post of 
LECTURER IN PHYSIOLOG Salary scales: 
£1,585 to £2,735 per annum non-medscaly quali- 
fied). a to £2,940 per annum (medically 





sappiano, staing quahficaons and ex- 
together oames of three 
Fererees, should be pe not iter than June 
6, 1969, by the Regustrar, The University, P.O. 
Box 147, Liverpool L69 3BX, from whom further 
Paruculars may be obtained. Quote Ref. RV/ 
2687/.N (1807) 


RESEARCH INTO FAT 


CHEMISTRY 


A CHEMIST wth postgraduate experience of 
Tar eas oe ae fundamental 
studies of che chemutry of edible fats and ous 





expanence a will be comparable wath that of 
an equivalent university appointmeat. Non- 
contributory pension scheme 

Applicatrons should be addressed to the Man 
ager,» Glenochil Research Station (The 
Company Lamited), Meaostne, Clackmannanshire, 
Scotland (1913) 


ANALYST REQUIRED TO TAKE CHARGE 





HNC required Salary accordang to age, quali- 
filcattons and experience within a scale meing to 
£1,865 per annum  374-bour week Soperannue- 
ton Scheme and 4 weeks annual leave —Appi- 
cathons in whinmg to Depanmeatel Superinen- 
dent, Biochemmtry Deparumem, Imperai College, 
London, S.W.7. (1875) 
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DEPARTMENT OF GAME AND WILDLIFE 


GHANA 


Applications are invited from suitably qualified persons for the following 
posts: 


1. SENIOR ASSISTANT GAME WARDEN: 


Duties : Preparation of management plans for reserves: assessment, 
protection and development of Game Reserves ; administration, 
revision of laws and their enforcement. Supervision and train- 
ing of junior staff. 

Qualifications: Degree in Wildlife Management or Forestry or Agriculture or 
Veterinary Science or other Science degree with biological sub- 
ject at first-year University or G.C.E. “ A ” level plus at least 
three years’ experience as Assistant Game Warden. 
£1,590 by £30 to £2,010. 


2. SENIOR GAME PROTECTION OFFICER: 


Duties : Execution of working plans; anti-poaching and game control, 
administration and law enforcement, supervision and training 
of Junior 

Qualifications: G.C.E. “ O ” level with at least 12 years’ experience as as Game 
Ranger or five years’ experience as Senior Game Kas or 
three years’ rience as Game Protection Officer a)/ 
Game Wado bae Warden/Game Ranger (East 

Salary : £1,380 by £50 to £1,730. 


3. GAME PROTECTION OFFICER: 


Duties: As for Senior Game Protection Officer. 

Qualifications: G.C.E. “ O ” level and 10 years’ experience as Game Ranger 
or the Mweka diploma plus two years’ experience or three 
years’ experience as Senior Game Ranger or at least one year’s 
service as Game Protection Officer (Ghana) or Game/Park 
Warden (East Africa). 

£1,020 by £40 to £1,280. 


Appointment on contract for three tours each of 15 months duration plus 
earned leave. Tax-free gratuity. Free economy air passages for officer, his 
wife, and up to 3 children under 18 years of age. 


For application forms and farther y to the DIRECTOR OF 
RECRUITMENT, GHANA HI COMMISHION, 38 QUEEN’S GATE, 
LONDON, S.W.7. (1907) 


ELSEVIER PUBLISHING GOMPANY 
in Amsterdam, The Netherlands 


has an immediate position open in its 
Geo-Sciences Section for a copy editor 


Requirements: @ Knowledge of geology or any other earth science 
at Bachelor’s level 
@ English as mother tongue 
@ Knowledge of other languages helpful but not 
essential 
© Ability to work independently 
© High degree of accuracy 


Responsibilities: @ Preparation of submitted scientific manuscripts 
for, typesetting 
@ Language correction of, contributions written by 
non-English speaking authors 
@ Supervision over proof readers 
@ Final editing of journal issues and books 
@ Compilation of indexes 


@ Responsible work of an interesting and varied 
nature 

@ Salary according to qualifications 

® Good social conditions. 


Applications, giving details of education and previous experience and 
indication of salary expected, should be addressed to the Personnel 
Department of Elsevier Publishing Company, P.O. Box 211, Amster- 
dam, The Netherlands. ‘ (1887) 
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South Australia 


BOTANIST 


Botanic Gardens 


The appointee will be expected to undertake general work in the State 
Herbarium as directed by the Keeper, including public enquiries concerning 
identity of plants occurring in the wild in South Australia, etc., supervise work 
of botanical assistants, participate in collecting expeditions, carry out routine 
determinations in collections and taxonomic research with specialisation in 


selected plant groups. 


Qualifications: Applicants should possess a University Honours degree in 
Science with Botany as the major subject, Research experience 
in plant taxonomy, morphology or plant geography is desirable. 


Salary : 


$A3355/5087 (Male) 


$A3183/4915 (Female) 


Application form and particulars of Public Service Conditions of Appointment 
can be obtained from and returned by fune 14, 1969, to: 

Agent General for South Australia, 

South Australia House, 


50 Strand, 


London, W.C.2. 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


SCHOOL OF PLANT BIOLOGY 


RESEARCH DEMONSTRATOR 


Applications are invited for the post of 
Research Demonstrator. 

The duues will be to demonstrate to 
practical classes and to act as Research 
Assutant to Professor P W. Richards for 
work on bryophytes. The mual appomt- 
mem will be for one year, commencing on 
October 1, 1969, with a possibilty of re- 
Ee ee eee we yoan. 

raed well be £950 per annum plus 
benefits. 


cs), giving full de- 


College of North Walks, Bangor, 
whom further particulars may be obiad, 
853 


UNIVERSITY OF GLASGOW 


LECTURESHIPS OR 
ASSISTANT LECTURESHIPS 
IN BOTANY 


Applications are invited ciom graduates 
Genetics fo. 


btochemistry, 
ferably of algac, or in physrolorical/ 
ecological genetica of flowering 
ın mner! = nutrition 
Plants Salary scale: 
£2,735 per annum; Assistant 
£1,240 to £1,470 per annum FSSU. 
Apphcations (eight comes for a Lecture- 
ship, three copes for an Asmetant Lecture- 
ship) should be lodged not later than June 
9, 1969, with the underagned, from whom 
further may be obtained. 
ROBT. T. HUTCHESON, 
Secretary of the any Gonit: 
1874 


(1861) 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Bacteriology department has two 
vacancies for ASSISTANT EXPERIMEN- 
TAL OFFICERS, as follows. 

(1) to asauwt in the investigation of the 
metabolic products of bacteria in malk and 
dairy products. An interest in bacteno- 
logy and e sound training en chemustry are 
necessary ; 

(2) to organuse and maintain the National 


tons: Pass Degree, HNC. or 

valent in eppropmate subjects ; GCE. 

SUA devel in ewo science subiecis it nader 

22. Staring salary up toot 100, according 
to age, in scale to £1,385 


RG2 9AT, quoting reference ad bg 


SCOTTISH PLANT BREEDING 
STATION 


ASSISTANT EXPERIMENTAL 
OFFICER 


Applcations are inwted for the above- 
menuoned post in the potatoe breeding de- 
partment. 

Quakficatuons: A degree, diploma or 
Higher Natronal Certificate in eagricukure 
or biology 

Salary’ According to age on the scale 
£770 per annum at age 20 to £1,150 at age 
26, rising thereafter to £1,385. 

Other condsuons: Five-day week; three 
weeks annual kawe; superannouaton 
scheme ; canteen. 

Forms of es eyaragr roe may be obtained 

ee Pliant n enog 


to whom pe should’ ie Seana eet ute not later 
than June 2, 1969. (1914) 





UNIVERSITY OF CAMBRIDGE 
SCHOOL OF AGRICULTURE 

Apolicatsons are snwted for TWO RESEARCH 
(ANTSHEPS financed by Agaiculmraé 


Re- 
search Counci grants in: 

@ PLANT GENETICS AND BREEDING to 
work m a group concemed with genectrc improve- 
ment of Phaseolus species and to concemrate on 
species bybadisa tion. 

GD PUANT PATHOLOGY tD. Work on ameda 
of the pathogenicity and chemical control of some 
fongal peresaes of cereals. 

: ehould have or expect to obtain 


Further iafoometion from and application with 

vitec acd nemes end eddresses of at 

ices: two referees to the Secretary, School of 
Street, Cambridge, 


May 31. (1869) 


UNIVERSITY OF IFE 
NIGBRIA 


Appkcanons are mvited for two posts of Lec- 
turer un the Department of Sol Science. Apph- 
cants must possess an advanced degree in Soil 
Science plus cesearch and relevant teaching cx- 
perience. Appointment to commence in Septem- 
ber, 1969. Salary Scales £N1,200 to £N2,175 
per annum. £1=£1,3s. 4d. sterling). Salary sup- 

in range £240 to £435 per annum 
(stering) and edncation allowances and chikiren’s 





by . 
Tona 90/91, Tottenham Court Road, London, 
WIP ODT, from whom pertculars are Sor 





UNIVERSITY OF IFE 
NIGERIA 


Apphcatrons ere invited for the post of Lec- 
of Extension Education 


abie postgraduate ined preferably a Ph.D. de- 
gree im Agricultural Extension Education or 
Rural Sociology. Fid experience as an exten- 
gion agent will be en advantage. Appointments 
to commence in September, 1969. Salary Scales: 
Lecce, ENI. .200 to £N2, i75 per annum (EN1= 
Tange £240 to £435 per annum 
cauon allowances 


University Co 
Ovenscas, 90/91 Tottenham Cont Road, London, 
WIP ODT, from whom further particulars may 
be obtained. (1921) 
UNIVERSITY COLLEGE, CARDIFF 
DEPARTMENT OF CHEMISTRY 

Appla nona are tanted for the post of LEC- 

TURER IN ‘ORG Y. 


wathaa the scale Bey by £115 to £2,735. Super- 
anouation under F.S 








ELECTRONICS OR PHYSICS 
GRADUATE 
romen as member of research team applying 





REQUIRED FOR 
Programme in British 
Solomon Isiands Protectorate.—See Ministry of 
Overseas Development advertuement under 
“ Overseas Appointments.” (1910) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 
GEOCHEMISTRY 


Applications are inwted for appointment in 
the categones of RESEARCH FELLOW, 
SHNIOR RESEARCH FELLOW, FELLOW and 
SENIOR FELLOW. The actevites of the De- 
partment inciude palacomagactism, stmmology, 

geo- 


including the foHowing 


I ELECTRON PROBE MICROANALYSER 
LABORATORY 

A staff member is required to be responsible 

for the runming of this taboratocy and to make 

the research tool. 


speciah2a 
mineralogy and geochemustry is possible. 
Ti, PALAEOMAGNETISM 
(Research FeHowship only) 


Applcants should preferably have an adequate 
fackground in field geology. 


paratus, 

ment for cock deformation, b 

sold pressure medm high pressure apparatus, and 

electron-probe microanalyser (ARL Model EMX), 

mass-spectrometers, optical spectrographs and X- 
d 


in the range $A5,400 to $7,250 and that of 
Senior Research Feflow in the renge $A7,800 to 
SA9,324 Appountment es for three years with a 


p 


years Superannuation uw on the F.S.S.U. pattern 
with supplementary benefits. Reasonable travel 
expenses are paid and assistance with housing is 
provided 

Further detas from Association of Common- 
wealth Universites, 36 Gordon Square, London, 
Apphcations close on August hag 

a 





UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER IN PHARMACEUTICS 
Applixatom are invited for the above-men- 


For 
$NZ3,100 by $NZ200 to SNZ4,700 by SNZ100 10 
$NZ4,800 pec annum Senior Lecturer, $NZ4,700 
by SN200 to $NiZ5,500; thereafter a range of 
salaries up to $NZ6,600 ocr annum. (Note: 
$NZ100 equas £46 13s 4d atertwg, $US112, 
SA100.) As a cesutt of certain reorganization at 


ment of Phanmacy, 





according to age, qual- 
£1,400 per enmum 


tton scheme 4 weeks enoual ieave.—Applica- 
tons 1 wring to Departmental Superintendent, 
Boch , Imperial = 
don, 6 W7. (1876) 





GRADUATES, AGE IMMATERIAL, IN THE 
biological or medical disciplines required for 
scientific information work on the editorial staff 
of Fnternational Abstracts of Biological Sciences. 

should be m actly tid tag cary ats 


Degrees 

or Physiology ; salary scale ts £900 to £1,250 per 
annum —Write Editor, LABS, 4 Fitzroy 
Square, London, W 1 (1900) 


THE 
UNIVERSITY (0) 
LEEDS 


SCHOOL OF 
MATHEMATICS 


DEPARTMENT OF PURE 
MATHEMATICS 


Appkocattons are inated for the CHAIR 
OF PURE MATHEMATICS thet wilh 
become vacent op the retirement of 
Professor H S Ruse on September 


30, 1970. The salary will be within the 
range £3,640 to £5,090 a year 


Applications (smxteen copies), 





Semor 
I, $A5,400 by $A270 to SAG 21O ; Lecurer Grade 
I, $A6,480 by $A270 to $47,020 by $SA280 to 
$A7,300 ; Senior Lecturer, $47,600 by $A230 to 
$A8,750 Appointment wall be offered mithin 
o of these grades according to quahficetions 
an 

Conditions of appommmem and application 
fomms should be obtained from the Assocation 
of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close on June 6, 1969. (1883) 


UNIVERSITY OF GLASGOW 
DERMATOLOGY DEPARTMENT 


Applications are invited from graduates in Bro- 
chemistry, preferably with a PhD. or Research 
emperience, to assent op a study of the rok of 
steroids in the causation of acne. Ths invest- 
gation s beng conducted in recently equipped 
biochemistry laboratones in the Depamment of 
Dermatology and will be pursued in collaboration 
with colleagues in Steroid Biochemistry. Selary 
within the scale for Univermty Lecturers, £1,585 
to £2,735 per annum 

Appxcations should be lodged not later than 
May 30, 1969, with Professor J. A Mihe, 





Glasgow, W.2, from whom 
may be obtamed. 
ROBT T. HUTCHESON, 
Secretary of the Umversity Court. 
(1829) 
COMMONWEALTH 


AGRICULTURAL BUREAUX 


COMMONWEALTH BUREAU OF 
HELMINTHOLOGY 
ST. ALBANS 


VACAN@Y FOR SCIENTIFIC 
INFORMATION OFFICER 


Postgraduate experience in animal hefmntho- 
logy and the ebilsty to wate clear and conce 
Eoghsh are esseotial qualifications. Experience 
yo editing scientific manuscripts and a working 
knowledge of other Eoropean fanguages wonld 
be addstional advantages. Salary: On the scale 
£1,020 to £2,675. A candidate posscamng the 
quakcations sought may expect a reasonably high 
entry point in the scale. Provision for super- 
annouation (F S.S U). 

Thoso interested should write, informally in the 
first anstance, to De. Sheila Willmott, or, 
Commonwealth Bureau of Helminthology, The 
White House, 103 S& Petec’s Street, St. Albans, 
Herts, Bogiend. Prekminary internews will be 
arranged as soon es possible after the appearance 
of this advertisement. (1899) 


CONSULTANT PHYSICAL CHEMIST RE- 
quired for occasonel ghysical tuons 
(m p.'s to 001°). Ideal parttime post for Uni- 
versity worker. Contact Maybndge Chemicals, 
Tintagel, N (1897) 





SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE DD2 SDA 
MYCOLOGY SECTION 


of the Sectlon becomes vacant in 
Ouse 1969 with the cetwement of Dr A. R. 
Wilson The pos is offered at P S.0./S P S O. 


research 
pathology. saks: PSO., £2,475 to 
£3,425; SPSO , £3,850 to £4,400. 


of age, education and expentence, together bod 
the names of two referees, should be lodged by 
June 20, 1969. (1716) 





UNIVERSITY OF MANCHESTER 


EXPERIMENTAL OFFICER 
DEPARTMENT OF GEOLOGY 


Applications invited for this post in which 
person appointed will assist in maintenance and 
operation of Geoscan electron probe mro- 
analyser end EM©M6G electron microscope, aod if 


renge per annum £920 to £1,460 (under review). 
FSS. 

Particulars and application forms (returnable 
by May 23) from the Registrar, the 
Manchester M13 SPL. Quote ref. 20/69 


UNIVERSITY OF SURREY 
EXPERIMENTAL OFFICER 


required for the BIOLOGICAL AND MEDICAL 
LABORATORY in the Blomechames unit of the 





up end provdeng a histology service for staff 
and scientists working in the department, and for 


ele. according to age, cuperience, and qualifica- 
tions on a salary scale of £1,250 to £1,650. 
Appheations should be submitted with the 


(1738) 


UNIVERSITY OF WESTERN 
AUSTRALIA 
GEOGRAPHY 
Applications are mvyned for temporary appoint- 
ment as LECTURER in the Department of Gto- 
graphy for a period of one year from January 


1. 1970 The eppodntee will be required to re- 
place Professor M. J. Webb during Ins absence 


wilt be 
to $A7,300 per annum. Further particulars of 
the post may be obtained from Professor Webb. 
Intendsog applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post end a copy of the conditions of 
bmitting 


Apphcatuons close on August 2, 5 
(1852) 


PHYSICIST REQUIRED TO WORK ON THE 





lege Hospttal, Gower Street, London, W.C 1 
(1879) 


TECHNICIAN REQUIRED IN THE DE- 
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SCHOOL OF 
AGRICULTURE 


Aopilcations are énvated for the post of 
RESEARCH ASSISTANT in she Sox 
Scrence Department. Candidates should 
have an Honours Degree in Chenmetry or 
equivalem qualificataon, 


Salary, Grade IVA: £1,020 to £1,415. 
FSS U Superannuation 


Further particulars sod application form 
from the Secretary, The School of Agr- 
culture, Weat Mains Road, Edinburgh 
EH9 '3JG. (1840) 





THE CITY UNIVERSITY 
DEPARTMENT Of CHEMISTRY 


TEMPORARY LECTURER 


Applications are anvited for the pos of 
Temporary Lecturer in Inorganic Chemistry 
for 2 period of two years, commencing Sep- 
tember 1, 1969 Apoplicams shoukt possess 
et Honours degree or equivalent queli- 

ton. 


The person appointed will share in the 
general teaching of inorganic chemmery and 
oppomuneiies wil exist to parudipate in 
departmental research activities. 


Salary scales: £1,240 to £2,735 per 
anom. 


For fomher particulars eod application 
forms please write to the Deputy Academic 
Regmcar, The City Unrversty, St Jobn 
Streets, London, EC.1, quoting Reference 
67/CH/N. 


Completed appWcatton forms should be 
retuned not later than Mey 30, 1969. 
(1837) 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


BACTERIOLOGY DEPARTMENT 


SCIENTIFIC OFFICER required to in- 
vestigate fundamental aspects of the heat 
Teamance and germination of bactenal 
spores and growth of the vegetative ceils, 
especaly in mk and mk product. 
Electron microscope facikties are available 

Apolcations are invited from honours 
graduates or postgraduates with ea sound 
training In microbology and a bemc in- 
terest in bactenal metabolism. 

Appointment wĦ be in the grade of 
Screntific Officer (£1,020 to £1,740) or 
Searor Scientufic Officer (£1,925 to £2,372 
according to age and experience. FSS U. 

Apply to the Secretary, N.LR.D., Shin- 
fied, Reading RG2 9AT, quoting two 
referees and reference 69/5. (1866) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF CHEMISTRY 


Appiications are sovited for LECTURE- 


1969. Intal appointment in salary range 
£1,240 to £1,470 with prospect of advance- 
ment, subject to satisfactory completion 
of three years’ probation, to scale £1,470 
to £2,735. FS.S.U.; eiia towards re- 
moval of household effects 


Appbcations (six omia); containing the 
names of three referees, diseid be kdai 
by June 2, 1969, wuh Secretary, the Unb- 
versky, Dundee DD1 4HN, from whom 
further paruculers may be obteined. 


(1864) 








UNIVERSITY OF HULL 


DEPARTMENT OF APPLIED 
PHYSICS 
SENIOR LECTURER 
LECTURER/ASSISTANT 
LECTURER 
RESEARCH FELLOW 


Applications are invited for the posts of 
Lecturer / Assistant 


pisme physics or opto-ckectronics I8 Mae: 
able but not essenual. 

Salary Scales. 
Senior Lecturer: £2,485 to £3,410 
Lecturer * £1,585 to £2,735 

Assstent Lecturer: £1,240 to £1,470 

Research Feilow’ £1,240 to £1,470 

(@ higher salary may be paid to an 
excoptionaly quakfied Folow). 

In addition there are FS.S.U. benefits. 

Apphcations (sıx copies), giving details of 

age, education, quahficatfons, teaching sia 
with 


further paruculars may be obtained. 
(1871) 





Inner London Educational Authority 


NORWOOD TECHNICAL 
COLLEGE 
KNIGHT'S HILL, LONDON, S.E.27 


PHYSICS AND MATHEMATICS 
DEPARTMENT 


LECTURER I IN 


MATHEMATICS 
required from September 1969. 


Applicateons are invited from Graduates of 
a University, or other surtably qualified 
Mathematsctans. to fill ths wecancy The 
teaching ranges from ONC. to BS. 
(Gen), the bulk of the work being for 
GLE “A” level and Telecommumomion 
Engineering MERE, CGLI., CEI). 
‘Expertence in Statistics would be an adran- 
tage. 


Salary in accordance wth Bumbham Tech- 
picel Scale (now ander review) £1,035 to 
£1,735 (Qas London elbowance of £85) with 
eadditons foi qualificanons ; startlog pom 
depends on qualifications, trameng end 
experience. 


Assistance may be given towards household 
removal] expenecs. 


Application forms from College Secretary 
returnable wahin 14 days of appearence of 
thas advertisement Enclose seif-addrceascd 
foolscap envelope. (1831) 


UNIVERSITY OF OXFORD 
DEPARTMENT OF PHYSICS 
THE CLARENDON LABORATORY 


QUES 
ONLINE COMPUTER DESIGN is re- 
quired in order to develop a system for 
patting a Fourier far infra-red spectro- 
meter omme to a PDP 8 computer. The 
post wall be for a period of one year at a 
of between £1,240 and £1,470, de- 


tory, Oxford OX1 3PU, from whom further 
snformation can bs obtained. (1860) 


FISHERIES RESEARCH 
BOARD. OF CANADA 


BIOLOGIST 
REQUIRED 


A biologist is by the Fisheries 
Research 


required 
Board of Canada, for its Bio- 
Jogical Staton at St. John’s, Newfound- 
. The postion 


clams. Qualificati: 
ton from a unıveæity of recognized stand. 
mg with a Ph.D. or Master’s degree in 
beology or zoology; a number of years 
expemence in fisheries r 
in the subject area. ‘Appointmen wit be 
made within the salary range of $12,100 to 
$14,995, commensurate with qualifications 
of the candidate. 


Apply in writing to the Director, Fish- 





MEDICAL RESEARCH COUNCIL 
METABOLIC REACTIONS UNIT 


DEPARTMENT OF BIOCHEMISTRY 
IMPERIAL COLLEGE, S.W.7 


BIOCHEMISTS 


with post-doctoral expenence required to 
participate in studies on hormonal control 
of intermediary metabolism i 

organs and in Oram 


ENZYMOLOGIST 


enzymic aspects of intermediary metabohsm 
and hormonal control 


NEURO- 
ENDOCRINOLOGIST 


preferably with post-doctoral experience, 
reqmred to participate in studies on the 
mode of action of ergot alkelowds and re- 
hated topics. 


Salanes according to age and experience 
Applicaton, with curriculum vitae and 
names of two referees, to Professor E. B. 
Chain, F.R.S , at the above address. 


(1898) 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF HLECTRICAL AND 
ELECTRONIC ENGINEERING 


RESEARCH ASSISTANTSHIP/ 
STUDENTSHIPS 
anoion are invited for candidates 


with research interests in the gencral field 
of Biectrical Metertals/Sohd State for an 


The 
didate will be able to Tegister for e higher 
degree. 
Further a are and apnication forms 


quote 
(1881) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


Appheations are invited from graduates 
in microblofogy, bacteriology, botany or 


biology for the post of S.R C. RESBARCH 
SSISTANT. Students graduating this 

. A suitably 

quahfied person may be able to remaster for 
a Inghee degree. The work will envolre an 
examination of spore development m 
actinomycttes, umng transmission and scan 


ming e¢lectcon microscopy. Interest m 


a thaa 
June 6, 1969. Please Quote Ref: RV/ 
2700/N. (1934) 





UNIVERSITY OF DUNDEE 


LECTURESHIP 
IN GEOLOGY 


Apphcatrons are invited for the post 
LECTURER in Geology with effect from 
October 1, 1969 Candidates should have 
interests ın Petrology or e related ficid. 
Salary scale £1,240 by £115 to £2,850 
with placing according to quahfications and 
experience. F.S.SU.; grant towards re- 
moval of housetroid effects. 


Applications (mx copies), fuels the 





Viles, London, N 1. 


UNIVERSITY OF BRADFORD 


POSTGRADUATE SCHOOL OF STUDIES IN 
PHARMACY 
Charman: Professor J. M. Rowson 


RESEARCH STUDENTSHIP IN 
PHARMACOGNOSY (Ref. PL/RS/1/X) 


Applications are invited from sultabty qualified 
graduates in Pharmacy, Chemistry or Biology to 
work under the diection of Dr. W. E. Coun, 
Reader in Pharmacognosy, on invesugations into 
the differentiation and cvaluation of African 
Rauwolfia species. 

The award, tenable from September 1, 1969, 
for three years, ws valued at £530 pec annum, 

The successful candidate 


be cegutered for a higher degree of the 


nivermty. 

Apphcation forms (please quote ref.), to be 
returned as soon as possible, may be obtained 
from the Regustrac, University of Bradford, 
Bradford, 7. (1926) 


UNIVERSITY COLLEGE GALWAY 


DEPARTMENT OF BIOCHEMISTRY 
TECHNICIAN 


Appkcations are invited for the above post 
Qualifications: Science Laboratory Technicmn’s 
Cemnficate of the City and Guilds of London or 
equivaleot Salary in cange £1,009 to £1,151 pec 
annum. Fave day week ; five weeks aoonal hoH- 


Applications, to the Secretary, Department of 
eanistcy, Unrveraty College Galway, Iredand, 
should include the names and addresses of two 
referees. 
Latest date for receiving appheations, June 15, 
1969. (1928) 





AGRICULTURAL RESEARCH 
COUNCIL 
PLANT GROWTH SUBSTANCE AND 
SYSTEMIC FUNGICIDE UNIT 
WYE COLLEGE (UNIVERSITY OF 
LONDON), ASHFORD, KENT 


Applicauons are invated for the following 
TECHNI take charge of new 


tal Officer grade. £650 to £1,385. 

Requests for further snformation and applica- 
tons, giving age, qualifications, expemence and 
names of two persons to whom reference may be 
made shouki be sent to’ The Director, ARC. 
Uut, Wye College, Ashford, Kent, mot Sater 
than June 14, 1969 (1844) 


NEW ZEALAND 


University of Canterbury 
Christchurch 


SENIOR LECTURER OR 


Applications are invited for the above-men- 
uoacd post The vacancy is m the field of fluid 
mecheoics heye a good 
honours degree m Ceu Engineemng of a recog- 
mzed university and elrould bayc bad sukabie 
expemence in teaching and/or research or have 
held @ cesponsible position in a drench of Civil 
Enganecd ng 

Saknes are under review Exteting selacice for 


at 
Appkcations close or July 31, 1969. 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
EINVERGOWRIE, DUNDEE DD2 5DA 
A HORTICULTURIST required to super- 


(1884) 





the keeping of 
peogeny in field trals. Applicants should heve 


Applications, giving agt, education and experi- 
ence to the Secretary by June 3. (1896) 


MEDICAL RESEARCH COUNCIL WISHES 
to appoint e Postdoctoral Organic Chemist or 
Blochemast to investigate compounds of short- 
lived sotopes such as Carbom-ll and Fiuorine- 
18 for medical and biochemical problems. The 





fluoro-organic chemistry. 
£1,930 per annum according 
qualifications. 
full details to The 
Uat, Hammersmith Hospital, 
London, W.12. 


ROYAL DENTAL HOSPITAL OF LONDON 
School of Deatal Surgery (Univermty of London), 
Lacester Square, WC.2. Applications are Mm- 


ment will be gor three years and there wii be 
faciaues for working for a tugher qualification, 
inctuding appropriate accommodation and techni- 
cal assistance wl be avulabie. Salary will be 
on the eppropmate Unrvernity scale pius super. 

anmnuation benefits The successful candidate wi will 
be required to take up duty as soon as posmbic 
—Camdhdates should forward char apphcatiens, 


whom further information may be obtained. 
(918) 








ment requires SENIOR 
perience an Bacteriology.—<Apply in writing to 

rc. 
School, giving age and full detwils of quakfica- 
tions and experience. 


UNIVERSITY OF DURHAM 
ZOOLOGY DEPARTMENT 


Applications are invaed for the post of 
RESEARCH ASSISTANT in tho DPen 


mem of Zoology from September 
The successful epphcamt will be 
to work on sta-birds fn connection with 
a study on the function of colonial, need: 
ing. 


The work mil involve the use ot Z-boau 





ENTOMOLOGIST 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Entomologwt urgently srequred for 


allowance of £81716 to £81,179 pe 
apoom. Gra on compktion of con- 
tract, free family passages, outfit allow- 
ance, ¢ducation allowances, furnished 
quarters at low rental. Appomtment on 
contract for two years. 


Canckdates should be oationals of the 
must 


For further details and apphcation forms 
please woate, Mating full name, to: 


(1909) 


UNIVERSITY OF GLASGOW 
Assistant Lectureship in 
the Department of Geology 

Apnidcations are invited for an Assistant 


£1,470 per annum. FSS.U 
Applications (three copies), should be 
lodged, aot fater than June 21, 1969, with 
the undemagned, from whom further Dar- 
ticulars may be obtained. 
ROBT. T. HUTCHESON, 
Secretary of the ee can 


STRANGEWAYS RESEARCH 
LABORATORY 
CAMBRIDGE, 


bas a vacancy on September 1, 1969, for e 
Research Assistant to work on carcino- 


genesis do organ cokure. 
to qualifications and emperience on M R.C. 


scale. Applications are invited from gradu- 
ates in the biotogicak sciences, 
Apoty to the ce hoe 
weya Research Laboratory, 
way, Cambaidge 


CLINICAL MICROBIOLOGY DEPART- 
TECHNI 


CIAN with ex- 
M. Ridiey, St. Thomas's Hospital Medscal 
(1888) 
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BARKING HOSPITAL 


Hoepaal, Fasem Avenue, Newbury Pack, 
Iford, Essex (1870) 


UNIVERSITY COLLEGE LONDON 
LECTURER IN PHYSICS 
Lecturer required to cence in teaching 
undergradua 





Prenous 
i applicant should bave interest in both 
Dhyscs and data analysie problems, Gaary on 
scale £1,240 by £115 to £2,850 per annum accord- 
ing tO ege and experience London Adbowance 
£60 per ennum =FSS.U. 

Aoolications, by June 16, 1969, to the Secre- 
tary, U.C.L, Gower Street, W.C.1, from whom 
further particulars may be obtamed (187% 


` UNIVERSITY OF SUSSEX 


SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH ASSISTANT IN 
EXPERIMENTAL PSYCHOLOGY 

Appācatons are invited from graduates or 
those about to graduate for the post of Research 
Assmtan Psychology, to work 

Long and 





` Falmer, Brighton, BNI SQH. (90a). 
UNIVERSITY OF BRADFORD 


SCHOOL OF STUDIES IN APPLIED 
BIOLOGY 
Apphcations are invited from graduates for a 
TEMPORARY LECTURESHIP IN 
MICROBIOLOGY 


tenable for two years with effect from September 
1, 1969 





Salary: £1,240 by £115 to £1,470 by £115 to 
£2,735 (maximum) per annum. Im the case of a 
candedate appointed at a point between £1,240 
aod £1,470 (loclusive) the appointment will be 
subject to the sausfactory completion of a pro- 
banonary period of not more than three years. 
The post 4 superannuable under F.S S.U. 

Appkcation forms and further details are avaf- 
able from the Regustrar, University of Bradford, 
Bradford, 7, with whom completed applications 
should be lodged not later than May 31, 1969. 

Please quote reference B/R/1/X. (1836) 


ANIMAL PHYSIOLOGISTS AND 
PHARMACOLOGISTS 


Expanding vetermary college has faculty posl- 
tions open July, 1969, for animal phynmologixts 
and pharmacolomsts. Ph.D. or equivalent re- 
qured The position requires teaching under- 
graduate, graduate, end veterinary phymology 
courses. Development of an active cesearch pro- 
gramme will be enconmged. Individuals wh 
eee 1. any one Of the following Gisap ence 

will be conmdered: digestive physiology, endo- 
crinology, comparative physology, Acarophyaio 
logy, pharmacology or torfcology. Salary and 
rank open. 

Seod a detailed curncutum vitae and refer- 
ences to Dr W. 





An Equal Opportunity Employer Miz 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF PHYSIOLOGY 
Applicatons ere invited for post of 
LECTURER IN HUMAN PHYSIOLOGY 
OR PHYSIOLOGY 
Oe maion is darable but goi 
om scale: £1,585 to £2,735 @& 
qualified) £1565 we ko al0 H arial 
piecing according to quaifloations end 
ence, Superannuation Œ SSU.) and femoral 
allowance, 





The 
Aberdeen, wath whom applications (8 
copies) shouid be lodged by Jane 13, ee 





ROTHAMSTED EXPERIMENTAL 
STATION 
HARPBNDEN, HERTS 
BIOLOGISTS to o oœ mant perasitic 
nematodes. Scientefic O: Miomum quah- 


fications: good concreting oes in Botany, Zoo- 
logy or Biology. 


Assistant 1 
Botany, Zoology or Biology preferred. Salary at 


Reference "1052/ 128. 

Appheations, oamiog two referees and quoting 
appropiate references, to the 
July 4. (1932) 


ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS 
STATISTICS DEPARTMENT 

ASSISTANT STATISTICIAN to supervue 
analysis of results of crop and livestock experi- 
ments ; the Station has a computer. Degree in 
mathematics or statistecs or equivalent qualfica- 
tion required, preferably wuh some knowledge 
of agnculmre and biology; or 
economes or agricul! 





cording Asant 
£830 age 2I, tal lS0-ege 26 on aver, on Beale to 
£1,385. Superannuation. 


Applications, giving fall paruculars, names and 
addresses of two referees, to the . ) 
(1933. 





INSTITUTE OF ORTHOPAEDICS 
ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 
BROCKLEY HILL, STANMORE, 
MIDDLESEX 


Applications are invæted for the post of Tech- 
nician/Senior Techucian 1 to work in the Divi- 


within Technician 
Scale (Technician/Senlor Technician 1) depend- 
ing upon expertence. 

peer should be made to Professor 
R. G. Burwell at the above address. (1931) 


UNIVERSITY OF READING 
PROFESSORSHIP OF METEOROLOGY 


Applications ere invited for the Professorsiup 
in Meteorology and the Headship of the De- 
partmem of which wH 





Whiteknights, Readmg, 
RG6 2AH, by whom apphcations should be re- 
ceived not later than September 27, 1969. 





(1923) 
A.R.C. POULTRY RESEARCH 
CENTRE 
EDINBURGH 


HEAD OF BIOCHEMISTRY eae 
Applcatrons ere invited for thu post 
will to in the grade of Senior Prin Scere 
Officer (at present £3,850 to £4,400, with mem- 
bership of FSSA.) The pemon appointed 
will have had at Ieast 10 years of research ex- 
Laser hae gc arp may htc Ps 
candidate who has worked with poukry. 
will be required to continue the current expan- 
tion of the section, which us expected to make a 
major ee to the Centre's Programme of 


research the biology of domestic poultry. 
ene Secuons of tho Centre, which is 
located ın the es Buildings alte of the Uni 
vermty of » are co with 
Anatomy, Pinea Ethology, Nutrition, 
Phystology and Statistica is placed on 
in coBaboration. Further nforma- 


B Buildings, 
Road, Edinburgh 9, by June 30, oe. 4779) 


RESEARCH ASSISTANTS TO WORK ON 
the molecular bhology of bacteria at the new De- 
partmem of Mokcular Biology of Edinburgh 
Umversity ie os maoud possess a B So. 
degree, or H.N.C Se Hage oO" as chee 








UNIVERSITY COLLEGE OF WALES 
WELSH PLANT BREEDING STATION 
Applications are invied from Honours Gradu- 


salary scale of £1,020 per annum to e maximum 
of £2,372 per annum Grading end commencing 
salary will be determined accordmg to the quah- 
fications and experience of the successful appii- 


pr the posts are superannuable under F.S.S.U. 
(a) Arable Crops Department. An Officer is 
required to work on investigations into host/ 
nemetode celationships in close collaboration with 
breeders developing nematode resistant 


©) Agronomy Department. A 
logs with 


swards based on different varieties and 

populations. The work wiH be associated with 

the Station's programme of breedeng for increased 
efficiency. 


phyaological 
(c) Agronomy Department. An is re- 
quired wıth traimng in Sol Science who 


fleids on the preparation 
Qualifications: Honours Degree 





weeks . Regwtear 
GT/EMU), Queen Mary College, Mile Bad 
Road, El, stating age, school and experience, 
any. 





candidate, otherwise £987 to 
£1,225 —Apphcations, giving details of age, 
Queiificauions aod expernence shouid reach the 
Secretary, Marchal College, Aberdeen, AB9 
1AS by May 31 and quote Reference No. 55} 
69 (1925) 


FELLOWSHIPS AND 
STUDENTSHIPS 


POSTDOCTORAL FELLOWSHIP IN 
MICROBIOLOGICAL CHEMISTRY 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF MATHEMATICS 


RESEARCH STUDENTSHIPS 
Applicattons are invited for a kmited 
suden 


in this arca. The value of the studentships 
will depend upon qualifications and will be 
in HE renee £600 ee 210 Pee aan pias 
Further particulars and appucatlon forms 
can be obtained from D. 8. 
Jones, F.R.S., a rnare oF of anemia, 
the University, Dundee, DDI ee 


UNIVERSITY OF BRADFORD 
RESEARCH STUDENTSHIPS 


(1) m NUMERICAL ANALYSIS 
Ref. M/RS/1/20 


(2) in FLUID MECHANICS/ 
MAGNETOGASDYNAMICS 
(Ref. EM/RS/1/X) 


Both the above are tenable for a maxmmum of 
three years. Basic valuc of £530 per annum plus 
approved fees. Certain allowances may be pay- 
able. Informal mquiries to Professor J. B 
Heliwell 

Appheation forms, to be returned as soon as 
possible, and further particulars (please quote 
ref) from the Registrar, Unfveruty of Bradford, 
Bradford 7 (1912) 





MENTAL HEALTH RESEARCH 
FUND 


FELLOWSHIPS 
Applicauons are invited for Mental Health 
Research Fund Fellowships from pact Se enrd qual- 
fied persons wietimg to pursue Futl-ume R 
Work bearmg on problems of mice beal 
whether in clinical psychiatry or in one of its 


ring sciences 
Both Jumor and Senfor Fellowships are offered 


in the salary ranges £1,250 to £2,250 and £2,250 
to £3,000 plius superannuation. The appoint- 


retary, Research Committee, Mental Health Re- 
search Fund, 38 Wigmore Street, London, WiH 
ODF (Tel 01-935 4103). (1859) 


UNIVERSITY OF WALES 
University College of Swansea 


RESEARCH 
FELLOW 


Appheations are invited for a post- 
doctoral Research Fellowship tenable in the 
Department of Metallurgy to work on e 
peoyect on ‘* Tertiary Creep and cavitation 

in metals 


The appointment wM commence from 
the soonest date that can be arranged and 
will be for one year in the firm instance 
but renewable uot April 30, 1972. The 
salary wil be up to £1,485 per annum. 


Further particulars, quoteng reference 
number B6 may be from 
Registrar, 


later than May 30, 1969. 








UNIVERSITY OF LONDON 
KING’S COLLEGE 


RESEARCH FELLOWSHIP IN 


INORGANIC CHEMISTRY 


Applications are invited for a Post- 
doctoral 
Science Research 
from October 1, 
work in coMaboraton with Dr. S. D. 


yar > 
cants should preferably have tad expen 
ence an the fields of N.MLR. spectroscopy 
or transition metal chemistry. 

The appointment will be for one year in 
the first instance, rencwabse for one further 
year. 

Appications with the names of two 

sho: be sent as S000 as pos- 
ial to Dr. S. D. Robinson, 
Chemistry, London, 


King’s College 
Sirana, W.C.2, from whom further details 
may be obtained. (1919) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


RESEARCH FELLOWSHIPS 


Applications ece inked for Research 
Fellowshine in ee -Of Me loomine fields 


lon, 
mechanisms, heterocyclic chemmtry, or eyo- 
thetuc organic electrochemistry) Applicants 
should possess a good Honours degree or 
equivalent qualification Tenure wil be 
for at leam one year bwt not more than 
three years. 


Salary scale £1,240 to £1,470 per annum. 


Application forms may be obteined from 
the Deputy Academic Registrar, The City 
Unversity, St John Street, London, E.C.1 
Please quote Reference 68/CH/N. 


Completed application forms should be 


returned not later than June 20, 1969. 
(1838) 


BATH UNIVERSITY OF TECHNOLOGY 


The School of Mathematics will have 
vacancies on October 1 for 


TWO RESEARCH STUDENTS 
to work on applications of hybnd (=ana- 


concerns 

methods of sobing diffusion and heat-flow 
problems. Applicants should already have 
or expect to obtain a first- or second-class 
in phymcs or 


bnef personal details to fessor D. E. 
Bailey, Bath Unversity of A 
Bath BA2 7AY. (1901) 





MENTAL HEALTH RESEARCH 
FUND 


BATES FELLOWSHIPS 
FOR RESEARCH IN SOHIZOPHRENIA 


Applications are invited for the Bates Fetow- 
bly qualified persons wishing to 
pursue Fullttme Research Work {nto some 


for up to three years at e salary range of £1,250 
to £3,000 plus superannuation. Two Fe#lowships 
are offered. 

Application forms, which must be returned 
before September 20, 1969, may be obtained, to- 
gether with further information, from the Sec- 
retary, Research Commutee, Mental Health Re- 
sanh Fund, 38 Wigmore Street, 
9DF (Tel. 01-935 4103). 


XLIN 





MENTAL HEALTH RESEARCH 
FUND 


TRAVELLING FELLOWSHIP ABROAD 
FOR POSTGRADUATE STUDENT IN 
SCIENCES BASIC TO PSYCHIATRY 

The Mental Heakh Research Fund awards 


years after taking ther B.A. or B.Sc Degree 
In support of their a: 
mit an essay Gength about 5,000 wo on some 
topic of cher own choonng with ckir relevance 


to the Secretary for approval, at the address 
below. The final selecuion will be made by inter- 
view combined with consleration of the candi- 
date’s academic record. 

Essays should be sent in tripticate, together 
with a brief curnculum vitae, to the Secretary, 
Research Soe T 
Fund, 38 W 


GRANTS & SCHOLARSHIPS 


THE NUFFIELD FOUNDATION 


FOOD SAFETY RESEARCH TRAINING 
SCHOLARSHIPS 
(Food Toxcology—the biological effects of the 
chemical and physical treatment of food) 


The Noffield Foundation offers annually up to 
five scholarships for science graduates and three 
scholershipa for medical or veterinary graduates, 
to help advance fundamental research into the 
human béological effects of the chemical and 

treatment of food. The awards, ten- 
abie for penods of up to four years, are intended 
to provide cesearch experience to fara va. 


by the amount of fees, marriage 
and child allowances, and in eppcoptiate cases, 
research expenses. The scholarships ere open to 
men and women hokders of a science, medical or 
veterinary degree of a UK. or other Common- 
wealth university. 

Applications should be submitted by July 1, 
1969. Further partecalars and forms of appi- 
cation are available from the Nuffield Founda- 
uon, Namaa Lodge, Regent's Park, London, 
N.W.1 0775) 


U.K. PANEL ON GAMMA AND 
ELECTRON IRRADIATION 


RESEARCH GRANT 


EFFECTS OF IONIZING 
RADIATION ON MEDICAL 
MATERIALS 


Tee U.K. Panel on Gamme and Electron 
Icradmation proposes to award grants-in-aid 
for cesearch into the interacuons of ronz- 
ing radkations with medical products Qn- 
cluding pharmaceuticals and bioproducts) 
or their flora. 

This grant will be in the amount of £800 
to £1,000; they wril be grven for one year 
wa tbe first place but could be renewed 
for up to three years. 

Apphcations should be in sufficient detail 
to alow evatuation of whether the pro- 
posed project can res be expected 
tobe completed withan the lmit of ame 
an 

Any concurrent support for the poet 
ghouki bs indicated and l nere possible the 

be engaged on the 
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LECTURES AND COURSES 


Agricultural Research Council 


„CADET. 
STATISTICIANS 


IF YOU WOULD LIKE A CAREER 
IN STATISTICS IN AGRICULTURAL 
RESEARCH, we can offer you a Univer- 
sity Postgraduate Course in Stetsstics as a 
Cadet Statistician with afl your fees paid 
and £830 or more salary. Normally you 
must be,-under 27 and have, or xpect to 
obtain summer, a good honours de. 
gree or posigraduate degree in mathemasecs 
with some, chough not necessarily extensive 
statistical content. 

Pass the course and you will be appoin- 
ted as a Scientific Officer with the Scale 
£1,090 to £1,740, according to 
trons and ¢xpenence, with good prospects 
of promotion to Semor Soienilfic Officer 
(£1,925 to £2,372) and Principal Scientific 
Officer - -€2,475 to £3,425). 


For ‘details and application form write 
Research Council, 


Street, 
or phone 01-580 6655 ext. 41. 


(1858) 


UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


_ MSC. IN 
X-RAY "CRYSTALLOGRAPHY 


A postgraduate course in X-ray Crystal 
lography, leading to the exammatons for 
the degree of M.Sc., 3 beld in this De- 
partment. The entrance qualification wo 

e first degree in the physical 
sciences, or the Grad.R I.C. or the Grad. 


A detailed account of the theory of the 
Main branches of X-ray phy is 
presented, and supplemen by a scheme 
of practical work and by e study project. 
Additional lectures on computing methods 
are availabk. The next course begins m 
October, 1969. 

Both full-time and day-release students 
are accommodated. The  day-rckase 
scheme requires attendance on one full day 
per week. 

The course has been approved by the 
Science Research Counci for the tenure 
of its Advanced Course 

Pull details and epplication forms may 
be obtained from Professor V. S. G. 


sity 





entitled ** Some examples o 


tation in Ciessical Analysis" will be 


NATURE, MAY 17, 1969 








Ld 


Waltham Forest Technical College 


and “ 


(Department of Physics) 


(School of Biochemistry and Molecular Biology) 


West Ham College of Technology 


r 
* 


Constituent Colleges of the proposed North-East London Polytechnic 


~ ONE WEEK FULL-TIME COURSE IN 
RADIOACTIVITY & RADIOCHEMISTRY 


30th June-4th July, 1969 


This course has been designed for those interested in either Radiation 
Physics or the Chemical and Biochemical uses of tracers. The methods 
discussed will be suitable for adaption to a wide variety of needs, and 


will be arranged as follows : 
Basic Theo 
Dosimetry followed by either 


Physics Option or 


Chemical and Biochemical option 


This course meets the requirements of the Department of Education and 
Science Memorandum 1/65 in respect of training for teachers using radio- 


active substances. 


Nuclear Physics, Counting techniques, Health aspects and 


Further particulars and application forms may be obtained from the 
Principal, Waltham Forest Technical College, Forest Road London, E.17. 


Course fee £10 


(1839) 





NORTHERN POLYTECHNIC, Holloway, London, N.7 
DEPARTMENT OF CHEMISTRY 
M.Sc. in 
Inorganic Polymers 


This College offers a two- or three-year course of lectures and practi- 


cal work held in the evenmin 
Science of the Council for 


only, 


leading to the degree of Master of 
ational Academic Awards. 
Inorganic and semi-inorganic macromolecules will be studied in 


the 


context of inorganic and polymer chemistry. The course is intended for 
students possessing an Honours Degree in chemistry or an equivalent 


qualification. 


Further information from the Head of Department. 





FOR SALE AND WANTED 


WM. DAWSON & 
Back Issues Department, 
Cannon House, Park Farm Rd., 





SONS LTD. 


(1930) 


WANTED FURNISHED 34 BEDROOM 
house for visiting professor in Edinburgh within 
easy access of the university (insutute of Ammal 
Geneucs) from September, 1969, to August, 1970. 
—Piease contact Dr B. H. Seis, St Jude 
Children’s Research Hospital, Memphis, Tennes- 





Prof G. Folkestone, Kent, England. 
a pfestor ceca (Pann) a 530 pmo on Tel: RERNA 57421. sec, 38101 (1903) 
ture Theatre), Gower Street, W C.1. pyres Offer top prices 
free, without ucket—M A Baatz, Aam BACK RUNS OF J URNALS 
IN SCIENCE AND THE HUMANITIES 
UNIVERSITY OF LONDON: A LECTURE MISCELLANEOUS 


entitled ‘ 
be delivered by Professor T D 
at 530 pm on May 16 at Westfield College, 





SCIENTIFIC AND TECHNICAL TYPE- 


dderpo: A , Ham is writing Service Confidentlal.—Julia Pratt, BSc, 
ie ee tr free, wwubout e a TA ss here: 30 Creven Street, Strand, London, W C.2 Tele- 
Academic Registrar. (1830) phone 01-839 2861. X2) 





Proceedings of the [IC London Conference 1967 


Air pollution — humidity control — lighting — 
Museum design in the tropics 


Museum 
Climatology Price £2 10s. (U.S. $7.50) incl. postage 
Obtainable from 


THE INTERNATIONAL INSTITUTE FOR CONSERVATION 
OF HISTORIC AND ARTISTIC WORKS 


176 Old Brompton Road -London 8W5 


gers for 


Nature 


T. G. SCOTT AND SON LIMITED 


1 Clement's Inn 
Holborn 4 


, London WC2 
749 
743 
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Macmillan 

Student | 
Editions (Papermacs) — 
NOW AVAILABLE IN THE UK 
A Text-Book of Zoology 


The late T. Jeffery Parker, D.Sc., F.R.S. and 
the late William A. Haswell, M.A. D.Sc. F.R.S. 


Volume 1: Revised by 0. Lowenstein, Ph.D., D.Phil., D.Sc. 
Sixth Edition 1940 802 pages 30s 


Volume 2: Revised by A. J. Marshall, D.Phil., D.Sc. 
Seventh Edition 1962 976 pages 35s 


Text-Book of Physical Chemistry, and ea. 


§. Glasstone, D.Sc., Ph.D. 
1948 1334 pages. 35s 


A Handbook of Diseases of the Skin, sth ea. 


H. 0. Mackey 
Revised by John P. Mackey 
1968 424 pages I6s 


| Macmillan and Co Ltd 
Little Essex Street London WC2 
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an 
oe eS 


- Whatare the 


membershi 
_ privileges 





The members of the EM 300 Club are 
the over 300 users, In 24 countries, of 
the EM 300 Electron Microscope. 
They are a privileged class - we 
cannot deny it - by the mere owner- 
ship of the finest high-resolution 
electron microscope on the market 
today. And they enjoy other benefits 
as well. For example At the recent 
Rome Conference on Electron Mı- 


‚croscopy, four new EM 300 acces- 


sories were introduced: a new TV 
display system with [mage intensifier, 
a new X-ray spectrometer attach- 
ment, a new pre-pumped airlock, and 
a radically improved specimen 
chamber cold trap capable of re- 





ducing specimen contamination rate 
to 1 A per minute or less. 

The existing owners of the EM 300 
have the first opportunity to benefit 
from these innovations because they 
can all be retrofit to existing equip- 
ment. But that’s only the beginning. 
Philips’ staff of research sclentists 
and engineers are developing new 
improvements all the time, and these 
developments are avallable for incor- 
poration onto instruments already tn 
use. Ownership of an EM 300 ıs an 
Investment against obsolescence! 
There are even more membership 
privileges. To learn the whole story, 
write for our EM 300 brochure. 





Of the 
Club? 





N.V. Philips’ Gloellampenfabrieken 
Analytical Equipment Department, 
Eindhoven, the Netherlands. 


ANALYTICAL EQUIPMENT 


PHILIPS 
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New labelled 
substrates 


specially prepared, 
tested and packaged for 


enzyme 
assays - 


Precise product yreld can be calculated because the 
substrates are supplied at accurately measured 
specific activities 
Assay sonsitivities are safeguarded by meticulous 
control of purity including measurement of typical 
blank values 
Preparation of reagent ıs simplified by supplying 
packs containing individual test quantties, each 
with accurately measured total activity 
Radiation decomposition problems are minimised by 
choice of low specific activity material 
Adenosine-8-C1 4-5’-triphosphate, sodium salt 
S-Adenosylt-methionine (methy+C1 4) 
L-Arginine (guanido-C14) monohydrochloride 
L-Asparagine-C1 4(U) 
L-Cltrulline (carbamy!-C14) 
D-Glucose-1-C14 
Sodium bicarbonate-C1 4 


Full information available on request. 


The Radiochemical Centre Amersham England 


v 
vy 





April 25 


PEt I OO Ee POTD Rds SRE IT 











Vleteorite-of 


X-ray signals from 
pulsar 


Green River 
kerogen 
Pre-protostars 


Proteases of sea 
anemone 


Red-shifts of 
quasars 


Ordered water in 
muscle 

Chain initiation 
factors 


Vol 222 No 5195 
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PROTON SCATTERING MICROSCOPY 


for the dynamic study of 


single crystals and thin films... 





Tungsten, single cry- 
stal close to (122) 
orientation 

a TAE 


Copper, single crystal 
close to (700) 
orientation 


10004 epitaxial flim 
of gold on rocksalt 


EDWARDS PROTON SCATTERING MICROSCOPE 
puts this new technique into your lab! 


The PSM1 Proton Scattering Microscope is a 
completely new instrument for studying the 
atomic structure of crystals and crystalline sur- 
face layers. Originally developed at the Metal- 
lurgy Division of A.E.R.E., Harwell, it is now 
available for the first time as a commercial 
instrument. 

The technique of proton scattering microscopy 
has many advantages over conventional X-ray 
and electron diffraction methods and has rapidly 
been established as a powerful new crystallo- 
graphic tool. The main applications of the new 
instrument are in the study of thin films, 
epitaxial growth, crystal orientation, crystal 
structure identification, study of grain bound- 
aries or phase changes etc. and for teaching 
purposes, but new applications are being added 

aily. 


Edwards 





IMMM 


Edwards instruments Limited A member ofthe BOC group 


Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 


Special features of the technique, using Edwards 
PSM1 Proton Scattering Microscope, include: 


™ Dynamic, visual display of magnified crystal structure 


E Metallic, insulating or semi-conductor crystalline 
substances can be studied 


= No cameras, film development, dark-rooms, etc. 
required 


E No radiation hazard 


E No diffraction patterns, i.e. simple interpretation of 
picture 


mE Thin films do not have to be removed from the 
substrate 


E Simple to operate. Ideal for teaching purposes. 


For further details of the PSM1 Proton Scattering 
Microscope, please ask for Publication No. 13872, 


& 


$ 
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ABC of 
Column Chromatography 


A Packing with NEW Gel and Eluant Reservoirs adaptors permit descending, ascending and 


Screwed onto chromatographic columns, specially 
designed for gel filtration, the reservoirs make 
packing a “one step” automatic operation and 
ensure perfectly packed gel beds. Reservoirs to 
fit each column type are available from Phar- 
macia (Great Britain) Ltd. 

Sample application with Flow Adaptors 


recycling chromatography. 

Elution with NEW Gel and Eluant Reservoirs 
Converted into Mariotte flasks the reservoirs en- 
able automatic equilibration and elution at con- 
stant hydrostatic pressure. 


The adaptors are used for automatic and 
reproducible sample application and to ensure even 
distribution of samples over the bed surface. Flow 


Details of our large range of columns and accessories 
make fascinating reading. Send for them now. They 
will be posted to you by return. 













Paramount House 
75 Uxbndge Rosd 
Ealing, London W.5. 
Tel, 01-579 0102/7 


PHARMACIA (GREAT BRITAIN) LTD 





wo see 


WATSON-MARLOW 


MARLOW, BUCKS. 


a.simple tube 





» is alla Watson- Marlow dtive unit 
eeds to pump, dose and meter acids, 
_alkalis, powders, pastes, gases, 

: Solvents and slurries at 
; precisely controlled 
+. flow rates 





` Yét behind this” deceptive ‘simplicity’ {les ten yeate .- 


present day.-Watson-Marlow ‘range’ :offers ‘Indugtry; - +, 
medicine a ; 





Aena 


NATURE, MAY 24, 1969 








from The Source 
HEAVY OXYGEN PRODUCTS 


The heavy oxygen separation plant at Rehovoth, Israel, 
has been the world’s basic source for the stable isotopes 
of oxygen for over 15 years. 

Increased efficiency of operations now permit; 

M@ the reliable supply of oxygen-17 and oxygen-18 as O? 
gas enriched to 80 and 99 atom %o, respectively — the 
highest enrichment anywhere available; 

E New low prices and smaller package sizes for oxygen- 
18 enriched water, for example: 


Oxygen-18 Water, 97 atom °/o O"* 


51-080 Unnormalized (D20'°) 0.5 gm: $250 
1.0 gm: 400 
51-071 Normalized (H20'°,0.02 atom°/oD) 0.5 gm: 275 
1.0 gm: 440 


WE Miles-Yeda also produces the broadest range of 
oxygen-18 labeled compounds—over 50, with a selection 
of enrichments in most cases. Also deuterated solvents 
and carbon-13 and nitrogen-15 labeled compounds. 


Distributed world-wide by Miles Laboratories, Inc. 
Full details in new Research Products Catalog 


mittee RESEARCH PRODUCTS DIVISION 
MILES LABORATORIES, INC. 
Elkhart, Indiana 46514 U.S.A. 
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DIRECT POSTAL SUBSCRIPTION RATES 
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AIRFREIGHT 
United States........... 0c cece eee ee eee $48 
Canada. as Saswnieae een tia weal’ $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata, 


ORDER FORM 


Please send me. ....copy/copies of NATURE each week for........ months 
starting with the issue dated. ........... cece eee cece eet eee eee eeeenenaeenenenees 


for which I enclose remittance*® valu. .....ssssseseseeraesereenreseerere 
* Cheque, International Money Order or Bankers Draft on London. 


NAME ioe ‘ ot Sameie ING TITL eer ere ni er 
ADDRESS . eee i, aan opune se n DLEET EE rRNS 
ZIP OR POSTAL CODE E Sees San peada ashe poen rer rrr er rer rere rr err ee) 


ZIP essential for US A. 


The publisher would appreciate this additional Information 
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Land Evaluation 
Papers of a CSIRO Symposium in cooperation 


with Unesco, Canberra, 26-31 August 1968 


Edited by G. A. Stewart, 
Chief of the CSIRO Division of Land Research 
The most comprehensive and up-to-date assessment of recent advances in the 


science and technology of land evaluation. At the Symposium, 7 commissioned 
papers and 25 voluntary contributions were presented. This book contains these 


` 32 papers which represent the work of scientists from the USSR, Canada, Great 


Britain, the United States and Australia. 
350 pages £10 


Metabolism of Amines in the Brain 


Proceedings of a British and Scandinavian 
Pharmacological Societies Symposium, Edinburgh, 
July 1968 

Edited by G. Hooper, 

Department of Pharmacology, Edinburgh University 


This book consists of the papers presented at the Edinburgh Symposium on the 
distribution, release and turnover of amines in the central nervous system. A report 
of the discussion which followed the lectures is included, and the whole has been 
prepared for publication by a number of the participants. 


50s. 


Polymer Systems: Deformation and Flow 


Edited by R. A. Wetton, Loughborough University 
and R. W. Whorlow, University of Surrey 


The Proceedings of the 1966 Conference of the British Society of Rheology in- 
cluding 29 papers by some 40 contributors. It provides a comprehensive survey of 
current views on the mechanisms of flow in liquid polymers and of deformation 
in solid polymers. Particular emphasis in the solid section is placed on the poorly 
understood deformation mechanisms in partially crystalline solid polymers. 

‘The book is very well produced and the reviewer found the individual articles inter- 
esting and on the whole well presented.’ —The Philosophical Magazine. 


336 pages 70s 


Macmillan Little Essex Street London WC2 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discration. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept lability for printers’ errors, 
although every care 1s taken to avold mistakes, 
Semi-displayed £6 per single column inch. 
Minimum B: each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Inn, Strand, London, W.C.2. Telephone: 
wee 4743, Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Bacteriology department has two 
vacancies for ASSISTANT EXPERIMEN- 
TAL OFFICERS, as follows. 


(1) to asust in the investigation of the 
metabolic products of bacterie in mlk and 
dairy products An mterest m bacterlo- 
logy and a sound training in chemistry are 
necessary ; 

(2) to orgamuse and maintain the National 
Collection of Dairy Organmms. An interest 
in classification is demrable and abshty to 
asust 1n research concerned with the tax- 
onomy of bacteria is required. 

Qualifications: Pass Degree, H.N.C., or 
equivalem in appropriate subsects; G.C.B. 
A’ level in two scence subjects if under 
22 Startang salary up to £1,150 according 
to age, in scale to £1,385. 

Apply on forms obtainable from the 
Secretary, N.IRD, Shinfleld, Reading, 
RG2 9AT, quoting reference 69/18. 

a 





ANIMAL VIRUS RESEARCH 
INSTITUTE 
PIRBRIGHT 


Readvertisement at Higher Grade 


The Insutute invites applcauons for the post 
of Head of Department of Epidemiology. Ap- 
pheants should have considerable experience in 
epidemiology, serology or general wirology. 

The Department operates the World Reference 
Laboratory for Foot-and-Month Disease and uw 
concerned with surveys of the dstabuuon of 
types and subtypes of the virus throughout the 
world, the maintenance of reference reagents and 
research op the problems of antugenic difference. 


sees In Bntain, the Department cooperates 
with the M.A FF ın diagnosis and research on 
field outbreaks. 

It ıs envisaged that future studies in the De- 
partment wal include viruses other than foot- 
and-mouth 

Appointment in S.PSO_ grade (£3,850 to 
£4,400) Superannuation under F.S SU. Appi- 
canons should be received by June 6 Further 
particulars from Secretary, Animal Virus Re- 
search Instrtute, Pirbright, Woking, sts en 

(1943 


UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF PHARMACOLOGY 


Applications are invited for the post of LEC- 
m PHARMACOLOGY Candidates 
should have a PhD ın Pharmacology or a cog- 
nate discpline, or a medical degree. The success- 
ful applicant will be requrred to teach medical 
and science students and to umdertake active re- 
search, either of Departmental interest or of the 
candidate’s choice Salary scale > £1,240 by £115 
to £2,850 per annum A London Allowance of 
£60 and FSSU_ benefits wil be payable 
Application forms and conditions of appoint- 
ment are avatable from the Registrar, King’s 
College, London, Strand W C 2, completed forms 
should reach bum by June 15, 1969. (2021) 

















Shell 
eee MAILE 
GRADUATE 


for Plant 
Physiology 
Division 


Shell Research Limited, Woodstock 
Apricnltaral ee hee ae a Sittingbourne, 
ent, have a vacancy for a male graduate 
in their Plant Physiology Division. 
The candidate should have a good training 
in plant physiology and preferably have an 
interest ın onomy. His duties will 
include early development work on novel 
herbicides and also a limited amount of 
field work. A knowledge of field experimen- 
tation is essential. 
Fringe benefits include an excellent Pension 
Scheme, Staff Restaurant and sports/social 
facilities. 
Please apply ın writing, giving brief details 
of age, qualifications and experience, to: 


Shell Research Ltd, Recruitment Division (N) 
PNEL/1, Shell Centre, London, 8.E.1. 





RESEARCH 
LEADER 


PHYSICAL CHEMIST (Man or Woman) £2,500 plus 


for the research organisation of a British owned inter- 
national group manufacturing and marketing a varje of 
world famous branded products. The Leader will be 
responsible for a strong technical group which will exceed 
12 in the next 2 years. He will inspire and lead them 
in applied research and the development of product 
systems denved from new ideas in the fields of physics 
and wet surface chemistry. He reports directly to the 
manager of the chemistry department. 

Candidates, aged 28-38, must have post-graduate quali- 
fications in chemistry and should have had at least five 
years’ research experience in physical and/or physical 
organic chemistry. Consultancy would be an advantage. 
Relevant industrial experience might include detergents, 
cosmetics, toiletries and could have been gained in Europe 
or the U.S.A. 

Salary at least £2,500, removal expenses, life assurance 
and pension, The best modern scientific equipment— 
Home Counties 

Please write to A K Appointments Limited, 20 Soho 
Square, London WIA 1DS or nm) for 01-734 6404 (day) 



















or 01-734 2476 (after 5.30 p.m.) for application form. 
Quote reference C/538R/NT. our identity will not be 
disclosed without permission. 


(AK) APPOINTMENTS 


PROFESSIONAL AND MANAGEMENT SELECTION 











(2004) 
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Agricultural Chemist 
Trinidad 


A Graduate in Chemistry or Agricultural Chemistry, with consider- 
able postgraduate experience in the fields of soils and plant 
nutrition, is required for work on sugar cane at the Caroni Research 
Station, Carapichaima, Trinidad, West Indies. 


Experience of the organisation of inorganic and organic analytical 
work in connection with a range of research projects, and of the 
use and maintenance of modern chromatographic equipment would 
be a major advantage. 

The salary will depend on the qualifications and experience of the 


appointee. Furnished accommodation will be provided. Pension 
and Medical Schemes are offered. 


Applications giving full details of training, experience, and personal 
circumstances, and including the names and addresses of three per- 
sons to whom reference may be made, should be sent not later than 
June 21, 1969, to the: 


Personnel Manager, 
Caroni Limited, Couva, Trinidad, W.I. 


from whom further particulars may be obtained. 





GRADUATE IN STATISTICS 
OR MATHEMATICS 


macs as a finat examination major subje Applcations also considered from 
1969, foal degree candidates 


Applicants are assured that their candidature will be kept strialy confiienual 
and that enmpboyers walt not be comacted without pror permmussion (2001) 


CORPORATION OF GLASGOW—EDUCATION DEPARTMENT 
THE DAVID DALE COLLEGE 


DEPARTMENT OF BIOLOGICAL SCIENCES 


Owing to expansion of the work of the deparmment the followmg vacancy for 
teaching staff has arisen . 


TEACHER OF PHYSICS AND MATHEMATICS 


The amnimum qualification 1s a umveraty degree or equevalent in appropriate 
OS ROR iy ates wil be given to candidates with expenence in teaching Phyaics 
to “oO? ie. 


Salary wih be on the acales £1,000 to £1,870, £1,170 to €2,295 oc £1,220 to £2,295 
accordeng to qualifications, Placme well be gen for teaching and other appropmate 
experience, Ao additional £85 per annum 1s payable for wpproved teacher training 


Application forms and further particulacs may be obtained from the Principal, The 
David Dale College, 161 Beoad Street, Glegow SE, to whom completed forms 
should be returned by June 13, 1969 (1999) 





For further Classified advertisements see page xxviii 









AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications arè invited for appomtment to a 
number of posts 1 faculties of the Universety. 
Appointees will be-required to take up duty by 
the dates specified: 


FACULTY OF ECONOMICS 


SENIOR TUTOR/TUTOR IN STATISTICS 


Preference will be gryven to a person wuh 
knowledge of and interest ın economics and the 
tator’s responsibilides will meanly involve the 

sta 


the appointee wik be able to take up duty by 
February 1, 1970. 

The Faculty of Economics, comprising Depart- 
mews of Accounting aod Public Finance, Eco- 
nomic History, Economics, ard Statistics, offers 
courses leading to the pass and honours degree 
of Bachelor of Economics and supervises cand+ 
dates for the degrees of Master of Economics 
and of Doctor of Philosophy. 


FACULTY OF SOLENCE 


SENIOR LECTURER IN BIOCHEMISTRY 
SENIOR DEMONSTRATOR IN 
BIOCHEMISTRY 


Agplicams for the semor lecureshkip should 
have the degree of Doctor of Philosophy or 


development im the research af the Department, 
appkoants working in any field of Btochemstry 
will be considered. Appointees will be 

to take up duty as soon as possible in 1970 


SENIOR LECTURER IN PSYCHOLOGY 


Applicants must bave a doctoral degree or its 
equivetent in other , some teaching 
experience and a record of research in Psy- 
chology The appointee will be required to take 
up duty as soon as possbie after January 1, 
1970 

The Facuky of Science, compnsing Depart- 
ments of Biochensetry, Botany, Obemutry, 
Forestry, Geology, Physics, Psychology, Theoret 
cal Phymcs, and Zoology, offers courses leading 
to the pass and honours degrees of Bachelor of 
Science and supervises candidates for the degrees 
of Mester of Science and Doctor of. Philosophy. 

Salary . Salary on appointment to the posts will 
be im accordance with 


annum ; demonstrator or tutor $A3,735 by $A135 
to $A4,275 per annum 

The Umversiy prowdes asistance with hous- 

ing. 
For poets at the level of lecturer and above 
the Unrversity provides reasoneble removal ex- 
penses Sopergnnuation i on tbe FSS.U. 
pattern with supplementary benefits, and financeal 
asasence towarde study leave 1s available. 

Appoinaments to the posts of senior tutor or 
tutor and senior demonstrator or demonstrator 
are for twelve months in the first mstance with 
normal expectation of renewal up to three or five 
years Travel expenses from ovecetes are not 
provided by the Universty for appointments at 
these levels bot assisted passage can be con 
sidered for a person offered appointment who 
intends to settle permanently in Austraha Aa 
appomtee may elect to partxzpate m the Uni- 
versity Superannuation Scheme, Suitably qual- 
fied appomtces will be encouraged to work to~- 
wards a higher degree. 

Farther iwformetion and the forms which 
should accompany an n may be ob 
tamed from the Secretary-General, Assocation 
of Commonwealth Univermues (Appts), 36 
Gordon Square, London WC 1. 

Appkcations chose in Australa and London on 
July 7, 1969 (2014) 


STRANGEWAYS RESEARCH 
LABORATORY 
CAMBRIDGE 


bes a vacancy on September 1, 1969, for a 
Research Assistant to work on carcino- 


genests in organ culture Selary a 
to qualificauons and experience on MRC 
scale Applications are wvked from gradu- 
ates in the biological sciences. 

Apply to the Depmy-Durector, Strange- 
ways Research Laboratory, Wor’s Cause- 
way, Cambridge (1790) 
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immuno-fluorescence 
microscope 
from Polaron 


features Ti 


Superwide Darkfield 


Condenser 


yoda’s UV 


This new superwide darkfield 
condenser passes far more light 
than conventional condensers and 
is idea! for fluorescence micro- 


scopy. 

ttings are avallable to enable 
the condenser to be used with 
most makes of microscopes, such 


The Tiyoda RI microscope ıs 
an ideal research Instrument, 
featuring a very fine focusing 
mechanism, positive stops, ro- 
tating stage and precision blnocu- 
lar head. It is especially suitable 
for fluorescence microscopy when 
fitted with fluorite objectives, 
special oll grooved stage and 


as Zelss, Reichert, Leitz, etc. 


LEFT The conventional darkfleld condenser 
RIGHT The new Superwide darkfield condenser 








FOR LABORATORY, SCHOOL METALWORK, ETC. 


Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. 
From |2BA (-0511”) upwards, 4UN, & 4mm. 
Ex stock. World wide service 


Instructrve 30 page list from:— 


BERNARD F. WADE, LTD. 


12 Wells Road, ILKLEY, Yorks., U.K. 


WANTED TO PURCHASE 


BOOKS AND PERIODICALS 
In the fields of Science and Humanities 


Entire libraries and smaller collections; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON INC. 

111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address BOOKJOHNS, NEW YORK 

British Office: WALTER J. JOHNSON LTD. 


Footscray High Street, Sidcup, Kent 
FOOTSCRAY 0155 
Cable Address REPRINIS, DARTFORD 


Footscray, 


Hement’s Inn; Lo: adon WC2 
Ho Iborti 4743 | 


mounted on a UV pedestal. 
Photographic facilities are also 
avallable. 


udet details sent on request from Polaron, wo 
ense sales, 
a hd od cervieing facilitres throughout Europe. 
Head Office: Shakespeare Road, Finchley, London, N.3 
Telephone: 01-349 9241 
France: Unioptique, 88 Gabrie!-Faure, 
92 Reull-Malmaison, S. & O. 
Belgium, Holland, Luxembourg: Contact Head Office. 








DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are Invited to contact 


for supplies. 


We hold stocks of an enormous vanety of dyes, ready for Immediate 
despatch, includmg: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium satts, Neutral violet, Lacmold, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoldin, Methyl red, Nitrazine yelow, Pinacrypto! green, eta, 


Industrial Research Establishments 


are Invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS aro invited to send for our catalogue of: 


‘MICHROMIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Briliant cresyl blue, Nile blue, 
Pyronin Y, Trfalgto acid, Rhodenlle blue, Hapto, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, Loadon, 8.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 
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MATIC 
ANALYSIS 








EEL 171 AUTOMATIC COLORIMETER 


This colorimeter combines with the EEL 178 And now we have produced a high-sensitivity 
Auto-Sampler or the Griffin Bioanalyst to version which incorporates a long optical path cell, 
bring automation to the medical or industrial bringing even higher performance for special 
laboratory. industrial needs, such as water analysis. 


Full details and/or a demonstration can be provided 
by application to the Sales Manager. 


EVANS ELECTROSELENIUM LIMITED 


HALSTEAD =: ESSEX  -: ENGLAND 
Telephone : Halstead 2461 Telex . 98204 
EEL INTERNATIONAL LIMITED 

BAYSWATER VICTORIA AUSTRALIA . 


DISTRIBUTORS -.AND- SERVICE’. ENGINEERQMMBN 3 Hi 
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Why y you should not be kept 
in the dark about the. 

new chromatograph from. 
Pye Unicam i 





—because the Pye Model R Chromatograph fills the gap —because Model R features a unique “total-loss” cooling 
between routine and research instruments—incorporating eal based a an extra-large oven with facllities 
or “auto-cooling”. 
many of the Important features from both categories. 
4 ps 9 —because there are many other design features and 
—because its built-in flexibility makes Model R the ideal 


accessories which you should know about. Contact Pye 
Instrument for a wide variety of projects involving different Unicam Ltd today and ask us to throw more light on this 
analytical techniques. exciting new chromatograph. 





PYE UNICANM & 


Pye Unicam Ltd 


Poe York Street Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 








LETTERS 


PHYSICAL SCIENCES 


Interstellar dust—Is there interstellar band absorp- 
tion ina SUPEO VETO ERROA (Royal ees 
Edinburgh) . 

X-ray astronomy — Rocket sbsorvatións of Virgo 
XR-1—ADAMS, COOKE, EVANS and POUNDS 
(Leicester) 


Quasars—More apd garitanonal lens hypothesis— 
BARNOTHY and BARNOTHY (Illinois) 


Ionosphere—Investigation of the D-region from the 
ground—COLE, FERRARO and LEE ee 
vania State) : 


Soil—Prediction of ramsplash erosion ın tropics — 
WILLIAMS (Australian National) ; À 


British geology— Reefs in the Lower Carboniferous— 

RAMSBOTTOM (Leeds) 

Minerals—Shock-induced alterations in shanties 

schreibersite and gar EIPS MUTA and eee 

(Purdue) 

X-ray diffraction— Photographic retori using 

Fe sources—LOBOV, FUNIN and ZUKERMAN 

pec Construction Bureau of Roentgen Apparatus; 
mingrad) 

Phases—A third hquid laye in nthe tróger methane 

ethane system—-LU, YU and POON (Ottawa) . 


Halogen radicals—ESR suggests the existence of 
CIOF* and Cl,O*—EACHUS, SLEIGHT and SYMONS 
(Leicester) 


Soils—Effect of ethylene on plent roots —SMITH 
and SCOTT RUSSELL (ARC) 


BIOLOGICAL SCIENCES 


Decompression—Detection of bubbles after decom- 
pression by acoustic optical imaging—BUCKLES 
(US National Naval Medical Center) and KNOX 
(TRW Systems Group) 

Radiation biology—Protracted ditase uradiation 
and growth of broad bean seedlings—WATMOUGH, 
OLIVER and CAVANAGH (avec Hospital, 
Oxford) 


Germination — Stimulation in lettuce seeds by 
substance from Graphtum—SASSA, KAISE, OGAWA 
and MUNAKATA (Nagoya) 

Plant biochemistry—Wullow sieve sibs: sap contains 
high concentrations of ATP—GARDNER and PEEL 
(Hull) 

Vision — Rhodopsin ienencbation im man— RIPPS 
(New York) and WEALE (London) . 


Arthropods—Free and esterified cholesterol in tick 
cuticular wax—CHERRY (CSIRO) . : 


Bees—Odour of honeybee colony’s food store ee 
behaviour of se a REE aaa Eapen 
mental Statıon) 


Birds—Song aon in iegiiboniite bird species 
—CODY and BROWN (California) . 
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Fish—North Sea plaice differ genetically from Imsh Sea 


plaice—PURDOM and WYATT anes Taboratóry; 


Lowestoft) 


Horioiee = Davsoonent of tat ‘taitany mean 


ocyte-stimulating hormone induced by hgt HOWE 
and THODY (London) 

Vision—Accessory optic aystera ricaiatee oar 
response to light ın monkeys—MOORE (Chicago): 
Antigens—Iso-antıbody in pre-implantation mouse 
embryos —HEYNER, BRINSTER ene ee) 
and PALM (Wistar Institute) . ; 
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Molins are Europe's biggest manufacturers 
of cigarette-making machinery. Output 
from one of their machines totals 
thousands per minute, yet every single 
cigarette must be carefully inspected. 


Molins look at The equipment which Molins have 
designed, developed and made for this 
S thi purpose registers precisely the print 
it S Way. position and density of every cigarette 
produced, although each cigarette being 


Fibre optics by inspected is travelling at six feet per 


second, 


` l Barr & Stroud In the optical system employed, the 


cigarette rod passes through a signa! 


Z complete their sensing head which houses light guides. 


Eag Two bundles of glass fibres, supplied by ` ' 


cigarette- Barr & Stroud, are connected to light 


sources, and a complementary bundle of 


inspection fibres supplies a signal to a photo-electric 
1 cell. By this method, the print area is 
ui ment illuminated and examined simultaneously, -. - 
eq p The two bundles mentioned above total 
some 3750 fibres, each measuring 
two-thousandths of an inch in diameter. 
Barr & Stroud will be happy to advise 
on any fibre optics problem. Just contact . ... 
them at one of the addresses below. 












RR AND 


STROUD 


- BARR & STROUD LIMITED egret J Poke 
„Anniesland, Glasgow W.3. Tel: 041-954 9601 Telex: TÍNI: 

` Kinnakd House, 1 Pall Mall East, Londan 8.W.1. 
Tel: 01-838 1541 Telex: 281877 


The optical signal sensing head 
during assembly. Bundles of glass 
fibres (C, D & E) cover 180° area. 
Bundle ‘C’ leads to a photo-electric coll. 
The bundles D & E laad to light sources. 
The two bundles A & 8 are for the 
tobacco detector in the cigarette overlap,” 

‘A’ leading to the phato-electre cell, i 7 Sot 
and ‘B’ leading to the light source. $ 
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NATURE 


Once More Round the Course 


Tus Select Committee of the House of Commons on 
Science and Technology seems to have won a permanent 
place for itself in the British way of life. Although the 
British Government seems determined to put the 
agricultural committee out of existence when the 
current session of Parliament is over, chiefly because of 
its unexpected truculence in asking awkward—if 
sometimes silly—questions about agricultural policy 
within the European Economic Community, there has 
been no hint of a similar repression of Mr Arthur 
Palmer’s body of inquisitors. Why should this be? 
Is it a sufficient explanation that the Committee on 
Science and Technology was Mr Richard Crossman’s 
first love during the hopeful days when there still 
seemed time for genteel discussions of the reform of the 
machinery of government? Mr Crossman may then 
have been Leader of the House of Commons, but few 
will have forgotten that he was cheer-leader of the 
Labour Party’s seminars on science and. technology in 
the still more hopeful days before 1964. Or does the 
durability of Mr Arthur Palmer’s committee arise from 
its good sense in not making a public exhibition of 
itself, as the Select Committee on Education and 
Science has done by collecting evidence at the well- 
springs of student discontent ? This, too, many people 
will think, is a committee destined for a short life. 
The confidence with which the Committee on Science 
and Technology looks forward to the future is in 
part the result of the hard work it has put in on several 
gruelling subjects—the recent report on defence re- 
search (Nature, 222, 505; 1969) was a monumental and 
educative exercise. But there is also a suspicion that 
the durability of Mr Palmer’s committee owes some- 
thing to the way in which it tends to chase harmless 
hares. i 

The past few weeks have provided splendid illustra- 
tions of the committee’s facility for blunting the edge of 
justifiable criticism. For several weeks, two subcom- 
mittees have been examining the reorganization of the 
nuclear power industry and the operations of the 
Natural Environment Research Council. The first of 
these topics should be particularly close to the com- 
mittee’s heart, if only because its very first exercise 
of this kind, in 1967, made recommendations on the 
reorganization of the then nuclear power industry 
which the Government has quietly ignored. So far, 
the subcommittee dealing with this subject has been 
lucky in stirring up discontent about the arrangements 


which are now proposed, for there is very little doubt 
that the scheme which the Ministry of Technology 
and the Industrial Reorganization Corporation have 
now foisted on the industry was too hurriedly and too 
stealthily conceived. Testy reactions from thè less 
successful of the industrial organizations which have 
been looking for a place in the future pattern of the 
nuclear power industry were entirely predictable, as 
were the declarations of satisfaction from those who 
have done well in the reorganization. All this cuts 
very little ice. It would be much better for everybody 
concerned. with the nuclear power industry in Britain 
if the committee would concentrate on the problems 
which are likely to be thrown up by the new machinery 
which the Ministry of Technology has devised. With 
the announcement last week of the arrangements 
which have been made to integrate the activities of 
APC, the unhappy builders of the Dungeness B power 
station, within the BNDO, this machinery is now, after 
all, complete, but there are a great many uncertainties 
about its functioning still to be resolved. 

For practical purposes, there will now be two com- 
mercial organizations able to quote for and to build 
complete nuclear power stations in Britain, and the 
Atomic Energy Authority will have a share in the 
common stock of each of them. At the same time, the 
authority will be able to act in its own right as a 
purveyor of nuclear power stations outside the United 
Kingdom. Eventually the supply of nuclear fuel will 
be in the hands of a separate fuel company. One 
obvious question which the subcommittee should set 
out to clarify is that of how the AEA will be able to 
reconcile the conflict of interest which it will suffer 
through its shareholding in two ostensibly competitive 
organizations. On the face of things, this strange 
arrangement looks very like a device for perpetuating 
the principle of “Buggin’s turn” by means of which 
contracts tend to be parcelled out in sequence to those 
able to fulfil them. The arrangement also looks like 
a device for making sure that neither of the companies 
should fail, which is also an unwelcome state of affairs. 
And then there is the possibility that the Ministry of 
Technology, by lending its weight to the existence of 
these companies, has restricted the freedom of those 
who commission nuclear power stations to order these 
in piecemeal fashion, the reactor from one company, 
the generators from a second and the civil engineering 
from a third. Although the advantages of being ready 
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to provide turnkey contracts are probably still real, 
at least where overseas contracts are concerned, these 
circumstances will not persist indefinitely. 

It is, of course, entirely possible that Mr Palmer’s 
committee has all these issues on the agenda for the 
weeks ahead, and it would be more than could be 
expected of flesh and blood to ask that the subcommit- 
tee should refrain from demonstrating that the manner 
in which the reorganization has been carried through 
was inept. It may yet emerge that important parts of 
the British nuclear programme, particularly the 
development of the fast reactor, have been permanently 
scarred by the uncertainties of the past year. Impor- 
tant as all this may be, however, the issues about the 
future operation of the new organization are much more 
urgent. This is where the subcommittee should put 
its weight, for there is still time to influence the pattern 
of events. 


PARENTHOOD 


Keeping Bad Genes Apart 


PROBABLY some four in every hundred babies born 
throughout the world suffer from a genetic or partly 
genetic disease that might have been prevented by 
genetic counsel given to the parents. The case for 
establishing genetic counselling centres in areas of the 
world where hereditary disorders are particularly 
prevalent is argued in a report compiled by the human 
genetics committee of the World Health Organization 
(Genetic Counselling, WHO, 4s, $0.60). 

Children with hereditary or congenital abnormalities, 
who once would have died at birth, are now surviving 
in greater numbers and the relative importance of 
hereditary disorders is increasing in countries where 
infectious disease and nutritional deficiencies are being 
brought under control. Dr Francis Crick has recently 
suggested that there should be consideration of some 
such device as an acceptance test for malformed babies, 
to be held perhaps when the child is two days old 
(Nature, 220, 429; 1969). The alternative is to try to 
prevent such children being born at all and the rapid 
strides taken in human genetics during the past fifteen 
years have opened up much new ground on which 
genetic advice can usefully be given to parents who 
are encouraged to ask for it. 

Genetic counselling services, the WHO report says, 
do not always exist where they are most needed. 
Italy there is an institute in Rome and sixteen pro- 
vincial centres for the detection of thalassaemia and 
premarital counselling; in tropical Africa, on the other 
hand, where a quarter of the population carries the 
gene for sickle-cell anaemia, genetic advice is rarely 
available if at all. Fifteen of the United States have 
started genetic counselling programmes, most of them 
within the last five years. The experience of specialized 
clinics is that nine couples out of ten apply because 
they have already had a child suffering from some 
disorder; other inquiries come from people with some 
abnormality in themselves or their family history 
whieh they fear may be hereditary. 

The diagnostic tools that have become available to 
the genetic counsellor include the advances in mam- 
malian cell culture that have made it possible, since 
1956, to examine the human chromosome set more 
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` precisely and to recognize extra, missing and abnormal 


chromosomes. Advances in human biochemical genetics 
have led to the detection of many inborn errors of 
metabolism. Most of these are caused by a double 
dose of a recessive gene but in certain cases, for 
example, phenylketonuria, the heterozygous carrier 
can be detected by various biochemical tests. 

Culture of cells taken from the amniotic fluid may 
prove a useful method of detecting chromosomal 
aberrations at an early stage of foetal life, useful, that 
is, in countries where abortion is allowed on these 
grounds. The technique of obtaining amniotic fluid 
without damage to the foetus is still experimental but 
may well become a harmless operation. On the topic 
of genetic engineering, the WHO report notes the 
effects of the Shope virus, which causes tumours in 
rabbits and a specific form of the enzyme arginase 
(but no tumours) when it infects man: “One may 
speculate that research along these lines could result 
in the modification of human germ plasm with a view 
to effecting the permanent cure, in individual cases 
at least, of some inherited defects.” 

Genetic counselling demands a number of skills 
ranging from knowledge of the current literature to 
the tact and psychological skills with which information 
must be imparted to the client. The WHO report 
says that general practitioners should probably not be 
encouraged to give advice on genetic matters unless 
they have a good. deal of genetic knowledge. The role 
of a general practitioner should be to refer a patient to 
a specialist who will in turn decide whether a genetic 
counsellor should be called in. 

Genetic counselling is unlikely to reduce the fre- 
quencies of deleterious genes in the short term though 
it may do so in the long term if available to the 
majority of families who need it. In the interest of the 
individual, however, it may be necessary to give advice 
that will increase the frequency of a harmful gene in 
the population. For example, two heterozygotes for 
sickle-cell anaemia would be advised not to marry 
and might choose other partners through whom they 
would pass on their defective gene, whereas should 
they marry each other they would promote selection 
against the gene by producing a lethal or sublethal 
homozygote. 

The WHO report recommends that human genetics 
as it may affect parents should be taught at secondary 
schools and the genetic counselling centres should be 
set up in areas where genetic disorders have always 
constituted a serious public health problem. Since 
human genetics is a relatively new discipline there is 
a case for organizing refresher courses for doctors and 
public health administrators. 


CIVIL SERVICE 


Fireworks at Eastbourne 


THERE have been some forthright comments at the 
annual conference of the Institution of Professional 
Civil Servants at Eastbourne this week. Mr William 
McCall, general secretary of the institution, bitterly 
criticized Mr A. Wedgwood Benn’s handling of the 
reorganization of the nuclear industry over the past 
twelve months, and said he wanted to hear more 
about the Conservative Party’s policy on government 
research establishments. He also gave grave warnings 
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of the consequences of a failure to reach agreement on 
a central pay increase for Civil Service staff. 

The urgent need for a Government initiative in the 
production of carbon fibres was another criticism 
clearly aimed at the minister. Mr R. J. P. Middleton, 
chairman. of the IPCS, referred to the lethargy shown 
by private industry towards exploiting the research 


and development work on carbon fibres carried out at. 


AEA Harwell and RAE Farnborough, and called on 
the Government to accept without delay the recom- 
mendations on carbon fibres of the Sclect Committee 
on Science and Technology. He thought that produc- 
tion work could profitably be undertaken at Harwell, 
and that full advantage could be taken of the marketing 
techniques acquired at Harwell in the field of isc- 
topes. 

In its annual report, the IPCS welcomes what it 
considers to be one of the chief recommendations of 
the Fulton committee, namely that scientists, engineers 
and other specialists should be given more respon- 
sibility and authority than they enjoy at present. The 
IPCS report accepts that some of the criticisms of 
the Civil Service made by the Fulton committee were 
justificd, and welcomed in particular the proposal for 
the creation of a strong management organization 
and the removal of class barriers. 

During the past year the IPCS has been trying to 
ensure that its members do not suffer in the reorganiza- 
tion of several Government bodies, notably the Atomic 
Energy Authority and the Post Office. The relationship 
of the institution with the various organs of the re- 
constructed nuclear industry has been quite abrasive, 
and there will no doubt have to be some intricate 
negotiations to find an acceptable status for those 
members of the AEA who decide to transfer to either 
of the two new consortia. Under the present arrange- 
ment, membership of the IPCS would probably be 
forfeited because both consortia are essentially com- 
mercial companies. 

The annual report of the Civil Service Commission 
for 1968, published last week, also pays tribute to 
some of the salient features of the Fulton Report. On 
November 1, 1968, the Civil Service Commission 
became part of the new Civil Service Department, itself 
created as a result of the Fulton Report. Little progress 
seems to have been made so far in investigating the 
two methods of entry to the Civil Service known as 
methods 1 and 2. Method 2 in particular was considered 
by Fulton to be ripe for an enquiry. 

Some interesting statistics emerge from the report. 
Method 2, which is the newer method of entry used 
by most graduates, has been attracting more applicants, 
and there has also been an increase in the number of 
successful applicants from universities other than 
Oxford and Cambridge, although 59 per cent still 
come from these two universities. Of the seventy-one 
candidates accepted for the administrative class of the 
Home Civil Service in 1968, six had degrees in pure 
science, one in applied science and one in mathematics. 
Seventeen of the successful candidates were women. 





WATER RESOURCES 


Barrage Studies 


No decision about the Morecambe Bay barrage scheme 
can be made until the feasibility study is complete in 


about eighteen months time. 
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This was stated once 
again when a large-scale working model of the project 
was unveiled recently at the Ministry of Technology’s 
Hydraulics Research Station at Wallingford. The 
model, which can reproduce one tide every seven and 
a half minutes, is 50 yards long and 40 yards wide 
and has been built for the Water Resources Board as 
part of the £500,000 feasibility study of the possibility 
of using the bay as a reservoir. The model will be 
used first of all to study the effects a shore to shore 
barrage across the bay would have on tides, currents 
and sand movements in the area seaward of the 
barrage. Tests will also be carried out on a half barrage 
across the Kent channel, and on tidal barriers for 
pumped storage upriver in the Rivers Kent and Leven. 
The Hydraulics Research Station’s part in the in- 
vestigation, which started with field work in 1967, is 
costing £125,000. + 

On the same day that the model was shown, an 
interim report on the wider economic and social aspects 
of the various schemes was published by the Morecambe 





View of Morecambe Bay model at low water, with the River 
Kent in the foreground and tide storage tank at the seaward 
entrance. The stones provide artificial roughening. 


Bay Economic Study Group, a body set up in 1967 
under the chairmanship of Mr Philip Chantler. While 
the group’s studies will not be complete until 1971-72, 
it already sees major advantages arising from the 
barrage—for example, improved communications, in- 
dustrial development, and facilities for recreation. The 
group considers that a dual carriageway laid on top 
of the barrage would lead to benefits worth £18 million, 
principally in time saved. Such a road would have 
significant consequences for the Furness area of Lanca- 
shire, at present relatively isolated and almost entirely 
dependent on the shipyards for its economy. By re- 
ducing the journey time between Furness and the 
eastern side of the bay, the road would make commuting 
to other employment possible, and the road should also 
attract new industry to Furness. In the immediate 
vicinity of the bay, however, the group does not en- 
visage industrial development in the foreseeable future, 
nor the construction of power stations—other than 
the nuclear station already proposed for Heysham— 
on the bay fringe. 

Agriculture would benefit from all the schemes being 
considered, largely because improved drainage and the 
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reclamation of land at present affected by tidal flooding 
would result from the stabilization of the water level 
above the barrage. But early hopes that shallow areas 
could be profitably reclaimed as polders have been 
dashed by the discovery that such sandy areas would 
be useless for agriculture. The group is, however, 
considering alternative uses for these areas such as fish 
farming, wetland nature reserves, and pine forests. It 
is not clear, the report says, how the barrage would 
affect the commercial fishery in the bay, but some 
losses would be inevitable. On the other hand, a 
commercial eel fishery could be established to offset 
these losses. Work is continuing on the best way of 
preserving fish runs, although a barrage might reduce 
the salmon and sea trout fishing in the rivers flowing 
into the bay. Given proper control, however, a mixed 
fishery could develop in the barrage lake “which would 
make sport available to a greatly increased number of 
fishermen”. 


SPACE 


Parachutes over Venus 


THERE is no doubt that the Soviet Union has made 
an important contribution in probing the mysterious 
and critical atmospheric conditions of the planet Venus 
a second and third time (May 16 and 17), this time on 
the night side, by means of detached instrumented 
capsules slowly descending on parachutes. 

These flights may well prove of greater scientific 
interest than the Apollo 10 low orbit of the Moon 
which took off as the Russian Venus project ended. 
Without denigrating the human valour and technical 
skill of these last Apollo flights, the BBC is surely 
right to cover them in its sporting programmes time; 
Apollo’s value is primarily as a great sporting occasion. 
Whatever the value of Apollo 10 proves to be it will be 
known soon, but on previous form it will be months 
or longer before any sensible account of Russian findings 
about Venus is available. 

Venus 5 and 6 are described as “sister ships” of the 
Russian Venus 4, whose capsule made a soft descent in 
October 1967, “watched” by request by Jodrell Bank. 
This indicates that the instrumentation and the basic 
strategy for engineering the descent were the same. 
Some changes have been introduced in this year’s 
spacecraft, however, and Russian sources mention three. 

More heat resistant materials were used in the con- 
struction of the capsule and the parachute system 
was modified to give a faster descent (about 50 instead 
of 90 minutes). The range of measurements was also 
increased. It was a limitation in the extraordinary 
success of Venus 4 that only minimum measurements 
of the chemical constituents of the atmosphere were 
made. The principal experiments of Venus 5 and 6, 
like their predecessor, were concerned with the planet- 
ary atmosphere’s temperature, pressure and chemical 
constitution, 

Russian spokesmen have not claimed that the de- 
celerated capsules were intended to provide information 
from the surface itself--indeed, they seem to have been 
pleased that the overloads were met satisfactorily 
during descent, when capsule surface temperatures 
reached thousands. of degrees. The capsules entered 
the Venusian atmosphere about 100 km above the 
surface. 
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The spokesmen do say, however, that the “buses” 
of the spacecraft (not decelerated) burnt up in the 
atmosphere. This has been a sore point among 
scientists concerned with planetary contamination. A 
NASA study showed that there would not be complete 
burn-up of the Russian buses aimed on the same impact 
trajectory as the capsules, so that unsterile material 
must reach the planet. There has been great concern 
that during the recent launch window for Mars the 
Soviet Union would launch a satellite of similar 
design. Because Mars is now considered the only 
serious possibility as a site of life in the solar system, 
this would have been a potential disaster. It is possible 
that one unidentified Russian space launching during 
the window period was a Mars shot that failed. It is 
also possible that international representations brought 
about a change of mind. In any case the Russian 
authorities are anxious to establish that the buses of 
their planetary probes are destroyed before reaching 
the surface. The question of planetary contamination 
was due to be re-opened at the COSPAR space sym- 
posium currently meeting in Prague. 


LIBERAL STUDIES 


Hollomon’s Prescription 


A LIBERAL studies degree course should be available 
to all, regardless of age, occupation and social back- 
ground. The university should serve the cultural and 
economic needs of its hinterland, as well as its own 
community. By providing mobility between degree 
programmes and by organizing new and experimental 
colleges, the university should allow its students to 
choose for themselves the course most personally 
satisfying. These, and many more impeccable liberal 
sentiments are contained in The Future of the University 
(University of Oklahoma Press, $1.95), a prescription 
for the future of Oklahoma University prepared under 
the leadership of its president, J. Herbert Hollomon 
and now published in book form. 

Philosophically, the report has nothing to say that 
has not been a commonplace since the Enlightenment, 
but socially it is an impressive and far-reaching 
document. Its major premise is that post-scarcity 
economies apply, at any rate in the state of Oklahoma. 
In the words of the report, “the amount of work that a 
student will have to do simply to survive will not 
demand a significant portion of his time or effort 
during his lifetime, and he knows it”. Thus vocational 
training shrinks in importance, leaving a vacuum to be 
filled by the “broadening of intellectual horizons, the 
relation of specialist studies to reality and life, and the 
provision of sustaining sources of joy”. The report does 
not specify in detail how these admirable ends are to be 
achieved, but it does give a sensible description of the 
organizational changes that are necessary preconditions 
for these ends. 

Embattled university administrators at the LSE or 
Columbia will derive no comfort from the report. 
Oklahoma is a rich oil state with a small negro popula- 
tion, and its quiescent campuses have shown few signs 
of discontent with the local power structure. Cynics 
will feel that the report with all its rich generosities is 
an attempt to buy off future violence, but be that as it 
may, it does seem that the executives of Oklahoma 
University are anxious to begin bringing the recom- 
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mendations of the report into reality as soon as possible. 
It is to be hoped that British academics will study 
this document of confident American liberalism. The 
right wing among them will read it muttering “more 
means worse’, the centre may be oppressed by its 
philosophical naivety, and the left wing will doubt 
whether the American economic system can handle a 


post-scarcity situation quite so easily. But, none the . 


less, all may learn something about the implications of 
economic abundance for their own pursuits. 


OAK RIDGE 


New Director of Biology 


Tue Oak Ridge National Laboratory has appointed one 
of its own staff, Dr Howard I. Adler, as the new director 
of the Biology Division in succession to Dr Richard 
F. Kimball, who resigned at the end of March. Dr 
Kimball, who joined Oak Ridge Laboratory in 1947 
and served as director since January 1967, resigned in 
order to “return to pure research”. Dr Adler, the 
third head of the division, has been at Oak Ridge 
since he graduated from Cornell in 1956 and at thirty- 
seven he has plenty of time to set his stamp on the 
division. His research interests have centred around 
determining the effects of radiation on cell division 
and for some time he has been leader of the Oak Ridge 
radiation microbiology and bacterial genetics group. 
Adler has done work with NASA, flying bacteriological 
experiments in a series of space probes and sub-orbital 
flights. He is also the editor of the Microbial Genetics 
Bulletin and a member of the editorial board of the 
Journal of Bacteriology. Dr Kimball, who has made 
way for a younger man, will continue his work on cell 
growth and chemical mutagenesis as a senior research 
staff member at Oak Ridge. 


UNIVERSITIES 


London Graduates’ First Jobs 


Science and technology graduates of the University 
of London appear to have remained immune to all the 
exhortations to take jobs in industry. The Statistical 
Supplement to the University Appointments Board’s 
Annual Report for 1967-68 is gloomy reading for 
advocates of the Swann Report. Between 1964 and 
1968 the proportion of first degree graduates im tech- 
nology who joined industry immediately after gradua- 
tion from the University of London fell from 68-4 per 
cent to 558 per cent. The proportion becoming 
teachers remained more or less constant—1-2 per cent 
in 1964 compared with 1-4 per cent in 1968—while the 
proportion taking teacher training courses dropped 
from 1-4 per cent to 0-4 per cent. On the other side of 
the coin, in 1964, 17-1 per cent started postgraduate 
research but in 1968 the proportion had increased to 
21-9 per cent, and in 1968 17-7 per cent of the tech- 
nologists went into publie service compared with only 
6-2 per cent in 1964. Out of 1,191 men and 18 women 
technologists graduating last year, only 521 men and 
four women went straight into industry, and tech- 
nologists are, on the face of things, the graduates who 
might be expected to be especially attracted by indus- 
trial careers. 

The pure science graduates are equally reluctant to 
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seek their fortunes in industry. Between 1964 and 
1968 the proportion of men who did so, dropped 
marginally from 24:5 per cent to 23 per cent. The 
proportion of science graduates of both sexes going 
either directly into school teaching or taking teacher 
training courses has remained more or less constant. 
Indeed, the most remarkable feature of the board’s five 
year survey of all University of London graduates in 
all disciplines is the stability of the pattern of employ- 
ment which emerges year after year. The only overall 
change of any significance seems to be the increased 
recruiting into the public services—the civil and 
diplomatic services, the armed forces, local government 
and the hospitals service—at the expense of industrial 
recruitment and postgraduate work, now there is a 
squeeze on postgraduate courses. Another more 
encouraging sign of the times is the increasing propor- 
tion of women, science graduates in particular, who. are 
starting postgraduate work. 


APPOINTMENTS 


Science Advisory Committee 


THE following have been appointed members of Presi- 
dent Nixon’s Science Advisory Committee: Dr John D. 
Baldeschwieler, professor of chemistry, Stanford Univer- 
sity, Stanford, California: Dr Richard L. Garwin, 
director of the International Business Machines (IBM) 
Watson Laboratory at Columbia University in New 
York City; Dr Murray Gell-Mann, professor of theoreti- 
cal physics at the California Institute of Technology, 
Pasadena, California; Dr Patrick E. Haggerty, president 
of Texas Instruments, Incorporated, Dallas, Texas; 
Dr Gerald F. Tape, president of Associated Universi- 
ties, Incorporated, Washington DC. 


MEDICINE 


WHO’s Twentieth Year 


Suorn of a financial statement which is published 
separately, the twentieth annual report of the World 
Health Organization stresses the paramount importance 
to any public health programmes of creating and 
strengthening basic health services—in most countries 
this is now recognized as the chief goal, and in Africa 
it has resulted in a rapid shift of WHO policy and 
practice. During 1968, communicable disease projects 
in Africa, such as malaria and smallpox pre-eradication 
studies and trials, were transformed into basic maternal 
and child health and environmental health projects. 
The report emphasizes that the critical shortage of 
medical personnel is the chief handicap which the 
developing countries have to face in building up basic 
services and for this reason an increasing number of 
programmes supported by WHO are being directed to 
medical training. The provision of WHO teaching 
staff, which amounted to 224 in 51 countries in 1968, 
is still an important part of the organization’s assist- 
ance, while adapting curricula to local needs, including 
courses on preventive and social medicine, and improv- 
ing secondary school training should help to raise the 
output of medical graduates and tempt more of them 
into public health. A particularly. interesting plan 
is for a university centre for health services in Cameroon 
which will undertake the training of all levels of medical 


714 


personnel and will be responsible for the health of 
special areas of the country where the practical aspects 
of community health could be taught. 

International and national training centres have 
been established as part of communicable disease 
projects such as malaria eradication—during 1968, for 
example, more than a thousand trainees participated 
in forty-eight courses organized at national malaria 
eradication training centres in several countries. 
Educational programmes in other fields included the 
establishment of training courses in radiation health 
in Latin America, and family planning teaching is 
being increasingly emphasized. The provision of 
adequate health statistical services has also been an 
important consideration. 

The report underlines the valuable part played by the 
WHO reference centres and laboratories collaborating 
on virus diseascs. At the beginning of the influenza 
epidemic last year, the Hong Kong influenza centre 
isolated the strain and sent it to the WHO world 
influenza centre in London where it was characterized 
as an A2 virus differing considerably from previous 
strains of this type. Freeze-dried supplies were then 
sent to virus reference centres and to all research and 
vaccine production laboratories that wanted it and the 
first vaccine supplies were ready within four months. 
Research in the field of vector biology and control 
included the establishment of a field research project 
to investigate East African Stegomyia mosquitoes 
and the testing of a new technique for spraying low 
volumes of highly concentrated insecticides from air- 
craft as an emergency measure in outbreaks of yellow 
fever and haemorrhagic fever. Efforts are being made 
to find alternative insecticides to DDT, to which Ano- 
pheles Gambiae in West Africa have shown increasing 
resistance. 

WHO is also concerned with the quality control 
of drugs, and principles for toxicological, pharma- 
cological and clinical evaluation were published in a 
series of WHO reports. In a WHO pilot research 
project for monitoring adverse reactions to drugs, 
procedures were developed during 1968 for collecting, 
retrieving and storing the relevant data. 


NUCLEAR POWER 


Redundant Reactor 


Tue United Kingdom Atomic Energy Authority has 
taken another step in the rationalization of its materials 
testing facilities with the closure of the eleven year old 
materials testing reactor at Dounreay (the DMTR). 
The heavy water DMTR, which has been used chiefly 
for studies of the effects of irradiation on different 
types of fuel, cladding materials, coolants and struc- 
tural components for nuclear reactors, is the second of 
the authority’s reactors to be closed in the last six 
months. The BEPO reactor at Harwell, which, in 
1948, was the first fully engineered reactor to start 
operating in Western Europe, was shut down in Decem- 
ber. This leaves the streamlined UKAEA with three 
reactors, Dido and Pluto at Harwell and Herald at 
Aldermaston, for testing materials of importance in 
nuclear technology. The authority reckons that its 
annual operating costs will be cut by £0-75 million as 
a result of the closures. 

The 170 people who were working on the DMTR 
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are being found other work at the Dounreay site; 
most are apparently joining the team which is being 
set up to commission and operate the new prototype 
fast breeder reactor, one of the white hopes of the 
UKAEA for the seventies and eighties. Given an 
initial charge of plutonium, the fast breeders need only 
a small amount of uranium to maintain the fuel cycle. 
The authority estimates that if fast reactors are intro- 
duced in 1976, Britain’s requirements for imported 
uranium can be cut to about one sixth the current levels, 

The Dounreay prototype was designed as the 
smallest rcactor which could provide the information 
necessary for the design of commercial fast breeders. 
It should be in operation by 1972. The other reactor 
working at Dounreay, another fast breeder, is nowadays 
uscd chiefly as a test bed for plutonium based fuels for 
the larger prototype. 


EDUCATION 


Guinness good for Science too 


GUINNESS, as everyone knows, is good for you and 
science is good for Guinness and the country in general. 
That is roughly the philosophy behind the Guinness 
Awards Scheme for Science and Mathematics, now in 
its seventh year and still burgeoning. By comparison 
with the cost of conventional advertising, of course, the 
scheme provides prestigious publicity for a trifling 
amount of money, but that is altogether too cynical 
a view. The scheme was the idea of Mr Maurice Gold- 
smith, the editor of the magazine Science Teacher, and 
he and a panel of academics are responsible for the 
organization; Guinness simply foots the bills. The 
link with Science Teacher also means that the competi- 
tion and the prizewinning entries are brought to the 
notice of the teaching profession, which is the point 
of the exercise, for the awards are intended to encourage 
innovation in teaching science and mathematics 
among teachers and intending teachers. 

Last week, at the Royal Society’s rooms, the 
Duke of Edinburgh presented the £1,500 cash prizes 
for the winning entries of 1968, which ranged from a 
way to teach science with a limited amount of equip- 
ment and space from a Nigerian, O. N. Taiya, to the 
first prize in the senior section, analogue experiments 
in teaching modern physics, from Mr C. A. Gilbert of 
Nottingham College of Education. Mr Gilbert has 
previously won two lesser prizes and his work is a good 
example of the practical value of the awards. Manu- 
facturers of educational equipment are taking an 
active interest in three of his experiments, and Lough- 
borough College of Education has adopted his science 
kits for home use. Although, inevitably, most awards 
have gone to British teachers or expatriates in the 
Commonwealth, a past prizewinning entry from Mr 
U. Ayivar of Bennu, Ghana, has now been adopted 
by the Ghanaian Ministry of Education as the basis 
for middle school biological science curricula in Ghana. 

Apart from the teachers’ awards, the scheme also 
includes the financing and administering of the National 
Mathematical Contest, the National Mathematical 
Olympiad and the British team for the International 
Mathematical Olympiad. The interest that these 
fearsome competitions are arousing can be judged 
from the number of schools participating, which 
has risen from 109 in 1965 to 510 in 1969. Encouraging 
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the born mathematicians in Britain is, of course, far 
easier than attracting the interest of most school- 
children who recoil from mathematics at the first 
encounter, but these children have not been entirely 
excluded from the fun and games, even if they are 
excluded from the cash. As an experiment, children 
in selected secondary schools in Manchester, London 
and Norfolk are being awarded elaborate certificates, 
Guinness Awards, for the encouragement of mathema- 
ties, for original work—original, that is, in the context 
of their school and their past performance. The idea 
is simply to provide a psychological boost to a child 
who otherwise would never win anything. According 
to Mr Goldsmith the pilot scheme is going well, and, 
like all the rest of the Guinness Awards, this seems a 
harmless way of encouraging an understanding of 
‘science and mathematics. 


INDUSTRY 


Wind blows for CBI 


Tue Confederation of British Industries seems to be 
cheerful about the way in which universities are 
responding to the recent pleas by government com- 
mittees to pay more attention to the needs of industry, 
even if it is somewhat despondent about the prospects 
for the British economy in general. The confederation’s 
annual report for 1968 says that there has been a wel- 
come response to the report of the industry joint 
committee (Nature, 218, 1097; 1968) which has been 
distributed to universities and other organizations by 
the CBI itself and by the Committee of Vice-Chancel- 
lors. What is not clear from the confederation’s 
statement is whether the universities have done more 
in response to this somewhat platitudinous document 
than to reply politely. The confederation says, how- 
ever, that the joint committee is now embarked on a 
study of the Dainton Report on the recruitment of 
science students and on the Swann Report on the 
employment of qualified scientists. To urge things 
along, the CBI has appointed a liaison officer to help 
establish contacts between universities and industry. 
The confederation also makes its predictable but now 
fashionable plea that there should be more consultation 
between industry and government on development 
programmes, whether for defence research or for strictly 
civil purposes. This was one of the points made by the 
House of Commons Select Committee in its report on 
defence research two weeks ago. Indeed, the CBI’s 
view that “industry should be more involved in the 
management of government research establishments, 
which should concentrate on fundamental research, 
evaluating and advising the minister on proposals 
from industry” seems to have been accepted almost 
in its entirety by the committee. Since the Ministry 
of Technology is also known to be keen to move in the 
same direction, there would seem to be nothing but 
sheer difficulty to prevent progress. The confederation 
is not entirely with the Ministry of Technology on the 
European Institute for Technology, however, and 
records again its belief that this is not a good idea. 
It also emphasizes its view that the report of the Dainton 
committee on national libraries, soon to be published, 
will be a disappointment, for it does not recommend 
the rehousing of the National Reference Library for 
Science and Invention somewhere in central London. 


HYDROGRAPHY 


Naval Surveyors United 


AFTER the upheavals of moving from Cricklewood and 
restructuring its organization, the Navy’s Hydrographic 
Department is settling down to a programme of modern- 
ization in its new home at Taunton. As well as the 
move, the latest report by the Hydrographer of the 
Navy highlights two events of 1968, the commissioning 
of four new survey vessels, and the first issue of the new 
metric Admiralty charts. 

Ever since 1820, twenty-five years after its institu- 
tion, the department has been split up in some way, 
but the move in April 1968 reunited the various parts, 
leaving only two small outposts in London and Herst- 
monceux. The new buildings in Taunton, together 
with the existing Hydrographic Supplies Establish- 
ment, complete a large centre of naval surveying. 
At Taunton hydrographic data are collected, and used 
to compile, print and distribute the Admiralty’s charts 
and other publications. 

Immediately after the move the opportunity was 
taken for some reorganization. Three assistant 
directors now run the department under the Hydro- 
grapher of the Navy. They have charge of the naval 
division, which directs the operations of the survey 
ships; the professional division, which collects data 
and prepares charts, tide tables and so on; and the 
administration and supply division, formerly the 
separate Naval Supplies Establishment. 

The changeover to metric units began with the con- 
version of depths and heights on Admiralty charts 
from fathoms and feet to metres and decimetres. 
Nautical miles and cables apparently do not have to be 
changed to metres because the international nautical 
mile is in general use on the charts of almost every 
nation. Nine of the New Metric Charts, as they are 
called, were published last year, and the modernization 
is expected to gain momentum in the next two years. 
All new charts will in future be metiic, except, for 
the time being, those of home waters and a few already 
in preparation. In two or three years all charts re- 
quired for long distance passages will be metric. 

The plan is also to publish all volumes of the 
Admiralty Tide Tables in 1972 with predicted heights 
in metres and decimetres. The computer now in use 
for calculating tidal predictions is part of the depart- 
ment’s modest start in automation. This has proved 
the only answer to the rapid inflow of hydrographic 
data, which the staff cannot process quickly enough 
at the moment. And in the present circumstances an 
increase of staff is apparently not possible. 

The naval division is disappointed to have to report 
that the number of vessels lost at sea has not been 
reduced by the general use of radar and modern radio 
position fixing systems. In 1967, 163 vessels were lost 
—the worst peacetime year on record. The increase is 
proportionally larger than the increase in the world’s 
total shipping and must be an indication of a deteriora- 
tion in standards of safety at sea. 

The wrecks section at Taunton has been busy main- 
taining world records of marine casualties, and review- 
ing the charting of wrecks that could endanger shipping. 
Three times as many inquiries were made about wrecks 
last year as in the previous year, and now that so 
much of the section’s work is taken up with this service 
the price of one shilling per inquiry is under review. 
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SELECT COMMITTEE 


All Well at NIO 


Tue healthy state of British oceanography was extolled 
again last week when the Select Committee on Science 
and Technology continued its investigation of the 
Natural Environment Research Council. Attention 
focused on the National Institute of Oceanography, 
represented by its director, Dr G. E. R. Deacon, and the 
Committee on Marine Technology represented by its 
chairman, Mr W. J. Charnley from the Ministry of 
Technology, Both seem to be happy with their organ- 
izations and see no need for any changes. 

NERC chose the National Institute of Oceanography 
(NIO) as an important case for expansion in its scheme 
to extend the scope of physical oceanography in 
Britain, but the institute cannot grow much more 
now. Dr Deacon said that he requires perhaps another 
thirty or forty people to add to the present 250 or so 
scientists and technical staff. People devoted to 
marine science are apparently hard to find, and recruit- 
ing suitable scientists and engineers has to be a long 
and careful process. Technical staff are equally 
difficult to find because they can earn more on the 
underground railway. NIO is not a victim of the 
brain drain, Dr Deacon said. Although some of his 
staff have gone to the United States, they have always 
returned because they find less competition for facilities 
in Britain. 

Relations with the universities seem to be most 
amicable. There are many visits and exchanges, as 
well as joint seminars with Cambridge, Reading and 
Southampton Universities, and NIO also lends appara- 
tus and provides ship time for university work. Dr 
Deacon said that great care will be taken to avoid 
duplication of work at NIO and the Institute of Coastal 
Oceanography and Tides at Liverpool. NERC’s 
Oceanography and Fisheries Committee takes care of 
coordination between the various institutes, and does 
it very efficiently as its chairman, Professor M. J. 
Lighthill, pointed out. 

Collaboration extends beyond the bounds of NERC, 
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for Dr Deacon explained that NIO works closely with 
the Admiralty, although carrying out no formal work 
for the Navy. He was sure that the Navy knows 
everything that goes on in his laboratory, and equally 
he knows what is happening in unclassified naval 
research. No classified work is done at NIO: the 
programme is determined entirely according to civil 
needs, and any advantage to defence research is 
incidental. 

Mr Charnley explained the role of the Committee on 
Marine Technology in encouraging promising research 
projects. The committee’s functions are, first, to 
identify economically promising projects, and second, 
to stimulate people to make use of the fruits of the 
research. Representatives on the committee are from 
the Ministry of Technology, NERC, the Ministry of 
Defence, the Navy and the National Research and 
Development Corporation. Mr B. Parkyn was sur- 
prised by the absence of industrial representation. 
Mr Charnley explained that questions of commercial 
exploitation are taken up individually with the indus- 
tries concerned. It would not be possible to gain the 
essential confidence of all sections of industry if some, 
but not others, were represented on the committee. 

Mr Charnley was very satisfied with the first year’s 
progress of his committee, which was set up as a result 
of the recommendation of the recent white paper on 
marine science and technology. Nobody could explain 
why the white paper has only just been published 
although the Committee on Marine Technology has 
been in existence for a year and is now due to report 
to the Cabinet Office. The origin of this relationship 
lies in the fact that in the summer of 1967 the Cabinet 
Office convened a committee, under Dr F. H. Allen, 
which subsequently produced the white paper. 

Neither Mr Charnley nor Professor Lighthill could 
see any reason for changing the present organization 
of British oceanography in spite of the apparent 
plethora of committees reporting to different masters. 
They felt that NERC is not yet old enough for changes 
to be useful, for it is bound to take three or four years 
to learn to operate any new system. If there is any 
weakness it is lack of manpower and. finance. 








Rubella Vaccination 

Mr D. Enwats, for the Department of Social Services, 
told Mr L. Pavitt that it was too early to announce the 
results of the clinical trials with rubella vaccine which 
started in October 1967. Mr Pavitt, concerned that 
delays would mean exposing the population to unneces- 
sary risks of the disease, not least the risk of induced 
deafness, was told that the Joint Committee on 
Vaccination and Immunization was reviewing the sub- 
ject on May 13, but was unlikely to make any recom- 
mendation at this stage. (Oral answer, May 12.) 


European TV Satellite 

Tue Minister of Technology, Mr A. Wedgwood Benn, 
reminded the House that at the European Space 
Conference in November 1968 Britain agreed to 
participate in a European applications satellite pro- 
gramme so long as it used the most economic launcher 
and Britain was relieved of part of its remaining antici- 


pated contribution to ELDO. During this conference, 
the countries which decided to continue to develop a 
European launcher agreed to foot the extra cost. At 
the ELDO ministerial conference on April 15 it was 
agreed to reduce Britain’s outstanding contribution to 
ELDO by £6 million. Accordingly Mr Benn notified 
the secretary-general of the European Space Con- 
ference that Britain is willing in principle to participate 
in the CETS television satellite project. (Written 
answer, May 12.) 


Oral Contraception 

In reply to a series of questions about oral contracep- 
tion, Mr Richard Crossman, Secretary of State for 
Social Services, said that the Medical Research Council, 
the Family Planning Association and the Royal College 
of General Practitioners are all researching into the 
connexion between thrombosis and the pill. He also 
announced that the Health Education Council is 
setting up an Advisory Panel on Sex Education to 
educate the public in the use of all types of contracep- 
tives. Mr Crossman said that he would like to make it 
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NUCLEAR REORGANIZATION—SELECT COMMITTEE 


Civil Servants Protest 


Tue Minister of Technology came in for some sharp 
criticism from the Institution of Professional Civil 
Servants at last week’s meeting of the subcommittee 
on the nuclear power industry of the Select Committee 
on Science and Technology. Leaving no room for 
ambiguities, Mr J. Lyons, deputy general secretary of 
the IPCS, said that his members were dismayed at the 
way that transfer of staff from the AEA to the TNPG 
had been handled by the Atomic Energy Authority, 
and that they were also concerned at the arguments 
and methods used by the minister in setting up the two 
design and construction companies in the first place. 

Mr Arthur Palmer, chairman of the committee, 
was keen to find out why the reorganization of the 
industry had proceeded so slowly, and Mr. Lyons was 
equally keen to tell him. A lot of time and energy had 
been wasted, he said, by involving the IRC in the 
reorganization of the industry. In the opinion of the 
IPCS the IRC had played no useful part in the affair, 
and Mr Lyons maintained that the IRC had been 
investigating the industry for four months between 
January and May 1968 before the IPCS knew that it 
was involved at all. The IRC had been introduced for 
political reasons, he said. 

In response to Mr. Palmer's enquiry about the 
transfer of staff from the AEA to the BNDC and 
TNPG, Mr Lyons painted a gloomy picture. The 
original plan of the AEA was to offer TNPG all the 
staff engaged full time on fast reactor work. The staff 
side pointed out, however, that it would hardly be in 
a position to carry out its responsibilities if all design, 
safety and engineering staff were transferred to TNPG, 
and on February 13 this year the AEA informed the 
staff side that it had agreed with the TNPG to confine 
immediate offers to the fast reactor design and site 
construction staffs, comprising about 150 people. 
Before the discussions were concluded, however, the 
AEA and the TNPG wrote jointly to the staff outlining 
the terms of transfer, and requesting them to state 
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before March 24 whether or not they were likely to 
accept. So far, Mr Lyons said, only about forty have 
accepted the offer. 

Mr Airey Neave pointed out that the problems of 
the transfer of staff had nothing to do with the 
minister’s policy, and Mr Lyons agreed. But probably 
the most important reason for the poor response to the 
AEA-TNPG offer, Mr Lyons thought, was a lack of 
confidence in the whole policy of reorganization. The 
staff had been treated as pawns. There had been no 
ronsultation with the staff representatives on the 
teorganization of the industry, and Mr Lyons felt 
chat the whole process had been handled back to front. 

Mr Palmer wondered where this lack of confidence 
came from, as the report of the select committee had 
expressly recommended AEA participation in the 
new consortia for just this reason. Mr Lyons replied 
that something like a 50 per cent participation would 
be required to give confidence to the staff, instead of 
the 20-30 per cent that exists now. At present, the 
two consortia seemed to be in fruitless competition, 
he said, and Dr R. Ackroyd, an IPCS representative, 
expressed concern at the inertia of the two consortia 
in the question of overseas sales of reactors. Dr 
Ackroyd said that disillusionment had already led to 
about ten per cent of the professional engineering staff 
in the design office turning their attentions towards 
Westinghouse in the past fortnight. Mr Erie Lubbock 
asked why the staff should want to go to Westinghouse 
if they dislike competition, which brought a reiteration 
of the question of confidence—especially regarding 
long term security at TNPG and the lack of prowess 
of the consortia in the export field. 

Mr Lubbock wondered if the IPCS would have been 
satisfied if a long term contract, for, say, five years, 
had been offered for the development of fast reactors. 
While conceding that this would have been of some help, 
Mr Lyons thought that the most effective tonic lay in 
the hands of the CEGB. He thought this particularly 
true in the ease of the SGHW reactor, where an. order 
from one of the four generating boards would give an 
inevitable boost to confidence in overseas sales of this 
reactor. 


POSSE 


mandatory for all local health authorities to establish 
family planning clinics, but he felt it would be unfair to 
do so unless the money was available, He said that 
five women in every 100,000 not on the pill have to be 
admitted to hospital with thrombo-embolism each year. 
Among women taking the pill the rate is about ten 
times higher, Estimates of the risks of death from 
pulmonary embolism and cerebral thrombosis are also 
about ten times higher for women taking the pill 
compared with those who do not. (Oral answers, 
May 12.) 


Motor Vehicle Exhaust 

Ix the House of Lords, Lord Brooke asked when the 
Motor Vehicles (Construction and Use) Regulations 
would be amended to ensure reduction in the concen- 
trations of carbon monoxide in exhausts and bring 
British cars in line with those made overseas. Lord 
Hughes, for the Government, told him that the Ministry 
of Transport is cooperating with its counterparts in 
European countries in drawing up a standard for 
exhausts of petrol engines. Lord Hughes added that it 


would be better to wait for the outcome of these talks 
before legislating, otherwise two sets of regulations, one 
for Europe and one for the United States, might result. 
(Oral answer, May 14.) 

University Technicians 

Mr R. HarrersLey, for the Department of Employ- 
ment and Productivity, said that a joint meeting of the 
university authorities and the unions involved in the 
dispute on university technicians’ pay and conditions 
had not led to any agreement. Officers of the depart- 
ment are, however, keeping in touch with both sides in 
an effort to find a solution. (Written answers, May 15.) 


United Nations Contributions 

Mr G. Roserrts, Minister of State for Foreign and 
Commonwealth Affairs, told the House that Britain’s 
contributions to the UN and its agencies in 1968 were 
just over £29 million. Britain contributed 6-62 per cent 
of the UN regular budget, 9-25 per cent of the FAO 
budget, 6-42 per cent of the WHO budget, 6-76 per cent 
of the UNESCO budget, and 12 per cent of the UNRWA 
budget. (Written answer, May 16.) 









Fermi Accelerator 


The Atomic Energy Commission has announced 
that the 200 GeV accelerator now being built at 
the town of Batavia, Illinois, 30 miles west of 
Chicago, will be known as the Fermi Accelerator 
when it is completed towards the end of 1972 
This decision is especially apt because of the close 
associations between Enrico Fermi and the 
University of Chicago where he spent much of 
his working life after moving to the United States, 





HURRICANES 


Apollo’s Eye View 





This remarkable photograph of the eye of hurricane Gladys 

was taken on October I7 last year by astronauts in Apollo 7 

at an altitude of 97 nautical miles during the spacecraft’s ninety- 

first revolution. At the time of the photograph the hurricane 

was about 150 miles south-west of Tampa, Florida. Cuba can be 
seen in the background. 


MEDICAL RESEARCH COUNCIL 


New Head for Brain Unit 


Dr G. 
the wal Research Council’s Brain Metabolism Unit 
at Edinburgh in succession to Professor W. L. M. 
Perry who has become vice-chancellor of the Open 
University. Dr Ashcroft has been a member of the 
unit since it was set up in 1965 and more recently its 
deputy director. By training he is a psychiatrist 
turned pharmacologist and hence commands the two 
disciplines which are central to the activities of the 
unit, 

The unit is concerned with brain metabolites of 
possible importance in psychiatrie and neurological 
disease. Much of its work has been on amines, particu- 
larly their diagnostic significance in cerebr ospinal fluid, 
and this has involved the study of transport systems 
between various compartments ‘of the brain. The unit 


ASHCROFT has been appointed director of 
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has recently taken a more general interest in brain 
metabolism, a trend that Dr Ashcroft expects will 
continue, nae its programme has been extended to 
studies of protein, carbohydrate and RNA turnover. 

The unit runs a ten bed research ward with the help 
of a dietician, a psychiatrist and a psychologist, and 
also conducts extensive animal studies to help with 
the interpretation of findings in humans. Dr Ashcroft’s 
first task will be to supervise the move of the unit 
from the three laboratories it occupies at present into 
premises in the newly built department of pharma- 
cology at Edinburgh. To cover the cost of new equip- 
ment the unit’s budget has been increased from 
£62,000 to £116,000 for 1969-70. 


SPACE 


French Programme in Trouble 


Tue French are now facing economic problems with 
their space programme w hic h has run into a heavy 
barrage of domestic criticism. There have been. indi- 
cations for some time that the French Government 
favoured cutting back on its ESRO (European Space 
Research Organization) commitments to bolster its 
national programme, and last month, at a meeting 
with Soviet officials on the two-year old programme of 
space research collaboration with the Soviet Union, it 
emerged that the biggest project under this agreement, 
the Roseau satellite, has had to be dropped because of 
France’s financial stringency. 

Roseau, planned for 1971-72, was to have been a 
very substantial affair indeed, compared with any 
other vehicle planned at present. It was to have had a 
highly elliptical orbit of 100 to 100,000 km, huge 
unfolding antennae for astronomical experiments, and 
would have been six feet in diameter weighing 300 kg. 
These specifications were beyond anything that the 
ELDO vehicle could launch in the early 1970s. “We 
know nothing about the Russian launcher—we are 
just told it will do the job” remarked a senior French 
space official during a discussion of the project in 
London last year. The experiments were to have been 
provided by the French. It is now hoped to salvage 
some of the astronomical instruments planned for 
Roseau and carry them on other spacecraft. 

This spring the French space programme has been 
in hot water with Le Monde, which has made severe 
and detailed strictures under two heads, financial and 
technical. Too much of the NF 2,000 million allocated 
for 1966-70 has gone on infrastructure instead of on 
experiments. There is a three year gap in launching 
of French satellites caused largely by the costs of 
developing the Guyane launch range in equatorial 
America. The technical failures have involved the 
motors for the bottom stage of the Diamant B launcher 
(intended to put a bigger payload into orbit than 
France's initial satellite Tauncher, Diamant A) and the 
Jong-life constant-pressure balloons for the Eole weather 
monitoring project. While American balloons for these 
trials have lasted on average three months, the French 
ones have only survived three weeks. 

In general, the French space programme bas shown 
greater tenacity and strength of purpose than the 
British. Whether this will persist under a new President 
and a new government must be another question to 
exercise harassed French space officials. 
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Antiquity and ihe Earth Sciences 


Ly climatology, it is frequently necessary for people 
to spend hours working over old manuscripts in a 
search for evidence of some early record of a tempera- 
ture fluctuation, and there is a long tradition of convert- 
ing observations such as “the Thames was frozen at 
London Bridge” into an average temperature. More 
recently, astronomy has provided support of a similar 
kind—the identification of the Crab nebula as the 
remains of a supernova observed by the Chinese in 
1054 has stimulated a great deal of activity which has 
been admirably helped along by the monumental 
scholarship of Dr Joseph Needham and his collabora- 
tors, still working their way through oriental records 
hitherto inaccessible to western scientists. But there 
are easier if less spectacular opportunities for combining 
history and scientific research, and some of these are 
well illustrated by two articles in the current issue of 
the Geographical Journal, both of them concerned to 
show how maps of the east coast of England which 
have appeared in the past six centuries or so can be 
used to reconstruct the oscillations of shape of pro- 
montories from the coast which appear to be particu- 
larly susceptible to the action of waves and tides. 

Dr G. de Boer has, for example, given a fascinating 
account of the movement of Spurn Point at the mouth 
of the Humber, which is a few miles eastward of the 
University of Hull in which he works. Although the 
spit of land is at present close on three miles long, it 
does seem to have had a turbulent history. The earliest 
signs of reourrent change at Spurn Point are in a 
mediaeval chronicle which describes how the port of 
Ravenser Odd was swept away by the sea in 1360, 
after 125 years of apparently secure existence. At 
various times, the port seems to have been connected 
with the land by a neck of sand and shingle that was 
covered at high tide. From the fourteenth century on, 
good maps have survived. A part of the difficulty in 
relying on the maps constructed in the sixteenth and 
seventeenth centuries is the tendency for cartographers 
then as now to copy errors from one edition to another. 
From 1540 on, however, it is clear that Spurn Point 
was a bulbous promontory with an island out to sea. 
From then on, Dr de Boer seems to have been able to 
make a sufficiently close comparison of maps of differ- 
ent ages to show that there seems to be cyclic course 
of development, with the successive building up and 
washing away of the headland by the action of the tide. 
From all appearances, it looks as if the point was washed. 
away on two occasions, in 1360 and early in the seven- 
teenth century. Were it not for coastal works, it 
looks as if the present headland would have been 


washed away in 1849, which suggests that the whole 
movement may have a periodicity of 250 years. 

Similar studies have been used by Mr A. P. Carr of 
the Nature Conservancy to follow the movement of 
Orfordness—a spit of shingle running parallel with the 
coast of Suffolk. The spit itself is the best part of ten 
kilometres long and the length of coastline formed by 
the same process is probably as long again. One way 
and another, Norman records provide the first indica- 
tion of the position of the spit. Detailed records are 
available from the seventeenth century. In the past 
two centuries, it has been possible to follow the move- 
ment of the tip of the spit, which again grows and 
suffers erosion by the sea in a cyclic fashion. At 
different times the rate of growth has varied between 
70 metres a year and 200 metres a year. Altogether, 
the amplitude of fluctuation is the best part of three 
kilometres. Almost enough is known about the process 
to predict where the spit will be in future decades. 

None of this will set the world on fire. Those who 
would use historical records for research must neces- 
sarily learn to live with the limitations of this material. 
At the same time, where historical records are of any 
use at all, they are likely to provide an insight into 
continuing phenomena which cannot easily be obtained 
by current observations even with extraordinary 
accuracy. Indeed, in spite of the care which has been 
lavished on meteorological observations in the past three 
decades or so, such confidence as there is in the view 
that the Earth’s climate has short period fluctuations 
stems from the imprecise records of the eighteenth and 
nineteenth centuries. But the exploration of ancient 
records has the added virtue of providing human as 
well as scientific interest. In circumstances like these, 
is it too much to ask that the research councils should 
sponsor at least some historical research ? 


PHYSICS 


Beautiful Symmetry 


Tue full extent to which physics depends on invariance 
principles, or symmetry, is often appreciated only 
after painstaking labour has emphasized the compelling 
simplicity of using symmetry to understand the physical 
world. It was encouraging, therefore, that when giving 
his special lecture on symmetry principles in physics 
at Westfield College on May 16, Professor T. D. Leo 
of Columbia University chose to appeal to aesthetics 
and beauty as much as to rigour to convey to his 
audience the full fascination of this subject. 

The significance of symmetry in the context of modern 
physics derives, of course, from the family of funda- 
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mental symmetry operations that has been shown to 
be broken during the gest ten years. Since the dis- 
covery in 1956 of the startling fact that parity was not 
conserved, it has become known that the symmetries 
formed by the combinations in pairs of time reversal, 
particle-antiparticle symmetry, and parity are all 
broken. The overall effect of these symmetry breakings 
on the philosophy of physics is, according to Professor 
Lee, not very clear, but the implications for the measur- 
ability of certain quantities are quite emphatic. 

The relationship between “measurability” and 
“symmetry principles’ was the central theme of 
Professor Lee’s lecture. Every symmotry principle 
derives from some non-measurable quantity, he said, 
which could be either a fundamental non-measurable 
or one for which no measurements could in practice 
bemade. When new types of experiments are invented, 
however, the latter type of symmetry is open to viola- 
tion. He cited the translational invariance of space, 
or the non-measurability of absolute position, as the 
basis for the conservation of momentum, and then gave 
a list of parallel examples. For charge conservation, 
he showed that the non-measurable was a particular 
phase angle between states of different charges. For 
the more complex symmetries of SU2 and SU3, which 
are simple unitary symmetries in which the unitarity 
ensures that a set of possibilities has unit probability, 
the non-measurable quantity is rather technical, Pro- 
fessor Lee said. For SU2, for example, it is a phase 
angle, which is equivalent to not being able to dis- 
tinguish proton states from neutron states. 

Professor Lee thought that the slight asymmetries 
that seemed to be part of modern physics had a natural 
attraction to the human mind. He showed slides of a 
Greek statue and a Byzantine mosaic at Ravenna to 
illustrate how small deviations from an otherwise 
perfect symmetry enhanced visual beauty, and he 
delighted his audience with a reproduction of a painting 
by Monet of a row of poplar trees, equally spaced but 
each slightly different from the next. What better 
way of setting out the problems of the one-dimensional 
lattice | 


MATERIALS 


Federation wanted 


from a Correspondent 


Waar is materials science? Is it a new discipline ? 
If not, how is it related to the traditional disciplines 
and to engineering ? How did it emerge? Where is it 
going? These and other questions were the spring- 
board of discussion at a National Colloquy on the Field 
of Materials held from April 14 to 16 at Pennsylvania 
State University. 

Dr I. Warshaw of the National Science Foundation 
and N. F. Promisel from the National Academy of 
Sciences urged the importance of a national materials 
report analogous to those in chemistry, physics and 
astronomy. By and large, it became clear that such a 
document is essential even though nobody could point 
to its specific guaranteed value. Throughout the 
meeting participants were looking for some way of 
bringing together the various sub-groups, professional 
societies, departments or disciplines. One speaker drew 
@ very apt analogy with the oecumenical movement in 
the churches. And the usual “‘separatist’’ arguments 
could be heard; rumours were circulated about 


NATURE, VOL. 222, MAY 24, 1969 


“super society” and “swallowing up” and “‘taking over”. 
In the end, however, it became increasingly obvious 
that some mild form of federation was not only desir- 
able but essential for the good of all the components 
of the societies concerned with materials. If such a 
grouping—an American Institute for Materiala—were 
to be formed it would find the organization of the hard 
sciences in four or five rather sensible communities 
organized as federations of existing societies: chemical, 
physical, geological, biological and materials. 

A second dominant and recurring theme concerned 
future trends for materials science and engineering, and 
its relations to national objectives and priorities. 
Although many speakers made vague allusions to the 
role of materials engineering in solving “social prob- 
lems”—urban. redevelopment, housing, pollution con- 
trol, and so on—and discussants discussed these vague 
allusions even more vaguely, nothing specific emerged 
along these lines. Indeed, Walter Hibbard, who has 
just resigned as head of the US Bureau of Mines, said 
he felt that no new materials technology was really 
needed in the housing field; and Dr Robert Huggins of 
the Advanced. Research Projects Agency of the Federal 
Government (ARPA) wondered whether the list of 
national priorities in this field was actually known to 
anyone. It became increasingly clear that the mating of 
a hard science with the ill-defined “social problems” is 
going to be infinitely more difficult than the rhetoric 
attending it would suggest; and the principal national 
goal for a field such as materials science and technology 
may be to keep the nation’s peacetime economy in 
this area vital and competitive. 

Dr 8. B. Levin, deputy director in the Office of 
Defense Research and Engineering, referred to the 
possible serious consequences of the mood on several 
campuses for re-examination of the relationship between 
the Defense Department and the universities. He allu- 
ded to the little known fact that in 1953 the percentage 
of total basic research at universities supported by 
DoD was 73 per cent whereas in 1968 it had dropped to 
15 per cent, as other agencies, notably the National 
Science Foundation, the National Aeronautics and 
Space Agency and the Atomic Energy Commission, had 
come into the picture. He put the case for the benefit 
to society, the universities and DoD for a continuance 
of interaction in the basic research area between the 
nation’s universities and those charged with its defence. 

Professor Rustam Roy, chairman of the Program 
Committee and director of Pennsylvania State Uni- 
versity’s Materials Research Laboratory, referred 
to the static nature of the mechanisms of interaction 
between universities, industry and government, show- 
ing that so far the only new ideas were the ARPA- 
stimulated and paid-for “coupling contracts” between 
university and industry, and a few university experi- 
ments of intensive coupling of a laboratory or unit with 
a selected small group of industries. He pointed to the 
essential role of interdisciplinary research units (as 
distinct from degree-granting units) to be set up by 
universities if they are to be able to respond to society’s 
needs and problems, since the former do not come in 
“discipline-shaped blocks”. 

An international touch was added to the conference 
by contributions from Dr L. Rotherham (Central 
Electricity Generating Board, England) and Dr C. 
Crussard (Société Pechiney, France). Commenting 
on these reports informally, Professor James Morrison, 
who represented Canada’s McMaster University at the 
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colloquy, said: “If these may be taken as indicating 
the state of multidisciplinary research in materials in 
the United Kingdom and France, the technology gap 
between the US and Europe is surely going to increase. 
The United Kingdom seems to be badly handicapped 
by academic rigidity in the universities and conservat- 
ism in industry”. 

The colloquy seemed to make clear that materials 
science and engineering face several problems with 
no easy solutions. ‘They seem to be resisting success- 
fully all attempts to organize them, and, while they have 
given a more powerful impetus (with the help of govern- 
ment prodding and funding) to interdisciplinary re- 
search, there may be more form than substance to 
many of these efforts. On the other hand, progress is 
visible. The morale of the interdisciplinary laboratories 
is high in general and communication among the 
traditional disciplines is being stimulated. More 
students (and graduates) are becoming interested in 
materials science and subsequently in industrial 
research. Joint academic appointments are being 
fostered in some universities and the interdisciplinary 
laboratories are beginning to influence the standard 
of work done at other institutions. It is anticipated 
that this meeting will provide a fillip to pears and 
education in materials science and lead to other meet- 
ings which will build upon the base it has prepared. 


LINGUISTICS 


Syntax and Semantics 


from a Correspondent 


Tus three Shearman Memorial Lectures at University 
College, London, given by Professor Noam Chomsky 
from MIT attracted audiences of about a thousand each 
in spite of the title “Problems of Syntax and Seman- 
tics’. The appeal of the lectures was primarily to 
linguists and philosophers already acquainted with 
Chomsky’s theory of generative grammar. What 
Chomsky now refers to as the standard theory was 
developed in his Syntactic Structures (1957). The 
standard theory has come under numerous attacks, 
largely from Chomsky’s former students. It was to 
these attacks that he addressed himself. Chomsky 
conceded that his theory required some modification 
but suggested that the modifications proposed by his 
principal opponents, who are grouped around a theory 
of generative semantics, would not do. 

The standard theory factors syntax into two com- 
ponents. A base component contains in simple form 
(for example, subject predicate structures) the infinite 
set of base propositions which underlie an equally 
infinite set of surface structures which are the sentences 
we hear spoken. Between base and surface structures 
occurs the second component, a set of transformations. 
Both base and surface structures are recursive. The 
transformations alter the elements of the deep struc- 
ture into that of the surface structure. The standard 
theory has generally started from surface structures 
and postulated underlying deep structural propositions. 
Transformations have then been elaborated; this is 
not done arbitrarily, for it is possible to specify various 
transformations in distinctions of the generality of 
active and passive voices, or pairs of deep structures 
represented by an ambiguous surface structure such as: 
Visiting relatives can be a nuisance. The base proposi- 
tions in this example differ in the different position of 
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an implicit “the”. “The visiting relatives” versus 
“Visiting the relatives’. 

For Chomsky the purpose of linguistic theory is to 
capture the largest number of significant rules. It is 
on the failure of his opponents’ systems—to capture 
as many rules as his own—that his attacks on them are 
based. Chomsky outlined the view of the generative 
semanticists as being based on the claim in the standard 
theory that deep structure determines semantic repre- 
sentation. They strengthened this claim by arguing 
first that there was a one to one relationship between 
deep structure and semantic representation and then 
by the further step of taking deep structure as semantic 
representation. Their basic recursive component is 
generating semantic representations rather than deep 
structures of the sort specified in the standard theory. 
Chomsky presented several arguments against his 
opponents’ views. His key arguments focused on low 
yield and on a confusion they made between perform- 
ance and competence. For Chomsky, performance is 
to be related to procedure and competence to know- 
ledge. Competence is demonstrated by understanding 
and performance by speaking; competence is more 
difficult to explain because meaning is understood with- 
out reference to the auditor’s intention. 

Chomsky’s alternative was to modify the standard 
theory to take into account various cases in which 
surface structure seems to contribute to meaning. 
His conclusion was that he had overstated the impor- 
tance of deep structure for semantic representation in 
the standard theory. The examples which Chomsky 
provided, as well as his arguments, seem to maintain 
the primacy of deep structure, but he provided several 
general cases such as those of logical particles, anaphoric 
relations and presuppositions in which surface structure 
played a principal part. Some striking examples were 
introduced, based on intonation. 

He concluded that perhaps the most satisfactory 
representation of meaning was as the answer to a lot 
of questions asked by the auditor of both deep and 
surface structures of an utterance. He suggested 
that the principles in terms of which the questions are 
put may be quite universal. His final remarks returned 
to a theme he elaborated a decade ago in his refutation 
of B. F. Skinner. He argued that syntax is independent 
of sound and meaning; that the evidence of the nature 
of language which he had discussed was not available 
to language learners, and that this suggested that 
language learning must be based on an innate schemat- 
ism. 


SURGERY 


What a New Heart is Worth 


Mors than a hundred hearts have been transplanted 
in the 18 months since Dr C. N. Barnard first undertook 
the operation. The largest single group—fifteen 
operations—has been performed at the Texas Heart 
Institute by Dr Denton A. Cooley and his colleagues. 
The summary of their experience is that in present 
circumstances a heart transplant improves the quality 
of, but does not greatly prolong, the life of the average 
recipient. But length and quality of survival are 
directly related to closeness of histocompatibility 
between donor and recipient, a factor on which future 
operations should be made to depend. 

Cooley and colleagues report that the mean survival 
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timé of their fifteen transplant patients is 111 days 
compared with the 74 days lived by patients marked 
as potential recipients but for whom no donor became 
available (Lancet, i, 954; 1969). The 111 days survived 
by the heart transplant patients include an average 
of 22 days spent waiting for the operation. Five of 
fifteen patients died within a few days of the operation, 
eight within 1-5 to 6-5 months after the operation and 
two are still living 3-5 and 7 months after operation. 
All but two of the patients could walk around after 
the transplant, four returned home to such activities 
as swimming and hunting, and two were fully employed 
(as a public accountant and a car salesman). No 
serious infections developed in the patients discharged 
from hospital. 

Some 20 per cent of the transplant patients died 
within a month of being first considered for the 
operation (that is, including the waiting time until the 
operation) compared with 45 per cent of the potential 
recipients. Fifty-three per cent of the transplant 
patients survived for 3 months and 27 per cent for 
6 months, compared with 33 and 19 per cent respec- 
tively of the unoperated recipients. After trans- 
plantation the patients felt much better because of 
improved har by the new heart and their positive 
mental attitude helped them to enjoy the time they 
lived. 

Hight of the transplant patients died predominantly 
from rejection and four from infection. The length of 
survival seems to be directly correlated with the 
histocompatibility match, as judged by the time until 
the first rejection episode and the number of rejection 
episodes per patient day (New England Journal of 
Medicine, 280, 1079; 1969). 


HISTOCOOMPATIBILITY GRADE AND SURVIVAL OF PATIENTS 
LIVING FOR 7 OR MOBE DAYS 
No. of Patients 
patients surviving 
>7 days 


Grade Mean Meansur- Rejec- 
match survival vival tion 
(days) without episodes/ 
rejec- patient 
tion day 
(days) 
181-0 
22-5 
22-5 
5-8 


0/181 
1/98 


l 
5 
1/65 5 
1/24 5 
grading system, devised by Dr P. I. Terasaln on 
the basis of lymphocyte-antigen matching, is A for an 
identical match, B for no group mismatch, C for one 
group mismatch and D for two or more group mismatches. 
(+) and (—) reflect variation based on strength of test. 


The table shows that the most successful transplant 
operation has been that with a C+ match. 

There is a typical pattern of early rejection during 
the first 4 weeks after transplantation and a pattern 
of late rejection over 4 weeks. The most accurate 
forewarning of an early rejection episode is a rise in 
the serum level of the heart muscle lactate dehydro- 
genase isozyme (LDH-1) which is followed by an 
increase in heart size and a loss of the QRS voltage in 
the electrocardiogram. In patients in whom these 
early rejection episodes could not be controlled by 
immunosuppressives, the heart muscle turned out to 
have been invaded by lymphocytes, histiocytes and 
polymorphonuclear leucocytes. 

Later rejection episodes began with a gradual loss 
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of the QRS voltage which, if not promptly recognized 
and treated by massive injections of hydrocortisone, 
was followed by an increase in heart size and the 
development of malaise. The symptoms of malaise, 
a reliable index of cardiac rejection, included loss of 
appetite, nausea, and progressive lethargy. 

It was once hoped that the heart, because of its 
apparently lesser antigenicity than liver or kidney, 
would prove to be a more privileged organ for trans- 
plantation. But it seems to be even more vulnerable, 
Cooley and colleagues say, nor did their immuno- 
suppressive programme prove as capable of overcoming 

a bad histocompatibility match as had been expected. 

The difference in survival time between the trans- 
plant patients and the potential recipients “is not 
great enough to justify wide clinical application of 
cardiac transplantation”. But patients with a histo- 
compatibility match better than grade C might enjoy 
benefit from transplantation. Histocompatibility data 
from the hundred or so heart transplants so far per- 
formed should be carefully analysed before it is 
assumed that “heart transplants may continue to be 
performed with impunity in patients having poor 
histocompatibility matches”. 


EUGENICS 


Genetic Causes of Disease 


from our Social Medicine Correspondent 


Human population control by selective breeding was 
the subject of a stimulating lecture delivered by Dr 
C. O. Carter, director of the MRC Clinical Genetics 
Research Unit, to the Newcastle Medical Group at the 
Royal Victoria Infirmary on May 16. One child in a 
hundred, he said, is born with a chromosomal abnorm- 
ality which will handicap him at some stage in life, and 
the same figure holds for those born with mutant genes. 
Although eugenists can often advise parents about the 
chance of having a genetically abnormal child, parents 
alone must decide whether the risk is too great, and 
how many children they are going to have. 

Dr Carter said there are three varieties of genetic 
causes of disease: first, chromosome anomalies—the 
cause, for example, of Down’s syndrome (mongolism) ; 
second, mutant genes of large effect, causing diseases 
such as haemophilia and cystic fibrosis of the pancreas 
which affects one child in two thousand; and third, 
polygenic predisposition, leading to schizophrenia and 
ischaemic heart disease, for example. With the first 
variety there is no interaction between genetic consti- 
tution and the environment, but environmental factors 
play an important part in triggering off disease of the 
third variety. 

How can the number of children born with these 
abnormalities be reduced? With Down’s syndrome 
where the chromosomal abnormality can readily be 
recognized, the pregnant mother can be screened 
(amniocentesis) and termination offered if there is 
evidence that the child will be mentally retarded. But, 
as Dr Carter pointed out, the detection procedure was 
still to be established as completely safe. Birth of 
children with single mutant gene disorders can often be 
prevented by genetic counselling—that is by advising 
parents on the risk to future children. It is possible to 
pick out those embryos with cystic fibrosis, but the 
process is too lengthy to be valuable. As for prevent- 
ing the birth of children with diseases caused by the 
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third variety of genetic abnormalities, those among the 
population who are at risk can be detected, but it will 
not be possible to afford protection against environ- 
mental triggers until the triggers themselves have been 
identified. 

On. the decision to take genetic risks, Dr Carter said 
that of seventy-four high risk families, twenty-four 
were undaunted and fifty were deterred. Of ninety-five 
low risk families, seventy-one were undaunted and 
twenty-four deterred. In general, if parents really 
want a child they will take the risk of having one who 
is likely to die young, but will not risk having a severely 
mentally retarded child who might not die before the 
age of about twenty. 

Dr Carter maintained that, medical considerations 
apart, there are also certain social aspects of having 
genetically abnormal children that parents must 
consider; they must decide whether such a child 
could make a valuable contribution to the community— 
that is, what qualities the child could offer. One 
quality which is easy to measure, but which in Dr 
Carter’s view is not necessarily the most important, 
is intelligence. Contrary to popular belief, variation 
in intelligence is largely genetically determined—the 
environment has little influence. It is interesting that 
the distribution of variation of intelligence suggests 
that many gene loci with an additive effect are involved. 

When family planning first started in Britain there 
was some anxiety because it started at the top— 
parents in the higher occupation groups were having 
fewer children than those with semi-skilled and 
unskilled jobe. As family planning spread, however, 
the situation changed and at present family size is on 
the whole increasing with intelligence, although there 
is still an undesirable bulge around IQ 85 to 95. 


SOCIETIES 


Pan-American Biochemists 


To biochemists in the Americas, the initials PAABS 
may well become as familiar in the next few years as 
the initials FEBS have become to their European 
counterparts. The Pan-American Association of Bio- 
chemical Societies (PAABS) is an embryonic organiza- 
tion, proposed at the end of a meeting held in Miami 
on January 18-19, which plans to work along the lines 
of the Federation of European Biochemical Societies. 
The Miami meeting, which was sponsored by the 
University of Miami and the Howard Hughes Medical 
Institute, was attended by representatives of the bio- 
chemical societies of the Argentine, Canada, Mexico, 
two from the United States (the American Society of 
Biological Chemistry and the Division of Biological 
Chemistry of the American Chemical Society) and 
Venezuela. The West Indies, which does not have a 
society, sent an observer. 

This first meeting between national biochemical 
societies of the Americas revealed, as expected, the very 
uneven growth of the subject in the northern and 
southern halves of the continent. The ratio of members 
in the Canadian and US societies, to all other known 
societies in the continent, for example, is twenty to 
one. One of the chief aims of the new federation will, 
of course, be to foster the development of biochemistry 
in the southern half of the continent, and the delegates 
discussed such immediate practical objectives as 
better dissemination of biochemical information and 
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news across the continent, the organization of inter- 
national meetings and the provision of training courses 
in new techniques. All these activities are familiar to 
members of FEBS, and the Pan-American Association 
is fortunate in having Dr W. J. Whelan as its first 
interim secretary, for Dr Whelan was the first secretary- 
general of FEBS and knows the ropes. He played a 
very important part in getting FEBS off to a good start. 

As a first step in getting PAABS off the ground, the 
delegates at the Miami meeting agreed to convene a 
second meeting in Caracas at the end of July with the 
intention of formally launching PAABS on January 1, 
1970. One of the problems which Dr Whelan found 
when FEBS was being set up is, surprisingly enough, 
simply locating biochemical societies around the 
continent. There is no calendar of biochemical 
societies in all the American countries, and contacts 
with some of them are very tenuous. Dr Whelan 
hopes that any interested society will write to him 
directly at the Biochemistry Department of the 
University of Miami. 


BIOLOGY 


Consequences of Affluence 


from a Correspondent 


Tue Scottish branch of the Institute of Biology chose 
as the subject of its annual symposium “The Biology 
of Affluence” and spent two days in Aberdeen exploring 
some of the biological consequences of affluent society 
on April 10 and 1]. For the purposes of the meeting, 
affluence was defined as “that state of societies or 
individuals in which materials and facilities are avail- 
able in excess of those necessary for the maintenance of 
physical and psychological health”. 

Professor R. C. Garry (University of Glasgow) 
opened the meeting by discussing the balance between 
man’s external and internal environments, the product 
originally of a harmonious evolution. By increased 
control over the external environment man has, how- 
ever, upset this balance. Appetites which evolved 
to meet our ancestors’ material needs can now be 
satisfied with much less effort and often to excess. 
While such control has brought many benefits, it has, 
improperly used, led also to such forms of disharmony 
as obesity, the affluent society’s variety of malnutrition, 
and other ailments. Increasing control is also being 
established over our internal environment with much 
benefit to our health and prospects, and may serve as a 
corrective. But we are living dangerously; our hopes 
of survival lie in an enlightened use of knowledge and 
power, @ rational assessment of priorities, and the 
avoidance of folly. 

As an example of the kind of control to which the 
external environment has been subjected, K. L. Blaxter 
(Rowett Research Institute) described some of the 
advances in farming technology which have led to the 
improved quantity and quality of our food supplies. 
They have necessitated many changes in the economics 
and practice of farming—subsidies, intensified use of 
good land, mechanization and industrialization, and 
the increasing size of land and stock units, with con- 
comitant problems of disease transmission and the 
spread and disposal of obnoxious substances. In 
general we have been quicker to accept change than to 
oe its consequences. Nevertheless, in a world 
where plenty and poverty coexist, the export of our 
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knowledge may be our most valuable contribution 
to the future. 

To illustrate the results of disharmony, R. L. Richards 
(Western Infirmary, Glasgow) discussed present know- 
ledge of the distribution and causes of coronary heart 
disease, which has to some degree offset benefits 
from suppression of the principal infectious diseases in 
develo countries. Several factors associated with 
affluent society can be shown to contribute, but none 
can yet be singled out as the chief cause. Heart 
functions were geared to conditions which have now 
changed in many ways, for example, by new dietary 
habits; polluted air, decreased exercise and behavioural 
stresses. 

Data show that the risks of chemical food poisoning 
are trivial compared with those of bacterial food poison- 
ing; it is more towards clean food that our efforts 
should therefore be directed. 

Genetic risks from certain contaminants of the 
environment present a relatively new problem which 
was ‘described by Professor H. J. Evans (University of 
Aberdeen). Although radioactive fallout has received 
much publicity, the real danger now may be from 
chemical mutagens; mercury compounds, for example, 
causing environmental pollution, as in Sweden, have 
mutagenic properties at concentrations far below their 
lethal doses. Most induced mutations must be harm- 
ful, and so the hazard from such substances is not 
only to individual health but to the race. 

Sir Dugald Baird (Medical Sociology Research Unit, 
Aberdeen) considered the effects of affluence on child- 
bearing, where decreased perinatal mortality has been 
accompanied by a decline in the birth rate. These can 
largely be attributed to the greater health and im- 
proved care of young mothers and the higher standard 
of education, together with developments in the field 
of family planning. New problems have also arisen, 
however, notably the rise in illegitimacy and the 
problems of termination of pregnancy. There still 
exists, too, a section of the community which has not 
yet benefited fully from improved conditions. What 
is most important is to continue to improve the quality 
of life for those who are born. 

Dealing with the other end of the age scale, Professor 
Ferguson Anderson (University of Glasgow) pointed 
out that while the overall expectation of life is longer, 
it is not much greater for the very old than it used to 
be, nor is activity prolonged. The study of gerontology 
calls for much more effort. In the course of his review 
he compared old people of Western countries with 
those of the Far East, who appear thin, mobile and not 
incontinent, less beset by emotional problems. Retire- 
ment poses problems, and it is time for Government, 
employers and employees to collaborate in working 
out labour force needs, to allow planned redeployment 
and re-training of older workers. The old are being 
preserved, perhaps, but not properly incorporated 
in our society. Magnus Pyke (Glenochil Research 
Station) also referred to the structure of affluent 
society and enquired if the close-knit corporate organ- 
ization of pygmies in the Congo might not reflect a 
healthier condition than that of some developed coun- 
tries. Man can be viewed as an individual or as a 
component of the multicellular colony of political 
animals which constitutes a nation. Solution of the 
biological problem of affluence calls for an understand- 
ing of the natural history of the political animal to 
which other disciplines besides biology must contribute. 
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PLANT ULTRASTRUCTURE 


Looking inio Chloroplasts 


from a Correspondent 


ELEOTRON microscopy has revealed that the membranes 
within the chloroplast have two distinct types of 
structure: the grana, densely pigmented stacks of 
circular compartments rather like cylindrical piles of 
coins; and the fretwork, a loose arrangement of mem- 
branes which connect the compartments of the grana 
in a complex but characteristic manner. 

Various explanations of the relationship between the 
fret membranes and the granum have been proposed 
during the past ten years. Dominick Paolillo, working 
with R. H. Falk (Amer. J. Bot., 58, 173; 1966), first 
demonstrated multiple helical frets around the granum 
of Zea mays, and later, in collaboration with J. A. 
Reighard (Canad. J. Bot., 45, 773; 1967), was able to 
show a similar fret arrangement in the chloroplasts 
of the bean plant. It would clearly be interesting to 
know whether multiple helical frets are common in 
chloroplasts, and now Paolillo has evidence which 
suggests that they are a typical feature of the chloro- 
plasts of flowering plants in general (D. J. Paolillo, 
N. C. MacKay and J. R. Graffius, Amer. J. Bot., 58(8), 
344; 1969). 

Multiple helical fretwork means that the flat fret 
membranes are spiralled round the cylindrical granum 
rather like the steps of a spiral staircase around its 
core. Furthermore, there are many fret membranes 
coiled around a single granum. In 1964 W. Wehrmeyer 
suggested that a fret may increase the height of a 
granum stack by overtopping the end of the granum 
to form additional compartments (Planta, 62, 1772; 
1964). This simple picture of enlargement of the 
granum cannot apply to grana with multiple frets 
wound around them. Paolillo has found multiple 
helical frets in the chloroplasts of Phaseolus vulgarts, 
Zea mays, Nicotiana rustica, Pisum sativum, Cannabis 
sativa, Elodea canadensis and Spinacea oleracea. These 
plants are frequently chosen for ultrastructure investi- 
gations, and were used so that findings could be com- 
pared with previous results. Between ten and fifteen 
helices are wound around each granum according to 
species, and the ratio of granum compartments to 
fret membrane profiles averages 2:35 : 1, the exception 
being Hlodea canadensis which had a ratio of 2:1. 

Clearly there must be an intimate relationship 
between. the structure of an organelle and the molecular 
events that take place within it. It is well known that 
molecules of chlorophyll are localized on the surface 
of the grana membranes, whereas the enzymes of the 
carbon dioxide dark fixation cycle are found in the 
stroma of the chloroplast. Paolillo sees the significance 
of multiple helical rota as providing a continuity of 
membranes and membrane-bounded spaces within the 
chloroplast, which may well be important for the 
exchange of metabolites between the grana and the 
stroma. He further emphasizes that current theories 
of granum ontogeny cannot account for the occurrence 
of multiple helical frets, and proposes that membrane 
continuity is a result of membrane rearrangement and 
fusion as the system of grana and fretwork matures. 
The apparently stable membrane structure of the 
mature chloroplast may be the result of a dynamic 
equilibrium in membrane formation or a reduction in 
the rate of rearrangement of the fretwork membranes. 
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Occupational Values of Students 

by Sclence and technology students at Bradford want a career whlch 


promlses good money and a stable future. 
arts and social sciences, they are not usually interested In the soclal 

aspect of a job, which may explain why they are so difficult to attract 
Into teaching. 


ALAN SMITHERS 


School of Research in Education, 
University of Bradford 


THE Dainton committee! reported that although there 
has been some increase m the number of pupils studying 
science in the sixth form in Britam, the mcrease is very 
much less than in other subjects. If, as seems likely, the 
trend of the past ten years continues into the seventies, 
then in 1971 only about a quarter of the sixth form popula- 
tion will be studymg science. The available evidence? 
suggests that this will be madequate to meet the growing 
demand for scientists and technologists, particularly in 
teaching and industry. As the Swann report? makes 
clear, these sectors have considerable difficulty ın attract- 
ing the most able graduates away from pure research. 

There is no simple explanation of the swmg from the 
sciences. Among many possibilities, the Dainton com- 
mittee attached umportance to the narrow and rigorous 
commitment demanded by existing science curricula; the 
lack of imaginativeness ın science teaching, and sufficient 
knowledge of the real nature of employment opportunities. 
But it also recognized that the “root causes may lie more 
deeply ım the individual”, and urged that further research 
be carried out to elucidate these “personal factors”. 

As a contribution to this field a study is being carried 
out at Bradford to discover the values that freshmen 
appled scientists and technologists hope to satisfy in 
their future careers, and to contrast these values with 
those of other freshmen coming up at the same time. 


Questionnalre for Freshmen 


Students entering the University of Bradford are 
the subjects of a series of longitudinal studies designed to 
reveal changes that occur in university students during 
their courses and subsequent careers. One study con- 
cerns occupational orientations. As part of the work 
carried out to establish a baseline for this study, all 
students in one intake were asked to complete an occupa- 
tional values questionnaire. Followmg Rosenberg’s 
methods‘, subjects were asked to indicate on a three 
point scale the extent to which a job or career would 
have to satisfy ten possible requirements (Table 1) before 
it could be considered ideal. The three points on the scale 
were (1) of high importance; (2) of medium importance; 
and (3) of low importance. 

Seven hundred and fifty-seven students completed the 
questionnaire—more than 93 per cent of the intake. Of 
the respondents, 649 were males and 108 females. Amer- 
can research (for example, ref. 5) has revealed considerable 
differences in the occupational values of men and women. 
The same can be sgaid of the Bradford project when all 
males are compared with all females, but when their field 
of study is taken into account the differences largely 


Unlike students of the 


disappear. ‘‘Security’’, however, ıs much lees mmportant 
as a work value to female students. (These findmgs have 
been reported m detail eleewhere‘.) Nevertheless this 
report is confined to male students. 

The occupational values of apphed scientists and tech- 
nologists have been compared with those of other students 
grouped according to field of study. The four groups 
discussed are based on the four boards of study of the 
University of Bradford. The board of engineering, com- 
prising schools of chemical, civil, electrical and mechanical 
engineering, is one group, and the board of social sciences 
(except the thirty-one business students who have been 
considered elsewhere’) ıs another. This group includes 
students of modern languages, applied social studies and 
the social sciences (with the possibility of various special- 
isms, including history and geography as well as economics 
and sociology). Students attached to the two schools com- 
prismg the board of lfe sciences were found to have 
diverging values. Accordingly, they have been separated 
and the pharmacists have been combined with the opticians 
whom they resemble, and the applied biologists have been 
grouped with the remainder of the board of physical 
sciences (mathematicians, apphed physicists, material 
scientists, chemists, colour chemists and textile tech- 
nologists). 


Occupational Values 


Table 1 shows that the occupational values of applied 
scientists and engineers are very similar, differing sharply 
from those of students of arts and social science, and 
pharmacy and optics. All groups of students except the 

pharmacists and optacians (who were sometimes frus- 
brated medical students) attached greatest importance to 
making use of “special abilities’ in their future careers. 
Applied scientists and engmeers also attached great 
weight to earnmg good money and being able to look 
forward to a stable, secure future. In both these ambitions 
they differed significantly from students of arte and social 
science. Like the technologists, the pharmacists and 
opticians placed much emphasis on. “‘security”’, but rather 
curiously, in view of the reported financial returns of their 
professions’, they placed less weight on “good money”. 

Students of pharmacy and optics also differed signi- 
ficantly from other students with science backgrounds in 
the great importance which they attached to working 
with people and being helpful to them. In this they 
resembled students of arte and social science. A distinctive 
feature of students of engineering and applied science 
seems to be the low importance which they attach to 
work as a social activity. 
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Students of applied science and engineering placed 
emphasis on the opportunity to be creative and original. 
Students of arts and social science similarly gave weight 
to this value, but ıt was not so important to pharmacists 
and opticians. These students were also less concerned for 
“adventure” than their contemporaries. 


Table 1. OCCUPATIONAL VALUES OF FRESHMAN STUDBATS IN A THOH- 
MOLOGIOAL UNIVARSITY 
Per cent rating “of high hnportanoe’”’ 
Artsand Phar- 
Value variable soolal macy Engin- Applied 
science and optics eenmng science 
(N=82) (N=66) (N=276) (N = 194) 
Provide me with adventure 20 8 18-6 82-2 29:9 
Provide me with a chance to earn 
good money 82-*¢ 480" 649 60:8 
Provide an opportunity to use my 
special abilities 817 69:7 754 78-4 
Give me an opportunity to work 
with people rather than things 598*t  500*t 210 22-2 
Enable me to look forward to a 
stable, secure futuro 512 74:2 746 768 
Give me a chance to exere 
leadershtp 23 2 167 246 222 
Give me social status and pres- 
tige§ 24 76 116 124 
Givo me an opportunity to be 
helpfal to o 41:5 66 7 26 1 85-1 
Permit me to be creative and 
original 488 25-8 547 557 
Leave me relatively free of super- 
vision by others 500t 80°3 43-8 412 


zt between the various groups calculated on frequencies rating ‘‘of high 
importance” against others. cant differences (P= 0" 05 at least) are 
shown: different from all other groups on a particular item—in Italics. 


* Different from applied scientists. 
+ Different from engineers. 
t Different from pharmacists and opticians. 


§ On this item only, z* calculated on frequencies rating “of no importance” 
against 


Least important for all groups of students was the 
status and prestige which their future occupations might 
bestow. Students of arta and social science gave it least 
weight. To be left fairly free of supervision was considered 
a relatively important job-characteristic by all groups of 
students, more so than the chance to exercise leadership. 

The resulta of this inquiry suggest that one group of 
factors predisposing studentes towards different fields of 
study 1s the values they hope to satisfy m their future 
careers. At a first level of analysis ıt has been found 
convenient to recognize three principal areas of work 
satisfaction’ 1°: (i) relating to the performance of the 
work itself (intrinsic rewards); (i1) relating to the returns 
of work in the form of money and security (extrinsic 
rewards); and (iii) relating to the concomitants of work, 
particularly work as a social activity. Rosenberg‘, in a 
nation-wide survey of American college students, distin- 
guished three principal clusters of responses among the 
value variables used at Bradford. He found that emphasis 
on “special abilities’? tended to be associated with 
“creative and original”; “good money” with ‘‘seourity” 
and “status”, and “people” with “helpful”. These find- 
ings have reeently been confirmed among engineering 
students in this country". Rosenberg‘ identified the 
three value-onentations with the three components of 
work satisfaction previously described. 

Viewed in these terms, students of applied science and 
engineering are both intrinsically and extrinsically re- 
wards-orientated. The emphasis placed by scientists on 
intrinsic satisfactions has been noted many times (for a 
review, see ref. 12). Eiduson” in particular stresses their 
“strong ego involvement” in work and suggests that they 
value work “primarily as permitting expression. of inner 
personality”. An accompanying emphasis on the returns 
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of work may be characteristic of the applied scientist and 
technologist. 


Soclal Scientists Different 


Students of arts and social science differ from the 
technologists ın not being extrinsically rewards-orientated, 
but the most discrminatmg value-orentation is that 
concerned with interpersonal relations. Students of 
pharmacy and optacs seem to be motivated chiefly by 
the desire to be helpful to others and they attach relatively 
low importance to bemg creative and earning good money. 
Students of arts and social science can similarly be de- 
scribed. as people-orientated, but the social aspect of work 
is of comparatavely little importance to applied scientists 
and technologists. This supports American findings. 
In her classification of occupations, for example, Roe 
noted that among technologists “‘mterest in personal 
interaction is generally low, perhaps at the lowest for all 
the groups” (and interest among scientists was not much 
above that of technologists)'*. In his generalizations about 
creative scientists, McClelland!" noted that “scientists 
avoid interpersonal contact”. Simular findings have been 
reported ın this country by Hudson'*. Terman’s?’ study 
of a sample of highly gifted children suggests that this 
basic lack of sociability 1s established at an early age and 
1s an enduring characteristic. Strong’s'* follow-up study 
of nearly nine hundred Stanford University graduates 
eighteen years after they had left college demonstrated 
the immense stability of interpersonal and other interests. 

The low people-orientation of scientista may explain 
why it is so difficult to attract science graduates into 

: American research‘ has shown this to be one 
of the most people-orientated of occupations. 

The present study suggests that characteristically 
applied science and technology students when looking 
ahead to their future careers are intrinsically and ex- 
trinsically rewards-orientated. It also confirms previous 
indications that the sciences are particularly attractive 
to people who attach low importance to interpersonal 
relations. A study of the distribution of values, including 
occupational values, among schoolchildren would tell 
something about the likely success of the structural 
reforms proposed by the Dainton committee ın correcting 
the apparent swing away from the sciences. 


DRRRIOEE to:the Flow of Candidates in Source ona, eran enue eo Higkar 
ducatin, Cmnd 2898 (HMSO, Tondon, 1988) 


"Triennial Manpower S o Enoineers Technologists, Sotentists and 
Technical Supporting Stayt O, eis 1965). 


3 Tho Flow nto yrant Of f Scwnitisis, Engweors and Technologists, 
ndon, 1968). 


Omnd 8760 (HMSO, 


£ Reber, AL, Occupations and Values (The Free Press, Glencoe, Minois, 


bd an E. K., What Oollsge Students Think (Yan Nostrand, Princeton, 


“Smithers, A. G., in Further Studies of a Technological University (edit. by 
Musgrove, $ } (in the pree). 


7 Smithers, A. G., Occupational Psychology, 42, 281 (1968). 
* Booth, T. G., and Backhouse, B. M., Pharm. J., 188, 887 (1967). 


* Ginzberg, B., ional Ohoics : Approach to a General Thoory 
(Columbia tg alee New York, iy 


1 Super, D. E., The Psychology of Careers (Harper and Row, New York, 1057). 


Smithers, A. G., in Further Studies of a Technological Universty (edit. by 
Musgrove, F. S] (in the press). 


13 Kaplan, N., in Handbook af Modern Sooology (edit. by Faris, R. E. L.), 852 
REPETA cNally, Chicago, 1964). 
1 Rh 


B. T., Scientists: Thar Psychological World (Basic Books, New 
York, 1062). 


u Roe, A., Ths Psychology of Occupations (Jobn oie New York, 1956). 


18 WoOlell ive Thinking (edit. 
by Graber, H. a A New York, ete ( 


1° Hudson, L., Contrary Imagtnations (Methuen, London, 1966). 
1° Terman, L. M., Psychol. Monog., 68, No. 878 (1054). 


ug , E. K., Vocational Interests 18 Years after Oollege (University of 
es ta Prees, Minneapolis, 1055) 


NATURE, VOL 222. MAY 24, 1969 


The Meteorite of April 25, 1969 


by 
A. D. ANDREWS 
Armagh Observatory 


T. W. RACKHAM 


Armagh Planetarlum 


P. A. WAYMAN 
Dunsink Observatory 


A METEORITIO body entered the Earth’s atmosphere 
somewhere over the south of England on April 25, 1969, 
and at 2021 UT was seen by thousands of people in most 
parts of the British Isles to be travelling on a nearly level 
path in a north-westerly direction. It was reported from 
places as far separated as London, Cork and Malin Head. 
A clear view was obtained from many parts of Ireland 
and a large number of sightings have been reported to 
Dunswmk Observatory, Armagh Observatory and Plane- 
tarum, and to Mr Terence Murtagh of the Belfast Centre 
of the Irish Astronomical Society, who requested such 
reports. 

Observations from England have now been satisfac- 
torily combined with the Irish observations to give a 
reasonably accurate path, but before this had been done 
authentic fragments of the meteorite were recovered from 
a Royal Ulster Constabulary bwildmg in Lisburn, Co. 
Antrim, where they had penetrated an asbestos roof, 
and from a farm near Kilrea, Co. Londonderry, where @ 
7 kg piece was picked up near to farm buildings. A line 


ii 
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Fig. 1. The track of the meteorite from 8. Wales to N. Ireland. Heights 
are indicated by two vertical lmes of appropriate length. 
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The path of the meteorite which passed over the British Isles on 
April 25 has been plotted, and fragments of the meteorite have been 
recovered from Ireland. 


joining these two places, which are separated by 52 km, 
passes over Anglesey and crosses the Irish coast near 
Ardglass, and at both these places the meteorite was 
reported as passing overhead. The altitudes recorded at 
Dublin and at Keele (communicated by Dr R. C. Maddi- 
son), however, seem to indicate that the path was not 
quite on this line and the path shown in Fig. 1 has been 
deduced on the assumption that ıt must pass near Kilrea 
and Lisburn and must fit about fifteen sets of altitude 
and azimuth estimates from Armagh, Dundalk, Dublin, 
Navan, Keele, London, Garron Pomt, Malin Head, Dun- 
boyne and Newtownhamulton. “Overhead” is often 
interpreted as “within 25° or 30° of the zenith” and the 
Ardglass and Anglesey observations are consistent with 
the deduced heights along this path of 40 km near Anglesey 
and 25 km over Lough Neagh. 

The bolide was clearly seen to break up into, firat, three 
and then more pieces approximately over the Co. Down 
coast. Observations of the end pomt are, as 1s usual 
when the path ıs nearly level, not mutually consistent, 
but ıt seems that the largest fragments probably fell into 
the Atlantic Ocean near Malin Head. The angle of the 
path to the horizontal over Ireland was only about 4° 
and the observed path was more than 600 km long. The 
time taken to travel this path was about 20 s. The bright- 
ness of the fireball as seen from Dublin was probably 
slightly in excess of the full Moon. It came ata time when 
daylight in Ireland had not quite faded and the Ilumina- 
tion was widely noticed from inside illuminated uncur- 
tained rooms. According to a personal estimate (P. A. W.) 
the apparent size of the bright region around the head of 
the fireball was 10 min of arc, which, at a distance of 
80 km, indicates a diameter of just over 200 m. The pre- 
gence of a tail, probably extending 5° or more behind the 
nucleus, was noted by practically all observers, as were 
the characteristic flashes of differing hues and the apparent 
scattering away of small parts as “sparks”. The sonic 
shockwave was heard in Dublin 3-5 min after the visual 
sighting and m Armagh (45 km from the track) after 
about 1-5 min, but the estimates for this interval are very 
diverse. Some observers in the Dublin area and in 
Northern Ireland reported a simultaneous ‘‘swishing”’ 
noise, which has often been reported on past occasions 
and which is now believed to be & real physical phenom- 
enon of obscure cause, possibly associated with ionizing 
radiation. 

The large fragment at Kilrea and part of the Lisburn 
piece have been dispatched via Queen’s University, 
Belfast, Armagh Observatory and Dr Gale, University of 
Oxford, to AERE, Harwell, and to the Centre of Weak 
Redioactivity, Pams, for radioactive analysis. All other 
suspected fragments have, as far as we know, not been 
confirmed as meteoritic, but on the farm where the large 
fragment fell a heap of (apparently) ablation fragments 
(characteristic size 0-5-3 mm) was discovered, some of 
which are noticeably “magnetic” and others less so. 
These particles may be of considerable mterest. 

We thank Dr R. C. Maddison of Keele and Dr 8S. Cauley 
of Dubln for passing on their observations, and Mr C. J. 
Butler for assistance. 

Received Alay 15, 1969. 
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X-Ray and Optical Observations of the Pulsar NP 0532 


in the Crab Nebula 


by 
H. BRADT 


S. RAPPAPORT 
W. MAYER 


Department of Physics and Center for 
Space Research, 

assachusetts Institute of Technology, 
Cambridge, Massachusetts 


R. E. NATHER 
B. WARNER 
M. MACFARLANE 


McDonald Observatory and Department 
of Astronomy, 

University ot Texas, 
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J. KRISTIAN 


Mount Wilson and Palomar Observatories, 
Carnegle Institution of Washington, 
California Institute of Technology, 
Pasadena, California 


Tu discovery! of optical pulsations from NP 0532 made 
apparent the importance of a search for pulsations at 
X-ray wavelengths. Accordmgly, an MIT sounding 
rocket expertment which was in preparation was modified 
to permut the detection of the maximum number of X-ray 
Photons, ~300,000, from the Crab Nebula. Absolute 
timing of the X-ray pulses with ~1 ms precision was 
planned, and arrangements were made for simultaneous 
optical observations at McDonald Observatory. The 
discovery of X-ray pulsations? one week before the 
scheduled flight re-emphasized the umportance of corre- 
lated optical observations. Thus ıt became possible to 
obtain time on the Hale 200 inch telescope at Mount 
Palomar. The pulsar was observed by the MIT, McDonald 
and Palomar groups within a 1 h period on the evening of 
April 26 (MST). 

The X-ray experiment was launched from White Sands 
Missile Range (WSMR), New Mexico, at 03h 22m 00s, 
April 27 (UT). The Crab Nebula was observed for about 
190 s beginning 127 s after launch. Approximately 
300,000 X-ray photons in the energy interval 1-5-10 keV 
were detected. Proportional counters with 50 micron 
beryllium windows and with a total effective area of about 
800 cm? were used. An 11°x 11° hexagonal collimator 
limited the isotropic background radiation. The detection 
of each X-ray was telemetered from the rocket with an 
uncertainty in time of + 0:40 ms. The telemetered s 
was recorded on high-speed paper strip-charts (100 cm/s) 
together with three clock signals: (1) the WSMR “range 
time” (pulses at intervals of 10 ms); (2) the WWV 
transmissions from Fort Collins, Colorado (1 s ticks); 
and (3) the pulses from a “local” clock ın the ground 
station at WSMR (10 ms intervals). The range time is 
inherently precise to ~ 10 ys and thus our measurements 
ultzmately will be hmited only by our recording technique 
to +0-4ms. Throughout the flight, the local clock agreed 
with range time within +1 ms after a 1 ms offset was 
taken into account. The telemetered signals were also 
recorded on magnetic tapes together with this local time. 
In the preliminary analysis reported here, we used the 
data and times on these magnetic tapes. 

The X-ray data were telemetered in two forms: (1) a 
pulse-height mode which encountered substantial dead- 
time (~40 per cent) and (2) a scaler mode which had 
negligible deadtume (~10 us) but which yielded no 


The existence of a strong pulsed X-ray signal from the pulsar NP 0532 
is confirmed. eS es and the shapes of the X-ray and optical 
pulses are compared. 


pulse-height information. In each form the arrival time 
of each photon is known with the previously mentioned 
precision. In the scaler mode we telemetered a voltage 
which, in effect, indicated the number of X-rays recorded 
in the time interval (800 us) since the previous telemetry 
sample. Fig. la shows a superposition of 150 s of data 
from six of the seven counters in the pulse-height mode. 
Scaler data from five of the seven counters for the same 
period are given in Fig. lb. The superposition period 
was taken to be 33099522 ns, the apparent period of the 
pulsar at McDonald Observatory at the time of the flight. 
The Doppler corrections due to latitude and rocket motion 
were less than about 10 ns and would have had a negligible 
effect on this superposition for the duration of the flight. 

Two prominent peaks are immediately apparent well 
above the steady-state background in both sets of X-ray 
data. The indicated non-Crab background was determined 
from 20 8 of measurements just before the Crab observa- 
tions. The area associated with the first peak (pulse A) 
in Fig. 1b is 4-5 per cent of the total area due to the 
steady-state Crab Nebula. The observed width and shape 
of pulse A could be due almost entarely to the +1 ms 
timing uncertamties in the present analysis. The slow 
rise and relatively fast decay observed for pulse B (Fig. 
1b) are certainly real. Its total area is about 4:6 per cent 
of the total area due to the Crab Nebula. Thus in the 
energy region 1-5-10 keV, the total energy emitted in the 
pulse mode is ~9 per cent of the energy emitted in the 
steady-state mode. The data ın Fig. la yield a smaller 
percentage (~5 percent). Deadtime suppression probably 
accounts for most of this discrepancy. We further note 
that the deadtime of 2 ms per photon per counter tends 
to suppress the right side of peaks in the data of Fig. la 
(for example, pulse A). Nevertheless the two sets of data 
show similar features: a narrow pulse A, a wider pulse B 
with a slow rise and rapid decay, and an excess of 
radiation between pulses A and B. 

We have calculated a spectral pomt from the fractional 
energy ın the pulsar mode (~9 per cent) and the X-ray 
spectrum of the Crab Nebula reported by Gorenstein et 
al.*. Thus at 3 keV (7:3x 10" Hz), the spectral point 
for the entare pulsed mode is 


f(3 keV) =1-6 x 10-1 ergs/em? s Hz 
Half of this flux is in pulse 4 and can be compared with 
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Fig. 1. aandd, X-ray data obtained during 150 s of observations and super- 
imposed, mto 40 bina, with the apparent penod of the pulsar at AlcDonald 
Observatory, 88 090522 ms. The data for the two modes of signal pro- 
ceasing are shown Moat of the Pian photons 10 (a) are included ın (b). 
(e) The optical data of ref 6 mtegra’ into 41 bins for comparison of 
pulse shapes. The relative phase of the X-ray and optical pulses are 
shown ın (a) and (b). The principal optical pulse is coincident with the 
X-ray pulse A within 1 ms. 


the optical flux given by Oke‘ for the primary optical 
pulse. This comparison directly umplies a spectral index 
a of +0-5 for the 2 eV—3 keV region, where fy p-a. This 
is a much harder spectrum than that obtamed for the 
entire Crab Nebula (a~ +1-:0) either from a similar 
comparison or from direct measurements in the X-ray 
region 1:5-60 keV (refs. 3 and 6 and unpublished work of 
G. Ducros, R. Ducros, R. Roceia and A. Tarrrus). 

The time averaged pulsed-mode X-ray flux integrated 
from 1:5-10 keV 1s not sensitive to the assumed spectral 
index. We obtain, for «=1-0, 

Ix=2-2x 10-* ergs/em" g E 
This in turn leads to an estimate of the time averaged 
luminosity (1-5-10 keV) for the pulsed mode 
Ix = 9 x 10*® orgs/s = 3 x 1074 ergs/pulsar period 
where we have assumed a distance of 6,000 light years. 
The total tıme averaged optical flux in the pulsed mode 
(3400-8300 A), after correction for interstellar absorption, 
1s about 
o= 24x 10-1! ergs/em? s 
where we have increased the value given by Oke‘ by 


60 per cent to molude the contribution from pulse B 
(ref. 6). Thus the ratio of X-ray to optical power from 
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NP 0582 ıs about 100. For the diffuse Crab, this ratio 
18 about 2. 

We have compared the X-ray energy spectrum of the 
Crab background with the spectra of the two pulses. The 
data are consistent with a spectral index for each pulse 
which ıs the same as that of the steady-state component 
within our experimental uncertainty—that 1s, «= 1:0 + 0-5. 
This result ıs not mconsistent with the spectral index 
obtained by extrapolation from the optical region. 

Optical observations of the pulsar were carried out with 
the 36 mch reflector at McDonald Observatory on the 
evenings of April 20, 24, 25 and 26. The measurement 
technique ıs described in ref. 6. The observations were 
consistent with one another and yielded the period 
33099522 +1 ns which agreed with that predicted from 
earlier measurements. On the evenmg of the flight, 
observations were made at 0225 and 0255 UT. The 
absolute arrival time of a single pulse was obtained from 
the 15 MHz, WWV signal with a precision of about 0-5 ms. 
The propagation delay from the WWV transmitter, 
including receiver delay, was taken to be 4:1 ms. The 
phase of the pulsar signal was extrapolated up to the 
rocket launch tume, 0322 UT. The appropriate correction 
for the different arrival tumes of the electromagnetic pulse 
at WSMR and McDonald Observatory (0-8 ms) was then 
applied. 

Observations at Mount Palomar were carried out on 
the evening of April 26. They were made with the prime 
focus photometer of the Hale 200 inch telescope. Pulses 
from an unfiltered 1P21 photomultiplier were counted in 
a 1024-channel averaging computer which was 
cycled at a multiple of the known pulsar period. The 
computer was initially triggered by a clock signal derived 
by digitally dividmg a.temperature-controlled quartz 
crystal oscillator down to 1/5 Hz. The absolute tıme of 
the trigger signal was determined from a measurement of 
its phase with respect to the 1 s ticks from WWV at 
15 MHz. A correction of 4-9 ms for the travel time and 
receiver delay of the WWV signal was applied. The 
phase difference between the trigger signal and WWV was 
the same at the beginnmg and at the end of the observa- 
tions to within. 0-3 ms. 

The arrival tıme of a pulse from NP 0532 at Palomar 
was obtained as follows. Pulses were accumulated m the 
averaging computer up to a convenient level, and the 
phase of the principal peak with respect to the initial 
trigger was measured. Five such measurements were 
made between 0355 and 0425 UT. The individual 
measurements were consistent with each other to within 
a mean error of 0-25 ms. The overall accuracy in the 
absolute arrival times of the pulses is estumated to be less 
than 1 ms. The optical pulse arrival times were extra- 
polated back in time to 0322 UT and a correction of 2-9 ms 
was added for the difference ın light travel times from the 
pulsar to Palomar and to White Sands. It should be 
noted that the extrapolation ın time was over the same 
length of time covered by the 200 inch observations, about 
0-5 h. 

The X-ray data in Fig. 1 were superumposed relative to 
a zero time of 03h 22m 00 s UT, the nommal launch time. 
The time of the first peak 1s taken to be the centre of the 
highest bin or 12-8 ms after 0322 UT. A delay of 0-4 ms 
from the detection of a pulse until it is sampled by the 
telemetry and a further delay of 0-6 ms due to the trans- 
mission of the telemetered signal to the ground station 
were approximately cancelled by an apparent 1 ms offset 
between the local ground station clock and the more 
precise “range time”. The trajectory of the rocket was 
such that the arrival times of the pulse at the rocket and 
the ground station differed by less than about 0-2 ms. 

The arrival times nearest 0322 UT obtamed by the 
three groups are as follows: MIT, 03 h 22 m 00-0128s8+ 1 ms 
(pulse A); McDonald, 03 h 22 m 00-0119 s + 0-5 ms (prinei- 
pal pulse); Mount Palomar, 03h 22m 00-:01228+ 1-0 ms 
(principal pulse). It is thus clear that pulse A in the 
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X-ray date corresponds within 1 ms to the principal 
optical pulse. 

To compare the shapes of the optical and X-ray distri- 

. butions, we have integrated the tabulated optical data of 
ref. 6 to obtain a histogram (Fig. lc) with about the same 
number of bins as the X-ray data and have noted the 
following pointe: (1) The pmmary optical pulse and the 
X-ray pulse A are similar in shape and width though, as 
stated earlier, the X-ray shape may arise solely from our 
timing resolution. (2) The region between the two pulses 
in Fig. 1 never returns to the background observed just 
before pulse A. This effect is observed in both the optical 
and X-ray data but is more pronounced in the latter. 
(3) The rise time of pulse B in the optical is leas than the 
decay time’ whereas, in the X-ray data, the opposite is 
true. (4) The apparent width at half maximum of pulse B 
is the same m the optical and X-ray data. Again the 
timing resolution could modify this conclusion. (6) In the 
X-ray data pulses A and B are of comparable intensity 
whereas, in the optical, pulse B has only about half the 
integrated intensity of A. (6) The optical peaks are 
separated by 13-55 ms (ref. 6) and the X-ray peaks in 
Fig. 1b are separated by 13-3+0-3 ms. 

We conclude that pulsar NP 0632 double pulses at 
X-ray energies 1:5-10 keV with a total emission energy 
of ~9 per cent of the steady-state Crab emission in this 
spectral region. Both peaks of the K-ray emission are 
coincident with the optical peaks withm 1 ms. The 
X-ray peak A corresponds to the principal optical pulse. 
The X-ray pulse B is comparable in energy output with 
the X-ray pulse A whereas, in the optical, the secondary 
peak is much less intense than the primary peak. This 
suggests that, at higher energies, the emission in pulse B 
may dominate the pulsar emission. 

Previous observations of the Crab Nebula indicate that 
most of the X-ray emission comes from a region which is 
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about 100” in diameter and is centred on the optical 
Nebula with a precision of 15” (ref. 8). An earlier lunar 
occultation experiment’ yielded similar results along the 
direction of the lunar transit. Undoubtedly, the pulsed- 
mode radiation arises from the immediate vicinity of the 
pulsar NP 0532. R. Giacconi (private communication) 
has pointed out that neither the data presented here nor 
those of refs. 8 and 9 can exclude the possibility that a 
small fraction of the steady-state X-ray emission arises 
from the pulser. 

This work was supported in part by the US National 
Aeronautics and Space Administration. We thank Mr 
Edward Boughan, Mr Steven Watt, Mr Devere Smith and 
the entire staff of the Center for Space Research at MIT 
for assistance during these observations, and the staffs of 
the Sounding Rocket Branch of Goddard Space Flight 
Center and the White Sands Missile for their 
support of the Aerobee launch. We also thank Professor 
George Clark of MIT and Professor Gordon Garmure of 
the California Institute of Technology for helpful dis- 
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WE report here the results of the first independent inter- 
ferometer observations of discrete radio sources using & 
trans-Pacific baseline. Ten sources, most of them quaei- 
stellar objects with flat radio spectra, were observed with 
an antenna spacing of 10,589 km, or 81 x 10* wavelengths 
at our operating frequency of 2,298-3 MHz. Strong 
fringes were detected from one source, 30279, and weaker 
correlated. si were seen from three others, 30278, 
30345 and P1510-08. The results for 30279 and 30273 
are interesting in connexion with models proposed to 
explain the intensity variations seen in these sources. 


Interferometer observations of ten radio sources, most of them 
quasars, with a basellne between California and Australia. 


In September 1967 we conducted an intensity inter- 
ferometer experiment using Deep Space Stations DSS 14 
at Goldstone, California, and DSS 41 at Island Lagoon, 
north of Adelaide, in South Australia. In view of many 
later results! ıt is not surprising that no correlation peaks 
were observed, because the weakest correlated signal 
which could have been detected was about five flux units. 
In November 1967 we repeated the experiment, but used 
intermediate mterferometry! and three Deep Space 
Stations : DSS 14 and 12 in California and DSŠ 41. We 
had some timing and data sampling problems at Island 


NATURE, VOL. 222, MAY 24, 1969 


Lagoon so that only the short baseline results from the two 
Cahfornia stations were at first thought to be valid. In 
May 1968 we repeated the mtermediate mterferometer 
experiment using DSS 14 and 11 in California and DKS 42 
near Canberra, and took the precaution of including 
observations of the Pioneer 8 spacecraft as a control of the 
interferometer system and also post-detection, non-inter- 
ferometric observations of the pulsar OP 1133 as a rough 
check on the clock differences for the three stations. 

An important advantage of this experiment lay m having 
available the three stations, providing a built-in calibra- 
tion of the observations with a short baseline at which 
the sources were known to be unresolved. The equipment 
and observing techniques at DSS 11 and DSS 42 were 
identical; each of these stations is equipped with a 25 m 
antenna and a maser receiver having a system temperature 
of 40° K. DSS 14 has a 64 m antenna and a 20° K system 
temperature. 

The length of the baseline between Canberra and Gold- 
stone is about 80 million wavelengths at our operating 
frequency of 2,298-3 MHz, corresponding to an angular 
resolving power of about 10> s of arc. The sampling rate 
was 5,000 samples s-t of 6 bit accuracy, and the band- 
width was 1:2 kHz, double sideband, a convenient 
system for the existing receivers. The Adelaide University 
CDC 6400 was used for our data reduction. The fringe 
function, which is a sine wave of slowly varying frequency, 
was calculated from the station and source coordinates. 
It was generated in a sub-routine and correlated with the 
product of the two data streams to an accuracy of +100 us 
in accordance with the geometry and clock difference. A 
Fourier type of display was generated by incrementing the 
fringe function in steps of 0-05 Hz from below its theoreti- 
cal value to above ıt. Intermediate type interferometry 
was used with a coherence period of 10 s. The maximum 
usable coherence period is governed by the short term 
stability of the frequency standards. These were rubidium 
vapour standards, and 10 s seemed to be a reasonable 
choice. Squares of the correlation coefficients (p) were 
accumulated for about 16 min, corresponding to the length 
of one data tape. The natural fringe frequencies were 
about 4 kHz, so that it was necessary to tune the receivers 
at opposite ends of the long baseline to different frequen- 
cies ; these frequencies were adjusted so as to leave a 
residual fringe frequency of between 30 and 100 Hz. 

The phase relationship between the computed fringe 
function and the actual fringe frequency is inevitably 
unknown. It was therefore necessary to generate two 
fringe functions, one in quadrature with the other, and to 
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correlate these separately with the data. This gave two 
components of p which were squared and added to give 
p* for each coherent period. These values of p? were then 
acoumulated. It was necessary to accumulate p* rather 
than p because, with the low signal-to-noise ratios en- 
countered after these short coherence periods, the opera- 
tion of taking the square root of p° degrades the signal-to- 
noise ratio very severely so that only strong signals are 
detectable. There is, of course, no objection to taking 
square roots after the accumulation process has raised 
the output signal-to-noise ratio to a reasonable level. 
Nevertheless, we have displayed our results in terms of 
p*, the quantity that our programme calculates. 

The length of the effective baselme between the two 
California stations lay withm 20 per cent of 4 km, or 
30,000 à. The values of p%<p% obtained for this 
baseline were plotted against values of source intensity? 
corrected to our frequency. Where possible, the intensi- 
ties refer to the epoch of observation. In Fig. 1, the line 
drawn through the pomts has a gradient of 0-5. The 
scatter at the lower end 1s probably due to the composite 
effect of noise and uncertainties in the values of intensity 
adduced from the literature. The very low value of p*- 
< p°» for P1345 +12 is probably due to antenna pointing 
errors rather than to a partial resolution of the source. 


Table 1. SUMMARY OF OBSERVATIONS 
Correlated Source inten- 


Source <g>) Signifi- imtenalty sity at 2,300 % Un- 
ae ibe cance (¥.0.) MHs (F.U.) resolved 
80279 80-1 6-30 2-8 110 28 
80273 B 10-5 2 20 16 25:9 7 
30278 (2 112 2-4o 1-7 25:9 8 
80845 11:1 24a 17 58 82 
P1510-08 11:0 2°30 1:7 82 68 
P1608 +00 — — <15 165 
P18454+12 — — <15 42 
0298 — — <15 3-8 
P1116+12 66 1-4 <15 1-7 
P1458-10 — — <15 2:7 
NRAO580 Unresolved component <2 5 F.U. (4 5 min of data) 


The orientation of the trans-Pacific baseline, as seen 
from the sources, was about 45° east of north. Fig. 1 was 
used to calibrate the values of p*~< "> obtained for the 
long baseline, which appear in Table 1, in terms of the 
flux density of the correlated signal observed for each 
source. Because of the rotation of the Earth, it is neces- 
sary to keep adjusting the relative slip between the two 
data streams. This can only be done to an accuracy of 
half a sampling interval, or +100 ys. This error gives 
rise to about a 10 per cent attenuation of the value of 
e*< 9%. 





100 1,000 10,000 


(@— <g*>) x 10* 
Fig. 1. Short baseline calibratzon S versus (g*—<g?>). 
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Pioneer 8 gave strong fringes for both short and long 
baselines. After allowing for the velocity of the space- 
craft and parallax, the fringe frequency seen at the short 
baseline agreed with theory, but the long baseline fre- 
quency was 0:45 Hz below its theoretical value. 30279 
also gave strong fringes at an offset of —0-40 Hz. We 
were unable to determine the source of this offset. We 
therefore searched for fringes over a range of 0-5 Hz on 
either side of — 0-5 Hz, in steps of 0:05 Hz. With one 
exception (30345), only peaks occurring within 0:05 Mz 
of the position predicted by Pioneer 8 were regarded as 
possible indications of fringes for weak sources. 

We observed 80278 twice, and both spectra had peaks 
at the same frequency as Pioneer 8. The two peaks for 
30273 were of the same amplitude. In the case of 30345, 
the short baseline fringe frequency was 0-2 Hz below ite 
theoretical value. It was the last source observed, and 
this anomalous result suggeste an error in one of the 
frequency standards. The long baseline spectrum of 
30345 does have a peak 0-2 Hz above the expected 
frequency and such a frequency error at DSS 14 would 
account for this. We have included this result in Table 
l, but there is also a larger, unexplained peak 0-5 Hz 
above the expected frequency. The result for 30345 
is therefore dubious and needs verification. ' 

Spectra centred on the expected fringe frequencies, as 
deduced from the Pioneer 8 results, are shown in Fig. 2. 
Of the ten sources, five, namely, 30279, 30273, P1510—08, 
30345 and NR440530, are known variables? and might 
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Fig. 2. Long baseline results DSS 42/D8S 14 for all sources. 
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Fig. 8. Short (a) and long (b) baseline spectra of 80279. 


therefore be expected to have components of small 

sze. Peaks in the spectra of 30273, 30279 and 
P1510-08 fall withm 0-05 Hz of the expected fringe 
frequency. Variations of this amount are present in the 
short baseline results and are probably due to small drifts 
in the frequency of the rubidium standards. 

Although only the peak for 30279 18 of high statistical 
significance, having a peak height greater than six standard 
deviations of the noise, the presence of other peaks at the 
same fringe frequency suggests that they are real, although 
closer to the noise level. In particular, the close agreement 
between the two runs on 30273 suggests that we have a 
good estimate of its correlated flux density at this spacing 
and frequency. 

Only 4:5 min of data were recorded for NRAO530 so 
that the noise level was high. This spectrum is not m- 
cluded in Fig. 2, but there were no peaks present that 
corresponded to more than 2-5 flux units of correlated 
flux. The i sources, P1116+12, P1345+ 12, 
30298, P1453-10 and P1603 + 00 gave spectra in which all 
peaks corresponded to fluxes of less than 1-5 flux units. 
These spectra are shown in Fig. 2. 

Fig. 3 shows the short and long baseline spectra of 
30279. The ratio of the two peak values of p*~< p°) is 
approximately 16, so that 25 per cent of the flux is un- 
resolved. In the case of 30273, less than 10 per cent of the 
flux is unresolved, and about 50 per cent of the flux from 
P1510-08 is unresolved. 

It 18 of interest to compare these results on 30279 and 
30273 with the observations at 1,670 and 5,010 MHz and 
with comparable resolution (35x 10° and 105x10° 3, 
respectively) reported by Kellermann é al.*. They find 
correlated flux densities for 30279 of 6 flux unite at both 
frequencies and for 30273 of 8 flux unite at 1,670 MHz 
and 9 flux unite at 5,010 MHz. From Table 1 ıt can be 
seen that our correlated flux densities are lower for both 
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sources. ‘This indicates that the small-diameter com- 
ponents to which Kellermann et al. attribute most of their 
5,010 MHz correlated flux are very much reduced m 
intensity at 2,398 MHz, presumably because they are 
optically thick, while the larger-diameter components seen 
at 35 x 10° ìà spacing at 1,670 MHz are heavily resolved at 
our longer spacing of 80 x 10* à. Subsequent observations 
of these sources at the same spacings and frequency should 
provide a critical test of the expanding source model 
proposed by Kellermann and Pauliny-Toth? to explain 
the mtensity variations ın these sources. A preliminary 
re-examination of our data over the long baseline from 
November 1967 indicates that weak fringes were also 
present then for several sources, and we may already have 
detected the effects of expansion. These will be reported 
fully ın a subsequent communication. 

We thank the staffs of all stations for their help, F. 
Borncamp of JPL for arranging our timmg checks, and 
J. R. Hall, S. Anastos and T. Sato of JPL for assistance. 
Thanks are also due to P. N. L. Goddard of WRE, Dr 
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reducing the pulsar timmg data. 
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THe conductivity of interstellar clouds, even for HI 
regions, normally ensures that any magnetic field 1s 
effectively frozen into the gas, so that, as the cloud 
collapses to form stars, large values for the field are 
expected. For example, if a star of one solar mass forms 
from a cloud of 10 atoms com>, then the gas will condense 
from a roughly spherical region of radius about 1 pe and 
the mean value for the field will mcrease by a factor of 
about 4x 101° by the time the radius is reduced to 1 A.U., 
or by 1-6x 1013 for a radius of 10 Ro. Even for a lower 
limit for the original magnetic field of the cloud of 10-8 
G, this still leads to much higher values than are usually 
observed. 

None of the arguments for reducing the magnetic 
field! satisfactory answers the problem. Because the 
collapsing clouds will be coupled to the background 
maternal through the magnetic field, the field lines will 
become twisted as the angular velocity increases, 
producing magnetically neutral points, and providing 
conditions for the acceleration of particles, which could 
then dissipate the magnetic energy ın the form of cosmic 
rays and synchrotron radiation. If magnetic energy is 
lost in this way, there must be many non-thermal radio 
sources throughout the galaxy. 

We shall be chiefly concerned with the development of 
the star before the stage where the opacity becomes 
appreciable, in other words the pre-protostar (PPS) stage. 

To estimate the magnetic energy released during 
collapse, we assume that initially the cloud is of radius 
Ro, mass density p, mean magnetic field Bo, density No and 
mass M. The normal condition for collapse 1s then that 
M > Me. where? 


5\3 B? 1 
Ma -@) pt 48r? 
Dunng collapse, fragmentation is assumed to occur when 
the radius of the cloud is Re, which would be the typical 


(1) 





It is suggested that when an interstellar cloud, with associated 
magnetic field, collapses to form stars, the magnetic energy Is 
dissipated in the acceleration of particles, producing non-thermal 
radio sources, and that the latter have been observed In the galactic 


radius for stellar clusters. The density and magnetic 
field will be Ns and Bo, so that to form a star of mass Mj, 
gas must collapse from a radius R, given by 


R=[3M,/(4rm,N 0)? (2) 
where mp is the mass of the hydrogen atom. During this 
final stage of collapse, the magnetic field will continue to 
increase, but we assume that it reaches a limiting value 
B, at radius R, and from then on the field remains con- 
stant, the magnetic energy being released by the accelera- 
tion of particles to relativistic velocities. The energy 
available in this way is then 

W=4-5 x 10% R, B,’ orgs (3) 
where Rs 1s in po and B; isin G@. Assuming that magnetic 
flux is conserved (BaR~), then the total energy liberated 
in forming a star of Ms solar masses is 


W=3-6x 10 B,3/* Ba? MN o~ ergs (4) 


Determination of Bs is difficult but seems to be about 
1G (refs. 2 and 3). Even though B, may differ from this 
value by an order of magnitude it will not appreciably 
effect the results. Adopting typical values of Bo= 
2x 10+ G, No=20 atoms cm-, such a cloud containing 
about 10t solar masses, the resultant magnetic energy 


released is 
W=5%x 10 M, ergs (5) 


This ignores any amplification of the magnetic flux due to 
the rotation of the cloud 5. 

The parameters of the cloud during the various stages 
of collapse are shown in Table 1. 

Have such non-thermal radio sources already been 
observed ? 

Some radio sources have turn-over frequencies in the 
range 5-9 GHz, but have been assumed to be thermal. They 
may be compact HII regions®, but it is tempting to assess 
the possibility thet they in fact consist of a number of 
non-thermal components. They include W 49 A2 and 
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a Table 1. PARAMETERS AT VARIOUS STAGES IN COLLAPSH OF INTHRSTELLAR CLOUD 
M (solar 
R N (m>) B(® masseg) ty (yt) vy (km 8-7) 
Inftdal cloud 20 pe 20 2x10" 1-5 x 10+ 75x10 18 
Cluster size 22e, 2x10 2x10 15x10 25x 10° 57 
Protostars, from 15x10! MW” AU 2x10+ A 2x107 M 2-0 x 10* 107° M” 
21x 10 AP” Bs? AT 738x10 Bat! 1 M 8x10! Brt 21 MP Bale 
ty, Time for free fall, uf, velocity for free fall. 
Table 2. PARAMETERS OF POSSIBLE OLUSTHRS OF PRE-PROTOSTARS 

1 2 3 4 5 6 7 8 9 

70 So R xB 1l xpi L 
Source Association (ATH) FU (kpo) (8 G24) (A.U. G-2/4) (erg @ */*) (erg yr?) 
NRAO 591B HA 6,000 15 15 7-4x10¢ 11 20x 10° 84x104 
W 49 AZ Hit 6,000 23-5 14 2 9x10 41 28x10 11x108 
W 30 Isolated 9,000 2-0 2-6 5-2x 104 1-3 9 6x10” 38x10" 
DR 21 5,000 18 ss 82x10 is 9 23x 10” 95x lo" 
0 160 9 8-6 x 10* 1-5 x 10¢ 
B Posalble HI 200 6 1 10x10" 100 9-8 x 1037 45x10” 
(0) Posmble HI 7,000 7 1 18x107 1-3 45x10" 18x10" 


The spectral index, a, for all the component sources ls assumed to be 0-4 (see text). Values for 7o and So are actually the values based on a thermal model!, 


DR 21 which are embedded in HII regions, the isolated 
region W 3C, and the further region in NRAO 591 (ref. 7). 
A number of regions of enhanced 18 cm OH emission have 
been detected from all except the latter, which may 
indicate the presence of protostars*. 

The assumption that compact regions are thermal is 
based chiefly on the observed spectrum. But the designa- 
tion of a region as thermal from the fact that, say, the 
rising part of the spectrum seems to have the theoretical 
value for spectral index of —2-0, rather than a non- 
thermal source which theoretically should be — 2-5, 18 
extremely suspect. Only in certain ideal conditions would 
the mdex of a thermal source be —2-0. If the electron 
density varies in a Gaussian fashion from the centre, 
implying that the region contains irregularities in electron 
density, then it has been shown’ that even for frequencies 
which are ten time less than the turn-over frequency, 
theoretacally the index is still only —1-65. Similarly, 
it is possible to produce a model for a non-thermal source, 
or for a region which contains a number of non-thermal 
components with high turn-over frequencies, which has 
the rising part of the spectrum similar to that for a thermal 
region. At higher frequencies, where the optical depth is 
less than unity, non-thermal sources usually have steeper 
spectra with indices greater than the value of 0-1 for 
thermal sources, though comparatively flat spectra can 
occur, as in the case of the outbursts ın 30120 which have 
an index of zero’. The superposition of non-thermal 
spectra from a number of sources could also result in an 
apparently flat spectrum. Also, the detection of radio 
recombination lines from hydrogen is no longer evidence 
that the source is thermal, for low energy cosmic rays can 
excite recombination lines in neutral hydrogen clouds’ and 
hence are expected on the present model. 

Table 2 assumes that the compact sources are non- 
thermal. It also includes NRAO 150 (ref. 10) which seems 
to be a possible contender. Column 2 indicates whether 
the source is associated with an HII region or is isolated 
in space. Columns 8 and 4 give the turn-over frequencies 
and flux density at this frequency. The accepted value 
for the distance to the source is contained in column 5. 
The estimated value for the spectral index of individual 
components at frequencies where the optical depth is less 
than unity is taken as 0-4, though this is discussed later. 

I have assumed in Table 2 that the electron energy 
distribution is given by the normal relationship, 
N(E) d#=KE~ dE, and the mean values for emissivity, 
&, and absorption coefficient, %, for a region emitting 
synchrotron, radiation are as given by LeRoux™. Then 
for a cylindrical source with axis along the line of sight, 
the angular diameter, 0, is given by 

0= 32 Bi S19 yot arcs (6) 


where B 18 in G, 9 in flux units (10! W m- Hz"), and vo 
isin MHz. 6, in terms of B-14, is shown m column 6 and, 


I 


using the distance to the source, the linear diameter is 
derived in column 7. The total energy of the electrons 
which contribute to the radiation, £’, is obtained by 
integrating over the assumed energy spectrum, and 18 
given by 
E =3-8 x 101(2-2 x 10%4)(1 + 24/2) 
SR? voa -vg(1—-2a)/2 — y, (1-—2a)/2 1 1 
Bn 1—2 erg (1) 
-2g km FY 
where S 1s in flux unite, R in kpe, vo in MHz, B in G, and 
a is the negative spectral index given by « = 4(y— 1), and 
is defined by Sav-¢. For values of a in the range 0-1, y is 
in the range 1-3, and the term ¢(y)y lies between about 
2-7 and 4. The upper and lower cutoff energies for the 
electrons are assumed to be 10° and 10 MHz, respectively. 
The value for & in terms of B?! is grven in column 8. 
The rate of radiation from the region L erg yr is given in 
column 9 and is obtained by integration over the spectrum, 
assuming that below vo, a= — 2-5, and above vo, a= 0-4. 

If the sources are non-thermal, linear diameters are in 
the range 1-100 A.U., which is compatible with the 
dimension of an early protostar. Second, the total 
energy of the electrons 1s at least six orders of magnitude 
below that estumated for the energy released from a 
collapsed cloud of one solar mass, though the totel energy 
of the protons could well be greater. The individual 
components seem to have electron energies in the range 
10?*10** ergs, while the largest energy seems to be 
associated with W 49 A2 and NRAO 591B which are ın the 
range 104°—10“ ergs. This can be compared with the 
energy of 10¢* ergs released from a PPS of about 1 solar 
mass, or 104° ergs from one of 10? solar masses. 

The estimated value for £’ is critically dependent on the 
value chosen for a, and in fact ıt can be shown that for 
the present calculations, £? varies as 

E =A. 1000 (8) 
where, for each source, O is approximately 27, œ is the 
spectral index and A is a constant for each source. Henoe, 
if the spectral mdex were zero, as might be the case if it 
were assumed that compact regions consisted of only one 
non-thermal source, then the total energy would be leas by 
a factor of about 104, while for a source with the average 
value for extragalactic sources of 0-7, the energy is 
increased by a factor of about 10%. If we make a number 
of plausible assumptions, however, values for « for the 
individual components may be about 0-4. First, because 
the electrons must be continuously accelerated in the 
region, if we consider radiation losses only, then it is 
possible to define a characteristic time after the start of 
the acceleration, 

T7.=18-3B?? yt yr (9) 
after which equilibrium conditions will obtain, and the 
spectral index will increase over its initial value by an 
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amount 0-5. For extragalactic sources a typical minmum 
value of a= 0-25 has been assumed" leading to the average 
low frequency spectral index of about «=0-75. But it 18 
probable that these are older sources, that B is small, and 
that expansion of the cloud and loss of high energy 
particles to the surrounding medium leads to appreciable 
increase in æ. In fact, high frequency observations of the 
recent outburst ın 30 120, which have a small characteristic 
time®, show an initial value of «=0. In the sources under 
consideration, Tı, will also be small and expansion 
effects negligible, so that we might expect a to approxi- 
mate the value 0-5. At lower frequencies « would be 
somewhat less and in addition some flattening of the 
spectrum may occur if radiation originates from regions 
where the magnetic field is appreciably leas than 1 G. In 
either case, it seems reasonable to assume a value of a= 0-4. 
Second, in the case of W 49 and DR 21, higher frequency 
observations at 88 GHz (refs. 13 and 14) suggest that the 
overall spectrum is comparatively flat, so that they could 
consist of a number of non-thermal components, in which 
case it is reasonable to consider each of these components 
to have a spectrum with a value of « in the range of, say, 
0-0-4, rather than being much steeper. 

If we further consider the luminosity of the sources, 
which amounts to about 10“— 10" erg yr-, then the time 
to radiate the total energy is 10*— 10° yr, but this ignores 
energy carried away by the positive ions as cosmic rays. 
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It also ignores possible additional energy derived 
angular rotation. If we introduce a factor of 10? 
account for this and for the efficiency of conversion 
magnetic to kinetic energy, then the lifetime for the 


‘radio sources would be 10°— 10t yr if they are PPS’s of 


about 1 solar mass. This can be compared with the time 
of free fall of the PPS, which ıs estimated at about 10° yr 
from Table 1, and is in general agreement, for some 
slowing down of the rate of collapse is likely due to the 
angular momentum of the PPS (ref. 1). 

I thank Dr R. N. Henriksen for helpful discussions. 
The work was supported by a grant from the National 
Research Council of Canada. 
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Red-shifts of Quasi-stellar Objects and Related 


Extragalactic Systems 


by 
G. R. BURBIDGE 
E. M. BURBIDGE 


University of California, 
San Diego, California 92037 


Two years ago we made a compilation of red-shifts of 
quasi-stellar objects (QSOs) in which 102 objects were 
given’. In the intervening period a considerable number 
of new red-shifts have been measured, and in Table 1 
we give an updated list containing 155 quasi-stellar 
objects with red-shifts. Also included are thirty-one 
objects which are not classified as QSOs but which are 
clearly related to them. These differ from QSOs in the 
sense that their images on photographic plates are not 
“stellar”, that 1s, they are more than ~0"-5 in angular 
size. They are nearly always small, however, with dia- 
meters (for N systems, for example) ~2’-3". Because 
the continuum optical flux of QSOs, N galaxies and Sey- 
fert nucle: are often variable on short time scales, provided 
the objects are outside our galaxy, the real sızes of the 
continuum sources are very much smaller than the sizes 
obtained from the limiting optical angular diameters 
and assumed distances. The line radiation does come 
from a larger volume, but, unless the emission lines have 
finite extension on the spectrograms, this is still small 
compared with the linear dimension associated with the 
criteria an astronomer uses in naming an object “stellar” 
or “non-stellar”. 

The chief similarity between QSOs and N systems or 
Seyfert nuclei is that they all have a non-thermal con- 
tinuum, often with optical, infrared and radio com- 
ponents, together with a continuum and line radiation 
coming from a hot gas cloud. With the possible exception 
of 3C 371 and the object in VV 172 in Table 1 there is no 


A new expanded list of emission and absorption red-shifts of quasi- 
stellar and related objects has been complled. The evidence suggests 
that the absorption lines arise In the QSOs and not In an interven- 
ing medium. 


evidence for the presence of stars in these objects. If 
stars are present, the energy radiated by the explosive 
process dominates. This seams to be the major effect 
istinguishing ordinary galaxies from the objects described 
here. It is for this reason that the QSOs and related 
objects can be discussed as a phenomenon quite different 
from ordinary galaxies*. 
The Distribution of Red-shifts 

Figs. 1-3 give histograms showing the distribution of 
these red-shifts. It has been indicated that the gross 
distribution of red-shifts of QSOs reveals features that 
suggest the existence of two or more distinct distributions 
of QSOs (ref. 3 and unpublished results of R. F. Mushoteky 
and H. W. Schnopper), and the possible effect of observa- 
tional selection of red-shifts has been evaluated and shown 
to be unimportant (unpublished results of R. F. Mushoteky 
and H. W. Schnopper). From our more detailed histo- 
grams and Table 1, certain additional features are 
apparent. 

There seems to be a progressive cutoff in the QSO red- 
shifts occurring beyond z~2. This feature has been 
apparent for some time. By now, however, it has become 
apperent to the observers that this is not a result of 
observational selection. This point has been stressed by 
Schmidt (paper presented at US Nat. Acad. Sci. meeting, 
Pasadena, October 1968) as follows. Identifications and 
red-shift determinations have been made from a number 
of radio source catalogues, the 3C, 4C, Parkes and 5C 
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catalogues which cover a wide range of increasingly faint 
apparent radio fluxes, and of QSOs which are not known 
to be radio sources; the largest red-shifte are successively 
3C 9 (z=2-01), 4C 25-5 (c= 2-36), PKS 0237-23 (z= 2-22), 
5C 2-56 (g= 2°38), QS 1108+ 25 (z=2-19). While there is 
clearly a very wide range of real lummosities in QSOs, it 
is obvious that as the move to famter objects is made, 
within.this sample, much larger red-shifts should have 
been observed if they were present. The fact that they 
have not been seen mdicates that there is a dearth of 
objects with red-shifts greater than about 2-5. This must 
be interpreted either as a cosmological effect, or an effect 
relating to any alternative mechanism proposed to explain 
the red-shifts. 

There 18 a sharp peak in the red-shifts close to 1-95. 
That such an effect was present ın the absorption red- 
shifts was first indicated‘ in 1967. It can be seen from 
Table 1 and Fig. 3 that it is strongly present. In addition, 
an even-sharper effect in emission red-shifte at 1-955 has 

. now appeared’. It has been argued that this 1s not a 
chance effect and implies either that the red-shifta have 
a large intrmsic component or that a cosmological model 
of Lemaitre type 18 indicated’. 

There 1s a very sharp peak in red-shifta close to 0-06. 
This was originally pointed out when five objects were 
found to have red-shifts of 0-060 or 0-0617. An analysis 
of the red-shifts of QSOs and related objects between 
0:02 and 0-7 when about seventy objects were available 
showed that besides the peak at 0-06 there seemed to be 
a possible effect at multiples of 0-061. An analysis of a 
rather different sample of objects by Cowan’ (he did not 
use the thirty-one objecte which are not QSOs, and used 
a smaller number of QSOs than is given in this updated 
list) led him to conclude that there was a periodicity at 
mtervals of 1/6. 

He has now carried out an analysis mcluding the thirty 
non-Q80Os, but not the complete list of QSOs im Table 1, 
and in this he finds again an effect at 1/6, and a strongly 
enhanced effect at 1/15 (unpublished results of C. L. 
Cowan). Bolton (private communication) has inde- 
pendently pointed out that there seems to be a strong 
effect at 220-65, and this can be seen on the histogram. 
Because the distribution of red-shifts has been investi- 
gated in different ways, using different samples, by the 
three people mentioned here, there are discrepancies 
between their conclusions. It seems probable, however, 
that there is a significant effect at (0-06 7), at (0-6 ?) and 

possibly at multiples of (0-06 ?). 

Because the effect at (0-06 ?) and possibly at multiples of 


š togram of the distribution of z among all 186 objects listed in Table 1, plotted at intervals of 0-01. Note 
0061 and tendency for peaks at multiples of this. Black columns, emisaion red-shift; white columns, absorption -shift. 
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it was mndicated, the number of objects in the range of red- 
shift considered originally has increased significantly (this 
can be seen by comparing Table 1 with Table 3 of ref. 2), 
and the effect has become stronger. 

If this (or any other) class of objects ın the universe 
has a red-shift component of the form nz; where n 18 
an integer and z: is a constant, then the total measured 
red-shift, Zo is given by 


l + Zo = (1+2e) (1+2r) (1+ ne) 


where zg, and zr result from the expansion of the universe 
and random motions respectively. Thus to see any sharp 
effect at all requires that ze and zr must be small; it 18 
very easy to mask an effect of this type if it ıs present, and 
this makes it all the more remarkable that the peaks appear. 

It has been argued that there is no complete sample of 
QSOs and related objects yet and the distribution should 
not be studied until such a sample is obtained. Unfor- 
tunately, it is mmpossible at present satisfactorily to 
define a complete sample of objects suitable for study of 
this kind. For example, it could be argued that a radio 
source catalogue complete down to a given radio flux level 
is the proper sample. But not only would this mclude 
many galaxies in which no optical outburst is occurring, 
and which are therefore irrelevant, but it would also 
exclude the large number of QSOs which are not detected 
as radio sources. The methods so far used to detect 
QSOs and related objects have led to a heterogeneous 
collection. The number now 1s quite large, and thus we 
give considerable weight to the significance of the peaks 
seen. Undoubtedly, the best test of the reality of the 
phenomenon will be the collection of even more data, 
but at present we see no reason for calling a moratorium 
on discussion of the effect because of the problem of 
deciding what is a complete sample. 

Tt can also be seen from Table 1 and the histogram that 
the absorption lines in QSOs tend to appear more fre- 
quently as the emission red-shifte increase. Is this a 
real effect, and, more important, do the absorption lines 
in the QSOs arise in the object itself or in the intervening 
intergalactic medium? The latter conclusion is favoured 
by many, because it would show that the QSOs are at 
cosmological distances, would allow investigut.on of the 
properties of the intergalactic medium, end would mean 
the QSOs and related systems could be ured for cosmology. 
Some investigations have been made ın v hich it 18 assumed 
that the absorption is intergalactic ın origin (refs. 5, 7, 
23). We believe that this approach is premature and we 
now review the evidence as it stands at present. 
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The Origin of the Absorption Lines 


Of the 155 QSOs with known red-shifts sted in Table 1, 
twenty have been found to show absorption lines m their 
spectra. In most of these twenty objects the absorption 
lines have a red-shift close to the emission-line red-shift, 
and therefore arise ın gas associated with the QSO. Does 
the observational evidence point to any of the absorption 
lines arising in intervening galaxies or intergalactic 
gas clouds ? 

On the assumption that the QSOs are at cosmological 
distances, Bahcall and Salpeter? and Rees and Sciama* 
discussed the probability of the lme of aght intercepting 
one or more individual galaxies or clouds of intergalactic 
gas lying ın clusters of galaxies. Wagoner? calculated 
equivalent widths of the stronger absorption lines to be 
expected ıf a QSO were seen through an interstellar cloud 
of normal chemical composition m an intervening galaxy; 
reddening by dust m the galaxy and a detectable amount 
of Faraday rotation might also be produced. For QSOs 
with z>1, the probability of intersection of the light path 
with a galaxy 1s significant; indeed, if absorption lines 
resultmg from such intersections are not found an argu- 
ment against the cosmological interpretation of the red- 
shifts would be provided. 

We consider the observational evidence in the twenty 
QSOs ın Table 1 that show absorption lines. In many of 
these only a single absorption lme is seen, ın the wing 
or close to one of the strong resonance emission lines. 
The three lines or doublets in which absorption of this 
kind 1s found are Mg IT 22798 (A2796 + 22803), CIV 21549 
(41548 + 41551), and Ly-« 41216. Of the twenty QSOs 
with absorption hnes, four with 0:28<zem<0-40 show 
absorption resulting from Mg II; m these |Zem—Zans| < 0-02, 
while one of these, PKS 0812+ 02, has a possible second. 
component with zam—Zans0-06. In one, PKS 1229-02, 
Zıbs> Zem. In the range 1:2<zan<1-6, there are another 
four QSOs having a single absorption Ime of C IV with 
Zem—Zats 0-02; ın these objects Zav is always less than 
Zem- 

The remaining twelve QSOs have Zem > 1-8. Some show 
absorption only in Ly-« and some have many absorption 
lines. It is in this group that the multiple absorption red- 
shifts have been found; outaide this group, PKS 0812+ 02 
1g the only object that has a possible second absorption- 
line red-shift. Five of the twelve have an absorption-line 
red-shift greater than the emission-line red-shift. Counting 
the individual multiple red-shifts found in five of these 
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Fig. 2. Histogram of the distribution of z for 0 02 <z < 0 7, showing peaks in detail. Interval 1s 0-01 in z. 
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twelve QSOs, a total of twenty-four separate red-shifts 
have been identified in the hterature, although one or 
two of these have been questioned. 40 25-6, with zans> 
Zem, has many additional absorption lines which may give 
multiple red-shifts when studied in detail. Of the twenty- 
four separate red-shifts, ten of them (in nine objects) 
have |Zem-2ave|< 0:03. In these cases, the absorptions 
must arise in gas associated with the QSO, and not m 
separate intervening galaxies. 

Of the remammg fourteen separate absorption-line red- 
shifts which differ from the respective values of zem by 
more than 0-03, nine occur ın three objects having in 
addition one absorption red-shift with |gem—Zaps|-< 0-3, 
and, most crucially, ın all these cases there is no difference 
in the profiles of the lmes ın the systems with z close to or 
widely different from zem. It can be concluded therefore 
that, in these cases, all red-shift systems are produced in 
gas m rather simular conditions. Certainly ıt 1s not 
reasonable to suppose that one system arises in gas 
closely associated with the QSO and the others m mter- 
vening galaxies. These three objects, containing most 
absorption red-shifts considerably different from zem, are 
PHL 5200, Ton 1530 and PKS 0237-23. 

PHL 5200 has very broad absorptions in several lines, 
with the absorption-band red-shift extending from z= 
1:88-1:98 and adjoinmg with a fairly sharp edge the 
enussion Imes at z= 1-98 (ref. 11). The gas producing the 
absorption could le in a thick shell expanding outward 
at velocities up to 10,000 km s-1. The two discrete red- 
shifts at 1-9502, 1-8910 belong to narrow absorption 
maxima occurring within the broad absorptions!*. There 
18 no doubt that all the absorption arises ın gas associated 
with the QSO. 

Ton 1530 1s one of the three QSOs in which multiple 
absorption red-shifte have been found??. Ton 1530 has 
one absorption red-shift close to, but slightly greater 
than, Zem; the other absorptions have Zans< Zem and the 
strongest system has zem—%aprs=0-11. In addition, there 
are many unidentified absorption lmes, mostly at wave- 
lengths less than the emission line of Ly-a, which it has 
been suggested are individual Ly- absorption lines?*. 
Two further red-shifts have been suggested recently’, 
both with zans much less than Zem. Again all the lines have 
similar profiles and because one set has to be associated 
with the QSO we conclude that all are. 

PKS 0237-23 has the largest number of discrete red- 
shifts?**4, and in addition still has many unidentified 
absorption hnes, mostly shortward of Ly-«, which might 
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white areas, absorption red-shift. 
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be individual Ly-« absorptions. The differences from 
Zem for the most conclusively identified systems are 
0:557, 0-572 and 0-863. Again, all absorption-lmne profiles 
are similar (deep and narrow), and all seem to have arisen 
in gas in similar conditions. The large red-shift differences 
here make it tempting to attribute the lines to intervening 
galaxies or clouds, but the probability of finding one object 
with six or-seven such clouds or galaxies lined up along 
the lne of sight, when twenty-two in the same red-shift 
range Zem> 1-8 have none, 1s negligibly small. 

What of the remaining three objects that have zem—Zans 
>0-3? These are PHL 938, PHL 1127 and PKS 1116+ 12. 
PHL 938 contams two red-shifte, at 1-906 and 0-613 
(ref. 13). The 1-906 system is most likely to be associated 
with the QSO, because the difference from zem= 1-955 
1s not much larger than our chosen dividing line of 0-03. 
The 0-613 system contains nine lines, all Mg IT resonance 
lines or zero-volt lines of Fe II. The lmes are extremely 
sharp and heavily saturated (unpublished results of Y. W. 
Tung Chan, M. H. Demoulin and E. M. B.). The absence 
of lines arising from excited fine-structure states of the 
ground level of Fe IT means the radiation field 18 very 
dilute and the electron density ne < 10? (ref. 15). The line 
widths are less than those corresponding to œ spread of 
velocity of 160 km/s. If therefore the absorbing gas were 
in an intervening cloud or galaxy, the differential rotation 
and/or turbulent motions in the line of sight would have 
to be very small. Absorption in an intervening, rather 
face-on, spiral galaxy cannot be ruled out, but is unlikely 
because the UBV colours of PHL 938 (ref. 16) show no 
evidence for reddening by dust in such a galaxy. Faraday 
rotation or 21 cm absorption cannot, unfortunately, be 
searched for because PHL 988 is radio-quiet. Finally, the 
absorption-line red-shift of 0-618 occurs close to one of the 
peaks in the general red-shift distribution. 

PHL 1127 has only one absorption line, Ly-a, at 
Zem—%aps = 0-4, and PKS 1116+ 12 has one or possibly two 
lnes, at Zem—%ars=0°17. In both of these, Zaw = 1-95. 
On this basis alone, it is extremely improbable that the 
absorbing gas is in an intervening cloud or galaxy. If it 
were, one would be forced to look to the Lemaitre model 
universe to explain the z= 1-96 effect®. 

We conclude that, with one possible exception (gans= 
0-613 in PHL 938), none of the absorption lines found in 
QSOs are likely to be intergalactic; all.are probably 
associated with the objects, and it is necessary to devise 
a model for Q80s which will allow for them to be surrounded 
by gas at very different, very sharply defined, red-shifte. 


Histogram of the distribution of z for the large red-shift QSOs, showing details of peak around #=1:05, Interval is 0 01 ın Z. 
areas, emission ied-shift, white areas, absorption red-shift, 
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Is the apparent tendency for absorption lines to occur 
preferentially in objects with large zm real? If the 
absorption lines were intergalactic, and the red-shifts 
cosmological, this would be expected because as z increases 
the path length is greater, and in an evolving universe 
the density of galaxies or clouds was higher in the past. 
Weymann and Wilcox?’ have argued that apparent con- 
centration of absorption m high red-shift objects may not 
be real, but may result from selection effects. 

There are three resonance absorptions that can be 
expected to be strong—Mg II, C IV and Ly-«. Weymann 
and Wilcox added Si II, but these lines are very rarely 
found in emission, whereas Mg II emission 1s one of the 
strongest and most characteristic features of QSO spectra. 
Further, Mg II absorption, when found, is comparable in 
strength with C IV and, on the rare occasions when both 
Mg II and Sill are accessible m the same spectrum, 
Mg II is the stronger. Indeed, Mg I absorption lines are 
strong enough in PHL 938 to have been mistaken for 
CIV in the first observations of this QSO (ref. 16). We 
conclude that Mg II, C IV and Ly-« may be treated on an 
equal basis as indicators of the presence of absorbing gas. 
Ly-a is undoubtedly the strongest and most definitive 
indicator, but CTV and Mg II are comparable with one 
another and are considerably stronger than 8i I. The 
Fe II zero-volt lines are weaker than Mg I, probably 
comparable with Sı II, from the evidence found in PKS 
0237-23 and PHL 938. 

Weymann and Wilcox based their analysis chiefly on a 
search for correlation between red-shift and the appear- 
ance of CIV lines in a QSO. They found no correlation. 
If our argument is accepted, however, we can make a 
comparison between the number of QSOs having Mg IT 
absorption and having 0-24<zem<0-75, in which Mg I 
ocours in the most easily observed spectral range, and the 
corresponding numbers of objects showing C IV and Ly-« 
in absorption. Only four out of a total of sixty-one 
objects with 0-245 2em<0-75 show Mg II absorption. By 
contrast, five of twenty-three with 1-2<zem< 1-8, where 
only C IV is easily available, have absorption, and eleven 
out of twenty-eight with 1:8 <Zem< 2:4, where Ly-« is 
easily visible, have absorption. Further, nine of the latter 
eleven have other lines besides Ly-« in absorption, either 
at the same red-shift as Ly-a or at a different red-shift. 
We conclude that absorption lines are more likely to be 
found in Q8Os with zem>1-8, independently of spectro- 
scopic effects. 

A final point to consider is whether absorptions from 
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Table 1. HXTRAGALAOTIO REMISSION LINE OBJHOTS WITH 0-02 <z< 2-40* 
Object Type 








Aisso Sx940 Zom Zabs 
PKS 1358-11 7 RG 18 58 58 -11 22-0 0 025 
Markanan 10f Seyteit 0 u29 
30 120 Seyfert O4 30 81 +05 150 0 082 
Markanan 9 Boytert 0 039 
80 371ł N 18 07 19 +69 49-0 0:0508 
PKS 1514+ 00 = 40 056 RG 156 14 07 +00 295 0 053 
PKS 0684-20 RG 06 84 28 = 0 056 
Gygans A f RG Yo 57 44 +40 35-8 0 0561 
N 22 21 16 —20 21-9 0-0568 
8C 890-8 N 18 45 89 +79 482 0 0560 
B Qso 13 00 48 +86 07:8 0 060~ 
30 88 RG Ol 06 14 +13 037 
PKS 0521-36 N 05 21 14 —36 80-2 0 061 or 0-055 
I Zw 0051+12 Compact 00 51 00 +12 25 0 061 
II Zw 2180+09 Compact 21 30 00 +09 560 0-061 
Ton 1542 qo 12 29 48 +20 250 0 0636 ~ 
PKS 0349-27 G 08 49 33 —27 531 0 066 
PES 1131 +2 RG 11 31 21 +21 222 0 066 
30 227 N 09 45 08 +07 898 0 0855 
IU Zw 008+10 Compaot 00 08 00 +10 420 0 089 , 
B 264 ‘0 12 59 31 +32 220 0 095 : 
PES 1417-19 N 14 17 02 —10 150 0 1192 
Object in VV 172¢ Compact 11 29 12 +71 060 0 123 
30 05 11 82 +00 563-1 0 127 
PES 2800-18 t N 23 00 28 —18 578 0 129 
2 o 16 12 00 +26 13 0-181 
seer T 09 36 50 +36 Ce 8 0187 
12 26 33 +02 1 I 
PES 2849-01 23 49 22 -01 261 0174 
154 g 12 55 02 +85 214 0-183 
B 840 § 80 18 04 47 +34 406 0 184 
80 284 N 00 68 57 +29 016 0 1846 
BSO 2 o 12 48 18 +33 471 0 188 
PKS 0786+01 SO 07 86 43 +01 440 0191 
KS 0887-12 80 08 37 28 -12 038 0-200 
PKS 2135-14 Q80 21 85 00 —14 466 0-200 
80 287 1 N 18 80 21 +02 161 0 2156 
3C 17 N 00 46 —02 24-2 0-2201 
8O 459 N 28 14 OL +03 491 0:2205 
B114 Qso 12 52 58 +35 55-4 0 221 
8C 171 N 06 51 11 +54 12-8 0-289 
PKS 1217+02 o 12 17 38 +02 204 0 240 
PES 1004+13 fe) 10 04 44 +13 058 0 240 
40 55-27 80 13 82 17 +55 158 0-249 
3C 79 N 07 11 +16 64-7 0 256 
PHL 1008 Qso 01 87 28 +01 168 0 260 
80 823-1 80 15 45 31 +21 016 0 264 
Ton 616 = 4C 25 40 so 12 28 12 +25 145 0 267 
PHL 1186 O 01 47 36 +09 0l 0 270 
B 46$ g0 12 46 29 +34 408 0 271 
PHL 1194 0 Ol 48 42 +09 02 0 299 0-288 (one line assumed to be Mg II 12798) 
80 109 N 04 10 55 +11 049 0 808 
PHL 1078 o 01 35 86 -05 44 0 808 
80 249 1 0 11 26 +77 150 0811 
80 277-1 o 12 50 15 +56 506 0-820 
PKS 0281 + 022 O- 02 81 15 +02 168 0-822 - 
PKS 2251+11 S0 22 61 40 +11 20-9 0-828 
LB 2186 = 40 49 22 80 11 50 48 +49 50-0 0 884 
PES 1049-09 fe) 10 48 59 —09 02-2 0 344 
PKS 24 80 12 82 59 -24 557 0-855 r 
PKS 1510-08 15 10 09 —08 54:8 0 861 0-851 (one line assumed to be Mg II 72798) 
PHL 1027 fe) 01 30 30 +08 22 0 868 
80 48 80 Ol 84 50 +82 543 0-387 
40 87-48 30 15 12 46 +37 02-5 0 870 
30 851 80 17 04 08 +60 486 0-871 
4C 48 28 0 10 12 49 +48 58-2 0 885 
PES 1220-02 (0) 12 29 27 —02 076 0 388 0 395 (one line assumed to be Mg IT 12798) 
PHL 8875 fe) 01 28 24 +07 28 0 3890 bt ae 
PKS 0812 +02 Qso 08 12 48 +02 04-8 0 402 0 384, 0-344 eh based on one line assumed 
to a 
PHL 1226 QSO Ol 51 48 +04 84 0 404 ` zt 
PKS 0214+10= 40 106 80 02 14 27 +10 504 0 408 - 
30 215 $0 09 08 44 +16 58-2 0-411 i 
8C 47 fe) 01 38 40 +20 428 0 425 
40 21-35 S0 12 22 24 +21 394 0-484 
PHL 658 SO 00 03 20 +15 52 450 
B 812 Q80 13 04 53 +37 296 0-450 
50 2-10 QSO 10 49 41 +48 559 0 478 
PKS 2128-12 QSO 21 28 52 -12 201 0 501 
PKS 1827-21 oso. 18 27 28 —21 26-7 0 528 
Ton 489 =3C 282 = 4C 89-38 Q80 09 55 26 +82 34-8 0 584 
80 279 Q8O 12 53 35 —05 812 0-588 
30 147 QSO 05 44 +49 497 0 545 
PKS 1186-13 QSO 11 36 38 -13 34-1 0 554 
3C 884 Q80 16 18 07 +17 438 0-555 
80 275 1 080 12 41 27 +16 392 0-557 
PKS 1684 +26 = 80 342 = QSO 16 34 21 +26 543 0 561 
40 26 49 = NRAO 510 ms 
MSH 04-12 Q80 04 05 27 —12 195 0 567 n 
PKS 0408-18 o 04 03 14 -18 165 0:574 
8C 845 80 16 41 18 +39 542 0-595 
PKS 1885 + 028 80 18 35 07 +02 22-1 061 
ASH 03-19 O 08` 49 10 —14 $88 0-614 
8C 261 O 11 32 16 +30 220 0-614 
PKS 0155-10 80 01 55 15 —10 585 0 616 
MBH 18-011 te) 18 85 81 -08 119 0 625 
80268 -— 80 11 87 09 +66 044 0-652 
PEKS 0932 +02 =4C 2 97 QSO 09 82 42 +02 163 0-659 
30 57 = PKS 0159-11 Q80 Ol 59 30 —11 47-4 0 669 
40 24+PKS 0115 +02 te) 01 15 48 +02 402 0-672 
PES 2844+09 sO 23 44 O4 +09 140 0-677 
80 207 Q80 08 38 08 +13 23-2 0 684 
PKS 0225-014 Q80 02 25 35 -0 202 0 685 
3C 880 80 18 28 18 +48 42-7 0 692 
40 89:25 0 09 23 55 +89 154 0 699 
PHL 928 QSO 00 56 32 —00 094 0717 
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Table 1 (continued) 


Object Type isso Sieso Zom Zabs 
PES 1354+19 Q80 13 54 42 +10 335 0 720 
3C 254 Q80 1l 11 58 +40 587 0 734 
3C 188 Qso 05 18 17 +16 354 0 760 
3C 175 80 07 10 15 +11 513 0 768 
80 286 O 13 28 50 +30 460 0 849 
30 454:3 QSO 22 51 29 +15 529 0 859 
‘PKS 1252+11 QSO 12 52 08 +11 572 0 871 
4C 20 88 Qso 14 22 38 +20 18-8 0 871 
3C 196 Q80 08 09 59 +48 221 0871 
PKS 1317-00 [0] 18 17 04 —00 342 0 89 
PKS 0022 +14 (0) 09 22 21 +14 5674 0 895 
PKS 2216-08 (0) 22 16 18 —08 506 0 801 
08 1 Q80 14 68 58 +71 523 0 904 
PES 0957 +00 0 09 57 44 +00 196 0 906 
37°24 SO 08 27 55 +87 523 0 914 
80 336 O 16 22 82 +28 520 0 927 
MSH 14-121 80 14 68 12 —10 56:8 0 940 
802881 ~ QSO 13 40 30 +60 36-9 0 981 
94 QSO 03 50 05 -07 201 0 962 
PKS 2115-30 80 21 15 11 —80 319 0 98 
40 80 23 25 41 +29 206 1012 
3G 245 80 10 40 06 +12 19-3 1-029 
OTA 102 0 22 80 07 +11 285 1 087 
80 2 O 00 03 49 —00 210 1 037 
80 287 80 18 28 16 +25 246 1 055 
8C 186 QSO 07 40 57 +38 005 1 088 
PKS 0122-00 30 01 22 55 —01 214 1070 
3C 208 80 08 50 23 +14 041 1110 
PKS 1065 + 20 = 40 20 24 O 10 55 37 +20 088 111 
80 204 O 08 33 18 +65 241 1112 
PKS 1127-14 0 11 27 36 —14 329 1 187 
B80 1 QSO 12 46 29 +37 470 1 241 ] 241 (one lme assumed to be O IV 41550) 
PKS 1454-06 80 14 64 04 —06 065 1 249 
BS 13 80 13 31 30 +27 456 1:287 
PKS 2153-204 QSO 21 53 —20 30 181 
PES 0859-14 80 08 50 55 —14 040 1-827 
B 201 O 12 57 27 +34 396 1375 
3C 181 (6) 07 25 20 +14 444 1-882 
30 268-4 Q80 12 06 42 +43 501 1 400 
3C 446 QSO 22 23 11 -05 124 1-403 
PHL 1377 Qso 02 32 36 -04 152 1 486 
8C 298 O 14 16 38 +06 424 1 489 1-419 (ono line assumed to be C IV 41550) 
4C 17 46 80 08 56 03 +17 082 1444 1489 (one line assumed to be C IV 11550) 
AO 0952+17 8O 09 62 11 +17 578 1472 
PHL 3032 SO 01 39 54 +06 10 1-479 
80 270 1 Qso 12 18 04 +38 508 1519 1 488 (one line assumed to be C IV 41550) 
30 205 Q80 08 85 10 +58 7 1 534 
40 31 38 11 63 44 +81 448 1 557 
40 42 01 80 00 32 28 +42 218 1 588 
8C 280 1 so 12 68 14 +40 252 1 659 
401981 80 08 36 15 +19 330 1 689 
PKS 0922 + 005 19) 09 22 36 +00 321 172 
80 22 49 09 +18 328 1 757 
PK8 2146-18 so 21 46 46 -18 187 1-800 1776 (one line assumed to be C IV 41650) 
3C 432 80 21 20 24 +16 517 1805 
PES 2854+14 (0) 28 54 44 +14 205 1 810 
PHL 3424 so 01 81 12 +05 $2 1 847 
B 104 QSO 12 56 08 +35 44-9 1-864 1 8366, 1 8946 
PHL 1222 Qso Ol 51 12 +04 48 1910 1-984 (one line assumed to be Ly-a) 
4C 29 50 Qso 17 02 11 +29 510 1-927 
PHL 61=PKS 2184 + 004 Q80 21 84 04 +00 282 194 
PEKS 0119-04 O 01 19 56 —04 37-3 1-955 1 965 
PHL 988 O 00 58 12 +01 56 1-955 1 9084 (one Ime assumed to be Ly-a), 086128 
30 191 Q80 08 02 04 +10 241 1-956 1 947 
BSO 6 (0) 12 59 30 +34 27-2 1 956 
PHL 5 BO 22 25 54 —05 84 198 1 90-1 98, 1 9502, 1 8910 variable ? 
PKS 1148-00 [0] 11 48 10 —00 072 1:982 
PHL 1127 O 01 41 30 +05 14 1 990 1 95 (one line assumed to be Ly-a) 
LB 8755 0 08 48 05 +15 83-5 2010 
30 9 80 00 17 50 +15 248 2 012 
Ton 1580 0 12 22 57 +22 58 2-046 1 9862, 1 9798, 2 0558 
PHL 1805 so 02 26 24 —03 52 2-064 
PKS 0229 +13 Oso 02 29 02 +18 00-7 2-065 
B 189 oso 12 56 51 +86 482 2 075 
B80 11 Q80 13 11 22 +36 165 2 084 
PES 2254 + 024 Q830 22 54 44 +02 278 200 
PKS 0106 +01 oso 01 06 02 +01 191 2-107 
PKS 1116 +12 QSO 11 16 20 +12 510 2-118 1-047 
QR 1108 + 285 Q80 11 08 26 +28 579 2192 
PEKS 0237-28 Qso 02 87 58 -2 221 2 228 2 2017, 1 9556 7, 1 6744, 1-6715, 1 6564, 
1 5058, 1-5132, 1 3646 
40 26-5 Q30 01 23 56 +25 439 2 858 2 8683 
50 2 56 QSO 10 55 18 +49 558 2 380 


* The references for the red-ahifts or the original red-shifts can be found in refs. 1, 2, 13, 14, 19, 20, 21, 22 and 25. 


+ Emiæion-line extension visible on spectrograms, 
+ Possible stellar component, 
$ Image non-stellar, possibly N. 


intergalactic clouds could be present in the spectra of 
many of the QSOs with large red-shifta, but have remained 
so far undetected. It is sometimes suggested that high- 
resolution spectra might reveal such lines which would be 
invisible on the usual low-dispersion spectra obtained for 
determining red-shifte. 

While the possibility of finding very weak narrow 
absorption lines on high-resolution spectra cannot be 
ruled out, it must be pointed out that all the interesting 
absorption-line QSOs discussed here reveeled the absorp- 
tion lines on the first low-dispersion spectra that were 


obtained, even though it required higher resolution to 
disentangle the multiple red-shifts and identify the lines. 
For example, the CIV absorption in Ton 1530, with a 
red-shift considerably different from Zem, was seen on 
the first spectra reported by Hiltner, Cowley and Schild’, 
although it was not identified. Similarly, Kinman! 
detected the discrepant absorption lines in PHL 938, 
although he did not identify them. and the first low- 
dispersion spectrograms of PKS 0237-23 revealed an 
unexplained set of complex absorption lines. 

There is indeed a gap in red-shift from about z=0-75 
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and 1-2 between which none of the three strong resonance 
tranations of Mg II, CIV and Ly-« occur m the region 
most easily observed with conventional spectrographs. 
But the ımage-tube spectrograms of Lynds extend the 
region of easy visibility of Mg II upward from z=0°75. 
Thus we think it unhkely that large numbers of hitherto 
undetected intergalactic absorption lines exist ın the well 
observed spectra of such QSOs as 3C 9. 

The origin of the red-shifts of quasi-stellar objects and 
related systems is still not clear. But the results sbtamed 
so far, in particular the appearance of some peaks in the 
distribution, and the whole absorption lime phenomenon, 
either point toward remarkable cosmological effects or 
suggest that intrinsic red-shift components are important. 
The fact that most of the spectroscopic evidence sug- 
gests that the absorption limes originate in the QSOs 
and not in an intervening medium, together with the fact 
that very different red-shifts are sometimes seen in the 
spectrum of the same object, suggests that, whether or 
not a large cosmological red-shift component is present, 
mtrinsic effects may be very important. 

This work was supported m part by grants from the 
US National Science Foundation and NASA. 

Note added tn proof. R. C. Roeder and R. T. Verrault, 
in an article recently published m Ap. J., 155, 1047 
(1969), have discussed the screening of cosmologically 
distant QSOs by intervening galaxies ın universes with 
positive cosmological constant (Eddmgton-Lemaitre, 
Lemaitre, and Lemaitre-hke). For PKS 0237-23, taking 
only five of the possible seven sets of absorption lines, 
they find the probability for these to have been produced by 
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screening m a Lemaitre universe to be 3-4x10-*. The 

probability in a non-Lemaitre universe, from Wagoner's 

calculations, 18 even smaller (1-4 x 10-19). : 

Recelved March 11, 1969. 
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High Resolution Mass Spectrometry of Green River 


Formation Kerogen Oxidations 


R Extracts of a Green River Formation kerogen consisted chiefly 
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Mosr previous investigations of oil shale from the Green 
River Formation of Eocene age have dealt with the solvent 
soluble matter. The presence of various homologous series 
m the hydrocarbon fraction has been established!—, 
while other studies have reported the presence of homolo- 
gous series of normal fatty acids*.*, isoprenoid acids?-!°, 
dicarboxylic acids!*, (w-1) oxocarboxylic acids!! and 
aromatic acids!*. The same homologous series of acids 
have been found trapped m varying relative concentra- 
tions and distribution ın the mineral—kerogen matnx}. 
The trapped acids probably occur chiefly as alkaline earth 
salts. Exhaustive solvent extraction accounts for 
approximately 2 per cent of the organic carbon; retortmg 
yields about 13 per cent organics (35 gallons of naphtha 
are distilled from a ton of oil shale’) Such thermal 
distillation cracks roughly 10 per cent of the poly- 
meric matter known collectively as kerogen. The sample 
used in these studies has an elemental analysis of 20-1 
per cent C, 2:3 per cent H, 0-6 per cent N, 0 3 per cent 8 
and 67:0 per cent residue. There have been few degrada- 
tion studies to elucidate the molecular structures of 
the kerogen constituents. Exhaustive oxidation using 
alkaline permanganate yielded about 96 per cent 
of the organic carbon as water-soluble products!’ 
and oxidation under milder conditions has yielded dı- 
carboxylic acids up to C, (ref. 16). Chromic acid oxidation 


of normal, 
acid series. The kerogen seems to be polymer matrix, highly cross- 
linked by saturated hydrocarbons containing some aromatic nuclel, 
heteroatoms and many long Iisoprenoid and normal slde chains. 


Isoprenoid, dicarboxylic, keto and various aromatic 


under reflux for 6 h resulted ın a complex mixture of 
acids”, although only the normal acids C,,-C,;, were 
identified. From these data and the retort pyrolysis 
studies, ıt has been concluded that the Green River 
Formation kerogen 1s non-benzenoid as well as non-coaly; 
in other words, it 18 essentially aliphatic ın nature’. 

We report here the acids isolated from the controlled, 
stepwise degradation of kerogen by means of successive 
chromic acid oxdations lasting for 3, 6, 15 and 24 h.’ 
The ioprenoid fatty acids occur in all four fractions’, 
decreasing ın concentration as the omdation time m- 
creases. Dicarboxylic acids, ketoacids, aromatic and cyclic 
acids, as well as polyfunctional acids, are present and 
Increase in concentration, especially in the more polar 
extraction medium of diethyl ether (becoming smaller 
with regard to molecular weight), as the oxidation time 
increases. This means that in the early oxidation the 
long aliphatic side-chains of the kerogen matrix are 
removed and, as the oxidation proceeds, become depleted 
and then the breakdown of the cross links of the kerogen 
polymer matrix takes over. The “side chain-poor” kero- 
gen, judging from the products isolated, is highly cross- 
linked and not very aromatized. 

The oil shale sample was obtained from Parachute 
Creek, 8 miles north-west of Grand Valley, Colorado 
(108° 7 W; 39° 37°N; elevation 7,300 feet). The pulver- 
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Fig. 1. Gas chromatogram of the heptane extract esters isolated from 
the 24 h oxidation. lumn conditions: 5 feetx 1/8 inch; 40 mL/min 
helium; programmed from 100°-250° at 10°/min. 

ized sample (to pass 200 mesh) was exhaustively extracted 
with a 4:1 mixture of benzene/methanol. This was 
followed by two digestions of 2 days each at room tempera- 
ture using 1:1 concentrated hydrofluone acid/hydro- 
chloric acid. The residue, that is, the kerogen concentrate, 
was exhaustively extracted with 4:1 benzene/methanol 
usmg ultrasonication. The elemental analysis of the 
kerogen concentrate was 65:9 per cent C, 8-2 per cent H, 
0:66 per cent N and 0-90 per cent 8 based on a mineral 
free sample. Twenty-five g of kerogen concentrate was 
refluxed for 3 h with 3 M chromic acid ın sulphuric acid. 
-The residue was filtered off, washed with water and ex- 
tracted three times each, first with heptane and then with 
diethyl ether, using ultrasonication to ensure thorough 
extraction. The spent chromic acid solution was also 
extracted with heptane and then ether. The respective 
extracts were combined and the acids separated from the 
neutrals. 

Esterification with BF, in methanol yielded 0-034 g 
(0:13 per cent of the kerogen concentrate) total esters 
from the heptane extract and 0:018 g (0-07 per cent) total 
esters from the ether extract. Normal esters were separ- 
ated from branched-chain esters by clathration with 
urea!®. Because it was found that the acids in the ether 
extract are of lower molecular weight and greater func- 
tionality than the acids of the heptane extracts, these 
ether extracts were not subjected to ures clathration, 
but were only esterified with BF, in methanol. The 
yield of normal esters, which were again extracted with 
heptane, was 0-016 g (0-06 per cent) and the branched- 
chain esters extracted from the adduct solution amounted 
to 0-010 g (0-04 per cent). The residual kerogen was 
further oxidized for an additional 6 h, the yield being 
0-018 g (0-07 per cent) acids extractable with heptane and 
0-080 g (0:32 per cent) acids extractable with ether. 
Esterification with BF, in methanol and clathration of the 
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heptane extract gave 0-009 g (0-04 per cent) of normal 
and 0-005 g (0:02 per cent) of branched-chain ester fractions. 
The kerogen remaining from the 6 h oxidation was 
oxidized 15 h more, resulting in 0-024 g (0:10 per cent) 
acids extractable with heptane and 0-150 g (0:60 per 
cent) acids extractable with ether. Esterrfication with 
BF, ın methanol and clatbration of the heptane extract 
gave 0:021 g (0-09 per cent) of normal and 0:008 g (0-04 
per cent) of branched-chain ester fractions. The residue 
from the previous oxidation, which still had a 14-7 per 
cent carbon content, was subjected to further oxidation 
for 24 h. This resulted ın 0-092 g (0°67 per cent) acids 
extractable with heptane and 0:120 g (0-88 per cent) 
acids extractable with ether. Esterification with BF, in 
methanol and clathration of the heptane extract yielded 
0-058 g (0-43 per cent) of normal and 0-022 g (0:16 per cent) 
of branched-chain ester fractions. In working up reason- 
ably concentrated fatty acid solutions in heptane, during 
washing of an extract before esterification, for example, 
the higher molecular weight acids crystallize out of solu- 
tion. The low resolution mass spectrum* of such a pre- 
cipitate filtered off from the 48 h oxidation extract consists 
of normal acids ranging from C,,-C3,. This molecular ion 
distribution was confirmed by obtaming a field 1onization 
mass spectrum of the free acid mixture?! usmg digital 
acquisition of the spectrum on a C.E.C. 21-110B mass 
spectrometer on-line to an SDS Sigma 7 computer’. 
The four oxidations, totallmg 48 h, removed all the 
organic carbon from the kerogen concentrate (elemental 
analysis of the final residue gave 0-21 per cent C, 0-41 
per cent H, 0-0 per cent N, 0:05 per cent § and 97-1 per 
cent residue). In summary, the tive oxidations, 
labelled 3, 9, 24 and 48 h, are listed in Table 1 with their 
yields of total and acid extracts. 
Table 1. OXIDATION EXTRACTS OF GRHEN RIVHR FORMATION KEROGEN 
CONCENTRATE, EXPRESSHD/100 G OF OIL SHALE SAMPLH 
(Equivalent to approximately 45 g kerogen concentrate) 


Oxidation Total extract Acids (heptane) Acids (ether) 
3h 145 mg 60 mg 84 mg 
9h 225 mg 85 mg 150 mg 

24h 898 mg 48 mg 820 mg 
48h 685 mg 274 mg 860 mg 


The total, normal and branched-chain ester fractions 
were chromatographed on a 5 foot x 1/8 inch column, 
packed with 3 per cent SE-30 on ‘Chromosorb’ and pro- 

d from 100° to 250° C at 10°/min with a flow rate 
of 40 ml/min. The gas liquid chromatography (GLC) 
components were identified by their retention times, 
coinjection of standerd compounds and low resolution 
mass spectra, and then correlated to the high resolution 
mass spectra of the respective fractions. The high 
resolution mass spectra were determined on both a C.E.C. 
21-110B mass spectrometer and a modified GEC-AEI 
MS 902 mass spectrometer*, each equipped with a direct 
inlet to the 10n source. 

The GLC patterns of the heptane soluble acid ester 
mixtures isolated from the four oxidations are virtually 





Fig. 2. Gas chromato, 
24 h oxidation. 


of the ether extract esters isolated from the 
Column conditions as in Fig. 1. 
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identical. There is an even/odd predominance in the 
normal acid fractions and the branched acids maximize 
at Cis. The 24 h oxidation esters serve as Ulustration in 
Fig. 1. The GLO patterns of the ether soluble acid 
mixtures are also virtually identical but maximize with 
lower carbon number acids. The ether extract acid esters 
from the 24 h oxidation serve as illustration in Fig. 2. 
The high resolution mass spectral data of the total, 
branched and normal acid ester fractions" and of the total 
ether extract ester fractions*® show that the various homo- 
logous acid series isolated from the four oxidations are 
the same and differ only ım relative concentrations. Each 
fraction was subjected to increasing 10n source tempera- 
tures, usually in the range 150°-270° C, to ensure complete 
volatilization while several mass spectra were taken. 
The partial high resolution mass spectral data® for the 
3 h oxidation normal esters 1s shown in Fig. 3a and the 
C/H O, plot of the 24 h oxidation branched-cyclio esters 
appears in Fig. 3b. The even/odd predominance of the 
monocarboxylic acids is evident in the high resolution 
mass spectra of the total and normal fractions. The 
partial high resolution mass spectral data for the total 
ether extract esters from the 9 h oxdation are shown in 
Fig. 4. This is a representative example for the four ether 
extract fractions isolated from the respective oxidations. 


Results 

Because the homologous series (Table 2) found in the 
heptane extracts of all four oxidations are essentially 
the same, the 3 h extracts will be discussed in detail and 
compared with those from the longer oxidations. The gas 
chromatogram of the normal acid esters exhibits peaks 
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Maximum conoentration 
(Heptane) (Ether) (Heptane) (Ether) 
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ba 1 
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1 Betarmaned by high resolution mass spectrometry. 
m gas 

totter te omatte acids are Usted only to Oy, because above Ox, the data fit 
for three homologous series. Normal acids ranging from 
Cio—C3 with Cs: 88 largest are the major constituent series, 
and dicarboxylic acids from C,-C,, with Cıa a8 largest, 
as well as ketoacids from C,C,, with C, as largest, are 
the mmor constituent series. The gas chromatogram of 
the branched-chain esters exhibits peaks for the isoprenoid 
acid esters ranging from C—C: with C,, as largest and 
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Fig. 3. a, Partial high resolution mass svectral data for the 8 h oxidation normal acid esters. b, Partial high resolution mass spectral data for the 24 h 
oxidation branched-cydic actd esters. 
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C,, and Cy; being absent. In the gas chromatogram of the 
total esters 40 per cent of the peak areas can be attributed 
to the normal, dicarboxylic and ketoacids and 60 per cent 
to the isoprenoid acids. 

High resolution mass spectra of the total, normal and 
branched ester fractions showed molecular 10on composi- 
tions corresponding to the same homologous series as 
indicated in the gas chromatograms together with several 
other trace acid series. The normal acids range from 
C,-Cy3 with Caa most intense. The branched-chain acids 
range from C-C, with C,, most intense and C,, and Cy; 
entirely absent (the ester molecular ions of the C, and Cis 
acids are of low relative abundance). The presence of 
esters of <C, cannot be definitely determined from a high 


RELATIVE INTEWSITY 
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resolution mass spectrum alone because of the McLafferty 
rearrangement. Thus the lower limit of the normal and 
branched esters is at C, as a result of greater dynamic 
range. Dicarboxyho acids are indicated from C,-C,, with 
C,, most mtense. Although the molecular ions of this 
series are small, they were detectable and further sub- 
stantiated by the presence of the strong peaks as a result 
of losses of 31 (CH,O-) and 73 (C;H,O,) mass units (Fig. 5) 
(rof. 24). For example, in Fig. 3a the Cis diester has its 
molecular ion C,,H,,0, in the C/H QO, plot; the loss of 
CH,O: results in the peak at C,;H,,0, m the C/B. O, plot 
and the followimg loss of ketene (unpublished results of 
W. J. Richter, D. H. Smith and A. L. B.) results in the 
peak at C,,H,,0, im the C/H O, plot. Ketoacids ranging 
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Fig. 4. Partial high resolution mass spectral data for the total ether extract acid esters from the 
9 h oxidation. 
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Fig. 5. Low resolution mass spectrum of dime 


1 1,12-dodecanedioate Isolated from the ether extract esters of the 24 h omda- 


tion by capillary GLC-MB techniques. 


from CO; with a primary mode at C, and a secondary 
mode at C,, are present. The molecular i ions are reason- 
ably intense and this identification 1s further substantiated 
by the strong losses of CH,O- and C,H,O (ref. 25 and 
unpublished resulta of W. J. Richter, D. H. Smith and 

L. B.). For example, in Fig. 3a the molecular ion of 
the C,, ketoacid is at C;,H,,0, m the C/H O, plot; loss 
of CH,O- results in the peak at C,,H,,0, m the C/H O, plot 
and M-C,H,O in the peak C,H,,0, also in the C/H O, 
plot. A confirmation of the oxoacids is discussed later. 

The following acid series do not stand out in the gas 
chromatogram patterns and their presence is established 
by low and high resolution mass spectrometry. Cyclic 
and/or mono-unsaturated acids ranging from O,-C,, 
with @ maximum at C,, are found. Their molecular ions, 
strong loss of CH,O: and cyclohexyl and alkyloyclohexyl 
ions are evident. A phenyl alkanoic acid series ra: 
from C, (benzoic acid, also the most abundant) to C,, is 
indicated by the elemental compositions of the molecular 
ions and the respective strong losses of CH,O- m the high 
resolution mass spectra of the branched-cyclic fraction. 
Methyl naphthoate (C,,H,,0,) and methyl imdanoate 
(C,,H,,0,) are the only members of the more aromatic 
series which are present. At higher ion source tempere- 
tures ın the mags spectrometer, a series of polycyclic acid 
esters volatilizes from the branched-cyclic ester fraction. 
This series of pentacyclic acids has molecular 1on com- 
positions of CyHyn-1.0,, where n=29-34 and C,,H,,0, 
is most intense. Referrmg to Fig. 3b, the molecular 10n 
C3:H,,O, 18 found in the C/H O, plot and its corresponding 
M-CH,: peak at Cs,H;,0, ın the same plot. 

The 9 h oxidation acids, isolated by heptane extraction, 
consist of the same homologous series as listed in Table 2. 
The cycloaromatic series CyHys-1,0., however, ranges 
over n=11-19 with C,,H,,0, as most abundant. Also 
another polycyclic acid series is evident. This series of 
tetracyclic acids has molecular ion compositions of 
CaHy,-,0:, where n= 19-27, as well as the peak corre- 
sponding to M-CH;; C,,H;,0, is the most intense of the 
group. From the gas chromatogram of the total esters 
65 per cent of the peak areas can be attributed to the 
normal, dicarboxylic and ketoacids and 35 per cent to 
the isoprenoid acids. The even/odd predominance of the 
normal acids 1s very apparent, as is the case in the 
previous oxidation. 

The 24 h oxdation acids conform excellently to the 
pattern of the previous oxidations. The same homologous 
series are present with only minor extensions. The iso- 
prenoid acid content, however, is still less as deduced 
from the gas chromatogram of the total esters. Only 
16 per cent of the peak areas can be attributed to the 
isoprenoid acids, whereas 84 per cent is due to normal, 
dicarboxylic and ketoacids. The concentration abundance 
of dicarboxylic compared with normal acids has also 
increased substantially for this oxidation. The even/odd 
predominance of the normal acids 1s still preserved. 

The 48 h oxidation acids, by far the largest heptane 


fraction of the four oxidations, consist of the same homo- 
logous series as described. The isoprenoid acids are almost 
depleted; 5 per cent of the gas chromatogram peak areas 
can be assigned to them and 95 per cent to the normal, 
dicarboxylic and ketoacids. This relationship 1s summar- 
ized in Table 3, and in Fig. 6 the two extremes are ullus- 
trated by the original gas chromatograms. Furthermore, 
the dicarboxylic acids are of still higher molecular weight 
and greater abundance than in the previous oxidation. 
The even/odd predominance of the normal acids is also 
stall evident. 


Table 3. THH RELATIVE PAROENTAGR ABUXDANOB OF ISOPRHNOID ACIDS 
COMPARED WITH NORMAL, DIGARBOXYLIO AND KETOACIDS IX THE FOUR 
OXIDATIONS 

Isoprenoids (percentage ae s (percentage 
Oxidation of peak areas) eak areas) 
3h 60 40 
9h 85 65 
24h 16 84 
48h 5 95 


The subsequent ether extracts from the four omdations 
consist of essentially the same homologous series of lower 
weight and more polar acids. The yields of ether soluble 
acids are listed in Table 1 and the distributions of the 
various series found are shown m Table 2. The gas 
chromatograms of the four fractions are the same, the 
dicarboxylic acid series, ranging from C,-C,,, comprising 
the major peaks (Fig. 2). 
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Fig. 7. Tow Tesolution: maas OR df dimethyl phthalate (m or p) Isolated fom: thie etek extract acida Gf tha SAR 
oxidation by capillary GLO-MS techniques. 


High resolution mass spectrometry of the total fractions 
showed molecular ion compositions corresponding to the 
dicarboxylic acid series ranging from C,-C,, with C, as 
the most intense. Referring to Fig. 4, the C, diacid has 
its molecular ion, C,H,,0,, in the C/H O, plot, the loss of 
CH,O- results in the peak at C,H,O; in the C/A O, plot, 
and loss of ketene results in the peak at C,H,O, in the 
C/H O, plot. This series was also identified by capillary 
GLC-MS techniques, with ‘Apiezon L’ as liquid phage on 
a Perkin-Elmer model 900 gas chromatograph coupled to 
a GEC-AEI MS902 mass spectrometer on-line to an 8DS 
Sigma 7 computer (for example, Fig. 5). There are also 
various other acid series present which are not resolved 
in the gas chromatogram because of their relatively low 
concentration. The fractions were not clathrated, so the 
normal and branched acids cannot be distinguished in the 
high resolution mass spectral data. Thus they are listed 
only as normals in Table 2 and range from C,-C,, with 
C, most intense. Cyclic and/or mono-unsaturated acids, 
although of low intensity, are indicated from O,-C,, with 
C, as maximum. Methylketo acids rangmg from C,-C,, 
with C, most intense are present. For example, in Fig. 4 
the C, acid has its molecular ion, C,H,,0;, in the C/H O, 
plot and loss of CH;O- to give C,H,,0, and M-C,H,O to 
give C,H,,0, can be found in the C/H O, plot. This series 
is further substantiated by borohydride reduction of the 
keto functionality, formation of the trimethylsilyl ether, 
and followed by high resolution mass spectrometry 
(unpublished results of W. J. Richter, B. R. 8., D. H. 
Smith and A. L. B). The molecular ions of the ketoacids 
are absent in the mass spectral data of the reaction 
product and the series is indicated by the strong fragment 
ions containing SiO and §10,. 

The various series of aromatic acids are well represented. 
The substituted phenyl acid series of CrHys-,0, where 
n= 7-13 is indicated by the molecular ions and strong loss 
of CHO: (benzoic acid is most abundant). The CH gn-1403 
series is only represented by naphthoic and methyl- 
naphthoic acid. The bicycloaromatic acid series, 
CrHyn-1902, is present for n= 10-15, indanoic acid being 
most concentrated. A second, more aromatized series 
is present as CyHyn-1:0, for n= 10-13, indenoic acid being 
most prevalent. Both these series can be seen in the 
C/E O, plot of Fig. 4. A dicarboxylic aromatic acid series 
1s found as CyHys-,,0, for n= 8-13, a phthalic acid (Fig. 7) 
being most abundant. Referring to Fig. 4, the molecular 
ion of the C, ester, C,>H,,0,, can be seen in the C/H O, 
plot and the strong loss of CH,0- is at C,H,O, in the 
C/H O; plot. A tricarboxylic aromatic acid series is also 
present with the compositions CxHy-1,0, for n=9-13, 
benzene tricarboxylic acid being the most intense. The 
molecular ion of the’C, ester can be seen at C,,H,,0, in 
the C/H O, plot of Fig. 4; the diester of the same acid is 
at C,,H,,0, in the same plot; loss of CH,O- from the 
triester results in the peak at C,,H,O, in the C/H O, plot, 
and loss of CH,O: from the diester in the peak at C,,H,O0, 
in the same plot. 


The total yield of “generated” acids creases with the 
duration of oxidation. The increased yield of the more 
polar and more functionalized acids with the duration of 
oxidation—that is, the ether extractable acids (see Table 1) 
—is particularly marked. The isoprenoidal acids decrease 
drastically in concentration compared with the normal, 
dicarboxylic and ketoacids as the oxidation progresses. 
These results are summarized in Table 3, while the two 
extreme cases are illustrated ın Fig. 6. The 3 h oxidation 
yields a mixture in which the isoprenoidal acids pre- 
dominate; the abundance of the C,, branched acid should 
be noted particularly. The 48 h omdation, however, 
yields only small amounts of branched acids (Fig. 6). 
The 9 h and 24 h oxidations are intermediate with respect 
to isoprenoid acid abundance. The branched acid frac- 
tions, isolated from urea adduction, show the same GLC 
distribution patterns (the 24 h oxidation, for example, in 
Fig. 1) with the C,, isoprenoid acids always as the chief 
constituent. 

The acids obtained by oxidation could arise by several 
processes: (1) oxidative cleavage of carbon—carbon bonds; 
(2) hydrolysis of ester lınkages to give acids and alcohols, 
the latter being subsequently oxidized to acids; and (3) 
“loosenmg” of the kerogen matrix, thus liberating en- 
trapped compounds. All three processes probably occur 
and it is difficult to determine their relative importance. 
The followmg arguments, however, strongly support the 
view that the major portion of the acids is derived from 
carbon-carbon bond cleavage of side chains and cross- 
links in the organic polymer matrix itself. The trend to 
decreasing relative abundance of isoprenoid acids (Table 3) 
with longer duration of oxidation indicates that prefer- 
ential carbon-carbon bond cleavage occurs at branches 
in the side chains (compared with normal side chains); 
for example, oxidations of branched structures can be 
expected to occur at greater rates than straight chain 
oxidations. The predominance of 4,8,12-trimethyltri- 
decanoic acid!’ in the branched fractions indicates cross- 
linking at the allyl rearrangement centre in phytol during 
polymer formation (structure I). 


oxidation = Cig acid 
R = 0H,H 


Kerogen 
matrix 


I 


More extensive oxidation (9, 24 and 48 h) leads to the 
predominant formation of normal acids and polyfunctional 
acids—chiefly dicarboxylic acids. In the more polar 
extractions using diethyl ether are found smaller amounts 
of various aromatic acids with varying degrees of func- 
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tionalty, as well as the aliphatic polyfunctional acids. 
The increase in concentration (with the period of omda- 
tion) of the aromatic acids, especially the di and tricarb- 
oxylics, is further evidence for carbon-carbon bond 
cleavage and indicates the presence of some aromatic 
nuclei within the organic polymer (kerogen). The drastic 
increase of the dicarboxylic aliphatic acids with the 
duration of oxidation lends support to earlier conclusions 
regarding the aliphatic nature of the Green River Forma- 
tion kerogen. The range (C,-C,,) and smooth distribution 
of the dicarboxylic acids suggest a random aliphatic 
cross-linked polymer matrix. Further experiments to 
elucidate the structural attachments, rate of oxidation of 
certain structure types and reaction product and by- 
product distributions to be expected from this kind of 
treatment are in progress. 

We thank Mrs Ellen Scott for technical assistance and 
the US National Aeronautics and Space Administration 
for support. 
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THERE 18 evidence that macromolecules such as proteins 
can exert a major influence on the properties of cellular 
water. Szent-Gyorgyi’s suggestion! that water molecules 
surrounding proteins are in an ice-like state has support?, 
and there is evidence that water molecules near biological 
macromolecules may be in a state different from pure 
water*-!°, This seems, in particular, to apply to skeletal 
muscle!!-13 and to peripheral nerve!™15, 

We have used nuclear magnetic resonance (NMR) spec- 
trometry to study the state of water in muscle tissue’. 
NMR is well suited to this task because the width of the 
signal produced by water hydrogens is dependent on 
the motional freedom of the water molecules'’. As the 
mobility of the water molecules increases, the line width 
decreases. 

We conclude that muscle cell water exists in at least 
two observably different degrees of order; water in 
muscle tissue produces two NMR signals, one of which 
is much broader than the other, and both of which are 
significantly broader than the signal produced by free 


NMR spectra of muscle water suggest that It exists in at least two 
ordered phases, which can be distinguished by the widths of their 
NMR signals, by deuterium exchange and by vacuum drying. Heat 
denaturation of muscle protein lessens this ordering. . 


water. We investigated the phenomena which are known 
to cause broadening of NMR signals, and the only one 
which appears to be significant m muscle is restriction 
of the motional freedom of water molecules. We attribute 
this restriction to specific attractive forces acting on the 
molecules. 

Adsorption of the water molecules on less mobile 
molecules will restrict thew motional freedom, as will 
physical interference with the motion of one sample 
molecule by another (increased bulk viscosity). This is 
the chief cause of broadening of NMR signals from 
petroleum ous. Further, separate solid or liquid phases 
in the sample generally broaden the NMR signal because 
of the magnetic inhomogeneities they produce. It 18 
conceivable that very large molecules, such as protem 
molecules, could produce a similar lne broadening of the 
water in muscle cells. Finally, inhomogeneities in the 
applied static magnetic field, or the presence of para- 
magnetic ions or free radicals, will broaden the msgnal. 
Each of these factors must be mvestigated or eliminated 
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in any determination of the physical state of water in 
musele. 

A Varian 4-60-A high resolution NMR spectrometer 
was used to determine water spectra. Freshly excised 
skeletal muscle samples were taken from rats and mice, 
dissected free of visible fat, nerve and connective tissue 
and packed into sample tubes. The sample tubes were 
capped to prevent evaporation. All observataons were 
made with sample tubes spinning and at temperatures 
between 32°-37°C. The only resonance signal observed 
was that produced by hydrogen nuclei in muscle water. 
Muscle water spectra obtained several mmutes and hours 
apart were identical, and precluded the need to use 
various physiological salt solutions. In addition, several 
different muscles (gastrocnemius, extensor digitorum 
longus and cardiac) and tissues were studied and all were 
found to produce broad water signals. 

The Varian DA-60 operated in the wide line mode was 
also used. The readily exchangeable muscle water was 
removed by exchange with D,O. The sample was then 
observed in the wide line mode. Additonal procedures 
involved vacuum desiccation of the muscle samples, fol- 
lowing in general the techniques of Blears and Danyluk’. 


ae) | an 


B 


A 


Fig. 1. High resolution NAR s and associated integrals of free 
water (4) and rat skeletal muscle water (B). Both spectra obtained 
the same sample tube sad. machine settings. Sweep width= 


1, 


The NMR spectrum of distilled water and the associated 
integral are shown in Fig. 14. The width at one-half 
amplitude?’ is 1 Hz (range of values 0-75-1-:0 Hz). This 
narrow spectrum is characteristic of water molecules 
having the motional freedom of the liquid state. The 
water spectrum for the gastrocnemius muscle of a 32 day 
old rat, m the same conditions and machine settings, 18 
much broader (15 Hz), and the spectrum integral ıs less 
than that for pure water. This has often been observed 
in mature rat and mouse skeletal muscle. The width at 
one-half amplitude varies from 12 to 17 Hz for skeletal 
muscle, and we attribute this range primarily to variations 
in sample packing. The spectra for pure water show that 
the line broadening due to mhomogeneities ın the static 
magnetic field was 1 Hz or less. 

The width and intensity of the muscle water spectrum 
(Fig. 1) suggest the presence of a minmum of two popula- 
tions of water molecules subject to motional restriction. 
The broad signal indicates a large major phase of water 
molecules that are significantly ordered but have sufficient 
motional freedom to permit easy observation by high 
resolution NMR. The proportion of water in muscles of 
32 day old rats is 80 per cent (ref. 16, and unpublished 
work of C. F. H. and B. L. N.) and if all the muscle water 
were visible to the NMR spectrometer the muscle water 
signal should be 80 per cent of the pure water signal. The 
integral of the muscle water spectrum is only 72 per cent 
of the pure water spectrum, however, suggesting the 
presence of a second or mmor phase of water which pro- 
duces a signal too broad to be detected in the high resolu- 
tion scan. The minor phase, which is repeatedly indicated 
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in muscle water spectra, is variable and 1ts exact magni- 
tude must be statistically determined. Our studies indicate 
that it may be as large as 10 per cent of muscle water. 
The rest of this article is concerned with confirming the 
existence of at least a major and minor phase of ordered 
muscle water. 


Evidence for the Existence of Ordered Water In the 
Major Phase 


The broadening of the muscle water spectrum observed 
by high resolution NMR (Fig. LB) could be due to any 
of the reasons discussed. We now present evidence that 
this broadening is due to the restriction of the motional 
freedom of the individual water molecules by their inter- 
action with cellular macromolecules. 

Concentrated solutions of potassium (up to 2 M) and 
sodium chloride (up to 2 per cent) were found not to affect 
the line width. Human plasma was also found to have a 
line width comparable with pure water. Krebs Ringer 
solution!® also exhibited a narrow water Ime (Fig. 2B). 
Two and 10 per cent solutions of gelled gelatine did not 
broaden the line width of water (Fig. 20 and D). Increased 
viscosity or the presence of ions therefore need not cause 
the line broadening observed mn Fig. 1B. 

Agar can reduce the motional freedom of water mole- 
cules?*, Two and 10 per cent agar solutions caused line 
broadening of 5-5 and 8-5 Hz. Narrowing of the water 
spectrum occurs efter heating which is sufficient to hquefy 
the agar—-water solution (Fig. 3), and the broad lne 
reappears on cooling. The line width of the warm agar— 
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resolution NMR 
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water solution (Fig. 3B) 1s identical to that of free water. 
Because the line narrowing occurred followmg heating 
(Fig. 3B) without change in chemical composition of the 
solution, we conclude that the mere physical presence of 
macromolecules is not responsible for the hne broadenmg. 

If the lme broadening is due to specific interaction of 
water molecules with only the native cellular pro- 
teing! * 8-1010 and other macromolecules, then a conforma- 
tional change in macromolecular structure should release 
the orientated water. Fig. 4 shows spectra of rat skeletal 
muscle water before (A) and after (B) heat denaturation. 
The “normal” spectrum (Fig. 44) shows a single broad 
water peak of l4- 6 Hz, but after denaturation the line 
width narrows irreversibly to 3 Hz. Fig. 4B was recorded 
with the coagulated protein m the sample tube; therefore 
these denatured protein molecules do not significantly 
broaden the water line. 

The results in Fig. 4 also rule out a significant contribu- 
tion from paramagnetic impurities. In additaon, the 
supernatant from a D,O soaked muscle revealed a sharp 
peak with no line broadening, confirming the absence of 
water soluble paramagnetic impurities. 


B 


Fig. 4. High resolution NMR spectra of rat gastrocnemius muscle 
ote before (A) and after (B) protein denaturation. The line width 
from 14 5 to 3 Hz. Sweep wıdth = 5600 Hz. 


The remaining cause of NMR hne broadening is specific 
interaction of the water molecules with native macro- 
molecules in the muscle cell. This specific interaction 
restricts the motional freedom of the water molecules, 
and results in & more ordered system than is found in 
free water. The observation of only one broad water peak 
in the high resolution NMR spectra indicates that all the 
muscle water experiences, as an average, a significant 
restriction in 1ts motional freedom. Muscle water limited 
to the extracellular phase should be free, and should be 
observed as a separate sharp peak unless exchange averag- 
ing of NMR signals is occurrmg. If restricted water 
molecules or their hydrogen nuclei exchange rapidly (on 
an NMR time scale) with free water molecules, the result- 
ing NMR signal will be a single peak with a width which 
reflects the average environment of the hydrogen nuclei. 
We found that the addition of free water to a sample tube 
containing skeletal muscle results in a single water peak 
which is narrower than that for muscle water but still 
broader than that of pure water. When pure D,O or 

D,O Ringer is added to a similar sample, considerable 
narrowing of the remammg water signal occurs. This 
narrowing of the high resolution NMR signal to an 
intermediate width is consistent with exchange narrowing. 

If a substantial volume of the muscle water were motion- 
ally free, but contained m a compartment which prevents 
rapid exchange with adsorbed water, 1t should be visible 
as a narrow line in the NMR spectrum. To check this 
notion, the followmg was done in the laboratory of Dr 
Paul A. Srere: (1) a spectrum was obtained on a skeletal 
muscle from a mouse (Fig. 54); and (2) a spectrum of the 
same sample was obtained following the msertion of a 
capillary containing free water (Fig. 5B). The internal 
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High resi reaolution NMR spectra of mouse skeletal muscle water. 
Speotrum is of muscle alone and is 16 Hx wide. Specium B ia the 
muscle with a capillary of free water placed m tho b uscle phase. 
Sweep width = 500 Hz 
diameter of the capillary was 36 per cent that of the 
sample tube. The free water which is not permitted to 
exchange with the muscle mass is shown clearly in Fig. 5B 
as a narrow peek superimposed on the broad muscle 
water peak. Furthermore, the inhomogeneity and/or 
viscosity in the bulk muscle phase do not prevent the 
appearance of the sharp pure water signal (Fig. 5B). 


Evidence for the Existence of Ordered Muscle Water 
in the Minor Phase 


Protons of molecules in crystals, ice or other systems 
that have lost considerable motional freedom may be 
observed by wide-lme NMR’. In the case of muscle 
tissue, major phase water produces such a strong NMR 
signal that it seriously mterferes with observation of the 
manor phase. This strong signal is effectively removed by 
exchanging the major phase water hydrogens with 
deuterium. 

We have completed a wide-line NMR study on skeletal 
muscle exchanged with D,O for 24 h (Fig. 64) and placed 
in a vacuum for 75 mm (Fig. 6B). The broad mgnal 
component 18 attributed to macromolecules and the 
narrow component (approximately 1,000 Hz wide) 1s 
attributed to bound water in the minor phase. Fig. 
7 is a wide-lne NMR signal spectrum of skeletal 
muscle after 24 h of evacuation. The narrow signal 
component 1s still present, indicating that vacuum alone 
does not remove all the water. The motional restriction 
of the water molecules in the minor phase is comparable 
with that in polycrystalline mbonuclease which contains 
19 per cent water or less. 





Fig. 6. Wide-line NMR spectra of rat skeletal muscle water following 

24 hin D.O (4 and 75 min in vacuum (B). The ty signal Is from 

the protons oi adsorbed water molecules, and this decreased 
iene evacuation. The abscissae are calfbrated in Hz. 
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Fig. 7. Wide-line NMR spectrum of rat skeletal muscle following 

desiccation for 24 h ių vacuum. The sharp signal is from the protons 

of the adsorbed water moleoules and the broader ig from the 
protein protens. The abscissa is calibrated fn Hz. 


We conclude from these studies that most of the skeletal 
muscle water experiences restricted motional freedom. 
At least two ordered phases of water have been observed 
and designated the major and mmor phases. The major 
phase consists of water molecules that have lost con- 
siderable motional freedom relative to free water. The 
water hydrogens m the major phase exchange rapidly 
among themselves, and with those of free water added to 
the system. The minor phase contains water molecules 
that have less motional freedom than in the major phase 
but more than in solids. 

It seems reasonable to speculate as follows: (1) the 
water molecules of the major phase experience a significant 
loss of translational motion and possibly some loss of 
rotational motion; and (2) the water molecules within 
the minor phase experience an even greater restriction in 
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translational motion and a significant loss of some rota- 
tional motions. , 

Since we submitted our manuscript we have learned of 
work by Freeman Cope on the physical state of water in 
skeletal muscle. Cope, using & different approach, has 
concluded that skeletal muscle water is ordered and that 
two distinct fractions can be recognized. His work 
appeared ın the Biophysical Journal in March 1969. 
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Recognition of Bacterial Initiator tRNA by Initiation Factors 
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Tum binding of bacterial initiator tRNA, fMet-tRNAg, to 
708 ribosomes with the trinucleoside diphosphate ApUpG 
at a magnesium ion concentration of 0:005 M requires 
initiation factors and GTP!. Neither the unformylated 
species Met-tRNAr- nor any other aminoacyl-tRNA will 
bind to ribosomes in such conditions. Initiation factors 
and GTP are also neceasary for the binding of initiator 
tRNA to 308 ribosomal subunits’. We find that either 
ApUpG or GpUpG can function as the initiator triplet on 
these sub-particles, and that the stimulating effect of 
initiation factors and GTP is specific for fMet-iRNAr: 
they fail to stimulate the binding of several other formy- 

Abbreviations used: the purified formylatable and nonformylatable 
methionine-accepting species of tRNA are represented by (RNA; and 
IRNAN“ respectively. The unformylated charged (RNAM“ is Mot-fRNA, 
and in the formylated charged state is fMet-(RINNA; whereas the charged 
IRNAN is Mot-(RN A, 


Factors required for initiating protein synthesis in bacteria recognize 
both the ribonucleic acid moiety and the presence of the formyl 
group in fMet-tRNAMet, 


lated aminoacyl-éRNAs, including fMet-tRNAm to 70S or 
30S ribosomes in the presence of their respective codons. 
We conclude that the initiation factors specifically recog- 
nize fMet-tRNAg. 

Pure methionine *RNAs were obtained according to 
Doctor et al.*. Pure [**P]-labelled #RNA** was prepared 
as described by Dube æ al.1°. The remaining *RNAs used 
in this study were obtained in an enriched form from the 
countercurrent distribution step in the purification of the 
methionine (RNAs. #RNAVal and ¢RNATyr were further 
purified by chromatography on benzoylated-DEAE 
cellulose and DEAE ‘Sephadex’ respectively. The 
amino-acid charging capacity of the preparations used was 
as follows: #RNALys, 8 per cent; #RNATyr, 32 per cent; 
HRNAYal, 88 per cent; and tRNAPhe, 12 r cent. 
Charging of tRNAs was as previously discitbedt, fMet- 
tRNAr was prepared by charging ¢RNA; in the presence 
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Fig. 1. Factor dependent binding of fMet-*RNAr to 305 ribosomes. 


The reaction mixture (50 ul.) contained tris HOI pH 72 (01M), NH,Ol 
(0 052 M), varying concentrations of MgCl., GTP (0-0002 M), 57 «umoles of 
808 ribosomes and 6 3 uymoles of fMettRNAr. 854g of crude initiation 
factors with elther (a) ApUpG (0 14 Agee units) or (b) GDUpG (0'20 Ase 
units) were added as indicated. The reactants were pre-incubated for 
3 mm at 25° C before addition of the triplet (or its equivalent volume in 
water) and incubated for a further 15 min at that tem ture before 
dilution sixty-fold with ice cold buffer A (tris HOI pH 7-2 (0-1 M)), NEOL 
(0-05 M), MgO, (0-06 M) and filtered through nitrocellulose filters. These 
filters were subsequently washed three times with 8 ml. of buffer A, 
dried, and counted in a liquid scintillation spectrometer. 
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of formyl donor with a crude E. coli supernatant, whereas 
Met-tRNA¢ was obtamed by charging with pure methionyl- 
tRNA synthetase (a gift from Mr O. Bruton). Chemical 
formylation of aminoacyl-LRNAs was performed using 
the formyl ester of N-hydroxysuccinimide, the procedure 
for formylation being essentially that of Gillam ef al.1*, The 
degree of formylation of the aminoacyl-*RNAs ranged 
from 85 per cent-95 per cent as judged from samplcs 
subjected to pancreatic ribonuclease digestion followed by 
ionophoresis at pH 3-5. For formylation of Lys-tRNA, 
70 per cent was recovered as a,e-diformylLys--RNA and 
20 per cent as a mrxture of the two monoformy] isomers. 

E. coli MRE600 ribosomes, and ribosomal subunits were 
obtained as previously reported", and crude initiation 
factors were prepared by an ammonium sulphate precipita- 
tion of the supernatant obtained from ribosomes washed 
in 2-0 M ammonium chloride’. The partially fractionated 
factors were obtained substantially by following Revel 
etal.” and are equivalent to factor C in biological properties. 

Fig. 1 shows the crude initiation factors and GTP 
stimulated binding of fMet-tRNA¢ to 30S subunits in the 
presence of ApUpG or GpUpG. For significant complex 
formation to occur the reaction mixtures had to be pre- 
incubated for a few minutes before addition of the triplets. 
In agreement with the results obtained by others* the 
stunulation is maximal at 0-01 M Mg++ for ApUpG, but 
the optimal Mgt concentration for GpUpG is not so well 
defined. 

Lucas-Lenard and Lipmann!‘ demonstrated that initia- 
tion factors and GIP enhanced the binding of N-acetyl- 
Phe-tRNA to 70S mbosomes at 0-004 M Mg m the 
presence of poly U. Furthermore, the translation of 
poly U at this low Mg'+ concentration depended on the 
presence of acetylPhe--RNA and the initiation factors. 
From these results the authors concluded that initiation 
factors, GTP and poly U could place acetyIPhe-tRNA in 
the peptidyl-ARNA site on the mbosome in a manner 
analogous to that of fMet-tRNAş. This imples that the 
initiation factors primarily recognize the monosubstituted 
amino group of the charged ‘RNAs and that therefore any 
blocked ammoacyl-éRNA could function as a chain 
initiator. 

We have examined the ability of other formylated 
aminoacyl-tRNAs to bind to 708 or 30S mbosomes with 
their respective triplets or synthetic polyribonucleotides 
in the presence of crude mutiation factors and GTP. With 
low concentrations of Mgt+ (Tables 1 and 2) only 
fPhe-tRNA, besides the natural mitiator tRNA, showed 
significant binding, though fPhe-tRNA binding was much 
less than that of fMet-tRNAs. With higher Mg™ con- 
centrations we found that all the formylated aminoacyl- 
tRNAs were capable of binding to 70S and 308 ribosomes, 


Table 1, BINDING OF FORMYLAMINOACYL-tRNAS TO 709 RIBOSOMES 


Mo Methio- 
Initlation GTP nine (f) nine (m) Lysine Phenylalanine Valine 
Messenger factors (a) (a) (a) (b) (a) (b) (a) (b) (a) (b) 
= + + 0-19 0-07 007 012 0 06 0 09 0 05 0 06 0-08 0-17 
+ - + 0 27 0 08 005 0-24 0 05 O14 0 05 007 0-06 0-65 
+ - 0-26 0-08 07 015 0-10 015 0-08 0-09 0-08 050 
+ + + 3-36 0-10 006 0-19 02 0-48 005 0-10 0-0! 0 50 


The reaction mixture (50 ul.) contained the same buffer and salt solutions as for Fig. 1 but with 0 905 M MgO 
ee GTP (0 0002 M). The requisite messenger for each formylated aminoacyl. NA either as (a) valet or 


35 ug of crude initiation fe 





and 20 uumoles of 709 ribosomes plus 
(b) synthotic 


olymer was added as indicated. The formylaminoacyl-tRNAs and their ve mentongere used were as follows: methio ( uemolkæ with 
fa) ApUpG, 0-14 Age, units; methionine (m), 7-7 with (a) A UpG, 0:14; 8 with (a AparG, 018 W) poly A), 0-19; pheny! 5:7 with (a) 
pUpU, 0-18 (b) ly (U), 021; tyrosine, 4 5 with (a) Up. pd, oi b poly (A, }, O20; and , 18 0, with (a) GpUpG, 0 20 (b) poly (G, U), 0 20. e 
procedure was as for Fig. 1 omitting the pre-Incubation step and the dilui n buffer contained 0 005 M MgCl, ın place of 0 06 M. 
~ Chemically synthesized from Met#RNAf. g 
Table 2. BINDING OF OAOYL-(RNAS TO 80S RIBOSOMAL SUBUNITS 
Mothi Methio- 
Initiation GTP nine (f) nine (m) P e V: 
Messenger factors (a) (a) (a) (b) (a) (b) (a) (b) (a) (b) 
- + + 0 40 0 26 0-08 005 0 06 0-24 007 006 0 08 0-10 
+ = + 0-68 0 20 007 0-10 0 08 0 83 007 0-11 0-10 O15 
+ + - 058 0-36 0 07 0 09 0-09 0:38 0 08 0-25 0-09 0-16 
+ + + 814 0-41 007 0-09 0 20 0-49 009 0-15 009 0-15 
Reaction mix is identloal to that in Table 1 except 48 uumoles of 80S ribosomes in a final concentration of 0-01 M MgOl, were used. The alteratiens 
in the concentrations of form 1-RN As and oi tharr (e) ets or (b) synthetic those in Table 1 are hs follows: methionine (m), 


8-6 
step. 


polymers over 
upmoles; lysine, 8-8 with ADADA, 0-16 Ase unita, tyrosine, 4-5 with UpApU, 0-2 As units. The procedure 


was as for Fig. 1 including the pre-ncubation 
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both with their respective polymers and triplets, but no 
factor and GTP-stimulated complex formation was 
detected. 

As a control, the reactions with 70S mbosomes were 
repeated, but pancreatic mbonuclease was added after 
each reaction and the reaction mixture was then subjected 
to ionophoresis at pH 3-5. Inspection of the reaction 
products revealed that ın all cases less than 10 per cent of 
the formylaminoacyl-tRNA had hydrolysed during the 
incubations, and no removal of the formyl group from the 
formylated ammoacyl--RNAs was detected. Thus the 
failure of most of the formylated aminoacyl-tRNAs to 
bind to mbosomes at low Mgt concentrations cannot be 
the result of any damage sustained by the tRNAs by 
chemical formylation, nor can ıt be the result of hydrolysis 
of the formylammoacyl--RNA. Furthermore, Leder and 
Nau? have shown that fVal-tRNA and flle-tRNA do not 
bind to 70S ribosomes with low Mgt concentrations in 
similar conditions in the presence of their respective 
triplets, GpUpU and ApUpU. We conclude that the 
initiation factors mteract strongly only with fMet-tRNAr 
and weakly with fPhe-éRNA. This suggests that the 
initiation factors do not recognize the blocked amino- 
acids alone, but that they must recognize a structural 
region unique to the initiator tRNA. 

In contrast to other aminoacyl-t+RNAs, imoluding 
Met-tRNAm, Met-tRNA-¢ does not form a complex with 
the transfer factor and GTP15, which probably explaims 
why Met-tRNAf never competes with Met--RNAm in 
incorporating methionyl residues mto internal positions 
of polypeptide chains. Clearly, ‘RNAr has a structure 
specially adapted for 1ts role as a chain initiator. Dıs- 
appointingly the nucleotide sequences of tRNA} and 
tRNA do not suggest what the structural differences 
between the initiator RNA and other {RNAs might be. 
This must await determination of their tertiary structures. 

Finally, the interaction between the initiation factors 
and fPhe-tRNA remains to be explained. Grunberg- 
Manago et al.® have demonstrated that the 30S ribosomal 
complex formed with factors, GTP, acetylPhe--RNA and 
poly U was thermally unstable, while that with fMet- 
tRNAf and ApUpG displayed the ultraviolet ‘‘melting” 
profile expected of a stable complex. The tertiary struc- 
ture of fPhe-t+RNA may bear some similarity to that of 
fMet-(RNA¢ resulting ın a partial recognition of fPhe- 
tRNA by the factors and permitting the formation of a 
weak complex stable enough for retention on nitrocellulose 
filters. Even weaker complexes may be formed on the 
ribosome between other acylated ammoacyl-+RNAs and 
initiation factors, but these mteractions are then so weak 
that the potential complexes formed dissociate on filtra- 
tion. 

Although the initiation factors primarily recognize a 
structural region of SRNAg,, the presence of the formyl 
group ıs still obligatory before interaction between the 
factors and tRNA, on the ribosome is possible. This is 
clearly supported by previous experiments on 70S ribo- 
somes with Met-tRNAs and by the results shown ın Fig. 2. 
Neither Met-tRNAg¢ nor tRNAs bind to 308 ribosomes with 
ApUpG at an Mg concentration of 0-10 M in the presence 
of partially fractionated initiation factors and GTP, while 
there is considerable stimulation of the binding of fMet- 
tRNAS. It was also found that the factors do not recognize 
the anticodon loop isolated from #RNAg¢!’, confirming 
that they recognize a region on tRNAg¢ iteelf, but only in the 
presence of the formyl group. Perhaps the formylation of 
Met-tRNAr¢ induces a conformational change m tRNAg 
making interaction between the initiation factors and 
fMet-tRNAy posable. This is not unlikely because acyla- 
tions of ammoacyl-iRNAs apparently alter their tertiary 
structure’*. Alternatively, the factors may recognize 
the formylmethionyl residue and a structural region 
unique to {RNAg¢ simultaneously. At present we cannot 
distinguish between these two hypotheses. 
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Fig. 2. Fractionated factor concentration curves for the binding of 
fMet-tRNAf, Met-tRNAf and tRNAf to 80S ribosomes. The reaction 
mixture and procedure are as for Fig. 1 except that (a) 6 3 uumoles of 
fMet-tRNAg , 5 2 pumoles of Met--RNA¢—— — , or 2,400 o.p.m. 
of [**P]-labelled {RN Ag --- were used. 0:0002 M GTP was either absent 
(A) or present (@) with varying concentrations of the partially fraction- 
ated factor. The cp.m. scale was chosen such that 6-8 pumoles of 
fMot-tRNAf was equated arbitrarily with the 2,400 o.p.m. of [*P]-labelled 
tRN Ar as the specific activity of the [**P] materal was unknown. The 
MgOl, concentration was 0 01 M. 





The formyl group probably has an additional function. 
Kinetic studies of polypeptide chain initiation in a 
bacterial cell-free system?® and of the reaction between 
puromycin and fMet-tRNA¢ or Met-tRNA¢ bound to 708 
ribosomes with ApUpG*" revealed that the initial peptide 
bond 1s formed some five times faster when the formylated 
species 18 present. fMet-tRNA; therefore seams to be a 
better substrate than Met-tRNAg¢ for the peptidyl-trans- 
ferase. The minimum requirements for the enzyme at the 
peptidyl--RNA site seem to be compounds of the general 
structure-CpCpAOCR,CHNHRA, (f,=amino-acid sıde- 
chain; R,=formy] or acetyl groups**). Similar derivatives 
without an acylated amino group did not react with puro- 
mycin, mdicatmg that the peptidyl transferase requires 
an amide linkage for maximum activity. The formyl group 
probably completes the requirements for this substrate 
specificity of the peptidyl transferase at the peptidyl- 
tRNA site on the ribosome. 

In conclusion, the imitiation factors are specific for 
fMet-tRNAg but not for any blocked aminoacyl-tRNA, 
and consequently must recognize a region unique to (RN Ag. 
Because Met-tRNA¢ will not form a complex with transfer 
factor and GTP which are concerned with incorporation 
into internal peptide bonds, iRNAf must be especially 
adapted for ite role as a chain mitiator m protein synthesis. 
The formyl group itself makes an interaction between the 
initiation factors and fMet-tRNAg, possible, thus ensurmg 
the formation of the correct initiator complex on the ribo- 
some, and may also make the initiator RNA a suitable 
substrate for the peptidyl-transferase at the peptidyl- 
(RNA site on the mbosome. 
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Chymotrypsin-like Proteases from the Sea Anemone, 


Metridium senile 


by 
D. GIBSON* 
G. H. DIXON 


Department of Biochemistry, 
University of British Columbia, 
Vancouver, Canada 


THE extensive homologies in structure’? of mammalan 
pancreatic “serme” proteases, chymotrypsins A and B, 
trypain and elastase suggest that the structural genes for 
these enzymes, like those for the haemoglobin chains’, 
have been derived by a process of gene duplication followed 
by divergent evolution. Homology of the pancreatic 
serine proteases was foreshadowed, by the earlier finding 
of identical sequences around the reactive seryl residue**. 
The group is also characterized by the participation of a 
listidyl residue in the catalytic mechanism”! and the 
appearance of an N-termmal Ileu.Val- sequence as a 
result of the cleavage of a single peptide bond during 
activation. of the zymogen by trypsin or a trypsin-like 
enzyme 10, X-ray crystallographic studies! have recently 
shown that the ionized form of this N-terminal isoleucine 
residue ın «-chymotrypsin is involved in a specific salt 
linkage with aspartyl residue 194, adjacent to the reactive 
saryl residue (position 195). 

In the work reported here, three alkaline proteases were 
isolated from the gastric filaments of the sea anemone 
Metridium senile. All three enzymes appear to be typical 
serme proteases, as judged by their rapid inhibition by 
di-isopropylphosphorofluoridate (DFP); moreover, pro- 
tease A, which has been characterized in the most detail, 
appears to share many of the properties of the mam- 
malian chymotrypsins. Representatives of the phylum 
Coelenterata were among the earliest metazoans to appear, 
and they illustrate a significant stage in the phylogeny of 
the digestive process—the appearance of the simplest 
digestive organ, a sac with a single opening serving 
alternately as mouth and anus. Sea anemones have been 
known to be carnivorous since ancient times!? and power- 
ful proteolytic activity has more recently been demon- 
strated in the gastric filaments of these animals”. 

Metridium senile was collected in Howe Sound, British 
Columbia, by scuba divers and the gastric filaments were 
dissected and quickly frozen on dry ice. Fresh homogenates 
of this tissue in an equal volume of 5 mM irts-HCl, pH 8-0, 

* Present address: Department of Medical Genetics, University of Wis- 
consin, Madison, 68708. 


Proteases from the sea anemone have the same zymogen activation 
and active site chemistry as the proteases of the mammallan pancreas. 
One of them has kinetic properties remarkably similar to chymo- 
trypsin. The findings suggest a common ancestry for the digestive 
process of mammals and coelenterates. 


showed only minimal proteolytic activity as judged by 
the hydrolysis of the synthetic chymotrypsm ester sub- 
strate, N-acetyl-L-tyrosine ethyl-ester (ATEE), but on 
incubation at 20° C, spontaneous activation took place 
with apparent autocatalytic kinetics (Fig. 1). This 
activation was abolished by DFP. The ATEEase activity 
was strongly and competitively mhıbıted by indole 
(Ki=1:42 x 104 M), but this inhibitor did not alter the 
activation curve (Fig. 1). A simple autocatalytio activa- 
tion mechanism, such as that seen with bovine trypsino- 
gen’, thus appears excluded. Benzamuidine’’, a competi- 
tive inhibitor of trypsin, completely hibited the activa- 
tion (Fig. 1), however, suggesting that, as with bovine 
chymotrypsinogen’, the initial activation step was cata- 
lysed by an enzyme with the specıficity of trypsin. On the 
other hand, activation could not be accelerated by the 
addition of increasing concentrations of trypsin to the 
crude homogenates. This activating enzyme must there- 
fore possess some properties distinctly different from tryp- 
sin, a situation reminiscent of the natural intestimal 
activator of trypsmogen, enterokinase. An explanation 
of the observed kinetics would be that the trypsin-lke 
activating enzyme, present initially as a zymogen, under- 
goes autocatalytic activation m the manner of bovine 
trypsinogen. The active activating enzyme, in turn, 
would catalyse the activation of the ATEEase zymogen 
at an accelerating rate, the overall effect being the appear- 
ance of ATEEase activity in an apparently autocatalytic 
fashion. 

When thin sections of gastric filaments of Metridium 
were examined in the electron microscope by Dr J. D. 
Jamieson, Rockefeller University, many stacked granules 
closely resembling the zymogen granules of mammalian 
pancreas could be seen. These granules were 1-0 micron 
in diameter, limited by a unit membrane, and filled with 
electron dense material. Thus the relatively complex 
mechanisms of zymogen synthesis, packaging, secretion 
and activation seem to be already highly developed in this 
primitive Metazoan phylum, representatives of which 
were among the earliest multicellular forms to evolve. 
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Fig. 1. Spontaneous activation of a crude homogenate of gastric fila- 
ments of 


etridium: A7 2 g ot frozen taue was homi with 80 ml. 
, for 2 mm in a Waring blender. Separate 

n mixed with equal volumes of (a 
(b) 10 mM indole in tris-HOl buffer, an 

nzamidine in tris-HOl buffer. The samples were then {nou- 
ted at 20° O and assayed for ATBEase activity as a function of time 
(assay conditions: 10 mM ATER, 5 mM tris-HCl, pH 8-0, 0-15 M KOI 
25° O, 1-2 mL reaction volumes). ATH Ease activity (units = smoles/nnin} 
per ml. is plotted as a function of time in the three homogenaten; (a. 
control @ --- @; (b) 5 mM indole Go’ and (e) 5 mM benzamidine 


Acetone powders*® were prepared from homogenates 
which had been allowed to stand (3-5 h) at 0° C until full 
activation had taken place. Such acetone powders, when 
stored at — 20° C, provide a stable source of enzyme for 
further purification. Steps in the purification of the 
Meiridium proteases were as follows: (1) extraction of 
the acetone powder with 2 M lithium chloride at pH 8-0 
to release the enzyme from insoluble particulate material; 
(i1) acetone fractionation at — 15° C; (iii) DEAE-‘Sepha- 
dex’ chromatography of the 40-80 per cent v/v acetone 
fraction at pH 8-6. The proteases, being cationic, passed 
through at the void volume in dilute buffer and were 
separated from inactive anionic proteins retarded on the 
column; (iv) cation exchange chromatography of the 
unretarded peak of actavity from the DEAE-‘Sephadex’, 
on ‘Bio-Rex 70 (Bio-Rad Laboratories) at pH 6'0 in the 
presence of 6 mM indole; and (v) re-chromatography on 
‘Bio-Rex 70’ at pH 6-0 m the presence of 5 mM indole. 
ATEEase activity was resolved into three components, 
designated A, B and O in step (iv) as seen in Fig. 2. When 
samples of each of these peaks were examined by poly- 
acrylamide disc electrophoresis at pH 4-0 (Fig. 3), 
peaks A and B migrated as single, major, amido black 
staining bands, but there were several minor components 
present in both cases which appeared to result from 
autolysis. Protease C appeared homogeneous on electro- 
phoresis. 

All three proteases were rapidly and completely inhib- 
ited by DFP and each enzyme as well as a control sample 
of bovine a-chymotrypsin was labelled by incubation 
with a five to ten-fold excess of DF**P (New England 
Nuclear Corporation, 39-6 mCi/mmole) at pH 8-0 for 3 h 
at room temperature. Electrophoresis in starch gels con- 
taining 8 M urea at pH 4:0 (ref. 15), followed by amido 
black ini and autoradiography, showed (Fig. 4) 
that the **P was associated in each case with one major 
protein band. The most probable explanation of the 
presence of minor DI**P-labelled components is that 
autolysis of the enzymes occurs either before or during 
reaction with DF*P. It 1s clear from the autoradiograph, 
however, that enzymes A and B were not significantly 
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cross-contaminated. Enzyme O, which migrated at the 
same position as B in this system, appeared homogeneous. 

When only a limited amount of a serine protease 1s 
available, a useful general method for comparing short 
sequences around. the DI?*P-labelled seryl residue is that 
of Naughton eal.1*. This technique involves a comparison 
of radioactive peptide patterns following co-electrophor- 
esis of partial acid hydrolysates of DI**P-labelled enzymes 
with a hydrolysate of DI?#P-labelled «-chymotrypsin. 
The chymotrypsin hydrolysate acts as a standard: it is 
known to possess the sequence Asp.8er.Gly about the 
reactive seryl residue. Peptide patterns in hydrolysates 
of the DI**P-labelled anemone enzymes were examined 
by hıgh voltage electrophoresis at pH 3:6 and the auto- 
radiographs obtained with these hydrolysates are ulus- 
trated in Fig. 5. It can be seen that there are twelve to 
thirteen. bands which coincide in all the hydrolysates. 
The large number of bands arising from the single sequence, 
Asp.Ser(DIP).Gly, is a result of two factors characteristic 
of this sequence!®: (l) partial de-esterification of iso- 
propyl groups from the DIP-seryl residue; (2) the a-B 
interconversion at the aspartyl residue. Thus there are 
many more products than the usual range of peptide 
fragments resulting from partial acid hydrolyms. That 
there 1s exact correspondence in at least twelve or thirteen 
products is highly diagnostic of the —Asp.Ser(DIP).Gly— 
sequence and clearly demonstrates that the Metridium 
enzymes share the short sequence Asp.Ser.Gly with bovine 
a-chymotrypsin. 

The function of a single histidyl residue in the catalytic 
mechanism of both chymotrypsin and trypsin has been 
established by the use of chloromethyl ketone inhibitors 
derived from specific substrates?®. When Metridium 
protease A was treated with the chymotrypsin specific 
substrate analogue 1-(1-tosylamido-2-phenyl-) ethyl 
chloromethyl ketone (T'PCK)’, there was rapid and com- 
plete inhibition. In contrast, the trypsin specific wnhibitor 
L-(1-chloro-3-tosylammo-7-amino-)2-heptanone® (TLCK) 
was without effect, a result consistent with the rapid 
hydrolysis of the chymotrypsin substrate ATEE by 
Metridium protease A, compared with extremely slow 
hydrolysis of benzoy]-L-argmine-ethyl ester (BAEE), a 
typical trypsin substrate. It therefore seems likely 
that Metridium protease A possesses a substrate binding 
site similar to that of chymotrypsin as well as a histidyl 
residue which is important in the catalytic mechanism. 

When a more detailed comparison of the kinetics of 
hydrolysis of a series of ester substrates was made with 
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. 2. Separation of Metridiwn proteases by chroma hy on a 
*Blo-Rox 70’ column (2:5 x 42 om) in the presence of 5 mM indole. The 
column was equilibrated with 25 mM sodium citrate, pH 6-0. A 205 ml. 
sample of a pooled DEAR-breakthrough peak (stop di) in 5 mM tris- 
HO, pH 8-0, was diluted with 205 ml. of 10 o and titrated to 
pH 60 with 3M citrioaad. The solution was allowed to flow on to the 
column for 24 h at 4° ©. During this time no ATERase activity could 
be detected in the effluent. Blution was performed with a linear nt 
of citrate buffer, pH 6-0, from 25 to 500 mM m a total volume of 800 ml. 
followed by an additional 200 ml. of 500 mM sodium citrate, pH 6:0. 
All eluting buffers contained 5 mM indole. The flow rate was 54 ml/h 
and each fraction was assa: 
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Table 1 
: eis protease A a-Chymotrypain 
me Substrate Km( x 10?) kat Km (x10) 
ATER eae 0 1-80 + 0-76 8°844+0°15 0-84+0-15 
ATME 8 8+0-10 0-125 + 0-01 8:70+011 0-65+0:04 
APEE 5-2+0-16 0 2040 02 0-88+0-16 1-:80+005 
AtrypER 0-164002 0104011 0954008 008+0-017 


K Se aes bas (nits) al baling enzyme N/ml. 
neha - . =mo) ea/L. 
7 fa ~ Substrate solutions were freshly Aap te in @ buffer of 0-05 M tris-HCl 
h- conta 0 15 M NaCl and 0 05 Assays were run in 2-5 ml. volumes 
at pH e 25° in the Radiometer TTT- 1 tatrigraph pH eiat Average 
initial rates of aydo were determined from a mmimum of three measure- 
h $ ments at each substrate concentration and Kinetic parameters were calculated 
` mo from Eadie plots (V by Vis) by the method of least squares. 95 per cent 
confidences limita are shown. 





bl «-chymotrypsin and Meiridium protease 4, a striking 
Pere similarity in specificity was evident. Kinetic constants 

for four typical chymotrypsin ester substrates are shown 

in Table 1. The koat values indicate that the Metridium 

enzyme hydrolyses ATEH, and N-acetyl-1-phenylalanyl 

ethyl ester (APEE) three and five times faster, respec- 

tively, than a-chymotrypsin at 25° C. A considerably 

slower rate of hydrolysis of the more bulky N-acetyl-z- 

. , tryptophan ethyl ester (ATrypEE), however, was observed 
r. . = with the Metridium enzyme. This distinct chymotrypsin- 

: lke specificity extended also to the hydrolysis of peptide 

Mg SAR ngs. wah a SE ae bonds in glucagon. After separation and characterization 
Metridvum A B O a-Chymo- of peptides from hydrolysates of glucagon by the Metri- 
protease trypsin dium protease A, it was clear (Fig. 6) that the bonds on the 
C-terminal side of the two tyrosyl ‘residues (positions 10 

yacrylamide disc elec trophoresié of nant poika. A, B and 13) and of the two phenylalanyl residues (positions 6 
aay ce Se oes von Gece and 22) were rapidly cleaved. Rapid hydrolysis of the 

als were polymerized from 15 per cent acrylamide pnd 02 Pon taal Leu—Met bond (position 26-27) was also observed, but no 
was 0-00 M potassium ootata, pH 4 3, while that in the clootodo vessels PERE was a. pins cleavage a Leu-Asp 
was e-acetlo Electrophoresi ni osition , perhaps as a result of previous 
at 400V; 875 MAJtubo for 8:285 and. Me gols stanet with amido black hydrolysis of the Tyr—Leu bond at posttion 13°14, No 


———_ 
Meiridium proteases 





Fig. 4, Electrophoresis of DI?*P-labelled proteases in 8 M urea-starch gels. A, Autoradiograph of the amido black stained 

ee, B, Photograph of amido black stained gel. 8 M urea-starch gels, eee pH t ‘0, were prepared as described reviously?*, 

TP enzymes were pared as described in the text and samples of 0 aT of 1 Dor oont protein solunona 1 mM HOI 
Were applied to the gel slota. Gels were run for.20 h at room temperature with a current of 95 mA, 
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splitting of the Trp—Leu bond (position 25-26) was ob- 
served; this is consistent with the fact that the trypto- 
phanyl ester substrate was hydrolysed at a significantly 
lower rate than either the phenylalanyl or tyrosyl sub- 
strates (Table 1). Cleavages were also observed on the 
carboxyl side of both arginine residues, but these could be 
selectively elommated by prior treatment of protease A 
with soybean trypsin inhibitor and hence were probably 
due to a contaminating trypsin-like enzyme in the prepara- 
tion. Conversely, previous reactions of protease A with 
TPCK selectively inhibited hydrolyms at all positions 
except on the carboxyl side of both arginine residues. 
Two major classes of “serme” proteases have been 
described m recent years!®**, One is typified by the 
mammalian pancreatic proteases which possess the 
sequence —Asp.Ser.Gly— around the active seryl residue 
and have a high content of disulphide bonds; the second 
is represented so far only by microbial proteases (for 
example, the subtilisins) with a different active site 
sequence —Thr.Ser.Met— and few or no disulphide bonds. 
Comparison of the complete amino-acid sequences of the 
microbial protease subtilisin (Carlsberg) and the mam- 
malian pancreatic proteases revealed no structural 
homology, ruling out the possibility that theee two classes 
of serine proteases arose from a common ancestral type 
in recent evolution™. Bacterial serine proteases with an 
—Asp.8er.Gly— active site sequence are not, however, 
unknown as this sequence is found in the «-lytic protease 
of Sorangium'*. Although the Serangium enzyme differs 





4 
vs s s - fes R * 
A me Bae ne nace L 


a-Chymo- A B ọọ 
trypsin _— HY 
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onan Co-electrophoresis at pH 86 of partial acid hydrolysates of 
teases vn B and bo aloes with bovine a-chymotrypsin. 
Te mg of T'™P-labellod enzyme pro (6-38 y ) was hydrolyzed in 
SA Bol at 108° O for 20 min ine tube vacuum. Following 
temoval of the acid, the residue was dissolved in 0-1 ml. of distilled water 
and applied as a 5 om band along the origin ofa of tman No. 1 
per. was overlapped 05 om with the t 
ds, electrophoresis was run at pH'8-6 for 2 h at 55 
Viom. Autoradiographs were ob the dried paper in 


tained by placing 
close contact with a sheet oi Royal Blue X-ray flim and exposing for 12 h. 
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cleaved by the Metridium ensyme siq bovine chymotrypam B 1s clearly 
eviden 


from the pancreatic proteases in a number of respects, it 
shows structural homology with mammalian chymotryp- 
sin in the region of the histidyl residue™* and it seems 
hkely that it ıs homologous with the pancreatic proteases. 
The present results clearly demonstrate that the three 
Metridium proteases also belong to the “—Asp.S8er.Gly—” 
class of serine proteases and open the possibility that they, 
too, bear a direct evolutionary relationship to the mam- 
malian pancreatic proteases. The finding of a chymo- 
-hke zymogen activation mechanism and a 
remarkably chymotrypsin-like specrficity of one of the 
Metridium enzymes, protease A, as well as rapid inhibition, 
by the chymotrypsin inhibitor, TPCK, strongly suggests 
that Metridium protease A is closely related to mammalian 
chymotrypsin. The demonstration of more than one 
chymotrypsin-like serme enzyme in Metridium as well as 
evidence for significant levels of a trypsin-like peptidase 
indicates that the process of successive gene duplication 


of the chymotrypsin locus had already begun to take place 
at the tme of divergence of the coelenterates from the 


main line of vertebrate evolution. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Interstellar Band Absorption 
in a Supernova? 


THERE is a fairly general consensus of opinion that the 
interstellar dust consists basically of graphite, with or 
without various coatings on the grains. In proposing this 
constitution, Hoyle and Wickramasinghe! suggested that 
the grains could be formed m the atmospheres of cool 
giant stars, ın particular the N-type carbon stars. The 
same authors* later proposed that grains can also be 
formed in the explosion of super-massive objects, such as 
the nuclei of Seyfert galaxies. This has been extended 
more recently by Reddish and Wickramasinghe? to include 
the explosions of supernovae. ` 

It has been suggested‘ that because there is a stro 
correlation between reddening end the strength of the 
diffuse interstellar bands, the bands are attributable to 
electronic transitions in impurities in the grains, coupled 
to the lattice vibrations. This idea was developed’ further 
by Wickramasinghe et al., who produced some confirma- 
tory observational evidence. The impurities may be 
introduced into the grams by high energy particle bom- 
bardment. 

The bands are very difficult to study in detail because 
of their weakness and width. A desirably large optical 
depth of band absorbing material is accompanied by an 
undesirably large reddening. The obscured star should 
have as high an intrinsic visible luminosity as possible, 
which practically confines investigations to early type 
supergiants. If, however, supernovae do produce clouds 
of dust and this dust is basically responsible for the band 
absorption, these evente should be much more favourable 
for studies of the bands. High energy particle bombard- 
ment will certainly take place. 

Spectra of supernovae are, of course, difficult to obtam. 
Nevertheless, Ford and Rubin reported’ spectra of a super- 
nova in NGO 2713 m March 1968, taken with an image 
tube at 140 A/mm. They reproduce tracings of four 
spectra, resembling each other quite closely. For con- 
venience I have formed a rough mean of the four tracings, 
which is reproduced in Fig. 1. No pertinent informa- 
tion is lost thereby and the wide spectrum features are 
enhanced. The authors do not identify any of the broad 
features. It is remarkable, however, that if instead of 
regarding the tracing as they suggest, as broad emission 
features on a continuum, it is regarded as broad absorption 
features on a brighter continuum, there are four wide and 
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Fig. 1. Mean of the four tracings from NGO 2713. 
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approxmately symmetrical features centred roughly on 
4430, 4870, 5100 and 6180 A—the three interstellar band 
wavelengths, plus the other feature at 5100 A. The bands 
at 4890 and 6180 A were first reported at the Edinburgh 
Observatory as a by-product of a programme of spectro- 
photometry of O and B stars, and all three bands have 
been ascribed profiles by the author?~*. The original pro- 
gramme material, however, did not cover the region 
5000 A to 5600 A because of the undesirable photometric 
characteristics of the emulsion used. For this reason, any 
bands in this region have been missed: it is hoped to 
pursue this pomt with stars of high band absorption and 
electronography, with the techniques already in use 
here!11, All four profiles are wide, certainly wider than 
previously reported in stars. This may only reflect the 
enormous intensity. The shallower features at 5850 A and 
4150 A would certainly not have been detected in any 
normal star 1f indeed this is interstellar band absorption. 
The difference in central wavelength of the band at 4870 A 
and the presently assigned wavelength of 4887 A may not 
be significant in view of the apparent blendmg with that 
at 6100 A, and the blending in the stellar case with Hg. It 
would be of great interest if photometric analyses of traces 
such as these could be made. 

Harry SEDDON 
Royal Observatory, 
Edinburgh 9. 
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Rocket Observations of Virgo XR-I 


BEYLARKE 723, launched at 1030 GMT on June 12, 1968, 
was an unstabilized rocket carrying two proportional 
counter detectors, each of 1,385 cm? effective area. 
Detector Cl covered the energy range 1-4 to 2:5 keV and 
detector C2 the range 2:0 to 18 keV, analysed into four 
and nine energy channels respectively. The field of view 
of each detector was 28° by 4° (FWHM) with the greater 
collimator extension mounted parallel to the longitudinal 
rocket axis for C2 and mx-tenths of the C1 detector, the 
remaming four-tenths of the Cl collimator being canted 
at 40° to the major axis. During the flight, the rocket 
spun at a constant rate of 75° s+ while the spin axis 
slowly precessed about a flat cone, thereby surveying 
some 80 per cent of the visible sky. On twenty-five 
consecutive scans the Vir XR-1 source, which by chance 
lay near the precession axis, crossed the field of view of 
both detectors. The count rate profiles for twenty scans, 
in which the source passed within 21° of the centre of the 
field of view, have been added together for each detector, 
resulting ın the totals shown in Fig. 1. Significant peaks 
are seen in the position of Vir XR-1 for both detectors and 
these have been fitted with the measured transmission 
profiles of the respective collimators assummg parallel 
incident radiation. The peaks are consistent with the 
observation of X-rays from a single “point source”. (The 
method of addition will tend to smooth out count-rate 
peaks for any sources away from the Virgo region, but 
separate examination of the data has‘shown only one other 
discrete X-ray source in the high latitude sweep covered. 
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C1 (14 to 2:3 kev) 








~ 40° — 20° 0 20° 40° 
Angular scale 
Sais The count rate histograms of each detector from the flight of 
Tis 12. Data from twenty soane pasing through the n 
have been added for each trace the position of the R-1 
source is arrowed. The à t 2° difference between the and C2 
ls in agreement with pre and post-fiight measurements of the 


by the data of Fig. 1. This is a weak source in Crater 
which gives rise to some excess counts to the left of the 
Virgo peak in Fig. 1, particularly on the Cl trace. The 
Crater observation will be reported separately.) 

Skylark 403, launched at 0605 GMT on July 8, was 
equipped with a Sun-pointing attitude control system, and 
roll control was by reference to magnetic field sensors. 
Two small X-ray proportional counters, each of 25 em! 
effective area, were mounted, viewmg at 76° to the Sun- 
pomted rocket axis; this experiment was originally 
intended to observe the (bnefly) much stronger source 
Cen XR-2. The detectors were collimated to 20 arc 
min and 3-5° (FWHM) respectively in a direction parallel 
to the longitudinal rocket ams, both having a 10° field of 
view in the rocket spin plane. During the 250 s of stabil- 
ized flight, the two detectors were scanned four times, 
back and forth, across the region of sky contaming the 
source Vir XR-1. The correct pointing was verified later 
by an onboard star camera. A systematic increase in 
count rate was observed m the direction of the source 
by the more coarsely collimated detector 
and the spectral analysis of these source 
counts has been used here. The finely 
collimated detector recorded no significant 
source counts, & result consistent with the 
flux measured by the other detector, and 
therefore no additional information can 
be given about the precise position of Vir 
XR-1. 

The spectral results of the two rocket 
experiments are summarized in Fig. 2. The 
source counts from the June flight have 
been divided into seven energy channels 
and those from the July fhght into two 
channels. The error bars on each individual 
point are quite large, because of the limited 
counting statistics in a single channel, but 
the overall evidence for a continuously 
rising spectrum at least to 1-5 keV is good. 
This result does not agree with that of Bradt 
et al.1, which indicated a flat photon spec- 
trum near 2 keV and suggested that there 
might be significant absorption at this 6 
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Fig. 2. The differential photon spectrum of Virgo XR-1 uaing the results 
of both rocket flights, Solid circles represent results from the C1 detector 
and crosses from the O2 detector the June 12 flight. Open circles 
are from the July 8 flight. The dashed line represents the best fit te all 
the data points. 


the measurements of the NRL group". The greater 
intensity recorded by the four NRL and Leicester 
experiments ıs consistent with the absence of a low 
energy cut-off in the Vir XR-1 spectrum, for all four 
experiments had thin plastic-window detectors giving 
significantly greater sensitivity below 2-5 keV than the 
beryllium window detectors of the MIT group. The 
intensity of the-Vir XR-] source from the present data is 
1-5 x 10-* ergs cm-* s-1 in the energy range 1-5 to 5 keV. 

Finally, it is interesting to speculate briefly on the 
proposed identification of Vir XR-1 with the “radio 
galaxy” M87 and, in particular, on the possibility that the 
X-radiation arises from synchrotron emission of the 
relativistic electrons in the optical jet. It is widely 
believed that both the “core” radio emission and the 
polarized, blue continuum of M87 arise from synchrotron 
emission in the jet, and Shklovskiit has suggested that the 


Leicester 


ices 


Tt i teworth th t 8 10 12 u 16 18 20 
energy. is noteworthy that the presen frequency (Hx) 
data also indicate a source strength about mee 
three times as high as that found by 3. The X-ray spectrum of Fig. 2 is plotted together with the radio spectrum of the 


Bradt et al., and in better agreement with 


M87 core extrapo! 
> and some p 


to 
to froqunles (aftoz: ref, 6) optical results from the Af87 jet 


ta (see refa. 6—8). 
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Medicine and Clinical Chemistry Titles from Elsevier 


ATHEROSCLEROSIS : 
PATHOLOGY, PHYSIOLOGY, 
AETIOLOGY, DIAGNOSIS AND 
GLINIGAL MANAGEMENT 


Edited by F. G. Schettler, Medical University Clinic, Ludolf- 
Krehl-Clinic, Heidelberg, Germany; and G. S. Boyd, Depart- 
ment of Biochemistry, The University of Edinburgh, Medical 
School, Edinburgh 


CONTENTS: Morphology; ultrastructure of vascular changes; 
histochemistry; angiochemistry epidemiology; aetiology; 
clinical aspects, cerebral vascular sclerosis; the fundus of 
the eye; therapy special treatment; surgical treatment; 
subject index; index. 


1969 1029 pages 173 illus. £23 10 0 


GENETICS OF INSECT VECTORS 
OF DISEASE 


Edited by J. W. Wright, Chief, Vector Biology and Control, 
World Health Organization, Geneva, Switzerland; and R. P 
Scientist/Biologist, Vector Biology and Control, World Healt. 
Organization, Geneva, Switzerland 


CONTENTS: Preface; formal genetics of anophelines, formal 
genetics of Culex pipiens, genetics of Aedes aegypti, mosquito 
cytogenetics: evolution and speciation within the Mal- 
culipennis complex of the genus Anopheles; the Anopheles 
gamblae complex, speciation and evolution in Culex pipiens; 
speciation and evolution in Aedes; the genetics of Musca 
domestica and of other muscoid flies; the cytology of muscoid 
flies; speciation in musca; cockroach genetics; cytogenetics 
of acarines; genetics of triatoma and other vector species; 
genetics of populations of medically important arthropods; 
physiological genetics; genetics of insecticide resistance in 
insect vectors; genetics of behaviour; the influence of genetic 
and other factors on vector susceptibility to parasites; sterile 
technique—principles involved, current application, limitations, ` 
and future application; the induction of dominant lethal 
mutations in insects by ionizing radiation and chemicals—as 
related to the sterile-male technique of insect control; mass- 
breeding procedures; techniques for the study of cytogenetics 
and genetics of vectors; appendices; subject index. 


1967 794 pages 312 illus. 


DEPRESSED METABOLISM 


Edited by X. J. Musacchia, University of Missouri, and 
J. F. Saunders, National Aeronautics and Space Administration, 
Washington, D.C., U.S.A. 


CONTENTS: Preface; biophysical aspects; biochemical 
interrelations; physiologic correlates; applications; author 
index; subject index, 


1969 630 pages 


£24 10 0 


£7 10 0 


TEGHNIQUES OF 
AUTORADIOGRAPHY 


A. W. Rogers, Medical Research Council, Neuroendocrinology 
Research Unit, Department of Human Anatomy, University of 
Oxford, Great Britain 


CONTENTS: The uses of autoradiography; nuclear emulsions 
and the photographic process, the response of nuclear 
emulsions to ionizing radiations; the resolution of auto- 
radiographs; the efficiency of autoradiographs; autoradio- 
graphic background; the microscopy and microphotography 
of autoradiographs; relative measurements of radioactivity; 
theoretical considerations; relative measurements of radio- 
activity; grain and track counting; absolute measurements 
of radioactivity; the planning of autoradiographic experiments; 
histological techniques and autoradiography; the auto- 
radiography of radioisotopes in soluble form; the stripping- 
film technique; liquid-emulsion techniques for grain-density 
autoradiographs; liquid emulsion techniques for track auto- 
radiographs; autoradiography with the electron microscope; 
the autorddiography of macroscopic specimens; appendix. 


1968 338 pages 77 illus. £7, 0.0 


TOXICITY AND METABOLISM 
OF INDUSTRIAL SOLVENTS 


Ethel Browning, Soe H.M. Medical Inspector of Factories, 
Ministry of ur and National Service, London 


CONTENTS: Preface; aromatic hydrocarbons; other aromatic 
hydrocarbons; cyclic hydrocarbons; technical hydrocarbons; 
halogenated hydrocarbons; nitrogen compounds; alcohols; 
ketones; aldehydes and acetals; ethers; esters; glycols 
and derivatives; silicium compounds; miscellaneous 
compounds; addendum; subject index. 


1965 737 pages 


MOLECULAR BIOLOGY 
OF HUMAN PROTEINS 


H. E. Schultze, Formerly Scientific Director of the Behring- 
werke AG, Marburg/Lahn, Germany; J.F. Heremans, Professor 
of Internal Medicine, University of Louyain, Belgium 


Volume 1. Nature and Metabolism of Extracellular Proteins 


CONTENTS: Preface; proteins in general—the structure 
of proteins; analytical methods in protein chemistry; the 
plasma proteins—survey of the plasma proteins; the principal 
methods for the fractionation of plasma proteins; the hfe 
of plasma proteins—synthesis of the plasma proteins; turnover 
of the plasma proteins: the exchange of proteins between 
mother and child; proteins of extravascular fluids—the proteins 
of interstitial fluid and effusions; the urinary proteins; the 
proteins of cerebrospinal fluid; the proteins of saliva; the 
proteins of digestive secretions; the proteins of respiratory 
secretions; the proteins of milk and colostrum; the proteins 
of genital secretions; the proteins of synovial fluid; the 
proteins of miscellaneous fluids; subject index. 


1966 904 pages 418 illus. 


£11 0 0 


£17 10 0 
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Encyclopedia of Geomorphology 
Edited by 

RHODES W. FAIRBRIDGE 

Professor of Geology, Columbla University 

An alphabetic, encyclopedic treatment of geomorphology 
in 410 articles, and hundreds of illustrations. 

1296 pp., 10 In. x7 in., £17 19s. 


Applied Wave Mechanics 


(Van Nostrand Reinhold Sertes in Physical! Chem- 

istry) 

R. M. GOLDING 

Professor of Theoretical and Physical Chemistry, Univer- 

sity of New South Wales 

Written for graduate students and research workers in 

the fleld of chemical physics, this book illustrates how 

wave mechanics can be applied to the Interpretation of 

physical phenomena especially in the field of spectroscopy. 
pp., illus., £6 10s. 


Dielectric Properties and 


Molecular Behaviour 
(Van Nostrand Reinhold Serles in Physical Chem- 


istry) : , 
NORA HILL WORTH E. VAUGHAN 
Universlty of London; University of Wisconsin; 


‘A. H. PRICE, MANSEL DAVIES 

both of the University College of Wales, Aberystwyth 

A systematic Introduction to the whole area of dielectric 
studies for senior undergraduates and graduates in 
chemistry, physics, electrical engineering, materials 
science, solld state studies, and molecular sciences. 
Approx. 512 pp., 161 illus., about £6. 


Errors, Measurements and 


Results in Chemical Analysis 


‘an Nostrand Reinhold Series in Analytical 
hemistry) 


KAREL ECKSCHLAGER 

Institute for Inorganic Chemistry, Academy of Sciences, 
Prague. ; 

This book will be of value to analysts, blochemists, and 
physical chemists working in kinetics of chemical systems, 
and will also be of interest to chemical engineers and 
metallurgists. 

Approx. 200 pp., 16 diags., 30 tables, about 65s. 


Behavior of Enzyme Systems 
2nd edn. 


JOHN M. REINER 

Albany Medical College, Unton University, Albany, New 
York 

Second edition of a classic reference, this volume is one of 
the few works dealing with enzyme kInetics—and the only 
one which covers the mathematical theory of kinetics. 
352 pp., £6 [5s. 


Universal Algebra 
(The University Series in Higher Mathematics) 


GEORGE GRATZER 

Professor of Mathematics at the University of Manitoba 
(formerly of the Mathematical Institute of the Hungarian 
Academy of Sciences, and of the Pennsylvania State 
University) 

Emphasis Is placed on the exposition of ideas and tech- 
niques rather than on the extenslon of known results to 
generalisations of universal algebra. More than 700 
exercises and [00 research problems are Included. 

384 pp., £5 I7s. 


Write to the publisher for prospectuses or catalogue 


VAN NOSTRAND REINHOLD 
Windsor House, 46 Victoria Street, S.W.| 
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THEORY AND STATISTICAL 


by Harold J. Larson, Naval Postgraduate School 


An introduction to set theory, probability theory, 
and the concept of random variables precedes the 
treatment of random sampling and classical statistical 
inference. The consistent notation of probability Is 
carrled over to statistics. The book is a volume In the 
Applied Probability and Mathematical Statistics series 


387 pages June 1969 103s. 


BLOCK COPOLYMERS 


edited by J. Moacanin, Jet Propulsion Laboratory California 
Institute of Technology, Pasadena, California. G. Holden, 
Shell Chemical Company, Torrance, California, N. W 
Tschoegl, California Institute of Technology, Pasadena, 
California 


This volume contains the papers presented at a one-day ` 
Symposlum on Block Copolymers which was held in 
June 1967 at the Callfornia Institute of Technology, 
Pasadena, California, under the Joint sponsorship of 
the Institute and the Polymer Group of the Southern 
California Section, American Chemical Society. The 
editors believe that the collection of papers in this 
volume represents the state of the sclence at the time 
the Symposium was held. 


209 pages due July 1969 85s. 


A GUIDE TO SITE AND ENVIRON- 
MENTAL PLANNING 
by Harvey M. Rubenstein, Kansas University 


A thorough approach to site Investigation that in- 
cludes analysis of natural, cultural, and aesthetic 
features In relation to the total environment, In addl- 
tion to glving the technical Information necessary for 
design development. Features photographs, diagrams 
and sample problems that supplement the material. 

90 pages June 1969 140s. 


ELEMENTARY QUANTUM 
MECHANICS 
by Morten Scharff 


This textbook aims at giving the student a thorough 
understanding of the physical aspects of wave mechanics 
without entering too far on the formal aspects of the 
theory. To enable the student to cope with the real 
problems encountered the text lays particular em- 
phasis on comparisons with classical mechanics via 
extensive use of wave packets. The book is essentially 
the translation of a text based on the lecture-notes of 
ann Scharff, of the Niels Bohr Institute, who died 
in . 


288 pages April 1969 42s. 
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Wang calculators put immediate, answers to basic 
arithmetic computations, complex equations or pro- 
grammed calculations . . . right at your fingertips. 
Unique modular design lets you specify the exact 
amount of power and versatility you need from the 
widest range of optional capabilities in the calcu- 
lator field. 

You can choose models that will loop, branch, per- 
form subroutines and manipulate arrays, with up 


to 480 steps of program storage and up to 280 ` 


separate data storage registers. Other options such 
as: automatic typewriter or teletypewriter output, 
CRT graphic display and time-sharing basic key- 
boards give you unequaled versatility. 


You can solve such problems as: 


... Inversion of 14 x 14 Matrices, fs 
..- Roots of Equations, 

... Up to 15 Simultaneous Equations, 

.-» Fourier Analysis. 


. . . Mean, Variance and Standard Deviation, 
... 2nd-order Regression Analysis, 
..» Distributions such as: ~ 

Binomial, Normal Probability, etc. 


.. General Nth-order Regression, 


f . . Multiple Regression, 
... Analysis of Variance, - 
. ` « Factorial Design. 


These are just a few of the many programs provided’ 


free in the most comprehensive program library” 


available. You can purchase Wang high perfor- 
mance systems at less cost than renting larger, less 
versatile: systems for a year. And you will get the 
high performance, reliability and service you’d ex- 
pect from America’s leading manufacturer of elec- 


tronic calculators. 
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X-ray observation of Vir XR-1 represents an extension of 
this spectrum into the keV range. The X-ray spectral 
date m Fig. 2 are consistent with a power-law spectrum 
(though admittedly the energy band is insufficient to 
prove such a fit) as would be likely for a synchrotron 
source. More convincing, perhaps, is the evidence of Fig. 3 
in which the X-ray data have been plotted together with 
the radio spectrum of the M87 core and various optical 
measurements of the jet. The overall fit to the extrapol- 
ated radio spectrum, with a power-law index of 0-67, 18 
certainly remarkable over nine decades of frequency. A 
well known. difficulty for the synchrotron mechanism, even 
at optical frequencies, 1s the short lifetime of the radiating 
electrons. Shklovaku' and others have discussed a model 
in which a proton flux m the jet interacts with the ambient 
gas, producing a continuous supply of energetic electrons 
by p-r-u-e decays. As Felten* has pointed out, the occur- 


' rence of X-ray synchrotron emission would conflict with this 


model because of the non-observation of 10! eV gamma 
rays. Independent evidence against the secondary produc- 
tion model is provided by the absence of absorption in the 
X-ray spectrum, if this emission does indeed arise in the 
jet. Hxamunation of Fig. 2 mdicates an optical depth at 
1:5 keV of less than 0-5, corresponding to a neutral gas 
column of less than 5 x 1074 atoms (of cosmic abundance) 
em-*. The maximum density in a column 36 pe 
deep (0-5 arc s) (refs. 7 and 8) is thus 100 com>, compared 
with 700 cm necessary to prevent the jet being disrupted 
by its internal cosmic ray pressure’. 

In summary, it seems that the M87 jet 1s a source of 
intense optical and radio synchrotron emission, possibly 
extending up to X-ray frequencies. The latest optical 
studies’?* show the optical emission arising chiefly from 
three intense “point sources”, probably less than one arc s 
in diameter and with some indication of fine structure. 
Moreover, there seems to be no evidence for the large gas 
densities required to confine the jet, either gravitationally 
or as the seat of ordered magnetic fields. We therefore pro- 
pose a model analogous to, though on & much larger scale 
than, that outlined recently by Burbidge and Hoyle for the 
Crab Nebula supernova remnant’. Thus in the case of 
M87, the visible radiation in the jet is envisaged to arise 
in the ‘‘magnetospheres”’ of massive, coherent fragments 
presumed to be thrown out from the galactic nucleus!’ 
perhaps a muillion years before. Contmuous ejection from 
these “‘fragments” maintains the supply of energetic 
electrons and the required magnetic fields are anchored 
in the condensed objects. With this model, the absence of 
both optical emission lines and of X-ray absorption effects 
may be readily explamed, while the electron lifetume and 
jet containment problems do not arise. The X-ray emis- 
sion region might be very localized in each source and ıt 18 
an intriguing possibility that the differences ın measured 
flux referred to earlier could represent real variability. 

This work was supported by a grant from the Science 
Research Council. We thank R. Batstone and J. Green 
for help with the data analysis, and the skilled teams at 
RAE, Farnborough, and Elliott-Automation, Ltd, in 
preparing the rocket payloads. 
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Anomalous Hubble Plot of 
Quasi-stellar Objects 


SEVERAL investigators, most recently Arpt, have pointed 
out that the Hubble plots (red-shift versus apparent 
magnitude) of quasi-stellar objects (QSO) and of N-type 
radio galaxies seem to define a line which has a steeper 
slope than that required by a red-shift—distance relation 
for objects all of the same luminosity. 

We have shown elsewhere? that the most prominent 
characteristics of QSOs and of the bright nuclei of N-type 
radio galaxies are well explained on the assumption that 
both are mages produced by gravitational lenses. In the 
space extending up to a cosmological red-shift of z= 2-0, 
one observes 6 per cent of all galaxies through an mter- 
vening galaxy’. Hence, whenever the two galaxies are 
well aligned, the foreground galaxy will act as a lens 
amplifying the brightness of the object behind ıt. Depend- 
ing on the cosmological model assumed for our universe, 
the expected number of gravitational lens images 18 
between ten and one thousand times larger than the 
number of QSOs which have been identified as such, based 
on their characteristic emission lines, their colour and 
their intrinsic luminosity. We wish to show that if QSOs 
and the nuclei of N-type radio galaxies are gravitational 
lens images, their steeper Hubble plot can be explained. 

A gravitational lens produces from any circularly 
shaped object two crescent-shaped mages, which coalesce 
to a ring when the optical axis (the line of sight through the 
gravitational centre of the mass deflecting the light rays) 
passes through the object disk. The crescents have the 
same surface brightness as the light source, which is the 
object of the lens, but the apparent area from which light 
can reach the observer is enlarged by a factor 


A=(1+B)(1+ 2B)+ with B=80(d,—da}dy/dap* (1) 


where C= MG/c? is one half of the gravitational radius of 
the deflector (the lens), with M its mass. d, is the distance 
of the object and da the distance of the deflector from the 
observer, while p is the distance of the object from the 
optical ams. Further details are in refs. 7-10. If BS>1, 
We can write in a fair approxmation 


A = (B/2)t= 2[0 (d, — da)do/da]t/ p (2) 


From equation (2) we can see that the brightness amplifl- 
cation factor A mecreases with increasing distance of the 
object dẹ. This 1s one of the reasons why the Hubble plot 
of gravitational lens images is steeper than that of unam- 
plified astronomical objects all of the same luminosity, for 
example of fleld galaxies. 

The apparent angular diameter of the image (in arc s) is 


201= 2:063 x 10* 4[0(d, — da)/dad,]t (3) 


From equation (3) it follows that with increasing distance 
of the object the apparent diameter of the mage decreases. 
To obtain an image of stellar appearance, the value of 
2a; has to be less than one are s. To obtain the same 
apparent diameter at larger object distances the value of 0 
and thus the mass of the deflector galaxy can be larger; 
which in turn implies that at larger distances a greater 
brightness amplification is permitted, without impairing 
the stellar appearance of the image. This is the second 
reason why the Hubble plot of gravitational lens mages 18 
steeper. If we make the amplifying assumption that the 
optical axis passes through the object disk of p, radius, 
for which radius an average value can be substituted, we 
obtain from equations (2) and (3) and combining all 
constents in one factor 
A=conat. de (4) 
In view of the large red-shifts of QSOs, we have to write 
equations (2) and (3) in the metric of the cosmological 
model in question®* and obtain as the general form of 
equation (4), valid in all relativistic models 
A =const. Ta (1+2) (5) 


760 


where r, 1s the dimensionless radial coordinate and z, the 
red-shift of the object. The apparent manitude of the 
gravitational lens images can be written as 


mp=5 log D—2-5 log A+ const. (8) 


The first term on the mght hand side of equation (6) takes 
account of the effect of the luminosity distance D, and 
the second term accounts for the effect of the brightness 
amplification of the lens. Because D=r,(l +z), we 
obtain as the apparent magnitude of gravitational lens 
images, valid in all relativistic models 


mg = 2-5 log ro+ 7:5 log (1+2Z))+ const. (7) 


We have computed from a total of 156 QSOs the average 
mp magnitudes, and average red-shift values of QSOs in 
four red-shift intervals, each of which contained at least 
20 QSOs. A K-correction according to Grewing™ was 
applied to the observed mp magnitudes. 





hg. 1. The Hubble plot of quasi-stellar objects, and the calculated 

Hubble plot of gra nal lens images (----) in the six modet 

universes ligted in Table 2. The Hubble plot of field galaxies and that of 
the brightest members of galactic clusters (---) are also shown 


Fig. 1 shows the resulting Hubble plot of QSOs (full 
line). In spite of the very considerable scatter of the mg 
magnitudes within each of the red-shift intervals, the 
average values follow a fairly smooth, almost straight, hne 
which has an average slope of d(log cz,)/dmp=0-50, a 
value which is more than twice the slope of field (0-20) and 
cluster galaxies (0-23). 

We have also plotted the mp magnitudes computed from 
equation (7) for six cosmological model universes: the 
steady-state model of Bondi and Gold, and five general 
relativistic modela—the standard, three MJ-6 types and 
the FIB model. The characteristic parameters of these 
models are listed in Table 2, indicating also the code used 
on Fig. 1. 

For, further details regarding the models see refs. 12 and 
13. The FIB model is a non-expanding general relativistic 
model in which equation (7) takes the form mp= 2-5 log 
r,tconst., with r,=sin In(1+2,). The last column of 
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Table 1. AVERAGHE PARAMETERS OF QUASI-STELLAR OBJECTS 
No. of — — 
Interval Q80 Log ez, Log ct, Zo m» S.E. 
1 22 4 74-5 04 4922 0 28 16°80 + 0-21 
2 20 52-53 5-248 0-59 17-48 + 0-21 
3 22 64 55 5-447 0-98 17°87 + 0-16 
4 24 57 5-8 5 760 192 18-47 + 0-15 
Table 2. OHARACTRRISTIOS OF MODEL UNIVERSES 

Model Oode A de Ce k HBe Avein 
Steady-state BG 1 -1 0 0 1 018 
Standard 8t 0 1 1 1 1 0 20 
M1-6 a 4 -1 8 1 0 838 0-20 
M1-6 b 5 -2 8 1 0-816 0-87 
D-8 o 7 -2 5 1 0 250 0 44 
FIB FIB 1 = 1/3 1 1 8 60 


Table 2 hsts the average slope of the Hubble plot between 
z= 0-28 and z= 1:92. 

The constant term in equation (7) 1s & function of the 
average intrinsic luminosity and average diameter of the 
objects of the lens and was adjusted in Fig. 1 so that the 
calculated mp value of all six models should, at z=0-28, 
be equal to the average mg value of the QSOs in the first 
interval. Assuming that the objects of the lenses are of 
diameter 60 pc (Seyfert galaxy nuclei, or the mnermost 
cores of elliptical or spiral galaxies with a de Vaucouleurs 
brightness distribution), the brightness amplification of 
the lenses producing images with diameters of one arc 8 
or less would be in all models about 100 at z=0-28 and 
require objecta of —17 to —19 absolute magnitude. 

An mspection of the graph shows that with the excep- 
tion of the steady-state model, the calculated Hubble plot 
of gravitational lens images is in all model universes 
steeper than the Hubble plot of field or cluster galaxies. 
In model o and in the FIB model universe the plot 
agrees within the limite .of error with the observed plot of 
QSOs. 

Dehnen and Henl* have shown tbat m a Jordan-Brans- 
Dicke cosmology, where the gravitational constant 
decreases with time, the absolute luminosity of galaxies 
was in the past much higher—as high as or even higher 
than the absolute luminosity of QSOs. Dehnen and Honl 
come to the conclusion that while in an Einstein coamology 
QSOs are abnormal astronomical objects, m a Jordan- 
Brans—Dicke cosmology QSOs are normal astronomical 
objects: galaxies seen m an earler stage. This model has 
no difficulty in explaining the steeper Hubble plot of 
QSOs. This explanation of the nature of QSOs contains a 
serious fallacy, however. From z= 0-5 onwards all galaxies 
would be as bright as or brighter than QSOs. Conse- 
quently, we should observe 10° times more of such super- 
luminous objects than is the estimated total number of 
QSOs. 

In N-type radio galaxies the image of the galaxy behind 
the N-type radio galaxy is superimposed on the nucleus 
of the foreground galaxy, producing its brilliant nucleus’. 
With the exception of two (30 871 and 30 48), the red-shift 
of the object behind the N-type radio galaxy is unknown, 
and we do not know what the apparent luminosity of the 
star-like nucleus would be without the intervening galaxy, 
nor what its true colour would be. While their Hubble 
plot should also be steeper than that of field or cluster 
galaxies, we cannot yet plot them. 

Thus the anomalous steep slope of the Hubble plot of 
QSOs has a satisfactory explanation in the FIB and some 
other general relativity models, if we assume that QSOs 
are images produced by gravitational lenses. Should this 
assumption be correct, then it follows that the steady-state 
and the standard model cannot represent our universe. It 
should, however, be emphasized that this conclusion is 
based on the assumption that with respect to their red-shift 
apparent magnitude relation the small fraction of the 
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total QSO population discovered to date is a truly 
representative sample of all QSOs. 


JENO BsaRNOTHY 
833 Lincoln Street, 
Evanston, Ilinois. 

M. F. BarnotHy 


University of Illinois, 
Chicago, Illinois. 
Received March 24, 1969. 
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Comparison of Two Groundbased 
D-Region Experiments 


THE two most useful groundbased experiments for study- 
ing D-region electron densities are the partial reflexion 
and the cross-modulation or wave interaction techniques. 
There has, however, been difficulty in finding common 
agreement between the results of these two experiments; 
this has been partly the result of the different conditions 
such as latitude and solar activity in which the comparison 
has been made. Here we compare the results obtamed 
when the two experiments are performed at the same 
location and almost simultaneously. 

The Ionosphere Research Laboratory has been con- 
ducting a high power wave interaction experiment using 
a disturbing and wanted frequency of 4-5 MHz and 2-2 
MHz, respectively’. The effective peak radiated power for 
disturbing the D-region 1s about 11 MW. Although the 
installation was intended to be used for wave interaction 
studies, it is also suitable for partial reflexion measure- 
ments. 

Fejer and Vice? investigated electron density profiles of 
the D-region by using cross-modulation and partial 
reflexion data; for both these experiments, a radiated 
peak power of about 320 kW was used, but this was 
insufficient to produce noise free cross-modulation data. 
Fejer and Vice derived D-region profiles from partial 
reflexion data and subsequently showed that these 
profiles could broadly explain the diurnal trends of the 
cross-modulation data. This was really not a direct 
comparison because the two experiments were performed 
about sıx months apart, but despite this, there was general 
agreement between the two sets of results although 
larger transmitter powers would probably be necessary for 
a reliable comparison to be made. 

Thrane et al.? have reported several D-region profiles 
taken at four different stations (corresponding to dip 
angles of 80°, 73°, 50° and — 57°) during a 3 yr period. 
One of these stations was able to carry out either the 
partial reflexion or cross-modulation experiment but 
apparently not simultaneously; the other three stations 
were limited to partial reflexions. 

A comparison. of average profiles measured in both ways 
but about one year apart indicated a disagreement in 
electron densities below 75 km; the partial reflexion 
results were always lower than those deduced from wave 
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interaction. A possible explanation of this was that the 
ionosphere had changed because the two sets of data were 
separated by one year, or alternatively that a revision of 
the partial reflexion theory was needed. 

The observations presented here were made during the 
period of March 22 to Aprl 5, 1968. Partial reflexion 
records were taken just before and after the cross-modula- 
tion experiment was performed. A single partial reflexion 
recording period was of about 10 min duration and in this 
time approximately 100 records were obtamed. In order 
to facilitate scalmg of the large number of records 
obtained, a semi-automatic device was used. The order- 
ing, grouping and statistical averaging of the data on 
punched cards were carried out usmg a computer. 

The technique for deducing profiles consists of visually 
comparing the experimentally obtained curve of Az/A> 
(ratio of extraordinary amplitude to ordinary amplitude) 
versus height with a collection of theoretically produced 
curves, calculated for many assumed electron density 
profiles which is referred to as a partial reflexion catalogue. 
The scattering theory used in the analysis was essentially 
that of Gardner and Pawsey‘. When the theoretically 
produced curve which best matches the experimental data 
1s located, the electron density profile responsible for its 
production is assumed to be the one responsible for the 
experimental data. This method was useful because of 
the great variability ın the Az/A> ratio. 

In analysing the cross-modulation data, a catalogue 
method was also used, but ın this case ıt was possible to 
make a “four-way” fit which greatly improved the 
rebabilty of the cross-modulation results and which 
implied a comparison of theoretical and measured values of 
phase and amplitude interaction profiles for both ordmary 
and extraordinary disturbmg waves. 

Fig. 1 illustrates five comparisons between the results 
of the cross-modulation and partial reflexion experiments. 
The curves of Azo on the left half of each figure are from 
the partial reflexion catalogue and represent the best fit 
to the mean values of 4:/A.; the variability in the meas- 
urement over a 3 km height range is shown by the 
vertical bars. There is a remarkable agreement between 
the general shapes of these profiles, and the electron density 
obtained using partial reflexions never exceeds that given 
by wave interaction. Weak echoes are reliably recorded 
down to 65 km as indicated by Fig. ld; electron densities, 
however, have been estimated down to 55 km. This is 
possible because an incorrect assumed profile below 65 km 
would result in a poor fit of the data at higher altitudes 
and Fig. ld, for example, represents a reasonable fit with 
the catalogue profile. The cross-modulation experiment 
did produce data consistently down to 55 km. 

It has been proposed by Piggott and Thrane’ that the 
partial reflexion theory should include possible irregulari- 


boos : Ay z 
ties in the collision frequency, —> and in the electron 
v 


density ao and that 


=r o 


where yœ 1-4 for air. Thus it is expected, if this proposal 
is valid, that the percentage perturbation in collision 
frequency might be about twice that of the electron 
density. It has been further substantiated® that wncluding 
this effect could merease the deduced electron densities 
by as much as 75 per cent at heights below 75 km and 
would not have any real effect above 80 km. 
Although good simultaneous data are few in number, 
the results do tend to support the revised partial reflexion 
theory proposed by Piggott and Thrane. The results ın 
Figs. la, d, and e would be in better agreement if this 
correction were made, while Figs. 1b and c already seem 
to be in agreement at the lower altitudes. It is clear that 
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more simultaneous comparisons are necessary to resolve 
this difficulty. 

This work was sponsored by the US National Science 
Foundation and the US Office of Naval Research. 
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Prediction of Rainsplash Erosion 
in the Seasonally Wet Tropics 


THs seasonally wet tropics are defined here as those that 
receive from 800 mm to 1,500 mm of rain a year, of which 
over 70 per cent falls durmg a wet season of from 3 to 5 
consecutive months. The dominant vegetation is savan- 
nah woodland, and the ground cover, of tall to mid-height 
annual and perennial grasses, 1s characteristically sparse at 
the onset of the convectional downpours which herald the 
wet season, but increases rapidly once the sol water- 
content 1s replenished. 

The undulating granite country near Brocks Creek, 
Northern Territory, Australia, at an elevation of 100~ 
130 m, in latitude 15° 24-5’ and longitude 130° 28’, 18 
broadly representative of the deeply weathered granite 
terrain of low relief so widespread in the seasonally wet 
tropics!. Between 1898 and 194] mean annual ramfall at 
Brocks Creek? was 1,235 mm, of which 91-2 per cent fell 
in the 6 month period from November—March. 

Data from expermental plots in West Africa*—, 
Rhodesia® and Madagascar’ have pinpointed the lack of 
correlation ‘between annual soil loss and both annual 
rainfall and annual runoff, and revealed also that widely 
variable soul losses may occur from rains of similar amount 
and intensity felling at any one site. Of some significance 
in these areas is the mcrease m runoff and decrease in soil 
loss as the wet season advances, which 1s largely attribut- 
able to the growth of a dense ground-covert:®. 

On weakly structured, non-cohesive soils with a sparse 
plant-cover rainsplash erosion can cause considerable 
detachment** and downslope transportation!*-1% of the 
loosened soil particles. The compaction and aggregate 
disruption™5 due to raindrop impact may cause umper- 
meable surface crusts to form! as a result of the 
blockage of soil pores by downwashed silt and clay2°-31, 
The mereased overland flow consequent on surface sealing 
1s often episodic’, for the turbulence imparted by drop 
umpact to the water flowing over the crusts can lead to 
their breakdown. 

Although soil detachment is significantly related to the 
kinetic energy of any one rain!.*3-%5, work by Rose! 
indicated that raindrop momentum may explain a greater 
proportion of the variation in soil loss. Momentum is a 
function of drop mags and velocity, and may be calculated 
from the expression (adapted from Rose!) 

(mV 
M=R Sr a 
where R; is rainfall intensity (mm/s), m 18 drop mass (g), 
V is the impact velocity of a drop of mass m(m/s), and M 
is the rainfall momentum in dynes/em*/h (1 dyne/em?= 0-21 


- pounds/foot?). 
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Rainfall intensity (mm/h) 
a. 1. The relationship of drop momentum to ratnfall intensity. r= 


+0°98; N=8; significant at 0-001 level. ©, This work; W, ref. 81, 
A fref. 28; @,Fref. 26. 


Best?*-?” obtained a direct double-logarithmic relation- 
ship between drop size and rainfall intensity, and for non- 
orographic rain his empirical formulae accord well with 
other independent observations*®*®°. Published data 

that median drop size increases with inten- 
sity**3*-81 for rams up to 100 mm/h, and decreases there- 
after’?)*1, Fig. I 1s based on drop size frequency values 
published by Best** and other values calculated from the 
graphs published by Laws and Parsons* and by Hudson?! 
and the drop terminal velocity values are those of Laws?’ 
(which are sughtly lower than those of Féodoroff?? but are 
identical with those used by Smith and Wischmeier®* to 
calculate kinetic energy). Fig. 1 was constructed by sum- 
ming the partial products of mass and veloaty for 
successive 0-25 mm drop-size intervals. The highest two 
values were obtained from field experiments using simu- 
lated rams with cI values™ between 0-67 and 0:31 9 
(moderately to very well sorted). Drop size distribution 
was assessed by the flour-pellet method, and pellet mass 
converted to drop mass using Hudson’s calibration chart. 
Drop diameter was calculated by assuming spherical 
drops. 
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ae 2. Frequency of daily ramfall above ifed limits, Pme Cresk, 
N.T., A 


1940-59. O, October, W, Nov ; @, December, A, 
January; x, February. 
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The probable recurrence interval of rams above a 
specified daily (0800 h to 0900 h) mtensity (Fig. 2) and of 


dry spells of varying duration durmg the rain season (Fig-:» -- 


3) was calculated for Pine Creek, which les 60 km gouth- 
east of Brocks Creek. Because the mean monthly varia- 
tions in rainfall intensity and frequency reflect changes 
in the major rain-producing systems**?* rather than 
purely local effects, conclumons drawn from Figs. 2 and 3 
are beleved applicable to Brocks Creek. The curves on 
Fig. 3 indicate a one in two chance of receiving a daily fall 
of at least 200 mm in February, as against a hkelihood of 
one in ten of recerving that amount in December. The 
steeper the curves on Fig. 3, the greater the probability 
of a prolonged dry spell, droughts being common in 
November—December and rare in February. 


Duration of dry spell (days) 





6 7 8 910 


1 2 3 4 5 
Recurrence interval (years) 


Fig. 8. Frequency of diy spells onig the wet season, Pine Creek, N.T., 
19 9. 


Splash erosion was measured using two runoff plots 
(3 m x 2 m) bounded by 15 cm high steel frames hammered 
3 cm mto the ground. Soil losses at the start of the 1967— 
68 wet season (November-December) and during the 
middle of the 1966-67 wet season (February) when the 
plant cover was respectively 0-5 per cent and 35—40 per 
cent are shown mn Fig. 4. 

Total cumulative rainfall momentum was significantly 
related to cumulative weekly soil loss (Fig. 4) in both 
February and November—-December, rain of a given 
momentum causing roughly twenty times less erosion in 
February than at the start of the wet season. Both the 
percentage and the absolute runoff increased during the 
wet season, so that the runoffsoil loss pattern was 
similar to that described by Roose‘ and by Fournier’ 
from parte of Africa climatically similar to Brocks Creek. 
Not all the soil logs was due to splash erosion alone, some 
being due to runoff withm the 6 m? plots, but the steel 
frames excluded runoff additions from upslope, and plot 
length was often less than the critical distance requred 
to initiate overland flow?’. 

The relationship obtained above applies to three- 
layered granite soils**.** with a 15-30 om topsoil of coarse 
sand over a 30-100 cm stony quartz layer over a clayey, 
less permeable (K=130-20 cm/day) weathered granite 
horizon. The vegetation consists of stunted box and open 
eucalypt woodland with a fire-climax ground-cover of 
Heteropogon contortus, Heteropogon triticeus, Ohrysopogon 
fallax and Sorghum spp. Slope gradients range from 1 to 
7 per cent, slope profiles are broadly convex, and local 
relief does not exceed 25 m. 

Regions comparable with Brocks Creek ın their high 
intensity seasonal rainfall, structureless sandy topsoils, 
gentle slopes, sparse savannah vegetation, and seasonal 
grass-fires are widespread in tropical Africa‘® and South 
America’. It is suggested that the construction of 
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Fig. 4. Soll loss and raindrop momentum at the onset and middle of the 


wet season, Brocks Creek, N.T., 1067. r= +093; N=8; significant 
at 0-001 level. A, Upper plot; @, lower plot. 


monthly nomograms of soil loss and rainfall momentum 
for specific soil and plant types in such regions, coupled. 
with a knowledge of the probable rainfall intensity 
distribution m each wet month, may allow splash losses 
from different sites to be forecast with higher accuracy 
than previously. Given a Knowledge of runoff erosion, 
the effects of varying forms of land use on different soils 
may then be predicted, and planning governed accordingly. 
M. A. J. WILIAMS 
Research School of Pacific Studies, 
Australian National University, 
Canberra. 
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Reef Distribution in the British 
Lower Carboniferous 


Ir has been known at least since the work of Hudson? 
that reefs in the British Dinantian oceur in the boundary 
regions between subsiding basins and rigid blocks, and 
that they are found at two principal horizons—in the 
basal Viséan C, zone (of northern England) and in the 
middle Viséan D, zone. The Lower Carboniferous sea 
was transgressive and, because the basin was expanding, 
the lower C, reefs are found nearer the middle of the basin 
than the D, reefs. Thus at the northern edge of the 
basin, the C, reefs of Clitheroe, Whitewell and so on are 
situated farther south than the D, reefs of Settle, Malham 
and so on. A similar situation is found in the Dublin 
district, where the C, Feltrim and associated reefs occur 
farther south than the D, reef of Curkeen Hill. 

Reefs were developing along the northern edge of the 
South Pennine and supposed Irish Sea basins, so there is 
no reason why they should not also oceur on the southern 
edge, and they indeed do. But except in the very narrow 
western end of the Widmerpool Gulf?, only the D, reefs 
are exposed—as at Prestatyn, North Wales. Chrome Hill, 
Castleton (and elsewhere), Derbyshire, and at Astbury, 
near Congleton, Cheshire*, In the western part of the 
Widmerpool Gulf, an offshoot from the main subsiding 
basin, the basin was so narrow and the basinal slopes so 
steep that C, and D, reefs oceur in the same areat. A 
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D, reef is also known in a borehole at Croxteth, near 
Liverpool®, and this is probably a continuation eastwards 
of the North Wales reefs. 

It seems that wherever both C, and D, rocks are 
adequately exposed, reefs occur at both levels. It is 
therefore logical to postulate that a series of C, reefs 
ought to be found to the north of the present North Wales 
and North Derbyshire D, reefs, and also to the south of 
the D, reefs of the Isle of Man. The areas where these 
postulated discontinuous C, reefs might be expected to 
occur are shown in Fig. 1, which also shows where addi- 
tional D, reefs may be found. 

That there is an association between the occurrence of 
reefs and of oil is well known from work in many parts of 
the world. The significance of the possible existence of 
a whole series of unexplored subsurface reefs is thus 
apparent. It is at least a possibility that the oil at Formby, 
Lancashire, the source of which is unknown?, came from 
the C, reefs which may underlie the area. Conditions for 
the preservation of oil in the C, reefs seem to be good, 
for at Clitheroe, in Co. Dublin, and in south Derbyshire, 
the cover rocks are shaly, and there seems no reason for 
thinking that this condition will not be general in the 
South Pennine and Irish Sea basins. A reservation must 
be entered, however, on the grounds that the porosity of 
the exposed C, reefs is low. 

Nearly all the deep boreholes so far put down for oil in 
the area covered by Fig. 1 were too shallow to reach the 
C, reefs. The Alport bore stopped in S, beds, the Edale 
bore in D, bedst, the Formby deep hole in P beds’, 
Croxteth in S,°, and Upholland in the Namurian®. In the 
Gun Hill bore*. the age of the lowest beds is uncertain. 

Information about the central part of the South 
Pennine Dinantian basin is virtually lacking. and a bore- 
hole in that region, in order to prove the nature and thick- 
ness of the presumed oil source rocks, seems to be justifi- 
able. It is likely from the known extent of the Namurian?® 
and Westphalian’? basins in the same area that the 
Dinantian basin will be deeper than is shown, for example, 
in the diagrammatic section across the area published by 
George". 

Reef development also occurs at the southern edge of 
the Widmerpool Gulf at Breedon Cloud!?, and by analogy 
with Widmerpool it is possible that reefs could oceur 
associated with the Edale Gulf! and Gainsborough 
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Fig. 1. Map of major block and basinal areas in the South Pennine and Irish Sea regions in D, times, and the actual and postulated distribution 
of reefs at two horizons in the Lower Carboniferous. 
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Shock-induced Preferred Disorder 
in Solids 


We reported! that shock pressures higher than 190 kbar 
induce pronounced crystallographic alterations (which 
can be detected by X-ray diffraction techniques) in three 
meteoritic minerals: body-centred cubic -Fe (kamacite), 
orthorhombic Fe,C (cohenite} and tetragonal Fe,P 
(schreibersite). We suggested that such alterations should 
also be produced by shock in many other natural and 
artificial erystals. We have since studied in more detail 
the alterations in cohenite? and kamacite? and have used 
these alterations as “barometers” in estimating peak 
pressures in naturally shocked iron meteorites*-*. 

Based on the results of some of these studies, we have 
suggested’ that, at a given pressure, the alterations in 
cohenite and schreibersite would be significantly different, 
the schreibersite being less strongly altered. This sugges- 
tion was based on indirect comparisons, but in a prelimin- 
ary survey of shock effects in sixty-five iron meteorites®, 
we found one (Ainsworth) in which both minerals were 
co-existing in a kamacite matrix. This, then, was an 
ideal case for testing our suggestion by examining all 
three minerals for shock-induced alterations. (It now 
appears (R. Clarke, personal communication) that this 
sort of association is by no means rare in iron meteorites 
and several such occurrences have been observed.) We 
report here the results of our experiment together with 
those obtained from studying samples of hexagonal 2“-SiO, 
(quartz) artificially shocked to 350 and 600 kbar (ref. 8). 

All four minerals were studied using Mn-filtered FeKa 
radiation. Undeformed single grains were removed from 
the samples and X-rayed in a 573 mm powder camera. 
The identities of the minerals were established from their 
rotation diffraction patterns and the shock-induced 
alterations from exposure without rotation of the speci- 
men. We have previously found! that in these conditions 
unshocked single grains Yield single-crystal spots which 
are readily distinguished from shock-formed preferred or 
randomly disordered aggregates. 

Fig. 1 shows the microstructure of the Ainsworth 
meteorite. The phases shown consist of the kamacite 
(K) matrix, showing the low pressure form of the ¢-iron 
transformation structure, and a large inclusion of schrei- 
bersite (S) surrounded by an apparent exsolution border 
of eohenite (C). The diffraction patterns obtained from 
non-rotated specimens are shown in Fig. 2a-c. The 
eohenite (Fig. 26) and schreibersite (Fig. 2c) specimens 
were from the same inclusion, which was similar to that 
shown m Fig. 1. The kamacite specimen (Fig. 2a) was 
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Fig. 1, Microstructure of the Ainsworth octahedrite which has appar- 
ently been preterrestrially shocked to about 200 kbar. The phases 
shown are kamacite (RK), containing the e-iron transformation structure, 
schreibersite ($) and an apparent exsolution border of cohenite (C). 


removed from a region adjacent to the schreibersite-- 
eohenite inclusion. The unequal degrees of shock-induced 
disordering of the three minerals are clearly shown by 
the differences between their cry tallographic character 
(Fig. 2a—c), thus directly proving our previous conjecture. 
Judging by the alterations in cohenite? this meteorite 
seems to have been shocked to about 200 kbar. From the 
schreibersite alterations shown previously? and here. it 
seems that the alteration mechanisms in schreibersite 
and cohenite are the same (solid-state disordering during 
the shock wave). It also seems that schreibersite is much 
less compressible than cohenite and that, for a given 
degree of alteration, the response of schreibersite (relative 
to that of cohenite) is shifted to higher pressures by at 
least 200 kbar. Thus a new barometric scale, based on 
alterations in schreibersite, can apparently be established. 
for shock pressures in excess of 400 kbar. 

We next considered shock-induced alterations in quartz. 
De Carli and Jamieson® have reported that large quartz 
single crystals. shocked to 600 kbar, were transformed into 
an amorphous material and that some broadened lines of 
a-SiO, were also present in shock-loaded 350 kbar material. 
We obtained from De Carli some samples of material which 
had been shocked to 350 and 600 kbar. Both (Fig. 3a and 
b) showed preferred disorder as we had previously sugges- 
tedi. The 600 kbar sample consis : 
one appeared transparent and gla and the other white 
and relatively fine grained. Both these phases showed 
shock-induced preferred disorder with the glassy material 
being largely. but not entirely, amorphous, It therefore 
seems that the “line-broadening” reported by De Carl 

































Fig. 2. 
to that in Fig. 1. The photographs illustrate kamacite (a), cohenite (b) 
and schreibersite (c) with differing degrees of crystallographic alteration. 


X-ray diffraction phetographs of minerals from a region similar 
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Fig. 3. X-ray diffraction photographs of quartz which has been artifi- 
cially shocked to (#) 350 and (b) 600 kbar. Preferred disorder is pro- 
nounced in both, with the are segments in b being longer than those in a. 


and Jamieson? in reality reflects the preferred disorder 
of the shock-loaded crystals. 

X-ray detectable preferred disorder seems to be a general 
property of all materials exposed to a high degree of 
shock-loading*. Recently, we reported? the pronounced 
differences in response to heat treatment between un- 
shocked and shock-loaded kamacite. Apparently the 
unusual microstructural textures observed in the cases of 
the shock-loaded, heat-treated specimens stem from 
thermal release of stresses remaining after the shock 

ss. It may well be that similar differences will also 
ved in other shock-loaded materials, such as 
The case of quartz is particularly significant 





quartz. 
because of its rather wide distribution on the Earth’s 
surface. At this moment we are unaware of any reports 
of intragranular preferred disorder being produced in 
quartz by normal geological processes. If, in fact, it 
can only be produced by shock processes, then the pre- 
ferred disorder of quartz may well be diagnostie of any 


high pressure explosive event—such as nuclear tests or 
meteoritie or cometary impact. 

We thank E. Olsen (Chicago Natural History Museum) 
and P. S. De Carli (Stanford Research Institute) for the 
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Photographic Recording of X-ray 
Diffractions from Powder Samples 
using “Fe Sources 


Toothacker, Preuss and Bugenis have photographically 
recorded! diffraction lines from a single lithium fluoride 
erystal and lithium fluoride powder using Mn characteris- 
tie X-ray spectra emitted by Fe. They have criticized 
our sources produced by the neutron irradiation of 
the stable Fe in a nuclear reactor. They state that 
such sources are contaminated with ‘Fe and Mn, the 
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gamma rays of which present a film fogging problem. 
We have not found this to be so. At the Seventh Interna- 
tional Congress on Crystallography in Moscow (July 
1966) we reported experiments with carefully purified 
55Fe sources. (It appears that the original paper has been 
omitted from the report on the Moscow conference.) The 
amount of quanta of the hard gamma-radiation emitted 
by **Mn and **Fe isotopes in our sources did not exceed 
10 of the amount of quanta of Mn characteristic X-ray 
radiation?. 

Preuss et al., however, do not take into account a more 
fundamental fogging agent—the internal bremsstrah- 
lung of Fe. The amount of quanta of the internal 
bremsstrahlung of **Fe accounts for about 0-01 per cent 
of the amount of quanta of Mn characteristic X-radiation. 
The maximum energy of these quanta is 231 keV. Because 
Mn characteristic X-radiation is reduced by a factor of e 
by an iron layer of about 15 microns we used active layers 
with the thickness not exceeding this value. Increasing 
the thickness of the active layer was found to decrease 
the characteristic ratio X-ray/internal bremsstrahlung. 
For this reason the application of the relatively thick 
active layers in ref. 1 is not justified. 

In our early investigations (1963-65) the sources 
produced by proton bombardment of the Mn target 
on the electrostatic accelerator were applied’, but we now 
use the more effective and cheaper method of **Fe produc- 
tion from pure *#Fe in a reactor. 

Preuss et al.t:# have mistakenly given 1966 as the date 
of our first publication. Actually publication was in 
1965 (ref. 3), about a year before the first publication of 
the American authors*. 

For the practical application of **Fe sources in X-ray 
diffraction analysis it is reasonable to use wide-diverging 
X-ray beams*. Even with a 100 per cent Fe isotope 
{activity is about 2,000 Ci/g) the intensity of the character- 
istie X-radiation emitted from 1 em? of such a source 
surface is close to that of an X-ray rube with a Mn anode, 
operating at 15 kV and 50 uA. This is at least two orders 
of magnitude less than the intensity of a normal X-ray 
tube. In constructing an X-ray diffraction camera with 
a Fe source, therefore, we tried to make the best use 
of the radiation. 

This is more fully realized in the Rada (radioactive 
diffraction analysis) camera which provides simultaneous 
axial and Preston's focusing of the initial X-ray wide- 
diverging beam?’. This method enables well focused 
diffraction lines of powder samples over the wide range of 
Bragg angles from 55° up to 84° (6) to be obtained. The 
axial focusing permits the exposure to be cut by a factor of 
about 10. 

X-ray patterns of different samples obtained with the 
Rada apparatus are shown in Fig. 1. A strip (1x 3 mm?) 
of 8 per cent *Fe (specific activity about 150 Ci/g) was 
used as a source, its total activity being 60 mCi. The 
source was mounted at the camera slot. An exposure time 
of 2 h was necessary to obtain an X-ray pattern of 
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Fig. 1. X-ray patterns, obtained with the Rada apparatus with “Fe 
source of 60 mCi activity. a, X-ray patterns of nickel foil, exposure 
time 2h; b, X-ray patterns for mercuric oxide powder; c, X-ray pat- 
terns for chromium oxide powder. X-ray patterns of metal oxide 
powders b and c are obtained with an exposure time of 12 h. 
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nickel foil (Fig. la). Powder X-ray patterns of metal 
oxides (Fig. 1b, c) were obtained with an exposure time of 
12h. Recording of X- -ray diffractions from lithium fluoride 
powder was performed in 5 h. Toothacker et al. took 
118 h to obtain lithium powder X-ray patterns with a 
Fe source of 13 mCi activity. 

5. I. Lopov 

V. N. FUNIN 

V. A. ZUKERMAN 
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Leningrad, USSR. 
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Formation of a Third Liquid Layer 
in the Nitrogen-Methane-Ethane 
System 


Liguip-—liquid—vapour equilibrium data for the nitrogen- 
methane-ethane system have been reported? between 
220° and — 255° F. The existence of one pair of partially 
imiseible l liquids. at low temperatures is interesting, because 
this system consists of the three major components of 
natural g gases, and the separation of nitrogen from natural 
gases rich in nitrogen may be facilitated by taking advan- 
tage of the composition difference of the two liquid 
phases. The experimentally determined equilibrium 
compositions indicate that the bottom liquid layer is 
rich in ethane and the top liquid | is rich in nitrogen. 
The binodal curve obtained? at — 255° F is shown in Fig. 1. 
A forced-recirculation apparatus was used for the determ- 
ination of equilibrium data. A 100 mi. Jerguson trans- 
parent gauge with stainless steel bodv was used for the 
equilibrium cell. A Dewar flask of 18 L capacity was 
used as the eryostat with isopentane as the bath liquid. 
The practical grade isopentane has a boiling point of 
27°-31° Cat 1 atmosphere. Description of the equipment 
assembly, the equilibrium cell and the cryostat has been 
given in detail? 
The cryostat was initially maintained at a temperature 
slightly above —255° F. Ethane gas was first introduced 
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Sequence of the formation of a third liquid layer in the nitrogen~ 
methane-ethane system, 


Fig. 2. 


into the cell and liquefied and methane followed. During 
the process of admitting the third component, nitrogen, 
two liquid layers were formed, as previously obse 

But when the temperature of the bath was lowered from 

— 255° F to the temperature at which solid started to 
appear in the bath, a third liquid layer was formed in the 
equilibrium cell. At this temperature, the recirculated 

vapour, which was condensed before re-entering the cell, 
rose slowly along the cell in large bubbles. Then the bot- 
tom. liquid layer erept upwards along the walls of the cell 
and eventually formed a middle layer, which has the least 
surface tension as indicated by its concave meniscus. The 
formation of the third liquid layer is depicted in sequence 
in Fig. 2. A photograph of the three liquid layers in the 
cell is given in Fig. 3. All the three liquid layers appear 
to be stable and their existence was not affected by the 
recirculation. At the same low temperature, there seems 
to be no miscibility gap in the binary liquid mixtures of 
nitrogen and methane, and methane and ethane. 

Liquid phases were allowed to settle for at least 1 h 
before each of the samples was withdrawn from the 
equilibrium cell. Difficulties were encountered in the 
sampling process, however, because of the fixed positions 
of the sampling tubes. The approximate compositions 
were established at — 257-8” F after a few trials and are 
shown in Table 1. Analyses of the samples were made 
with a Fisher gas partitioner*. These compositions are 
also shown in Fig. 1. The pressure was recorded to be 



























Fig. 3. The three Hquid layers. 
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203-5 pounds/inch?. Because this is a three component 
system with three liquid phases and also a vapour phase, 
there is only one degree of freedom. In this case, it is the 
chosen temperature. 


Table 1 
Mole fraction 
Nitrogen Methane Ethane 
Vapour phase (V) D981 0-019 Trace 
Top liquid layer (TL) 0-961 0-023 0-016 
Middle liquid layer (ML) 0-368 BESS 0483 
Bottom liquid layer (BL) 0-655 0:113 0-232 


It is of interest to note that with a small drop of temper- 
ature from — 255° F, a third liquid phase was formed in 
the nitrogen-methane-ethane system. Furthermore, the 
middle liquid phase is richer in ethane than the bottom 
liquid layer. Additional interesting observations may 
be obtained by further lowering the equilibrium tempera- 
ture, but a bath liquid of lower freezing point such as 
propane is necessary. 
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Electron Spin Resonance Studies of 
Radicals in Antimony Pentafluoride. 
The CIOF? Radical 


Interaction between chlorine and antimony penta- 
fluoride gives rise to a paramagnetic species the ESR spec- 
trum of which in the liquid state establishes the presence of 
two equivalent chlorine nuelei On warming these solu- 
tions, a second species is formed having a well resolved 
liquid phase spectrum showing the presence of one chlorine 
and one fluorine nucleus. Our results for these radicals are 
given in Table 1. On cooling to 77° K, the former radical 
gave only a single broad line. but the latter gave a well 
resolved spectrum from which the principal values of the 
"CI, “CI and HF hyperfine tensors could be estimated. 





Table 1. ESR PARAMETERS 
Postulated Hyperfine coupling (in g) 
structure Nucleus ay, ay asso Jay tef. 
cor {300 K (ch 2-3 1-998 
icl ‘yt TPK A broad featureless 7 
ee { absorption centred on g = 1-998 
300° K 3s" 2-59 1 
anne wf BO] 12-70 2-006 
cope 800° K wp 21-30 This 
(Cle ] PK! ac 66:30 = 1410 J= work 
í 1 wp 98-40  —1630 aL 
Bry? 2?) 42° K "Br No detectable hyperfine g= This 
or Br features work 


The results for the latter radical show that the unpaired 
electron is in a 7-orbital having approximate spin-densities 
on chlorine and fluorine of 0-54 and 0-08 respectively. The 
difference between the total of 0-62 and unity is. we 
believe, well outside experimental and theoretical error, 
particularly because the atomic values used? give an over- 
estimate of the spin density for CIF- (ref. 3). A radical the 
expected properties of which fit very well with those given 
in Table | is CIOF+. This argument is based on a com- 
parison with the radicals FOO, ClOO, ClO, and NF, with 
which CIOF* is isostructural?-*. The liquid-phase results 
for the two-chlorine species also accord with the formula- 
tion CLO+, but unfortunately no good measure of spin- 
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densities can be derived from the liquid-phase spectra of 
such z-radicals. 

It has recently been suggested that the two chlorine 
species is Cl,* (ref. 1). This cation is quite likely to be 
formed in antimony pentafluoride, which solvent is known 
to stabilize the cations I,*+ (ref. 5) and Br,* (ref. 6). 
We prefer our formulation, however, for the reasons already 
given together with the following. (i) The ion I,* has no 
detectable ESR spectrum, even at 4° K. (ii) Solutions 
known to contain high concentrations of Br,* gave no 
detectable resonance at room temperature or 77° K, 
although at temperatures close to 4° K intense but very 
broad features in the g = 4 and g = 2 regions were obtained. 
Unfortunately, no hyperfine features were resolved in 
these conditions. ‘This extreme temperature sensitivity 
is attributed to the collective effects of a very large spread 
in both the g and hyperfine tensors, together with efficient 
spin-relaxation. (ii) The postulate that there is consider- 
able unquenched orbital magnetism for I,+ and Br,* in this 
medium is supported by their abnormally low magnetic 
moments‘, (iv) The ions Sy and Op, which are isoelee- 
tronic with Cl,* and F,* respectively, do not give rise to 
detectable signals at room temperature, and their low- 
temperature ESR spectra are dominated by a large g value 
variation which is practically absent in the spectra of the 
present radicals. (v) The average g value for the two- 
chlorine species is less than that of the free-spin, whereas 
those for diatomie n* radicals having largely quenched 
orbital moments are greater than that of the free-spin. 

We conclude that there would have to be an excep- 
tionally large asymmetric solvation to lift the orbital 
degeneracy of Cl,* or CIF* sufficiently for these species to 
have well resolved room temperature spectra showing only 
a very small deviation from the free-spin g value, and that 
even then some extra interaction would be required to 
make gay less than that of the free-spin. That such solva- 
tion is improbable is suggested by the X-ray results 
recently reported for crystals of the Br,* salt’. 
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Occurrence of Ethylene, and its 
Significance, in Anaerobic Soil 


ITHYLENE has been found to reach concentrations in soil 
which are considerably greater than those which injure the 
roots of some plants in laboratory conditions. Systematic 
studies of gaseous hydrocarbons in soil have previously 
been confined to methane, and this work was undertaken 
because of the very low concentrations at which ethylene 
affects plant growth'. Furthermore, it has been suggested 
that the visual symptoms caused by waterlogging in the 
shoots of tomato plants are comparable with those caused 
by ethylene or by “illuminating gas’’?4, 

In preliminary laboratory studies earthenware con- 
tainers, 15 1. in volume. were filled with different soils 
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(Table 1) which had been brought to field capacity. The 
containers were sealed from the atmosphere and main- 
tained at room temperature. Gas samples were withdrawn 
at intervals and analysed by gas chromatography using 
a 1-5 mx 6 mm column of activated alumina with nitrogen 
as carrier gas. A flame ionization detector gave a limit of 
detection of about 0-05 p.p.m. in a 1 ml, gas sample. 


Table 1. 
Soil 


SOILS USED LN STUDIES OF THE EVOLUTION OF ETHYLENE 
Origin Soil type 


Laboratory experiments* 
A 


Deddington, Oxon Sandy loam 


B Dorchester, Oxon Clay 
C Ely, Cambs Peat 
Field sampling t 
Letcombe, Berks (permanent pasture) Chalk Joam 
E Longcot, Berks (ploughed land) Clay 
F Reading, Berks (flood meadow) Sand 
G Begbroke, Oxon (ploughed land) Sandy loam 


* Soils collected from plough layer, air-dried and ground to <2 mm 
before use, 

+ Samples of water and air were collected in January 1969 after a period of 
wet weather. 


A rapid decrease in the concentration of oxygen in the 
soil air was followed by the evolution of ethylene; the 
concentration of this gas rose steadily for about three 
days (Fig. 1), and subsequently either increased more 
slowly or remained constant. In contrast, the concentra- 
tion of methane rose steadily throughout the pericd of 
observation, reaching values of 35, 100 and 3 p.p.m. in 
sols A, B and C respectively after 13 days. Carbon 
dioxide, nitrous oxide, ethane, propane, propylene and 
unidentified hydrocarbons of higher molecular weight 
were also detected. 


sof 
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Fig. 1. Increase in concentration of ethylene with time in three soils at 
field capacity, in anaerobic conditions. ©, Soil A; A, soil B, [%, soil C. 


(See Table 1.) 


In a subsequent experiment a comparison was made 
between the concentrations of ethylene which were pro- 
duced in soil at field capacity in aerobic and anaerobic 
conditions. chewed 75 cm high and 7-5 cm in diameter 
were filled with soil A (Table 1) and either sealed or left open 
to the atmosphere. After 7 Pan concentrations of 9-3- 
10-6 p.p.m. of ethylene were observed throughout the 
anaerobic soil, but in the soil exposed to the atmosphere 
the concentrations ranged from 0-07 p.p.m. at 15 em 
depth below the surface to 0-14 p.p.m. at 60 cm depth. 
Thus it seemed that in natural conditions high concentra- 
tions of ethylene were unlikely in well aerated soils. 

The small quantities of air which may be oceluded in 
soils which have become waterlogged are usually insuffici- 
ent for analysis; thus ethylene was determined in samples 
of water and the concentration of ethylene in air in equili- 
brium with it was calculated. The relationships between 





NATURE, VOL. 222, MAY 24, 1969 


concentrations in air and water at equilibrium were 
determined experimentally; they were found to be in 
good agreement with those expected from published data 
on the solubility of ethylene’. The expression of the 
ethylene content of soil water, in terms of the concentra- 
tion in air in equilibrium with it, enabled the results 
obtained for waterlogged soils to be compared with those 
for soils at field capacity. This procedure also made it 
possible to compare the concentrations of ethylene in 
soil with those which affected root growth in experiments 
when roots were exposed to known atmospheric concentre- 
tions of ethylene. The two soils (A and B) which show ad 
the highest concentrations of ethylene (Fig. 1) were placed 
in earthenware containers which were filled with water to 
2 em above the soil surface. Samples of water were with- 
drawn at intervals from 10 cm below the soil surface. 
The concentration of ethylene in the water increased in a 
manner similar to that shown in Fig. 1. After eight days 
the concentrations were soil 4, 3-7 ng/ml.; soil B, 2-2 
ng/ml. The calculated concentrations in air at equilibrium 
with the soil water were 20 p.p.m. for soil A and 12 p.p.m. 
for soil B; these figures were 130 and 80 per cent, respec- 
tively, of those measured after the same period in anaerobic 
soil at field capacity. 

Preliminary information on the range of concentrations 
which can occur in field conditions was then obtained by 
taking 15 ml. water samples from 20 em below the soil 
surface at three points in each of four waterlogged fields 
(Table 1). Soil air was also sampled from above the water 
table at points adjacent to three of these areas. The 
results are compared in Table 2 with those obtained in the 
laboratory. The wide range of values in waterlogged land 
is to be expected, if only because of variations in the 
depth of standing water ¢ and in water movement. But at 
some sampling points in three of the four waterlogged 
fields, air in equilibrium with soil water contained 5 or 
more p.p.m. ethylene. No sample from above the water 
table showed as much as 0-1 p.p.m. 

The effeets of ethylene on plant growth have been 
studied almost entirely on shoot tissues! and the only 
available results for roots relate to short periods of 
exposure’. Thus to show the significance of the concentra- 
tions of ethylene shown in Table 2, the response of the 
roots of young barley plants to varying concentrations 
was studied over a period of five days; the plants were 
sealed into the necks of large flasks with their roots in 
contact with filter paper which dipped into culture 
solution. Root elongation was virtually inhibited w hen 
the concentration of ethylene in the flasks was 10 p.p.m. 
it was reduced by about 50 per cent by 1 p.p.m. anid 
slightly affected by 0-1 p.p.m. (Fig. 2). At the higher 
concentrations, conspicuous clumps of root hairs devel- 
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Table 2. CONCENTRATIONS OF ETHYLENE IN SOIL AIR 
5 N Concentration 
Soil Experimental conditions of ethylene 
in air (p.p.m.) 
A n 24 (maximum) 
B bLaboratory—feld capacity, sealed from atmo- 21 a 
C sphere 3 n 
A Laboratory—field capacity, open to atmosphere 0-07-0-14 
A ŅLaboratory--waterlogged m 
D 1 0:2-5* 
£ gaa terlogged = > ae 
G 1-6* 
Dela fos < 0-02-0-08 
E Field—-soil air sampled from above water table < 0:02-0:02 
0-03 


* Concentrations of ethylene in air in equilibrium with soll water, calculated 
from analysis of water. 


oped within 2 mm of the apices, which were swollen. The 
effects on elongation observed at 0-1 and 1 p.p.m. are 
similar to those which Chadwick and Burg’ observed in 
pea roots exposed to ethylene for 18 h. 

It is evident that in waterlogged soils ethylene can 
attain concentrations which are capable of inhibiting root 
extension, and that even above the water table some 
injury is possible. But because the effects of ethylene on 
plant tissues can vary with the tensions of oxygen and 
carbon dioxide*, the significance of ethylene, relative to 
other unfavourable soil conditions induced by water- 
logging, will remain uncertain until more detailed studies 
have been carried out. 
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BIOLOGICAL SCIENCES 


In vivo Bubble Detection by 
Acoustic—Optical Imaging Techniques 


QUANTITATIVE models for diver decompression schedules 
have been difficult to develop because it is impossible to 
detect in vivo bubbles in divers or test animals. The only 
measure is the appearance of symptoms which may or may 
not reflect the onset of bubble nucleation. 


VIEWING SCREEN MASK 


CYLINDRICAL LENS 
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A useful bubble imaging device would detect bubbles 
before pain is felt. These are the so-called “silent” 
bubbles. The device must allow divers room to move and 
even to change their clothes. Because of the optical 
opacity of tissue most reported methods of bubble 
detection have used ultrasound. One technique? uses a 
pulsed ultrasonic transducer-receiver coupled directly to 
a fold of skin of a guinea-pig and indicates bubbles by 
alteration of signals on an oscilloscope screen. Bubble 
appearance degrades the reflexion from the back edge of 
the ear by scattering the incident energy pulse. Other 
workers have detected circulating bubbles by use of the 
Doppler ultrasonic flowmeter. We have made a pre- 
liminary study on acoustic-optical imaging techniques to 
detect in vivo bubbles. Direct optical imaging of an 
acoustic wave form was first demonstrated by Karpel* 
and reviewed by Adler®. The method involves interaction 
between a converging monochromatic light beam and a 
travelling acoustic wave that has been spatially modified 
by an object. Bragg diffraction occurs and an optical 
image of the original object is produced, reduced in scale by 
a ratio of the optical to acoustic wavelength. This image 
can be viewed with a high magnification telescope and 
formed on a screen or film for recording. Optics and 
acoustic components permit a theoretical bubble resolution 
of 100 microns. 

The experimental system is described in Fig. 1. An 
X-cut 1 inch square quartz crystal with resonant frequency 
8-5 MHz is driven by an Arenberg radiofrequency genera- 
tor. The transducer is mounted on an air-backed lucite 
plate with a hole somewhat smaller than the crystal. This 
plate is immersed in a water bath where the wave is 
transmitted in a horizontal direction and a collimated 
form. Normal to the axis of the acoustic beam, light 
from a Spectra Physics, 15 mW helium—neon CW laser 
is converged to focus across the water tank so as to 
intercept the acoustic wave. The numerical aperture of 
the lens system is 0-13. A mask is inserted to block the 
zero order wave front for better isolation of the optical 
image. 

Hamsters were anaesthetized with chloralose urethane 
and endotracheal tubes were inserted. This procedure 
does not increase their susceptibility to bends and the 
tubes prevent deaths caused by pulmonary oedema. 
Hair on the leg region to be studied is removed and the 
animal is mounted on a lucite pallet with a hole cut out 
so the hind leg shows through the window. The board is 
slightly bent so that the animal is not held in a vertical 
position. A control photograph is taken of the animal’s 
leg immersed in water, then the hamster is removed from 
the water bath, placed in a hyperbaric chamber and 
exposed to 200 pounds/inch gauge air for 30 min. Com- 
pression is at a rate of 60 feet per min and decompression is 
complete within 5s. Previous work has shown that this 
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Fig. 1, The components of the acoustic-optical imaging system. 
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exposure causes 100 per cent mortality in hamsters. 
Death occurs from 0-5 min after rapid decompression. 
Our hamsters are removed from the hyperbaric chamber 
and reimmersed in water within | min of surfacing. 

A photograph of the right thigh of a hamster, taken 
before the dive, is shown in Fig. 2a. Fig. 2e is a diagram to 
show the anatomy. The dark region corresponds to the 
bone and the lighter regions to the fat and musele. When 
bubbles of 0-2 ml. were injected directly into the muscle, 
the region was dark because of the scattered ultrasound 
off the “opaque” bubble surface. Figs. 2 and 3 show a 
sequence of photographs taken of two hamsters. The 
control exposure can be compared with that taken 
immediately after decompression (Figs. 24 and 2b). The 
animal was still alive and apparently healthy. Fig. 2¢ was 
taken 4 min after decompression; the animal showed 
respiratory distress but was still alive, and the tissue area 
had darkened significantly. Fig. 2¢ was taken 7 min 
after decompression and the animal had died. The entire 
area is dark. Fig. 3 shows a sequence in a hamster which 
died within 20 s of the end of decompression. The first 
post-deeompression photograph (Fig. 26) is darker than 
the control, indicating a diffuse bubble appearance 
throughout the thigh. 
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Fig. 2. a, Control photograph of hamster leg: 6, post-decompression 

photograph taken less than 1 min after surfacing: e, post-decompr 

photograph taken 4 min after surfacing with animal alive: d, post- 

decompression photograph taken 7 min after surfacing when animal has 
died, 








Post-mortem examination of both animals showed the 
presence of bubbles in most major veins and arteries, but 
particularly in the veins leading from the fat pads in the 
back of the thigh. The very light region seen in the two 
control photographs (Figs. 2a and 3a} corresponds to this 
fat pad. Bubbles were seldom greater than 1 mm in 
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Fig. 3. a, Control photograph of hamster leg: 
photograph taken less than 1 min after surfacing: 


b, postalecompression 
animal has died. 





diameter, and it was impossible to resolve individual 
bubbles. 

In vivo bubbles can be detected by acoustic-optical 
imaging and the technique may have practical applications 
in the study of decompression sickness. Theoretical 
resolution of the system is given by 





where A is the acoustic wavelength and n sin 7 is the 
numerical aperture of the converging cone of light. From 
this we have computed the theoretical resolving limita of 
our system to be 700 microns. In our experiments we 
were able to determine the presence of even smaller 
bubbles. Although direct counting and sizing of bubbles 
would be most satisfactory, the ability to detect bubbles by 
comparison of optical images with control phetographs 
provides a means of making an assessment of the onset 
of nucleation and the general location of such bubbles. 
The real time characteristics of this system make it 
suitable for followmg animals (or men) through a de- 
compression schedule in order to examine the fundamental 











assumptions of the decompression models that are 
currently used. There is no artefact of transducer 


positioning and the leg can be so positioned as to see 
structures of interest. There was no need to adjust either 
the acoustical or optical components, even though our 
components are of less than optimum construction. It is 
possible to use this system in the reflected mode as well as 
the transmitted mode. 

Such a system could be built for use in a hyperbaric 
chamber and therefore eould be used for monitoring 
experimental human dives. It should be possible to 
confirm bubble appearance associated with pain and to 
separate symptoms that are not associated with bubble 
formation. If bubbles are detected the technique should 
be useful for following the resolution of the bubbles during 
a recompression treatment period. 

Acoustic optical imaging has other obvious biomedical 
potential in the area of studying pulmonary dynamics 
and detecting the appearance of aeroembolisms. 
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Effect of Protracted Ultrasonic 
Irradiation on the Growth of 
Seedlings of Vicia faba 


ULTRASOUND is bemg used increasingly in medicine— 
both for diagnostic techniques and for therapy—and in 
industrial processes'*. The nature and extent of the 
biological effects of such radiations are, however, still 
uncertain. Certainly at high mtensity damage results 
from a mse in temperature in the organism, but ıt seems 
likely that other, non-thermal effects may occur. Break- 
down of DNA in solution has been observed’, and the 
streaming of fluds which has been demonstrated within 
cells may produce damage‘. Lethal effects in Daphnae 
have also been reported! in conditions where the possibility 
of any fatal temperature rise could be excluded. This pre- 
liminary communication. reports an effect of irradiation 1n 
a small ultrasonic cleaning bath on the growth of the 
main tap root in Vicia faba seedlings. 

This system has been used extensively in radiobiological 
studies? with ionizing radiations, and the techniques of 
preparation and culture of the seedlings followed ın this 
laboratory have been described ın detail by Hall e al.’. 
After germination and preliminary growth, the seedlings 
were sorted into batches of fifty, each with approxun- 
ately the same average root length of about 10 cm, and 
supported above the water tank with the roots com- 
pletely immersed. For the control group, the water in 
the tank was maintained at 19°+0-5° C by continuously 
running tap water. The experimental group were grown 
in the ultrasonic bath which was fed by a siphon from the 
main tank, the level beg maintamed by an overflow. 
The ultrasound of frequency 70 kHz was generated by a 
large piezo-electric crystal attached to the base of the 
metal bath and stimulated from an external oscillator 
unit which provided 10 ms pulses triggered by the 50 Hz 
supply. A diffusing gauze was fitted at the bottom of the 
tank to provide a more uniform ultrasonic field. With 
the ultrasonic power switched on, the water in the ultra- 
gonic bath reached a temperature of 19-8° C, the surplus 
heat bemg carried away by the running water. Calcula- 
tion indicated that some 20 W of energy was being dissi- 
pated in the water, of volume about 2,000 em’, but a 
thermistor ummersed in the bath showed a transient 
temperature change of only a few mullidegrees when the 
transducer was switched on and off. 

To determine the daily growth rate, each seedlmg was 
removed, the root length measured from the reference 
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Fug. 1. The growth rate of Vicia faba plotted as a function of time. 
O, O, Seedlimgs maimtaimed at 19° O continuously irradiated by ultra- 





sound of frequeney 70 kHz, @, W, correspon control groupa. 

A, A, Control gioups of seedlings grown without irr ation, A, growth 

im the ultrasonic tank, and A, growth of a corresponding gro In iho. 
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mam culture tank. x, Control moir maintained at 24° O in 
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mark at the base of the hypocotyl to the end of the growing 
tip, and then ummediately returned to the growing tank. 
Fig. 1 shows the daily growth rate of the roots plotted as a 
function of time. The control groups m the main tank 
all showed an initial rise ın growth rate to around’3 cm 
per day on the third day followed by a gradual decline 
to about 2-2 em per day on the tenth day. The seedlings 
which were contmuously irradiated in the ultrasonic tank 
did not show this rise and on about the third day their 
growth rate, m marked contrast with that of the control 
groups, began to dechne. A small proportion of the 
seedlings (about 16 per cent) failed to survive the entire 
period of irradiation. 

To confirm that the reduction in growth rate arose 
directly from the interaction of the sound on the cellular 
system, two further experiments were carried out. First, 
the growth rates were compared with a group of beans in 
the control tank and a group grown in the ultrasonic bath 
with the ultrasonic power switched off. These results are 
plotted in Fig. 1. The growth rates for the group in the 
ultrasonic bath (A) are shghtly lower than for the control 
group (A) but showed the same trend and the difference 
1s not significant. Second, a group of seedlings were grown 
in the control tank with the temperature of the water 
maintained at 24° C. These results (x im the. figure} 
show that this considerably higher temperature 1s not 
damaging but leads to a growth rate some 20 per cent 
greater than that at 19° C. It would therefore seem that 
the reduction in reot growth under protracted ultrasonic 
irradiation observed here was not the result of any 
small mse in temperature but must be attributed to 
damage to the cells of the meristem. The actual mechan- 
ism of radiation damage in this system needa more 
investigation, and we have further experments in 
progress. The pattern of reduction m root growth re- 
ported here, however, is similar to that previously observed. 
under continuous radiation exposure at some 
2-5 rads/h (refs. 8 and 9). 

This work was partially supported by a grant from the 
Medical Research Council. 
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Isolation of a New Lettuce Seed 
Germination Stimulant 


We have found a substance in the culture filtrate of a 
species of the fungus Graphium that stimulates germina- 
tion of lettuce seeds in the dark. The active component 
has been isolated by column chromatography, and some 
of ite biological and physical properties have been deter- 
mined. 

Graphium sp., stram 604-13, was grown at 30°C for 
4 days ın shaking culture on a natural medium contaming 
peptone and corn steep liquor. The culture filtrate was 
extracted with ethyl acetate and partitioned mto a 
strongly acidic and a weakly acidic-neutral fraction. 
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Fig. 1. Infrared spectrum of graphmone (KBr disk). 
Bioassay! revealed that the weakly acidic-neutral 


fraction was biologically active. The extract was analysed 
by thin-layer chromatography (silicic acid developed in 
ethyl acetate/hexane, 1 : 1) and the active component was 
located at Rr value 0-6-0:7. The weakly acidic-neutral 
fraction was chromatographed on a silicic acid column 
developed with ethyl acetate/benzene, 1:9, and the 
active fractions were combined and reduced under vacuum. 
The residue was recrystallized from benzene—hexane to 
yield colourless needles. We propose to call this sub- 
stance ‘‘graphinone’’. 

Graphinone has a meltmg pomt of 93°-94°C and 
[o]¥—75°, where c=], methanol, and gave a positive 
reaction with ketone and epoxide reagents. The ultra- 
violet spectrum had an absorption maximum at 275 nm 
(£ 78) and the infrared spectrum, illustrated in Fig. 1, 
had bands at 3,480, 1,739, 1,382, 1,252, 1,106 and 835 
om-!. The molecular formula, C,,H,,0;, was determined 
by high resolution mass spectroscopy: m/e observed 
= 296-1631; calculated mass for C,,H,,O, = 296-1624. 

Graphinone stimulated lettuce seed germmation at a 
concentration of less than 1 p.pm., and maximum 
stimulation was obtained between 10 and 60 p.p.m. 
(Table 1). Higher concentrations resulted in a decrease in 
the stimulatory effect. The growth of lettuce seedlings 
was inhibited by concentrations greater than 25 p.p.m. 
Table 1. H¥FNCT OF GRAPHINONA ON THH GERMINATION OF LETTUOH SHEDS 

“WAYAHHAD’ IN DARKNESS AT 26° O 


Concentration(p.p.m.) 01 1 2 10 25 50 
Per cent germination 651 59 69 74 78 78 58 
Dark control 86 
Light control 82 


Table 2. EFFECT OF GRAPHINONS ON THE GROWTH OF RADISH LEAF DISKS 
IN LIGHT AT 80° 0O FOR 20 HOURS 


Oonoentration (p p.m.) 01 10 100 
Growth (fresh t)* 155 165 184 
Control (medtum) 149 


* Growth is shown relative to freah weights of radish leaf disks before 
incubation. 


100 0 
178 


Graphinone will promote the growth of radish leaf 
disks", and Table 2 shows that maximum promotion was 
given by 10 p.p.m. These effects of graphinone resemble 
those of gibberellin and kinetin, but graphinone showed no 
activity m the rice seedling or oat senescence tests at 
concentrations of up to 100 p.p.m. Gibberellin, kinetin, 
thiourea and nitrate ions are known to promote germina- 
tion of seeds requiring light such aa lettuce or tobacco’, 
A naturally occurring germination stimulant has recently 
been isolated from cotton root exudates‘. This substance, 
strigol, is effective in witchweed (Striga lutea Lour.). 
Graphinone is a new, biologically active substance, quite 
distinct in its physicochemical and biological properties. 

We thank Dr H. Sakai for identification of the fungus. 
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ATP in Sieve Tube Sap 
from Willow 


HyporuEses explaining the mechanism of longitudinal 
sieve tube transport m higher plants can be divided 
ito two groups. First there are the hypotheses, typified 
by the pressure flow hypothesis of Minch?, ın which energy 
for the transport process need only be applied at either 
end of the transport system, the sieve tubes themselves 
being metabolically inert. On the other hand, hypotheses 
such as the electro-osmotic mechanism proposed by 
Spanner’, or the transcellular streaming hypothesis of 
Thaine’, would require a continuous expenditure of energy 
throughout the whole length of the sieve tubes. Ultra- 
structural studies on phloem have as yet failed to produce 
any unanimity as to the metabolic capabilities of sieve 
elements‘. 

An obvious method of determining whether energy 18 
readily available for transport in sieve tubes is by measur- 
ing ATP concentrations in sieve tube exudates Kluge 
and Ziegler? have already analysed exudates from a 
variety of species, and have found concentrations of 
ATP within the range 0-03-0-30 ug/l. Kluge’s data, 
however, may be subject to error, because the exudates 
were obtained from gross incisions into the phloem, and 
the ATP concentrations measured may not have been a 
true reflexion of the concentrations within the sieve 
tubes. We therefore decided to measure ATP concentra- 
tions in sieve tube sap obtained from willow through the 
severed stylets of the aphid Tuberolachnus salignus 
(Gmelin), because we believed that this method would 
yield unadulterated samples of sieve tube sap. The 
samples of sap were obtamed from stylete situated on 
segments of 2-3 year old willow stem, and the ATP 
concentrations were determined using Firefly Lantern 
Extract (Sigma Biochemical Co.). Light output from the 
reaction mixture was measured by a pulse counting 
technique using a single photomultiplier system connected 
to a scaler’. 


Table 1. ATP CONOMNTRATIONS IN SIAVE TUBH 8AP 


Rate of exudation ATP concentration 
Date of experiment (aL. fh) (agin) 
3.3.69 1 281 1-885 
6.8.69 1-482 0-584 
10 3.69 1 900 0-608 
11.8.69 2 676 0-892 
18.8.69 1 688 0-887 
Table 2, ATP OONOHNTRATIONS OVER A PHRIOD OF HOURS 
Time (h) 1 2 8 4 5 6 
Rate of exudation 1:808 1469 1416 1765 1788 1-415 
ATP concentration 1068 0939 1-081 0889 0648 0664 
(ug/ul.) 


Table 1 presents the concentrations of ATP found in 
sieve tube sap from a number of experiments. These data 
show that the ATP concentrations are higher than those 
found by Kluge and Ziegler. Moreover, the data in Table 2 
show that the high concentrations of ATP are not merely 
transient phenomena produced by severance of the aphid 
stylets, but can be maintained over a period of hours. 
High concentrations of ATP are present in sieve tube 
sap; how the energy from this substance is applied to 
the translocation mechanism remains to be discovered. 
Clearly, however, energy supplies are available within the 
sieve tubes to drive a cytoplasmic streaming system. 
D. C. J. GARDNER 
A. J. Poa, 

Department of Botany, 

University of Hull. 
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Rhodopsin Regeneration in Man 


‘TsE rate at which rhodopsin regenerates may be relevant 
to the mechanism of dark adaptation, but the kinetics of 
the regenerative process are still poorly understood. 
Because modem fundus reflectometry!? permits the 
spectrophotometric study of photochemical reactions in 
human retmae with comparative ease, the difficulty must 
le ın the nature of the bleaching process preceding 
regeneration, which is only now beginning to be elucidated. 
‘Thus products of photolysis which undergo relatively slow 
thermal changes** may contribute to, or mask, changes in 
absorbance due to regeneration of the parent pigment. 

Three subjects with dilated pupils were tested in July 
1967 with the fundus reflectometer-computer described 
previously**. In less than 2 s, four complete spectral 
scans (410-620 nm) were collected, measured and averaged 
and the results for each test wavelength stored in a specific 
memory location of the computer for subsequent proces- 
sing. After 20 min of adaptation to the dark, a first 
record (81) of the fundus reflexion spectrum was obtained 
from a 2 degree area located 18 degrees off-centre in the 
temporal horizontal meridian, of the subject’s right retina. 
Then this region was exposed to a flash from a xenon 
discharge lamp (Honeywell Strobonar 65D); more than 95 
per cent of the total light output was dissipated within 0-8 
ms, and it delivered on the retina between 0-79 x 107 and 
1-26 x 10” scotopic trolands-seconds (depending on the pupil 
area). At these levels, the flash bleached 68-78 per cent of 
the rhodopsin within the exposed area of the retina’. Imme- 
diately after the flash, a second reflexion spectrum. (82) 
was recorded, and followed by others during the next 10 
min of dark-adaptation. A further reading was taken after 
20 mm in darkness when a new series would begin. 
Changes in retimal transmissivity between recordings (81) 
and (82) represent the bleaching difference spectrum, 
whereas subsequent changes, relative to (82), provide 
data on thermal processes. 

Regeneration data were obtained also following 30 s 
exposures to a continuous xenon source which bleached 


AD (2) 
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Fig. 1. Density difference spectra obtained at various times (mtn) after 
flash exposure. Results for subjects have been averaged. Ordmate: 
density differences for double transit of Hebe through the retina; positive 
alues the formation of lght- ing matenal and the times 
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equivalent fractions of the exposed rhodopsin. For all 
subjects, however, the regeneration difference spectra and 
their temporal variation were stmilar to those obtained 
after flash bleaching; characteristics of the bleaching 
difference spectra have already been reported’. 

Difference spectra recorded at selected times during the 
course of dark-adaptation are shown in Fig. 1; averaged 
data are presented, as the results for our three subjects 
were similar ın all essential details. These “regeneration” 
spectra exhibit the following features: as light-absorbing 
material is replenished with time in darkness (t), the 
regeneration difference spectrum (1) increases; (2) alters 
in shape; and (3) the wavelength of the maximal density 
change (Amax) varies systematically as a function of t: the 
Amax Moves during the first 7-8 min of dark adaptation 
through nearly 40 nm, lying at 470 nm within 30 s of the 
flash but at nearly 510 nm 7 min later. This shift confirms 
earlier resulte** and indicates that more than one mole- 
cular species contributes to the difference spectra obtained 
during regeneration. 

One of the simplest formulations accounting for the 
changes and spectral movements of the data shown in 
Fig. 1 is based on the assumption that two independent 
thermal processes are detectable during dark-adaptation: 
(1) the formation and decay of a photoproduct M, and (2) 
the regeneration of the parent pigment, rhodopsin R. The 
kinetics of these reactions are assumed to be first order 
exponential processes. 

If M is derived from a precursor P with a time constant 
Tı, and decays with a time constant T, to a substance Q, 
then the concentration and optical density of M at any 
time ¢ are given by the number of molecules supplied by 
the change in P, less the number due to the conversion of 
M into Q. The result of these events can be represented 
by the expression 


AD, ws AO Melt fo ep(—t/7,)—exp(—t/T.)] + 


(Z1/T',— 1) 
[ADrol{l—exp(t/T's)] (1) 


it being assumed that optical density and concentration 
are linearly related; and that precursors of M and R and 
any other photo-products ing during the time of 
measurement fail to absorb in the part of the spectrum 
under consideration (but see later). ADpr, is the final 
density of rhodopsin, and ADs, the final value to be 
expected for the product M in the absence of decay. 

If the in situ spectral densities of M and R are known 
(or assumed), the time constants 7',,,,, can be determined 
by fitting the equation to data on the temporal variation 
AD; at several measuring wavelengths and compared 
with relevant data. 

But we adopted the alternative procedure without preju- 
dice to the identity of the substances M or R. The curves 
of AD, as a function of time in darkness vary appreciably 
with the values of 7',,3,;; for example, values of T, 28 min 
provide poor fite. Large values of T, and T, are also 
unacceptable but, if T, is made very short, the spectral 
weighting factor ADy, becomes very large. Thus only 
certain T-values fit the experimental results when the 
exponential terms are weighted with appropriate values 
of (ADyy,), and (ADz,),. This approach permits comparison 
of the derived spectral variation of ADy, and ADp, with 
extinction spectra of known substances detected in solu- 
tion. 

From results similar to those shown in Fig. 1, data were 
obtained on the temporal variation in the measured 
density differences AD(2) at eight test wavelengths 
ranging from 430-560 nm. These are plotted for one 
subject in the upper part of Fig. 2, the curves bemg based 
on equation (1): 7,=1 min, 7,=2 mm and T,=4 min. 
The corresponding values for (ADy,)a and (ADrz,)a 
appear in the lower part of the figure. 

While the results shown in Fig. 2 refer only to one 
subject, the same constants provided curves which fit the 
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Fig. 2. Top’ denmty differences (ordinate) as a function of the tıme of 

dark-adaptation (abscissa) with measumng wavele as a parameter. 

Data points show typical results for one subject. curves represent 

plots of equation (1). Bottom: the factors ADi, (@) and 

AD r, (O) of equation (1) derved from the above curves for the wave- 
lengths shown along the abscissa, 


data of our other subjects equally well, and averaged 
values for the spectral characteristics of ADu, and ADro 
appear in Fig. 3. The density difference spectrum of 
substance M is at approximately 470 nm, 
whereas that for substance R peaks below 510 nm. The 
Amax Of the difference spectrum as derived for substance 
M 1s simular to the transient orange" or the meta,., pig- 
ment described by Ostroy et al. as part of the normal 
decay sequence of rhodopsin m solution. Indeed, the 
suggestion®:“* that meta,., is the relatively stable orange 
photoproduct formed én vivo early in the course of dark- 
adaptation has just been confirmed m studies on the 
isolated retina and excised eye of the rat!-1, 

The AD, values for substance R presumably represent 
the difference spectrum of regenerated rhodopsm. Human 
rhodopsin in suspensions of rod particles!, however, 


400 500 600 
Wavelength (nm) 


Fig. 3. Averaged values of AD xr (@) and ADe, (O) derived from the 
application of equation (1) to four experimental runs on three subjects. 
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absorbs maximally at 500 nm and the displacement of ita 
Amax to almost 510 nm indicates that changes in another 
substance are occurring. Because the difference spectrum 
of meta,,, shows a comparable shift towards the red (that 
is, to 472 nm), and all the AD measurements are referred. 
to recordings made immediately after flash bleaching, ıt 
is hkely that, during that penod, material absorbing in 
the violet part of the spectrum" was disappearing from the 
retina. 

The extinction maxima of meta,,,; and rhodopsin 
computed merit comment. The constants (ADy,), and 
(ADz,)a of equation (1) relate to the maximum densities 
obtained in the absence of thermal decay. The ratio of 
these maxima averages for three subjects approximately 
to 0-3 (compare Fig. 3). We have already noted that 
this could be increased only by a marked reduction in the 
value of T, If every molecule of bleached rhodopsin 
gives rise to the formation of a molecule of transient 
orange, then the ratio of (ADy,)/(ADnr,) measured at the 
respective Amex values represents the ratio of their maxi- 
mum extinction coefficients. It has been suggested, 
however, that this ratio 1s of the order of unity'*. The 
discrepancy may be partly due to the orientation of the 
meta,,, chromophore in the living eye no longer coinciding 
with that of the electric vector of the incident light; this 
view 18 qualitatively consistent with the observation’ that, 
ım the human eye, transient orange has a much lower 
photosensitivity than has rhodopsin. 





Time (min) 


Fig. 4. The relative concentrations of rhodo (~and metasgs (— at 
as a function of the time of dark-adaptation. continuous an 
dashed functions are plots of 


[4Daala 
4D = 5 —t/T,) -expl —t/T, 
x a [exp —t/T') — exp(—¢/T)] 





and 
4Dz,=[4Day), . [1 -exx —t/T,)] 


respectively, and form the basis of the theoretical curves shown in the 
upper part of Fig. 2. 


According to our analysis the regeneration of rhodopsin 
in the human eye follows an exponential function with a 
time constant of 4 min (Fig. 4), that 1s the half-time of 
regeneration is 2-8 min (compare refs. 8 and 9). 

The human eye would seem to contam adequate 
reserves of precursor(s) needed for rhodopsin regeneration 
because its concentration has already reached half its 
maximum shortly after meta,,, has reached its peak 
(Fig. 4). 

We thank Drs R. E. Carr and I. M. Siegel for their 
valuable cooperation and Mr B. Bruno for technical 
assistance. 
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Cholesterol in the Cuticular Wax 
of Boophilus microplus 


Traces of substances giving colour reactions typical of 
sterols have been found ın the cuticle and cuticular wax of 
several arthropods!-*, but they have not been reported 
from ticks?»*. I have now shown that both free and esteri- 
fied cholesterol occur in the wax of Boophilus microplus, 
and I have measured the quantity of each present. 

Wax was obtained by washing recently engorged adult 
female ticks with hexane in standard conditions*®. Thin- 
layer chromatography was carried out in the solvent 
system benzene : ethyl acetate 5:1; the dried plates were 
sprayed with 50 per cent sulphuric acid and heated at 
110° C. Magenta pink colour developed m two spota the 
Rp values of which corresponded to those of free and 
esterified cholesterol, and elution of corresponding areas 
of unsprayed plates yielded material with the infrared 
spectre of these substances. Free and total cholesterol 
were quantitatively determined colorimetrically?®". 

In five samples of wax, free cholesterol lay between 0-8 
and 0:9 ug per tick, and total cholesterol between 3-2 and 
3-8 ug. Thus approxmmately 2-6 ug was present in the 
esterified form. Cholesterol itself accounts for approxim- 
ately 17 per cent of the total weight because the cuticle 
wax of the newly engorged female weighs 20 ug (ref. 9). 
The identity of the fatty acids involved ın the ester linkage 
18 not known, but if Gilby’s* estimate of an average chain 
length of Cy, is taken for calculation of the weight of 
cholesterol ester present, free and esterified cholesterol 
together make up 32 per cent of the wax. 

This high proportion was unexpected, because although 
1t has been, suggested that sterols may be common con- 
stituents of cuticle wax", they have not been proposed as 
major constituents. Cuticle wax provides the main 
barner to the passage of water across the tick cuticle’, but 
whether sterols are among the components necessary for 
the maintenance of the water proofing structure is not 
known; sterols m this quantity are certainly not involved 
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in other arthropods. It has been suggested that in B. 
mioroplus cuticle wax may act as a vehicle for the removal 
of lipid-soluble maternal derived from the food’. Chol- 
esterol was therefore determmed ın wax from females 
weighing about 15 mg, still feeding on the host but before 
final engorgement, and from females at the peak of egg 
laying, several days after dropping from the host. Total 
cholesterol values were 3-5 and 3-0 ug per tick respectively ; 
thus neither engorgement nor the rapid digestion of food 
which accompanies egg production had mereased the 
quantity already present. 

Clearly the origin of the cholesterol and the tuming of its 
secretion must be investigated before any attempt can be 
made to account for its presence. No mformation on the 
ability of acarmes to synthemze sterols appears to be 
available. It 18 accepted, however, that insects, and 
probably crustaceans’, are unable to do so. If it 38 
assumed that extensive synthesis by B. mtcroplus 18 
unhkely, the cholesterol in the wax must have been 
derived from the food. B. microplus passes through larval, 
nymphal and adult stages on the same host, the female 
adult increasing in weight from 2 mg to 15 mg over a period 
of 5 to 6 days after attachment, and then to 150-200 mg 
during a final pernod of about 24 h rapid engorgement. 
From estimates of the quantity of erythrocytes and 
plasma obtained by the various stages**, 1t can be calcu- 
lated that about 1 ug cholesterol 1s mgested during larval 
and nymphal feeding, and about 10 pg during adult 
growth to 15 mg. Possible losses durmg larval and 
nymphal stages are unknown. These estimates of mtake 
are probably too low, because the diet also includes com- 
ponents of the epidermis and upper dermal tissue and 
large numbers of leucocytes"*, all of which have a con- 
siderable cholesterol content!™!3. It does seem, however, 
that the cholesterol secreted into cuticle wax may repre- 
sent @ significant proportion of that mgested during early 
adult growth, the proportion bemg higher the earlier the 
secretion takes place. 

Arthropods usmg mammalian blood and skin tissues as 
food inevitably obtam quantities of cholesterol much 
greater than those regarded as essential ın the diet4*, The 
uses to which they put this excess, and the routes by which 
they dispose of ıt, have not been mvestigated to any 
extent. It would be mterestmg to know whether signifi- 
cant secretion into cuticle wax occurs m other blood- 
sucking species and, if so, whether this ability can be 
further correlated with habits of feeding, excretion or egg- 
laying. 

Lois M. CHERRY 


CSIRO, Division of Entomology, 
Long Pocket Laboratories, 
Indooroopilly, 
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Influence of the Odour of a Honeybee 
Colony’s Food Stores on the 
Behaviour of its Foragers 


WEN a successful honeybee forager makes a food com- 
munication dance, potential recruits learn the odour of 
the food source both from the odour adhering to the 
dancer’s body and from the odour of the nectar the dancer 
regurgitates to them; the latter is the more mportant 
when forage is distant from the hive. Conditioned foragers 
can be induced to revisit their food source by being touched 
by, or receiving food from, a companion that has just 
returned from the source but not danced, although con- 
tact with a dancing bee is more effective!*. Bumblebees 
have nothing equivalent to the dance language of the 
honeybee, but the odour of the food stores of a Bombus 
lucorum colony can influence the choice of flower species 
visited by ite foragers*, and it seemed possible that honey- 
bee colonies might have a similar primitive form of com- 
munication. 

Two small honeybee colonies (A and B) were put into 
separate nylon screen cages (3 x 3x 2m high) on a lawn 
and each trained to collect sugar syrup from three gravity 
feedera of 300 ml. capacity; the positions of the feeders 
on the lawn inside the cages were changed every few 
hours. The syrup in each feeder was scented with five 
drops of either benzyl acetate (colony A) or methyl 
heptanone (colony B) previously diluted in hquid paraffin 
(1 part scent: 19 parts liquid paraffin). The feeders were 
refilled when necessary. 

On the evening of May 28, after the colonies had foraged 
for 5 days and each had collected about 5 1. of syrup, the 
feeders were removed; next morning the cages and hives 
were moved elsewhere on the lawn, and each hive was put 
against the middle of a side wall and facing the centre of 
its cage. Petri dishes containing a drop of either benzyl 
acetate or methyl heptanone were arranged in a 4 x 4 latin 
square on the floor of the cage and during the next 30 mm 
the bees that hovered over or landed on each were counted. 
These dishes were then removed and the feeders returned; 
many of the bees that collected syrup from the feeders 
during the remainder of May 28 were given white paint 
marks. That evening all the combs, but not the adult 
bees, of colonies A and B were exchanged so that each had 
the food stores, and accompanying odour, collected by 
the other; the cages and colonies were then moved to new 
sites on the lawn as before, and next morning (May 29) a 
latin square of dishes of the two odours, one the training 
odour and the other the food store odour, was again 
provided. 

During the first 10 min of observation (see Table 1) 
bees from colonies A and B made relatively more visita to 
dishes with the odour of their current mtroduced food 
stores than they made to the same odour the previous 
day (P<0-02 for each comparison); this difference was 
also evident for colony A during the first 30 mm of observa- 
tion (P<0-05). By the second 30 min period, the propor- 
tion of visits to the different odours differed from that 
during the first 10 min of observation (colony B: P< 0-001) 
and was similar to that of the previous day. The mean 
number of bees of both colonies visiting the odour, other 
than the one to which they had been trained, was 14 per 


Table 1. NUMBER OF TITERS BHES LANDED OR HOVHRED AT PETRI DISHES 
WITH DIFFERENT ODOURS 


Oolony A Colony B 
Benzyl ethyl Colonies 
acetate Methyl hep- Aand B 
(train- hep- Benzyl tanone Tiain- 
ing tanone acetate (traning ing Other 
sont) scent) scent scent 
May 28 
80 min control 
period 168 87 21 190 858 58 
May 20 
First 10 min period 18 9 24 50 68 88 
Firat 80 mitn period 63 27 41 198 258 68 
Second 30 
114 80 12 195 809 42 
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cent on May 28 and 35, 17, 14, 13, 11 and 12 per cent during 
the six consecutive 10 mın periods on May 29. 

During the control period on May 28, bees alighted on 

18 per cent of the visits to dishes with their particular 

odours but on only 3 per cent of the visits to 
the other dishes (P<0-01). The number of landings at 
the dishes without the training scent, however, increased 
to 16 per cent during the first 30 mm of observation next 
day (P < 0-05). 

On May 29 the dishes were visited by 122 marked bees 
and 551 unmarked bees, 84 per cent and 83 per cent of 
which went to their ing scent; hence, there is no 
indication that conditioned foragers behaved differently 
to the unmarked bees, some of which might have just 
begun to seek forage. 

Another experiment with different colonies was similar 
except that, mstead of exchanging the combs of the two 
colonies, drops of the training scent of the reciprocal 
colony were distributed along the wooden tops of the 
comb frames of each. The presence of the strange odour 
made no apparent difference to the behaviour of the 
foragers; 18 per cent of the visits during the control 
period, 17 per cent during the first 30 min and 17 per cent 
during the entire 90 min of observation the next day, 
were to the strange odour. 

The difference between these two experiments, however, 
was not only that the mtroduced scent was present in the 
food stores in the first but not in the second, but also that 
throughout the second experiment the colonies’ food stores 
still had the odour of their own trang scent. 

Foragers can be induced to visit a food source at times 
other than those to which they have been trained by put- 
ting some of its odour into their hive‘. The results de- 
scribed here show, however, that a strange odour in the 
hive is not enough to induce foragers to search for it, but 
does so when ıt 1s in the colony’s food stores. Hence the 
extensive transfer of food among the adult members of a 
honeybee colony must imfluence the foragers’ choice of 
crop, even when they are conditioned to other food sources 
and the food is not being transferred during the process of 
direct crop communication by successful foragers. 

This primitive method of communication could help 
explain the success that has been reported in “directing” 
bees to crops by feeding their colonies with syrup in which 
the flowers of the crop have been immersed; also, the 
waning of the response shown to the odour in the food 
stores could help explain why ‘‘directed” bees soon cease 
to visit crops from which they get nothing**. 

J. B. FREE 
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Harpenden, Hertfordshire. 
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Song Asynchrony in Neighbouring 

Bird Species 

ACTUALLY or potentially competing species exhibit 
“displacement patterns”, where various resources such as 
space, food or light are divided with httle or no overlap. 
We wish to add to this list “broadcasting time”, the time 
available to territorial birds to advertise their assets, for we 
have found that the two commonest bird species in 
California chaparral sing largely out of phase with each 
other. 

On three mornings in March 1968 we recorded the 
number of songs per min of territorial male birds of eight 
species. Particular attention was paid to the two common- 
est species, wrentit (Chamaea fuscata) and Bewick wren 
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(Thryomanes bewickit), which together outnumber all 
other species combined. The location was a small valley 
covered with dense chaparral in the Santa Monica 
Mountams 5 miles south of Calabasas, California. We 
could hear songs from an area of approximately 3 acres 
which, judging from the similarity in the total number of 
songs recorded each morning, remained constant between 
mornings. Our observations were made between 0530 
and 0930 on March 19, 0530 and 0955 on March 21 and 
0530 and 0920 on March 28. At this time species were 
beginning to breed; territorial activity was near its peak 
and singing most prevalent. The numbers of songs were 
recorded each minute for each species using mechanical 
counters and stopwatches. 

We used time series analysis by computer to test the 
tendency of each species to cycle singing activity and each 
pair of species to cycle either in phase, independently or 
asynchronously. Our most striking and consistent results 
are the cycling ın song frequency of wrentits and Bewick 
wrens and the asynchrony between the cycles of the two 
species. Fig. 1, derived from singing activity on a typical 
morning, indicates that both species cycle their singing 
activity with a half-period of about 50 min. Fig. 2 shows 
that the cycles of the two species are asynchronous so that 
each species sings most frequently when singing in the 
other is at low ebb. Because songs of the two species are 
equal in length (thirty-one wrentit and fifty Bewick wren 
songs averaged 2-32 and 2-30 s respectively), no weighting 
for different song lengths 1s required. 


ə March 21, 1968 


BEWICK WREN 
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Fig. 1. Oyoling of the singing of Bewick wrens and wrentits on a typical 
morning. This figure shows variance of the number of songs {n each 


ber of songs separated 


Bird song is delivered against a background or ‘“‘sound 
environment’! which can constitute selective forces 
beyond those involved m the immediate performer— 
recipient relation. For example, the acoustics of the 
habitat influence pitch in wood-warbler song’, and can 
perhaps explain general similarities in the songs of sym- 
patric species*. Marler and Hamilton! suggest that 
geographic variation ın song within a species may be the 
result of contacts with different groups of species over ita 
geographic range, such that varying song background has 
selected for modifications of the species-specific song. 

Our data indicate that problems of mterference by 
background sound may also be circumvented by a tem- 
poral patterning of singing activity. Songs of territory 
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Fig. 2. Asynchronous cycling of the singing of Bewick wrens and 
wrentits on two mo: . This figure shows the covanance between the 
number of 50 of the two in each min (0 shift) and the cross- 
covariances as wrentit es is shifted fo: (+) or backward (—) 
min, 2 min and so on with respect to the Bewick wren series. 


holders should be less effective when given simultaneously 
with those of other species with which they share the 
habitat; carrying distance would be reduced and parts of 
the message would be obscured. Thus there should be 
selection to minimize the background noise agamst which 
the song 1s heard as well as selection to enhance the 
distinctiveness of the song itself. Asynchronous singing 
between species has precisely this effect. It 1s most hkely 
to evolve where the species are (a) both common, (b) 
occupy overlapping territories and (c) have songs with 
similar physical characteristics; im such situations the 
song of one species is hkely to be a major component of the 
sound environment of the other. In addition, the evolu- 
tion of asynchrony must begin with cyolic singing in at 
least one species. Thereafter the development of the 
asynchrony becomes mutually advantageous to participat- 
ing species. 

We have some evidence to suggest that Bewick wrens 
are more independent of their sound environment than 
are wrentits. The cycles of Bewick wrens are more 
regular and have less minute-to-minute variation than do 
those of wrentits (Fig. 1). Bewick wrens are always 
heard first in the morning; apparently they initiate the 
sequence of song peaks in which the two species alternate. 
Also, there is a time lag in the increase in the singing of 
wrentits after Bewick wren songs have subsided. Maximal 
asynchrony occurs when the series of wrentit songs is 
shifted back over the series of Bewick wren songs by about 
7 min (Fig. 2). This again suggests that wrentite pattern 
their singing on cues received from Bewick wrens rather 
than the reverse; wrentits begin smging only after 
Bewick wren swells have subsided, and they cease when 
the wrens begin a new outburst. We suggest that the 
Bewick wren may owe its relative independence to the 
large number of different songs individual birds sing, a 
phenomenon already described in another wren‘. The 
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significance of this sort of vanation is unknown, but we 
suggest that song variety in the Bewick wren adds con- 
fusing and unpredictable variation to the sound environ- 
ment of the wrentit, rendering the latter species dependent 
on the former for the patterning of its singing activity. 
Thus, although the system is mutually advantageous, it is, 
apparently, not equally so. 

The two species maintain asynchrony despite many 
mnfluences which tend to synchronize them. Singing 
activity ın both species 1s stimulated by passing aircraft 
and the unveiling of the Sun by clouds, and likewise 18 
inhibited or interrupted when hawks fly overhead and 
when the Sun is temporarily obscured by cloud. 

This study was in part supported by the US National 
Science Foundation and a Rackham postdoctoral fellow- 
ship. We gratefully acknowledge the use of the Campus 
Computing Network of the university. 
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Racial Differences in Irish Sea 
and North Sea Plaice 
(Pleuronectes platessa) 


Mxnistio characters have played an important part in 
racial studies of fish1, but little is known about their 
genetics. Schmudt’s classical studies? on the genetics of 
vertebral numbers in natural populations of Zoarces vivi- 
parus and in hatchery-reared trout show that there is a 
considerable degree of genetic determmmation for these 
characters, and some evidence for genetic isolation in the 
highly localized populations of Zoarces viviparus of the 
fiords and open sea along the Norwegian coast. Similar 
studies have not been reported for marine fish of economic 
importance, although in some cases this seems to be 
a promising approach to the problems of racial separation. 

We report here a prelimmary examination of vertebral 
numbers in plaice and plaice-flounder hybrids reared ın 
the laboratory in standard conditions. Reciprocal crosses 
were made between plaice from the Insh Sea (off Great 
Orme’s Head) and plaice from the North Sea (Smuith’s 
Knoll). Crosses were also made between male flounder 
(Platichthys flesus) and female plaice, again using specimens 
from both regions. Complementary crosses with flounder 
females were not made, because of the poor viability of 
this hybrid. 

Three series were run: H1, pooled samples of eggs from 
several North Sea or Irish Sea females fertilized by mult 
from one male from each area; K, eggs from a single North 
Sea female fertilized by milt from the males used m Hl; 
H2, eggs from a single North Sea female (K) and a single 
Irish Sea female, fertilized by milt from males from both 
areas, not used in H1. 

Eggs were incubated m a controlled temperature room 
at 8° C, rising to 10°C from about 1 week to 4 weeks 
after hatching. Larvae were fed with Artemia nauplu 
and killed approximately 2 months after fertilization. 
Skeletons were stamed with Alizarin and mounted ım 
glycerine for counting under low power microscopy. Fused 
vertebrae were counted as twos. 
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The parentages of groups of individuals are mdicated 
by a three-letter code ın which N, I, P and F, respectively, 
represent North Sea, Irısh Sea, plaice and flounder. The 
first letter of the code refers to the omgin of the plaice 
females, the second and third letters to the origin and 
species of the males. The distributions of vertebral num- 
bers were approximately symmetrical in most groups, 
with a maximum range of five vertebrae. Arithmetic 
means were estimated and comparisons between groups 
were made by using the differences between means and 
standard errors of the differences to compute values of t. 

Table 1 shows data on the crosses involving plaice only. 
Mean vertebral number was higher for pure North Sea 
(NNP) than for Irish Sea plaice (ITP) (¢=8-1; P<0-001). 
In crosses between Irish Sea and North Sea plaice, means 
were not intermediate but similar to the North Sea values 
(NIP; ¢=0-9; P=0-4) or greater (INP; t=6:8; P 
<0-001). The high mean for group INP is anomalous 
compared with NIP or NNP, but does not invalidate the 
general conclusion that mean vertebral numbers were low 
in pure Imsh Sea fish and high ın North Sea fish or in 
crosses between the two. 


Table 1. MEAN NUMBERS OF VERTEBRA IN OFYSPRING FROM CROSSES 
INVOLVING IRISH SHA AND NORTH SHA PLAIOR 
Code No. of Mean No. Standard 

Series (see text) fish of vertebrae error 
—* NNP 94 42-18 0 071 
H1 NNP 68 42°18 0 065 
H1 NIP 51 42-18 0-072 
K NIP 122 42-00 0 051 
H1 INP 107 42-65 0 050 
H2 INP 6 42 00 — 
Hl IP 58 41 62 0 081 
H2 re 88 4147 0-061 


* Fertilized eggs collected in North Sea and incubated in the laboratory. 


Smmuar results were obtained in the crosses between 
female plaice and flounder males (Table 2). Mean counts 
were lower for these hybrıds than for straight plaice, as 
expected; numbers of vertebrae ın flounders are sub- 
stantially lower than in plaice and the intermediate 
nature of the hybrids ın this respect ıs well knownë. 
Within the hybrid crosses, however, the groups from 
North Sea plaice females each had significantly higher 
means than the corresponding groups from Imsh Sea 
females. Means of vertebral number were independent, 
however, of the omgin of the male flounder. 


Table 2. MBAN NUMBHRS OF VERTEBRAH IN HYBRIDS BETWREN NORTH 
SHA AND IRISH SHA FHMALE PLAIOR AND NORTH SHA AND IRISH SRA FLOUNDERS 


Code No. of Mean No. Standard 
Series (see text) fish of vertebrae error 
H1 NNF 43 89 78 0 102 
H2 NNE 70 39 87 0 049 
K NNF 88 40-26 0-071 
H1 NIE 11 39 09 0 202 
H2 NIF 76 40 00 0 054 
H1 INF 81 38 68 0 106 
H2 INF 98 38 48 0 052 
Hl UF 86 38 58 0 060 
H2 uF 122 38 55 0 046 


The results suggest that plaice from the North Sea 
differ genetically from Irish Sea plaice with respect to 
factors determining the numbers of vertebrae, a character 
often used to discriminate between races in fish species. 
The factors are not additive but appear to be dominant 
or perhaps overdominant in the North Sea fish. Flounder 
males from the two regions showed no similar variation. 

The difference between these two closely related species 
may reflect differences in their distribution and spawning 
habits. Thus plaice are predominantly found in offshore 
water, particularly in the North Sea, and spawn in fairly 
discrete regions. Flounders, on the other hand, are more 
commonly found in shore waters or estuaries and prob- 
ably spawn in coastal waters. Thus geographical isolation 
and therefore genetic divergence may be of a much higher 
order for plaice spawning stocks than for flounder. 
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The differences between the two plaice stocks appear to 
be magnified when plaice females are crossed to flounder 
males. For the plaice crosses, the difference between the 
mean of ITP groups and all the rest was 0-69 + 0:057, 
while in the flounder hybrid crosses the difference between 
means of the North Sea and Insh Sea plaice groups was 
1-42+0-046. If this is a general phenomenon among 
hybrids of plaice and flounder, it could be used to facilitate 
studies on variation between plaice stocks—particularly 
where the differences are small and difficult to establish 
statistically. 


C. E. Purpom 
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Post-natal Development of Rat 
Pituitary Melanocyte-stimulating 
Hormone and the Effect of Light 


Licut influences the level of melanocyte-stimulating 
hormone (MSH) m the pituitary gland of rate’. The MSH 
content increases after a period of constant illumination 
and 1s lowered by a period of darkness. This response 
requires the presence of the pineal gland and may involve 
melatonin and the MSH-release inhibiting factor (MIF) of 
the hypothalamus. During a study of the relation of the 
pars intermedia of the pituitary to the production and 
release of MSH?.*, we followed the content of MSH in 
the neurointermediate lobe throughout the post-natal 
development of the rat, from 7 days to 6 months. 

Male Wistar rats were killed at various intervals and 
individual neurointermediate lobes assayed for MSH by a 
photoelectric reflectance method‘, using the melanophore 
response of an in vitro preparation of frog’s skin (Rana 
pyprens). 

The MSH content (whether expressed as units/mg of 
neurointermediate lobe, /neurointermedia.te lobe, or /100 g 
body weight) increased progressively with age (Table 1). 
In 16 day old rats, whose eyes had been open for up to 
24 h, there was a sharp peak in MSH activity (Table 1). 

Although by the time rate are 10 days old and before 
their eyes are open the retina is capable of responding to 
light and producing an electroretinogram', there is little 
information about the stage of development at which 
either retinal signals may be transmitted to the central 
nervous system or the visual system may be linked with 
the hypothalamo—pars intermedia system. We cannot 
therefore say with certainty that the sharp rise in con- 
centration of MSH at 16 days is the result of receipt of 
photic stimuh, although this is a tempting interpretation 
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in view of the findings of Kastin et al.1. If this is the 
explanation, 1t raises interesting questions concerning 
the maturation not only of the central nervous control of 
the pars intermedia but also of the pineal. Further 
experiments are needed to determine the developmental 
stage at which these endocrme systems become fully 
established. 

In lower vertebrates the neurohormonal reflex mechan- 
ism, mvolving the release of MSH in response to changes in 
illununation, by which the animal achieves some adapta- 
tion of its colour to that of ita background, 1s established* ’. 
Whatever may be the primary physiological role of MSH 
in mammals, and it is possible that the hormone may not 
be involved in pigmentation, it appears that the mam- 
mala, m the course of phylogenetic development, have 
retained a similar MSH release mechanism to that ın the 
lower vertebrates. 

A. J. T. received a Medical Research Council training 
award. 
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Pineal Response to Light: 
Mediation by the Accessory Optic 
System in the Monkey 


Tus activity of the melatonin-formmg enzyme in 
the rat pineal gland, hydroxyindole-O-methy1-transtfer- 
ase (HIOMT), is high ın animals kept in constant darkness 
and low when they are kept m constant light’. The 
response to light depends on the integrity of one compon- 
ent of the central retanal projections, the accessory optic 
system. Rats subjected to bilateral section of the inferior 
accessory optic tracts do not show a pineal HIOMT 
response to light although their visual behaviour 18 other- 
wise normal®?. In contrast, animals with bilateral tran- 
section of the primary optic tracts behave as though they 
were blind but exhibit a normal pineal response to light*:*. 
There seem to be two separate functions carried out by 
the central retinal projections in the rat; one projection, 
the primary optic tracts, maintains visually guided 
behaviour, and the other, the accessory optic system, 
shares in the control of a pineal response to light. 

An accessory optic system has been identified in all 
mammals studied‘. It is a phylogenetically old retinal 


Table 1. OHANGHS IN PITUITARY WEIGHT AND HSH OONTENT OF THE WHUROINTHRNEDIATS LOBH OF MALE RATS WITH AGE 


Body Pituitary weight mp MSH content 

Age No. of eht Anterior Units/mg N.I. Units/N.I. Units/100 g 

rata (g lobe lobe lobe tissue lobe body weight 
7 days 6 120 0-77 +0 05 018+0 02 248 + 32 4449 878 + 66 
9 days 5 127 0 874007 0 2140 02 807447 61+8 473 + 44 
16 days 4 280 1-10 +0 08 0294001 754 + 96 220+ 20 822+ 148 
16dayseyesopen 5 834 1244011 0-294 0 02 1,428 +170 42571 1,277 +191 
3—4 weeks 4 517 1084011 0 68+0 06 912 + 153 508 + 182 963 + 252 
5 weeks 4 927 8 22+0-10 0 66 +0 06 2,848 + 221 1,020 + 811 2,007 + 386 
10-12 weeks 27 838 8 8440-18 1-58 +0 04 4,228 + 253 6,526 + 486 1,897 + 182 
24-80 weeks 6 504 916+0 70 18640 09 5,480 + 1,412 10,472 + 3,122 2,085 + 535 


(Pitaitary weight and MSH contents are expressed as mean + S.E.) N.L, neurointermediate. 
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projection that undergoes a complete decussation in the 
optic chiasm. In some mammalian species discrete 
inferior and superior fascicul of the accessory optic 
system are present, but ın higher forms such as primates 
only one accessory optic tract 1s evident. The experi- 
ments described here were carried out to determme if our 
observations on the function of the accessory optic system 
in the rat were also true of a primate, the macaque 
monkey. This would require demonstration, first, that 
there 1s a pineal HIOMT response to light m the monkey 
and, second, that this response is blocked by section of the 
accessory optic component of the central retinal projec- 
tion. 

Two experiments were performed. In the first, eight 
young adult rhesus monkeys (Macaca mulatta) were main- 
tained ın conditions of constant environmental illumima- 
tion for 15 days. Four were placed in continuous light 
provided by a combination of fluorescent and incandescent 
fixtures and four were kept m constant darkness in a 
photographic darkroom. In the second experiment 
eighteen rhesus monkeys were used. Six served as 
unoperated controls; five were blinded by bilateral orbital 
enucleation; and seven had section of the optic chiagm 
performed through a pharyngeal approach. This lesion 
would completely transect the accessory optic tracts 
which undergo a complete decussation in the chiasm. It 
would also transect the crossed fibres of the primary optic 
tracts but would leave intact the substantial uncrossed 
component of the primary optic tracts which have been 
shown. capable of maintaining visually guided behaviour 
in the monkey*. The animals in this experiment were 
placed in constant light at the time of operation and were 
kept m constant light until the time of death, 45 days 
later. No operated animals were kept in constant dark- 
ness, for there has been nothing in our previous work on 
rats to indicate an interaction between the effects of the 
visual system lesions and the effects of constant light or 
darkness. Rather, binding or destruction of the accessory 
optic system abolished the effects of contimuous environ- 
mental light*?, 

All animals were killed by decapitation while deeply 
anaesthetized, and their pmeals were removed quickly 
and frozen on dry ice. The optic nerves, chiaam and 
adjacent hypothalamus from the chiasm section group 
were removed in a single block, fixed in 10 per cent form- 
aldehyde, and prepared for histological study to provide 
verification of the completeness of chiasm section. The 
pineals were kept frozen on dry ice for 1 to 5 days and 
then thawed and weighed. Pmeal HIOMT content 
was assayed using a modification of the method of Axelrod 
et al. in which the moubation mixture contained 3-0 uM 
of N-acetylserotonm and 60 myM of 8-adenosylmethio- 
nine-“C (specific activity, 2:38 uCi/uM) per pmeal. 


Table 1. HIOMT AOTIVITY IN THA PINEAL GLANDS OF MONKEYS MAINTAINED 
IN CONTINUOUS LIGHT OR DARKNESS FOR 15 DAYS 


HOOBIT activity (mumole 
Group N melatonin fo pineal/h) 
Continuous light 4 3 482+ 0 198 
Continuous darkness 4 2:544 + 0 245" 


* Difference in HIOMT activity between the two groups 1s statastically 
significant; P <0 05, two-tailed ttet 


The results of the first experiment are shown in Table 1. 
The pineals from animals kept in constant light show a 
significantly greater HIOMT content (37 per cent) than 
those from animals kept ın darkness. In the second experi- 
ment, a simuar difference in pineal HIOMT content was 
observed between control animals and the animals with 
visual system lesions (Table 2). The pineal HIOMT 
activity in controls was 88 per cent higher than that in 
the chiasm section group and 61 per cent higher than that 
in the blinded group. Both differences were statistically 
significant. In this experiment the control animals’ 
pineal HIOMT content was somewhat higher than that 
of the constant light animals from the first experiment. 
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Table 2. B¥FEOT OF VISUAL BYSTHM LESIONS ON PINEAL HIOMT AOTIVITY 
IN MONKBYS MAINTAINED IN OOXSTANT LIGHT FOR 45 DAYS 


HIOMT activity (mmole melatonin 
Group N formed/mg of gland/h + S.F.) 
Control 6 4 698+ 0-912 
Optic chiasm 7 2-496 + 0 544* 
B d 5 2 927 + 0-428* 


* P <0 05 for the differences between the control and optic chiasm and the 
control and blinded group means, 


This may reflect the difference in length of exposure to 
constant Ulummation (15 days in one experiment and 45 
in the other). There was no significant difference betweem 
pineal weights from the groups ın either experiment. Each 
animal in the chiasm section group had a histologically 
verified, complete section of the optic chiasm. There was 
® unilateral hypothalamic lesion with the histological 
characteristics of an infarction ın one animal, but the 
remaining brains were free of damage incidental to the 
chiasm section. 

The observations indicate that the pineal content of the 
melatonin-forming enzyme (HIOMT) depends ın monkeys, 
just as in the rat, on the light conditions to which the 
animals are exposed. Monkeys kept ın continuous light 
have high levels of pineal HIOMT, whereas animals kept 
ın constant darkness have low pineal levels of the enzyme. 
This contrasts with the situation ın the rat where high 
pineal HIOMT content is found in animals kept in con- 
stant darkness. The observations on the monkey are 
similar to those of others”! on another diurnal animal, the 
chicken. In this species as well, the pineals of animals 
kept in constant light have a higher HIOMT content than 
those of animals mamtained in constant darkness. This 
suggests that ght has opposite effects on pineal HIOMT 
levels ın nocturnal (rat) and diurnal (monkey, chicken) 
species. 

It seems that m monkeys blinding and section of the 
optic chiasm are equivalent to maintaining the animals in 
constant darkness as regards the effect on pineal HIOMT 
content. Chiasm section completely transects the acces- 
sory optic component of the central retinal projection but 
leaves the uncrossed component of the primary optic 
tracta intact. Animals with this lesion maintain relatively 
normal visual discrimination! but fail to show a pineal 
HIOMT response to light. It seems reasonable to conclude 
that, in the monkey as in the rat, the accessory optic 
system serves a different function from that of other 
retinal projections in the mediation of a neuroendocrine 
response to light. 
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Effect of Iso-antibody on 
Pre-implantation Mouse 
Embryos 


Mam™arian embryos inherit paternal as well as maternal 
histocompatibility genes, and are thus antigenically 
foreign to the maternal tissues ın all except the most 
highly inbred strains of laboratory animals. In spite of 
these genetic differences, mammalian reproduction 18 
remarkably successful, and several theories have been 
advanced to account for this. One of the earliest sugges- 
tions was that of Little’, who, in 1924, advanced the 
hypothesis that the embryo 1s not recognizably foreign 
to’ the mother. 

Following Little’s suggestion, several workers have 
investigated the development of antigenicity in the mam- 
malan embryo, for the most part using techniques of 
tissue transplantation. Simmons and Russell? and Kirby 
et al.? found that tubal mouse eggs could be prevented 
from developing when transferred to the kıdney capsules 
of specifically sensitized recipients, and Edidin demon- 
strated the rejection of 9 day old embryonic mouse tissues 
when grafted to a pre-immunized adult host‘. Whether 
the observed reactions involved antigens of the important 
histocompatibility-2 (H-2) system or non-H-2 antagens is 
unknown. The difficulty of mnterpretang graft rejection 
as a criterion for the presence of H-2 antigens, apart from 
the question of graft maturation while tn situ, 18 that it is 
impossible to rule out cross-reactivity with other antigens 
which may be present ın these developmental stages but 
lacking in adults. Similarly, cytotoxic effects of antisera 
resulting from hyper-1immunization with malgnant tıs- 
sues®:* must be viewed with reservation when interpreted 
exclusively in terms of H-2 antigens in hght of possible 

of common antigens by embryonic and neoplastic 
tissues’-*. It may be significant that Pizarro et al.1°, who 
used H-2 antisera produced agamst normal tissue, failed 
to find evidence of H-2 antigens in embryonic tissues, 
including spleen. Schlesinger, on the other hand, using 
different techniques, did describe absorption of H-2 
agglutinins by tissues from 10-5 day foetuses, the youngest 
studied. Critical evidence concerning the earliest appear- 
ance and subsequent development of specific antigens, 
including those of the H-2 system, in embryonic mouse 
tissues appears to be lacking. 

In order to study the antigenic status of the pre- 
implantation mouse embryo, we have examined the effect 
of antibody and complement on the development of tubal 
mouse eggs to blastocysts, while they were being cultured 
in controlled conditions +n vitro. 

Embryos at the eight cell stage were collected from 
superovulated 8 week old mice, using the techniques 
described by R. L. B.1%. After collection, they were washed 
with Brinster’s medium for ovum culture (BMOC,) and 
placed in the appropriate experimental culture droplet 
under sterile mineral oil!!. They were then cultivated for 
2 days at 37°C in an atmosphere of 5 per cent CO, in 
air. At the end of this tıme, the experimental groups were 
compared with the group that had been cultivated in 
medium BMOC, and with the other control groups. The 
appropriate sera and guinea-pig serum (GPS) were diluted 
in BMOC, to make the various culture media. The effect 
of antibody was examined on eggs which had the zona 
pellucida intact, as well as on those which had the zona 
removed by gentle digestion with 0-25 per cent pronase. 
After removal of the zonae by pronase, embryonic cells 
aggregate to form blastocysts which contain multiples of 
the numbers of cells usually present. The two criteria 
used for assessing the effect of the treatments were there- 
fore, first, whether the eggs had lived or degenerated and, 
second, if the eggs had lived, whether macroscopically 
normal blastocysts had developed. Each of the three 
experiments reported here was performed on two separate 
occasions. The resulta were similar in the two trials, so 
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the data have been combined and presented in one table 
for each type of experiment. 

The first effect studied was that of an anti-C3H serum 
prepared in DBA/2 strain mice on the development of 
C3H eggs; these strains differ at the H-2 locus and various 
non-H-2 loa. The treatments used and their results are 
given in Table 1. 


Table 1. THE BFFROT OF DBA/2 ANTI-C8H SHRUM ON THE DEVELOPMENT 
OF O8H STRALN BGGS tn mtro 


Without zona 
With zona No. of Presence 
No. of No. of No. of a te of viable 
Culture medium eggs blastocysts eggs blastocysts” cells 
BMOC, 15 15 15 7 + 
25% GP8 15 14 15 1t + 
10% antiserum 15 14 15 3 + 
254 normal serum + 15 9 15 2 + 
25% GPS 
354 antiserum + 15 4 15 Ot - 
25% GPS 
1% antiserum + 15 12 15 Ot - 
25% GPS 
ig antiserum + 15 12 15 Ot = 
25% GPS 


* After the zona 
form several large b. 
egg. 

t In this drop the cells were viable but had not formed blastocysts ın one 
experment. 


lucida is removed from the eggs, they adhere and 
tocysts rather than forming one blastocyst for each 


t Theee eggs wero all degenerate. 


The effect of antiserum plus complement was to cause 
degeneration of mouse eggs lacking the zona pellucida, 
while those eggs with the zona intact developed normally 
to blastocysts. The controls indicate that this effect was 
immunological rather than the result of some toxicity mm 
either serum or complement because normal blastocyst 
formation was not impeded and cells not included in the 
aggregated blastocysts were viable. Further, these resulta 
give good evidence that the zona pellucida, which contains 
sialic acid, may act as a protective barrier around the 
mammalian egg. 

The effect of the antiserum, although apparently due 
to antibody, does not necessarily reflect the presence of 
H-2 antigen in the cells, because antisera elicited by C3H 
tissues in DBA/2 mice may also contain non-H-2 antibody. 
To test this point, the next antiserum used was one 
directed specifically to H-2 antigens, and obtained after 
immunization of A.SW mice with tissues of the congenic 
A strain. By using these two strams which apparently 
differ only for H-2 antigens, it is possible to be very 


Table 2. THA BYFEOT OF A.SW ANTI-A SHRUM OW THE DEVBLOPMUNT OF 
OSH STRAIN EGGS in vuro 


Without zona 
With zona No.of Presence 
No. of No. of No of a te of viable 
Oulture medium eggs lastocysts eggs blastocysts" cells 
BALOC, 15 14 15 6 + 
10% GPs 15 15 15 6 + 
10% antiserum 15 14 15 8 + 
10% normal serum 16 18 15 2 + 
10% antıserum + 15 7 15 1t + 
10% GPS 
1% antiserum + 15 13 15 3 + 
10% GPS 
01% antiserum + 15 12 15 8 + 
10% GPS 


* After the zona pellucida is removed from the eggs, they adhere and 
form several large blastocysts rather than forming one blastocyst for each 
egg. 

tin thia drop the cells were viable but had not formed blastocysts In one 

en 
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precise as to the action of the antisera. The antiserum 
destroyed A stram lymphocytes with a 50 per cent end- 
point titre of 1/160 m a conventuonal cytotoxic test!®. It 
also cross-reacted with C3H lymphocytes, presumably 
because of the H-2.11 speczficity. The resulte of testing 
this antiserum on C3H eggs are shown in Table 2. 

The C3H egg cells seemed to be unaffected by the H-2 
antibody. To ensure that the failure of activity was not 
caused by a lack of sufficient cross-reacting antibody in 
the A.SW anti-A serum, new experiments were performed 
using as target cells eggs of the A stram. The results of 
experiments with this strain of mouse eggs are shown in 
Table 3. The development of eight-cell mouse eggs to 
the blastocyst stage 18 unaffected by the presence of 
specific H-2 cytotoxic antibody plus complement. 


Table 3. THH HFFECT OF A.SW ANTI-A SERUM ON THH DEVELOPMENT OF 
A STRAIN HGGS in vitro 


Without zona 
With zona No. of Presence 
No. of No. of No. of peqrosate of viable 
Culture medium eggs blastocysts eggs blastocysts* cells 
BMOC, 19 19 21 5 + 
10% GPS 19 15 21 5 + 
10% antiserum 19 16 21 4 + 
10% normal serum 19 16 21 5 + 
10% normal serum + 19 16 21 8 + 
10% GPS 
10% antiserum + 19 16 21 5 + 
10% GPS 
1% antiserum + 10 17 21 4 + 
10% GPS 
0 ae antiserum + 19 18 21 4 + 
10% GPS 


* After the zona polucida is romoved from the eggs, they adhere and 
foim several large blastocysts rather than forming one blastocyst for each 
egg. 


The failure of specific H-2 cytotoxic antibodies to 
interfere with blastocyst formation suggests that, if 
present at this stage of development, the H-2 antigenic 
sites must be so sparsely distributed or so spatially 
orientated that a cytolytic effect 1s precluded. Presumably 
a time will be reached in succeeding stages of embryonic 
development when concentrations of H-2 antigen in a 
form comparable with that found in adult tissues will 
cause a response to cytotoxic antibodies. The lack of 
reactivity to H-2 antibody by the ova at the eight-cell 
stage is all the more mtriguing ın the context of the 
apparently specific response of similar cells to the DBA/2 
anti-C3H antibody at dilutions of 1: 100 and 1: 1,000. 
Although this antiserum also contained H-2 antibody (at 
a somewhat lesser concentration than was present ın the 
A.SW anti-A serum), the possibility of non-H-2 antibodies 
18 compatible with the genetics of the donor-recipient 
strain combination. Moreover, the hyper-1mmunization 
procedure (six to seven monthly intraperitoneal injections 
of lymphoid cells (50 x 10° cells per injection) or, in the 
case of the DBA/2 anti-C3H serum, a combination of 
lymphoid cells and three injections of L-cell microsomal 
lipoprotein for a final dosage of 0-5-1-0 mg protein/mouse) 
included injections of extracts of L-cells of C3H stram 
origin, & tissue culture lme of long duration with known 
malignant properties: the serum may therefore contain 
antibodies to antigens not normally appearmg on lymph 
node cells, but which are expressed on embryonic cells. 
The results suggest that embryonic cells may provide a 
sensitive test system for studying non-H-2 antigens. 
Moreover, providing the lack of complication of H-2 
cytotoxicity extends to other strains and antisera, these 
cells should reveal in hyper-immune antitumour sera 
those antibodies directed toward antigens which may be 
shared by malignant and embryonic tissues but which are 
unexpressed in adults. 
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Stimulatory Effect of 
5-Hydroxytryptamine (Serotonin) on 
Secretion by Malpighian Tubules 

of Insects 


Tr ıs well known that the Malpighian tubules of insects 
are under hormonal control; in several cases a diuretic 
hormone has been found (refs. 1-5 and unpublished results 
of D. E. M. P.) and others suggest the mvolvement of an 
antidiuretic hormone*-*. Such substances as acetylchol- 
ine, ATP and pitressin do not stimulate the tubules to 
secrete’®. 5-Hydroxytryptamine (5-HT), however, has 
been found to be a potent stimulator of fluid secretion by 
Malpighian tubules. In Rhodntus proliaus and Carausius 
morosus the threshold for the effect on isolated tubules 
is at a concentration of about 5 x 10-* moles/l. In both 
these insects, the mcreased rate of secretion 1s very like 
that which can be induced by treatment with their diur- 
etic hormones (Fig. 1). Furthermore, the behaviour of the 
trans-wall potential difference ın tubules from Rhodnius 
after treatment with 6-HT (Fig. 2) is similar to the changes 
which occur when diuretic hormone 1s added (unpublished 
results of 8. H. P. M.). The question 1s whether or not 
the hormones and 5-HT are identical. 

The hormones and 5-HT behave sunularly in certain 
conditions. All are heat stable at neutral pH; substantial 
amounts survive for 1 h at 100° C at pH 7, and they are all 
destroyed by heating for 10 min at 100° C at pH 9. When 
the substances are run on a column of ‘Sephadex G@-25’, 
they are all retarded to a similar extent. In Rhodnius, 
pretreatment of the tubules with a solution of bromo- 
lysergic acid diethylamide (BOL, a potent inhibitor of 
5-HT action in many systems") in a concentration of 10 
moles/l. prevents the stimulatory action of 5-HT and of the 
diuretic hormone, whether it be extracted from the meso- 
thoracic ganglionic mass of the insect or added in the form 
of haemolymph from a rapidly excreting insect!*, In 
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Rhodnius, also, the diuretic hormone survives treatment 
with alkaline chymotrypsin, and so does 5-HT. 

Several lines of evidence, however, show that 5-HT is not 
the diuretic hormone, and also that the diuretic hormones 
of Rhodnius and Carausius are not the same. For example, 
the tubules of Carausius are stimulated to secrete by 
the Carausius hormone and by 5-HT, but not by the Rhod- 
nius hormone. The diuretic hormone found in Carausius, 
however, does stimulate the tubules of Rhodnius, In 
Carausius, BOL does not prevent the effect of the hormone 
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Fig. 1. The secretory response of Malpighian tubules of Rhodnius (a) 
and Carausius (b) isolated in Ringer solution to which was added doses 
of diuretic hormone (DH) or of 5-hydroxytryptamine (5-HT). For 
Rhodnius, the doses used were 0-9 mesothoracic ganglionic masses/100 ul 
for the diuretic hormone and, for 5-HT, 8x10- moles/l; and for 
Carausius, 2-0 pairs of corpora cardiaca/100 gl. for the diuretic hormone 
and, for 5-HT, 10 moles/I. Each curve represents the average response 
of at least six insects. 
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Fig. 2. The effect on the trans-wall potential difference in isolated 

cannulated Malpighian tubules of Rhodnius when either diuretic hormone 

or 5-HT was added to the bathing solution. The tubules were isolated 

into and perfused with identical Ringer solutions. The potential differ- 

ence is expressed as the potential of the lumen of the tubule relative fo a 
reference electrode in the bathing solution. 


on the tubules, although it stops the stimulatory action of 
5-HT. Furthermore, the diuretic activity of homogenized. 
mesothoracic ganglia of Rhodnius decays rapidly at alka- 
line pH, being reduced to a very low level after 2 h at 
37° C and pH 8. This effect may be a consequence of 
enzyme action because heating the extracts to 100° C 
before incubation ensures the survival of the hormone. It 
is significant that small amounts of 5-HT incubated with 
homogenized ganglia at pH 8 and 37° C are unaffected, 
judged by their subsequent ability to stimulate Mal- 
pighian tubules. Clearly the conditions which lead to 
the destruction of the diuretic hormone of Rhednius do 
not affect 5-HT. Thus although 5-HT and the two diuretic 
hormones all stimulate secretion by Malpighian tubules 
and share some properties, they are three different 
substances. 

As a step towards the identification of the hormones, 
several compounds related to 5-HT have been tested for 
diuretic activity. Ofthese, only bufotenine (NN-dimethy!- 
5-hydroxytryptamine), N-acetyl serotonin and melatonin 
(N-acetyl-5-methoxytryptamine) were active. The thres- 
hold for bufotenine was of the order of 5 x 10-7 moles/I. for 
Rhodnius and 10-? moles/l. for Carausius; for N-acetyl 
serotonin, 5x 10-5 moles/l. for Rhodnius; and for melato- 
nin, 10-4 moles/l. for Rhodnius. Tubules of Carausius are 
insensitive to N-acetyl serotonin and melatonin. Trypt- 
amine, 5-hydroxytryptophan, adrenaline, 3-hydroxytyr- 
amine and 3-hydroxykynurenine had no effect on the 
tubules of either insect. 
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Development of Transplanted 
imaginal Disks in X-irradiated 
Housefly Pupae 


TRANSPLANTATION and parabiotic experiments have shown 
that, in irradiated embryos of vertebrates, direct damage 
to organ rudiments is primarily responsible for develop- 
mental abnormalities!4, Although the irradiated environ- 
ment per se does not adversely influence the development 
of normal organ transplants, it does seem to enhance the 
damage in irradiated organ primordia*®:*. We have carried 
out similar experiments in housefly pupae and observed 
that normal imaginal disks transplanted in irradiated 
pupae developed poorly. Besides, the epidermis of the 
irradiated host inhibited the development of transplants 
when they were in contact with each other. 

Experiments were carried out to answer, first, whether 
transplantation of the disks immediately after irradiation 
into non-irradiated hosts of the same age would reduce 
the effects of radiation damage; and, second, whether the 
irradiated host environment has any influence on the 
development of non-irradiated transplants. No attempt 
was made to evaluate the cumulative effect of direct and 
indirect damage because the conditions in this experiment. 
did not permit it. 

Methods of collection of housefly pupae (Musca domes- 
tca nebulo) and whole and partial X-irradiation have 
already been described’. Pupae (the term is used in a 
general sense to denote the entire period from the time of 
puparium formation to the time of eclosion of the adult) 
less than 1 h after puparium formation were exposed to 
2,000 rad (air dose) of X-rays from a Siemens stabilipan 
unit operated at 250 kVp, 15 mA tube current, with a 
2 min aluminium filter at a dose rate of 400 rad/min. The 
transplantation of the imaginal disks was carried out 
within 1-2 h after irradiation. Techniques for “deep” 
and “surface” transplantation will be described elsewhere. 
The state of development of the transplants was examined 
on day 5 when the host development was complete and 
flies were beginning to emerge. The results reported here 
are based on leg disk transplants as judged by the state 
of differentiation of the cuticular structures. 

Of fifty normal pupae receiving transplants of irradiated 
imaginal leg disks, forty-three survived the operation and 
completed development. In twenty-eight of the survivors 
the transplants were located within the host. They were 
only partially differentiated, like the legs developing in 
siu in the irradiated controls. Obviously the irradiated 
disks did not benefit by this transposition into the non- 
irradiated environment, thereby indicating that direct 
damage to the organ rudiments is solely responsible for 
the abnormal development of the disks. 

When, however, non-irradiated disks were transplanted 
into irradiated hosts, none of the transplants in the forty- 
six surviving hosts (out of fifty) developed. In most cases, 
disks had disintegrated within the host, becoming almost. 
indistinguishable from the mass of unhistolysed fat body 
cells. This clearly demonstrates the detrimental influence 
of the irradiated environment on the differentiation 
of the transplanted organ rudiments. In contrast, Piatt 
et alt observed that in Amblystoma the irradiated 
environment does not affect non-irradiated tissues but 
only enhances the damage in irradiated tissues. At 
present, we have no explanation for the very different 
behaviour of the irradiated insect system. 

In another series of experiments, various regions of the 
pupae were shielded at the time of irradiation and leg 
disks from non-irradiated pupae were transplanted into 
these hosts. Surprisingly, in all these cases the trans- 
planted disks differentiated normally irrespective of the 
region shielded in the hosts. It seems that some factors 
either in the haemolymph or in the fat body, which are 
normally required for the development of the transplant, 
are totally destroyed by whole body irradiation. While 
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Fig. 1. Normal leg transplant on the abdomen of whole body irradiated 


host. Dose, 2 krad. 


these observations highlight the significance of indirect 
effects of radiation on developing tissues, the mechanism 
leading to the differential response is still a matter of 
conjecture. 

The existence of a different type of indirect effect of 
radiation was observed when we tried surface trans- 
plantation of the imaginal disks. In a surface transplant 
the disk establishes contact with the host epidermis, 
becomes everted and differentiates into a well formed 
leg (our work, in preparation). Normal disks transplanted 
on the epidermis of whole body irradiated hosts failed to 
differentiate although they were fully everted (Fig. 1). 
On the other hand, irradiated disks transplanted on non- 
irradiated hosts developed only to the same extent as in 
the legs of the donor pupae. Thus their behaviour re- 
sembles that of “deep” transplants described earlier. But 
when non-irradiated disks were transplanted on the 
abdominal epidermis of partially irradiated hosts, their 





Fig. 2. Normal leg transplant on the abdomen of partially irradiated 


shielding the abdomen) host. Dose, 5 krad. 
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development was influenced by the state of the host 
epidermis. When the anterior six segments of the host 
were shielded the abdominal epidermis failed to differen- 
tiate and likewise the transplants were undifferentiated 
although everted; when either segments 7-9 or 10-13 
of the hosts were shielded, the abdominal epidermis dif- 
ferentiated normally and correspondingly the transplants 
also everted and developed normally (Fig. 2). Thus it is 
obvious that, in surface transplants, development of the 
disks is profoundly altered by contact with irradiated host 
epidermis. The nature of this inhibitory effect, apparently 
transmitted through cell contact, is under investigation. 
This is probably the first report of indirect damage from 
radiation mediated through cell contact in a multicellular 
system. 

Indirect damage from radiation to growing organs in 
vertebrates is believed to be to a large extent the result 
of impaired food intake by the animal®. In our experi- 
ments this question does not arise because the pupa is a 
non-feeding stage during which the adult organ rudiments 
grow and differentiate at the expense of reserves carried 
over from the larva. The uncommon severity of indirect 
effects of radiation observed in the development of the 
transplants in contrast to the total absence of similar 
effects on the organ rudiments growing in situ in the 
irradiated hosts may be an expression of the unique 
conditions induced in the transplants. 

Thus the experiments reported here reveal the presence 
of two distinet types of indirect effects of radiation which 
influence the development of transplanted organ rudi- 
ments: one which is manifested in whole body irradiated 
pupae, and the other which is localized in the irradiated 
epidermal cells and is transmitted through cell contact. 

We thank Dr K. Sundaram and Mr C. Adeesan (BARC) 
and Professors G. Fraenkel and H. S. Ducoff of the Uni- 
versity of THinois for helpful discussions. 
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Self-protective Activity of Colostral 

IgA against Tryptic Digestion 

ALTHOUGH the amount of IgA in serum is small compared 
with the amount of IgG, IgA is predominant in secretory 
fluids such as colostrum, saliva, nasal fluid and tears!-3. 
IgA from the colostrum and saliva‘ has a higher sedi- 
mentation constant (118) than serum IgA (78), and 11S 
colostral IgA has additional antigenic determinants with 
specificities which are not present in serum IgA. In 
addition to the heavy (a) and light chains present in the 
molecule of serum IgA, colostral IgA has another protein 
component—the transport piece’. 

Immune globulin in colostrum accounts for the im- 
munity to certain infections acquired by newborn mam- 
mals after suckling*; after hydrolysis in the gut, proteins 
in the form of amino-acids are thought to be absorbed, but 
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there is no experimental evidence for this. We have 
therefore studied the problem as follows. Colostrum was 
collected after delivery from primiparous women, and 
colostral IgA was purified by gel filtration with ‘Sephadex 
G-22’ and DEAE-cellulose chromatography according to 
the method of Cebra and Robins’, Antitryptic activity 
was measured in two ways. First, the inhibitory capacity 
of whole colostrum against trypsin was performed as 
described by Faarvang® using urea-denatured bovine 
haemoglobin solution as substrate. Fifty ul. of a 0-2 per 
cent solution of crude trypsin (Difco Laboratories Inc., 
Detroit, Michigan) was warmed at 25° C for 20 min in a 
water bath. One hundred and fifty ul. of fresh whole 
colostrum, prewarmed to 25° C, or 150 ul. of human serum 
was added to the prewarmed enzyme solution. Two 
minutes later 0-5 ml. of 22 per cent urea-denatured bovine 
haemoglobin solution and 100 ul. of 0-1 M phosphate 
buffer pH 8-0 were added, and the mixture was incubated 
for 20 min at 25° C. The undigested protein was then 
precipitated by 2-5 ml. of 0-3 M trichloroacetic acid. 
After the mixture had been centrifuged or filtered, 50 pl. 
of the supernatant was used for the Folin-Ciocalteu 
reaction. Trichloroacetic acid was added to the blank 
before addition of the haemoglobin solution, and the 
absorbance was read at 700 mmicrons with a Beekman 
DU-2 spectrophotometer. 

The second method which we followed was as described 
by Kueppers and Bearn’. One part of 0-1 per cent bovine 
fibrinogen in 0-1 M phosphate buffer, pH 8-0, was mixed 
with ten parts of 2 per cent hot agar (80°--90° C) in 0-1 M 
phosphate buffer, pH 8-0. On mixing the fibrinogen with 
hot agar the mixture immediately turned cloudy and it 
was poured onto a glass slide which was kept in a moist 
chamber for 1 h. A longitudinal strip of agar, 3 mm wide, 
was then cut out to make a trough, and near the trough 
two wells, 0-4 mm in diameter, were punched out of the 
agar. The trough was filled with 0-2 per cent crude trypsin 
solution in 0-1 M phosphate buffer, pH 8-0. One hundred 
microlitres of fresh human colostrum or isolated colostral 
IgA or fresh human serum were introduced side by side 
into the wells and the slide was left overnight at 40° C in a 
moist chamber. After washing the slide with 0-15 M 
NaCl to remove the digested fibrinogen peptides. it was 
stained with amido black 10B. 

Using haemoglobin as substrate, colostrum—unlike 
serum—-did not show any antitryptic activity (Table 1). 
When, however, either colostrum or colostral IgA was 
tested using the fibrinogen-agar-gel slide technique, it 
showed antitryptic activity similar to that shown by 
serum (Fig. 1). 


Table 1. ANTITRYPYIC ACTIVITY TEST FOR COLOSTRUM AND SERUM 
Substrate t 
Colostrum (denatured Buffer Colostrum Trypsin 
or serum haemoglobin (al) or serum (02%) Absorbance 

solution) (ml.) (ul.) (uy 

A 1 0-5 100 150 50 0:363 

2 0-388 

3 0465 

4 0-386 

B 1 05 100 150 50 0-386 

2 0-561 

3 0:418 

C 1 0-5 100 150 50 0445 

2 0-425 

3 0-393 

Serum 1 5 100 450 50 0-044 

2 0-028 

3 0-067 

4 0-030 

Control 05 250 = 50 0-588 


ALB and C indicate the colostrum of three women collected every 5 h. 
The sera of four individuals were tested simultaneously ag reference material. 
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Fig, 1. Antitryptic activity test of isolated human colostral IgA and 
human serum by the fibrino: agar-gel slide technique. The trough 
was tilled with 0-2 per cent crude trypsin solution. The left well was 
filled with 100 al, of colostral IgA solution (18 mg/ml.) and the right well 
was filled with 100 4. of human serum as control, The antitryptic 
activity is represented by the undigested dark stained round edge 
around the wells. The same result was obtained when whole colostrum 
was tested (not illustrated), 





The discrepancy between the two results can be ex- 
plained as follows. Serum antitrypsin acts directly on the 
trypsin molecule, thus protecting every kind of protein 
molecule from tryptic digestion, Colostral IgA, on the 
other hand, has only self-protecting activity against 
trypsin. Thus when haemoglobin was used as substrate 
(method 1) there was no antitryptic activity, whereas 
in the fibrinogen-agar-gel slide techniques (method 2) 
antitryptic activity was evident because colostral IgA 
which cannot be digested by trypsin diffused through the 
fibrinogen-agar medium. From the theoretical point of 
view also, colostral antibody should not interfere with the 











digestion of other nutritionally Important proteins in the 
milk and it should have only self-protective action for 





absorption. 

The presence of antitrypsin in colostrum was thought to 
aid passive alimentary immunity by delaying the hydroly- 
sis of antibody®. Chamberlain et al, however, failed to 
show the absorption of gamma globulin intact in piglets 
after experimental addition of antitrypsin. {t may be 
then that passive immunity is aided only by the anti- 
tryptic activity of specific, intrinsic colostral IgA. 

At the present time we do not know whether the whole 
intact IgA molecule or only that part which retains the 
antibody activity is protected from tryptic digestion. 
Serum IgA and colostral IgA differ in the presence of the 
so-called transport piece in the colostral IgA molecule. 
We have demonstrated the presence of the additional 
protein component in the colostral IgA by gel filtration of 
reduced and alkylated colostral IgA, so it seems reasonable 
to assume that one possible function of the transport piece 
is to protect the molecule or the part of the molecule 
which has the antibody activity from proteolytic enzymes 
in the gut. Direet demonstration of the antitryptic 
activity of the transport piece should. however, be under- 
taken to prove this hypothesis. 
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Interaction between Clostridium 
botulinum Type E Toxin and DDT in 
White Mice 


Type E botulism has been implicated as the cause of 
mortality of waterbirds on Lake Michigan and the toxin 
produced by Clostridium botulinum type E has been found 
in carcasses of dead fish taken from the laket. DDT and 
its metabolic residues are also present in both the Lake 
Michigan waterbirds and the species of fish in which the 
type È botulinal toxin was found’*, The objectives of 
this study were to test the possibility that there may be 
an interaction between the two materials, both of which 
are neurotoxins®§, 

The type E botulinal toxin used in this experiment was 
produced in pure culture as I have deseribed!. The 
experimental design consisted of a replicated four by 
five factoral experiment in which DDT (p,p isomer, 
100 per cent) dissolved in corn oil was injected into mice 
22 h before injection of dilutions of the botulinal toxin, 
Each experimental point comprised five male and five 
female Swiss-Webster white mice (300 mice total per 
experiment) although eight mice were eliminated from 
the test because of leakage of injected material. Control 
mice received injections of corn oil or gelatine-phosphate 
buffer diluent. AH injeetions were made intraperitoneally 
and were of 0-2 ml. each. The mice weighed between 
13 and 18 g and the sets, which were homogeneous with 
respect to weight. were observed for 6 days. 

Mice affected by the experimental treatments included 
those which died and those having typical DDT tremors 
at the end of the test period. Male and female mice 
reacted similarly. Only the highest level of toxin alone 
had an effect and all affeeted mice died within 24 h 
(Table 1). A two-way analysis of variance’ indicated that 
DDT treatments alone affected all mice similarly (F = 1-18) 
and, at the 97-5 per cent significance level, an interaction 
occurred between DDT and botulinal toxin (f= 2-30). 
Mice that received DDT began exhibiting tremors at 8 h 
with most affected mice trembling at 24 to 36 h. Tremors 
appeared throughout the test period and mice that 
trembled died within 24 h of onset. ‘There was no correla- 
tion between onset of tremors and treatment levels, except 
for the 1:40 dilution of toxin with which affected mice 
died in less than 24h. A comparison of the DDT control 
group with the 1: 300 dilution of toxin and a | : 300 
dilution treated with specific antiserum indicated that the 
toxin and not some other material in the culture caused 
the interaction with DDT. 

















Table 1. NUMBER OF MICE AFF EP BY THE INJECTION OF DDT AND TYPE E 


BOTULINAL TOXIN 











DDT Toxin dilutions Gelatine-PO, 
Gmeinouse) 1:50 1:100 1:450 1:200 1: 300 buffer 
Oil only gji 010 0/10 0/10 0/10 0/10 
5/10 0/10 0/10 0/10 0/10 010 
50 10110 4/10 1/10 0/10 0/10 
8/10 6/10 8/10 1/10 0/10 
T5 9/9 8/10 4/10 1/10 0/10 
9/10 9/10 5/10 2/9 0/10 
100 10/10 8/10 10/10 TAO 10/10 
9/10 #9 9/10 5/10 0/9 
150 10/10 10/10 10/10 8/10 H10 
10/10 10/10 10/10 910 3/10 


The numerator indicates the affected animals and the denominator indicates 
total mice for each experimental injection. Results are given independently 
for the replicated experiment. 


The slope of the DDT—botulinal toxin interaction can be 
illustrated (Fig. 1) by computing an E Dy, (ref. 8) for those 
mice affected at each level of the two materials. The slopes, 
which are not independent of each other, are virtually 
identical and show that as the level of toxin decreases it 
takes a greater amount of DDT to affect mice. It thus 
follows that the lower levels of botulinal toxin are “‘pro- 
tecting” mice from DDT. 

A possible explanation of the interaction lies with the 
modes of action of the two materials. The nervous system 
of animals poisoned with DDT responds to a single 
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Fig 1 Points at which ak cent of the mice become affected when 
injected with levels of D. O) and O, botulinum type B toxin (A). 


stimulus with a train of high-frequency mmpulses, resulting 
in tremors’. Symptoms of DDT poisoning have been 
correlated to its concentration m the central nervous 
system’. Botulmal toxin prevents the release of acetyl- 
choline at cholinergically activated nerve synapses, thus 
preventing propagation of impulses’. The toxin may also 
affect the cholinergic mhibitory neurones of the spinal 
cord (Renshaw cells)!%11_ Thus if the higher levels of 
toxin used in this expermment inhibit the Renshaw cells, 
the impulses caused by DDT would be transmitted more 
freely through the central nervous system. Although toxin 
would also cause some inhibition at myoneural junctions, 
this would be a subclinical effect and the DDT would 
elicit a response greater than normal. Normal mhibition 
of DDT impulses would mcrease at lower levels of toxin 
and, because some subclinical effects would be present at 
the myoneural synapses, the toxin would provide ‘“‘pro- 
tection” from DDT tremors. 

Recognizing the caution necessary in extrapolating 
from laboratory data to natural animal populations, 1t 
does not appear that this study has any ecological signi- 
ficance for the Lake Michigan waterbird mortalities. Low 
levels of botulnal toxm may protect some individual 
birds from DDT, but large numbers of birds are unlikely 
to obtain the precise quantities of the two materials that 
this experiment mdicates are necessary for an antagonism. 

This work was supported by a predoctoral research 
fellowship from the Michigan Department of Conservation. 
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Chemical Genetics of Nonacosan-!5-one 
and Related Compounds in 
Brassica oleracea 


Ox the basis of tracer feeding experments with Brassica 
oleracea, Kolattukudy, Jaeger and Robinson! have sug- 
gested that the probable biosynthetic route for the 
formation of C} compounds is by chain elongation from 
palmitate, with subsequent decarboxylation of a Cy) acid. 
The symmetrical ketone, C,,H,,COC,,H,;, and the corre- 
sponding secondary alcohol were said to be formed by a 
specific oxidation of a preformed chain of saturated 
carbon atoms. This is essentially the second of two 
mechanisms put forward by Chibnall and co-workers*, 
the first of which involved condensation of two molecules 
of pentadecanoie acid to give a symmetrical ketone. 

One of us‘ has carried out @ survey of the chemistry of 
four mutant lines (gl,-gl,) of Brassica in comparison with 
their normal counterparts. As reported for gi, (ref. 5) 
all the mutants are dark green and produce 50-70 per cent 
of the wax present in normal glaucous lines. The four 
mutant lines include mutations at at least two different 
loci. 

Two drfferences from normal waxes are apparent in all 
four mutant lines, having very different genetic back- 
grounds. C,, compounds, including paraffin, ketone and 
secondary alcohol, were reduced drastically. Also in all 
normal forms pentadecanoic acid was a significant com- 
ponent of the free acid fraction of the wax, whereas in 
the mutant forms this Cı, component was difficult to 
detect. Fig. 1 illustrates this for the mutant gl, and its 
normal counterpart, similar results bemg obtained in the 
other lines. 
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These observations raise again the possibility that 
pentadecanoate might be mvolved in some way with the 
introduction. of a functional group in Oy, ketones. Direct 
condensation of pentadecanoate in the way shown for 
corynomycolic acid (and possibly palmitone)* 1s still a 
possibility. Alternatively, an intermediate of a-oxidation 
might be involved as a substrate for elongation reactions’ +. 
The present biochemical evidence! is against both these 
explanations for the origin of the functional group in 
Brassica ketone. The genetic evidence, however, empha- 
aizes & close biogenetic relation between the C,, compounds 
of Brassica. If the functional group is mdeed always 
inserted after the completion of elongation 1t is somewhat 
difficult to see the function of such a reaction. 

During study of waxes from mutant Brassica, long cham 
aldehydes, which during thin layer chromatography in 
benzene run just behind the ketone, have been discovered. 
These have been reported from other plants™:*, but not 
before in Brassica oleracea, though the unknown compound 
noted by Kolattukudy* 1s probably aldehyde. 

A further observation has been made relevant to recent 
discussion of branched chain (iso and ante-iso) fatty acid 
synthesis. The acids in the esters of the wax are largely 
branched iso or ante-iso acids. In the acids free in the 
wax, there is a much smaller proportion of branched 
acids. These facts explain the apparently disproportionate 
incorporation of isobutyrate and isoleucine-1-1C into 
the wax esters, recently reported in Brassica’. Not only 
is this tissue capable of elongation from branched starter- 
pieces, but apparently preferentially esterıfies the resultant 
products into wax esters. 

Identification of all compounds has been by a combina- 
tion of column chromatography, thin layer chromato- 
graphy, infrared spectra and gas chromatography. 
Aldehydes were further characterized by their reaction 
with Schiff’s reagent. 

M. Maocry 
H. N. BARBER 


School of Botany, 

University of New South Wales, 
New South Wales 2033, 
Austraha. 
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Potentiation by an Antagonist 


Ir drugs b and c are competitive antagonists of drug a, 
then it would seem self evident that the addition of c 
to a system in which b was already present would increase 
the degree of block. But where the receptors are exposed 
to the agonist for only a short time there is another possi- 
bility. Ifthe first antagonist dissociates from the receptors 
slowly, and the second rapidly, the additional presence of 
the second antagonist may increase the number of recep- 
tors effectively available to the agonist. If, for simplicity, 
it is supposed that equilibrium between receptors and 
both the agonist and the “fast” antagonist is instantaneous 
and that the dissociation rate of the “slow” antagonist is 
go small that no dissociation occurs during the period of 
exposure to the agonist, then it is easily shown that the 
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action of the fast antagonist can be described by the 
relation ; 

Yoo _ — ix (1) 

w  (1—-XY¥)(1—XZ) 

where yY»: is the fraction of receptors occupied by the 
agonist in the presence of both slow (b) and fast (c) antagon- 
ists, y» the fraction occupied by the agonist in the presence 
of only b, X is the fraction of receptors which would have 
been occupied by c, Y by the agonist and Z by b at equili- 
brium if each of the substances had been present alone. 
Evidently, if yo./y» 18 greater than 1, the addition of the 
fast antagonist will be expected to increase the response 
to a standard dose of agonist. Fig. 1 shows how yve/Yy»b 
varies with X and Z for two different values of Y. For 
the larger value of Y the paradoxical effect is observed 
for a range of values of X and Z; for the smaller value 
of Y, only additional block 1s seen. In general, yoe/Yyo 
cannot be greater than lif Y+ Z<1. 


Yee “Ty 


26} Z=09 
Yo 





z=09 





oap 
oaf- y=08 ¥n01 
z201 
0 
0 02 O04 08 08 ` O 02 04 06 oe, 
A B 
Fig. 1. In each graph the ordinate yic/ys 1s the ratlo of receptors 
by agonist in the presence of both ra 


z ana slowly dissociating antag- 
onists to those occupied by the agonist in the ce of only slow 
antagonist. X, Y and Z represent tho on of tors oceupied 
‘in the absence of any other drug) by the fast an agonian 
slow antagonist respectively. Each is given by 2 OKL + KO), where K 
and O are the affinity constant and the concentration of the 
drug. For assumptions, seo text. (A) Variation of yse/ys with X for 
different values of Z when Y =0 9; (B) variation when F=0-1. 


The conditions used in the derivation of equation (1) 
are not necessary for the effect. With appropriate con- 
centrations, the half dissociation time for the slow anta- 
gonist need be only twenty times that for the fast antagon- 
ist, t, as long as the exposure time to the agonist is at 
least 47. 

The paradoxical effect has been demonstrated in experi- 
ments on the guinea-pig ileum with benzilyltropine 
methiodide as the slow antagonist, pentyltriethyl am- 
monium iodide as the fast antagonist and hexyltri- 
methyl] ammonium iodide as the agonist. In Fig. 2, alter- 
nate contractions throughout (H) were obtained with a 
constant dose of the hexyltrimethyl ammonium in the 
presence of a constant concentration of benzilyltropine 
methiodide. From F, pentyltriethyl ammonium was 
also present ın constant concentration. It can be seen 
that the presence of the second antagonist allowed an 
increase in the size of the response. The other contrac- 
tions (P) were caused by pentyltrimethyl ammonium 
iodide and these were reduced in the presence of the second 
antagonist (note that two different pentyl ammonium 
iodides have been referred to : pentyltriethyl, an antagonist, 
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Fig. 2. Isotonio contractions of guinea-pig ileum bathed in Tyrode 

solution at 87° O, in response to two different agonists in the presence of 

first one, and then two, antagonists, H, 44x10“ M hexyltrimethyl 

ammontum iodide and P, 6x 10“ M pentyltrimethyl ammonium 10di 

each for 15s, The interval between contractions ıs 908. The horizontal 

bar B denotes 2x 10-1° M benzilyltropine methiodide, and the bar F, 
2x10~ M pentyltmethyl ammonium iodide. 


and pentyltrimethyl, an agonist). The effects correspond 
to the two sections of Fig. 1. Hexyltrimethyl ammonium 
has a low efficacy? and occupied a large proportion of the 
available receptors (Y=0-9, Fig. 14) while pentyltrmethyl 
ammonium has a high efficacy and occupied a small 
proportion (Y <0-1, Fig. 18). The antagonist concentra- 
tions were such that Z was about 0-9 (uppermost curves) 
and X about 0:85. 

The prediction and demonstration of this paradoxical 
effect provide strong support for a considerable body of 
receptor theory’, The effect is also interesting ın con- 
nexion with pharmacological blockade of the action of 
transmitters at neuroeffector junctions. The transmitter 
persists for only a short time after each nerve impulse; 
if, therefore, the amount of transmutter released 1s sufficient 
to occupy a large proportion of the available receptors, it 
might be possible to obtain the paradoxical reversal of 
blockade with a suitable fast antagonist. Indeed, it is 
possible that the effect underlies reversals already 
observed. 

We thank Dr R. B. Barlow for the substances used in 
these tests. 


R. P. STEPHENSON 
B. L. GINSBORG 
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Does Cycloheximide inhibit Protein 
Synthesis specifically in 
Plant Tissues ? 


Ir is of terest to determine which metabolic changes ın 
plants are linked directly to protein synthesis. Efforts 
have recently been made to demonstrate that protein 
synthesis is directly implicated in the ripening of pears?; 
the development of a malate decarboxylation system’, 
a lipid synthesizing system? and ethylene biosyntheais‘ ın 
apple peel; the induction of isocitritase in germinating 
peanut‘, nitrate reductase in radish cotyledons* and 
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cauliflower leaf”, and phenylalanine ammonia-lyase? and 
fatty acid synthetase’ in potato disks; gibberellio acid- 
promoted invertase activity in Avena internodes!” and 
a-amylase and ribonuclease activity in barley aleurone!'; 
and, finally, cell elongation??, cell enlargement and cell 
wall extensibility™ in a variety of tissues. 

In these and other studies the involvement of protein 
synthesis has been deduced, inter alia, from inhibition by 
cycloheximide. The value of any mhibitor in identafying 
metabolic pathways depends on itsspecrficity, and although 
it 18 assumed in studies with higher plants that cyclo- 
heximide specifically hibits protem synthesis, this has 
not been demonstrated unequivocally with higher plant 
tissue. Our studies on the lack of specificity of chloram- 
phenicol ın higher plant systems'*-!7 were therefore 
extended to oyclohexumde. The experiments now 
reported suggest that it can disrupt cellular metabolism ın 
ways other than by inhibiting protein synthesis. 

When beet storage tissue disks are aged in aqueous 
media, major developmental processes are initiated at the 
ribosomal level1*.1*, Given aseptic conditions, the system 
is an attractive one for studying the relation between 
enzyme synthesis and cellular metabolism. Much of 
the research mentioned here utilizes this approach, 
inhibitors being added to the incubation media to 
establish the dependence of as particular metabolic 
development on protein synthesis. I. R. M., Bacon, 
Vaughan and R. J. E.1* showed that puromycin will 
inhibit the development of respiration, invertase synthesis 
and ion uptake capacity ın beet disks although, when these 
processes are allowed to develop normally, the inhibitor 
has no effect on their subsequent activity. This is con- 
sistent with the view that puromycin specifically mhibits 
protem synthesis. Cycloheximide also mhibits the develop- 
ment of these processes in ageing disks, but, unlike puro- 
mycin, it affects respiration and ion uptake in respect of 
their activity as well as their development. Fig. 1 shows 
that cycloheximide, like 2,4-dinitrophenol, stimulates 
oxygen uptake by beet disks, but it differs from dimitro- 
phenol in being about ten times as effective on a molar 
basis. On the other hand, Cl- uptake by aged beet disks is 
severely inhibited in the presence of1 pg/ml. cycloheximide. 


#0 03 absorbod/10 dishs/h 





60 120 ` 
Min 


Fig. 1. Disks of red beet 10 mm in diameter and 1:0 mm thick ware aged 
aseptically’ for 4 days. The 
manometrically at 25° 0. min, pt dinitrophenol or 
beximide was added to give a final concentration of 50 DNP or 3- 
OH (1 agjml.). Readings were taken e 
Tate plotted as O, uptake per h. 


792 


Table 1. HFFROT OF 1 zG/{L. OYOLOHEXSINIDE ON OXYGEN UPTAKE AND 
CHLORIDE UPTAKH OF VARIOUS TISSUES 


Percentage of control 

‘Tissue O, uptake* Ol- uptake t 
Beet root disks 254 24 
Carrot root disks 158 65 
Potato tuber disks 118 36 
Wheat roots 105 59 
Pea radicles 98 27 


* Warburg manometry at 25° C. Comparison made 60 min after addition 
of inhibitor. ty P, : 


t **Ol uptake followed from 10 mM **KCl, pH 5 5, with and without cyclo- 
heximide over 6 h at 25° 0. 


Cycloheximide displays a marked specificity in toxicity 
for closely related organisms*. We have found that 
effects on one type of plant tissue are not reproduced on 
others. Table 1 shows that while oxygen uptake is quite 
markedly stimulated in aged beet and carrot disks, it is 
less so in potato disks; pea roots and wheat roots are 
scarcely affected. Cl- uptake 1s, however, mhibited in 
every tissue. 

These results emphasize the danger of assuming that an 
inhibitory effect of cycloheximide on any particular system 
18 evidence of its immediate dependence on protein syn- 
thesis. It has been established that cycloheximide will 
inhibit tn vitro protein synthesis by ribosomal preparations 
from yeast*! and mammalian cells”? but not from bacteria’. 
In the few instances in which ıt has been tested on ammo- 
acid incorporation by higher plant ribosomes, cyclo- 
heximide has been found sometimes to have no effect on 
active ribosomes*™ but to be inhibitory in another™. 
Thus there 1s insufficient evidence to support the assump- 
tion that it mhıbıts protein synthesis at the ribosomal 
level in plant tissues generally. 

Stimulation of oxygen uptake by metabolic mhibitors 
1g not uncommon", but it does not seem to have been 
reported previously for cycloheximide. Although cyclo- 
heximide is without effect on the respiration of some 
tissues 1b cannot be assumed that it does not therefore 
interfere with energy transfer. Ion uptake by barley 
roots is markedly inhibited by concentrations of DNP 
which have no effect on oxygen uptake*’. Beet disks 
similarly respond to chloramphenicol'*. Confidence m the 
specificity of a given inhibitor can be justifled only after 
it has been tested on a variety of systems ın the tissue 
under investigation, and to extrapolate from an effect on a 
particulate fraction from mammalian cells to an in vivo 
effect on higher plants introduces too wide a credibility 
gap. In our view cycloheximide cannot be used with 
plant tissues generally as a specific inhibitor of protein 
synthesis; in those cases where protein synthesis is 
inhibited by cycloheximide ıt must be demonstrated that 
this is not due to interference with energy transfer. 

I. R. MacDonatp 
Department of Plant Physiology, 
Macaulay Institute for Soil Research, 
Aberdeen. 
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Department of Biochemistry, 
Marischal College, 
University of Aberdeen. 
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Identification of Sugars as their 
Trifluoroacetyl Polyol Derivatives 


IDENTIFIOATION and characterization of mixtures of sugars 
by gas-liquid chromatography (GLC) have posed consider- 
able difficulty since the advent of the technique’. The 
principal problems have been: (a) the isomerism of the 
sugars, giving several peaks for each sugar, and (b) the 
lack of sugar derivatives with sufficient volatility and 
stability to avoid overlong retention times and degrada- 
tion during chromatographic separation. 

This report describes a method which successfully solves 
these problems. In essence, ıt involves the sodium 
borohydride reduction of the sugar or sugar mixture to the 
corresponding polyol(s) and GLC of the trifluoroacetyl 
(TFA) derivative. By this method, it 1s possible rapidly 
and completely to separate virtually all of the polyols 
which are produced by the reduction of simple sugars. 

The most successful methods of identifying sugars by 
GLC! have involved the separation of the trimethylsilyl 
(TMS) derivatives of the sugars or of the corresponding 
polyol acetates. Each smple sugar, however, produces 
at least two anomeric TMS derivatives and a mixture of 
aldohexoses has not been resolved‘. 

Sodium borohydride reduction of sugars’ gives polyols 
each of which should produce only a single peak in GLC. 
When separation of polyols as the TMS derivatives was 
attempted in a variety of ways, several of the peaks could 
not be resolved*:*. Much better results have been ob- 
tained with the acetate esters of the polyols using a variety 
of liquid phases*-*, A single separation, however, required 
more than 1l h, arabitol was not adequately separated 
from adonitol’, and the last peaks from the column were 
quite broad. 

I do not know of any reports on the separation of 
the TFA derivatives of sugar polyols. Trifluoroacetic 
anhydride (TFAA) has been used previously to form 
derivatives of hydroxy and amino compounds. With bile 
acids, the derivatives usually have a considerably reduced 
retention tıme’. The TFA derivatives of amino-acid esters 
are sufficiently volatile to be well separated’*. There are 
two articles concerning the GLC of TFA derivatives of 
sugars!!:13, Individual sugars showed anomeric peaks as 
in the case of TMS derivatives. 

I began my investigation with an attempt to separate 
a@ mixture of 20 mg each of ethylene glycol, glycerol, 
arabitol, xylitol, adonitol, sorbitol, mannitol and dulcitol. 
On, addition of 2 ml. TFAA containing a trace of pyridine, 
and after heatmg the mixture overnight at 35° C, the 
polyols dissolved completely. The resulting solution was 
chromatographed directly on a number of different 
support coated open tubular columns (provided by Dr 
G. E. Pollock). The best separation was obtained with a 
50 feet x 0-02 inch column of #'S-1265 (Perkin-Elmer Co.), 
a trifluoropropyl methyl polysiloxane!*, shown in Fig. 1. 
The isothermal separation was accomplished ın less than 
seven minutes at 160° C. 

After demonstrating the feasibility of the method, the 
retention times of the individual components of the 
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ae Gen Dalat cane TFA glyo on a B0 feet sapport costed 


bular column (F S-1285 160° O, attenuation 100 x. 


muxture and of a number of other polyols were determmed 
(Table 1). Arabitol was used as a reference. In most cases, 
the polyol was used as such, and was also prepared from 
the corresponding aldose by NaBH, reduction’. After 
addition of 0-1 N HCl to pH 3 and removal of borate as 
the methyl derivative, TFAA-pyridine was added. The 
residual sodium chloride did not appear to interfere with 
the reaction with TFAA nor the subsequent GLC. 


Table 1. RETHNTION VALUES FOR TFA POLYOLS* 


140° O 150° © 160° C 170° 0 
Ethylene glycol 0 016 0 059 0 072 0 084 
Glycerol 019 0-21 0 23 027 
Erythritol 0 46 0-50 052 0-54 
Threitol 059 0-62 0 68 
Adonitol (ribitol) 0 08 0 98 0 93 0 92 

(10-0 min) (4:05 min) (8:22 min) (1-97 min)t 

Arabitol (lyxitol) 1:00 100 100 100 
Xyhtol 1:09 107 1 06 106 
Mannitol 158 147 148 187 
Talitol (altritol) 1-62 164 147 142 
Iditol 1-62 1 64 1:47 1-42 
Sorbitol (glucitol) 1-75 1-50 1 54 147 
Dulcitol (galactatol) 188 174 1-68 1:59 
Allitol 199 182 1-77 1:70 
D-6-Galactose (fucose) 0 80 0 82 0 84 0-86 
D-2-Glucose 2 26 217 2 09 201 
D-6-Alannose (rhamnose) 0 68 071 0 78 075 
D-2-Ribose 1 22 125 127 127 


~ Conditions for the separation are described in the text. 
t Retention time relative to solvent front. 


I used a model 800 Perkin-Elmer chromatograph 
attached to a Leeds and Northrup Speedomax Ọ recorder 
and with helium as the carrier gas (4 ml./mm, bubble 
meter), sample volume 0-1-1:0 ul. (No. 6 splitter), mlet 
temperature 215° C, flame ionization detector at 220° O 
and the column temperature in the range 140°-190° C. 
Preli scans of individual compounds and mixtures 
could be performed conveniently at 180° C, but the best 
combination of speed of separation and resolution was 
about 160° C. 

The reaction of TFAA alone with individual polyols 
containing up to four hydroxyl groups was rapid and 
exothermic. With xylitol, arabitol and dulcitol, the 
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reaction was slower and required 5-10 min at room 
temperature before the compounds dissolved. With the 
hexitols, at least 2 h heating at 35° O was required before 
the polyol dissolved and extraneous peaks appeared in the 
GLC spectrum. Addition of sulphuric acid, sodium 
hydromde or zine chlonde did not appear to have any 
effect, but 5-0 ul./ml. of pyridme definitely enhanced the 
rate of reaction and eliminated the extraneous peaks. 
Larger amounts of pyridme were avoided because they 
gave an undesired broad peak m the chromatograms 
with a retention time similar to the pentitols. 

Reduction of aldoses almost invariably led to the forma- 
tion of more than one polyol. The relatively small amounts 
of by-products could usually be identified by their reten- 
tion tımes as closely related epimers of the expected. pro- 
duct. This was not unexpected because, for example, 
variable amounts of mannitol are obtamed from the 
reduction of glucose depending on the conditions*. When 
ketoses were reduced with NaBH, and the TFA deriva- 
tives subjected to GLC, both the expected polyols were 
obtained although not always ın equal amounts, and they 
were accompanied by small amounts of additional 
epmmers. The relative distribution of various products 
formed by the reduction of aldoses and ketoses will be the 
subject of a later communication. 

The order of elution of the TFA pentitols from the FS- 
1265 column was the same as that observed by other 
investigators with acetate derivatives. This was not the 
case with the hexitols, but, as has been pointed out 
previously’, there is no complete relationship between 
retention tıme and structure, and the order of the appear- 
ance of the peaks is very dependent on the liquid phase 
used for the separation. 

A number of other types of compounds can also be 
separated as their TFA derivatives without reduction. 
Anhydrosugars produce sharp peaks with relatively short 
retention times, as does gluconolactone. This latter 
compound, however, is converted into æ non-volatile 
compound after a few days in TFAA solution. Free 
pentoses and some of the hexoses are quite stable in TFAA 
solution for periods up to several weeks and give rise to & 
complex spectrum the components of which have not yet 
been identified. In the case of glucose, there are six peaks 
the relative mtenstty of which changes over a period of 
time. These studies will also be continued. 

I thank Dr A. Furst, Institute of Chemical Biology, 
San Francisco, for the suggestion that the TFA derivatives 
of sugars might offer advantages for GLC. 
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Sustained Oscillations in a 
Lactoperoxidase, NADPH and 
O, System 


PERIODIO phenomena are common im biology, and the 
nature of the oscillator which drives them is of great 
interest. Recently clear oscillations at the level of 
enzymatic reactions have been reported in the glycolytic 
system! , Damped oscillations have also been found 
in the horse-radish peroxidase systems which oxidize 
reduced pyridine nucleotide and indoleacetate or di- 
hydroxyfumarate’. The peroxidase system oscillated 
between ferriperoxidase and compound III (possibly 
ferriperoxidase-O,- complex) ın the same oscillatory 
cycle of oxygen consumption. The conditions which 
gave stable oscillations were rather limited and the 
oscillation ceased after several cycles even when the reac- 
tion was started from an optimal condition. Acd pH 
favoured oscillations. 

Our recent interest has been to construct an oscillatory 
reaction at neutral pH in the peroxidase system. Lacto- 
peroxidase was found to catalyse the oxygen-consuming 
oxidation of reduced pyridine nucleotides. Like horse- 
radish peroxidase, lactoperoxidase was converted into 
compound IIE in the presence of oxygen and reduced 
poe nucleotide. Unlike horse-radish peroxidase, 

owever, lactoperoxidase compound III, did not rapidly 
decompose into ferriperoxidase when the oxygen concen- 
tration fell below a certain limit. The rapid decom- 
position of compound III seemed to be essential for 
stable oscillations in the peroxidase reaction and might 
be the reason why typical oscillations could not 
be observed in the simple lactoperoxidase system. 

Methylene blue was found to promote the decomposition 
of compound III. Phenols such as 2,4-dichlorophenol 
were necessary for the peroxidase-oxidase system to 
maintain high activity, especially at neutral pH. As 
shown in Fig. 1, when glucose-6-phosphate dehydrogenase 
was added to the solution containing lactoperoxidase, 
2,4-dichlorophenol, glucose-6-phosphate, NADP and oxy- 
gen, lactoperoxidase was gradually converted into com- 
pound III with concomitant uptake of oxygen. The rate 
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of oxygen consumption became very steep when about 
30 per cent of the peroxidase had been converted. In 
these conditions, however, the reaction reached the steady 
state after an overshoot ın the compound IM concentra- 
tion, and oxidation continued rapidly, as shown by the low 
level of steady state concentration of the oxygen. During 
that tume about 54 per cent of the enzyme remained in the 
form of compound IT. 

Very rapid decomposition of the compound started 
immediately after a trace amount of methylene blue was 
added to the steady state. The oxygen-consuming oxda- 
tion was completely inhibited and oxygen began to accum- 
ulate in the reaction solution. The increase in oxygen 
concentration was followed by the conversion of lacto- 
peroxidase into compound III. When about 30 per cent 
of lactoperoxidase was transformed a rapid consumption 
of the oxygen started again, and was followed by a decrease 
in oxygen concentration and the decomposition of com- 
pound DOI. These sequential reactions made up one 
oscillation cycle. The oscallations were very stable in 
these conditions and repeated more than fifty times before 
the level of reduced pyridine nucleotide became insuffici- 
ent. The lowering of this level is caused mostly by a 
drift of redox equilibrium and it 1s mevitable in these 
conditions. 

The analysis of the elementary reactions involved here 
has not been completed, and the detailed mechanism is 
now under mvestigation. 
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Resonance Constants and the Activities 
of Indolealkylamines on Stomach Muscle 


Inpoims in nature display an extraordinary variety of 
biological actions'. We describe here a correlation 
between the resonance constants of a series of indoleakyl- 
amines and their potency in causing contraction of 
stomach. 

The potencies of 5-substituted tryptamines and 5- 
substituted a-methyltryptamines in causing contraction. 
of isolated stomach strip decrease in the order: hydroxy, 
methoxy, chloro, methyl and hydrogen’. This order 
correlated linearly with the resonance contribution? of the 
substituents to the indole ring, biological activity increas- 
ing with decreasing resonance constant (Fig. 1). Neither 
partition coefficient (measured between 1l-octanol and 
0-1 N phosphate, pH 7:0) nor the pK, of the primary 
amino-group correlated with activity (Table 1). The 
resonance constant reflects the effect of the substituent on 
charge distribution in the z-electron system‘ and the 
high negative value of the activity constant implies that 
high electron density at the active site may be associated 
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Table 1. PARTITION OORFFIOUENT, pKa’ AND THE RESULTS OF HUOKEL 
CGALCULATIONS® FOR SOME 5-SUBSTITUTED TRYPTAMINES 


Substit- Partition O-4 0-6 En of highest 
uent at coefft- pK. -lectron H-electron cccupisd molecular 
5-poaltion clent density density orbital (8 units) 

Hydroxy 00171 10-1 1:09 107 0-461 
Methoxy 0-0266 10-3 1-09 1:07 0-458 
Chloro 0-8044 105 1-01 1-08 0-479 
Methyl 02016 10:2 1:04 1:04 0-474 
Hydrogen 000468 102 102 108 0 470 


with biological activity. Which atomic site or mtes are 
mvolved in the activity ıs not revealed by these calcula- 
tions. It 1s almost certainly not the rmg-nitrogen because 
isosteres lacking this atom (tor example, mdenes and 
benzothiophenes) ars active on the same stomach receptors 
as the mdoles*. Methylation of the 2-position reduced 
activity but did not abolish it’, so this position cannot be 
ruled out as a site of interaction. It may be relevant 
that the two compounds with greatest activity showed 
low-energy coefficients of the highest occupied molecular 
orbital (Table 1). This is often associated with the 
capacity of compounds to form charge-transfer complexes, 
which could favour activity’. 

This correlation between biological activity and reson- 
ance constants may be pertinent to receptor theory. 
According to one theory’, the potency of a substance is a 
function of both its intrinsic activity and its affinity to 
the receptor. These two derived parameters may vary 
independently both of each other and of potency. For 
instance, with stomach muscle the order of affinities 18 
5-methoxytryptamine, 5-hydroxytryptamme and trypt- 
amine, while the order of intrmsic activity 1s 6-methoxy- 
tryptamine, tryptamine, and 6-hydroxytryptamme®*. 
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The correlation shown in Fig. 1 involves one parameter, 
potency. In the system 


E: 
[D]+[R] = [PR], 
EK- 


where [D] is the drug concentration, [F] is the receptor 
concentration and [DR] ıs the concentration of the 
complex, the correlation seen in Fig. 1 suggests that the 
equilibrium constants Keq=K,/K-,, lke potency, are 
increasing with decreasing resonance constants. 

Fig. 1 shows that electronic rather than steric factors 
determine the relative activities of these compounds, 
and ıt also has a predictive value. Calculations of untested 
compounds with known substituent constants? suggest 
that 5-aminoindolealkylamines would have greater activity 
than the 5-hydroxy derivatives if only (or chiefly) a 
resonance effect is reflected in this substitution, greater 
even than serotonin, the most potent compound tested. 
The 5-phenoxy and 5-isopropoxy derivatives should also 
interact with the receptor to a greater extent than the 
5-hydroxy derivative or even the 5-amino derivative; the 
bulk of the phenoxy and isopropoxy groups could make 
these derivatives antagonists or partial agonists rather 
than pure agonists, as is often seen m studies of congeneric 
series’, 
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Coacervation of Solubilized Elastin 
effects a Notable Conformational 
Change 


WHEN fibrous elastin 1s rendered water soluble by partial 
hydrolysis the product, «-elastin, undergoes a temperature 
elicited coacervation which 1s readily reversible''*. Below 
room temperature «-elastin is soluble in dilute aqueous 
buffers ın the region of 1ts isoelectric pomt. On raising 
the temperature to 37° C a phase separation or coacerva- 
tion occurs. In this communication we wish briefly to 
report that the circular dichroism pattern of soluble 
elastin most nearly resembles that of disordered proteins 
and polypeptides whereas the circular dichroism pattern 
of the coacervate (a mucilaginous precipitate) is character- 
istic of those obtained for the highly helical proteins and 
polypeptides. A calculation based on model polypeptides 
and myoglobin and on corrections for dampenmg of CD 
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patterns due to absorption flattening and dispersion 
distortions? implies an approximate 50 per cent «-helical 
content for the protein in the coacervate. 

The results of this work confirm and extend the recent 
observations of Mammi, Gotte and Pezzin‘, who examined 
the circular dichroism of «-elastin in water—ethanol 
mixtures and report a continuous increase in the «-helix 
content as the ethanol concentration of the solvent is 
increased. 

Soluble « and £6 proteins from ligamentum nuchae 
elastin were prepared by the method of Partridge et al.}. 
The «-elastin (molecular weight about 70,000) was separa- 
ted from the § protein (molecular weight about 6,000) by 
chromatography on ‘Sephadex G-100’. Circular dichroism 
studies which were performed on both the « protein and 
the a- mixture gave similar results. The circular 
dichroism and absorption measurements were carried out 
on a Cary model 6001 attachment to the Cary model 60 
spectropolarimeter and on the Cary model 14 spectro- 
photometer, respectively. Coacervation was achieved in a 
0-01 M sodium acetate solution at pH 5. A coacervate 
film was prepared on the surface of a fused silica window 
by placing the window near the bottom of a beaker 
containing approximately 0-1 mg/ml. of protein. The 
beaker was covered and kept at 37° C for 6 or 18 h, during 
which period a fine, relatively uniform film formed on the 
window. The weight of protem constituting the co- 
acervate film was determined by the method of Lowry 
et al.*. The accuracy of the Lowry method was determined 
by total nitrogen analysis on larger samples using the 
Coleman model 29 nitrogen analyser. 

Molecularly dispersed elastin exhibite a negative band 
near 200 nm which 1s typical (in both position and order 
of magnitude) of disordered or denatured proteins (Fig. 1). 
The longer wavelength band rather than bemg positive is, 
however, atypically negative. A plausible explanation of 
the curve is found in the calculations based on the concept 
of partial molar rotatory powers*’. The position and 
magnitude of the band near 200 nm imply a low order of 
correlation between peptide moieties. The negative band 
near 220 nm could result from a favoured positioning of 
the amino-acid R group m a positive quadrant. This is 
the relationship of an R group to ıts peptide ın the a-helix. 
In more specific terms! the angle @ could be random and 
the angle } could be less random; that is, favouring the 
positive quadrant for the R group. Such a conformation 
would be favourably poised to undergo a change to an 
a-helical structure. The ordered copolymers of (tri-ala- 
gly),n and (di-ala-gly), at elevated temperatures exhibit a 
CD pattern similar to that of the molecularly dispersed 
elastin. On lowering the temperature the copolymers 
exhibit the «-helix type CD pattern. 

On coacervation the solubilized elastin undergoes a 
conformational change as seen by the film CD curve m 
Fig. 1 with two negative bands near 224 nm and 208 nm 
and a positive band near 193 nm. This CD pattern is 
similar to that of the «-helix, but it is distorted in a manner 
comparable with the curves obtained for particulate 
systems containing «-helical polypeptides (D. W. U. and 
T. H. Ji, in preparation). The initial negative band and 
the positive band are shifted to longer wavelengths and 
the curves, in general, are of reduced amplitude. It has 
been shown that such distortions arise from the absorption 
flattening of Duysens and from light scattering’. Equa- 
tions have been derived for calculating the distortions 
and thereby making the appropriate corrections. When 
these corrections are applied to the elastin coacervate 
film the dotted curve in Fig. 1 is obtained. The corrected 
curves are very typical of those measured for known 
-helical protems and polypeptides®*1°, Using the 
standard calculations one approximates an a-helical 
content of approximately 50 per cent using either the 
initial negative band or the positive band. Similar values 
for both bands give support to the validity of the correc- 
tions. While caloulation of helical contents is dubious 
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when such values are low, there is sufficient evidence that 
characteristic «-helical CD curves of high ellipticity 
correctly reflect the protein conformation. Thus we can 
see from this communication that on coacervation the 
elastin preparation goes from a conformation of relative 
disorder to one of considerable order and one in which it is 
reasonable to expect that approximately half of the pro- 
tein may be in the «-helical conformation. 
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Kinetic Analysis of Plasma Radioactivity 
after Oral Ingestion of Radiocalcium 


Tx absorption of calcium from the gastro-intestinal tract 
is one of the chief regulators of calcium metabolism and 
is known to be disturbed in a variety of clinical disorders. 
Despite its importance, however, no rapid, accurate pro- 
cedure is available for its measurement, which normally 
requires the estimation of dietary and faecal calcium over 
a period of weeks. Several workers have therefore sought 
to establish an isotopic procedure which would enable 
calcium absorption to be calculated from the plasma 
radioactivity’ or residual faecal activity* following an 
oral dose of radioactive calcium. It has been found, 
however, that although plasma radioactivity is inversely 
related to faecal recovery, it is not, by itself, a reliable 
measure of calcrum absorption®4. This is not surprismg 
in view of the fact that the concentration of tracer at any 
given time after administration must be determined not 
only by the rate of its absorption into plasma, but also 
by the rate of ita removal, and some workers have used 
double isotope techniques to overcome this difficulty®. 

In seeking to improve the diagnostic value and physio- 
logical meanmg of plasma radioactivity measurements 
after an oral dose of radiocalcium, we postulate that both 
the absorption and removal processes can be described by 
simple exponential functions’ and we have shown that 
diagnostic precision can be improved, particularly in 
malabsorption states, by a simple approximation which 
takes these two processes into account’. We now present 
a development of this model and a more accurate mathe- 
matical expression which permits the calculation of the 
rate of caluaum absorption without the necessity for 
faecal collection. 

The model is shown mn Fig. 1. Labelled calcrum is 
assumed to be absorbed from the small intestine at a rate 
æ, proportional to the residual concentration. (The 
alternative assumption—that a constant amount of 
calcium 18 absorbed per unit time—has been tested and 
found not to fit the observed data.) The labelled calcium 
mixes with the calcium in the plasma and extracellular 
fluid (A) from which it is removed into bone and excreted 
into the urine and faeces. In the first few hours, most of 
this removal (probably about 95 per cent) occurs into 
bone by exchange processes which can, be expressed as a 
power function*, but for ease of calculation they can be 
approximated to a double exponential over a strictly 
limited period. We have termed the fractional rate of 
radioactive calcium entry into bone by this process 8 and 
the return rate y. 

The mathematical solution of this model has the form 

je oh ee ai 

T= Bty-a° * pry Ery ae O + BEY 
where f is the fraction of the dose circulating in the plasma 
and extracellular fluid (activıty/l. x 15 per cent of body- 
weight) at any time ¢ after the dose. 

This expression has been fitted to the mean plasma 
activity values reported by Avioli eż al.* in subjects with 
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. 1. Suggested model for the calculation of absorption of radio- 
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Fig. 2. Curves calculated from the mean data of Avioli et al." in hyper- 
absorbers, normals and malabsorbers. 


known high, normal and low calcium absorption. The 
calculated curves are plotted with the data points in 
Fig. 2. The excellent agreement between the data and 
the theoretical curves suggests that our model is an 
adequate one. Individual a, 8 and y values have also 
been calculated for all the date, and the means in the 
three groups are shown in Table 1. The mean normal « 
(rate of absorption) 1s 0-62 h-1 and the corresponding values 
for the high and low absorbers are 1:05 and 0-28 re- 
spectively. The mean § (removal into bone) and y 
(return from bone) values do not differ between the three 
groups except that the y value is low in malabsorption. 
This indicates that the exchangeable calcium pool in the 
bone is much larger in these cases than in the normals 
and high absorbers and suggests that some of these 
patients may be developing or have developed osteo- 
malacia, in which condition pool size and turnover are 
known to be high’. 


Table 1. XEAN a, $ AND y VALUES 


OALOULATED FROM THR INDIVIDUAL 
DATA OF AVIOLI et aj.* 


Group ah Bb? yn- 
Low absorbers 0 23 +007 2-12 +0 40 0 08 + 0 08 
Normal 0 62+0 20 2-51+0 72 0814015 
High absorbers 1-05 + 0-40 19510 75 0-30+0-19 


We suggest that this form of caloulation will probably 
permit fairly accurate measurement of calcium absorption 
rates at low carrier levels from simple analysis of plasma 
radioactivity curves, and that it may be applicable to the 
absorption of substances other than calcium. 
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Synthesis of Digestive Enzyme in the 
Fleshfly Sarcophaga bullata stimulated 
by Food 


INGESTION of proteinaceous but not of non-proteinaceous 
foods is followed by an increased level of proteolytic 
enzymes in the midgut of Aedes aegypti? and Leuco- 
phaea maderae?* as well as in other imsect species. Two 
hypotheses have been advanced to explam the mechanism 
by which certain foods cause enzyme synthesis and/or 
release into the gut lumen: (a) certain foods might act as 
secretagogues, that is, chemicals which elicit enzyme 
synthesis in the gut cells with which they come in contact, 
or (b) food intake might trigger the release of hormones 
which in turn stimulate enzyme synthesis. We tested 
these two proposed mechanisms with the fleshfly Sarcophaga. 

In an experimental group of females, the neurosecretory 
cells of the pars intercerebralis were removed with fine 
tungsten needles 4-6 h after emergence. These operated 
females as well as sham and non-operated control animals 
were fed a sucrose solution for the following 2 days and 
then starved for a further 2 days. All the animals were 
then individually offered a chicken liver homogenate of 
known protein concentration ın calibrated capillary 
tubes. The amounts of food mgested could thus be 
accurately determined. Within a permod of 2 h the 
thirty-six controls, which had not been subjected to 
operation, ingested 32:4+2-0 ul. (about 810 pg of 
protein), whereas the twenty-four females, which we 
operated on, took 15:8+ 2-6 ul. (about 370 ug of protem ). 
Some operated and sham operated animals did not eat at 
all withm the 2 h period. It thus became clear that the 
animels with brain surgery ate only about half of the 
amount of liver homogenate compared with normal 
animals kept in otherwise identical conditions. 


Protease activity (optical density) 








250 600 750 


1,000 1,250 1,500 


Amount of protein consumed (ug) 


Fig. 1. Correlation of amount of protein ingested during one meal and 

protease activity in the midgut in normal and sham ted female 

controls (@) and in females whose neurosecretory cells of the pars mter- 
cerebralis had been removed (©) shortly after emergence. 


Five to 8 h after the meal the animals were opened and 
the midgut, without the Malpighian tubules, was homo- 
genized in 0-5 ml. of saline. After centrifugation of the 
homogenate at low speed, a casein—urea substrate was 
incubated with 0-1 ml. of the supernatant solution at 
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37° C and pH 7-5. A blank for each assay consisted of 
bored enzyme solution, substrate and buffer. At the 
end of the 3 h incubation period, the non-digested sub- 
strate was precipitated with 10 per cent trchloracetic 
acid (TCA). In this assay the amount of non-precipitable 
aromatic amino-acids, assayed by the Lowry method’, 
varies linearly with the amount of substrate digested*-4:°, 

The enzyme level ın the midgut of Sarcophaga is 
proportional to the amount of liver juice ingested (Fig. 1) 
in both control and operated animals. No significant 
difference exists between the two groups of animals. In 
both non-operated controls and operated animals digestive 
enzymes are produced in response to and in proportion to 
the amount of proteinaceous food ingested. We therefore 
postulate that in Sarcophaga digestive enzyme synthesis 
is stumulated by secretagogues contained in the food. 
Feeding on a sucrose solution did not cause an elevated 
enzyme level in the midgut. 

Removal of the neurosecretory cells of the pars inter- 
cerebralis from the blowfly Oalliphora erythrocephala was 
reported to be followed by reduced midgut enzyme 
synothesis’*. Food intake, however, was not measured in 
this latter species, and, just as in Sarcophaga and Leuco- 
phaea?*, operated animals may have ingested less than 
the controls. Reduced enzyme levels may thus reflect 
reduced food intake in this species as well. 

In several series of both control and operated animals, 1t 
has been found that even after large amounts of food had 
been ingested enzyme activity was very low. Further 
tests revealed that beef lıver from certain sources but 
not from others contained a powerful enzyme uwhibitor 
but chicken liver never contained an inhibitor. The 
nature of the inhibitor in some beef livers is not known. 
Malpighian tubules contained a weak enzyme mhibitor; 
they were therefore carefully removed from the midgut 
before homogenization and assay. 

In Sarcophaga we have no evidence for neurosecretory 
involvement in digestive enzyme synthesis. Furthermore, 
there is no unequivocal information for any insect species 
that hormones directly control digestive enzyme synthesis; 
there may be, however, indirect involvement of hormones 
in certain cases‘. 
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Book Reviews 


EXPLORER EXTRAORDINARY 


An Account of the Arctic Regions with a History and 
Description of the Northern Whale-Fishery 

By Wilham Scoresby jun. Vol. 1: The Arctic. Pp. xx+ 

551+82 Appendix. Vol. 2: The Whale-Fishery. Pp. 

viu+5744+22 plates. (David and Charles Reprints: 

Newton Abbot, Devon, March 1969. First published 

1820.) 160s, or 1268 if bought before January 1, 1970. 


WHEN An Account of the Arctic Regions was published in 
1820, Wiliam Scoresby was 31 years old and already at 
the height of his success as a captain ın the northern whale- 
fishery, where he had followed his father, the famous 
Wilham Scoresby senior. In 1824, his scientific researches 
won him the fellowship of the Royal Society, and in the 
same year he left the sea, and ın 1825 he was ordained into 
the Church. A concise account of the life and achieve- 
ments of this extraordinary man, sauor, explorer, 
scientist and divime, 1s provided by Sir Alister Hardy ın an 
introduction to this facsumile reprmt. Copies of the 
original edition are scarce and increasingly expensive 
when found, so the publishers of this reprint are to be 
congratulated for making the book available at a reason- 
able price to the wide readership ıt deserves. 

The first volume 1s a pioneer work on oceanography, and 
the second a classic of the whaling life, but to say as much 
does little justice to the contents: Scoresby’s curiosity 
ranges so widely and with such precise observation that 
there is material here, presented in fascinating detail and 
with an easy, lucid style, to interest not only biologists, 
oceanographers and geographers, but also glaciologists 
and meteorologists, students of navigation and naval 
architects, economists and social and legal historians, and 
any lover of the sea drawn to narratives of hardship and 
enterprise in high latitudes. 

The first volume opens with evidence for a north-west 
passage, followed by a history of arctic exploration, with 
an appended chronology from 861 to 1819. After eloquent 
descriptions of Spitzbergen and Jan Mayen, Scoresby dis- 
cusses the colour of the water of the Greenland Sea. He 
shows for the first time that discoloured ice and water are 
caused by plankton (although he does not use this word), 
and explains that the whales he sought were most likely to 
occur in olive green water where production was greatest. 
Later, when he describes and figures some planktonic 
organisms, he clearly explains the principle of food chams; 
and he anticipates ts of modern research by suggest- 
ing that the zooplankton populations keep station ın the 
polar sea by sinking ın the southward surface current to be 
returned by an undercurrent. He has much to say of 
currents in the Greenland Sea, and shows, by use of his 
“marine diver”, the first closmg water bottle, that the 
temperature at depth 1s greater than at the surface. The 
exhaustive description of polar ice includes an account of 
the distribution of pack ice year by year in the Greenland 
Sea and Davis Strait from 1803 to 1818; now that the 
polar chmate 1s generally believed to be changing, it must 
be valuable to compare these early records with recent 
observations ın the area. The meteorological section, 
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supported in the appendix by extensive tabulations of 
winds and air temperatures and pressures, mcludes a 
description. of snow crystals illustrated by four beautiful 
plates figuring ninety-six different forms. 

The northern whale-fishery hunted the arctic mght 
whale, Balaena mysticetus, and to such purpose that by 
the end of the nmeteenth century ıt was reduced to the 
verge of extinction. Scoresby’s section on arctic zoology 
is therefore particularly valuable because it includes the 
best account we have of the natural history of this magni- 
ficent beast, “generally called The Whale, by way of 
eminence”. Johan T. Ruud wrote in 1940 that he was led 
to his method of using baleen plates for determining the 
age of whalebone whales by Scoresby’s observation ‘In 
some whales, a curious hollow on one side, and ridge on 
the other, occurs ın many of the central blades of whale- 
bone, at regular intervals of 6 or 7 inches. May not this 
irregularity, lıke the rings in the horns of the ox, which 
they resemble, afford an intimation of the age of the 
whale ?”’. In this section, also, there are valuable de- 
scriptions of the narwhal and the polar bear. The latter 
was abundant in Scoresby’s time, and he emphasizes the 
greed of both the polar bear and the fulmar for the 
flensed and discarded carcasses of whales. James Fisher 
and R. M. Lockley have (dependently) suggested that 
the great spread of the fulmar arose from this source of 
food between the seventeenth and nimeteenth centuries, 
and, especially, from the refuse of trawlers ın modern 
times; so ıt may be that the present scarcity of polar 
bears is partly the result of the end of the Greenland ice 
whaling, because the trawlers do not fish at the ice edge 
where the bears forage. 

The second volume begins with a chronological history of 
whalng an the Atlantic and Arctic. Scoresby thought 
that the mediaeval Basque fishery, the cradle of European 
whaling, hunted some kind of fin whale (“Balaena 
rostrata”, probably the mmke whale). He was only 
acquainted with the black nght whale (Balaena glacialis, 
australis etc.) by reports from southern seas, and ıt was 
not until 1861 that Eschricht and Reimhbardt argued con- 
vineingly that this was the whale hunted by the Basques, 
although the truth will probably never be known. The 
great Dutch, English and German fishery for the arctic 
right whale in the bays of Spitzbergen began to decline m 
1630-40, and by the eighteenth century had become 
pelagic, at the ice edge, as ın Scoresby’s tıme. Surpnsingly 
for so shrewd & man, he nowhere suggests that the decline 
may have been caused by overfishing, but proposes, lıke 
some apologists for excesses in modern whaling, that the 
whales took fright and moved from their favourite haunts. 
Scoresby’s account of the nineteenth century northern 
whale-fishery is the most comprehensive we have. As may 
be expected, there are descriptions of boats, instruments, 
methods of capture, flensing, “making off”, the rendering 
of blubber at home ports, and the products of whaling: 
but there are also sections on strengthening a Greenland 
ship against ice; fishing ın various kinds of ice and in bad 
weather; how to be a successful whaler; the written laws 
of the Dutch and the unwritten laws of the English on 
assistance to ships in distress and on ‘“‘fast-fish’’ and 
“loose fish”; expenses and profits; and the comparative 
economics of Greenland and Davis Strait fishing, and of 
lighting by the new coal gas and by whale oil gas. 

Describing the passage home from the ice between 
Jan Mayen and Spitzbergen, Scoresby introduces his 
magnetical researches. We learn that most whale ships 
carried neither chronometers nor means for a lunar 
observation to fix a longitude. So they sailed SW by the 
compass, and then ın 61°N would often judge from 
soundings and the bottom sample on the lead whether 
they were nearer the Norwegian or the Shetland shore. 
Reducing the compass error was therefore of great 
importance, and this matter continued to occupy Scoresby 
long after he left the sea. In 1856, the year before he 
died, he sailed to Australia ın an iron slip to test his 
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conclusions, and obtained important results for the 
correction of compasses. 

A narrative of high adventure concludes the book, 
describing how in 1816 his command, the Esk, was hove 
down at the ice edge to repair a broken keel. It is typical 
of Scoresby that, no sooner on board again, he could so 
far detach himself as to make some ingenious calculations 
showing that the men had pumped 15,690 tons of water 
from the ship during those nine fearful days. 

ROBERT CLARKE 


AN AMERICAN BRUNEL 


Charles Ellet, Jr 

The Engineer as Individualist, 1810-1862. By Gene D. 
Lewis. Pp. viii+220. (University of Ilinois Press: 
Urbana and London, April 1969.) 71s 6d. 


ONLY a very few people in England will have heard of the 
subject of this biography and even in his own country 
the name of this pioneer civil engineer 1s comparatively 
little known. Yet m 1857 a contemporary of Charles 
Ellet called him the “American Brunel” and it is true 
that remarkable parallels may be drawn between these 
two highly individualistic engineers who were almost 
exact contemporaries (I. K. Brunel lived from 1806 to 
1859). It is in this and in the contrasting conditions that 
the two men had to meet in their two countries that the 
chief interest of this book lies for English readers. 

In the early nineteenth century, though English 
engineers excelled in practice, France led the world in 
engineering theory and mstruction. Both men benefited 
from French influence and example. Brunel completed 
his education in Paris while the young Ellet, with no 
paternal aid, determined to visit Europe ın 1830 where he 
attended lectures at the celebrated Ecole des Ponta et 
Chaussées. 

Both men were remarkable for their versatility and 
tireless energy. Moreover, both men insisted on complete 
responsibility for every task they undertook and would 
brook no interference from either management or Govern- 
ment. This uncompromising attitude characterized the 
great pioneer English engmeers of the eighteenth century, 
but in the rapidly evolving nineteenth century engineering 
world a new type of engineer was emerging. This was the 
salaried professional, expert in a narrow field and willing 
to work as a team with other experts under administrative 
control. Consequently the individualsam of Brunel and 
Ellet encountered @ growing antagonism which was 
exacerbated by their own self-confident arrogance. The 
fact that they so often proved to be right did not help to 
mend matters. 

Ellet emerges from this book as the less attractive 
character because, unlike Brunel, he seems to have been 
without the saving grace of a sense of humour. He also 
seems to have lacked Brunel’s origmality of mind and the 
tenacity with which the latter saw his projects through to 
a conclusion despite all opposition. Thus, although 
Ellet was responsible for introducing to America the long- 
span cable suspension bridge and was engineer of a number 
of important canal and railway construction projects, 
having done the pioneer work he withdrew from them as a 
result of disputes, leaving them to be completed by others. 
Here, however, the comparison may be unfair to Ellet for, 
as Professor Lewis points out, political and social condi- 
tions ın pre-Civil War America, unlike those prevailing 
after that war, were unpropitious for large-scale engineer- 
ing projects. In England, the situation was precisely the 
opposite. 

Charles Ellet lost his life in the Civil War as a result of a 
wound received when captaining a steam ram of his own 
design in a naval action on the Mississippi. Perhaps the 
most remarkable example of his genius and foresight was 
his report on the causes of flooding on the Mississippi and 
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Ohio rivers in which he recommended as a remedy the 
construction of reservoirs near the headwaters to hold 
back the water at time of flood. It fell on deaf ears. 
Many years later the Tennessee Valley Authority would 
demonstrate the validity of his proposals. 

We should be grateful to Professor Lewis for his 
diligence in i from obscurity this thought- 
provoking life story of a great American engineer. 

L. T. C. Rott 


RUMFORD ON HEAT 


Collected Works of Count Rumford 

Edited by Sanborn C. Brown. Vol. 1: The Nature of 
Heat. Pp. x+507. (Belknap Press of Harvard Univer- 
sity Press: Cambridge, Mass.; Oxford University Press: 
London, March 1969.) 9658. 


THE great creative periods in the history of science abound 
ım personalities whose activity, besides contributing to the 
discovery of tumeless features of the world’s fabric, reveals 
the specific preoccupations of their time, which inspired 
and oriented their endeavours. They either belong to a 
class of society striving for economic and political power, 
or are associated with such a class in a menial position, 
and more or less consciously regard science as a remark- 
ably efficient instrument in the service of their particular 
interests, which they more or less candidly identify with 
those of mankind. As typical examples one thinks of the 
Italian mathematicians and engineers of the sxteenth 
and seventeenth centuries, numbering such colourful 
individuals as Tartaglha, Cardano or Galileo; or of the 
circle of virtuosi assembled in the Royal Society in New- 
ton’s time, among whom Newton himself, Hooke, Flam- 
steed, Halley stand before us not only as the protagonists 
of a new way of looking at nature, but as men with their 
all too human passions and ambitions. No period, how- 
ever, 1s richer in this respect than that which corresponds 
to the initial phase of the industrial revolution among the 
tradesmen of the British kingdom (including the American 
territories) in the late eighteenth and beginning nineteenth 
centuries; and m the array of extraordinary characters 
who have left their mark m the expansion of the field of 
chemistry and physics that accompanied the expansion of 
industry, Rumford appears, not perhaps as the greatest, 
but certainly as the most picturesque. 

Indeed, were it not for his investigations on the nature 
of heat, he would rather pass for one of those restless, 
egotistic inventors, always on the lookout for new practical 
problems on which to exercise their fertile imagination, 
and busily advocating schemes of improvement and 
reform; as such, he must be credited for the energy and 
generosity he displayed in the various employments of 
his adventurous career. Among his somewhat dilettantish 
and repetitive writings, a number of papers bearing on the 
nature of heat stand out as masterly examples of the 
happiest combination of experimental work and theoretical 
induction; the experiments on the production of heat by 
friction, from which he concluded the kinetic nature of 
heat, have gained the supreme consecration of figuring 
for ever in every elementary textbook; the others, though 
less famous, form an mmposing body of entirely origmal 
research, and have not played a lesser historical role in 
putting on a firm empirical basis the main properties and 
modes of propagation of heat. 

The only collected edition of Rumford’s papers so far 
available was the one published in four volumes between 
1870 and 1875 by the American Academy of Arts and 
Sciences ın Boston. Whatever its undeniable merits, it 
was far from satisfactory, and ıt is therefore gratifying 
that the new issue, the first volume of which is the object 
of this review, is not & simple reprint of the origmal, but 
entails a thorough-going rearrangement of the material, 
as well as amendments and additions wherever needed. 
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Thus, the contents of this first volume correspond to about 
half of the contents of each of the first and second volumes 
of the old edition, with the addition of a paper which had 
been altogether omitted from the previous edition. In 
this way, all the papers of a purely scientific character 
dealing with the subject of heat are conveniently brought 
together in one volume. 

The new edition will comprise five volumes; its prepara- 
tion ıs entrusted to Sanborn C. Brown, a well-known 
authority on Rumford. In the first volume, his mterven- 
tion 1s not outwardly conspicuous, limited as it ıs to a 
modest preface and concise, but very accurate, biblio- 
graphical notes at the end; but ıt actually pervades the 
whole undertaking most decisively by the way ın which 
the material is distributed among the various volumes. 
Judging from the summary printed on the jacket, this 
distribution has been made with great skill. The follow- 
ing volumes will be devoted to the numerous writings of a 
practical nature, grouped under the followmg headings: 
practical applications of heat, devices and techniques, 
hght and armament, public stitutions. The new edition 
will thus form a well-ordered collection of documents 
interesting both by themselves and by the hght they throw 
on the social relataons of science in one of the most active 
periods of its development. L. ROSENFELD 


QUANTUM PHYSICS 


Introduction to the Principles of Quantum Mechanics 
By 8. Sımons. Pp. vi+116. (Logos Press, ın association 
with Elek Books: London, 1968.) 42s boards; 258 paper. 


Dr Srmons has written an mtroductory textbook on 
quantum mechanics which is certamly concise. Internal 
evidence and the careful arrangement of the mathematical 
material suggest that it ıs amed at undergraduate 
students in mathematacs. In other words, we have here 
another text which sets out to tame quantum mechanics 
into a branch of apphed mathematics. If that ıs the 
author’s aim, he certainly deserves well of his readers. 
The title of the book ıs perhaps inappropriate: it 18 not 
the principles of quantum mechanics to which the reader 
18 troduced, but rather its elementary mathematical 
apparatus. To mention just one principle which 18 not 
so much as alluded to, one might refer to the superpoal- 
tion principle, and even the uncertamty principle is never 
applied to a concrete, physical situation. 

Indeed, there is a paucity of physical results, but then 
one cannot expect very much in 115 pages. The mathe- 
matical framework is carefully established, with an empha- 
818 on wave mechanical methods. In a chapter with the 
title “Quantum Mechanics of Many-Particle Systems” 
one expected the exclusion principle, perhaps second 
quantization, whereas one finds an introduction to the 
general operator calculus. A non-hermitian version of the 
operator f, p makes a brief appearance on one occasion. 
Eventually, spin, identical particles and stationary per- 
turbation theory, with good worked examples, round off 
the book. 

There will undoubtedly be a large class of readers to 
whom this book renders great service. If one compares 
this book to Max Born’s classical Atomic Physics, to which 
the preface explicitly refers for the physical background, 
or to Mathews’s Introduction to Quantum Mechanics, 
then one is struck by how much of the physical flavour 
will be missed by students who learn quantum mechanics 
in the tradition of applied mathematics. Anyone who 
masters Born’s book, which contains a surprising amount 
of formalism, deep formalism at that, of course, will 
hardly need a text lke the one under review. The 
question really 13 whether quantum mechanics is or should 
become a suitable trainmg ground for the acquisition and 
testing of manipulative mathematical skılls ın the tradi- 
tional manner. The trouble here 1s that all the simple 
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problems and therr variations are terribly boring and and. 
Of course, as soon as high speed digital computation 1s 
added to the armoury, undergraduates can entertam 
worthwhile problems, but this requires specialization in 
some direction beyond the bare fundamentals. On the 
other hand, ıt ıs just the mathematical specialists who 
should be exposed to the physical aspects of the subject 
in the manner of Mathews or Feynmann. If this does 
violence to their feeling for mgour, they will be able to 
turn to an advanced text at a later stage. 

No single answer probably exists to these questions, and 
people will contmue to learn quantum mechanics and 
quantum physics through a variety of approaches, and the 
book under review will play its part m that mrtiation. 

8. ZIENAU 


STUDY OF LIQUIDS 


Physics of Simple Liquids 

Edited by H. N. V. Temperley, J. S. Rowlinson and G. 8. 
Rushbrooks. Pp. x+710. (North-Holland: Amster- 
dam; Interscience (Wiley), 1968.) 252s. 


HISTORICALLY, and perhaps by accident of nature, ıt 
transpires that both gases and erystallne solids have 
proved to be more amenable to theoretical treatment at a 
microscopic level than has the mtermediate lquid state. 
It has long been realized that liquids are extremely compli- 
cated and that advances ın fundamental understanding 
and prediction of physical properties can only develop 
from consideration of those liquids which heve a relatively 
simple molecular structure. For present purposes these 
include the condensed rare gases and those molecules 
which can be considered as approximately spherical either 
because of the arrangement of atoms within the molecule, 
as, for example, in carbon tetrachlomde, or because of 
molecular rotation as m the case of certain diatomic 
molecules. Unfortunately from this pomt of view, the 
majority of experiments conducted on liquids have 
been concerned with the physical properties of relatively 
complex molecules. As a consequence, interpretation of 
results obtamed has in general been in terms of phenomeno- 
logical concepts or models and only rarely has 1t proved 
possible to carry these analyses further to the level of a 
microscopic interpretation. 

Beginning with the pioneering work of Kirkwood and 
his collaborators from 1935 onwards, theoretical workers 
have attempted to develop a microscopic theory of hquids. 
Attention was ın the first place given naturally to equili- 
brium behaviour and extended subsequently to transport 
properties. Approximations made by the Kirkwood- 
Born-Green approach are, however, not reliable at liquid 
densities, but far more reliable numerical data have been: 
obtained from developments based on the equations first 
put forward by Percus and Yevick in 1958. In parallel 
with these analytical approaches has been the application 
of modern computer techniques to the study of molecu- 
lar dynamics through the solution of the equations of 
motion of relatively small assemblies and to the equi- 
librium properties of such assemblies by the Monte Carlo 
method. 

The present state of analytical theory and of machine 
calculations ıs described in the first five chapters of this 
book. The followmg three chapters deal with Bernal 
models, critical phenomena and the use of isotope effects 
ım the study of lquid argon. Hxpermmental methods 
which have proved useful ın the study of srmple liquids 
are described in turn with the emphasis on the nterpreta- 
tion of results obtained together with the relevant theory. 
These contributions melude ultrasonic techniques, X-ray 
diffraction, light scattering and neutron scattering. 
Interspersed appropriately with these chapters are 
theoretical sections on the kinetic theory of transport 
phenomena and on correlation functions. The final two 
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chapters are treatments of 1on—-10n interaction and of 
electron energy levels ın uquid metals. 

All contributors to the text are recognized authorities 
in their field of interest, and particularly valuable to the 
general reader ıs the most useful mtroduction which 
precedes each chapter. The introductory chapter by 
Professor Temperley 1s a most lucid summary and a delight 
to read. 

The book constitutes a landmark in the study of liquids 
because 1t brings together for the first time a comprehen- 
sive account of the various approaches, both theoretical and 
experimental, aimed at elucidating the properties of simple 
liquids. Its publication ıs most timely and the material 18 
admirably collated and presented. The three joint editors 
deserve special praise for their overall planning which 
maintains a logical development even though any single 
chapter forms a study in its own right. 

Anyone concerned with the study of liquids would be 
advised to consult this text and it oan be thoroughly 
recommended as an outstanding collection of related 
theoretical and experimental investigations. The pub- 
lishers have done full justice to the excellence of the articles 
provided, but this is also reflected in the price of the book 
which unfortunately may lımit its distribution. 

JOHN Lams 


CODED EARTH 


Geo-Code 

By Sydney W. Gould. Vol. 1: West Edition. Pp. 
xıu+ 262. (The Gould Fund: Box 1106, New Haven, 
Connecticut, 1968.) n.p. 


Govuty’s Geo-code is an ingenious and compact system 
specially designed for use with data processing machinery 
which could, as Gould claims, be used in museums, con- 
servation, libraries, herbaria, administration and many 
other fields. It 1s a means of defining in four letters areas 
of land and sea ranging in size from continents to counties. 
The units so defined are political and administrative, 
except in the oceans where longitude and latitude are used. 
The code 1s hierarchical; the Earth is divided into sixteen 
areas, each of which 1s further divided into sixteen, and 
so on. These divisions are arranged on a 4x4 grid to 
represent approximately the geographical distribution of 
units. By means of an overlay grid, which can be used 
at any level, these sixteen divisions can be grouped in 
eight different ways, to represent ın one letter, for example, 
the four north-western units. Oceanic islands are related 
to the ocean in which they occur, but can be distinguished 
from the ocean by a single character. By adding a fifth 
character, towns in each area can also be coded. The 
code could be extended mdefinitely to define successively 
smaller areas. 

The coded areas are mostly political units, which are 
surprisingly stable, despite wars and changes in govern- 
ments. In discussing this point, however, Gould is surely 
over-optimistic in ascribing a “reasonable permanency” 
to the counties of Britain: biological records ın Britain 
are bedevilled by successive minor boundary changes in 
the century since recording began on a county basis. Geo- 
code users may ın future face the same choice confronting 
British biologists, between “‘freezing’’ boundaries in their 
original positions or adopting the new boundaries and 
accepting small ambiguities in the record. 

This volume is designed for day to day reference. It 
includes the first and second grids, covering the whole 
Earth, and detailed codes for North and South America. 
All codes are presented ın map and lst form. There is a 
short explanatory introduction and an extensive index. 
Gould had to publish his idea privately and in economizing 
has produced untidy maps. There are minor errors in the 
introduction, such as references to pages which do not 
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exist. There 1s no indication that the code has been 
modified for Florida and Georgia. Nevertheless, the many 
potential users will regard this as a perfectly adequate 
handbook, and European biologists will look forward to 
the second volume covering the Eastern Hemisphere. 
GEORGE PETERKEN 


UBIQUITOUS MACROPHAGES 


Macrophages and Panny 

By D. 8. Nelson. (North-Holland Research Monographs. 
Frontiers of Biology, Vol. 11.) Pp. x1v+335. (North- 
Holland: Amsterdam, 1969.) n.p. 


THERE is now much evidence umplioating the macrophage 
ın various aspects of mmunity, and this volume which 
reviews the participation of macrophages in immunological 
processes will be welcomed by all who share a research 
interest in this subject, and it will also be of value to 
physicians and pathologists seeking a deeper understand- 
ing of basic mechanisms underlying body defence mechan- 
isms and certain disease processes. 

It is now known that the ubiquitous macrophages, 
scattered throughout the body tissues, are normally 
concerned ın the metabolism of iron, fats, cholesterol, 
steroids and proteins, and in haematoclasia and bile pig- 
ment formation. In pathological circumstances they are 
involved in inflammatory and immune processes, the 
phagocytosis and destruction of microorganisms, the 
imactivation of bacterial endotoxins, defence against 
neoplasia, and resistance to traumatic and haemorrhagic 
shock. They have also been mmplicated in the genesis of 
atheroma, amyloid, the lpoidoses, neoplasia and the 
reticuloses. In his introduction, the author states that 
“The purpose of this monograph is to survey our current 
knowledge of macrophages, with particular reference to 
such activities of these cells as are of special interest to an 
immunologist”. He has wisely not attempted to survey 
completely or in detel all the above aspects of macro- 
phage activity, but he is to be congratulated for suc- 
cessfully carrymg out a very thorough review of 
present knowledge regarding macrophage involvement 
m immunity. 

It would appear that present evidence excludes the 
macrophage as a cell capable of producing antibody. 
There is much evidence, however, suggesting that the 
processing of ingested antigen by macrophages is an 
essential step in the induction of the immune response, 
and that immunologically competent (that 18, antibody- 
producing) cells are stimulated to antibody production not 
by intact antigen but by a product, possibly RNA, of 
macrophages which have ingested the antigen. In this 
connexion, the major question which remains unanswered 
1s the means by which macrophages “‘recognize’’ antigens 
as being ‘foreign’? to the host. This is of particular 
interest when considered in relation to the genesis of 
auto-immune diseases. The recognition of “‘foreign- 
ness?” 1s vital for the ingestion of antigenic and non- 
antigenic soluble and insoluble material by macrophages. 
There is little doubt that Nelson’s personal contribution 
to the study of antibody oytophilic for macrophages may 
eventually provide part or all of the answer to this and 
other intriguing problems in immunology. 

While this book presents an up to date account of 
macrophage involvement in all aspects of immunity, 
both specific and non-specific, this does not mean that, 
taken as a whole, it exhibits all the virtues which make it 
easy or pleasurable to read throughout. In many instances, 
communication between author and reader would have 
been umproved by the presentation of less experimental 
detail balanced by a more extensive bibliography. Basic 
facts and conclusions are often obscured by a wealth of 
research findings. The material is, however, presented in 
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a logical manner and the subdivisions of each chapter are 
clearly titled. When used in conjunction with 1ts excellent 
index, this well produced volume provides an mteresting 
and useful source of information for all who seek a better 
understanding of mamunological phenomena, and poses 
many fascinating questions which may stimulate some 
readers to find the answers. B. VERNON-ROBERTS 


MAN AND INSECTS 


Entomological Parasıtology 

The Relations between Entomology and the Medical 
Sciences. By Marcel Leclerog. Translated by G. Lapage. 
(International Series of Monographs m Pure and Applied 
Biology. Division: Modern Trends in Physiological 
Sciences, Vol. 29.) Pp. xvui+158. (Pergamon Prees: 
Oxford, London and New York, March 1969.) 638; 
$8.00. 


Tms book on medical entomology, by a physician of 
standing in Belgium, has attempted with considerable 
success to view the whole field of the subject, yet it retains 
a fresh approach by focusmg predominantly on the per- 
sonal contacts of man with insects and their like. The 
more traditional emphasis on disease pathogens, and their 
vectors, control and prevention, are dealt with m only 
two of the thirteen chapters. Yet much is given for the 
reader to assimilate about disease transmission from 
virus infections, bacterial and rickettsial diseases, malaria, 
trypanosomiasis, leishmaniasis, to the filarial worms and 
some other helmmths. The complexity of vector— 
parasite associations im relation to animal reservoirs of 
human diseases, and imfections of domestic stock, is 
summed in numerous tables, which also indicate geo- 
graphical distmbutions. All this is further amplified by 
cyclical diagrams outlming host—parasite—vector relation- 
ships. Three maps outline the world distribution of 
malaria, yellow fever and tularaemia. Control is discussed 
at some length in terms of insecticides and repellents, 
with comment on other approaches and their prospects, 
more enthusiastically for some than reality would, as 
yet, concede as practical propositions. The bulk of the 
book 18, however, at the personal level. Most of the 
thirteen chapters are about stings, bites, blistermg and 
urtications, allergy and reactions, myiasis, scabies and 
other skin and scalp infestations or uritations, therapeutic 
uses of insects, edible insects, some aspects of domestic 
and occupational contacts between man and arthropods, 
and the use of entomology in law cases. This last theme is 
elaborated round the author’s work on, successive popula- 
tions of different sects and mites frequenting a carcass 
progressively as it decomposes, and application of this to 
assessing the time of death in murder cases makes for more 
gruesome scientific reading than usual. There is a chapter 
on insect dispersal, naturally and by human transport of 
all kinds. None of the pests, vectors, or pathogens are 
illustrated, or described other than by their common 
names or ın elements of zoological classification from tıme 
to tıme. The reader must search elsewhere according to 
his needs and inclinations. The scientist familiar with 
the subject must have reservations about some errors 
of fact he will find, but should appreciate the novelty 
of presentation and respect the extensive bibliography of 
more than 700 full references. There is an index to patho- 
gens and vectors, another to authors. By and large, for 
important topics citations are well into the early 1960s, 
but some have therr source, and relevance, much farther 
back ın time. There ıs likely to be a good deal of fascina- 
tion in this book for the general reader. Even so, neither 
scientist nor lay reader ıs likely to swallow without a 
pinch or two of salt the concluding generalization on 
edible insects that “caterpillars and chrysalids of butter- 
flies are eaten almost everywhere”. D. 8. BERTRAM 
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RESISTANCE TO DISEASE 


Disease Resistance in Plants 
By J. E. van der Plank. Pp. x+206. (Academic Press: 
New York and London, October 1968.) 888 8d. 


AFTER an introduction the definitions and concepts 
used by the author are fully detailed. The term oligogenic 
as an opposite to polygenic ıs proposed. The author 
suggests that the word multigenic should be avoided as 
multi- is Latin and a barbarous invasion of the Greek 
prefixes used in genetics. Resistance ıs characterized 
as vertical or hormontal throughout the book. The 
definitions imply that only ın vertical resistance 1s there 
a differential mteraction between host varieties and races 
of a pathogen. Examples of these interactions are well 
ulustrated. In the same chapter the author proposes 
definitions of the terms aggressive and virulent. Races 
vary in aggressiveness when resistance 18 horizontal and 
in virulence where it ıs vertical. Examples of these 
reactions are fully wlustrated and discussed. 

The progress of disease in relation to resistance in 
the host 1s discussed ın chapter three. The author attempts 
to answer two questions. First, how is resistance translated 
into a useful effect, and second, how does resistance 
curb the increase of disease with time ? Vertical resistance 
delays the start of an epidemic, this being the only known 
beneficial effect of R genes. They do not reduce infection 
tate and therefore do not slow down the epidemic after 
1t has started. On the other hand, horizontal resistance 
slows down the rate of spread of the disease. The mathe- 
matical background of these conclusions drawn up from 
published data ıs presented in the second half of the 
chapter. 

Vertical resistance m the host and stabilizing selection 
in the pathogen are considered in chapters four and 
five. In the rather lengthy fourth chapter, data from a 
number of papers are presented mdicating that where 
there 1s only vertical resistance races of a pathogen 
with the correct level of virulence can survive. When 
the vertical resistance gene 1s lacking, virulence to match 
it 18 unnecessary and stabilizmg selection operates ın 
favour of races of the pathogen without unnecessary 
virulence. The theory of vertical and horizontal resistance 
1s taken further in chapter six. The author mghtly states 
that it would help practical plant breeding if all the marks 
of each type of resistance could be recognized and particu- 
larly where vertical resistance is hkely to be unstable. 
In the next three chapters the importance of horizontal 
resistance 1s considered. As ıt is the most stable form, 
the methods of bringing enough of it together to be 
effective are discussed. It is certainly not the complete 
answer and the use of multilines as a substitute or supple- 
ment would retain the special advantage of vertical 
resistance. 

In chapter ten the author constructs a simple mathe- 
matical model to determine the effects of resistance 
on the spread of disease. This holds a certain fascmation 
but can certamly be avoided by the non-mathematical 
reader. In the final chapter, evidence is presented suggest- 
ing that the effects of changes ın the host, pathogen 
and environment are equivalent in the disease triangle, 
with the logical exclumon of environmental effects acting 
while the pathogen is outaide the host. The author’s 
final proposition is that as the genes governing horizontal 
resistance are simply those occurring ordinarily in healthy 
plante, which regulate normal processes, some horizontal 
resistance is always available against specialized pathogens. 

The text and illustrations are well presented and there 
1s a bibliography of 126 references. As the author states 
in the preface, the chapters interlock because resistance 
theories are becoming consistently integrated. As a 
whole the book becomes a little repetitive but remains 
stimulating and conducive to thought. 

D. S. Krrraam 
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_ WILD POTATOES 


The Potatoes of Argentina, Brazil, Paraguay and Uruguay 
A Biosystematic Study. By J. G. Hawkes and J. P. 
Hyerting. (Annals of Botany Memoirs, No. 3.) Pp. 
xx + 525 + 150 plates. (Clarendon Press: Oxford; 
Oxford Unrversity Press: London, March 1969.) 210s. 


Tms book is mainly concerned with the wild potato 
species of eastern South America, only some seventeen 
pages being devoted to the cultivated potatoes of the 
area. Professor Hawkes has collected ın north-west and 
south-east Argentina, ın Bolivia, Uruguay and south 
Brazil and Dr Hjerting ın south, west, north-west, north 
and north-east provinces of Argentina and also in Bolivie. 
The authors have also had talks with Argentine, Brazilian 
and European collectors who have visited regions not 
known to them and recerved material from these collectors. 
They have examined specimens in several herbaria and 
have studied material grown from their collections in 
England and Denmark for several years. Clearly this 
memoir, whatever its faults, will be for many years the 
standard work on the potatoes of this part of South 
America. 

Of the nineteen wild species described, seventeen are 
diploids, one (Solanum calvescens) is so far known only as 
triploid clones, and one (9. acule) is a tetraploid. The 
diploid species belong to the five series, Etuberosa, 
Commersoniana, Cuneolata, Megistacroloba and Tuberosa. 
S. acaule (the tetraploid species) is the only species in the 
series Acaulia. In considermg each series the authors 
have taken a conservative and rather broad view and have 
tried not to split them up more than was necessary. It 
was therefore possible durmg the course of the work in 
assessing critically 96 speorfic and 64 infraspecific taxa 
described previously to reduce them with a reasonable 
degree of certainty to 22 species and 12 subspecies. 

Not all taxonomists would agree with the authors’ 
concept of the “biological species”, one m which the 
species boundaries on paper relate directly to reproductive 
barriers of some sort m nature. As all the diploid species 
can be crossed to give fertile hybrids with regular meiotic 
divisions, applying this concept to them is difficult. The 
species boundaries are presumably mostly geographical or 
ecological. In some cases the biological boundary has 
been studied by observing breakdown in F, progenies. 
This has not been carried out for every species because of 
the effort required. Thus, for example, it is stated that 
“g. kurtzianum seems to us to be a good species, with well- 
defined distribution area and ecological requirements. 
At the northern end of its range it perhaps hybridizes with 
S. spegazzinii and exchanges genes with it. Nevertheless, 
the two species seem too distinct to be considered as two 
subspecies of a single species”. One is therefore left 
wondering whether the concept of a “biological species” 
1s necessary and whether one should be content on the 
contrary with the old definition of a good species as being 
one which a competent taxonomist conmders to be a 
good species. 

The main part of the book 1s divided into two parts, 
general and detailed taxonomy, the latter bemg more 
than twice the size of the former. One chapter in the 
general section discusses the value to the potato breeder 
of the wild species. S. acaule has been used as a source of 
frost resistance and several of the diploid species may be 
useful in breeding for resistance to potato cyst-nematode 
(Heterodera rostochiensis). For most of the other pests 
and diseases considered, however, better and more readily 
usable sources of resistance are available m cultivated or 
other species of wild potatoes. It should also be noted 
that the high protem contents of the small tubers of the 
wild species are found because they are small tubers. As 
in other plants, the maximum yield of protem per acre in 
potatoes 1s obtained from a high total yield of material 
of low protein content. H. W. HOWARD 
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LIBRARY SERVICES TO INDUSTRY 


Industrial Libraries Throughout the World 

By K. G. B. Bakewell. (International Series of Mono- 
graphs in Library and Information Science, Vol. 11.) 
Pp. vin+184. (Pergamon Press: Oxford, London and 
New York, March 1969.) 568; $7.50. 


DURING the 1960s interest has developed in comparative 
studies in librarianship and mformation work, but to 
date very little has been published in the English language 
and one applauds this series of International Series of 
Monographs in Library and Information Science as an 
attempt to fill this gap. Mr Bakewell has produced 
Industrial Libraries Throughout the World with three 
groups of readers in mind; first, government officials and 
mdustrial managers who may assume responsibility for 
industrial hbraries; second, mdustrial librarians wishing 
to communicate with colleagues in other countries; and 
third, the student (presumably of comparative lbrarian- 
ship). The hnk between lbraries and productivity, and the 
international scene of library and information services, 
are discussed. Then there ıs a description of mdus- 
trial libraries throughout the world country by country, 
and the book finishes with a chapter entitled ‘“Manag- 
ing the Industrial Library” and a list of 284 references. 
I feel that the aıms and attempted coverage of this 
book are too wide, and that it is unlikely to satisfy 
the needs of the three groups of readers that the author 
had ın mind. For government officials and indus- 
trial managers the chapters on libraries and productivity, 
the international scene, libraries in Great Britain and 
Ireland and those of other European countries, together 
with that dealing with the management of the library, will 
be of interest. They are hardly likely to be interested in 
libraries in Korea. ‘The industrial librarian wishing to 
contact colleagues will find the chapters arranged by 
country disappointing, because the coverage varies 
considerably; for example, Switzerland has four major 
pharmaceutical companies with important collections 
m their subject flelds located at Basel—one of these rates 
five lines, the others are not mentioned. For the student, a 
comparative approach would have been of greater value, 
that is to say, variations in the approach to indexing 
systems, patterns of bibliography, and the like. The 
references at the end of the work are principally to 
material in the English language. 

It 1s easy, however, to criticize this work in its attempted 
coverage, because ın order to produce a more satisfactory 
work one would need to visit each country covered and 
examine services in depth or to produce a brief for indus- 
trial managers on the value of library services. One can 
perhaps hope that later volumes in this series will follow 
the pattern of the first volume in the series which covered 
special libraries in the Netherlands—studies in depth of 
one country’s special library services. One small quibble— 
a more appropriate title might have been ‘Library 
Services to Industry Throughout the World”, because 
services provided by public and academic libraries are 
discussed in the volume. Patriora LAYZELL WARD 


Obituaries 


Professor E. Lundsgaard 


Ermyaz LUNDSGAARD, who was born in 1899, died on 
December 18, 1968. 

He took a medical degree at the University of Copen- 
hagen in 1923, and immediately began research on mter- 
mediary metabolism, which was to engage his attention 
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for the rest of his hfe. These early expermments were 
concerned with the specific dynamic action of ingestion 
of amino-acids; the strongest effects were with glycine 
and, remembering the important hormone thyroxin (an 
iodine-substituted amino-acid) he decided to try mono- 
iodoacetic acid. The results he obtained changed the 
whole picture of energy provision for muscle con- 
traction. 

His most striking early observation was of the onset of 
rigor some minutes after mjection of monoiodoacetic acid, 
a rigor brought on by muscle actavity. Lundsgaard found 
that the muscle in rigor did not produce lactic acid, and 
that the breakdown of phosphocreatine accompanied 
muscle contraction and could supply the necessary energy. 
He suggested that when normal muscle contracts the 
hydrolysis of phosphocreatine directly yields the necessary 
energy, with lactic acid formation continually supplying 
the energy for resynthesis of phosphocreatine. This was 
quite a revolutionary proposal, for at this tme the forma- 
tion of lactic acid was generally accepted to be all-mmpor- 
tant for contraction while phosphocreatine was merely 
destabilized (without energy release). 

In 1930, Lundsgaard went to work in Meyerhof’s 
laboratory in Heidelberg. He was greeted at first with 
some scepticism which rapidly melted away. In Hedel- 
berg he was able to demonstrate a much more definite con- 
nexion between phosphocreatine breakdown and the 
production of tension m muscle poisoned with 1odo- 
acetic acid. He also found evidence of the involvement 
of phosphocreatine breakdown in the provision of energy 
durmg the contraction of normal muscle. He felt that 
energy from phosphocreatine hydrolysis only was involved 
in contraction. But he did make the prophetic proviso 
that the energy from the breakdown of normal muscle 
phosphocreatine could be at the disposal of a third un- 
known process. His estimations of ATP showed that 
breakdown of this substance might be considerable, 
especially just at the onset of rigor; but there was no 
evidence then to suggest that this might be the third 
energy-yielding reaction. In 1934 Lundsgaard published 
his observation that, ummediately after cessation of con- 
traction in muscle poisoned with 1odoacetic acid, there 
was delayed phosphocreatine hydrolysis; this remforced 
the idea that phosphocreatine hydrolysis 1s a recovery 
process. 

At this time Lundsgaard also produced clear evidence 
to support Verzar’s suggestion that the absorption of 
glucose involves phosphorylation, and showed that m 
ladney tubules the process is specifically inhibited by the 
drug phlorizm. Also at about this tame he decided 
that the site of the facilitating effect of insulin on glucose 
transfer 1s the cell membrane. This work was published 
only ın a Swedish medical journal, and was re-discovered 
in the 1940s. 

In 1942 he continued his early work on specific dynamic 
action, using isolated perfused livers, and found that 
oxygen consumption decreased to about a half within an 
hour. This decline could be prevented by including the 
hind limbs in the cirewt; but otherwise, although he 
added many known muscle constituents to the perfusing 
blood, results were always negative, and ıt was only with 
apologies that he published this work in the Meyerhof 
Festschrift of 1950. Yet these observations were the 
starting point for the elucidation of the carnitine story 
im the oxidation of fatty acids, the problem which 
attracted Irving Fritz to Lundsgaard’s laboratory in 
1954. 

Lundsgaard became professor at the University of 
Copenhagen in 1934 and held the chair until 1967, teaching 
all aspects of physiology. In spite of his dislike of public 
life he held many important positions in the Danish 
scientific world. His reputation was international; he 
received honorary degrees at the Universities of Montreal 
and Paris and was president of the eighteenth inter- 
national Congreas of Physiological Sciences in 1950. 
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C. R. Bury 


Tus death occurred on December 24, 1968, of Charles 
Rugeley Bury in his seventy-ninth year. Bury was a 
physical chemist who made notable contributions to his 
subject. A scholar of Trinity College, Oxford, he gradu- 
ated with first class honours and for a year did research 
with (now Sir) Harold Hartley. Having joined the 
chemistry department of the University College of Wales, 
Aberystwyth, m 1912, he enlisted in 1914 and saw active 
service on the western front and over a wide area of the 
Middle East, eventually as a captain with an independent 
command. 

At Aberystwyth (till 1943) he was responsible for teach- 
ing and research in physical chemistry. His first major 
contribution was a paper (J. Amer. Chem. Soc., 43, 1602; 
1921) in which he corrected and extended the Langmuir 
model of the electron shells in the chemical atoms. Lang- 
mur had the electron numbers ın the shells: 2.8.8.18.18.32, 
and so on. Bury, in a brief, exceptionally clear presenta- 
tion of the chemical evidence, deduced that the noble 
gases (after helium) mvariably had outermost shells of 
eight electrons and he delineated in the since accepted 
fashion the character of the transition elements and of 
the rare earth sequences. He also predicted significant 
aspects of the chemistry of the then unknown transuranic 
elements. From spectroscopic evidence, Bohr (Nature, 
107, 106; 1921) mmultaneously concluded that the noble 
gases had outermost shells of eight electrons. 

A smaller but still important contribution was Bury’s 
clear characterization of the molecular and thermo- 
dynamic conditions leading to micelle-formation ın aque- 
ous solution: his studies m 1927 and later of aqueous 
butyric acid as a model system eliminated several uncer- 
tainties and corrected aspects of MoBain’s findings 
with the soaps. A brief paper on auxochromes and 
resonance (J. Amer. Ohem. Soc., 57, 2115; 1935) was a 
third major contribution. In it Bury presented the rela- 
tion between colour and chemical constitution m terms of 
molecular electronic structures and emphasized the role 
of electronic resonance hybrids m many groups of typical 
dyestuff compounds. This paper formed the starting pomt 
of many important systematic studies m organic colouring 
matters by, for example, G. N. Lewis (Berkeley), Schwarz- 
enbach (Zurich) and L. G. 8. Brooker (Eastman-Kodak, 
Rochester). In 1943 Bury joined the research department 
of the Billingham division of ICI, where he was head of the 
phase-rule section until his retirement in 1962. 

Bury was basically a shy person with a first-class intel- 
lect and keen critical faculty, little inclined to indulge 
in theory not closely related to quantitative observations. 
His directness of manner and independence of mind doubt- 
less contributed to the absence of public recognition of 
his merits. 


Correspondence 


Growth of the Sexes 


Sœ, — Your mathematical probability correspondent 
makes a remark (Nature, 221, 1103; 1969) which I feel 
is worth a short comment. He says: “It remaims an 
essentially unsolved problem to work out the theory of 
a population model which neither blows up nor dies out”. 
If your correspondent means “‘never blows up” and “never 
dies out” then I suggest the problem is a sterile one, not 
worth trying to solve. There is no evidence (nor, of course, 
can there ever be such evidence) that any population 
could exist for ever without blowing up or dying out. 
There is a lot of evidence, on the other hand, that shows 
populations of all sizes doing both. Certainly, there is 
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evidence for the existence of species for many thousands 
of years, but this is still not “for ever” and there is a 
profound difference between infinite and finite in this 
context. The requirement of an endless, more or less 
steady state in population numbers ımposes a rigidity on 
a model which strains biological credulity. As soon as 
the model builder specifies a doomsday, the problem 
immediately becomes quite different and solvable ın many 
ways. Random factors, climatic changes, feedback 
mechanisms, long-shot catastrophes can be mixed to- 
gether ın varying proportions and the model will then 
demonstrate (if the maker ıs genious enough) blowings- 
up and dyings-out at any desired number of generations 


from the start. 
Yours faithfully, 


ROGER LAUGHLIN 
The University of Adelaide, 
Wate Agricultural Research Institute, 
Department of Entomology, 
South Australia. 


SI Units 


Srr.—Why do so many people lecture physicists for 
resisting SI units ? I do not mind im the least being asked 
to change my units of mass and length and I hold no brief 
at all for “slugs”. My difficulties date back to the very 
sad day when an official distinction between gauss and 
oersted was introduced. The idea of a magnetic field is 
difficult enough to expound to students at the best of 
times, whether one makes use of the abstraction of a 
magnetic pole or not. What on earth are they supposed 
to make of the official statement that there are two sorts 
of magnetic field of different physical dimensions (which 
are, ın reality, different types of average of the same thing, 
and often agree numerically to within a few parts in & 
million) ? 

If we really must have this confusion, where ıs the 
corresponding classification elsewhere? I cannot find ıt 
in spite of a careful reading of the letter m your issue of 
May 3 (Nature, 222, 500; 1969). 

Put in another way, it seems to me that the official 
handout is that €o and po are indispensable, whereas 47 
and c can somehow be swept under the carpet. We 
teach electromagnetics up to honours level without any 
mention of £, and o, but 4r and o, if banished from one 
formula, promptly appear elsewhere in the scheme, so 
we seem to be exactly out of step. In a vacuum, two vector 
fields are enough, so what is gained by pretending that 
there are really four there? What about William of 
Occam ? 

Yours faithfully, 


H. N. V. TEMPERLY 


Department of Applied Mathematics, 
University College of Swansea. 


University News 


Dr E. B. Newman will become professor of psychology 
at Harvard University on July 1. 

Professor B. G. Gowenlock has been appointed dean 
of the faculty of science at Heriot-Watt University. 
Professor A. Bolton has been appomted dean of the 
faculty of engineering. 

Dr N. M. Bleehen has been appointed to the chair of 
radiotherapy tenable at the Middlesex Hospital Medical 
School, University of London. 

The title of professor of morbid anatomy has been con- 


ferred on Dr A. E. Claireaux in respect of his post at 
the Institute of Child Health, University of London. 
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The title of professor of haematology has been conferred 
on Dr R. M. Hardisty in respect of his post at the 
Institute of Child Health, University of London. 


Announcements 


A new subsection of the Productivity of Marine Com- 
munities Section (PM), International Biological 
Program (IBP), was recently organized, whose activities 
will be known as ‘‘Theme B—Modification of the Marme 
Environment by Man’s Activities’. The programme is 
designed to include studies of actual as well as potential 
modification of the environment, mcluding the effects of 
pollution, the construction of harbour works, dams and 
other artificial structures. The organizers hope to attract 
engineers to the programme who are interested in the 
total marine environment as ıt is bemg affected by tech- 
nology, as well as marine ecologists. To improve com- 
munication ın this field, the coverage of the monthly 
NE Coast (Great Britain) Polution Bulletin has been m- 
creased and its name changed to the Marine Pollution 
Bulletin. It will in future include progress reports and 
proposals from investigators working throughout the world 
as well as material from the NE coast of Great Britam. 
Further mformation can be obtamed from Dr Jack B. 
Pearce, Sandy Hook Marine Laboratory, Highlands, New 
Jersey 07732, USA, or Professor R. B. Clark, Department 
of Zoology, Univermty of Newcastle upon Tyne, New- 
castle upon Tyne NE] TRU, UK. 


The Chalmers Medal of the Royal Society of Tropical 
Medicine and Hygiene has been awarded to Dr B. O. L. 
Duke, Helminthiasis Research Unit of the MRC, Kumba, 
West Cameroons, mn recognition of his research on loiasis. 


The Alexander Agassiz Medal of the National Academy 
of Sciences has been awarded to Mr F. C. Fuglister, 
Woods Hole Oceanographic Institution, m recognition of 
his observations of the Gulf Stream and its vortices. 


The Henry Arctowski Medal of the National Academy 
of Sciences has been awarded to Dr E. N. Parker, 
University of Chicago, ın recognition of his contributicns 
to the theoretical understanding of the interaction between 
the magnetic fields of the Sun and Earth and the ion 
plasmas that surround these bodies, and to Dr J. P. 
Wild, Commonwealth Scientific and Industrial Research 
Organization in Sydney, for his contributions to solar 
radio astronomy. The US Steel Foundation Award in 
Molecular Biology has been awarded to Dr W. B. Wood, 
California Institute of Technology, for his successful recon- 
struction of the T4 virus in vitro and studies of its assembly 
mechanism. The James Craig Watson Medal has been 
awarded to Dr J. K. Moser, New York University, 
Courant Institute of Mathematical Sciences, for his mathe- 
matical contributions to dynamical astronomy. 


Erratum. In the report entitled “Wil ELDO last?” 
(Nature, 221, 1183; 1969), it was stated that Professor 
H. Bondi chaired the first meeting of the committee of 
high officials. In fact, Professor Bondi merely took the 
chair while the committee elected as its chairman Professor 
G. Pupp. 


CORRIGENDUM. In the article by L. S. B. Leakey entitled 
“Lower Dentition of Kenyapithecus africanus’ (Nature, 
217, 827; 1968) it was stated in the second paragraph of 
the section ‘“‘The Teeth” that “There 18 an attrition 
facet down the lngual aspect (of the canine), instead of 
along the buccal face’. Dr Leakey has now written to 
say that after further detailed study he believes that it 
18 not an attrition facet, but that it ıs due to some other 
form of damage to the enamel, not related to the canine 
occlusion. 
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International Meetings 


June 30-July 3, Computer Science and Technology, 
Manchester (Conference Department, The Institution of 
Electrical Engineers, Savoy Place, London WC2). 

July 8-10, Isotope Effects, York (Scientific Affairs 
Officer, The Chemical Society, Burlington House, London 
W1V OBN). 

July 15-18, Nuclear Magnetic Resonance Spectro- 
scopy, Bumingham (Dr J. F. Gibson, The Chemical 
Society, Burlington House, London W1V OBN). 


September 17-19, Biological Effects and Health Impli- 
cations of Microwave Radiation, Virgmia (Dr 8. F. 
Cleary, Department of Biophysics, Medical College of 
Virgmia, Health Sciences Division of Virginia Common- 
wealth University, Richmond, Virginia 23219, USA). 


September 23-25, Autumn Meeting of the Chemical 
Society, Southampton (Dr John F. Gibson, The Chemical 
Society, Burlington House, London W1V OBN). 
September 26, The Shapes of Small Molecules, Oxford 
(Oxford Inorganic Discussion, Inorganic Chemistry 
Laboratory, South Parks Road, Oxford OX1 3QR, UK). 
September 29-October 3, Structure and Mechanism in 
Sulphur Chemistry, Cork City (Chemistry Department, 
University of Cork, Cork, Republic of Ireland). 


September 30-October 2, Analytical Chemistry in 
Nuclear Technology, Tennessee (Oak Ridge National 
Laboratory, PO Box X, Oak Ridge, Tennessee 37830, 
USA). 

October 1-5, 32nd Annual Meeting of the American 
Society for Information Science, San Francisco 
(ASIS, 2011 Eye Street NW, Washington DO 2006, USA). 
October 1-5, Annual Meeting of the American Society 
for Information Science, Califorma (American Society 
for Information Science, 2011 Eye Street, NW, Washing- 
ton DC 20006, USA). 

October 5-12, XXth International Astronautical Con- 
gress, Argentina (Executive Secretary, International 
Astronautical Federation, 250 Rue Saimt-Jacques, 75 
Paris 5, France). 


Sabbatical Itinerants 


In the hope of providing some practical assistance In the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of familles about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements Ilke this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: From September 1, 1969, to September 1, 
1970, two-bedroomed furnished detached house. 
Convenient route to University of Sussex. Location 
18 five blocks from the seaside. Please contact L. D. 
Reed, School of Mathematical and Physical Sciences, 
University of Sussex, Falmer, Brighton, Sussex, 


or telephone Brighton 34077. 


Vacant: From August 1969 to July 1970, a two- 
bedroomed detached house in London. Georgian 
coach house, modern conversion, full central heat- 
ing, garden. Pleasant area (Teddington), close to 
the river and all amenities; 26 minutes to Waterloo 
Station. Please contact Dr C. Rosendorff, Depart- 
ment of Medicme, St Thomas’s Hospital, London 
SEL. 

Vacant: From mid-June 1969 to mid-April 1970 
(or for the greater part of that period), large 4/5- 
bedroomed house in Cambridge. Central heating. 
Ultra-modern kitchen. Good garden. Please contact 
K. Polack, King’s College, Cambridge. 
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BRITISH DIARY 


Tuesday, May 27 


UNIVERSITY OF LONDON (at the Medical Computer Centre, Westminster 
Medical School, Horseferry Road, London, 8W1), at 5.15 p.m.—Mr Dand 
Morgan. “The Computer”. 


UNIVERSITY oF LONDON (in the Botany Lecture Theatre, Univermty 
College London, Gover Street, Dondon,- WOD; at 5.80 p.m.—Profeasor 
Bnitton Harris (Philadelphia). ‘People, blems and Plans—The Purpose 
and Nature of Demgn”’ (further lecture on May 29). 


UNIVERSITY OF LONDON (in the Chemistry Theatre, University College 
London, Gower Street, London, WC1), at 5.80 p.m.—Professor G. Ohoquet 
Univerity of Pans): “Some Hxamples of Integral Representation ım 
lassical ysis”. 


Wednesday, May 28 


UNIVHRSITY O¥ LONDON (at Chelsea College of Science and Technol 
Manresa Road, London, 8W8), at 11 a.m.—Dr M. Machover: ‘‘Selec 
Topics m Recursion Theory”. 

UNIVERSITY OF LONDON (at Chelsea 


Manresa Road, London, 8W8), at 2 45 
sophical Problems of Quantum Physics”. 


of Science and Technology, 


m.—Professor Arthur Fine: ‘‘Philo- 


Wednesday, May 28-Thursday, May 29 


NORTHERN POLYTEOHNIO (at Holloway Road, London, N7)}—Symposium 
on “Computer Aided Design Techniques for Electronic Cirowuts”. 


Thursday, May 29 


BIOOHHMICAL SOCIETY, NBUROOHEMIOAL GROUP (at the University of 
Strathclyde), at 2 p.m.—Colloquum on“ pie”. 

ROYAL Soar (at 6 Carlton House Terrace, London, 8W1), at 4.30 p.m.— 
Sir William Hudson, FRS’ “The Snowy Mountains Scheme, Australia— 
Unusual Engineering Features” (Review Lecture). 

SOCIETY FOR EXDOORINOLOGY (at the Meeting House, Zoological Bociety 
of London, Regent’s Park, London, NW1), at 5.80 p.m.—Profeæsor 8. J. 
Folley, FRS: “The Milk-ejection Reflex—a Neuroendocrine Theme m 
Biology, Myth and Art” (Dale Lecture) 


Friday, May 30 
UNIVERSITY OF LONDON (at the Royal Postgraduate Medica! School, Du 
Cane Road, London, W12), at 11 a.m.—Professor G. Burwell: “The Scien- 
tific Basis of Bone Transplantation”. 
BRITISH INTERPLANETARY SOGIETY (at the Royal Society of Arts, John 
Adam Street, London, WC2), at 6.80 p.m.—Dr G. E. Mueller: “Apollo and 


Friday, May 30-Saturday, May 31 
BIOCHEMICAL Soorery (in the Department of Biochemistry, University of 


Glasgow)}—495th Mee’ Programme includes a Colloquium on “Structure, 
Function and Biosynthesis of Small Ribonucleic Acid Species”. 


Monday, June 2 
UNIVERSITY oF LONDON (at the Wright-Fle Institute, St Mary’s 
Hospital Medical School, Norfolk Place, London, W2), at 5 p.m.—Profeasor 
Des. Prce Evans’ “Genetic Aspects of Drug Therapy” (last of a sertes of 
four Almroth Wright Lectures). 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Experience, Expermment and ey TT a Survey of Nuffield Science 
Tnals m Northumberland, 1968-1068. Edited by J. W. Bambridge. Pp. 
xi+84. (Newcastle upon Tyne: Northumberland County ay 
1969.) 


Computer Services Bureaux Association. 
ces. Pp. 18. (London: Computer Services Bureaux Association; 


Bervi 
1969.) 94 


Directory of Members and 


Subjects By Michael Smith and Veronica Matthew. 
7s. 6d. Upper School Choice: a Guide to Options after the Fifth Form. By 
Peter and Michael Smith. peepee | Veronica Matthew. 
7s.6d (Cambridge The Careers Research 
Journal of Fish Bù , Vol. 1, No 1 (January 1969). Pp. 1-84. 
tion. Vol. 1 (4 isnon) ani -October 1969, inland, 106s.; abroad $14.50. 
ew York: Academic Press, 1969. Published for the Fisheries 


" (Sheffield: Steel Castings 
tion, 1969.) 110s., $15. 


E 1969. . 06. (Harrow: K.R O. Neal and M. G. Venn, Harrow 
county School foe Bove 1969.) (144 


University of Oxford. Annual Reports 1967-1068. (Supplement No. 3 to 
the Tasty Gazette, Vol. 99, March 1969.) Pp. 22. (oxford: The Uni- 
versity, 1969.) 6s. [144 
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Science Research Council. 
Polymer Panel ante 
an 


eee Science and Technology Board 
man figos 
Engmeering : and Technology Commi tees 


pre Rubber en ari Research Association. Com undng NEA 
Rubber for Heat Resistance. (NR Technical Bulletan.) (Welwyn 
Garden City: The Natural Rubber Producers’ Research PEREN 1969 ) 
Gratu. 

Northern Ireland: Minis 
Storage. Pp. 11. (Belfast 

The Royal Soclety. Swing from Science in Schools—Report of Conference 
on 24 OolnbeE 1968. Pp.49. (London. The Royal Society, 1969.) [144 

PEP Broadsheet No. 510 London’ s New Towns—a Study of Self-Con- 
talned and Balanced Communities. Ray Thomas, Pp. v+878-4738. 
(London: Political and Economic Pines , 1089.) 10s. [144 

European Brewery Convention Report ‘of the BRG Barley Trials, 1966. 

Pp. xxxiu +280. (London. Institute of Brewing, 1969.) [154 

Bulletin of the British Museum (Natural History). Entomology. Vol. 23, 
No. 4 Revisional Notes on African Oharaxes (Lepidoptera Nymphalidae), 
Part V. By V. G. L. van Someren. Pp. 75-166+29 20 pistes, RA Mo He za 
No. 5: A Revision of the fear 2 Species of Pseudor. 
tera: Terrigoniidae). Bears, Pp. orayna 
British Museum tN umi Eata), 1969 ) 

Unilever Limited. Report and Accounts 1968. Pp. 44. (Port a, ht 

Wirral: irate Tami 1969 ) 

Research Using Transplanted gumom, of Laboratory Animals: a Se 
Referenced e aoh —V. a, 1360) . Roberts. "bp. 154, (London: 
Imperial Cancer Research Fun 9.) [174 


This 18 Local Radio. The abe Experiment at Work. Pp. 30. (London: 
ar rite [174 


of Agriculture. Leaflet No. 74: Potato 
try of Agriculture, 1969.) (144 


rganio Chemistry: Perspective ’68. By Professor F. G. Holimat: 
(ine acura Lecture delivered on 26 February Togs. ) Pp 86. (Leeds: 
pees Aine 1969.) 2s. 6d. Tag 


of the British Ceramic Society, No. 12 Fabrication Solence 2. 
pp a 255. (Stoke-on-Trent British Ceramic doclety, 1969.) 90s. [184 

The Zoological Record. Vol. 102, Section 20 (1965): List of New Genera 
aad Bubgenera. Compiled by Leonard G. Ellis. Pp. 19. UK and Hiro 161i 
Overseas 178. E 10.) Vol. 108, Section 18 (1966): Aves. Compiled 
by Pushparani E airan and Carolyn Rooke. Pp. 166 UK and Etre 
Overseas 708. ($8 40.) (London: Zoological Somety of London, 1968 aad 
1988.) 

Radiation Protection. ICRP Publication 14: Radiosensitivity and Spatial 
Distribution of Dose. (Reports prepared by two. two task groups of Committee I 
of the Internatlonal Commission on Radiological Protection ) . Iv +118. 
(Oxford, London and New York. Pergamon 1869. Publisi for the 
International Commission on Radiological Protection.) 35s.; 34.50. [184 


Other Countries 
Publications of the Observatory of the Univermty of Michigan. Vol. 9, No* 


8: Third List of Stars Observed at the Lamont-Husse Taeoy Observatory ot of the 
University of Michigan. By Frank Holden Pp. 10 {Ann Arbor: 
University of Michigan, 1969.) 

Metropolitan Life. Statistical Bulletin, January 1960: Con- 


. Accident Death Toll Higher in 1968. Prognosis in Coronary 
Hoart Disease Among Metropolitan Employees. Educatıon and Residence; 
Chances of Dependency. Pp. 12. (New York. Metropolitan Life, 1969.) [1 
po eho orn orani, aeneparimont of National Development: 
of Mineral Reso Geology and penal. ae eee Geo- 
ional 1 Berico Explanatory Notes Blue Mud/Po gompiled 
by K- A. Plumb and H. G. Roberts. (Sheet 80/87/86, tn AREP x) 
Arnhem Bay/Gove, N. X Compfled by D. Dunnet. (Sheet 8D/53— 
3/4, Totcenstional Index) . (Canberra: ee 
and Geophysics, 19 ; 20 [1 
ta Medica Automated Storage and Bemieyal Program of Biomedical 
fib Naar raat re Mark I System. Pp. 48. (Amsterdam: Excerpta 
Medical Foundation, 1969.) 44 
Australian Academy of Science. Sclence and Industry Forum. Report 
No. 1: Science Policy Machinery for Australia. Pp. 21. (Canberra: Aus- 
tralian Academy of Science, 1968.) (144 
Proceedings of the Royal Society of ne New Series, Vol. 82, Part 1: 
Fast st Gippsland 8ymposium. Pp. 148. (Melbourne: Royal Socloty of of 


o Seabees Foundation’s Oceanogra hical tion Round tho 
World 1928-80 and previous “Dana” Expeditions “Dana” Report No. 76: 


Bureau of 
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A New Family of Aberrant Stromateoid Fishes from the Equatorial Indo- 
Pacific. By Richard L. Haedrich. Pp.18. (Copenhagen’ Andr. Fred Host 
and Son, 1969.) 6 D.kr. [1 is 
Australa’ Commonwealth Scientific and Industrial Research O 
tion. Annual Report of the Division of Antmal Health, 1967-68. 58. 
(Melbourne: Commonwealth Sclentifio and Industrial h Organiza. 
thon, 1869.) [164 
World Health Organization. Technical Report Series, No. 405 Nutri- 
tional Anaemias—Report of a WHO Sclentafic Group. Pp 87 (Geneva: 


World Health Organization; London. H.A. Stationery Office, ant 
8 8w. francs, 88., $L. [15 
Unesco. Soil Blology—Review of Research. atural Reso ieee 
Research—1X ) Pp. aris, Unesco, London: Stationery Offtoe, 
1969.) 28 francs; 488 [154 


Australia; Commonwealth Scientific and Industrial Research O 
Research 


zation Land Seres No. 28° Lands of the Kerema-V: 

Area, Territory of Pa: and New Guinea. Comprimng papers by B. P. 

Rux n, P. Bleeker, B. J. Leach, J. R. MoAlpine, K. Paljmans and R. 
en. 


i psn] 11 plates. (Melbourne. Commonwealth Scientific ga 


Industral Organization, 1969.) 
Food and Agricultural Organisa hon- of the United Nations. e of 
currently recelved by the t+814. (Rome. 


Annuals rn A Pp. xxxvil 
Food and Agnoulure Organization of the United Nations, 1968.) 
Australia: Department of External Affairs. Australian National 
Antarctic Research Expedition. ANARE Scientific Reports. Serles A (IV) 
Glamology. ee aia No. 108. A Study of the Local [ce Cap near Wil 
Antarctica. DyN A. McLaren. Pp 82. (Melbourne: ‘Antarctic Divisio 
Department External Affairs, 1968.) ed 
Australia’ Commonwealth Scientific and Industral Research Susann 
Annual Report of the Divison of Compu! Research, 1967-68. Pp. 66. 
‘oon Commonwealth Scientific and Industrial Research Organs tlon 
1969. 154 
Australia: Department of External Affairs. Australian National Antarctic 
Research tions. ANARE Scientiflo Repoits Series A (IIT) Geology. 
100: Geological aE pe b7, the Australian National 
Antarctio Research itions, 1965. D. 8. Trel, I. R. MoLeod, P. J. 
Cook and G. B. W: Pp. vu+48+6 plates. (Melbourne; An tic 
Diviston, Department of External 4 Affairs, 1967.) (164 
Coconut Industry Board, Jamaica th Report of the Research Depart- 
ment, che 1967—June 1968. Pp. (Kingston: Coconut Industry 
Board, 1969 ) [164 
Arguivo do Instituto Gulbenkian de Cienma. B: Estudos de Economia e 
Financas, Vol. 8, No. 2° Distribution of the Tax Burden and Its Empirical 
Analysis. By AL de Carvalho. Pp. 88. (Lisboa. Fundacao uste 
Gulbenkian, Centro de Economia e Financas, 1988.) [164 
New Zealand. Records of the Dominion Museum. Vol. 6, No. 10 (October 
Notes on a Bramble Shark, Echinorhinus cookst, from Cook 
Btralt, Now Zealand. By J. A. F. Garnck and J. M. Moreland. . 188-140 
Vol 6, No. i (January 29, 1989): A Natural Hybr Butterfly 
Genus Vanassa in New Zealand. By R. @ Ordish. Pp. 141-144. 
Yor 6, No. 12 (January 80, 1989): Tt of the New Zealand 
eg (Mollusca, Pulmo: nata). gher Classification. By F. AL 
Pp. 145-158. Vol. s No. 13 ‘Ganaacy Bi, 1969). The New 
Specs of Zoopsi (Hepatioas). ae A.M. tt. Pp. 159-174. Dominion 
useum Records ın Ethnology, Vol. 2, No. 2: A Unique Ceremonial Bone 
Fork from Western Wellington. By I. W. Keyes. Pp. 17-20. (Wellington: 


[154 


Dominion Museum, 1968 and 1969). [164 
New Zealand Marine Department. Fisheries Technical Reports. No. 18: 
The Tasman Ba: P . By B. B. Tunbridge. 1+ tables and 
figures. No. 26: A Study of Relationships between Town Trout and 
Eels in a New Zealand Stream. By See an Eee he 80 tables nnd 
No. 27: Freshwater Fisheries Field Techniqu PPragging: Trans 
rtation; Mortality and Drift Sampling. By O. J. Hardy. Pp (Welling, 

n Now Zealand Depaitment, 1968.) 


Annals of the New York Academy of Sciences, Vol. 156, Art. 1° 
nental ‘Metabolic’? Cardiopathies and Their Relationship to Human t 
Diseases. By E. Bajusx and 93 other authors. Pp. 1-625. (New York. 
New York Arademy of Sciences, 1969.) (164 

enteel Building Research Institute, Roorkee. Sympostum on Environ- 
mental Physics as Applied to Buildings ın the Tro ics, Feiring. 25-27, 
1000 nore of . Pp. 14. (Roorkee, Central Buil 
Research Institute, Et 69.) [17 


Fin. Annual Report of the Department of Agriculture for the yoar 1967. 
Pp. 34. (Suva: Government Press, 1089.) 500. [174 


World Health O tion. Measurement of Air Pollutants Guide to 
the Selection of Me By Dr AL Katz. . 128 (Geneva: World 
Health Orginlsa tion; London: HM Stationary Office, 1969.) 15 8w. france 
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GROW HUMAN DIPLOID CELLS 
ON A LARGE SCALE 





t 7 fy 16, PA L H> k 
Fermentor FL 203 For further Information contact: 
Tissue Culture Apparatus 


Specially designed for large scale © 
cultivation of human diploid cells O ec 
48 titanium discs mounted 
in a glasscylinder i.d. 160 mm RANHAMMARSVAGEN 21 + BOX 11076 
1.7 m? total surface area 151 30 BROMMA, = SWEDEN 


TEL 08/80 2850 - TELEX 17109 
Electric motor with 
magnetic coupling to shaft 
Long life carblde steel bearings 


i : USA: BIOTEC INC 
Intermittent harvesting 1221 PARKLAWN DRIVE, ROCKVILLE, 


Other products: MARYLAND: a999s 
Fermentor units ue BIOTEC’ tT. 


Pilot and Production Plants LKB HOUSE, 232 ADDINGTON ROAD, 
Consulting service SOUTH CROYDON CR2 8YD 
a a EL E E S S S A 
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RESEARGH 
SCIENTIST 


NEW MATERIALS AND MACHINERY £2,250 plus 


for the Research Division within a well diversified British Group 
manufacturing a comprehensive range of materials processing 
machinery and accessories. The Research Scientist is responsible 
for a number of project areas and reports to the Manager of a 
major section. He will inspire and initiate the general application 
of science to the Company’s new products; especially in fields con- 
cerned with the physics of materials processing, for example— 


fluid flow in plastics 
heating techniques—including R.F. 
potential use of lasers and other new technological tools 


Candidates, aged 26-31, must have at least a good upper second- 
class honours degree in physics or chemical engineering, and have 
at least four yars experience of responsible research work, either 
in industry, a University, or the Civil Service. They will have keen 
analytical minds and an inventive flair. 


Salary at least £2,250, could be more for the right man. Pleasant 
location in desirable part of East Midlands. 


Please write giving full details of age, qualifications career to date 


and present salary to Position No. 1961, Austin Knight Limited, 
London W1A 1DS. 


AK) ADVERTISING 


Companies in which you are not interested should be listed 
in a covering letter to the Position Number Supervisor 
(2018) 


AGRICULTURAL RESEARCH COUNCIL 


IMMUNOLOGIST 


A graduate is required preferably with immunological research experience 
to join a developing immunology research unit concentrating particularly 
on Somente ruminants at the i Breeding Research Organisation in 










Appointment in the Scientific Officer scale, £1,020 to £1,740 p.a., or in 
e or Scientific Officer Scale, £1,925 to £2,372 p.a., according to age 
and experience. There are promotion prospects to PSG £2,475 to £3,425. 
F.S.S.U. benefits. 

Please write with details of age, qualifications and career to the Secre- 
tary, A.R.C. Animal Breeding Research Organisation, West Mains Road, 
Edinburgh EH9 3JQ. (1948) 









NORTHERN POLYTECHNIC, HOLLOWAY, LONDON, N.7. 
DEPARTMENT OF CHEMISTRY 


READERSHIP 


_ The Governing Body invites immediate applications for a Readership 
in Chemistry. Applicants must have had considerable experience of direct- 
ing research in industry and/or in an academic institution. Salary 
(under review) £3,010 by £80 by £3,250 plus £85 London Allowance. 


Apply for application form and further particulars. 


R. H. CURRELL, 
Clerk. 


(2026) 


For further Classified advertisements see page vii 
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LA TROBE 
UNIVERSITY 


MELBOURNE, AUSTRALIA 


SCHOOL OF BIOLOGICAL 
SCIENCES 


ACADEMIC POSTS 


The School comprises Departments of Botany, 
Genetics and Zoology, and other Departments 
will be added as the School develops The aim 
of the School is to teach a course to train 


me in particular . 
called for for the following sub-professorial posi- 
tions which will complement the interests already 
represented in the School. 

BIOCHEMISTRY: Lecturer to help in teach- 
ung of Biochemistry to second year students. A 

Departmem wil probably be estab- 

lished in 1971 


BOTANY: Lecturers, Senior Demonstrators 
and Demonstrators ın any field but preference 
given to those with research interests in Ecology, 
Taxonomy, Plant Physiology, Cryptogamic 
Botany or Microbiology. (Head: Professor 
A. B Wardrop). 

GENETICS: Lecturers/Senfor Lecturers ın any 
field, some preference given to those with inter- 


ecological genetics. (Head Professor P. A 
Parsona). 


ZOOLOGY: Sub-professomal positions in any 
field but preference given to those with research 
interests ın population ecology, ethology, com- 
parative vertebrate physiology (clasmcal), com- 
parative endocrinology, speciation, or the physio- 
logy of behaviour. (Head Professor I. W. B. 
Thornton). 

SALARIES: Demonstrator, $A3,600 to 
$A3,940; Senior Demonstrator, $A4,275 to 
$%A5,290 ; Lecturer, $45,400 to $A7,300; Semor 
Lecturer, $A7,500 to $A8,750. 

Forther detri and application forms avail- 
able from the Secretary, Association of Com- 
monwealth Usnrversities (Appts), 36 Gordon 
Square, London, WC.1, or the Registrar, La 
Trobe Untivermty, Bundoora, Victoria, 3083, 
Australa. Closing date. June 30, 1969. ; 

(1986. 


AHMADU BELLO UNIVERSITY 


Applications are invited for the pos of Pro- 
ject Engmeer in the Estate Depariment 

Candidates must be qualified Civil and Struc- 
tural Engineers with at least 15 years’ posi- 
graduate experience, and shoukt have worked on 
large projects either as consutants or Resident 
Engineers Preference will be given to candi 
dates conversamt with Structural design works 
and able to prepare bill of quantities and 
specifications ¢or mmple sructure, 

The successful candidate will be responsible 
for planning and designing projects and checking 
the working drawings of the subordinate staff 

Further particulars about the Estate Depart- 
ment are obtainable directly from the Chef 
Estate Engineer, Ahmadu Bello University, 
Zaria, Nigeria 

Salary: £N2,175 per annum (£N1=£1 3s. 4d 
sterling) (‘Salary supplemented by £435 per 
annum (ster:og and education allowances and 
children’s hokday visit passages payable in appro- 
prate cases under British Expatriates Supple- 
mentation Scheme. Family passages, vacious 
allowances; superannuation scheme; regular 
oversees leave. 

Detailed applications (six copies), neming three 
referees, by June 23, 1969, to InterUnivermty 
Council, 90/91 Tottenham Court Road, London, 
W1P ODT, from vom particulars are on. 








UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF CHEMISTRY 


Applications are invited for the foltowing posis 
in Theoretical Chemistry (Professor R McWeeny). 
Research Fellows (two posts, salary in the range 
£1,240 to £1,470); Research Assistant in Com- 
puung (sekary in the range £1,045 to £1,130) 
Fellowshtp applicants should have experience in 
the fleki of molecular quantum theory and an 
interest in either A) computing or Q1) transition 
metal complexes The Asmstant, who would 
work wh the esearch group, sbould have ex- 
perience of computer progremmmg ın high-level 


ns (two copies) should be seat 
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UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 
ZOOLOGY DEPARTMENT 


Applications ere invHed for the post of 
in the Department of Zoology, 

tenable from October 1, 1969, or such 
other date as may be ecrangeed k is 


intended to appoim a suitably qualified 
candidate with interests cemred around 
developmental biology 


Salary on a scale £1,240 by £115 to 
£2,735 per annum 


Application fonme and further parteculars 
arc obtainable from the Regstrar, to 
whom al applications should be sent by 
June 7, 1969 (1941) 





BATH UNIVERSITY OF TECHNOLOGY 


SCHOOL OF CHEMISTRY AND 
CHEMICAL ENGINEERING 


ORGANIC GROUP 
Applications are invked for a 


POST-DOCTORAL FELLOW 


anda 


POSTGRADUATE RESEARCH 
ASSISTANT 


to study the syntheses of various types of 
Molynucicar mtrogen heterocyclic com- 
pounds 


Salaries of £1,355 and £900 per annum 
respectevely are evailable for summbly 
quakfied candidates 


Please write in first instance to Registrar 
(©. The Univeraty, Claverton Down, Bath, 
givtag full pamiculars 

(1953) 


READVERTISEMENT 


UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 


Applications ere invited for @ pom as 
TUTOR iw GEOLOGY, the appomtment 
to take effect from a dete to be deter- 
mined The succesafol candidate will 
principally assist first year Honours su- 
dents This ts a sultab’e post for a candil- 
date wishing to firsh his PhD, and ample 
ume will be given for research 

Salary scale £1,000 to £1,110. 


Application fonms end further particulars 


EDINBURGH SCHOOL 
OF AGRICULTURE 


Apphkcations are invated for a post of 
RESEARCH ASSISTANT to work on the 
biochemistry of the developing cereal grain. 
Good honours degree m biochemistry, bio- 
logy or equivalent qualficaton, Oppor- 
tumty to work for a further degree Salary 
£650 


Further mformation and eppkcation form 
from the Secretary, the Edinburgh School 
of Agriculture, West Mains Road, Edin- 
burgh, EHS NG. (1998) 








The Institute of Medical and Veterinary Science 
ADELAIDE, SOUTH AUSTRALIA 
DIVISION OF NUCLEAR MEDICINE 


RADIATION PHYSICIST 


Applications are invited for the above vacancy from physicists interested 
in the application of radioisotopes to the diagnosis and study of human 
disease, Previous experience in a Department of Nuclear Medicine would 
be an advantage, as would a higher degree and a capacity for research. 


The Division is perhaps the most modern and best equipped in Australia. 
Apart from conventional automatic counting and scanning equipment, the 


Division houses two Nuclear Chicago Pho-Gamma MNI Gamma/Positron 
cameras with 1600 channel multiparameter analyser and fast recordin ng 
facilities. It ıs anticipated that on-line output from the cameras to a CD 
1700 computer will be available in the future. 


The salary will depend upon the qualifications and experience 
of the successful applicant and will be on one of three ranges 


within $A3,355-$A 7,662. 


Applications, stating full name, place, date and Bhar teen ef birth, nationality, 


marital status, past and present employment, deta 


ualifications, experi- 


ence and published work, together with the names of three referees, should 


be sent to: 
The Director, 


Box 14, Rundle Street Post Office, 


Adelaide, 


SOUTH AUSTRALIA 5000. 


Lectureship or 
Assistant Lectureship 
Ecology/Physiology 


Applacattons are uwited for the pom of 
Lecurer or Assistant Lecturer m the De- 
partment of Botany with interests m either 
or both expernmental ecology and phys 
ology of crop panats Candidates with 
considerable reseanch expemence, espeanhly 
in the field, are sought but those who are 
shortly to take thee Ph.D. woud also be 
considered. Salary un the ecale £1,240 by 
£115 to £2,850, plus London Aflowance 
£60, eccorcing to age end expericace. 


Applications, living full details of 
carcer to date, to Professor C P. Whitting- 


RESEARCH FELLOW IN SOLID 
STATE PHYSICS 


Applications are daved for the pos of 
Research Fellow to work on the physicel 
properties of tayer lattice materal <A 
two-year appowmtiment ts envisaged at a 
satacy of £1,200 per anoum rimng to £1,300 


pec sonum in the second year, together 
wth FS SU (Thess scale is under rewew) 


Applications are iovited from good 
honours gredames tp physics or Daal 
chenrstry who have several years’ rescarch 
experience and preferably hoki a doctorate 
or hope to quakfy for one in 
uture 


Apphoatione, giving the names of two 





land, not later than June 6, 1969 
(1967) 








UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 
DEPARTMENT OF BOTANY 


Appkcations are invited for the follow- 
ing posts. 

LECTURER with special anteresis in 
Psychology. 

DEMONSTRATOR with special interests 
m Mycology or Microb-otogy 


Salanes for the above posts will be on 
the following scales 


LECTURER £1,240 to £2,735 per annum 


DEMONSTRATOR £1,000 to £1,110 per 
annum 


Further paruculars and appcation forms 
may be obtained from the Registrar, Um- 
versity Codege of Wales, Aberystwyth, to 
whom all applications mum be sem by 
June 6, 1969 (1940) 





THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


DEPARTMENT OF CHEMISTRY 


rs jaca are invited from Chemists, 
for the post 
of RESEARCH ASSISTANT to investigate 
the surface properties of the cells of the 
umestinal mucosa 
This rescacch ws sponsored by the Med- 
cal Research Council. Appounement in the 
first instance is for two years with posstble 
exteason for a tird year The person 
appointed may register for a higher degree 
Salary scale: £750 by £90 to £1,200 per 
amun. 
Application forms and further details 


m Bernuagham, » Birmmgham 
4, to whom applications should be for- 
warded within fourteen days of the ap- 
pearance of this advertisement, (2003) 
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METROPOLITAN WATER BOARD 


VIROLOGY STAFF 


The following are required in the Water Examination Laboratories at 


New River Head, London, E.C.1. 


VIROLOGIST—£2,425-22,675 


Candidates must be graduates of a British University in one of the bio- 
logical sciences, veterinary science or medicine and must be experienced 


ın tissue culture and virus culture 
will be given to holders of a higher 


especially enteroviruses. Preference 
egree. 


The successful candidate will work under the Senior Bacteriologist and 
will be responsible for research into viruses ın water and the day to day 


control of the virology unit. 


SENIOR LABORATORY TECHNICIAN— 
£1,380-£1,580 


Preference will be given to candidates holding the virology certificate 
of the I.M.L.T. or an equivalent qualification with experience in virology 
techniques especially with enteroviruses and tissue culture. 


Superannuation scheme—interchange arrangements. 
Apply giving full details of age, qualrfications and experience (quot- 


ing ref. N/11) by June 2, 1969, to 
S. D. Askew, Clerk of the Board, 


New River Head, Rosebery Avenue, London, E.C.1. 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF 
ANATOMY 


Applications are mvated from registered 
Medcal or Science graduates, male or 
LECTURER IN 


medical students at 

honours levels. Previous 
teaching expenence is an advantage The 
appointee must engage 1m research work 
and candidates wah strong 1ovestigauve 
inclinataons will be favourably considered 
Duties to commence October 1, 1969 
Salary wall be within the soale £1,240 by 
£115 to £2,850 


Apptications (2 copies), together with the 
names of three referees, should be received 
by the Registrar, Universtty College, Car- 
diff, ftom whom further particulars may be 
obteaned, not later than May 31, 1969. 


(1955) 


UNIVERSITY OF LIVERPOOL 


SENIOR RESEARCH 
ASSISTANTS IN ORGANIC 
CHEMISTRY 


Applicauons are invited for these post- 
doctoral appointments tenable from Octo- 
ber 1, 1969, or alternative dates by arrange- 
ment Salanes: up to £1,440 per annum. 
Opportumtes for research m peptides, bio- 
synthesis of fungal toxins, and other fields 

Applications, stating age, ns, 
experience, and research «moterests (no 
forms), together with the names of two 
referees, to be sent as soon as possible to 
the Registrar, the University, P.O Box 
147, Liverpool L69 3BX. 

Phase quote Ref : RV/2693/N. 

(1857) 


Senior 


Biochemist 


higher degree as an emermel xudem of the 
Univermty of London 


Salary Scale: 
£2,130 to £2,605 per annum. 


Appkeations to the House Govemor, 
The London Hospital, E.1. (1946) 


UNIVERSITY OF GLASGOW 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN INORGANIC 
CHEMISTRY 


Applicauons are invited for a Lecture- 
ship or Assistant Lectureship in Inorganic 
Chemustry to be tenable in the Department 
of Chemistry 

The salary will be within the range 
£1,585 to £2,735 per annum for Lecturer ; 
for Asmstant Lecturer £1,240 to £1,470 
per annum FSS.U. 


Apphcations (eight comes for a Lecture- 
ship, three comes for an Asmstant Lecture- 
ship) should be lodged aot later than June 
16, 1969, with the undersigned, from whom 
farther particulars may be obtained 


ROBT T HUTCHESON, 
Secretary of the University Court. 
(2015) 





NEW ZEALAND 


Department of Scientific and 
Industrial Research 


Applications are invited for the under- 
memioned vacancies 


VACANCY B 13/18/87/1702 


SCIENTISTS (MYCOLOGISTS) 
PLANT DISBASES DIVISION, 
AUCKLAND 


Plant Pathologists are reqmred to fill 
vacancits in several research groups at 
Auckland The pomtons call for ability to 
undertake field and Mboratory work on 
plant disease problems. Applications are 
invited for each of the followmg branches 
of pathology 


1 Idenufications and control of fungous 
pathogens of temperate horticultural crops. 
Applicants should have specialist mterest 
m mycology Excellent facilties for taxo- 
nomic work are provided 


2 Seed pathology, control of seed-borne 
diseases and production of disease-free 
seed New Zealand i a major secd- 
growing country, and applicants should 
be mterested in practical aspects. 


3. Soil pathogens, their control in green- 
house and an field sois m areas of imen- 
sive cropping. 

4 Nematode dueases Apphcants should 
be proficent ın nematode seantification 
and should be imerested in mrestugating 
methods of control in hortculturel crops 


5 Plant Pathologist to speciahse in bac- 
terial disease ; previous expenence in plant 
bactersology preferable but mot essential 


6 Virus diseases Investigation of virus 
diseases of crop and pasture plants 


Applicants should hold an Honours or 
PhD degree. 


Commencing salary of up to $NZ4,450 a 

year, dependeng on quahficatons and ex- 

. Further promotion will be ac- 
cording io scientific effectiveness. 


Passages’ Fares for appointee and his 
wife and family, if marred, will be paid. 


Incidental expenses. Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 


Applicauon forms and general informa- 
tion are available from the High Commus- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S W.1, with 
whom apphcauons will close on June 25, 
1 


Please auote reference B 13/18/87/1702 
when inqusring (2008) 





SOUTH WEST METROPOLITAN 
REGIONAL HOSPITAL BOARD 


i cO-operatton with the 
UNIVERSITY OF SURREY 


The Board offers special traming posts as 
BASIC GRADE BIOCHEMISTS with the oppor- 
wnxy to study for an MSc in Clinical Bio- 
chemistry. 

Posts are available from October 1, 1969, for 
a two-year sandwich MSc course at the 
versity, based an London initally In the case 
of éresh graduates a good Honours degree, €g., 
Biochemestry or Chemistry (or its equivalent) 1% 
essenual 

During the parts of the course spent away 
from the Unrversty, students would work an a 
specified hoapital laboratory in the area of the 
Board, Saleany would be at the appropriate point 
on the scale commencing £1,030 per annum, 
with annual increments to £1,069, £1,113, £1,158, 
£1,202, £1,245, £1,295, plus London Weighting 
Allowance where applicable. The Board will 
contribute to travelling expenses Before the 
ussae of the Certificate of Proficiency the success- 
ful candidates should serve within the Region for 
a further year after the completion of the two 
years’ hospital attachment 

Unrversity application form together with she 
Postgraduate Prospectus, and separate Regional 
Hospial Board application form, obtainable from 
the Academic Registrar, Univermty of Surrey, 
Guildford Applications must give past exami- 
nation grades 

Clomng date for applicauons June 20, 1969. 

(2002) 
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NEW ZEALAND 


Agriculture Department 


Applications are inwted for the undermen- 
tioned vacancies 


VACANCY B 13/2/143/1576 AND 1589 
VACANCY 1576 


SCIENTIST 
WALLACEVILLE ANIMAL RESEARCH 
CENTRE 


Salary payable up to $NZ6,380 according to 
qualifications and expenence Farther promotion 
available on scicotific merit 

Duues Investigate aspects of the pathogenesis 
of salmonedfosss un sheep and cattle, with par- 
ucular reference to factors influencmg the 
Initiation and persistence of mfect:ons. 

Qualificanons Degree in veterinary science 
with postgraduate qualifications or experience in 
experunental pathology Alternatively, a recent 
graduate with ano interest in mechanisms of 
pathogenesis would be considered. Opportunity 
exists for specmlist training kadung to additional 
qualifications. 


VACANCY 1589 


SCIENTIST 
WALLACEVILLE ANIMAL RESEARCH 
CENTRE 


Salary payable up to §$NZ6,380 according to 
qualificauons aod expenence Further promo- 
ton avatkeble on scientific merit. 

Dunes: Investigate mechansms of protection 
against salmonella infections, wuh particular 
reference to the role of immunoglobulins or 
cellular reactions or interactions. 

Qualifications Degree in veterinary science or 
ecience (oucrobiology) with postgraduate tram- 
ing or experience in mmunology. Alternatively, 
a recent graduate in veteramary science or science 
(microbiology) wh an mterest in mechanisms of 
protection against infecuous diseases would be 
considered. Opportunity exusts for apectalst 
traloang leading to additional qualifications 

Passages: Fares for appointee and his wife 
and famy, if married, will be paid 

Incidental expenses. Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the com of taking personal effecis to 
New Zealand 

Apolicadon fooms and genera: infonmaton 
are available from the High Commissioner for 
New Zealand, New Zealand House, Haymarket, 
London, SW 1, with whom appkostions will 
close on June 16, 1969. 

Please quote reference B 13/2/143/1576 and 
1589 when enquiring (1970) 


UNIVERSITY OF MANCHESTER 


ASSISTANT LECTURER IN 
MECHANICS OF FLUIDS 


Applicauons are invited for ths post from 
applicants with special interests and qualifications 
in Acronautical Bogineering Aerodynamics. Ap- 
plcants wik be required to join m the teaching 
activites of the department, which at the 
moment include Acronautical eering and 
MSc Course in Flwd Mechanics The depart- 
ment has expermental research facalities cover- 
{ng a wide range of Fluid Mechanics subjects. 
Ser. per annum £1,240 to £1,470. 


Duues commence as soon as possible. Par- 
uculars and application forms (returnable by 
June 7) from the Regsstrar, the University, Man- 
chester, M13 9PL Quote Ref. oy 

(194) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


Applications are anvited for the post of Lec- 
turer in the Department of Zoology, which » 
tenable from September 1, 1969, or such iater 
date as may be arranged Preference wil be 
given to candsdates with experience and merest 
in freshwater biology (population dynamics or 
Dhysiological ecology). AHernauvely the Uol- 
versity would be prepared to consider candidates 
whose research interests made it approprate 
for them to work at the Dove Manne Labora- 
tory The salary whi be at eo eppropmaic 
point on the Lecurers’ scale £1,240 to £2,735 
according to agt, qualifications and experience. 
Membership of FSSU_ requtred 

Further pardoulars may be obtained from 
the Registrar, The Um » Newcastle upon 
Tyne NEI 7RU, with whom appheations (three 
copies), together with the names and addresses 
of three persons to whom reference may be made 
should be lodged not later than June 3, 1969. 
Please quote reference N (1968) 


English 
China 
Clays 


group 
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Research and Development 
Depariment 


SCIENTIST & ASSISTANTS 


The Research Department of English Clays Lovering Pochin 
and Company Limited, the major operating Company of the 
English China Clays Group of Companies and the world’s largest 
producer of china clay, has vacancies for men with Higher 
National Certificate or Higher National Diploma. 


These vacancies exist in a number of Sections within the 


Research Department, including Ceramics Chemistry, Physics 


and Paper. 


One of the vacancies is for a man with a Physical 


Chemistry background and some experience in Pilot Plant work. 


There is also a vacancy in the Chemistry Research Section for 
a Graduate or Ph.D. with research interests in either Mineral 
Chemistry or Solid State Chemistry and ultra violet-visible 


spectroscopy. 


The Research Department is situated in new well-equipped 
Laboratories at St. Austell on the South Cornish Coast. 


Pension and Life Assurance Schemes operate throughout the 
Group, together with Profit Participation and Long Service 


Award Schemes. 


Applications, giving brief details of relevant experience, to : 


The Company Secretary, 
John Keay House, 


St. Austell, 
Cornwall. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


BACTERIOLOGY DEPARTMENT 


SCIENTIFIC OFFICER required to in- 
vestigate fundamental aspects of the heat 
restance and germination of bacterial 
spores and growth of the vegetative ceils, 
especially in mik and milk products. 


Electron microscope facilities are available 
Applications are invited from bonours 
graduates or postgraduates with a sound 
traimng in microbiology and a basic m- 
terest ın bactenal metabohsm 
Appointment wid be in the grade of 


Scienufic Officer (£1,020 to £1,740) or 
Senor Scientufie Officer (£1,925 to £2,372) 
according to age and expenence FSSU 
Apply to the Secretary, NIRD, Shin- 
field, Reading RG2 9AT, quoting two 
referees and reference 69/5. (1866) 





AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 
COMPTON, NR NEWBURY, BERKS 


A vacancy exsts within the Department 
of Biochemistry for an ASSISTANT EX- 
PERIMENTAL OFFICER Experience in 
the fields of protein biochemutcy and/or 
bacteriology would be an advantage Can- 
didates should possess a pass degree, 
HNC. or equivalent quahfication. Salary 
in the range £770 per annum at age 20 
ming to £1,385 per annum with superan- 
nuauon, 


Applications should be sent to the Sec- 
retary quoung reference 102 together with 
the names of two referees, not later than 
Monday, June 16, 1969 (1973) 
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A. S. Napier, Personnel Officer, 
Smith Kline & French Laboratories Limited, 
Mundelis, Welwyn Garden City, Herts. 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF MATHEMATICS 


Applications are mwted for a LEC- 
TURESHIP in COMPUTATIONAL 
SCIENCE ın the Department of Mathe- 


of houschold effects. 


Applications (six copies), containing the 
names of three referees, to be lodged not 
later than June 14, 1969, with the Secre- 
tary, the Unversity, Dundee, DD1 4HN, 
from whom further particulars may be ob- 
tained (1979) 


UNIVERSITY OF DUNDEE 


SENIOR LECTURESHIP IN 
PHYSIOLOGY 


Appkcations are invited for a Senior Lec- 
turesmp to Physiology in the 
of Physsology from October 1, eae Ap 
plicants should have hed conxidera eI- 
penence in teaching and 
Salary scale: Medi 


pd research. 
cal, £2,870 to £3,520; 
non-medical, £2,710 to £3, 410, with placing 


according to qua! tions experience. 
FSSU ; grant towards removal of bouse- 
hold effects 

Applecations Gix copies), containing 
names of three referees, should be lodged 
by June 14, 1969, with Secretary, the Uni- 
vernty, Dundee, DDI 4HN, from whom 
further particulars may be obtained. ) 
(1980; 


TECHNICLAN/SENIOR TECHNICGHAN RE- 
quired a Virology Labom#tory to work on 
cytology, egg culture, tissue oukure techniques, 


for qualified apphcants for T 

range £935 to £1,195 and for Sensor Technicians 
£1,125 to £1,450 per anmum, together with Lon- 
don Wersting —Applications a writing, with 
names 
ee 
Street, London, W 
















Scientific 
Officer 


We are one of the leading companies in the pharmaceutical industry, 
with modern and well-equipped research facilities at Welwyn Garden 
City. 


We have a vacancy for a Scientific Officer for our Physical Organic 
Chemistry Department which would particularly suit an applicant aged 
24—30, with HNC or equivalent and experience in IR/UV spectroscopy. 
The equipment available includes Beckman IR-9 and DK-2 and 
Unicam SP-100 and SP-700 spectrophotometers. 


Conditions of employment are excellent and tnclude progressive salary 
scales, free pension and life assurance schemes, and if necessary, 
payment of full removal expenses. 
of your career to date, and quoting Ref. No. A. 54864, to: 


Please write giving brief details 








UNIVERSITY OF BRADFORD 
Appidcations ere invited for the following post : 
LECTURER IN STATISTICS OR 

OPERATIONAL RESEARCH 


Salary on scale: Lecturer £1,240 by £115 to 
£2,735 (maxemum) with placing according to 
qual an Sapenananation 


to a mammum of £150, towards the cost of re- 
movel expenses are payable m ceram circum- 


stances. 

Further parecotars and epplicatron forms may 
be obtamed from the Regstrar, University 
Bradford, Bradford 7, Yorkshire, 


applications 
June 6, 1969. Please quote reference Moa 
1 


NEW ZEALAND 


Applications are envied for appomtment 
the undermentioned Char. 

CHAIR IN CHEMISTRY : In view of the 
retirement of Professor L. J. Briggs m the end of 
the curremt ecademic year, applications ere m- 
vited from candedates 30 any field of Chemustry ; 
in making the appointment consmderathon will be 
given to the balance between the research in- 
teres of senior members of staff. At presen 
the Head of the Depamment mw Professor 
P. B. D de œ Mare (Phymcal-Onganic); the 
other Chaim are beid by Professor L. H. Brags 
(Ongan) end Profesor D. Hail (Structural). 

The basic professorial salary 1s $NZ7,400 per 
annum, bur ie as within the power of tbe Council 
to make appointments up to $NZ9,500, having 
regard to the qurlificauons of the candidetes 
appointed. In she case of new members of staff 
coming from overseas, the currem practice is to 
pay salarics from an epproved departure date 


to 


ry 
an approved bass to coumry of orgio may be 
granted to e person appointed end hie dependent 
family, provided thet such fares are not being 
met feom some other source 

Further particulars, dems of FSS.U. 
afangements and information es to method of 


close on June 30, 1969. (1974) 


UNIVERSITY OF AUCKLAND 





FISHERIES RESEARCH 
BOARD OF CANADA 


BIOLOGIST 
REQUIRED 


A biologist ag: reduired bythe- eee 


Ioaea Station at E John’s, 

Canade. The position uw that of 
mberar a e Commercial Inverte- 
brates division, responsible to the Director 


commercial invertebrates of the Newfound- 
Jand-Labrador area, with particular cm- 
phasis on Jobster, squid and Queen crab. 
bat also with attention to shrimps, scallops, 
oysters and clams. QuaHfications, graduz- 
tion from a university of cecognized stand- 
ing with a Ph.D or Masters degree in 
beology or zoology; a number of years 
experience in fisheries research, preferably 
in the subject area. Appointment will be 
made within the salary range of $12,100 to 
$14,995, commensurate with qualifications 
of the candidate. 


in wrung to the Director, 


Newfoundland, 

mi history, state- 

ment of traimng and experience, a Hst of 
dtes of published papers, and the names 


familar with apphcant’s academic record 
Applicatons wilt be accepted up to Jun 
30, 1969. (1904) 





SALFORD H.M.C. 
SALFORD ROYAL HOSPITAL 
CHAPHL STREET, SALFORD M60 SEP 
BIOCHEMIST PROBATIONER for the 
paper of Pathology to work under 

the supervmton of Prncepal. Salary scale: 
£960 rising to £1,355. 

g Apoaee hone from suitably quahfied per- 

, Dammg two referees, to Hospital Sec- 

Tetaty (Ref. 16450) (1982) 


1969 
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UNIVERSITY OF ZAMBIA 


Applications are inyited for Professor, Senior 
Lecturer, Lecturer, or Assistant Lecturer in Pure 
or Applied Mathematics, Preference will be 
given to mathematicians with teaching as well as 
Testearch experience, 

Basic salary scales per annum ace as follows. 
Professor, K6,760; Senior Lecturer, K4,900 to 
K5,700; Lecturer, grade I, K4,100 to K4,700; 
Lecturer, grade II, K2,900 to K3,800; Assistant 
Lecturer, K2,500 to K2,800 (KI =11s, 8d. sterb 
mg). 

Appointment to the appropmate grade and 
salary entry point according to qualifications and 
experience A contract allowance of K600 per 
annum will be paid to non-Zamb:ans who will 
be appoimed on a five-year contract; Zambians 
will be appointed on probation for permanent 
and pensionable teams 

Other condetions include : family passages and 
allowance for traneport of effects on appoinament 
and on of contract; dnstattadion 
grant of K200; housing with hard forniture pro- 
vided at a sutb-economic rent; home leave of 
90 days in ceapect of each two-year penod of a 
contract of not Jems than three yeam; study 
leave may be @ramed after four years’ service ; 
a children’s allowance of K100 pec ennum for 
each minor dependent child up to a maximum of 
five children and a further allowance of K100 
Per annum foc cach such chid not normally 
resident in Zambia; education travel grams are 


ful-ume study outside Zambia. Compulsory 
contributory medical aid ent superannuation 
schemes 

Detailed applications (sxx copies), naming three 
referees, by Jone 24, 1969, to the Secretary, 
The InterUnrvermty Council for Higher Educa- 
tuon Oversees, 90-91 Tottenham Court Road, 
London, W.1, from whom further particulars 
are avaliable €1945) 





NEW ZEALAND 


Department of Scientific and Industrial 
Research 
Applications are invited for she undermendoned 
wacacncy : 
VACANCY B 13/18/86/1499 
CHEMIST 


AUCKLAND INDUSTRIAL DEVELOPMENT 
DIVISION, DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH, NEW 
ZEALAND 
The qualification required is at leam e first 
degree peeferably with honours, m physical or 
inorganic chemistry. Some sndastclal experience, 
preferably associated with metallurgical analyses 

an advantage 

The successful applicant would be required to 
take charge of a smell chemical laboratory of 
the Metallurgical Section. The Section is com- 
cerned with a variety of indosmal problems, 
often with a chemical aspect and frequently 
cequinng the chemical analyses of a wide range 
of metals and alloys 

Commencing salary rs up to $NZ5,300 per 
annum depending on quakficauons and expen- 
ence Further promotion is on solenwfic merit 
up fo a maximum of $NZ7,300 per annum 

Passages © Fares for appoimee and his wife 
and family, xf married, will be paid 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealaad 

Appkcation forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S W.1, with whom applications wi'l close 
on July 9, 1969 

Please quote reference B 13/18/86/1499 when 
enquiring (1991) 


AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISBASES 
Compton, near Newbury, Berkshire 


A vacancy exwts m a group studying host- 
pathogen relationships, especially at the cellular 
level, in a progamme of research on diseases 
of famm anamals Vetermary qualificateon re- 
quired ; previous experience in pathology, micro- 
biology or immunology would be an advantage 
Appomimenm m the Scientfic Officer or Senior 
Solennfic Officer grade; FSSU ; prospects of 
promotion, 

Apploetions should be forwarded to the Sec- 
retary, quoting Ref. 103, together with the names 
of two referees, not later than Monday, July 14, 
1969. (1972) 





NEW ZEALAND 


Marine Department 


Applications are invited for the under- 
memioned vacancies 
VACANCY B 13/13/39/1571 
SCIENTISTS 
FISHERIES RESEARCH DIVISION 
WELLINGTON 


The Fisheries Research Diviston of the 
Manne Department requires Scientists for 
research on MoHusca and Dermerse!] Fish. 

QuaHficahons desired: Appiicants should 
have a degree with 1 or 2A Honours in 
Zoology. 

Salary: Appointments will be made m 


the range SNZ2,840 for first-class honour, 
5NZ2,960/$NZ3,440 for a newty qualified 
PhD. end up $NZ5,630 for smtably ex- 
penenced š 

Passages: Fares for appointee and his 
wife and family, if » wil be paid. 

Incidental expenses: Up to £35 for a 
alngie man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Commis- 
moner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, wah 
whom apphcations will close on June 20, 
1969 


Please quote reference B 13/13/39/1571 
when inquiring. (1988) 





MEDICAL RESEARCH COUNCIL 


METABOLIC REACTIONS UNIT 
DEPARTMENT OF BIOCHEMISTRY 
IMPERTAL COLLEGE, S.W.7 


BIOCHEMISTS 


with post-doctoral expersence requred to 
participate in studies on hormonal control 
of intermediary metabolism in perfused 
organs and in bram. 


ENZYMOLOGIST 


peeferably with post-doctoral experience, 
required to participate in studies on 
enzymic aspects of intermediary metabolism 
and hormona? control. 


NEURO- 
ENDOCRINOLOGIST 


peeferably with post-doctoral experience, 
required to parucipate in studies on the 
mode of action of ergot alkaloids and re- 
lated topics. 


Salares according to age and experience. 
Application, with vitae and 
names of two referees, to Professor E. B. 
Chain, FR S, at the above address. 


(1898) 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


Applications are 1gvited for the post of 
LECTURER or ASSISTANT LECTURER. 
Candidates should have a good honounm 
degree in Phymcs, Mathematics or Bogo- 
cering and should have research experience 
m Theoretscal and/or expenmeotal Aluid 
Mechanmes. 


Salary Scales: Lecturer, £1,585 to £2,850 
web a ment bar at £2,045 Assistant Lec- 
turer £1,240 to £1,470. The inital salary 
will depend on qualifications and expen- 
ence. 


Further particulars may be obtained 
from the Deputy Secretary, The Unaveraty, 
Southampton, SO9 5 NH, to whom eppi- 
cations (seven copecs from United Kingdom 
applicants) shonld be sent not later than 
May 30, 1969, quoting reference N. j 





UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN MATHEMATICS 
@atrhematical Statstics) 


The University invites applications for the pos- 
tion of Lecturer in the Departmem of Mathe- 
matics An applicant should have a higher degree 
and research intereste m any branch of Statistics 
Gncluding probability and stochastic processes) 
The successful applicant wil be responsible to 
the Head of the Department of Mathematics and 
will work under the darectson of the Professor of 
Statistics. The appointee will join the Statistucs 
groop of the Department and will be required 
to undertake reasonable lecturing, examining and 
other relevant duties. He will be empected to 
play a full part wm the research actrvrties of the 
group, whose present establishment is one Pro- 
fessor, two Readers, one Semor Lecturer, two 
Lecturers and supporting tutonal staff The 
salary for a Lecturer will be within the range 
$45,400 to $A7,300 per annum The Uarversity 
Provides Superannuation mmilar to FSSU, 
housing assatance, study Ieave and travel grants 
ue permanent appointees of Lectarer status and 
above 

Addstional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Uaiver- 
sities (Appts), 36 Gordon Square, London, 
WC.1 Aopiications close in London and Bris- 
bane on June 30, 1969. (2010) 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
READER IN MATHEMATICS 


The Unolversty invites agplmations for the 
positon of Reader in the Depactment of Mathe- 
matics, An appkcant should bave published sig- 
nificant contributions to some field of Pure 





be required to deliver such lectures and carry out 
such other doties as may be required He should 
be capable of pursumg independent investigations 
10 hs branch of the subject and of assisung in 
the treéaing of honour and research stadents 
He will be expected to encourage research activity 
mn his own field The salary range for a Reader 


is $A9,160 $A240 (3) to $A9,900 per annum 
The Univerdty provides Superannuation similar 
to FSSU, Hovusmg Asmetance, Travel Grants 


and Study Leave for permanent eppoimees of 
Lecturer status aod above 

Additionat information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
artics (Anpts), 36 Gordon Square, London. 
WC1. AgnpHcatons will dose in London and 
Brisbane on June 30, 1969 (2011) 


WEST OF SCOTLAND 
AGRICULTURAL COLLEGE 


The Governors invite applications for the 
following Senior Posts, which wi become vacant 
Sortiy on the retical of the present incumbents 

(1) BBAD OF THE PLANT PATHOLOGY 
DEPARTMENT. Candidates should have an 
appropriate Honours Degree (and preferably a 
Higher Degree) and have bad considerable expen- 
ence of Pleat Diseases and Crop Protection work 
Specialist Advuwsory experience wouki be an ad- 
vantage. 

@ HEAD OF THE AGRICULTURAL 
ZOOLOGY DEPARTMENT Candidates should 
have an appropriate Honours Degree (and prefer- 
ably a Higher Degree) and have had consider- 





The salary scale applicable to both posts 15 
Grade I £2,913 msmg to £3,683. 

Conditions of appomtmem for each post and 
apphcation forms are obtainable from the Sec- 
retary, 6 Blytbewood Square, Giasgow C2, with 
whom applications should be lodged not later 
than June 30, 1969. (1958) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF PHYSIOLOGY 
Applications ere invited for post of 
LECTURER IN HUMAN PHYSIOLOGY 
OR PHYSIOLOGY 

A medical qualification is desirable but not 
esscotial. Salary on scale: £1,585 to £2,735 Qf 
medecalay qualified) £1,585 to £2,810, with ential 
placing according to queifications and expen- 
ence Superannuation (FSS.U) end removal 
allowence 

Funher perticolam from the Secretary, The 
Uniecrsity, Aberdeen, wkh whom applications (8 
copies) should be lodged by June 13, 1969 ) 

(1868 
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UNIVERSITY OF 
SOUTHAMPTON 


ACADEMIC STAFF 
APPOINTMENT IN 
DEPARTMENT OF 
CHEMISTRY 
An Expenmental Officer is to be ap 
pointed to asst in teaching and rescarch 
in ORGANIC CHEMISTRY. In collab- 


oration with the lectursog staff he will be 
responsible for running undergraduate 


practical courses, including the develop- 
ment of new experiments 


He will be 
assisted by a small group of technicians in 
the undergraduate and research Jabora- 
tones, and will be encouraged to take part 
in the research of the Department. In- 
terest ın preparative Organic Chemistry 
and ın spectroscopic instruments is desir- 
able The post 1s permanent and carries 
full membership of the Academic Staff 
Salary in the range £1,240 to £1,930 per 
annum plus F.SS U wath prospects of 
further promotion, 


Applicants, who should hold a degree in 
Chemistry or an equivalent qualification, 
should write stating age, qualificatons and 
experience and giving the names of two 
professional referees, to the Deputy Secre- 
tary, The University, Southampton SO9 
SNH. Quote reference N (1987) 





BROOKE BOND LIEBIG 
RESEARCH CENTRE 


BLOUNTS COURT, SONNING 
COMMON, READING RG4 9NZ 


PHYSICAL CHEMIST 


A Physical Chemist is required to inves- 
ugate factors dictating the course of certain 
chemical reacuons to provide a sound bass 
for the design of commercial processes tm- 
volved in the manufacture of food pro- 
ducts and mtermediates 

Initeally the work will be to assist whe 
Engincering Division of the Group end will 
be carried out at Brentford. On completion 
of these experumenots, he well transfer to 
the Research and Development Divwmon 
which is situated in new, well equipped 
laboratories at Sonning Common, near 
Reading. There, a wide range of Chemical 
and Biochemical problems, embracing 
many aspects of the food industry, will re- 
quire investigation. 

The preferred age is 25-30, and the can- 
didate should possess an Honours bet gi 
m Chemistry. The starting salary wi he 

i the range £1,500 to £2,000. 

The Company operates a Contrebniory 
Pension Scheme and a Staff Resteuram is 
available for lunch. Please write for en 
apphcation form to The Administrative 
Officer, at the above address, quotmeg refer- 
exce SX-U (1964) 





UNIVERSITY OF DUNDEE 
Computing Laboratory 


A vacancy occurs for a LECTURER 
who will be required to give lectures on 
Programming languages and techniques to 
undergraduate and graduate students and 
to advise computer users on the prepara- 
tion of programmes 


The Laboratory 1s equipped with an ICL 


(Elhott) 4139 Computing System which in- 
cludes magnetic tape, disc files and remote 
access consoles, 


Sakry scale £1,240 to £2,850, with plac- 
ing according to qualifications and expen- 
ence FS.SU.; grant towards removal 
of household effects. 


Applications (sıx copica), containing the 
names of three referees to be lodged by 
June 19, 1969, with the Secretary, The 
Uaiversty, Dundee DD1 4HN, from 
whom further particulars may be obtained. 


(2048) 





AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
Compton, near Newbury, Berkshire 


Applications are mvited for a pos as EX- 
PERIMENTAL OFFICER in the Department of 
Functional Pathology The dutes will involve 
Partkcipation m a programme of work on 
dypamre aspects of mineral, and trace element 
metabolum in ruminants. Experience and undet- 
standing of radiosotope methods will be an 
advamage, The deparmment w well-equipped for 
such work, and ¢ecilities include automatic £8- 
and »scintillation spectrometers, and a low- 
background chamber suitable for she whole-body 
couming of fam animals Candidates should 
possess good academe quakfications Salary in 
the range £1,514 ¢o £1,910 with superannuation 

Replies to the Secretary (ref. 101) together with 
the names of two referees not later than June 
16, 1969 (1971) 





WALTHAM FOREST 
(LONDON BOROUGH) 
WALTHAM FOREST TECHNICAL COLLEGE 
AND SCHOOL OF ART 
FOREST ROAD, WALTHAMSTOW, E 17 


Lecturer, Grade II (to commence September 1, 
1969, or as soon as posmble thereafter) to be 
responsible for the teaching of Biochemical 
Genetics and Organization and Control of Bio- 
chemical Processes. Candidates mos hold an 
Honours Degree in Brochemustry/Molecuoler 
Biology and be femuer with the applicattons of 
immuaological techniques ; they should also have 
experience in relevam teaching and reseerch. 

The salary scale fs £1,725 to £2,280 plus Lon- 
don Allowance of £85. There » a scheme for 
mortgage factluies in approved cases. 

Forms of application, which should be returned 
as soon as possible, may be obtained from the 
Principal together with further detase, unis 


AGRICULTURAL RESEARCH 





ASSISTANT EXPERIMENTAL OFFICER/ 
EXPERIMENTAL OFFICER required to work 
on the biochemistry of lipids in plants. Minimum 
qualifications © Uader age 22; G.C.E. in five 
subjects including English Language at “O” 
level and two scientific subjects at “A” level, 
including chemistry, Age 22 or over; a pass 
degree or HNC in Chemistry. Appointment 
to E.O grade dependent upon age. Salary: 
A.EO one scale according to age from £650 
per annum at age 18 to a maxmum of £1,385 
per amum. pey at age 26 or over 
£1,150 per annum E.O on a scale rising from 
£1,514 to £1,910 per anmum, 

Application forms available from the Secre- 
tary, Food Research Insitute, Colney Lane, 
Norwich, NOR 7OF, quoting re : ae 


A.R.C. WEED RESEARCH 
ORGANIZATION 
EXPERIMENTAL OFFICER 


Weed Research Organization requires an Ex- 
perimental Officer or Assistant Experimental 
Officer for a new oroject involving field research 
on ways of growing cereal and other arable 

ctops by cultvation Pass degree m 
ageloultare or an equivalent qualification, coupled 
with an interest in farming, farm machinery and 
uwestigational work are the attributes required 
Optional contributory superannuation scheme. 
Appoimntmem in ALO scale according to age, €g, 
£830 at 21, £1,100 at 25, or E.O. scale £1,514 
to £1,910 for more experienced applicants. 

For further particulars and application form 
write to Secretary, ARC Weed Research 
Organization, Begbroke Hill, Yarmon, Oxford, 
quotmg 9/69. (1994) 


APPLICATIONS ARE INVITED FOR A 
post as Research Associate to work on the lenco- 
cyte antigens of pigs and thelr importance in 
transplantation immunology in this species This 
would involve serological typing and genetic 
studies in a large, closed herd of pigs. The 
successful candsdate would co-operate in a pro- 
gramme involving liver, Kidney, heart, ovary and 
skin transplantation At least a good 2nd class 
degree is essemual, preferably with some ex- 
perience in tmmunology Faolltinte research 
Salary according to experience —Applications 
wh curnculum vitae and three referees to the 
Secretary of the Institute of Animal Phystology, 
Babraham, Cambndge, quoting Ref. RMRI 











NEW ZEALAND 
Marıne Department 


Applications are Invited for the under- 
mentioned vacancy’ 


VACANCY B 13/13/38/1572 
SCIENTIST (BIOMETRICIAN) 


FISHERIES RESEARCH DIVISION, 
MARINE DEPARTMENT, 
WELLINGTON 


The Fasheries Rescarch Division of the 
New Zealand Marne Department requires 
a Frshenezs Biometncan to work on 
population dynamics. 

Quahfications desired: Apphcants should 
bave an honours degree in mathematics. 

Salary Appointment will be made in 
the range of $NZ2,600 to $NZ2,840 for 
honours, $NZ2,960 to $NZ3,440 for a newly 
qualified PhD, and up to $NZ4,450 for 
suitably experienced officers 

Incidental expenses’ Up to £35 for a 
singk man and £100 for a marned man 
can be claimed to cover the cost of taking 
personal effects to New Zealand 

Applicauon forms and general informa- 
tion are available from tbe High Comms- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
whom applications will close on June 29, 

Piease quote reference B 13/13/38/1572 
when inqurıng (1989) 


MEDICAL RESEARCH 
COUNCIL 


Demyelinating Diseases Unit 


The Unk, which possesses excellent facili- 
tres and bes recently moved into new ac- 
commodation, invites applicauons for the 
following vecancies : 


1 Brochemist : pre- or immediately post- 
doctoral grade to work on problem of 
Protein synthesis in myelin 


2 Tmmunologist . preferably post- 
doctoral, to work on experimental! allenpic 
encephalomyclitis with special reference to 
the use of anti-lympbooyuc serum. 


3. Electron Microscopist: Pre- or post- 
doctoral (two Philms machines). 


4 Graduate Assistants: to work on 
ussue cukure of central and penpheral 
nervous tssue; ın immunology; and 
electron-mucroscopy. 


In each case, grade and salary according 
to expemence. Apply to: 


Professor E., J. Fiekd, 
Medical Research Council, 
Demyelinating Diseases Unit, 
Newcastle General Hospital, 


UNIVERSITY OF LIVERPOOL 


ELECTRON MICROSCOPIST 


Applicataons are invited for the post of 
Technical Officer in the Department of 
Veterinary Anatomy The person eppo- 
ted wil be responsible for technical services 
associated with the Electron Microscope 
Unit (AEI EM 6 B) and will also parua- 
pate in the training of postgraduate mu- 
dents. An mterest in biological investiga- 
tion and competence in the appropriate 
techniques will therefore be required. 
Initial salary m the range £1,031 to £1,155 
per annum according to age, qualefications 
eod experience, 

Apokcetion forms may be obtained from 
the Regmrar, The Unaivermty, PO Box 
147, Liverpool L69 3BX Quote Ref RV/ 
2704/N. (1960) 
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SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
WEST OF SCOTLAND UNIT, 

AUCHINCRUIVE, AYR 


ASSISTANT EXPERIMENTAL 
OFFICER 


An AEO n required to amast with the 
sirawberry breeding programme, which in- 
cludes screemng seedlings for chsease 
restance and 
istics. 

Qualifications. A degree or diploma in 
horucukuce or subject preferably 
with field and/or glasshouse experience but 
applications from studems expecting to 
graduate this summer will also be con- 
sidered. 

Salary £830 at age 21; rwng to £1,150 
at age 26 (maximum on entry) to £1,385 
Superannuation 

Further particulars may be obtained 
from the Officer-en-Charge, with whom 
applications, naming two referees and 
staung age, ¢ducation and experience, 
may be lodged by June 10. (2042) 


recording fruit character- 





TECHNICIAN 


for 


VITAMINS RESEARCH STATION 
WALTON OAKS, TADWORTH. 
SURREY 


A vacancy exists for a young man or 
woman in the Animal Nutrition Product 
Research Unut to assist m analytical chem- 
cal techniques. 

The Unit ıs Involved in the formulation 
of new products in the Animal Nutntion 
fed and provides a specialist analytical 
service for the assay of ammal fecds and 
relevant metabolic procedures. 


Applicants should be of O.N C. Chem- 
istry/Physical Sciences or “A” level 
GCE standard and preferably have pre- 
vious laboratory experience. Some know- 
ledge of technician procedures or of food 
analyses would be an advantage but a not 
essentral 

Beecham Research Laboratories wm part 
of the Beecham Group and is situated in 
a pleasam area of Surrey within easy 
reach of London. The successful applicant 
will qualify for the Group’s pension 
scheme which is non-contributory and for 
the generous profit-abating scheme There 
are excellent dimng facilites and a 
flounshing sports and social club 

Applications, stating briefly age, qualifi- 
cations and expenence should be sent to` 
The Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey or telephone BETCHWORTH 3202 


(2041) 





HEAD OR SENIOR TECHNICIAN 


Applicant must have e wide experience in 
Phetmacosogical Tecbaiques Postion offers 
good opportunities wih exceWent condi- 


uons 

Apply in writing to Research Director, 
Blorex House, Canonbury Villas, London, 
N1 (1927) 


WALTHAM FOREST TECHNICAL 


COLLEGE AND SCHOOL OF ART 
FOREST ROAD, LONDON, E.17 


Applications are invited for a vacant Research 
Assistant post in the Phystcal Biochemistry Re- 
search School, The appointed person will work 
for a higher degree under Dr S. Lewin on the 
effee of heavy water on protem/antsbody bio- 
synthesis at the ribosomal level Candidates 
should be Honours graduates oc holdecs of 
Grad RIC The work invokes correlation of 
the results of several physico-chemical tools such 
as spectrophotometry, speciropolarimetry, acryl- 
amide ga electrophoress and electrofocusing, 
radiochemutry aad analyical/zooal ubtracentri- 
fugation Salary ecale: £870 to £960. 

Further detas may be obtained from the 


Prmecipal. (1959) 





UNIVERSIDAD DE LOS ANDES 
MERIDA, VENEZUELA 


PROFESSORS FN ORGANIC AND 
ANALYTICAL CHEMISTRY 


There are vacancies for Organic aod Analytical 
Chemists in the Department of Chemistry. There 
are two sentor posts in Organic and Analytical 
Chemistry, as well as junior posts im most 
cheamstry flelds The candsdates for the soxor 
posts should be able to organize research groups 
in their specialues as well as to programme bamc 
and advanced courses. Salaries are in the range 
of Bs3 000/4,500 (US $1=Bs 4,50) monsthly, 
depending on qualificetrons. Candidates should 
have a working knowtedge of Spaowh and be able 
wie ther duties not later than January, 

Further particulars and information can be 
obtained from Cemro de Ciencias, ULA. 
Mérida, Venezuela, to whom applications should 
also be sent (2028) 


UNIVERSITY OF SINGAPORE 


Appkoations are invated for (a) LECTURE- 
SHIPS or @) ASSISTANT LECTURESHIPS IN 
DEPARTMENT OF PHYSICS Candidates 
should have at least a good bonours degree in 
Physics or Engineermg. Preference given to those 
with teaching and/or zrescaroh experience in 
Phymcs, Solid State Physics, Electronics and/or 
Engineernng Piymcs, Salary scales : (a) $911,040 
to $S17,100 per annum ; ©) $89,600 to $910,560 
pee annum ($S7.35=£1 sterling). Various allow- 
ances; superannuation scheme; family passages ; 
regukr overseas leave. 

Agpiication forms and further particulars ob- 
tainable feom Inter-Universry Council, 90/91 
Tottenham Court Road, London WIP ODT. 
closing date June 16, 1969. (2016) 





UNIVERSITY OF MALAWI 
CHANCELLOR COLLEGE 


Applications are inwted for LECTURESHIP 
IN GEOGRAPHY. Tihe appoimee will be re- 
quired to teach Economic Geography, with an 
emphasis on development and the conservaaon 
of matural cesources in Africa The College, 
which a a constituent college of the University. 
bas en “O” level entry and ofice a four-year 
course leading to an ordinary degree, veually in 
two main subjects Post tenable from September 
1969 Salary scale Gmcluding expatriate addi- 
tion): £1,340 to £2,250 per annum. University 
additteon of £360 per annum s payable or salary 
supplemented by £275 per annam m appropriate 
cease under British Expatnates Sopplememation 
Scheme Gratulty ; superanouation scheme 
transferable with FSSJU.; familly pessages; 
various allowances; biennial overecas leave 

Detailed applications (6 copies), naming 3 
referees, by 16 Jone, 1969, to Inter-Universuy 
Council, 90/91 Totteobam Court Road, London 
WIP ODT. from whom particulars are Pea 

5) 





UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN MATHEMATICS 


The University invites applications for the pos- 
tion of Lecturer in the Department of Mathe- 
matics An applicant should possess the degree 
of Doctor of Philosophy for work in some 
branch of Pure Mathematics. Expenence of 
teaching and research would be an advantage. 
The successful apphcant will be required to de- 
liver such lectures and carry out such other 
duties as may be required He should be cap- 
able of carrying out independent investigations 
in hrs branch of the subject and of assisting in 
the training of honoucs and research students. 
The salary range for a Lecturer 1s $A5,400 by 
$A250 (4) by $A300 (3) to $A7,300 per annum. 
The University provides Superannuation sımBar 
to FSSU., Housing Assstance, Travel Grants 
and Study Leave for permanent appoimecs of 
Lecturer status and above. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General. Association of Commonwealth Unrver- 
«ues (Appts), 36 Gordon Square, London, 





WC1_ Applications close in London and Bris- 
bane on June 20, 1969. (1985) 
THE OLARENDON PRESS HAS A 


vacancy for a male Asmstant Sclence Editor 
who will be particularty concermed with books 
ın she biological eclences. Degree, preferably 
ın a dlological snbject, esential. Pubhsbing cx- 
perience desirable —Applcations in wretiog, with 
curmculum vitae, to The Secretary, Clarendon 
Press, Oxford by June 15 (2049) 


NEW ZEALAND 


Department of Scientific and 
Industrial Research 


Applicauons are invited for the under- 
Mentioned vacancies: 


VACANCIES B 13/18/78/1630 and 31 
SCIENTIST (MINERALS ENGINEER) 
SCIENTIST (ANALYTICAL CHEMIST) 


MINERALS CHEMIST AND 
ENGINEER 


Chemistry Duivesron, Department of 
Scaentific and Industna!l Research, Welling- 
ton, i expanding {ts programme of ce- 
search and development of the mineral 
resources of New Zealand and has vacan- 
cies for an Analytical Chemist (Vacancy 
1631) and a Minerals (Vacancy 
1630). The work involves mineral chem- 
istry, separation and procesaing. 

The appomtees will complement estab- 
lshed teams working on projects such as 
mineral processing, research and process 
development related to production of steel, 
base metals. titanium omde, end non 
metatkc muincrals. Independent research 
work i encouraged 

Minimum qualifications’ B Sc. 
Propmate engmecnng degree 

Salary up to $NZ5,300 per annum ac- 
cording to qualfications and expenence 
with opportunity for advancemem on 
merit. 

Passages. Fares for appointee and his 
wife and family, if married, wall be paid 

Incidental expenses: Up to £35 for a 
single man and £100 for a marred man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Com- 
missioner for New Zealand, New Zealand 
House, Haymarket, London, S W.1, with 
whom applications will close on July 30, 

Please quote reference B 13/18/78/1630 
and 31 when inquiring. (2040) 


or ap- 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNTVERSITY OF READING) 


The Feeding and Metabolism department 
haz a vacancy for an ASSISTANT EX- 
PERIMENTAL OFFICER in the analyti- 
cal laboratory. The work will be con- 
cerned mainly with various aspects of food 
ingestion and dulization in ruminants. The 
position involves supervision of the tabora- 
tory, the development of new analytical 
procedures, especially those using auto- 
matic techniques, and some routine 
analysis. 


Applicants should have a Pass Degree, 
Dip Tech., H.N C. or equivalent in ap 
propriate subjects Experence with euto- 
matic techniques of analyz would be an 
advantage 


Starting salary up to £1,150 according to 
age, m scale to £1,385 

Apply on forms obtainable from the 
Secretary, NIR D., Shinfteld, Reading, 
RG2 9AT Quote ref. 69/20 (2050) 


MACAULAY INSTITUTE FOR 
SOIL RESEARCH 


DEPARTMENT OF SOIL SURVEY 


Applicauons are Invited for the appoint- 
meat of a SCIENTIFIC OFFICER (Mak) 
for the Soil Survey of Scotland. Candi- 
dates should possess a Farst or Upper 
Second Class Honours Degree in a Scen- 
ufic subject Starting salary within the 
range £1,020 to £1,740 according to age, 
quahfications and experience Superannua- 
tion under FSS.U 


Forms of epplicauon may be obtained 
from the Secretary, The Macaulay Institute 
for Soil Research, Cramebuckkr, Aber- 
deen, ABS 2QJ, to whom they should be 
returned before June 16, 1969. (2044) 
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MEDICAL RESEARCH COUNCIL 
AND UNIVERSITY COLLEGE 
CARDIFF 
RESPIRATORY PHYSIOLOGIST 


The Medical Research Council and University 
College Cardiff invite applications for a post in 
lung phystology at the Poeumoconiosls Research 
Unit and Depannment of Physiology. The post 
Provides en excellemt opportumity to combme 
teachng reapiratory physiology with research into 
factors underlying breathlessness in norma! sub- 
Jects aod 10 patents with chronic industrial and 
non-industrial pulmonary diseases 

Apply, awog details of age end qualifications 
and the oames of two referees ether to the 
Director, Pneumocontosis Research Unit, Llan- 
dough Hospital, Penarth, or to the Regutrar, 
University College, Cathays Park, a 





ANIMAL HEALTH TRUST 


SMALL ANIMALS CENTRE, LANWADES 
PARK, KENNETT, NEWMARKET, 
SUFFOLK 


TECHNICIANS with experience of Phymologr 
cal or Biochemical techniques are invited to 
apply for a position at the Animal Health Trost, 
Small Animals Centre. Preference will be given 
to candidates with H.N.C. or equivalent qualifi- 
cation, but facilities arc available to attend Day 
Release Courses. 

Applications, giving summary of experience, 
and the cames of two referees, should be sent 
to The Director, at the above address, from 
whom further details may be obtained. 

(1983) 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE DD2 5DA 
ASSISTANT EXPERIMENTAL OFFICER 
An A.E.O. is required in the Virology Sec- 
tron to assist research work on plam viruses and 
virus diseases, Candidates should have a degree 
or other quakfication appropriate to entry to 
the A.E O. grade. Salary: £770 at 20, rising 
to £1,150 at 26 (maximum commencing salary) 

and thereafter to £1,385, uation. 
Applications, giving details of age, education 
and experience, together with the names of two 
referees, should be lodged with the Secretary by 
June 16. (1947) 








AGRICULTURAL RESEARCH 
COUNCIL 


UNIT OF INVERTEBRATE CHEMICAL 
PHYSIOLOGY 


Applications are invited for the post, described 
below, in she newly formed Unit of Invertebrate 
Ohemical Pirydiology under the Hon. Director- 
ship of Professor A W Johnson, FRS. of 
the University of Sussex. The appointment 
would however be to the Subdnit which is 
under the direction of Dr. J E. Treherne end 
is situated at the University of Cambadge. 

Assistant Experimental Officer/Experimental 
Officer to assist with biochemical studies of 
invertebrate nerve Interest in physiology an 
advantage. 

Qualifications AJE.O, ege 22 and over, pass 
degree, HNC, or equivalent; under 22, GCE 
m 5 subjects, including 2 at advanced level. 

Appombmnent at EO level uw dependent upon 
age and experience. 

Salary soale’ Experimental Officer, £1,514 to 
£1,910, Assistant Expenknemal Officer £650 (at 
age 18) to £1,150 (maximum starting salary at 
age 26 or over) to £1,385. 

Applications, with two referees, to Dr J. E 
Treherne, University of Cambridge, Department 
of Zoology, Downing Street, Cambridge. 

(2034) 


UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 
Applications are imvited for Postdoctoral 
Fellowships, tenable from October 1, 1969, or 
such date as may be arranged The salary will 
be on the scale £1,240 to £1,470 per annum with 
FSSU. benefits. 
Further particulars, including informauon 
about current research work, are available from 


the Registrar, to whom applications (three coples) 
should be sent by June 9, 1969. (1990) 


IMMUNO/PARASITOLOGIST REQUIRED 
to work on development of a malarial vaccine 
in umeversity surroundings. Selary commensurate 

eupenence —Send vita to: Dr. Nelda E 
Alger Department of Zoology, University of 
Ninos. Urbana. Iiliow 61801, US A 

(2043) 





UNITED CARDIFF HOSPITALS 
CHEMIST OR PHYSICIST REQUIRED 
in the 
DEPARTMENT OF ANAESTHETICS 


Research mrincepally concemed with the develop- 
ment of methods of gas chromatography to 
measure anaesthetics and narcotics in blood and 
tissues. The research will be part of an invest: 
gation Into the relief of pain during childbirth 
The post is for one year in the fink mstance, with 
a strong posslbdky of conunued employment in 
this or the Medical Physics Department. New 
graduates considered. Salary in the range £1,080 
to £1,355 per annum 

Applications in writing to the House Governor. 
Cardiff Royal Infirmery, Newport Road, Cardiff. 


LIVERPOOL SCHOOL OF 
TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 
Apphcations are invited from Honours gradu- 
ates or intending graduates for research posts to 
investigate certam aspects of the biochemistry of 
parasites, particularly the malaria parasite, and 
their effects on host metaboksm Some electron 
microscopy w envisaged. Good facilities exist 
and opportumties are available to work for a 
higher degree. Salary according to qualifications 

and experience 

Apphcations, stating age, qualifications and ex- 
perience, together with the names of two 
referees, should be sent without delay to the 
Secretary, Department of Tropical Medicine, 
Pembroke Place, Liverpool, L3 5QA (1981) 


UNIVERSITY OF LIVERPOOL 
RESEARCH TECHNICIAN 


SENIOR TECHNICIAN (Grade ILD re- 
quired in the new Unit of Reproductuyve 
Biology to assıst research workers with a 
variety of expemmental techniques includ- 
ing electron microscopy, tmochemicel 
methods and htochemistry. Experience 
hsstological 

and the 


in laboratory adminstration, 
and histochemical techniques 
Possession of an appropriate qualification 


are necessary. Initial salary on the scale 
£987 to £1,225 per annum according to 
age, qualifications and experience. 
Applicaton forms may be obtained from 
the Registrar, the University, PO. Box 
147, Liverpool L69 3BX Quote Ref. RV/ 
2708/N (1997) 


UNIVERSITY COLLEGE, CARDIFF 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of LEC- 
TURER IN ORGANIC CHEMISTRY. Salary 
within the scale £1,240 by £115 to £2,735. Super- 
annnation under F.S.S.U. 

Applications (two copies), giving the names 
and addresses of three referees, should be sent 
to the Registrar, Univeraty College, Cathays 
Park, Cardiff, CF1 3NR, not later than June 6, 
1969 from whom further paruculars may be ob- 
tained (1827) 





ROYAL DENTAL HOSPITAL OF LONDON 
School of Dental Surgery (Undveraity of London), 
Leicester Square, W C2. Apolications are m- 
vred for appointment as Research Fellow under 
the terms of the Warwick James Research Fellow- 
sup. Applications must be gradusmes m science, 
denustry or medicine with interests preferably in 
the fields of histology, histo-chemistry and elec- 
tron amucroscopy Previous research experience 
is not essential and applications will be con- 
sidered from students about to complete thar 
degree cxanunations The Fellowship is for three 
years and will permk registration for a higher 
degree as an internal student at London Untver- 
stty; salary £700 to £1,200 per annum, accord- 
Ing to age and experience —Appkcations, with 
a full curmculum vitae, and che names of two 
referees, should be sent not later than June 21, 
1969, to Professor H J J Blackwood. 

(1951) 





SENIOR ANIMAL TECHNICIAN RE- 
quired to take charge of the breeding and mmn- 
tenance of inbred rat and mouse strains and the 
care of rabbits. Associateship of the I.A.T. 
would be an advantage Salary, whroh will be 
dependent upon qualifications and experience, 
will be on the scale £1,125 to £1,350 per annum 
plus London Allowance —Applkations to Pro- 
fessor R. G Burwell, Insutute of Orthopaedics, 
Royal National Orthopaedic Hospital, Brockley 
Hill, Stanmore, Middlesex, as soon as posable. 

(2029) 





QUEENSLAND RADIUM 
INSTITUTE 


BASE HOSPITALS POST OFFICE 
HBRSTON ROAD, BRISBANE, 4029 
QUEENSLAND, AUSTRALIA 
Apphcations are Invited from registered medi- 
cal practiuoners for appointment to the position 

of: 
RADIOBIOLOGIST, QUEENSLAND RADIUM 
INSTITUTE 

The successful applicant will be required to 
pomecss the foHowing qualifications: (a) A medi- 
cal degree, cegisterable in Queensland, (b) A 
basic quakfication in radiotherapy. (c) Active 
experience in radioblofogy, oreferably includmg 
research work and desirebly with publications. 

Salary, which is at present under review, will 
be comparable with tbe of Senior Radiotherapist 
$9,755/$10,725 per annum and depend on ex- 
perience and qualifications. 

The Centre is a progressive one, equipped 
with two Supervoltage Lmear Accelerators and 
a Cobak Unit. idani a 

Prospective candidates can obt o 
the cakbre of the Inatitate and other information 
in relation to conditions of employment by making 
direct epplication to the Director of the Insditute 

Applications, giving foll came, detailed particu- 
lars of qualifications, experience, personal dc- 
tails, and the names end addresses of two 
referees, shouki be forwarded to the Manager, 
The North Brisbane Hoapital’s Board, Herston 
Road, Brisbane, 4029, Queensland (20471) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
LECTURER IN PURE MATHEMATICS 


Applications are lavited for the post of Lec- 
turer in Mathematics from those with special 
interests in cesearch in «algebra, commencing 
September 1, 1969. Commencing salary eccord- 
ing to qualifications and experience within the 
scale. £1,585 to £2,735 with FSS U. 

Applicauon forms and conditions of appoint- 
ment may be obtained from the Registrar, 
U.MIST., Sackville Street, Manchester M60 
10D Closing date for applications May 30, 
1969 (1961) 








UNIVERSITY OF READING 


DEPARTMENT OF GEOLOGY AND 
SEDIMENTOLOGY RESEARCH 
LABORATORY 


Applications are invited for a Lectureship in 
Geology Candidates should bave teaching and 
research experience in non-clastic sedimentology. 
backed by chemical and/or brological intercas 
The person appomed should take up bie duties 
on October 1, 1969, or as soon as possible there- 
after. 

Further information may be obtained from 
the Registrar (oom 208, Whiteknigits House), 
The Uoeermty, Whitckolgits, Reading RG6 
2AH, by whom applications should be received 
not later than June 16, 1969. (2020) 


TECHNICIAN REQUIRED 


Applications are invited for post of Teobnician 
1n a Medical Laboratory with an Isotope Depar- 
ment Candidates must hold a BSc degree 
and applications giving full detalls of ago, quali- 
fications and experience, should be sent to Box 





2000, Nature, T. G. Scott & Son Ltd, 1 
Clement’s Inn, London, W.C2 Closing date, 
Saturday, May 31, 1969. (2000) 


G. K. BUREAU 
Offer Free Personal Service To 
SCIENTIFIC AND TECHNICAL STAFF 
especially 
Agiculturists, Applied Biologists, Chemists, 
Metailorgists, Geologists, Physicists, and 
Teckniclans 
Rug or Write as 
Interviews are by ony 


17 SHAFTESBURY AVENUE, LONDON W. 
01-734 7232 (11 lines) (1937) 





UNIVERSITY OF OXFORD BIOCHEMIST 
or Chemist required to sudy proteins of lens in 
relation to cataract m man Salary up to £1,200 
per annum according to experience Three-year 
appointment —Apply to Mr» A Prie, Nuffield 
Laboratory of Ophthalmology, Walton Street 
Oxford OX2 6AW (2023) 
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IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 


POST-DOCTORAL RESEARCH ASSISTANT 
IN CHEMISTRY 
are davited for an SR C.-cup- 


5 Be d, of 
Univernty of California, Daws, Califorme 95616, 
USA (2032) 


UNIVERSITY OF READING 





analyses by 
and age eae and development or new tec 
niques. Salaty d on age, 
and Picasa aes but not greater han 61,600 oe 


“P Rurther detalls may be obtemed from the 
Asistant Bursar @PemonneD, University of 
Reading, Reading, Berks, 1o whom epplications 
should be sent as soon es posable ane MAD. 





MEDICAL RESEARCH COUNCIL 


OF IRELAND 
‘Applications are invited from sultably quali- 
fied bochemims for a Fellowship (Bacterial 


Metabolism) tenable in the Council’s Laboratories, 
Trinwy College, Dublin. (£1,500 to £1,700 per 
annum ) 

Aoplications together with the names of two 
referees to the Secretary, 9 Clyde Road, Bahs- 
bridge, Dublin, 4 (1926) 


FIELD STUDIES COUNCIL 


WARDEN of Epping Forest Conservation 
Centre, a oew day centre opening in Autumn 
1970, to deai with primacy as well os secondary 
school chikdren, offering facilities for research 
and for the amateur. The Warden, are will 
take up his appointment in September 





less than 30 year of ege: nongradoates with 
relevant expentence will be considered m addi 
tion to e@feduates In blology and geography. 
Salary £1,200 by £75 to £1,575 by £150 to £1,875 
pius married accommodation and 





UNIVERSITY OF OXFORD 
INORGANIC CHEMISTRY LABORATORY 
are invited for postdoctoral fellow- 


Salarkes within range £1,150 to £1,700, 
wih F.96.U. membership. 
Applications, including a currkulum vitae, 
detalis of research interests, and the names of 
two coferees, rel gg Soccer June 16 to 
the Adminstrator, In Chemistry Labora- 
may, South Parks Road, Oxford. (2025) 





THE MEDIOAL RESEARCH COUNCEL RE- 
quire an Honours Graduate for their Clinical 
Endocrinology Unit in Edinburgh. The success- 
ful applicant would be expected to participate in 
work on the mode of action of oestrogens in 
breast cancer. Previous experience with steroids 
of proteins would be an advantage. Facilities ero 
available for study for 2 farther degree. Salary 
within the range £1,175 to £2,275 per annum 

experience, 


strative 
Unit, 2 Forrest Road, Edinburgh EHi 2QW. 
(1995) 





UNIVERSITY OF BRISTOL. DEPARTMENT 

Physiology. Etectronics Technician required 
for development work. Previous experience of 
biological work would be en advantege although 
not essential. Salary accordmg to age, qualifica- 
tions, and expenence —Applicants should send 
full details to che Secretary, Department of 
Physiology, The Medical School, University 
Walk, Bristol BS8 1TD (1952) 


ST. MARY’S HOSPITALS, 
MANCHESTER AND UNIVERSITY 
OF MANCHESTER DEPARTMENTS 

OF PATHOLOGY 
RESBARCH ASSISTANT 


AppHomtions should be made to the Secretary 
of she Board of Governors, United Manchester 
The Lodge, Oxford Road, 

(203%) 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY COLLEGE CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 
Applications ere invited for a Postdoctonal 


appkcam will be expec- 
Sean) Perici van Leerdemdon ae the 
effects of coal-doss and other panticukate matter 


nective tissucs and is eponsored by the Medical 
Research Council. Salary on the scale £1,240 
to £1,470. 

Agpircat 


College, Cathays Park, 
ther details may be obtained 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 
Apolications ere miia for para’ Research 


gical . 
ot cöcct-ta bave, a. Firit: Class or Second Class 
(First Divison) honours m chemistry, 
biology. App! ere also iwi 
ca who: would be eee ander 


Chapman, Departm Chemistry, The 
Darig, Gheffledd 910 ZIN Quote Ref. R/ 
89/G. (2045) 





KING’S COLLEGE, CAMBRIDGE 


Senior Fellowships in Computer Sciences and 
General Linguistics and Social 


Applications are invited for Fellowships in the 
above subjects. Male graduates under 32 on 
December 1, 1969 are eligible Apphcations re- 
quired by October 1, 1969 and fefowships nor- 
malty commence on October 1, 1970. Tenure 
up to four years. Stipend £1,450 to £2,450 de- 
pending on age, including marrage allowance. 
Allowances available pacts travel from outside 


U.K., and research 
Woke to Bursar for oaia X181 





UNIVERSITY OF OXFORD 
LINACRE COLLEGE 
JUNIOR RESEARCH FELLOWSHIPS 
The college proposes to elect to not more than 


degree, 
college of their suitabikty to undertake advanced 
study ead research at Oxford 
ns should be made to the Principal, 

giving details of the epplicant’s academic record 
anit peonosed research, and the nemes of three 

referees. The clomng date for applications is 
June 25, 1969. (1949) 





University of Strathclyde 


DEPARTMENT OF 
PURE AND APPLIED 
CHEMISTRY 


POSTDOCTORAL 
FELLOWSHIP 


Applications are invited for a Postdoc- 
toral Fellowship tenable for one year in 
the Department and Apphed 


to work on Iaser-initinted gas phase 
reactions. 


The salary will be £1,250 per annum 
plus F S.S.U. 


Applications (quoting RU by June 
15, 1969, to Professor A. North, 
partment of Pure and Apotied Chemistry, 
Uarversity of Strathclyde, Glasgow, C.1. 


(1978) 


UNIVERSITY OF BRADFORD 


WOOL TEXTILE RESEARCH 
STUDENTSHIP 


School of Studies in 

field of work is the study of the structure and 

properties of fibrous proteins and refated bio- 
physical 


using 
mfra-red spectroscopy. 
w £530 per annum. plos approved fees, and ihe 
successful applicant will registered for the 
degree of MSc. a R” 


urth may be-obtalned -by con- 
Fi er panèculars on 


tecting Professor F. Happey, 
Postgraduate School of Studies in Textile bea 


University of Bradford, Bradford 7. (1965) 





UNIVERSITY OF MELBOURNE 


SENIOR RESEARCH FELLOWSHIP 


The University of Melbourne invites applica- 

raat ie toe me bu! S for a second, 
le ne year but renewal 

ran k y5 intended for a scholar with 

The nng 


eer by 969. 
Co: for the Fellowship may be obtained 
from the Secretary-General, The Association of 


s n Š Gieduare Studies 
ecretary for ; 
(2012) 


ne 


UNIVERSITY OF MELBOURNE 
RESEARCH FELLOWSHIP 


ng should be lodged 
pee of Graduate Studies, University of Mel 
3052, Victoria, Australie, by 

pay 31, 1969 


Conditions for the Fellowship may be obtained 

from the Secretary-General, The Association of 

Commonweatth Universities GAopts), 36 Gordon 

Sqnere, London, W.CA, or from the undersigned. 
L. R. D. PYKE, 

Secretery for Graduate Studies 

(2013) 
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UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICAL CHEMISTRY 
are invited from gredoates (B S., 


cam wH be erpected to regester for a higher 
degree, and be able to stam work in September 
at the latest. The salary wild be equivalent to 
SRC Studentship rates and wit make allow- 
ances foc experience and dependents 
Applications, naming two referees, should be 
sew as soon es possible, to Professor D. H 
Everett, School of Chemistry, University of 
Bristol, Cantock’s Close, Bristol BSS gree 


ANIMAL HEALTH TRUST 


POST-DOCTORAL RESBARCH FELLOWSHIP 


oe pe Racine ie deeree ee 
Physiology or Biochemistry is invited to join a 
team to investigate the d ent of body 


in 
aod bold, or be about to take, a postereduste 
legree. 

Aoppbeations, giving a summary of prewous ex- 
perience, and the names of two referees, shoukd 
be sent to the Director at the above address, 
from whom further details may be obtained. 


UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 
Applications are invited for POST- 

DOCTORAL OWSHIPS in the 


such other date es may be 


The sakry will be on the scale £1,240 
to £1,470 with F.S.S.U. benefits. 


undersigned, to whom ap 
piles tons (three copies), should be sent by 


9, 1969. 
W. D. CRAIG, 
(2039) 


MENTAL HEALTH RESEARCH 
FUND 


BATES FELLOWSHIPS 
FOR RESEARCH IN SCHIZOPBRENIA 


Applications are invited for the Bates Fellow- 
ships from suitably quahfied persons wishing to 
pursue Fulltime Research Work into kom 
aspect of Schizophrenia. The appo 
for up ts three yeuin At a salary mane oF E] a 
to £3,000 plus superannuation. Two Fellowships 
are offered. 

Application forms, which mus be returned 
before September 20, 1969, may be obtained, to- 


, Health Re- 
sca Food, 38 Wigmore Street, London, W1H 
9DF (Tel. 01-935 4103). (1849) 





UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZBALAND 
POST-DOCTORAL FELLOWSHIPS 


bat may be extended to a seoond y Note : 
$NZ100 equals £46 13s. 4d., sterling, $US112, 
$A100). Approved teavelling expenses will be 
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UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 


RESEARCH STUDENTSHIPS 
Applications are invited for a aumber of 


ficomion. Awerds are available for three 
years from Geptember 1 or October 1, 
1969, and ere suitable for Ph.D. candi 
Droge The value of the ewarde is £530 

per anmım, plos fees Further details can 
be obtained from Professor R. R. 
Deparumeat of Chemistry, The Unlversicy, 
Hull. The closing date for applications 1s 
June 25, 1969, 


In addithon to she above epecific awards, 


aromatic organo! 
istry in relation to homogeneous catalysis, 
and traneltion metel chemistry 


Interested candidates should write to Pro- 





TRAVELLING FELLOWSHIP ABROAD 
FOR POSTGRADUATE STUDENT IN 
SCIENCES BASIC TO PSYCHIATRY 

The Mentel Heakh Research Fond awards 


Sociology, 
which is additional to the Fellowship open to 
Medical Students, provides traveling expenses 
and full subsistence in a University or other De- 
partment abroad for up to one year. 
Applicants should generally be in the first five 
years after taking their B.A. or B.Sc. Degree. 
la support of their applications they should sub- 


essay the cambdate should submit his full tnk 
to the ara for approval, at the address 
below. The finaf selection will be made by inter- 
view combined with consideration of the candi- 
date’s academio record. 


(Telephone 01-935 4103), before March 1. 
(1850) 





GRANTS & SCHOLARSHIPS 


THE NUFFIELD FOUNDATION 
FOOD SAFETY RESEARCH TRAINING 
SCHOLARSHIPS 





(ood co oe -iiie biological effects of the 
chemical and physical treatment of food) 

The Names Foundation offers annually up to 
five scholarships for science graduates and three 
scholarships for medical or veterinary graduates, 
to help advance fundamental research into the 
human biological effects of the chemical and 
Physical treatment of food. The awards, ten- 
abk for periods of up to four years, are intended 
research 


reference to pathology, toxicology. 
brochemistry, dacteriolo; 


and child allowances, and in 


1969. 


n. Natasa Lodge, Park, London, 


(1775) 


Regent’s 


UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 
DEPARTMENT OF APPLIED 

BIOCHEMISTRY AND NUTRITION 


Applications ere invited for a three-year re- 
saich rroan SAn per annum) commenc- 


training ın the 
ferred, though those with a brolosical back- 
grouad are not suc- 
cessful candidate will be eligible to submit for 
a higher degree 

Further details from the , School of 
Agriculture, Sutton Bonington, Loughborough, 
Leics. Closing date, June 21, 1969. (1984) 





LECTURES AND COURSES 


UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


M.SC. IN 
X-RAY CRYSTALLOGRAPHY 


A postgraduate course in X-ray Crystal- 
lography, leading to the examinations for 
the degree of M.Sc., is held in this De- 

trance quahfication rs 

degree in the physical 

sciences, or the Grad R.I.C. or the Gred 
Iost.P. 

A detalied account of the theory of the 
main branches of X-ray phy & 
presented, and supplemen by a scheme 
of practical work and by a study project 
Additfonal lectures on computing methods 

valla The next course begins in 


Both fulltime and day aac students 


are accomm day-release 
scheme requires linee op on one full day 
per week. 

The course has been approved by the 
Science Research Council for the tenure 
of its Advanced Course Studentships. 

Ful details and application forms may 
be obtained from Professor V. S. Griffiths, 
Depertment of Chemical Physics, 
sity of Surrey, Guildford, S 
Guildford (OGU3) 71281. 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


POSTGRADUATE STUDY AND RESBRARCH 
aN CORROSION SCIENCE 


Apolications ere invited from candidates pos- 


studemshins, research end pott- 
doctoral posts wall be avellable in one or more 
of the following fields, 

. Corrosion in the presence of mass, heat and 


1 
momentum ¢nanafer, 

2. Themi oxidation of alloys and diffusion 
3 
4. Blectrode processes in organx electrolytes. 
5. breakdown eod 
6. 
7 


The laboratones are equipped with all modern 


Engineemng, st sbe 
Box 88, Manchester M60 1QD. 
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SYMPOSIA 





University of Salford : 


Department of Chemistry 
and Applied Chemistry 


CHEMICAL APPLICATIONS 
OF NEWER SPECTROSCOPIC 
METHODS 


A one-day symposium to be held at the Univer- 
sity of Seord on Thuorday, September 18, 1969. 
Full details mey be obtained from the Admini- 
steative Asistant, Short Coumes, Room 328/N, 
Umversity of Salford, Salford M5 4WT. 
(2019) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
in collaboration with 
SOCIETY OF CHEMICAL 
INDUSTRY 


Tonia. and Polymer Group) 
in Chematry Senes 


geena on 
EMULSION POLYMERS 
Tucsday and rA Sepember 16 and 17, 


EE E A A 
advances m the mechanwm sod tecbniquc of 


Invited Main Symporium Lectures will be 
“ Mechamem of Emolsion Polymenzetion” by 
Dr. J. L. Gordon M. & T. Chemicals Inc., 


USA). 
“ Oustandiog Problems in Enmuision. Polymeri 
zation ” by De W. Duk (otematonel 
Syntheuc Rubber Co 

“ Mechanam of Fik Formation of Latexes” 
by Dr. J. W. Vanderhoff Gow Chemical Co., 


Japan, Norway, Switrertecd, 
Stotes and Great Briain will be nreseated at the 
: these papers will be preprinted for 


required. 
siege aa fee is £15 (S.C.I. members £10, 
Perc 
Farther Usain and form of application 
can be obtamed from the Registrar, The Uni 
versity of Manchester Insttute of Sdence and 
Technology, P.O Box No. 88, Manchester M60 
1QD. (1963) 
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KETIJ ORBITAL INCU BATORS 








now available with choice of speed ranges 


Stepless speed control’ Compenstat temperature control within +0.5°C up to 
50°C Buik-in safety thermostat. Optional refrigeration and interior Illumination 
. Models from £340.0.0. complete. 
Ask for Publication 659 


LONDON 
il k P O Box 290 Technico House, Christopher Street, London, E C.2 Tel 01-247 3211 Telex 888041 
WIDNES 
a en am PO Box19 Victoria House, Widnes, Lancs Te! 051-424 2040 
STOCKTON-ON-TEES 
Portrack Lane, Stockton-on-Tees, Teesside Tel 0642 63441 
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HEATHWAY 


12" dia. Cut-Off Machine used for cutting 
Glass, Silica and Quartz 


SPECIFICATION 

Diameter of cutting wheel 
Thickness of wheel 1/16 in. (1.68 mm) 
Maximum cutting diameter 3 in. (76.2 mm) 
Peripheral speed of diamond wheel 5,000 ft/min 
Peripheral speed of oarborundum wheel 9,400 ft/min 
Work table 20 in. x21 in. (608 mm x833 mm) 
Table movement 24} In. (622 mm) 
Wheel movement above table 6 in. (182.4 mm) 


12 In. (304.8 mm) 


May we send you details of 
our range of lathes and 
equipment ? 


Write or phone: 


The HEATHWAY 

MACHINERY CO.,LTD. Wee 

UXBRIDGE ROAD, HILLINGDON, MIDDLESEX 

TEL: UXB 36345/6 GRAMS: HECO UXBRIDGE 

Or contact one of our Overseas Agents: 

Canada: Nortel Manufacturing Ltd—Scarborough, Ontario. France: P. Foulon— 
Paris. Holland & Belgium: A. Bruyaux—Amsterdam. Australia: H. B. Selby. 


Scandinavia: Kebo—Stockholm. U.S.A.: Bethlehem Apparatus—Hellertown PA. 
Switzerland: Ernst Keller—Basle. Germany: Hahn & Kolb—Stuttgart. 
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j Macmillan (Journals) Limited 


4/- UK 68c USA 
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On-target 
assay for disultides 


Because previous methods of assay 
have suffered from-low sensitivity and 
non-specific reducing agents, a specific 
and sensitive new assay for the disul- 
fide groups has just been developed 
and is available from NBCo. It is based 
on the reduction with DTE (Dithio- 
erythritol or DTT (Dithiothreitol). The 
resulting monothiols are determined 
. with 5, 5’ Dithiobis (2 Nitrobenzoic 
Acid) (DTNB) in the presence of Arse- 
nite. (1) This assay allows the deter- 
mination of disulfides over a con- 
centration range of 8 to 25 uM. The 
reduction time of about 20 minutes has 
been found to be adequate. 

Zahler and Cleland report that DTE or DTT 
reduce disulfides to monothiols. By addition of Ar- 
senite, which forms a tight complex with Dithiol, 
the resulting monothiols can be determined accu- 
rately with DTNB. They indicate that DTE is the 
reagent of choice because of the lower rate of reac- 
tion of its arsenite complex with DTNB. 


DITHIOERYTHRITOL D.T.E. 
M.W.: 154 S:41.6 M.P:: 80-82° C. 


25 gm. bottle . . gm. $21.00 
5 gm. bottle. ..... gm. 22.00 

I gm. bottle... ... gm. 238.00 
500 mg. bottle. . . 1... btl. 18.50 
100 mg. bottle. . . ... btl. 4,25° 


DITHIOTHREITOL D.T.T. 
(Threo 2, 3, Dihydroxy, 1, 4 Dithiobutane) 
Cleland’s Reagent 
M.W.: 154.2 S: 41.6 M.P.: 40-41°C. 


25 gm. bottle... ... gm. $ 7.25 
5 gm. bottle. ..... gm. 8.70 
lgm. bottle. .. 2... gm. 11.25 


(1) W. L. Zahlerand W.W. Cleland, J. Biol. 

Chem. 248,40, 716 (1968). The-literature references 
should not be interpreted as either endorsement or" 
disapproval of the biochemicals by the investigator. 
To order, phone 216 662-0212 collect (USA only). 

If desired, 24-hour delivery anywhere in the continen- 
tal USA; 80-hour delivery anywhere in the world. Send 
for our free catalog containing more than 8500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles: Road « Cleveland, Ohio 44128 
Phone 216 662-0212 
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Because of their unique properties diamonds have 
found numerous applications in physics research 
and industry. The extreme hardness and cutting 
ability are well known, but these are not the only 
important properties of diamond Diamonds also 
have extremely high thermal conductivity and they 


have recently been used as heat sinks for some 
kinds of solid state electronic device 


Fag me 


ete? re 


ARE ae 


Age row 
i Die cand 


To eee 
x 
+h 


The photograph shows some diamond heat sinks - 44 mm 
cubes of specially selected high purity type IA diamond This 
type of diamond has a thermal conductivity at room tempera- 
ture which is more than 5 times that of copper The cubes 
are employed as heat dissipating substrates for avalanche 
diodes, Gunn diodes, and similar dewces where the perfor- 
mance ıs limited by problems of heat dissipation from the 
active maternal, Useful power increases of several-fold have 
been obtained this way. 


a ae a Se ers E) 
D. Drukker& Zn. N.V. of Amsterdam are suppliers 
of all kinds of dlamonds. Write for leaflets about 
our “Dubbeldee” diamond micron powders, or 
our "Dubbeldee” type TA diamond heat sinks or 
for information about any other type of diamond 
which interests you. Small diamonds are not 
expensive and our advice ıs free 


D.Drukker en Zn. nv. 
Sarphatikade 12, Amsterdam, Telephone 020-67321 


Dubbeldee Diamond Company Ltd. 


SERAVAC LABORATORIES (Pty.) LTD. walephons Aaea Place, London E-Cut; 


Holyport Berkshire England Tel: Maidenhead 21343 <i z 
i Dukbeldee Diamond Corporation 


the U.S.A. S i : 
In the U.S.A. Seravac Products are obtainable from: 2-West 46th Street Suite 1604. New York, N.Y. 


GALLARD-SCHLESINGER CHEMICALMFG. CORP. 10036, Telephone 212 - 582 - 8976 
584 Mineola Avenue, Carle Place, L.I., N.Y. 11514 





Also offices in Geneva, Milan, Paris, Stockholm, 
and assoclated companies throughout the world. 
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use EMI photomultipliers. ay7 6, ECTROMLS 


j he many applications includin 
nese bad tee he ont aa g CEM! ELECTRONICS LIMITED 


industrial, scientific and medical research. VALVE DIVISION 
Our engineers will be pleased to discuss your application. HAYES, MIDDLESEX. 
Send for full details and the P.M. Tube Selection Chart. TEL. 01-573 3888 EXT. 2542 
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Coincidence spectrometer for measurement 
of Ge(Li) detector rise time 


NOT INTERESTED? Well, perhaps you 
wish to do spectral analysis, time-of- 
flight measurements, anti-coincidence 
counting, alpha, beta or gamma 
spectrometry, muon decay measure- 
ments, X-ray fluorescence analyses 
using isotope sources and cooled Ge(Li) 
detectors, or neutron activation analysis 
neutron spectrometry, or in the medical 
field, renography or whole body 
monitoring etc., etc. 

Whatever your interest, the Nuclear 
Enterprises Intemational NIM Series offers 
you a choice of over fifty modules with the 
excellent performance and characteristics 


” distribution of rise times of a germanium 


W This International Series system is 


designed to allow a measure of the 





lithium drifted detector to be obtained. 
Coincidence gamma events from a “Na 
source are used to operate two timing 

channels, 


essential for high resolution experiments. 
And they are available at highly competitive 
prices and compatible with the new CAMAC 
data processing system which means your 
experiment can be computer controlled. 
Take advantage of the free advisory service 
offered by NE in the selection of systems 
tailored to meet your specific requirements 
from simple laboratory counters to the most 
complex spectrometer. 

Brochure No.40A gives full details on 
the International Series and No.44 
covers CAMAC. Both are available on 
request from our Sales Departments at 
Edinburgh or Beenham. 


& NUCLEAR 
ENTERPRISES 
LIMITED 


EKI 


Sighthlli, Edinburgh EH11 4EY, Scotland. Telephone: 031-443-4060 Cables: Nuclear, Edinburgh Telex: 72333 
Also at:- Bath Road, Beenham, Reading, RG7 5PR, England. Telephone 07-3521 2121 Cables Devisotope, Woolhampton Telex 84475 


Germany : Nuclear Enterprises GmbH, Perfallatr. 4,8 Munich 80. Telephone 


44-37-35, Telex : 529038 


U.S.A. (West) : Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070 Telephone . 418-593-1485 
U.S.A, (East): Capintec Inc., 63 East Stanford Blvd., Mt. Vernon, N.Y. 10550, Telephone . 212-252-2440, Telex . 7108680133 
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Wild M5 


Stereo- 
microscope 


for top performance 
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with swinging-arm stand, 
monocular straight tube 
and Eh Ehoie: Micrographic 


WILD 


This precision Instrument & 
can be combined with other 
versatile Wild units to 

make a special microscope 
for any particular purpose. 





Built-In magnification 
changer for 4 different 
magnifications. Pamphlet with technical 
data obtainable from 
WILD Heerbrugg Ltd. 


Heerbrugg, Switzerland. 





New packing In metal hood 
for safety and convenience. 
Further particulars from: Wild Heerbrugg (U.K.) Ltd., 49-51 Church Street, Maidstone, Kent. 
Telephone: Maldstone 56736/7'8 














S Water Jacketed TUBING for 


‘Incubator PERISTALTIC PUMPS 


made by 





ESCO (RUBBER) LTD. 
Walsingham House, Seething Lane, London, E.C.3 


Advertisement Managers for 


Nature 


Stocked in 3 ‘sizes 
` other dimensions made to order. 


y "You can prove ‘the efficiericy of L.T. E. equipment before 
you order... . all standard models can be supplied on 

» one month's approval, ‘without obligation and every, 
standard L.T.E. product is ġuarartecd.’ ; 


T. G. SCOTT AND SON LIMITED 
1 Clements Inn, London WC2 
TEL: 01-405 4743 

Full details of rates and 
circulation supplied on request. 


Illustrated catalogue on request to 

Laboratory Thermal Equipment L d 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221:2 





You use our new micropipetting 
system without ever touching 
the capillary tube itself (Really?) 


hs 


wt 


These untouched disposable capillary tubes are part 
of our new Capac precision micropipetting system. 
With this system you can puta capillary tube into its 
holder, fill it, empty it, and finally eject the capillary 
itself without fingers having touched the tube at any 
time in the entire sequence. For these reasons, and 
others, many of the frustrations usually associated 
with repetitive micropipetting are minimized. 

Or totally eliminated. 

The dispenser box with 250 capillary tubes: Part of 
the secret of how all this can be accomplished 
without handling the capillary tubes resides in the 
dispenser box shown on the left. It contains a roll of tape 
(see ıt protruding from the box?) which carries 250 
tubes. When you pull this tape, you automatically 
position a new capillary beneath the hole in the top 
of the dispenser box. 

The capillary tube holder: Now inserting the holder 
in the hole in the dispenser box automatically places 
anew capillary in the holder. The holder then does 
this: it controls the liquid level in the capillary, it ejects 
the liquid in the capillary, and finally, it ejects the 
capillary itself (whether filled or empty). 

The capillary tubes: These tubes are accurate 
within +1%, are inexpensive enough tobe > œ> 
comfortably dìsposable, and are available ın a wide 
range of sizes: 1, 2, 5, 10, 20, and 25 zl. 

a The cost: Modest. A Capac “demonstration package” 
A with a single dispenser containing 250 capillary 

tubes p/us a capillary tube holder costs only $11.25. 
The standard package has two dispensers and a 
capillary tube holder and costs only $21.50. 

Quantity costs are even more inviting. 

A suggestion: Test the Capac precision micropipetting 
system. Order a Capac “demonstration package” of 
any one capillary size shown above, plus the holder, 
and simplify your life. Or, if you wish more information, 
write “Capac” on a postcard. Include your name, 
address and zipcode, please. Write Dept. E, 

Schwarz BioResearch, Mountain View Avenue, 
Orangeburg, N.Y. 10962. 





Schwarz BioResearch 


A Division of Becton, Dickinson and Company 


CAPAC IS A TRADEMARK OF BECTON, DICKINSON AND COMPANY. 
CAPAC IS THE SUBJECT OF PENDING PATENTS. 
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Rapid concentration and purification of proteins 
and other macromolecules 
MASA molecular separation 
aiken ahs protein-free filtrates 


IA dialysis 
® MEMBRANE 


Diafiz ULTRAFILTRATION 


Installed ın Amicon Ultrafiltration Pressure Cells, DIAFLO 
Membranes concentrate dilute protein solutions ten to a 
thousand fold within short periods. Essentially complete 
removal of salts or other small molecules can be effected 
within a similar period of time by Dtafiltration techniques. 


DIAFLO Membranes are non-plugging and reusable. Each 
class of membranes has distinct chemical resistivities and 
physica! charactenstics. All membranes are non-denatunng 
and biologically inert 


AMICON 
ULTRAFILTRATION 
CELLS will process 
blological solutions 
with volumes from 
1 ML TO 20 LITERS 


Amicon also offers larger 
scale industrial systems for 
continuous processing. 





Membranes retain 
molecules ehove 
pass those below li 
Bacteria Viruses 
: Globulin 
All other high ' MW proteins 
and ‘macromolecules 


Human Albumin 
f Hemoglobin 


"Pėpsin 
Ovalbum 
Hormones (lov. 


t RNA 
Myoglobin 
Cytochrome C 


. +, Vit. B12 
` Large Antibiotics 


Sucras 
Sinall Ant 


amico 


Dept. 02 = pi Glucose 
AMICON N.V. Heemskerckstraat 43 DEN HAAG HOLLAND 5 
Tel.: (070) 642820 

In U.S.A.: 27 Hartwell Ave. Lexington MASS. 02173 





MAYBRIDGE INTERNATIONAL ENTERPRISES LTD. 
Services for European Science 


MAYBRIDGE CHEMICAL COMPANY. Launceston, N. Cornwall, U.K. 


Producing over 2,000 new chemica! compounds each year. 
Offering Custom Research and custom synthesis facilities. 


MAYBRIDGE SCIENTIFIC APPARATUS. Launceston, N. Cornwall, U.K. 


Producing zone refiners and zone refined chemicals (soon in pilot plant quantities). 
Offering development services for specialist apparatus. 


MAYBRIDGE ELECTRONICS. Tintagel, N. Cornwall, U.K. 


Producing control equipment for electric motors, etc.; Control and lighting display systems for 
entertainment. 


Offering research and development services for custom requirements; one-off units a speciality. 


MAYBRIDGE OCEANOGRAPHIC DEVELOPMENTS. Skibbereen, Co. Cork, Irish Republic. 


Offering Research and Development services for Marine projects. 


MACROTECH. Ferny Park, Tintagel, N. Cornwall, U.K. 


Offering assistance to Individual scientists and technicians with ideas but lacking facilities and/or 
capital to develop prototypes. 


MAYBRIDGE INTERNATIONAL ENTERPRISES operates on a world-wide basis and welcomes ideas 
and suggestions for schemes which will result in the furtherance of science and technology. 


MAYBRIDGE INTERNATIONAL ENTERPRISES LIMITED, Skibbereen, Go. Cork, IRISH REPUBLIC 
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No more difficult 
manipulations in 
color photomicrography 












Color photography isn’t easy. In the case 
of photomicrography it’s even more difficult. 
It used to be that failures easily occurred due 
to the complicated fingertip manipulations. 
However, the OLYMPUS PHOTOMAX has now 
eliminated all these difficult manipulations in 
Pphotomicrography. The setting of shutter 
speeds, compensation according to the film 
characteristics and minute 
adjustment of exposures are all 
automatically controlled. There 

is no fear of getting a red-tinted 
or blue-tinted color photograph. 
The color temperatures for the 
various films are adjusted with the 
filter and meter. And so all you have 

to do, to get a completely sharp and clear 
color photomicrograph, is just press the shutter 
release button. 

The PHOTOMAX, a biological microscope, also 
has the following features: a built-In substage 
illuminator, coaxial adjustments for smooth 
focusing and stage movements, wide-fleld, 
high-eye-point eyepleces with diopter 
adjustment, and a built-in magnification 
changer that gives the five standard 
objectives a multi-staged magnification range. 

You can now fully devote yourself to research instead 
of worrying about whether the photomicrographs will 
come out good or bad. The PHOTOMAX guarantees 
you perfect color photographs ... with almost no trouble. 











































OLYMPUS is Japan's leading Integrated optics 
manufacturer that produces cameras, respective 
series of biological, metallurgical and stereo 
microscopes, optical measuring apparatus 
and medical instruments Including 
optical fiber endoscopes. 













 PHOTOMAX 


ATER x, o perts ~ EES 
Auto-exposure recording 
OLYMPUS A 


OLYMPUS OPTICAL CO., LTD., 7, 3-chome, Kanda-Ogawamachl, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO. (EUROPA) GmbH, 2, Hamburg 1, Steindamm 105, West Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A. 
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Sigma is pleased to offer 


BLOOD COAGULATION 
SUBSTRATE PLASMAS AND REAGENTS 


For the specific one-stage determination of 
blood factors 





Each substrate plasma contains sufficient quantity of the 
remaining clotting factors for the determination. All 
substrate plasmas offered below are of bovine origin 
and contain an excess of fibrinogen and Factor V. 


FACTOR II DEFICIENT PLASMA 
Stock No. B2D 


For assay of Factor I| using brain thromboplastin 
(per Koller, F , et al., Acta Haemat. 6 |, 1951) 


Quantty Max. Assays Price 
6x2 ml vials 120 $ 900 
24x2 ml vals 480 30.00 


FACTOR II, VII DEFICIENT PLASMA 
Stock No. B2-7D 
For assay of Factor |l ustng Russell's viper venom ın cephalin. Not 
to be used with brain thromboplastin. 
(per Hjort, P., etal ,J. Lab. Clin Med. 46 89, 1955) 


Quantity Max. Assays Price 
6x2 ml vials 120 $ 9.00 
24x2 mi vials 480 30.00 


FACTOR VII, X DEFICIENT PLASMA 
Stock No. B7-10D 


For assay of Factor X using Russell’s viper venom and of "VII-X 
complex". Not specific for Factor VII. 
(per Bachmann, F., et al., Thrombos Diath. Haemorrh. 2 24, 1958) 


Quantity Max. Assays Price 
6x2 ml vials 120 $9 00 
24x2 ml vials 480 30.00 


FACTOR IlI, VII, X DEFICIENT PLASMA 
Stock No. B2, 7,10D -> 


For assay of combined activity of Factors II, VI, X 
(per Toohey, M ,J Clin Path Il: 56, 1958) 


Quantity Max Assiys Price 
6x2 ml vials F 120 $ 6 00 
24x2 ml vials - 430 15.00 


RUSSELL’S VIPER VENOM IN CEPHALIN 
Stock No. RVC-L 


For assay of Factor [| with substrate plasma Stock No. B2-7D and Factor 
X with substrate plasma Stock No. B7-I0D. 


Quantity Max. Assays Price 
6x3 ml vials 180 $ 9.00 
12x3 ml vials 360 16 CO 
48x 3 ml vials * 1440 50 00 


RABBIT BRAIN CEPHALIN 
Stock No. RBC 
A substitute for platelet suspension in Partial Thromboplastin Time, 
Thromboplastin Generation Time, other blood coagulation tests 
requiring phospholipids. 
(per Bell, W N., and Altan, H. C., Nature, 174- 880, 1954) 


Quantity Max Assays Price 
| vral 1000 (PTT) $15.50 
3 vials 3000 35.00 


Ask for our latest catalog which con‘ains other blood coagu- 

lation products. Custom preparation of reagents for research 

purposes will gladly be considered. 

TELEGRAM : SIGMACHEM, St. Louis, Missouri. 
The Research Laboratories of 


TSR Acucurene COMPANY 
——— ra a 


3500 DE KALB ST. « ST. LOUIS, MO. 63118 e U.S.A. 
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Distributed in the United Kmgdom through 


SIGMA LONDON Chem. Co. Ltd., 12, Lettice St., 
London, S.W.6, England 


Phone : RENown 5823 (Reverse Charges) 


_ SPECIALIZED 
I EQUIPMENT 


FOR THE LIFE SCIENTIST, 
CHEMIST, ENGINEER 





THE SPACE SAVER 


MICROTEMP 
mopeL 70 


Fully Refrig- 
erated and 
Heated 


BATH and 
CIRCULATOR g 


e Range —10° C 

to 70°C 
e Control + 0.02° C 
e All Stainless Steel 
e Stainless, Bearing-Free Pump 
e Solid State Circuitry, No Relays 
e BTU Capacity 450 at 0° C 


Occupies Less Than One Square Foot of 
Laboratory Bench Space. 





VACUUM OVENS 


“Custom Features” 


e Temperature 
Range to 
280° C 

e Vacuum to 
0.001 Torr 

e Stainless 
Steel 
Chamber 

e Main and 
Overtemp 
Safety 
Controls 


Over 140 Standard Models 


FORMA SCIENTIFIC EXPORT DIVISION 
1505 Race Street, Philadelphia, Pa. 19102 U.S.A. 





Model 3237 
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FLASH PHOTOLYSIS 


TECHNIQUE FOR THE STUDY OF VERY FAST 
REACTIONS AND UNSTABLE MOLECULES 


COMPLETE APPARATUS FP-1 High energy research systems (3000 J) 
































SPECTROGRAPHIC FP-IS PHOTOELECTRICAL FP-IP DUAL PURPOSE FP-!D 


FP-2 Small demonstration and teaching apparatus (200 J) 
AT A PRICE ANY COLLEGE CAN AFFORD 


FP-2R Simple research version (1000 J), photoelectrical detection system. 
FP-3 Compact dual-purpose research apparatus (1000 J) 
SEPARATE COMPONENTS Capacitor banks with controls—Power supplies— 


Trigger units—Delay units—Photomultipliers— 
Special detector systems—20 kc shutters—Sample 
_ cells and accessories—Optics—Light sources. 


NORTHERN PRECISION CO. LTD. 
49 Berkeley Square, London W.1. (01)-499-4776. 
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CHROMATOSCOPE 


The Chromatoscope its designed for viewing, copying 
or photographing paper or thin layer chromatograms 
by transmitted light. Provision ıs made for direct 
viewing of fluorescent or absorbing specimens under 
filtered ultra-violet radiation at 366 or 264nm. Tungsten 
filament lamps are also fitted inside the cabinet. Here 
are some of the more important features. 


E Two U.V. lamps beneath the T LC. plates, or above 
by re-positioning the cabinet. 

M Uniform U.V. radiation over an area 20 cm. x 20 cm. 
No ventilation problem for the U.V lamp or heating of 
specimens. 

@ irradiation of samples for photochemical reaction 
or mutation studies readily achieved. 


PHOTO-CHEMICAL REACTOR Il 


For small scale Research studies in the U.V. including 
radiation at 185nm 


Features: 
@ Highest quality si'ica 
lamp envelopes and quartz 
thimbles. 


u Medium or low pressure 
Mercury Arc or discharge 
lamp available for Reactor. 


Ħ Water cooling and nitro- 
gen flushing facilrties. 


B Low volume ozone gen- 
eration facility using cold 
cathode Hg discharge lamp. 


WE ALSO PRODUCE: New high intensity U.V. 
100 IRRADIATION SYSTEM. Water Sterilizer 65 
for Hospital operating theatres. 100w Compact 
Hg lamp for U.V. Recorders, Fluorimetry, Mercury 
Vapour Meter. 


HANOVIA 


-ENGELHARD HANOVIA LAMPS 
Bath Road, Slough, Bucks. Tel. Bumham 4041 











DARTON 


INSTRUMENTS FOR 
MEASURING 


PRESSURE 


MERCURIAL BAROMETERS 
B.O.T. PATTERN 
FORTIN’S PRINCIPLE 


TEST BENCH 
(altimeter calibrator) 


KEW PATTERN 
etc. 
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Sera 


FOR : 
OBSERVATORY 
LABORATORY 
INDUSTRY & EDUCATION 
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TEMPERATURE & 
HUMIDITY 





HAIR THERMO-HYGROGRAPH 


Records Temperature and Relative Humidity 
on one chart 


F. DARTON & CO. LTD. 


MERCURY HOUSE, VALE ROAD, 
BUSHEY, WATFORD, HERTS. 


Available through your usual laboratory furnisher 
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YOU'VE JUST UNEARTHED SHELL. 
WITHIN WEEKS WE CAN TELL YOU ITS AGE. 


Our radiocarbon laboratory 
and counting facilities can give 
you the fastest service avail- 
able anywhere. A complete age 
determination report on your 
shell specimen will be in your 
hands within weeks. 

And, the stress is on accuracy. 
Not only do we routinely date 
samples of your shells using C™ 
age determination methods, but 
our C/C® analysis, also done 
routinely, can compensate for 
natural isotopic fractionation, 
one of the key factors affecting 
radiocarbon measurements of 
shell ages. 

The prices of our radiocarbon 
dating service are based on the 
number of samples we date for 
you during any given 12 month 


period. The prices range from # 


$160 fora single sample to $120 
per sample for 50 or more sam- 
ples. For C™ plus C?/C® analy- 
sis, the charge is $185. Again, less 
for multiple analyses. 

For complete details on the 
fastest, most accurate age de- 
termination service available 
anywhere, call or write ISOTOPES, 
50 Van Buren Avenue, West- 
wood, New Jersey, 07675. 
U.S.A. 


<a soros 
A 


A TELEDYNE COMPANY 
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Shimadzu MULTIPURPOSE 
RECORDING SPECTROPHOTOMETER Model MPS-50L 


provides distinct absorption bands of any material 







g 


—transparent, translucent or opaque—in a range 
of 190 to 2,500my (linear scale). 

Its unique versatility is ensured by its large variety 
of accessories like Chromatogram Scanner, Tur- 
bidometry and Surface Reflectometry Attachment, 
Derivative Spectrophotometry Attachment, Double- 
beam Fluorometry Attachments, Double-beam 


Microspectrophotometry Attachment, etc. 


MPS-50L with double-beam 
microspectrophotometry attachment 


Example of Measurement 
by Double-beam Fluorometry Attachment 
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(curve A). These curves obtained with the double-beam Fluorescence spectrum (curve A) of an aqueous 
fluorometry attachment model |- indicate the difference in solution of 994M tryptophan observed with a 
excitation of chlorophylls a.and b between in vivo and in vitro double-beam fluorometry attachment model II 
states. Curve C indicates the absorption spectrum of the as compared with the absorption spectrum (curve 
chloroplast suspension shown for comparison. B) of the same tryptophan solution. 










FOREIGN TRADE DEPT. 
TOKYO OFFICE. 14, Uchikanda 1-chome, Chiyoda-ku, Tokyo Cable Add.: SHIMADZU TOKYO 
KYOTO OFFICE: 1, Nishinokyo-Kuwabaracho, Nakagyo-ku, Kyoto Cable Add : SHIMADZU KYOTO 
Telex: No 5422-166 SHIMADZUSAN KYO JAPAN 
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THIS MARK SPELLS 
ANALYTICAL INSTRUMENT 
PERFECTION | 






Wherever you see this mark you can be sure of 
unequalled stability, performance and reliability 
which are inherent in all JEOL products... 

electron microscopes, NMR, ESR, mass spectrometers, 

amino-acid analyzers, liquid chromatographs, gas 
chromatographs, X-ray analytical instruments, laser 

equipment and a host of others. The recent 

addition of JEOL’s computer to the world of 
analytical studies enhances the performance 

of each-instrument as well as automating 

the laboratory itself. If it’s perfection 
you’re looking for, it starts with JEOL. 


For further information, write to: JEOLCO (U.K.) LTD. 4 Shakespeare Road, London N3. 
Telephone: 01-346 7211 


serene 


JEOLCO (U.K) Ltd, has been formed as a subsidiary of JEOL, : Tr 
Tokyo, to provide sales, installation and service facilities in the ANE NE 
United Kingdom and Eire. The Company incorporates the former <: JEOLCO ( 


me 


Delviljem organisation. A new Applications Centre will be opened to 
display and operate a wide range of equipment and to facilitate inves- 


D 4 Shakespeare Road 
tigation of prospective users’ particular próblems and applications É 


RY Ltd. London N3. 
Mere) Tolophone: 01—346 7211 
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A9-UK 


Expand your Universe of 
Analytical Instrumentation 


with Hewlett-Packard 
... for better solutions 
to your measuring problems 


1 A remarkable new desk calculator 


2 Research gas chromatograph 
3 Strip chart recorder with plug-ins 


4 200 MHz multichannel analyzer 
5 Automatic GC integration 


2 A G.C. system 
that keeps pace 
as your needs grow 


it’s the toughest gas chromatograph to 


outgrow, the hp 5750. That’s because we 
just continue adding to the instrument's 
performance and versatility. To the point 









where it’s become a system. 
Some of the more recent additions 
include a prep attachment, a heated gas 
sampling valve, and a digital Integrator. 
As for the price, there's a reason why it’s 
so low... quantity production. Thousands 
of units have been built over the past 
four years. And they're built so well that 
we're seldom called on to honour our 


liberal warranty. 


7 This new calculator 
is really a computer 


Owning the 9100A is almost Ike having a 
large computer on your desk. For this 
typewnter-size instrument will simultane- 
ously handle numbers as small as 10-98 or 
as large as 1099, with resolution to ten 
significant digits—two or three times better 
than most large computers! Within milli- 
seconds, at the touch of a single key, the 
91004A calls up all log, trig and complex 
mathematical functions you need for 
scientific or engineering work. Program- 
ming is as easy as writing equations 
Having set up your program, you can 
transfer it to a magnetic memory Card. 
One wallet-size card will store two 
programs of 196 steps each. 

The capability of the 9100A includes 
conditional qualifications and, hence, 

looping and branching decisions: also fixed 

or floating-point arithmetic, coordinate 
conversions, regression analysis, coordinate This is the hp 5760, still the leading 
geometry, transcendental equations, gas chromatograph and the basic unit of 
numerical integration, network analysis, a versatile and growing G.C. system. 
differential equations... 

Your nearest hp office has a fully Merely pick up your phone and ask us to 
illustrated brochure. arrange a demonstration. 

9100A: $4983 fob factory. 5750: $3465 fob factory. 


XIX 





mean that you could count more than 
30,000 impulses per second over all the 


A9-UK 
3 A strip chart recorder 

you can tailor to your channels. 

needs — with plug-ins it’s a fact. It’s the 54014A Multichannel 
plug Analyzer from hp. This precision instrument 
offers you a 12-bit ADC (with 4K 
resolution} and memory expandable from 
1024 to 4096 or 8192 channels. Now you 
can get an extremely high digitizing rate in 
addition to outstanding linearity and 


stability specs, //O flexibility, and 
multimode operation that hp has already 


contributed to nuclear and statistical 
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analysis work 
Linearity: integral, + 01%, differential, 
+ 1% over full range above trigger level. 


Stability: baseline and gain are 
automatically stabilized 30 times per 


second 
1/0 flexibility: easy, with hp quick-change 


interface cards 
Versatility: Multi-mode operation includes 
pulse height analysis, multichannel scaling 


and sample voltage analysis. 


Because you have a choice of plug-ins, 
5401A systems are priced from 
$12 144 fob factory 


hp 10” stnp chart recorders stand out for 
versatility For example, there are plug-in 
units with up to 16 voltage ranges with 


sensitivity as high as 1 mV full scale 
Need a single range? Any single span is 


available from 1 mV to 100V full scale. 

Accuracy is 0.2%, with O 1% Imnearity 

and a dead band of 0.1% (full scale} For 5 HP takes 

your temperature measurement, there /s 

even a special plug-in to match commonly chr omatogr. aphy 

used thermocouples into the age of 

The basic frame has twelve instantly 

selectable speeds from 1’’/h to 2°’/s programmable Si 

(2.6 cm/h to 5 cm/s). The mechanical integration , 

+ 

=] ‘ 


components ere precision machined for 
long life and reliability. Recorder response 
time is 0.6 sec for full scale. A modular 
chart magazine swings out for easy viewing 
or note writing. You can choose between : 

one or two independent pen drives. t , 
Completing the picture of versatility is a a < Š w o 
wide range of options and accessories, i 
including event markers, an integrator, and 

` 


£ 


limıt switches 
7IOOB basic frame (two pen drive): 
$1330 fob factory. 


Input modules from £268 fob factory. 


Can mew tee them ey wen tee wn em 

The 3370A ıs the first instrument which 

can integrate the output of up to four 

chromatographs—consistently and with 

unprecedented accuracy And do it at the . 
HEWLETT H PACKARD 


4 Fact or Fiction? 
Ba touch of a button You adjust analysis 
parameters on the instrument's front panel 


Three further programs can be set up on 
a printed circuit board. 
In the control lab, selectable programs European headquarters : 
Howbtt-Packard S A , rue du Bois-du-Lan 7 
1217 Meyrin-Geneva, tel (022) 41 54 00 


mean that you can now optimize analysıs 
parameters for each type of sample 

Operating procedures are reduced to simple 28 sales and service offices 
1-2-3-4 instructions. throughout Europe 
Features include: 

independent up-and-down slope sensitivity 

controls for more precise stopping points 


on asymmetrical peaks. 
Baseline reset delay control prevents 


unwanted reset at minimum between 
















unresolved peaks 
Built-in printer records retention time and 





peak area 
Coded markers indicate important 


integrator events on the trace. 
3370A with built-in printer. 
$5025 fob factory 










A 4096 channel analyzer with a 200 MHz 
clock rate? That would be just about the 


fastest ADC clock rate ever And it would 


XX NATURE, MAY 31. 1969 








aps 


INSTITUTE OF INORGANIC.SYNTHESES 


~ Crechostovak Academy of Sciences, Pragiie’ —- Rez 


bik ee ae EER 





SODIUM DIHYDRO-BIS (2-METHOXY-ETHOXY) ALUMINATE 


A NEW REDUCING AGENT 


1. Sodium Dihydro-bis (2-Methoxy-Ethoxy) Aluminate was synthesized for the first time in 
1965 by Vit Casensky and Machacek in the Institute of Inorganic Syntheses of the Czechoslovak 
Academy of Sciences in Prague—Rez. It is a new reducing agent with extremely advantageous 
chemical and physical properties, and is readily soluble in all ethers and aromatic hydrocarbon 
solvents. 


2. “S.D.A.” is very stable towards atmospheric oxidation and only ignites after prolonged contact 
with a naked flame, and reacts slowly with water and the alcohols. Consequently, any handling 
of the compound is completely safe, and, from a technical point of view, very simple. 


3. The material has a high thermal stability which allows reductions to be carried out at temp- 
eratures up to 170°C. 


4. Analytical determination of active hydrogen can be conducted in a simple and rapid fashion. 
5. The material is, in comparison, less expensive than the complex alkali metal hydrides. 


6. Delivered prices are as follows :— 


100 grams ........ 48/- 
250 grams ....... . 96/- 
500 grams ........ . 176/— 
1000 grams . ..... . . 316/- 


es . 


PRAHA 1, | 





FURTHER INFORMATION AVAILABLE FROM SOLE UNITED KINGDOM DISTRIBUTOR :— 
CHARLES DRUCE LIMITED, 94 YORK STREET, LONDON, W.1 
Telephone: 01-262 1600 
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passport to the world 


Yes, and each product with Its own special passport - the MONTECATINI EDISON trademark - world 
famous to both manufacturers and direct consumers of chemical products and plastics. A symbol stand- 
ing for technical know-how acquired through 80 years’ activity. There’s no better letter of introduction. 
Anywhere. Your guarantee of reliability. Remember these from our long line of products. They are avail- 
able in your country. With our symbol. Of course. 


ABS resins ~ URTAL® O Fluorinated resins (PTFE) - ALGOFLON® O Injection moulding and extrusion 
polypropylene granules - MOPLEN® O Polyamide - RENYL® O Polyester resins - GABRASTER® 0O 
Polyethylene, high-density - MOPLEN-RO® O Polyethylene, low-density - FERTENE® O Polymethyl me- 
thacrylate in granule and sheet form - EDIMET® VEDRIL® O Polystyrene, general purpose and high-impact 
grades - EDISTIR® O Styrene-acrylonitrile copolymer - KOSTIL® O Suspension and emulsion polyvinyl 
chloride homopolymers - SICRON® VIPLA® O Thermosetting moulding powders based on phenol-formal- 
dehyde resins - FLUOSITE® O Thermosetting moulding powders based on urea-formaldehyde resins - 
GABRITE® O Vinyl-based thermoplastic alloy - EDIFOR® O 


MONTECATINI EDISON Í viano (aiy) 
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Selected Lectures of The Royal Society 
Volume 2, April 1969, vi-+ 258 pp., 50s. 


The Council of the Royal Society has joined with Academic Press to produce this second volume 
of lectures, selected from those given before the Society by distinguished scientists during the past 
few years his one contains mayor lectures selected from those given during the period November 
1966 to July 19 

CONTENTS P W. Brian: Obligate Parasitism in Fungi. F. H. C Crick The Genetic Code. J. S. Gill > Tissue 
Banding of Noradrenaline. D Prediction. Sır Harold Hartley John Dalton, F R S 1766-1844) 
and the Atomic Theory—A Lecture to Commemorate his picentenary. P. R. Howard’ Electrical Transmission of n 
The First Hundred Years Sır Geoffrey Keynes. Bacon, Har and The Originators of the Royal Society S W. er: 
Neuroglial Cells hither gerd Properties and a Potassium Mediated Effect af Neuronal Activity on the Glial Membrane 
Potential. A. A Lombard: Power Plants—Past, Present and Future. R. G W. Norrish: The Progress of Photo- 
chemistry Exemplified by Reacher of the Halogens. F. Sondheimer: The Annulenes 


Diseases in Free-Living Wild Animals 


Symposia of the Zoological Society of London No. 24 
Edited by A. McDiarmid 
April 1969, xxiv+ 332 pp., 84s. 


The object of this two-day Symposium was to bring together people working in various research 
fields, but with a common interest in this subject, thus enabling many different viewpoints to be put 
forward, shedding new light on old problems. The various diseases discussed are mainly of topical 
interest, such as salmon disease and foot-and-mouth disease, and the papers presented are by contri- 
butors well known in their own fields. 

CONTENTS Introduction. VIRUSES Chairman's Introduction. Wild Animals and the Epizooti of Foot-and-Mouth 
Disease. Arboviruses and Free-living Wid Ammals. A Red Squirrel Disease. Ulcerative Dermal Necrosis of Salmomds 
wt Ireland BACTERIA: Chairman's Introduction Salmonella in Wila i Anunals. Leptospirosis in British Wild Mammals. 
Brucellosis in Wildlife. Pseudotuberculosis ın Free-hving Wild Animals. terval Infections m Free-living Wild Animals. 
PROTOZOA Chatrman's Introduction. Trypanosome Infections of d Mammals in Relation to Trypanosome Diseases 
of Man and his Domestic Stock Trypanosomes of Wild Mammals in the Neighbourhood of the Serengeti National Park. 


Some Prroplasms Wild Mammals. Blood Protozoa of Free-lwing Birds. ECTOPARAS:. » ENDOPARASITES AND 
MYCOS. man’s Introduction Ectoparasites The Si cance in British Wild Rodents. The Wild Ruminant as 
Reservoir Host of Helminth Infection Mycotic Infections PLASMS. Chairman's Introduction Tumours of Free- 


lying Wild Mammals and Birds in Great Britain. Some Aspects of the Epizootiology of Myxomatosis. Author Index. Subyect 
Index. 


The Biological Basis of Medicine Volume 3 
Edited by E. Edward Bittar and Neville Bittar 


April 1969, xiv+ 494 pp., 120s. 

This multi-volume work consists of expert essays written by over one hundred specialists representing 
the fields of the biological and medical sciences. Volume 3 is the work of seventeen contributors 
and concentrates on the subjects of Blood, Connective Tissue, Synovial Membranes and Skeletal 


Muscle, and on Bone. 

CONTENTS I Blood. The Fine Structure and Chemistry of Haemopotetic Tissue The Structure and Physiology of Erythro-~ 
poetin. The Biochemistry of- of Red Blood Cells m Health and Disease. The Biochemistry of Normal and Leukernic Leukocytes . 
Platelet A gation. Nature of Blood on and its Defects. TI. Connective Tissue Collagen and 
its Propert Some Hedocnal Considerations of Connective Tissue Proteins in Disease III. Synovial Membranes and 
Skeletal Muscle The Structure and Chemistry of the Synovial Membrane in Health and Disease The Basis of Muscle 
Dystrophies and certain other Myopathtes The Defect in Myasthenia Grams IV Bone The Fine Structure and Function 
of Bone Cells Rarefying Diseases of Bone (with a comment on translocation af remodelled bone in osteoporosis). Author 
Index. Subject Index. 


Advances in Physical Organic Chemistry Volume 7 
Edited by V. Gold 
May 1969, x+352 pp., 90s. 


“The authors are all acknowledged experts in their particular fields and the various chapters give 
the reader an authoritative account of the different aspects of physical organic chemistry covered. 
These volumes, which are pleasingly produced, will be of very great use to those working in this 
rapidly expanding area of chemistry, to whom they can be wholeheartedly recommended.” 


Science Progress. 
CONTENTS: Nucleophilic Vinylic Substitution The Reactions af Hydrated Electrons with Greene so" nds Structure 
and Mechanism in Carbene Chemistry. Metsenheimer Complexes. Protolytic Processes in H,O—. xtures Author 


Index. Cumulative Indexes. 


Threshold Logic 
C. L. Sheng 
May 1969, xii +206 pp., 65s. 


CONTENTS Chapter 1. Switching or Boolean Functions. Chapter 2 Definitions of Threshold Functlon and Basıc Concept 
of Linear Separation. Chapter 3° Characterization of Threshold Functions. Chapter4 Unateness, Monotonicity, and Assuma- 
piir Chapter 5 Admissible Transformations, Partial Ordering, and Weights Chapter 6. Testing and Realization of Thres- 

Functions. Chapter 7 The Successive Higher Ordering fethod for Testing and Realization Chapter 8 Com 
atheis Chapter 9 Sensitivity of Weights and Threshold Chapter 10 Application of Threshold Logic Element Chapter 
11 Threshold Logic Elements for Probability Transformation Index. 


Published jointly with THE RYERSON PRESS Toronto 
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Nothing succeeds like... 























with the SP40 Automatic Sample Changer. 
With these two accessories the SP600 
Series 2 is a system in itself. It could more 
than double your work capacity. 

Write for details today and be part of a new 
success story. 


Success. And the Unicam SP600 visible 
spectrophotometer has been demonstrably 
successful. Many thousands are in use 
throughout the world. 

Now it gives way to its successor—the SP600 
Series 2. This instrument retains all the reliability, 
all the ruggedness of its predecessor. It retains 
the accuracy over an extended range 
(335my—1000 my). 

But there are two very important advantages. 
You can now continuously monitor the results 
from the SP600 Series 2 with the Unicam SP22 
—a logarithmic recorder which gives a linear 
reading of absorbance units and is therefore ideal 
for kinetic measurements. You can also 
automatically measure up to 50 sample solutions 






SP40 
Automatic 
Sample Changer 





PYE UNICAM & 


Pye Unicam Ltd 
Sue York Street, Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsars—Negative search for nanosecond RAW- 
ulses from the Crab pulsar—ANDERSON, C 
ORD and CUDABACK (California) 


Pulsars—Criticism of radiation theory of Chiu, 
Canuto and Ey ye eer and FAHL- 
MAN (Toronto) . . 


Pulsars—Why PSR 0833-45 eeded up— 
GREENSTEIN Cau and CAMERON oo 
and NASA) 


X-ray diate Failure to detect radio iguals fror 
Cygnus X-2—PURTON (York University, Toronto 
and ANDREW (National Research Council, Ottawa 


X-ray stars—Analysis of light variations of Sco X-1— 
RAO, PRAKASA RAO and JAYANTHI Epo sical 
Research Laboratory, Ahmedabad) 


Cosmic gamma-rays—Interpretation of high energy 
measurements—STECKER (NASA). : 


Redox systems—Imidazole aids the reversible oxi- 
dation of copper(I) iodide —GOODGAME, GOOD- 
GAME and C (London) 


Meteorites—Lack of silicon in iron chests may 
also imply absence in Earth's core—FISHER (Miami) 


The iio of its low fay 
OROWAN (MIT) . s 


Free radicals—Detection by ESR spin capping 
JANZEN and GERLOCK (Georgia) 


Oxygen electrodes—Importance of HO}—GOLD- 
STEIN and TSEUNG (City University) . 


Ceramic dating—Possible use of ESR—McMORRIS 
(Beckton, Dickinson and Company, California) 


BIOLOGICAL SCIENCES 


Active transport—Incorporation of an ATPase 
system into an cial membrane—JAIN, 
STRICKHOLM and CORDES (Indiana) . 


Collagen—lInsoluble fibrils formed ın the presence of 
sulphated acid Eiucepel veasshande B= oes 
(Monash) : 


Plant iranslocaton=A pale hypothesis 
THAINE (Grassland Research Institute) . 


Thyroid—Factor influencing deoxygonabon of 
oxyhaemoglobin deficient in BGR ROSE 
and FARMER (Indiana). > 


Photosynthesis—Low apparent Michaelis sonitant 
of chloroplasts for bicarbonate ınterpreted— 
EVERSON (Colonial Sugar Bene Co. Ltd, 
Queensland) . 

Photosynthesis—Rate umating resistances MEID- 
NER (Readıng) . 

Intestine—Vitamin Bı, seems absorbed by pinocytosis 
in suckling rats—GALLAGHER (Sydney) 
Herbicides—Herbicidal actıvity correlates white 
well with inhibitory activity against the Hull reaction 
for a series of ureas and semicarbazides—WILCOX 
(Florida) and MORELAND Rie Department of 
Agriculture) . P . 5 . . 
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Vision—Red-shift ın rhodopsin may ındıcate internal 
rotonation of the retinaldehyde Schiff base— 
AEMEN and BONTING (Nymegen) ; . 


Skin—Ordered structure of stratum corneum— 
MACKENZIE (London) p ; 


Immunology—Specific tolerance to hesp o- 
cytes ın mouse bone marrow cels—PLAYFAIR 
(London) 


Inflammation—Nor- steroidal agnis inhibit in vwo 
effects of ‘‘slow reacting substance C’—VARGAFTIG, 
DE MIRANDA and LACOUME (S.A. PEREMO: 
France) Bs 


Immunology—Anti-light edi binds to iymphocyes 
and blocks combination with antigen—GREAVES 
(Karolnska istitut, TORRIGLENI and ROITT 
(London) . 

Immunology—Stram vanation in “inhibition of the 
primary humoral response by ita aac PULLAR 
and JAMES (Edinburgh) i 


Viruses—Relationship between myxovirus particles 
and subacute sclerosing panencephalitis — KATZ, 
OYANAGI and KOPROWSKI (Wistar Institute of 
Anatomy and Biology) . ; 


Antigens—In vuro increase in antigenicity of 
cultured cells from human leukaemic blood— 
BELPOMMEN, le BORGNE de KAOUEL, AJURIA, 
JASMIN and DORE (Hôpital Paul- Brousse, illeju1f) 


Human physiology—aAfter artificial acclimatization 
to heat, fit men could not bear to be uprigbt— 
GREENLEAF and BOSCO (NASA) ; 


Amoeba — Cationic detergents lyse cells by first 
reacting with anionic polysaccharide ee T EREWER 
and BELL (Southampton) $ 
Scraple—Pathogenesis of agent modified DICKIN- 
SON (ARC) and FRASER (Moredun Research Insti- 
tute) . 


Tumours Scanning itto microscopy of & ascites 
tumour cell attachment im oe WILLIAMS and 
RATCLIFFE (Birmingham) ; 


Molluscs—Photoreceptors found ın ocelli of a stat 
—BOYLE (St Andrews) 5 7 


Sex chromatin—Survey of women ın a special 
pycha tie hospital—BERG, RIDLER (Harperbury 

ospital, Hertfordshire and pagans (Broadmióor 
Hospıtal, Berkshire) . 


Genetics—Gene similarity of the Tritiemnas— 
BARBER, DRISCOLL, LONG and VICKERY 
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NATURE 
Apollo Rides Again 


THERE are several things to be said about the flight of 
Apollo 10, and most of them are polite. First, Apollo 10 
has demonstrated the technical virtuosity of NASA 
and its works. It is hard now to remember that it is 
merely two years since an unlucky fire cost the lives of 
three astronauts at Cape Kennedy. Then it seemed 
as if the dream of getting to the Moon before the end 
of the sixties would be broken. Now, as the numbers 
tick by towards eleven, the meticulous care with which 
the whole enterprise has been conducted becomes in- 
creasingly apparent. The Apollo programme seems to 
be bursting with a host of technological sagas. There is 
the tale of how it has been possible to save nine pounds 
in the weight of the system which will eventually be 
landed on the Moon by welding together the halves of a 
pair of fuel tanks, not bolting them. The intricate 
system of webbing supports that will hold the pilots 
in a more or less vertical position as their craft ap- 
proaches the surface of the Moon is a masterpiece of 
forethought. It is true that the United States is hoping 
that there will flow from this accumulation of expertise 
a further refinement of the skill of technological man- 
agement which has made it the inventive place it is 
already, and there must be some truth in that. But 
the more lasting achievement is the way in which the 
anticipation of technical problems has created a sense 
of mastery of machines. Flimsy landing modules have 
become extensions of the personality. The old cliché 
of the returning hero that it is the team which deserves 
the honours has become a truism. That is something 
to think about. 

But what is the future of the Apollo programme ? 
The way things are going, the immediate objective 
will be reached before the year is out. Even if the next 
shot in July should be unlucky, there will be time to try 
again before the year is out. Naturally enough, NASA 
is beginning to worry what will happen afterwards. 
This is why the agency went begging to Congress at 
the end of March for a supplement to its budget, and 
the modest reduction which the President asked for 
at the beginning of April is not a final proof that the 
wind will never blow the other way. The successes 
of the past few months could well melt the heart of 
Congress. There is at least a chance. In any case, 
it now looks very much as if NASA will be able to 
squeeze close on half a dozen flights to the Moon out 
of the funds already voted. 

By 1971, work should begin on the Apollo Applica- 
tions Programme, now largely linked with talk of the 
assembly of huge space stations in orbits about the 
Earth. It is understandable that NASA should be 
anxious about the continuity of its programme, and 
it would be a waste of the capital resources locked up 


in the Apollo Programme if there were not enough 
money to support the launching of four or five large 
rockets every year, usually with men riding in them. 
When the Moon has been reached, however, it will be 
best if NASA can settle down to the steady exploitation 
of the resources which will by then exist. There will 
be trouble enough with the nuclear rocket engine, while 
there is already a crying need for a more sober inter- 
action between the money spent on scientific research 
and the legitimate needs of the scientific community. 
The moral is that Congress should be generous now 
even allowing the NASA budget to rise a little above 
the $3,500 million estimated for the coming fiscal 
year. When the committee under the Vice-President 
comes to report in September, however, it will be time 
to reconsider the relationships between NASA and the 
Air Force (which could become an unnecessary rival) 
and the scientific community (which has become a 
poor relation). 

There remains the issue of what the first journey to 
the Moon can be expected to accomplish. Now and 
not later is the time to ask this awkward question. 
It is only fair to everybody to acknowledge that a brief 
visit of two hours to the surface of the Moon and the 
recovery of 40 kilograms of material will not immedi- 
ately put solar system physicists out of business. The 
best immediate outcome will be a decent analysis of 
representative material from the Moon, and there is a 
chance that this may have some useful implications for 
the composition of the primaeval matter of which the 
other members of the solar system are constructed. 
With luck, radioactive analysis of surface material may 
also provide some kind of yardstick for working out 
the history of meteorites from the signs of cosmic ray 
bombardment. The chances are much smaller that 
the first few visits to the Moon will provide an explana- 
tion of its history. Whether the craters are tectonic, 
the consequences of impact or a mixture of both will 
not be decided on the first trip. The mascons which 
have excited interest in the past few months will be 
even harder to account for without some form of 
survey on the Moon, but it is important that these are 
consistent with much earlier evidence that the Moon 
is not in isostatic equilibrium derived, for example, 
from the inequality of the moments of inertia which 
are indicated by observations of the libration of the 
Moon. The Moon is almost certainly a planet not 
sufficiently massive to have developed fully, which 
implies that such surprises as Apollo 11 will bring may 
not say much about the rest of the solar system. To 
believe otherwise is to expect too much of the three 
brave men who will set off for the Moon in July this 


year. 
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Soft Words at Geneva 


To everybody’s surprise, the long session of the UN 
Disarmament Subcommittee which closed last Friday 
at Geneva has turned out to be amiable as these things 
go. One symptom, or possibly a cause, has been the 
wide range of the discussions. Several topics which 
could yet become the kernels of arms control agree- 
ments have been raised. To be sure, the freedom of 
the discussions has not been matched by the signature 
of treaties. If there is a tangible outcome of this 
session’s work, it will almost certainly be a treaty to 
demilitarize the sea bed. Heady talk of treaties to 
abolish chemical and biological weapons, in which the 
British Government has been prominent, have been 
fruitless for lack of preparation or, more charitably, 
because of the great difficulties of inspection and 
control. Other schemes, such as the comprehensive 
test-ban for which the Swedish Government pleaded 
eloquently on the closing day of the session, have been 
frustrated by the determination of the Great Powers 
to carry on as they are. 

One of the most hopeful signs has been the re- 
emergence of talk of a cessation of the production of 
fissile material for military purposes, for this is an 
essential ingredient in any scheme for making sure 
that there is some check on the nuclear powers to com- 
pensate for the restrictions which the Non-Proliferation 
Treaty applies to the lesser fry. One obstacle here, 
typified by the Russian reply to the American initia- 
tive, is that a cut-off agreement would not affect 
existing stockpiles of nuclear explosives; such im- 
balances a8 now exist may thus be perpetuated. 
But a cut-off agreement would also entail the kind of 
detailed inspection of military establishments which 
the Soviet Union has consistently resisted—except in 
the last unattainable stages of “General and Complete 
Disarmament”. Yet the mere discussion of the 
cut-off proposals is a sign that things may be on the 
move. 

Why should this be ? The promised talks between the 
Soviet Union and the United States on the limitation of 
` strategic missiles are the most beneficent of several 
influences. Something should be known of progress 
in this direction before the next session begins on 
July 9. But there also seems to have been a slow if 
painful recognition among the Great Powers that the 
hard-won NPT may not win many adherents among the 
non-nuclear powers unless there is some reciprocal 
gesture by the Soviet Union and the United States. 
As luck will have it, this is why the missile talks could 
be critical in several ways. By contrast with the 
potential benefits of those discussions, the chance of an 
agreement about the deep sea bed, although not 
entirely insignificant, is not much to boast about. 

Even here, however, agreement will not be easy. 
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Urged on by the other fifteen members of the sub- 
committee, the governments of the Soviet Union and 
the United States have produced separate drafts of a 
treaty. Optimists will point out the several common 
features in these proposals, chiefly the willingness of 
both parties to extend the treaty to all but a narrow 
coastal strip. Two serious obstacles remain. The 
Soviet Union would prohibit ali military installations 
on the sea bed, but the United States would limit the 
prohibition to “weapons of mass destruction”. The 
difficulty here is chiefly the American wish to retain 
or to create systems for detecting hostile submarines. 
There is also disagreement about degree of inspection 
which the two governments would allow—the Russians 
ask for the right of inspection by “mutual agreement” 
but the Americans would permit only “observa- 
tion”. 

If precedent is any guide, the argument should. lie 
with the United States draft, which is a olose analogue 
of the treaty now in force on the banning of “weapons 
of mass destruction” in what is called outer space. 
There is also much to be said for the development of 
systems of submarine surveillance and no good reason 
why their existence should not be publicly advertised. 
So may there not be room for compromise on the 
American view of the scope of the prohibition and the 
Russian view of the degree of inspection which the 
treaty would allow? That, at least, should be the hope, 
for a treaty along these lines would only be worth 
having if it were signed quickly. The objective should 
be to prevent the building of missile launching sites 
on the sea bed in the interval, possibly a long one, 
before there can be agreement on the limitation of 
strategic missiles. The Great Powers are undoubtedly 
well aware that sea bed missiles would be immune from 
aerial inspection and thus the preferred instruments 
of a second-strike nuclear force. Haggling would 
allow the horse to bolt before the stable door is shut. 
Whatever the niceties of diplomacy, this is a case for 
acting quickly or not at all. 


SPACE RESEARCH 


Optimism in the Air 


Now that the European Space Research Organization 
is once again an established feature of the European 
scene, with the lifting by last November’s European 
Space Conference of the ban on new projects, space 
users sound less like the Jonahs of last year. At a 
symposium in Paris earlier this month, ESRO pre- 
sented feasibility studies on six spacecraft, ranging 
from the humdrum atmospheric satellite to a Mercury 
fly-by mission complete with television cameras, which 
will be the ingredients for a programme going well 
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into the 1970s. Each of the objects would be launched 
either in 1974 or 1975, following on the series of more 
conventional satellites already arranged for the period 
up to 1972. The intention seems to be to select one 
or even two of the projects in time for the next council 
meeting in July. 

At the same time, the management of the European 
space effort is likely to be further simplified. Talks 
have been under way for some time on the merging of 
a large part of ELDO and ESRO, and there should be 
some news of progress by July. The outcome seems to 
be encouraging, although nobody is clear how British 
attitudes towards ELDO will be reconciled with 
declared interests in research and applications such 
as the CETS television satellite. 

The ESRO report for 1968, just published, captures 
some of the enthusiasm which is beginning to be felt 
again. For the first time, there is also a section called 
“Satellites in Operation”. The sounding rocket pro- 
gramme, so far the mainstay of ESRO research, con- 
tinued at much the same level as before, with twenty 
launchings last year. For the first time, however, 
ESRO’s launching facilities at Kiruna in Sweden were 
used by national groups—a welcome step towards the 
promised role of ESRO as a provider of facilities out 
of the reach of individual states. The report also shows 
that the recommendations of the Bannier report on 
working methods have been taken to heart. An exten- 
sion of the powers of the Director-General (Professor 
Hermann Bondi) is the main change, and has much 
to do with the sudden upsurge in ESRO’s fortunes. 
ESRO’s pessimistic attitude in offering only short- 
term contracts to its A-grade staff is likely to be 
changed, and there is talk of some kind of career 
structure once the future of ESRO in the European 
space agency is settled. 

As usual, the report has a section on the distribution 
of contracts among member states—almost obligatory 
now for a European cooperative venture in science and 
technology—which this year uses a weighting technique 
depending on the supposed technological worth of the 
contracts to cloud tho issue further. States such as 
Spain and Denmark still come off significantly worse 
than France and Belgium. The report lists the ratio 
of the percentage of contracts which each state re- 
ceived to the percentage of the ESRO budget which 
it contributes. The ratio is highest for France (1-927), 
and least for Denmark (0-301). The ratio for Britain 
is 0-650. 

Of the six spacecraft now under discussion for the 
next phase of the programme, two are fairly standard 
ionosphere and atmosphere satellites. The other pro- 
jects, likely to be looked on more favourably in ESRO’s 
present mood, are an ultraviolet astronomy satellite, 
a cosmic ray satellite, the Mercury probe and a geo- 
stationary satellite to study the magnetosphere. e 
Mercury probe is the subject of a design study by 
Messerschmitt-Bölkow, and would have to be under- 
taken as a joint effort with NASA. As well as the 
television cameras, the payload includes a Mariner-like 
complement of photometers, polarimeters and radio- 
meters to study the surface and atmosphere of the 
planet, as well as magnetometers and micrometeorite 
detectors to investigate the interplanetary medium 
up to 0'4 astronomical units from the Sun. So far, 
American and Russian planetary probes have reached 
only the adjacent planets Mars and Venus. 
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NUCLEAR POWER 


Club for the Well-to-do 


AtToMio energy has done little for the developing 
countries so far. Less than two per cent of all atomic 
power stations either built or being built lie outside the 
charmed circle of advanced industrial nations. The 
chief reason for this is that at present nuclear power is 
only competitive with oil, coal and water when pro- 
duced in plants too big for most developing countries. 
But other and cheaper nuclear techniques are not mak- 
ing the contribution that they might to developing 
economies, and the International Atomic Energy 
Agency has just issued a booklet lamenting the situation 
(Atomic Energy in the Developing Countries, IAEA, 
Vienna, 1969). 

The IAEA’s regular budget is $11 million for 
1969, and the agency is hoping for a further $2 million 
in voluntary contributions from its member states. 
Voluntary contributions do not always turn up, how- 
ever, and the IAEA managed to earn only $1-3 million 
in this way in 1968. The funds available to the agency’s 
own. technical assistance programme have been shrink- 
ing, both in real terms and in relation to demand, for 
several years; in the early days, nearly every reason- 
able request for technical assistance could be met, but 
now the proportion is one in four. 

This is why the IAEA is having to concentrate on 
Inexpensive pioneering projects, hoping to seed the 
ground in preparation for larger ventures financed by 
the UN Development Programme. The fastest growing 
sector of the agency's activities has recently been the 
use of isotopes in agriculture. A plant breeding pro- 
gramme was set up jointly with the FAO in 1964, 
and the scientists engaged in this programme have 
obtained valuable mutants of rice and wheat by gamma 
irradiation. One rice strain has a doubled protein 
content, while two mutant strains of wheat have just 
been released to farmers in Italy after four years of 
FAO-IAEA trials. Isotopes are also finding a use in 
studies of fertilizer use, insect control, food preserva- 
tion and the tracing of insecticide residues. 

But IAEA is well aware that in the long term the 
greatest impact of nuclear science will be its provision 
of cheap and limitless electric power. The agency has 
sent advisory missions to Brazil, Greece, Kuwait, 
Korea and Yugoslavia to help plan nuclear power 
programmes. Other countries have been helped in 
framing legislation on nuclear safety. Argentina and 
India are now committed to nuclear programmes, while 
Brazil and Greece will probably take their first steps 
soon. Cheap power will make large desalination plants 
possible, and the planning of a joint Mexico—United 
States-IAEA plant, capable of producing 1,000 
million gallons of fresh water a day, is partly complete. 


CONCORDE 


The Sky is not the Limit 


Tam British and French Governments have at last 
come clean and admitted that the estimated cost of 
Concorde has increased by more than 50 per cent since 
1966. Mr A. Wedgwood Benn, the Minister of Tech- 
nology, announced at question time in the House of 
Commons on May 21 that the current estimate, agreed 
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by both governments, is £730 million, compared with 
the estimate of £450 million in 1966. The fact that both 
partners have agreed on the estimate and on its publi- 
cation clearly indicates that they are determined to go 
on with the project in the face of escalating costs, and 
the statement should, for the time being at least, put an 
end to speculation about the cost of the programme and 
the possibility of its cancellation. Mr Benn also said, 
however, that the basic estimate of £730 million does 
not include any contingency allowance for major 
unforeseen difficulties. All that he would say at 
present about the flight tests was the lukewarm com- 
ment that they had been encouraging. But further 
design changes involving anything more than a 15 per 
cent increase in the estimates would, he said, indicate 
a fundamental redesign of the aircraft. Mr Benn 
avoided saying categorically that Britain would with- 
draw from the project if such a fundamental redesign 
becomes necessary but that is obviously the implica- 
tion. Fifteen per cent more than £730 million seems to 
be the ceiling for Concorde as far as the British Govern- 
ment is concerned. What the French Government 
thinks will not be known until Mr Benn has talked to 
his counterpart after the French presidential elections. 

The amount of money spent so far and the break- 
down of the additional costs is instructive. To date 
Britain has spent £170 million and France £160 million; 
to complete the programme Britain will have to spend 
another £170 million and France £230 million. Devalu- 
ation and pay and price increases in both Britain and 
France account for £130 million of the additional costs. 
Of the remaining £150 million, £20 million is attributed 
to increases in overheads at the contractors and about 
£85 million to design changes involving meeting new 
criteria of airworthiness, maintaining payload and 
range performance, strengthening the undercarriage and 
improving the performance of various items of equip- 
ment. The remainder of the extra cost is apparently the 
result of initial underestimates of the time and effort 
that would be needed to complete the programme. 

Mr Benn’s dilemma is obvious. Haue gone 80 
far, and gained at least the illusion of a lead over the 
United States, the British and French governments 
would find cancellation a bitter pill. But Concorde 
remains an unknown quantity. Will it fly well when 
the supersonic region is reached ? Will its range justify 
the sales talk ? What, in any case, will be the reaction 
of the public authorities which must make legitimately 
decisions about supersonic bangs? In these circum- 
stances, it is sensible to set an arbitrary limit. Both 
governments must be wishing they had gone for an 
air bus or a jumbo jet. 


GARBAGE DISPOSAL 


Electricity from the Dustbin 


Pranos and old bedsteads are not the most promising 
fuels for generating electricity, but the Greater London 
Council’s Edmonton Refuse Incineration Plant is being 
built with feed chutes large enough to take a grand 
piano. In the plant, the first large scale total incinera- 
tion plant to be used for continuous generation of 
electricity in Britain (although similar plants are 
working in Europe), the hot furnace gases of refuse 
incinerators will be used to drive four conventional 
12:6 MW steam turbo-generators. Furnace tempera- 
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tures of up to 1,800° F are necessary in continuous total 
incineration plants but the electrostatic precipitators 
which remove particulate pollution before the gases are 
discharged work at about 600° F. If the plants are 
large enough, this high grade heat can be used to make 
them economically viable as well as sociably desirable 
by linking the incinerators to electricity generators, 
neighbourhood heating or process heating systems. 
At a meeting of the Institution of Mechanical Engineers 
recently, Mr P. D. Pepé and Mr G. M. Turner explained 
that the GLC, in cooperation with the Eastern Elec- 
tricity Board, has selected power generation as the only 
feasible scheme at Edmonton, and, making the most 
of their assets, they are to use sewage effluent from the 
GLC’s Deepham sewage works for cooling plant. 

According to the GLC’s costing studies, the capital 
costs of the power generation scheme (£10,420,000) 
are considerably higher than the costs of a non- 
recuperative scheme (£7,640,000), which wastes the 
available heat, but the average return on the capital 
for the generating plant is 11-2 per cent. In other 
words, the power generation plant costs 12s 10d less 
for every ton of rubbish handled, which makes a saving 
of £312,500 a year. 

When operating at full capacity the plant will 
automatically handle 1,333 tons of crude refuse a day, 
generating between 25 and 35 MW of electricity. Peak 
consumption will be 1,667 tons a day giving a peak 
generation of 45 MW. The refuse will be burnt to an 
inert residue only one tenth the volume of the un- 
sorted refuse, and metals—which by 1970 will be 7-2 
per cent by weight of the crude refuse and 8-5 per cent 
by 1980—are to be salvaged. 

Household refuse is, of course, an extremely variable 
fuel, but the long term trend is definitely on the side 
of the GLC and the Eastern Electricity Board. At the 
same meeting Mr R. H. Watson said that in Britain, 
as gas and electricity replace solid fuel for domestic 
heating, the calorific values of rubbish are rising 
chiefly because of increasing proportions of paper and 
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plastic materials (Fig. 1). Typical British household 
refuse now has a gross calorific value in the range 
4,000-4,500 British Thermal Units per pound compared 
with 5,000 Btu per pound in the United States and 2,000 
te 3,000 Btu per pound in Europe. But, although the 
calorific value of refuse seems bound to increase, the 
economies in scale in the generation of electricity with 
conventional fuels mean that generation from refuse is 
only worthwhile in plants on the scale of that being 
built at Edmonton. Interest in small scale generation 
from refuse is declining. 


MATHEMATICS TEACHING 


The Point of No Return 


Forzcasts made by the Institute of Mathematics and 
its Applications indicate that unless drastic steps are 
taken immediately, Britain’s supply of mathematics 
school teachers will fall beyond a point of no return 
by 1970. Appeals for action made as long ago as 
1961 by people like Professor Thwaites at the Univer- 
sity of Bouthatnpeon were ignored, but the vicious 
circle whereby fewer good teachers inspire fewer pupils 
to take up mathematics is continuing and the institute 
has now initiated discussions with the Department of 
Education and Science in an attempt to get the 
Government to take steps towards solving the problem. 
This is part of its widespread campaign to bring the 
problem, with some proposals the institute has worked 
out for its amelioration, to the notice of organizations 
and individuals in a position to help. It is hoped that 
discussions with the University Grants Committee 
will start soon. 

The report issued after a meeting in February 
between Mrs Shirley Williams, the Minister of State 
for Education, and a delegation from the institute 
stresses the fact that although the Government has 
already taken some action—for example, influencing 
the university departments of education to increase 
the number of mathematics graduates taking post- 
graduate courses from 400 in 1968 to more than 500 in 
1969—there is no room for complacency. About half 
the country’s mathematical teaching in the first five 
secondary school years is undertaken by teachers with 
no mathematical qualifications (as compared with 
about one fifth in, for example, France) and despite the 
achievements of universities in doubling their output 
of mathematics graduates in the past seven years 
there has been little increase in the number of graduates 
going into teaching. 

The principal recommendations made by the 
institute were that the UGC should initiate a study 
of how the numerical balance between the subject 
groupings for the period 1972 to 1977 could be adjusted 
to meet the need for mathematics teachers, and, 
secondly, that there should be an increase in the number 
of places in mathematics education courses offered b 
universities, polytechnics and teachers training col- 
leges. Mrs Williams agreed that something will have 
to be done soon, but reminded the delegation that it was 
a difficult time to find money for new developments 
and also that the idea of earmarking money for particu- 
lar university purposes was a controversial subject. 
She said that experimental three-year degree courses 
in mathematics and education had already been 
started at some universities and that the Council for 
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National Academic Awards had been discussing the 
idea of courses which included an education element. 
Another of the institute’s ideas which received support 
was that university students might be organized to 
stand in during the months of June and July for 
teachers who would then be free to go on refresher 
courses for teaching mathematics. 


EDUCATION 


Nuffield in Universities 


Tax Nuffield Foundation is continuing the good work 
of encouraging new teaching methods, but moving 
from the schools to the universities. It has just given 
£80,000 to the Universities of Bath, Birmingham, 
Glasgow, London and Sussex to produce some new 
teaching material, involving a certain amount of self 
instruction, to lighten the load of biology teachers. 

Three types of course are to be prepared: bridge 
courses intended to fill awkward gaps in the knowledge 
of school leavers; technique courses, to teach particular 
skills such as bacterial culture; and so-called main 
courses for insertion into existing university courses. 
These categories reflect some of the current problems 
facing biology departments which prompted several 
universities to express an interest in the development 
of new techniques. Heads of departments were worried 
about the heterogeneous nature of their intake, in- 
creasingly including students who have not studied 
biology at school, and about the amount of time wasted 
in repetitive teaching of simple techniques. Depart- 
ments also tend to suffer from an inadequacy in their 
teaching force—if a department has no mycologist, for 
example, how does it teach mycology ? 

The five universities which finaly became involved 
in the scheme, under the chairmanship of Professor 
O. E. Lowenstein, all have on their staff, as well as 
biologists, experts in educational techniques. Birming- 
ham, for example, has the National Centre for Pro- 
grammed Learning, Glasgow has a television unit and 
Sussex has a centre for educational technology. Mem- 
bers of these units, working with the biologists, will 
start next October to produce the first drafts. Each 
university will work on particular courses, making 
use of its own special expertise. Sussex, for example, 
will produce bridge courses for first year students in 
developmental biology and cell biology, and Birming- 
ham will produce a course on aseptic techniques. 
London, represented by Queen Elizabeth College and 
Chelsea College of Science and Technology, will be 
working on a course on enzyme metabolism, to be 
incorporated into ordinary university biology courses. 

Film loops, colour sides with accompanying tapes 
and programmed material are all likely to be used in 
the courses, which will be designed to last ten to fifteen 
hours and to include contact with teachers in the 
form of, for example, tutorials, as well as self instruc- 
tion. The authors of this project are not aiming to 
replace the teachers, but to reduce the demand on 
them in some areas, so that more personal attention 
can be given in others. 

After the courses have been tried out, and probably 
revised, by the university that produces them, they 
will be tried by the other four, and any other universi- 
ties that express an interest. After further revision, 
by about 1972, they should be ready for publication. 
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SELECT COMMITTEE : 


NERC’s Relatives 


Some high speed industrial enthusiasm was injected 
into the proceedings of the Select Committee on Science 
and Technology last week by two members of the 
Commercial Oceanography Study Group. The sub- 
committee investigating the Natural Environment 
Research Council had decided to listen to the indus- 
trial case, and learnt that there is some dissatisfaction 
at the British Government’s meagre treatment of 
the marine science industry. Dr T. F. Gaskell of BP 
Ltd said that British oceanographers are making plenty 
of good inventions but nobody exploits them properly, 
so that the benefits pass to the United States. 

Mr D. C. Ion, also of BP, explained that the Com- 
mercial Oceanography Study ‘Group was formed in 
1964 to remedy general ignorance of the resources of 
the sea, so that worthwhile commercial projects could 
be identified. To avoid conflict of interests, companies 
in different branches of the marine industry each send 
one representative; they are now from BP, Richard 
Costain, Unilever Foods, ICI Chemicals, Hawker 
Siddeley and Rio Tinto Zinc Minerals. 

Some help from the Industrial Reorganization 
Corporation would be appreciated. Dr Gaskell de- 
scribed his efforts to encourage the IRC to bring to- 
gether some small instrument making firms and give 
them the means to exploit their potential. What are 


needed, he said, are Government development con- - 


tracts for new projects, like those given to firms in the 
United States. would spark off good work 
and enable firms to make instruments that are needed 
only in small numbers—something they cannot afford 
todonow. Britain, said Dr Gaskell, should be involved 
in offshore pipe laying. But there is no way to get 
started. No company will be given a commercial 
contract until it has done some work and proved its 
worth, and the obvious way to do this would be with an 
Admiralty contract from the Government. He said 
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that some firms have applied to the Ministry of Tech- 
nology for development grants, but are embarrassed 
by the thought that they might fail, something that 
does not bother American industry. 

There seems to be some hope that the Committee 
on Marine Technology will help to improve the situa- 
tion. BP has provided staff for some of the committee’s 
working groups, and industry is busy trying to make 
known the vital facts of commercial life. 

There is room to improve communications with 
government establishments. Mr Ion agreed that there 
is a tendency to sit on information. He would like to 
see all the establishments act as the National Institute 
of Oceanography did ten years ago when firms were 
able to make commercially the sideways facing sonar 
used on the research ship Discovery. Dr Gaskell said 
relations with places such as NIO are very good, but 
suggested that they might become more commercially 
minded. Industry should be able to offer advice on 
new projects from the very beginning. 

Mr Ion thought that although industry could usefully 
take a greater part in NERC’s activities, oceanography 
is so diffuse that it would be hard to find any one repre- 
sentative. But industry should occasionally be repre- 
sented on NERC’s committees. Dr Gaskell pointed 
out that the oil industry is drilling more holes than any 
university department, and there would be no harm in 
strengthening communications through NERC. 

The next witness was Mr R. C. H. Russell, director 
of the Hydraulics Research Station. He could not say 
why he is responsible to the Ministry of Technology 
rather than NERC, but he had no complaints. He 
pointed out in justification that his station is concerned 
largely with contract work for industry, dealing with 
problems which often need very quick solutions. 
NERC’s Institute of Hydrology, however, for all its 
immediate proximity to the Hydraulics Research 
Station, deals with much longer term research. Excel- 
lent contact with NERC is maintained through 
mutual membership of committees. 





Parliament in Britain 


Technocentres 

Me G. Fowuue, of the Ministry of Technology, said 
that he was discussing with the Council of Engineering 
Institutions and local interests various suggestions for 
exhibition centres to publicize the engineer’s contribu- 
tion to society, in the hope of stimulating recruitment. 
He said a few places had been discussed as possible sites 
for these technocentres but in only one case had the 
discussions progressed beyond TORA exchanges 
of views. Since the Government had not yet committed 
itself to providing funds he declined to name this 
place. (Oral answer, May 21.) 


MetrlIcatlon Board 

Mr A. Wepewoon Bann, the Minister of Technology, 
announced on May 21 the members of the Metrication 
Board whose chairman will be Lord Ritchie Calder. 
They are Mrs A. Stanley, Mr H. J. Cruickshank, 
Mr A. G. Dawtry, Mr E. F. Knight, Professor M. L. 
McGlashan, Sir Thomas Padmore, Dr F. Lincoln 


Ralphs and Mr Mark Abrams. Mr F. Howard Whitaker 
has been appointed secretary to the board. Mr Benn 
said he would make a number of further appointments 
in due course. The board’s terms of reference are to 
facilitate the transition to the metric system of weights 
and measures by 1975. In particular the board is 
required to advise the minister on the implications of 
the change in each sector of the economy, to advise 
on the timetables of the changes, to keep educational 
interests fully informed and to assist government 
departments. The board will report annually to the 
Minister of Technology and the reports will be pub- 
lished. (Written answer, May 21.) 

Reactor Closures 

Mr J. P. W. Marrao, for the Ministry of Technology, 
said that in the foreseeable future there is not likely 
to be enough work available to justify keeping the 
Atomic Weapons Research Establishment at Orford- 
ness, Suffolk, in business. The Atomic Energy Author- 
ity is studying the implications of closing the establish- 
ment and transferring to Aldermaston the facilities still 
required. Mr Mallalieu said the building of a radar 
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SELECT COMMITTEE 


MR ARTHUR PALMER and his fellow members of the 
subcommittee of the Select Committee on Science and 
Technology which is investigating the nuclear power 
industry last week encountered a witness with no axe 
to grind. This, at least, was the impression conveyed 
by Sir Stanley Brown, Chairman of the Central Elec- 
tricity Generating Board, in a matter-of-fact account 
of the views of the CEGB on the nuclear power in- 
dustry. By contrast, the representatives of Atomic 
Power Construction Lid, who also appeared last week, 
were in & far less cheerful mood. 

Dr Gordon Brown, managing director of APC, said 
he is hoping that an integration of staff between APC 
and BNDC will take place when APC’s responsibility 
for the Dungeness B power station comes to an end. 
He thought it was important to keep the team together 
until the job is completed. Mr Eric Lubbock inter- 
preted the situation, somewhat to Dr Brown’s distaste, 
as that of BNDC taking over the staff of APC, and 
suggested that one of the reasons for the IRC partici- 
pating on the board of the BNDC was to allow discus- 
sion on the participation of new companies. 

Dr Brown indeed believes that the sale of one 
Advanced Gas Cooled Reactor to the continent would 
be the break the industry needs. He said that the 
morale of the industry is now at a low ebb—a theme to 
which Mr Palmer and his colleagues must by now be 
well used—and claimed that about 40 per cent of the 
technical staff and 19 per cent of the senior staff have 
resigned since June 1968. The difficulty of long-term 
planning is a major reason for this trouble. 

Mr Palmer enquired whether APC had been over- 
anxious in snapping up the Dungeness B project, biting 
off more than it could chew. Dr Brown conceded that 
the difficulties surrounding the membrane and the 
distortion of the cylinder could have been avoided, 
although it was hard to apportion the blame for this. 
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But in any case, the membrane difficulty was not a 
fault on the nuclear side but in the boiler, and did not 
reflect on the AGR system itself. 

Sir Stanley Brown of the CEGB set out with a placid 
view of life in the nuclear industry which Mr Palmer 
was keen to attack. Why, for example, had the CEGB 
not purchased a Steam Generating Heavy Water 
Reactor ? Sir Stanley did not fall for the view that the 
CEGB should operate as a shop window for exports; 
from that point of view, the Winfrith reactor is per- 
fectly good enough. But in any case, the SGHWR is 
not an obvious proposition. For one thing, the CEGB 
target for power production for the winter of 1974-75 
is now about 1,000 MW lower than the earlier estimate 
for 1973-74, so that the CEGB does not need to order a 
new station in 1969. Further ahead, Sir Stanley thought 
the High Temperature Reactor offered the best develop- 
ment potential, and that it would be folly for the 
CEGB to split its resources by buying an SGHWR just 
for the shop window. Perhaps the Scottish or Irish 
boards would be willing to oblige. 

Unlike earlier witnesses, Sir Stanley claimed that the 
rivalry between the two consortia was valuable. The 
Hartlepools order was placed as a result of directly 
competing bids. In spite of the lack of domestic orders 
which the two consortia must now expect, Sir Stanley 
also thought there should be enough work to keep both 
of them happy when demand has risen to 4,000 MW a 
year by the late seventies. 

With its proceedings last week, the committee has 
taken evidence from all the industrial interests con- 
cerned with the reorganization of nuclear power, 
together with the Institution of Professional Civil 
Servants which represents the interests of many of 
the scientists who are involved. ‘There remain the 
official interests, chiefly the Atomic Energy Authority 
and the Ministry of Technology. It will be interesting 
to see whether the sub-committee will be able to cover 
adequately with them the questions which have been 
raised so far in evidence before July. 





research station at Orfordness had nothing to do with 
the decision. The 170 or so staff could be re-employed 
at Aldermaston or elsewhere. Mr Mallalieu, in reply to 
another question, said that the closure of the Dounreay 
materials testing reactor followed the AEA’s decision 
to concentrate remaining work at Harwell. When 
asked about the number of nuclear power stations 
operated by the AEA that had suffered breakdown, 
Mr Mallalieu said only one of the four reactors at 
Chapelcross has been out of commission since May 
1967. (Oral answers, May 21.) 


Overseas Ald 

Me R. E. Prezewriosn, Minister of Overseas Development, 
gave the House details of Britain’s aid to developing 
countries between 1945 and 1963. Bilateral aid totalled 
£1,216-7 million made up of grants worth £778-3 million 
and loans of £438-4 million. Of the loans, £339 million 
capital repayments were still outstanding on December 
31, 1968. In addition to these funds £202 million was 
given to multilateral agencies and £102-2 million was 
advanced on loans to the Commonwealth Development 
Corporation. (Written answer, May 20.) 


Reversing the Brain Drain 

Mes S. Wiitams, for the Department of Education 
and Science, explained that the department had no 
power to require educational bodies to give preference 
to British graduates in North America when they 
applied for jobs. She pointed out that facilities for 
helping uates to return from North America 
include the North American Joint Interview Board, 
the SRC Fellowship Scheme and the Scientists’ Appoint- 
ments Service. (Written answer, May 20.) 


Resistant Rats 

Mr J. H. Hoy, for the Ministry of Agriculture, said 
there would be no special grants to local authorities for 
financing campaigns to exterminate rats resistant to 
the poison ‘Warfarin’. Mr Hoy said that about 400 
square miles in mid-Wales and the Welsh borders were 
infested with these rats, but the rats had not signifi- 
cantly extended their range during the past two years. 
Coumatetralyl, norbormide and zinc phosphide were 
being used instead of ‘Warfarin’ but in some places 
resistance to coumatetralyl has arisen. (Written 
answer, May 22.) 
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NORTH AMERICA 
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Bullish View of Oceanography 


Tur National Academies of Science and Engineering 
have lent their considerable weight to the increas- 
ingly fashionable belief that there should now be a 
deliberate exploration of the deep oceans and of the 
continental shelves. Indeed, the report of the two 
academies, now published under the title An Oceantc 
Quesi—The International Decade of Ocean Exploration 
(National Academy of Sciences, Washington DC), 
spells out a detailed programme in which oceano- 
graphers in and out of the United States may be usefully 
employed for the next ten years. Fortunately, however, 
the two committees have not taken the popular view 
that the ocean floor is a rich mine of minerals waiting 
to be quarried. Instead, they argue that it will take a 
decade of exploration to know just what benefits are 
to be won. Saddling the decade with the need to bring 
quick returns would be a mistake. 

The rt has been prompted by the proposal of 
the President of the United States a year ago that the 
seventies should become an “international decade of 
ocean exploration”. The National Council on Marine 
Resources and Engineering Development has already 
carried out propaganda for the project, and there have 
been discussions within several international organiza- 
tions, including ICSU and the United Nations. The 
outcome could be a period of coordinated scientific 
activity similar in many ways to the IGY but lasting 
longer. A part of the interest of the new report is the 
way in which it is likely to influence the planning of 
the United States. 

The committees say that the objectives of the decade 
should be the better management of the living resources 
of the sea, an estimate of the economic potential of 
non-living resources and the capacity to predict oceanic 
conditions, control the marine environment and allow 
people to function “effectively” above or below the sea. 

The report points out that the sea floor around the 
United States produced petroleum, natural gas and 
sulphur worth $1,700 million in 1967. This has in- 
creased four-fold since 1960 and is a third of the value of 
offshore production in the whole world. But there are 
also sand and gravel, tin, gold, platinum, haematite, 
minerals such as zircon and also diamonds to be ex- 
ploited. Manganese nodules rate a mention in the 
report, which also points out that petroleum is known 
in some regions to be present beyond the continental 
shelf. The first need, however, is a thorough mapping 
of the sea floor as well as of the conditions which 
obtain there. 

On fish and other organisms, the report points out 
that fifty million tons of living things were taken from 
the sea in 1967 and that this harvest has been doubling 
each ten years. The result is that it should be possible 
to provide the whole population of the world in the 
year 2000 with its requirement of animal protein by 
increasing the yield of the sea by æ factor of four or 
five. This, the committees say, should be possible 
with conventional means and without danger of over- 
exploitation. So far as the decade ahead is concerned, 
however, the first need is a better understanding of the 
factors which determine the abundance and distribution 


of commercial fish, which often requires ecological 
studies as well as the development of more efficient 
means of catching fish. 

The committees also want to see developments in 
ocean transport but they recognize that the problem 
here is not so much the efficiency of movement across 
the sea but, rather, the transfer of cargo from ships to 
dry land. This is why the emphasis in their proposals 
is on the improvement of methods for cargo transfer, 
navigation in confined water ways, the design of 
harbours and the control of silting. 

One of the most ambitious of the specific proposals 
in the report is for a survey of the continental margin 
of the eastern Atlantic. The argument here is that 
potentially important mineral resources are likely to 
come from the relatively shallow sea on the continental 
margin and that the eastern Atlantic has the merit 
of involving several nations and of being less well 
known than the western side. In particular, the com- 
mittees would like to see a systematic programme of 
seismic reflexion surveys across the continental margin, 
and the Scientific Committee on Oceanic Research is 
already said to have begun discussions with potential 
partners in this venture. The immediate objective is 
a set of profiles along which there are continuous 
seismic, magnetic and gravity measurements together 
with bottom sampling and coring at 50 mile intervals 
along the continental margin. 

The committees have a lot to say about the potential- 
ity of the pockets of hot brine beneath the Red Sea 
and urge that there should be a search for similar 
phenomena in other comparatively recent and shallow 
ocean basins ranging from the Black Sea to the Sea of 
Japan. Elsewhere, the committees would like to see 
a systematic and—by present standards—ambitious 
Proar in of geophysical and oceanographic research. 

e success of the deep drilling programmes and the 
development of plate tectonics in the past few months 
have clearly concentrated thinking, and the committees 
recommend a specific study, to be known as MANCON 
(for Mantle Convergence), of the clearest example of a 
convergence zone. The Peru-Chile Trench seems the 
most likely candidate. 

The proposals on meteorology and the interaction 
between weather and tlie ocean surface are some of the 
most challenging. Although the activities of the 
Global Atmospheric Research Programme (GARP) 
and the World Weather Watch are now well under 
way, these projects can do with every possible help. 
The committees draw attention to the particular 
importance of being able to forecast the state of the 
ocean surface layer. 

The committees emphasize that extra funds will be 
needed in the United States to carry out these pro- 
grammes. The first three years of the decade should 
be spent on preparation, and the programmes as 4 
whole are expected to cost an extra $3,500 million 
during the seventies. Ifthe report is necessarily vague 
on. costs like these, there is perhaps less excuse for its 
easy assumption that management can be left in the 
hands of the national council. 
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Satellites in Search of Users 


from our Geophysics Correspondent 


Ir is reported that the Director of the US Geological 
Survey has, in the programme to launch the Earth 
Resources Technology Satellite (ERTS) project, lec- 
tured to the Rotarians of North Carolina. If he and his 
colleagues have had to woo American taxpayers, they 
must reflect on the ease of doing that compared with 
wooing scientists to become involved in the project and 
state their specific requirements. Dr J. E. Maugle 
(NASA) was faced with the same problem at the 
meeting on ERTS at the Royal Society on May 20. 

The growing uses of satellites for non-military non- 
extra-terrestrial research have mostly been for com- 
munications, navigation, weather forecasting, pack ice 
predictions, geodesy and a few other monitoring 
facilities. The benefits go almost entirely to rich 
nations, and maybe the idea of a continuous high 
quality colour picture service from satellites was con- 
ceived in the hope that surveying the resources of the 
whole world might help, or appear to help, the Third 
World. Be that as it may, NASA has a request before 
Congress for funds for such a satellite, with a budget 
of one or two per cent of NASA’s total spending. 

Maugle said that the satellite would orbit at about 
800 kilometres, overlook the same position in the same 
light conditions every 17 days and transmit television 
pictures with a ground resolution of 100 to 150 metres. 
Maugle can foresee the reward in the middle or late 
seventies. Already an extensive programme has been 
conducted over regions with the Orwellian name of 
“truth sites”. Photographs from aeroplanes have been 
taken with different filters as far as the near infrared 
and compared with known ground conditions. This not 
only enabled techniques to be refined, but helped 
identify some potential uses. Those enumerated, but 
not yet spelt out in detail, are agriculture, forestry, 
irrigation, geology, geography, fisheries, oceanography 
and much more detailed meteorology. As Maugle 
pointed out, this list of possible uses would lead to an 
equally formidable problem of data handling. 

Dr H. van der Meer More (Delft) reported an assess- 
ment of the value of satellite photographs for geological 
interpretation and mapping. He sees no fundamental 
difference between satellite photographs and those 
from aircraft, in use for many years, except that one 
has to work to a scale of one in a million and so accept 
certain restrictions in the capabilities of interpretation. 
He is prepared to forgo a stereoscopic view. Fractures 
are particularly well marked and have already been used 
in studies of large scale tectonics. 

Dr D. H. Davies (Royal Radar Establishment, 
Malvern) described the extension of sensors beyond the 
camera through the infrared as far as microwave radar. 
The choice of sensing systems for the first ERTS has not 
been made and this talk gave a valuable opportunity to 


consider whether other sensors might have applications 
to specific problems. Direct imaging is not possible 
beyond wavelengths of about two microns, and it is 
then necessary to scan the field of view. Moving 
further into the infrared, the picture becomes essentially 
a temperature diagram, and Davies indicated that, with 
current techniques, microwave radiometry might be 
capable of resolving 4° © with a four kilometre spot size 
from a satellite. If an active system such as radar is 
envisaged, there are good examples of “shape and 
slope” type aircraft surveys for comparison, but at the 
moment he believes that power presents a great prob- 
lem. 

The rest of the day had been left for discussion, and 
the meeting had before it stimulating preliminary 
papers by Professor Monica Cole (Bedford College, 
London) and Mr G. K. C. Pardoe (Hawker-Siddeley 
Dynamics), covering many subjects, but emphasizing 
the speculative nature of their evaluations. The chair- 
man, Dr B. J. Mason, urged the audience to regard the 
meeting as an opportunity to think in a general way 
about how ERTS might help them. The discussion will 
be followed up by a questionnaire asking for more 
specific requirements. The discussion was not entirely 
successful, perhaps because reconnaissance is a tool 
which needs a new dimension of thought for any effective 
use. A satellite photograph is an indefinable convolu- 
tion of topography, geology, geomorphology and 
vegetation cover, at least on land. Maybe it is just not 
as useful as current land reconnaissance techniques. 
Maybe at best it can be the first step in delineating an 
area of useful study. Or maybe we need to adopt some 
new mode of thinking to deal efficiently with data like 
this. Significantly, there was little interest in the 
potential of the techniques described by Davies, 
perhaps because thinking was dominated by a photo- 
geological and photogrammetric approach. There also 
seemed, to be a loss of interest when the resolution 
figures were first quoted. The knowledge that military 
reconnaissance must do about two orders of magnitude 
better, even if in black and white, was probably at the 
back of many minds. 

Discussion was geologically and geographically 
dominated, and a recurring comment was that aero- 
plane reconnaissance gives much better results, 
although some of the big features might be seen clearly 
only by satellite. Perhaps geology and geography are 
well enough served already. A greater interest was 
declared in locust control and fisheries research. 

The possibilities of recording transient, time-varying 
and permanent features will need new thinking. It 
may be that ERTS is a bandwagon on which many 
people are rightly loath to jump. It is to be hoped, 
however, that people will consider the questionnaire. 
There seems nothing to lose by thinking big. 
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CRYSTALLOGRAPHY 


from a Correspondent 


THE outlines of the phase didgrams of many common 
materials at high pressures have been known for 
some time—from, for example, P. W. Bridgman’s 
studies on benzene (Phys. Rev., 3, 153; 1914) and many 
other compounds (Collected Experimental Papers, 
Harvard University Press, Cambridge, Mass.). Very 
little is known, however, about the structures of the 
phases formed at elevated pressures, largely be- 
cause of the extreme difficulty of constructing a 
container capable of withstanding high pressures, 
but which is nevertheless sufficiently transparent to 
X-rays to make possible diffraction examination. 
Some progress has been made recently by squeezing 
a solid sample between diamond anvils, but in this 
kind of apparatus very steep pressure gradients are 
formed, and not only is it difficult to estimate the 
pressure on the sample, but a combination of compres- 
sion and shear is also involved. Moreover, the study of 
single crystals as opposed to polycrystalline samples is 
virtually impossible. 

Weir, Piermarini and Block (J. Chem. Phys., 50, 
2089; 1969) have recently reported the results of X-ray 
crystallographio studies with an apparatus in which 
single crystals are subjected to hydrostatic pressure. 
In their experiment, which has already been described in 
part (J. Res. Nat. Bur. Stand., 69C, 275; 1965; J. Appl. 
Cryst., 1, 101; 1968), the sample is placed in a hole 
drilled in beryllium gasket which is squeezed between 
diamond. anvils. The incident beam of Ag Ka radia- 
tion enters through one diamond and the diffracted 
beams are recorded by a precession camera after passing 
out through the other. 

The earliest paper recorded results on ice VI, giving 
an orthorhombic cell, and on ice VII, confirming a body- 
centred cubic cell. The most recent paper details 
experiments with improved equipment on benzene, 
carbon tetrachloride, carbon disulphide, bromine and 
potassium nitrate. These studies have yielded new 
structural data for some phases and confirmed and 
clarified results previously obtained for others, either 
at normal pressure and low temperature or in meta- 
stable conditions at room temperature. Most crystals 
were studied at pressures close to the equilibrium 
freezing pressure, some liquid remaining in contact 
with the crystal, but some phases could only be obtained 
by solid-solid transitions. Thus CCLI, the form 
obtained at room temperature and 1-3 kbar pressure, 
was shown to be rhombohedral, a=14-24 A, a=90°; 
CCl,II obtained by cooling CCLI to room temperature 
at higher pressure was monoclinic, spacegroup Cc 
or C2/c; and CCI, prepared as CCLI but using yet 
higher pressures and starting temperatures was ortho- 
rhombic, spacegroup C222,. For benzene the anhedral 
crystals obtained at room temperature were shown to 
be the orthorhombic form obtained by freezing. The 
transition C,H,I to C,H,II obtained on passing through 
the triple point I-[-liquid at 350° C was clearly 
demonstrated. The results for both bromine and 
carbon disulphide showed the initial high pressure— 
room temperature forms to be those obtained by freez- 
ing at normal pressure; in each case a second solid 
phase seemed to be formed at pressures greater than 
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30 kbar. KNO,II was shown to be rhombohedral, 
a=4-31 A, a=78° 54’, and KNO,IV grown from solu- 
tion at high pressures was orthorhombic, spacegroup 
P2,nb or Pmnb. The intensity data obtained were 
good enough for an attempt at a full structure analysis 


of CCLIII. 


SPACE 


Martian Canal Patterns 


from our Geomagnetism Correspondent 


Mars is the only planet with surface features that 
can be mapped from the Earth without much difficulty, 
yet there are still only vague ideas about the nature 
of these features. The large dark areas (“maria”) and 
the even larger white regions (“deserts”) still lack 
satisfactory explanation. The so-called “canals”, which 
frequently intersect in dark circular areas (“‘oases”), 
have provoked much speculation, often fanciful. It is 
surprising that little attention has been paid to the 
geographic distribution of the canals, particularly 
because an analysis of this distribution by Wells 
(Geophysical J., 17, 209; 1969) suggests that at least 
the meteoritic fracture theory for the origin of the 
canals can be ruled out. 

Wells demonstrates that the canals can be mapped 
into two distinct but overlapping grid systems—one 
diagonal (trending NW-SE, NE-SW) and the other 
meridional—latitudinal (trending N-S, E-W). Further- 
more, because Mars, unlike the Moon, presents more 
than one face to the Earth, the grid pattern can be 
observed throughout the whole 360° of longitude. One 
feature of the diagonal grid system is that the elements 
are not generally precisely “perpendicular”. Wells 
has thus been able to plot contour maps of the Martian 
surface bounding the three areas within which the 
northern apex angles of the diamond patterns were, 
respectively, greater than 90°, 80°-90° and less 
than 80°. The isogonal maps produced were sym- 
metric about the almost antipodal meridians 290° and 
125°. 

A comparison of this grid system with that of the 
Moon is interesting. During the past few years, Fielder 
(Quart. J. Geol. Soc., 119, 65; 1963, and other papers) 
has constructed a lunar diagonal grid system, com- 
prising faults and crater chains, which is symmetrical 
about the central meridian perpendicular to the Earth 
axis. The distribution of the angles of intersection of 
the two elements of this system is similar to that for 
Mars. The fact that the Moon and Mars have similar 
grids thus suggests that, first, their origins are similar, 
and second, that the Martian canals are tectonic zones 
of weakness associated with such features as faults, 
ridges and crater chains. Furthermore, the existence 
of the Martian grid system throughout the full 360° of 
longitude suggests that a similar diagonal grid exists 
on the far side of the Moon. Implicit in all this is a 
global origin for the Martian canals, for it is unlikely 
that such consistent features would be produced by 
meteoritic impact and fracturing. This conclusion is 
also indirectly supported by the agreement between 
the tectonic surface relief of the Moon and that pre- 
dicted from the (global) sub-crustal lunar convection. 
cells postulated by Runcorn (Nature, 195, 1150; 1962, 
and other papers). 
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PHOTOMORPHOGENESIS 


New Light on Dark Reaction 


from a Correspondent 


Exrrriments on the photoperiodic control of flowering 
have suggested that for plants the length of night can 
be a means of estimating the time of year. Their 
ability to measure the passage of time is shown by the 
accuracy with which plants flower at specific times of 
the year. Exactly how plants can measure the duration 
of a period of darkness is not known. It is thought, 
however, that the pigment phytochrome is the common 
photoreceptor for the many plant processes, including 
flowering, which are triggered by light. 

Phytochrome is a blue-green chromoprotein which 
exists in two interconvertible forms. One form, Pr (R), 
is considered to be physiologically inactive, but it 
is converted to the active form, Pfr (FR), by red light. 
FR is converted by plants to some unknown inter- 
mediate, or can revert to R, either after irradiation 
with far-red light (in the laboratory), or by a spon- 
taneous temperature-dependent reversion in darkness. 
This thermal dark reversion had been predicted from 
physiological evidence some years before phytochrome 
was identified spectroscopically in plant tissues. At 
that time it seemed attractive to consider that the rate 
at which FR reverted to R in darkness might be a factor 
in the measurement of night length. Unfortunately, 
true reversion has been demonstrated in relatively few 
tissues so far, and its kinetic behaviour bears little 
relation to the characteristics of photoperiodic timing. 
The ability of a plant to measure time accurately is 
influenced very "slightly by temperature. Suggestions 
for a timing mechanism in photoperiodism must in- 
clude, therefore, an efficient means of temperature com- 
pensation. In 1966, F. E. Mumford showed that the 
in vitro dark reversion of FR to R in phytochrome 
purified from oats is highly dependent on temperature 
(Biochemistry, 5, 522; 1966). These studies have been 
taken further, and recent results have raised the in- 
triguing possibility that dark reversion in the plant is 
temperature compensated. Furthermore, phytochrome 
may well be a receptor for changes in temperature as 
well as light (Biochemistry, 8, 1182; 1969). 

Anderson and his colleagues have discovered a pre- 
viously undetected form of phytochrome, spectrally 
distinct from both R and FR, which predominates at 
very low temperatures. This new form is believed to 
exist in dynamic equilibrium with FR according to the 
simple equation (in which the charge on FRH has been 
omitted for clarity) 


FR+ 


The equilibrium is shifted in favour of FRH as the 
temperature is lowered, and, more interestingly, as the 
pH. is lowered below 7—at least within physiological 
limits. Formation of FRH seems to involve a large 
negative entropy term suggesting that FRH is a signi- 
ficantly more ordered or higher crystalline state of 
the protein than FR. Anderson suggests that both 
of these forms revert spontaneously in darkness to R, 
but that the rate of change of FRH to R is very much 
greater than the rate of change of FR to R. The rates of 
both these reactions will be dependent on temperature, 
but when the pH is less than 7, the faster FRH pathway 
will become increasingly important as the temperature 


+>FRH 


819 


is lowered. At specific pH values, therefore, opposing 
trends will cancel each other out, and the rate of the 
reaction will be largely independent of temperature. 

The discovery of this novel form of phytochrome and 
the possibility of temperature compensation in the dark 
reversion have led to some interesting speculations. 
Available evidence suggests that photoperiodic timing 
must involve more than FR to R dark reversion. 
Nevertheless, Anderson points out that if phytochrome 
is located in a slightly acidic part of the cell, then the 
dark reaction could be temperature compensated in 
the living plant. Experimental results suggest that 
a pH of about 6:3 would give adequate compensation 
for a physiological range of temperatures. 

It seems probable that the as yet undetected endo- 
genous biological clock has ultimate responsibility for 
regulating the metabolism of an organism on a temporal 
basis. The phase of timed rhythms can be shifted or 
reset not only by varying cycles of light and darkness, 
but also by varying cycles of temperature. There is a 
similar and intimate relationship between light and 
temperature in other aspects of plant morphogenesis. 
Phytochrome may not be a part of the endogenous 
timer, but it may well be the essential link between the 
external stimulus and the clock. In view of these 
recent findings it is tempting to speculate that phyto- 
chrome acts not only as the receptor for light but also 
for temperature, as a consequence of the FReFRH 
equilibrium being shifted in favour of the faster FRH 
pathway at fees temperatures. 


ENZYMES 


Depolymerase Regulation 


from our Microblology Correspondent 


PoLy@aLAcTURONIO acid (PGA) trans-eliminase is a 
depolymerase produced by various microo isms 
that cause plant materials to soften and rot, and the 
relatively meagre quantity of data available has 
suggested that this enzyme is inducible in bacteria such 
as xanthomonads, clostridia and bacilli. Unequivocal 
evidence that PGA trans-eliminase is involved in the 
degradation of plant materials has been hard to obtain, 
pny. because the quantity of the enzyme produced 

y the presumed causal o in laboratory con- 
ditions seemed too small to be of physiological signifi- 
cance. It is apposite, therefore, to determine the 
formation of PGA trans-eliminase in different cultural 
conditions, as Hsu and Vaughn have done in Davis, 
California (J. Bact., $8, 172; 1969). 

The bacterium Aeromonas liquefactens was used to 
investigate the effect of substrate limitation on PGA 
trans-eliminase production, to define the inducibility or 
constitutivity of the enzyme, and to investigate the 
regulation of its synthesis. The production of the 
enzyme increased dramatically in conditions which 
restricted growth. Such conditions could be achieved 
in two ways with Aeromonas, either by limiting the 
growth medium in divalent cations when PGA was the 
sole carbon supplied (PGA degradation by the trans- 
eliminase was dependent on the cation level), or by a 
continuous feeding of PGA-limited medium to the 
culture. Carbon-limited cultures incorporating a 
substrate other than PGA were analysed too, and the 
results showed that slow feeding of glycerol or glucose 
made possible the synthesis of PGA trans-eliminase at 
the maximum rate. Contrary to current acceptance, 
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therefore, PGA trans-eliminase, at least in A. lique- 
factens, is a constitutive enzyme. 

Hsu and Vaughn’s results also indicate that PGA 
irans-eliminase is catabolite repressible, and further 
experiments demonstrated that various mono, di and 
polysaccharides could function as potent repressors. 
The repressor produced in cultures grown on unlimited 
PGA has not been identified, but, although it could 
be an unsaturated monogalacturonic acid, it is not 
p-galacturonic. Hsu and Vaughn favour a subsequent 
metabolite such as 2-keto-3-deoxy-D-gluconic acid as 
the actual repressor. The catabolic repressibility of 
PGA trans-eliminase was substantiated by isolating a 
mutant that produced the enzyme constitutively in the 
presence of excess carbon substrates. This study of 
PGA trans-eliminase is important as the first finding of 
an extracellular depolymerase that is under the control 
of catabolite repression. The implications of this 
investigation are clear and the re-examination of other 
degradative enzyme systems such as cellulase could 
provide interesting results for those concerned with 
both enzyme production and microbial ecology. 


ACTIVE SITES 


Simple and Fast 


from our Enzymology Correspondent 


CARBONIO anhydrase is a doubly distinguished enzyme. 
It catalyses what is perhaps the simplest biological 
reaction, the addition of carbon dioxide to water to 
give bicarbonate ion, and it is the fastest known enzyme 
of its type. Each of its active sites goes through the 
reaction cycle 10° times per second. The mechanism 
of the enzyme is therefore of great interest, and S. 
Bradbury of Harvard describes an attractive study of 
the topic in the latest issue of the Journal of Biological 
Ohemssiry (244, 2002; 1969). 

A histidine residue and a zinc atom are known to 
be at or near the enzyme’s active site, and Bradbury 
explored the relationship of these groups in terms of 
their reactivity towards iodoacetate, a useful target 
reagent for many enzyme nucleophiles. Todoacetate 
reversibly inhibited carbonic anhydrase B from human 
red cells, and the inhibition turned out to be strongly 
pH-dependent. The inhibition lessened as pH rose, 
with a point of inflexion near pH 7:0. This result sug- 
gests that iodoacetate, which is itself negatively 
charged, inhibits the enzyme by binding to an active 
site group that also acquires a negative charge around 

H 7-0. 

j Bradbury assumes that the group in question is a 
hydrated version of the active site zinc atom, losing a 
proton at pH 7-0, and there is indeed good evidence that 
various anions bind to the zinc of the enzyme. Iodo- 
acetate also irreversibly inhibited the enzyme, and 
amino-acid analysis of the irreversibly inhibited en- 
zyme showed that iodoacetate had become covalently 
linked to an enzyme histidine residue. The rate of loss 
of enzyme activity was the same as the rate of appear- 
ance of the histidine—iodoacetate adduct, and sulphanil- 
amide, which binds to the active site of the enzyme, pre- 
vented the inhibition. This is to be expected. But it 
is more surprising that inhibition was never complete— 
it regularly tailed off to an asymptote of 5 per cent 
of the initial activity—and that in the presence of 
sufficient urea to denature the enzyme, the reaction 
of iodoacetate and enzyme histidine was curtailed. 


NATURE, VOL 222, MAY 31. 1969 


But for this persistent residual-activity, it would be 
easy to frame a plausible mechanism involving the 
zine atom, to which iodoacetate binds reversibly, and 
a nearby histidine residue, to which iodoacetate binds 
covalently. The residual activity makes things more 
complex, however. Perhaps the histidine which reacts 
with iodoacetate is irrelevant to the catalytic mechan- 
ism, and the iodoacetate merely slows catalysis, by 
steric or electrostatic hindrance; perhaps the histidine 
is involved in the workings of the native enzyme, but 
the enzyme can still limp along without it; perhaps 
inhibition is not homogeneous throughout the popula- 
tion of enzyme molecules, and the residual 5 per 
cent of activity represents some side reaction. There 
are many possibilities, but until more experimental 
results have been obtained further speculation is 
perhaps unwarranted. 


LIPIDS 


Abnormalities of Metabolism 


from our Medical Biochemistry Correspondent 


Nzw separation techniques have made possible con- 
siderable advances in our knowledge of lipid metabol- 
ism, and are revealing inherited abnormalities in these 
processes A familial plasma lecithin : cholesterol 
acyl transferase (LCAT) deficiency was first described 
in three Norwegian sisters eighteen months ago. The 
same condition has been found recently in a sister and 
brother from Sweden (Brit. Med. J., ii, 283; 1969). 
All the patients had opacity of the cornea caused by 
deposits of lipid, they had normochromic anaemia and 
they excreted protein in the urine although there was 
no evidence of renal insufficiency. Changes in the 
kidney are the most serious consequence of this dis- 
order; one of the Swedish cases died from uraemia, 
and the histological A HR of his kidneys at 
autopsy was similar to that of a kidney biopsy from 
one of the Norwegian sisters. There was almost no 
plasma LCAT activity and as a direct consequence very 
little of the cholesterol in the blood was esterified, 
there was more plasma lecithin than usual and very 
little lysolethicin. In all cases the concentration of 
plasma triglyceride was greater than normal, but it 
was interesting that there was almost no a-lipoprotein. 
The Swedish patients still had about 27 per cent of their 
cholesterol in the ester form while the Norwegians had 
only 3-10 per cent esterified cholesterol. Cholesterol 
esters had more linoleic acid and less saturated fatty 
acids in the Swedish patients than in the Norwegian 
family. 

A better known hereditary disorder of lipid metabol- 
ism, called Niemann—Pick disease, is characterized 
by the accumulation of sphingomyelin in the tissues. 
Measurements of the sphingomyelin-cleaving enzyme 
activity of kidney and liver biopsies from these patients 
showed that the condition was probably caused by a 
deficiency of this enzyme rather than by an abnormality 
in the synthesis of sphingomyelin. Sloan et al. (Biochem. 
Biophys. Res. Commun., 84, 582; 1969) have shown that 
fibroblasts from patients with the two infantile forms 
of Niemann—Pick disease are also deficient in sphingo- 
myelin-cleaving enzyme activity. 

ey measured the enzyme activity according to 
the release of *C-phosphoryl choline from “C-methyl- 
sphingomyelin (expressed as units per million cells in 
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tissue cultures from patients and controls of the same 
age range). In bone marrow cultures, controls had a 
mean activity of 52 + 10, four type A patients (in type 
A the disease begins early and is rapidly fatal) had an 
activity of 0-11+0-1, two type B patients (the disease 
begins late in childhood) had 3-2+0-9 while the one 
type D (the disease only appears later in a chronic form) 
had an activity of 30-0. The same pattern appeared in 
skin cultures, although there was no difference in this 
case between the type D patient and the normals; 
the control values were 35-146-2, the one type D 
patient had an activity of 37-0, four type A patients 
had 0-1+40-1 and four type B patients had 2-0 + 0-7. 

This is an easy and reliable method of diagnosing 
Niemann—Pick disease of types A and B, though patients 
with type D disease seem to have enzyme activities 
within the normal range. The decrease in activity was 
shown to be caused by a true decrease in enzyme and 
not by inhibitors or activators affecting the rate of 
enzyme activity. The activity of other hydrolase 
enzymes found in the lysosomes with the sphingomyelin- 
cleaving enzyme were within the normal range. The 
defect in type D Niemann—Pick disease must be quite 
different from that in types A and B, although the 
effects are in some ways similar. Sloan et al. hope 
that this procedure can also be used to distinguish 
individuals who are heterozygote carriers of this disease 
and to aid in genetic counselling. 


SEX DETERMINATION 


Old Topic Grows Again 


from a Correspondent 


A MEETING on the determination of sex, held at the 
Royal Society on May 22 and 23, was opened by Dr 
R. A. Beatty (Institute of Animal Genetics, Edinburgh) 
who reviewed the genetic basis of sex determination, 
particularly in vertebrates. Although in mammals the 
male is the heterogametic sex, in birds and reptiles it 
is the female and in amphibia and fish it may be either. 
The Y chromosome seems to be necessary for the differ- 
entiation of the heterogametic gonad—that is to say, 
the testis in mammals and the ovary in birds. Dr Beatty 
was pessimistic about the possibility of controlling the 
mammalian sex ratio at conception by artificial means. 
Although theoretically possible, there was nothing to 
suggest that success would be achieved in the foresee- 
able future. 

On the problem of how the sex chromosomes bring 
about sex differentiation, Dr Ursula Mittwoch (Univer- 
sity College, London) suggested that the mammalian 
Y chromosome acts by speeding up embryonic growth. 
She presented data showing that, in rat embryos, 
differentiating testes are larger than ovaries. 

Some mammals complicate matters for cytogenet- 
icists, though apparently not for themselves, by adopt- 
ing unusual sex chromosome mechanisms. This topic was 
reviewed by Dr K. Fredga (University of Lund). Some 
species have two different X chromosomes, while others 
have two different Y chromosomes in the male. In the 
mongoose, the Y chromosome is translocated onto an 
autosome, which becomes apparent during meiosis in 
the male, when the sex chromosomes associate with the 
relevant pair of autosomes, forming characteristic 
associations known as multivalents. 

In man, departures from the normal number of X 
chromosomes give rise to pathological conditions. 
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Dr R. R. Race (Lister Institute, London) showed that 
with the use of the Xg blood group, the error can 
often be pinpointed. In Klinefelter’s syndrome, the 
mother’s sex chromosomes are more often implicated, 
while in Turner’s syndrome the error occurs more often 
in the father. 

Two clinical conditions with particular relevance to 
the problem of sex differentiation were discussed by 
Professor P. E. Polani (Guy’s Hospital Medical School, 
London). True hermaphrodites have both ovarian and 
testicular tissues, with female, male, or occasionally 
mixed sex chromosome constitutions. Patients with 
testicular feminization appear to be well developed 
women, who have testes instead of ovaries and an XY 
sex chromosome constitution. 

Problems relating to the bovine freemartin were 
discussed by Dr A. K. Tarkowski (University of War- 
saw), Professor A. Jost (Laboratoire de Physiologie 
Comparée, Paris) and Dr R. V. Short (University of 
Cambridge). A freemartin is a sterile heifer born as a 
twin to a normal male. It was on the basis of the 
freemartin that the theory of the hormonal causation of 
sex differentiation was first developed. Although the 
theory is undoubtedly correct, the question has arisen 
recently of whether the masoulinization of the free- 
martin may be caused, at least in part, by the presence 
of cells from the male twin. Another question, which 
has also not yet been settled, is how far the germ cells 
of one sex can develop in the gonads of the other. 

Female germ cells are produced early in life. Dr 
Hannah Peters (Finsen Laboratory, Copenhagen) 
reported that whereas rats, mice, guinea-pigs, sheep 
and humans complete oogenesis in foetal life, it takes 
place in golden hamsters, ferrets and rabbits in the 
neo-natal period. Dr R. G. Edwards (University of 
Cambridge) found a decrease in the number of chias- 
mata in oocytes, as well as in cross-over frequencies, 
with advancing age, and raised the question of whether 
eggs are produced and used up sequentially. 

Professor G. W. Harris (University of Oxford) 
reviewed the complex interaction between sex hormones 
and the central nervous system, which results in the 
characteristic differences in breeding patterns between 
males and females. 


NUCLEIC ACIDS 


Rational Hybridization 


from our Molecular Biology Correspondent 
Ir is perhaps surprising, considering the weight of the 
conclusions often to be found balancing on the pin’s 
tip of a hybridization experiment, how little hard in- 
formation is available about the circumstances of stable 
duplex formation. The careful study of DNA-RNA 
hybrids by Niyogi (J. Biol. Chem., 244, 15786; 1969) is 
therefore to be welcomed. He started with tritium- 
labelled RNAs, prepared on templates of DNA from 
two T-even and two T-odd bacteriophages. These were 
then fragmented by mild digestion with Tl-ribonu- 
clease, and oligomers of chain lengths up to 15 separ- 
ated by ion exchange chromatography. The length of 
each fragment was reflected by its elution volume, 
and coni rined by end-group analysis. Each of the 
oligomers was then annealed on a membrane filter 
with denatured DNA, and the thermal stabilities of 
such hybrids as were formed were determined by elution 
with buffer at increasing temperature. By this means 
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the melting temperatures could be measured as a 
function of chain length. 

In the first place, it was found that complexes were 
formed only with the template DNA, or that from the 
closely related. species—T2 with T4, T3 with T7, the 
extent of homology being somewhat lower in the latter 
pair. Second, in standard conditions nothing smaller 
than a decamer was retained by the DNA, but above 
this the stability of the complexes rose rapidly with 
lengtb. Moreover, the T-odd species, with a higher GC 
content (about 65 per cent as against 50 per cent in the 
T-even) formed complexes more stable by 15°-20° C 
in the length range 12-17. 'The base-compositions of 
the fragments in each case fell within a narrow range, 
so that the effect of chain length alone could be deter- 
mined. The onset of complex formation occurs at 
chain lengths of 10 and 12 respectively in the two 
series, but in the presence of magnesium, octamers 
become the shortest species to generate detectable 
complexes. 

Although differences will be expected in situations 
involving longer polymers, also containing non-comple- 
mentary sequences, these results should help to provide a 
quantitative basis for interpreting hybridization experi- 
ments. DNA-DNA complexes will be a little less 
stable, RNA-RNA rather more. It may be remarked 
how much greater the minimum stable chain length is 
than in homopolymer systems, such as oligo-G—poly-C. 
It has long been supposed that in the latter there is a 
gain in stability from the alignment of the oligomers on 
the polymer, so that there is in effect a duplex with 
multiple single-strand breaks. 

An example of hybrid formation with poor com- 
plementarity is given by Saunders ef al. (Biochemistry, 
8, 1222; 1969). They have searched for clusters of 
like bases in a phage DNA (TP-84, which grows in 
strains of a thermophilic bacterium) by complexing with 
polyhomoribonucleotides. The procedure, developed by 
Szybalski and his co-workers, involves the determina- 
tion of buoyant densities in a caesium chloride gradient, 
these being markedly changed on formation of com- 
plexes, when the polymer, which can be in large excess, 
is added to the system. Saunders et al. separated the 
strands of the DNA, and examined them individually 
for complex formation. The light strand was found to 
bind poly-U, and apparently also poly-C, though here 
the change was less convincing. e results suggest 
the presence of purine runs in the DNA, but the con- 
verse association—that of the heavy strand with poly-A 
or pos ee not be demonstrated. Saunders 
et al. suggest that the reason is the inaccessibility of 
parts of the denatured chain. It may be worth con- 
sidering, however, that poly-U is the only homopolymer 
which is not appreciably stacked at room temperature ; 
consequently it is the only one frr which the uncom- 
plexed state is not stabilized by stacking energy, 
so that it would not be surprising (especially because 
the deoxy-chain has a much smaller stacking propensity) 
to find that poly-U forms a more stable duplex than 
poly-A. A comparison of the results of Saunders et al. 
with those of Niyogi suggests either that there are runs 
of considerable length of a single base in the DNA, or 
that the buoyant density method detects very weak 
complexes (whieh indeed might be expected), or again 
that the system is stabilized by many shorter comple- 
mentary stretches, separated by short looped-out 
segments; such an arrangement would also be expected 
to have enhanced stability. 
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PROTEIN SYNTHESIS 


What Initiation Factors Recognize 


from our Cell Biology Correspondent 


Inmas about the role of the initiation factors which are 
required to initiate protein synthesis in bacterial cell- 
free systems will have to be revised in the light of a 
report in Nature (222, 750; 1969) by Rudland, 
Whybrow, Marcker and Clark. They argue convin- 
cingly that the initiation factors recognize some unique 
region of the initiating [Met-tRN A: as well as the formyl 
group itself. This means, of course, that the initiation 
factors are specific for fMet--RNAr and do not recog- 
nize any aminoacyl-tRNA with a blocked amino group. 

In a cell-free system, two codons, AUG and GUG, 
specify the binding of fMet-t-RNAr to 70S and 309 
ribosomes and this binding is stimulated by GTP and 
initiation factors. But what do the factors recognize— 
the blocked amino group of the fMet-tRNA¢ or some- 
thing more specific? Lucas-Lenard and Lipmann 
suggested that the factors recognized a blocked amino 
group and therefore any aminoacyl-tRNA with a 

locked amino group could act as a chain initiator. 

Their experiments had shown that initiation factors 
stimulate the binding of N-acetylPhe-tRNA to ribo- 
somes programmed with poly-U. 

Rudland et al. have reinvestigated this reaction and 
have also tested the stimulation of binding of fLys, 
fTyr and fVal-ARNAs and fMet-iRNA: and fMet-tRNAm 
by the initiation factors. They find that apart from the 
natural initiator, fMet--RNA:, only fPhe-t+RNA binds 
in significant amounts to 708 or 30S ribosomes in the 
presence of the initiation factors. Moreover, binding 
of fPhe-tRNA is more than ten times less than binding 
of fMet--RNAr. A control experiment excludes the 
possibility that any of the RNAs are damaged during 
the chemical formylation reaction. Thus, contrary 
to the prediction of Lucas-Lenard and Lipmann, 
any aminoacyl-tRNA with a blocked amino group is 
not sufficient for factor stimulated initiation. The 
factors are highly specific, capable even of differentiat- 
ing between {RNAE*t and #RNAM*, the nucleotide 
sequences of which were found to be so similar that 
they do not suggest what structural differences dis- 
tinguish natural initiator (RNA from other tRNAs. 

But if the initiation factors are so specific for fMet- 
tRNA: why does any fPhe-éRNA or acetylPhe- 
tRNA bind to ribosomes in the presence of the factors ? 
Rudland et al. offer the only possible suggestion, 
namely, that the structures of fPhe-+RNA and fMet- 
tRNA; are similar enough to allow the initiation factors 
partially to recognize the former as well as the latter. 

Although the initiation factors recognize some 
unique structure in the tRNA t-Met molecule, the formyl 
group is obligatory for initiation. If the methiony]l- 
tRNA: is not formylated it does not bind to ribosomes 
in the presence of all the other components of the 
reaction mixture. This may imply that formyletion 
induces a change in the configuration of the initiator 
tRNA:-Met, especially because it is known that acyle- 
tion of other aminoacyl-tRNAs alters their tertiary 
structure. It may be that the factors need to recognize 
simultaneously the formyl up and the unique 
structure of the {RNA¢r-Met. e answer will have to 
wait until someone obtains crystals of ~RNAM* large 
enough for X-ray crystallography to reveal the 
unique structure that the initiation factors recognize. 
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SCIENCE IN EUROPE 


Quickening Pace in Europe 


Tas year will be important for the development of 
science in Europe. The resignation of General de 
Gaulle is merely the most conspicuous of the reasons 
why there is certain to be another attempt to work 
out a recipe for enlarging the community. But the 
pace of change in several of the countries concerned 
has also accelerated to such a point that European 
science and technology are no longer poor relations 
of their cousins in North America. On the pages which 
follow, the staff of Nature has tried to pick out some of 
the more interesting points of development. Because 
of the special interest of the likely discussions about 
EEC membership, this survey is almost entirely con- 
cerned with the countries of Western Europe. This 
choice should not be taken to imply that what happens 
elsewhere is either unimportant or irrelevant. But the 
survey is also incomplete. One glaring omission, for 
example, is that it has nothing to say about the inter- 
esting and hopeful changes now under way in Spain. 
It will be easier to know what is happening a few 
months from now. 

The most striking feature of the past decade is the 
rapid pace of growth in science and technology in several 
European countries. One tangible index of what has 
happened is that in both France and Germany the 
proportion of the GNP spent on research and develop- 
ment has doubled in little more than a decade. In 
both countries, this proportion is now as great as in 
the United Kingdom, which used quite recently to 
seem head and shoulders above every country in the 
West except the United States. To be sure, there is 
still room for argument about the exact meaning of 
these yardsticks for comparison. Some countries 
(such as Britain and France) spend nearly a third of 
what they can spare for research and development on 
defence. Much may also depend on the efficiency 
with which money is spent, either in research estab- 
lishments or in higher education. Then some nations 
are go small that even quite a handsome proportionate 
expenditure on science and technology is not enough 
to keep them in the swim. And much, of course, 
depends on what a government seeks to do. Recent 
British history, fer example, is a good illustration of 
how even 2-5 per cent of the GNP is not enough to 
make possible competition in all fields of advanced 
technology. 

The causes of the rapid growth of European science 
in the past decade are not hard to find. Germany 
is the star turn, France the second and countries such 
as Belgium are well on the way to dramatic improve- 
ment. Occasionally, specific needs have given govern- 
ments the will to support the growth of science and 
technology—the military programmes of the late 
fifties are part of the explanation of what has happened 
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in France, for example. But it is also clear, in France, 
Germany and several other countries, that the wish to 
keep up with the United States has been a powerful 
incentive for the growth of public expenditure on 
science and technology. Not long ago, the then 
government of France was laying down the principle 
that parity with the United States should be a prime 
objective of public policy. Governments can, it seems, 
occasionally take deliberate steps to change the course 
of events. 

If the pace of development has been rapid in several 
countries of Western Europe, public policies towards 
science and technology have also been remarkably 
uniform. It is not an accident that the countries 
where science and tecknology have grown most quickly 
are those in which there are separate government 
agencies for science and technology. There are obvious 
advantages when governments have powers to co- 
ordinate research and development throughout the 
range of their activities. Yet none of these ministries 
or crypto-ministries of science has been able to bring 
the pattern of defence research within a common 
framework, so that it is still possible that well calculated 
plans for the training and use of skilled manpower may 
be thrown awry by future decisions of the military. 
It is also significant that many governments in Western 
Europe have simultaneously discovered that they 
will get better value for their money if they can 
persuade a greater proportion of trained people to 
interest themselves in industry. German experience 
has also shown that there are great benefits in arranging 
that publicly supported research and development 
should be carried out by industrial enterprises and not 
government laboratories. This, certainly, is a lesson 
which has now sunk home in France. It will be inter- 
esting to see how quickly this doctrine spreads to other 
countries in Western Europe, Britain especially. 

Smooth coordination is mot, however, an unmixed 
blessing. One danger is that a government can find 
itself barking up the wrong trees. The French flirta- 
tion with the Plan Calcul and the recent British 
devotion to natural uranium nuclear reactors are two 
illustrations of this pitfall. At first sight, there is also 
a suspicion that the Ministry of Scientific Research 
in the Federal German Republic is being unwisely 
stampeded by the current fashion for oceanography, 
although enquiry shows that very little extra money 
has so far been spent. The danger remains, however, 
that governments will be prone to chase with enthus- 
iasm after wild geese. In other words, a centrally 
coordinating ministry is an opportunity but also a 
risk. 

Central coordination also seems to. work against 
the universities. It is ironical that the rapid expansion 
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of research and development in Western Europe, 
accompanied as it has been by a rapid growth of higher 
education, has also created a widespread sense among 
academics that the universities are being converted. 
into teaching factories. University teachers complain 
that there is now less time for research even if money 
may be a little easier to come by. To some extent, 
this discouragement reflects the way in which student 
problems are coming to a head, but the tension between 
governments and universities has also become serious 
and epen. Sometimes governments are impatient with 
the slow and antiquated ways of the academics. Some- 
times the academics consider that they are being pushed 
unreasonably. The truth is that most European 
university systems are ripe for radical constitutional 
reform, and it remains to be seen whether the govern- 
ments which complain about the universities will 
eventually see their way to providing the kind of self- 
governing autonomy without which universities cannot 
properly contribute to modern intellectual life. Much, 
no doubt, will depend on the outcome of the breath- 
taking reform of the universities now being tried in 
France. It is also important that European govern- 
ments should take another close look at the success 
of the interplay between the United States Government 
and the universities and industries with which it has 
been associated. 

Much of the tension between governments and their 
universities stems from impatience for the prosperous 
promised land which is supposed to be the reward for 
public expenditure on research and development. 
Unfortunately, however, this is only one of many in- 
gredients of industrial prosperity. The availability 
of capital and the quality of labour relations are at least 
equally important. Even within the narrow frame- 
work of the question how best to make use of the 
qualified scientists, mundane matters such as the 
transfer of pension rights or the level of salaries play 
an important part. Certainly the British Government, 
now first among those who suspect the wayward 
inclinations of trained scientists not to link their lives 
to the growth of the GNP, should ask just why it is 
that industrial concerns in Germany and the Nether- 
lands, for example, seem to find no difficulty in recruit- 
ing good people. Cursory inspection shows that the 
fault lies with industry and with the social framework 
within which industry must operate. To pretend 
otherwise is humbug; why has the British Government 
not yet implemented the recommendations of a host 
of its own committees which argue that transferable 
pension rights would make for better use of skilled 
manpower ? But to pretend otherwise is also dangerous, 
for an attempt to cure the problem of industry and the 
academics simply by being beastly to the universities 
will kill off the golden goose without producing golden 
eggs. 

There are several European models of how industry 
can make good use of scientific innovation. The 
Philips enterprise, one of several Dutch enterprises 
which are based on contemporary technology, is justly 
renowned as & way of turning new ideas into profitable 
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products. Those who know Eindhoven all agree that 
there seems to be no conflict between the industrial 
objective of profitability and the more abstract objec- 
tives which scientists are accustomed to set for them- 
selves. Philips has found a neat way of doing this by 
linking the money available to the research laboratories 
directly with the turnover of the enterprise as a whole. 
But the research people are also able to devote much 
of their time to educational work, chiefly in Dutch 
universities. The secret seems to be that the dedication 
of the laboratory to commercial ends does not imply 
the adoption of an old-fashioned industrial hierarchy 
in which each man must touch his cap to the one 
above him on the ladder. Several less successful 
attempts to fertilize industry with fundamental science 
have gone the other way by trying to import academic 
work into an antiquated pattern of responsibility 
and command. This, in short, is a field in which 
Europe has much to learn from itself as well as from 
the United States. 

There is not much time to lose. The EEC at Brussels 
will soon have to make a whole series of decisions on 
technological matters which will cast a shadow over 
the next two decades. The immediate problem is 
the debate on the reports presented to the Council of 
the EEC by the several working groups of M. Aigrain’s 
committee on science and technology. First, it will 
be necessary for countries already within the EEC to 
decide whether or not to embark on a further series of 
collaborative technological projects. To judge from 
what the Commission of the EEC has been saying over 
the past weekend, one of the most urgent projects is a 
scheme for producing enriched uranium, perhaps the 
most tangible consequence so far of the Anglo-Dutch- 
German plan to operate a gas centrifuge separation 
process. (It will be for the Council of the EEC, which 
neludes the governments of Germany and the Nether- 
ands, to decide what shall happen.) But it will also be 
necessary for nations not yet members of the EEC to 
know how they should respond to the invitations to 
participate which they will eventually receive. 

Just what is the future for schemes of technical 
cooperation within the EEC ? And how much influence 
can the administration in Brussels hope to have on the 
technical development of the six member states? 
Much of what General de Gaulle used to say about the 
inherent limitations of the commission bureaucracy in 
Brussels was justifiable. The truth is that the EEC 
is even now no more than a device for making sure that 
goods can flow freely from one country to another. 
Although the Treaty of Rome says that the flow of 
capital and of money should be equally free, these 
good intentions are not yet realities. It is true, of 
course, that many enthusiasts for the EEC look forward 
to the time when free trade will lead to economic and 
eventually to political integration, but that time is a 
long way off. For the time being, the six countries 
remain economic competitors which have chosen to 
give free rein to some but not all of the economic forces 
with which they interact. One immediate difficulty is 
that the EEC does not yet enjoy the benefits of scale 
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THE CHEMISTRY AND BIOLOGY OF VIRUSES 


by H. FRAENKEL-CONRAT, Department of Molecular Biology and Virus Laboratory, University of California, 
Berkeley, California. 

This monograph covers the chemistry of bacterial, plant, and animal viruses. The aspects discussed 
are isolation and preparation of viruses and their components; analysis and structure of the com- 
ponents; modification and mutagenesis; reconstruction of viruses from components; replication 
of viruses; and the biology of tumor virus and temperate phages. The material is handled in the 
most elementary manner, avoiding higher mathematics and physics. 

September 1969, about 250 pp., 84s. ($9.00) 


CHEMICAL ZOOLOGY, volume iv 


edited by MARCEL FLORKIN, Laboratoires de Biochimie, Institut Leon Fredericg, Liege, Belgium, 

and BRADLEY SCHEER, Department of Biology, Untversity af Oregon, Eugene, Oregon. 

Multi-volume treatise containing reviews of present knowledge of the chemical composition and 
metabolism of animals, in relation to structure, function, ecology, and phylogeny. The present 
volume deals with Annelida, Echiuria, and Sipuncula, and contains chapters on general zoology, 
nutrition and digestion, respiration and energy metabolism, carbohydrate and nitrogen metabolism, 
ionic and osmotic regulation, pigments, growth and development, endocrines and pharmacology, 
and luminescence: 

1969, about 505 pp., 252s. ($27.00). 


ESSAYS IN TOXICOLOGY, votume| 


edited by DR. FRANK R. BLOOD, Director, Diviston of Toxicology, Director, Clinical Laboratories, Professor 
of Biochemistry, Department of Food Science, University of California, Davis, California. 

This first volume in a series of essays on toxicology contains five essays: Poisons as Tools in Studying 
the Nervous System, Teratology, The Significance of Methemoglobinemia in Toxicology, Lead 
Poisoning—An Old Problem with a New Dimension, and the Vanishing Zero—The Evolution of 
Pesticide Analyses. The authors to a central theme but present the subject area without undue 
complication which might be confusing to the student or anapa Surmises as to the future of 
toxicology are included so as to bring new talents to bear on unsolved problems. 

October 1969, about 185 pp. 


MIGROSOMES AND DRUG OXIDATIONS 


edited by JAMES R. GILLETTE, Laboratory of Chemical Pharmacology, National Heart Institute Bethesda, Maryland, 
GEORGE JCOSMIDES, Pharmacology-Toxicology Programs, National Institute of General Medical Sciences, 
Bethesda, Maryland, RONALD W. ESTABROOK, Departrrent of Biochemistry, Southwestern Medical School at 
Dallas, Dallas, Texas, JAMES R. FOUTS, Oakdale Toxicology Center, Umversity of Iowa, Oakdale, Iowa and 
GILBERT J. MANNERING, University of Minnesota, Medical School, Minneapolis, Minnesota. ` 
This volume presents the proceedings of the Symposium on Microsomes held at Bethesda, Maryland. 
in February, 1968. The theme of the symposium centers on the morphology of the liver endoplasmic 
reticulum, the localization of enzyme systems, the mechanisms for regulating enzyme activity, and 
the mechanisms of enzyme action. The book is divided into four main sections: Morphological 
and Biochemical Characteristics of Microsomes, Electron Transfer Components, Alterations of 
Microsomal Enzymes, and Drugs and Protein Synthesis. 

1969, about 550 pp., 112s. ($12 00). 


MICROBIAL TOXINS 


edited by SAMUEL J. AJL, SOLOMON KADIS, THOMAS C. MONTE, 
and GEORGE WEINBAUM, all at the Research Laboratories, Albert Einstein Medical Center, Philadelphia. 


This five volume treatise will consist of individual contributions dealing with all microbial toxins of 
paramount interest. Volumes I and II will cover bacterial protein toxins, Volumes IM and IV will 
cover endotoxins; algal and Suara toxins will be the subject of Volume V. Each toxin will be dis- 
cussed in terms of toxicity, production and purification, nature, synthesis in vitro and in vivo, and 
mode of action at both the molecular and physiological levels. 


1969, in preparation. 


TOXIGOLOGY OF DRUGS AND GHEMICALS 


by WILLIAM D. DEICHMANN, Director of Research and Teaching Center of Toxicology, University of Miami 
School of Medicine, Coral Gables, Florida and HORACE W. GERARDE, Medical Director, Becton-Dickinson 
Division, Becton, Dickmson and Company, Rutherford, New Jersey, and Adjunct Professor in Biochemistry, School of 
Dentistry, Fairleigh Dickinson University, Teaneck, New Jersey. 

A manual presenting as a ready reference data on side effects of drugs and toxicity of industrial 
chemicals, as well as recommendations for the treatment of undesirable effects of overdoses. This 
edition contains information on the degree of animal toxicity and the pharmacologic effects of new 
industrial chemicals. Plant toxins have been given special attention. 


1969, 735 pp., 275s. ($29 50). 
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which the size of its market could bring. In particular, 
where technology is concerned, too many companies 
or public organizations are trying to solve the same 
problems on a needlessly small scale. 

The schemes on which the Commission of the EEC 
is working are meant to remedy this state of affairs—to 
win some of the benefits of scale before these naturally 
arise. The danger, of course, is that of imposing an 
artificial or at least an unworkable pattern on immediate 
events. The sad tale of Euratom is an object lesson. 
It remains to be seen whether the proposals which the 
Aigrain groups will soon be making are more realistic, 
but there is always a danger that in the remote bureau- 
cracy of Brussels, committees may give their blessings 
to schemes for which few other people have much 
relish. To be sure, it will be some insurance if industrial 
companies can be involved from the beginning, but 
even here it is important that the international con- 
sortia which the EEC Commission would like to see 
created for this purpose are only half-way houses on the 
road to the sensible division of labour between com- 
panies and countries which the EEC will eventually 
bring about. This is another proof that the pattern 
of events will eventually be determined not by the 
commission. in Brussels but by the pattern of economic 
forces which the community represents. 

This argument creates difficulties, particularly for 
those governments not yet members of the EEC who 
will be invited to collaborate with the EEC in the 
Aigrain proposals. These are evidently a great oppor- 
tunity, but it is also plain that the benefits of technical 
collaboration or development projects will be negligible 
without actual membership of the EEC. Even granted 
membership, a jaundiced view of the proposals for 
technical collaboration would still be permissible, but 
only if it were accompanicd by some more radical 
proposal. Otherwise, there would be a risk of offending 
against the European spirit—the genuine sense of 
comradeship which the British Government has con- 
sistently underestimated in its dealings over Eldo. 
(It is only fair to say that mainland governments 
have consistently underestimated the strength of 
the British economic case against the Blue Streak 
launcher.) Governments such as that of Britain will 
have to strike a delicate balance between realism and 
idealism. 

But is not attack the best means of defence? And 
the best response to the wish of the EEC to see a greater 
sharing of the burden of European research and develop- 
ment is to improve on the suggestions so far made. 
This, moreover, should be comparatively simple. 
Schemes like that which Euratom has adopted for the 
abatement of “nuisances” (see page 838) are plainly 
unrealistic, but if would, of course, be sensible to 
assign the public laboratories already working on prob- 
lems related to pollution to a European authority 
equipped not merely to finance them but to apportion 
work between them. By the same test, there is a case 
for pooling the efforts of European model basins, 
hydraulics laboratories, vaccine standards laboratories 
and even, if it comes to that, proton accelerator labora- 
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tories. In these and a host of other situations, there 
would be an immediate saving of effort (or the com- 
bined effort would be more effective). It is only natural 
that the EEC Commission should be preoccupied with 
developments such as computers, but this is a field 
in which a few industrial companies must eventually 
make the running. The commission might make a 
more lasting contribution to the development of 
the EEC by working out schemes for sharing the 
cost and the direction of scientific and technical 
services in which cooperation as distinct from a divi- 
sion of responsibility is the inevitable end result. 

There is also scope for more encouragement of the 
devices which will best ensure that the EEC, enlarged 
or otherwise, will quickly evolve the most economic 
pattern of industry—one on which the sharing of effort 
between different countries is as important as the 
creation of international consortia among them. One 
possibility is a kind of European equivalent of the 
“Buy-American Act” by means of which the United 
States Government is able to award domestic contracts 
at a higher price than those to suppliers from abroad. 
If such a scheme could be operated on a European basis, 
it would obviously take the edge off a good deal of the 
pointless competitiveness which at present makes each 
European country strive towards self-sufficiency. To 
be sure, there would be all kinds of problems, not the 
least of which would be the requirement that public 
authorities would have to follow more or less uniform 
procedures for procurement. In spite of all the difficul- 
ties, however, schemes like this would be well worth 
exploring. 

If industry is needlessly handicapped by the division 
of Europe into states, however, the universities are 
sometimes crippled for the same reason. Compared 
with the university system in the United States, the 
European systems are hopelessly parochial and static. 
Too many universities are too directly dependent on the 
governments which finance them. Too many univer- 
sity teachers are unable to move from one place to 
another which may suit them better. Too many 
students are bound by the degrees which they obtain 
to a particular career in a particular country. In short, 
it is no wonder that the European intellectual commun- 
ity is now less productive and less innovative than the 
American—the marvel is that it has survived so well 
in the face of so many self-imposed handicaps. The 
only lasting solution will be one that creates an inte- 
grated university system in which teachers, students 
and money can move from one institution to another. 
There would be great problems about the government 
and the financing of universities run along these lines, 
but the private foundations in Europe could play a 
crucial part in catalysing the process of integration. 
So far as science and technology and the rest of cultured 
life is concerned, this is now the central European 
problem. The danger is that the fashion for being 
beastly to the universities may mislead more govern- 
ments than one to think that the universities must be 
allowed to sink or swim for themselves without further 
interference. 
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Not Yet Signed and Sealed at CERN 


Geneva, May 

PROPLE’S fingers here are firmly crossed against the next 
two meetings of the CERN Council ın June and, more 
critically, on October 1. For although sıx signatories of 
the existing CERN convention have said that they are 
willing to subscribe towards the 300 GeV proton accelera- 
tor, the modified convention under which this 1s to be 
built and operated requires that there should be an 
opportunity for each of them finally to approve a much 
firmer outline programme than has so far been published. 
The plan is that this should be presented to members of 
the council at the June meeting and that it should be 
approved by them in October, when ıt is hoped that the 
council will be ready to choose one of the five sites still 
in the running. 

One of the most surprising features of the discussions 
now taking place is that the term “300 GeV” has become 
@ kind of umbrella word which covers the notion of 
beginning with a 200 GeV machine, the energy of which 
could be increased by some later modification of the 
machine ın much the way ıt is proposed that the energy 
of the proton accelerator now being built in the United 
States should be increased from 200 GeV to 400 GeV at 
some stage in the seventies. To be sure, nothing is decided 
yet, although the outline scheme to be presented to the 


council n June will have to specify which energy or 
energy range the machine is intended for. This decision 
reste to a great extent with Dr J. B. Adams, who is at 
present working on a long technical report for the next 
council meeting. People are waiting to see what it will 
say ın much the way in which the Israelites must have 
waited to see what was written on Moses’s tableta. 

There are obvious advantages in a flexible approach to 
the building of the new machine, not least because of the 
way in which the first phase of the new programme will 
have to be fitted carefully within the budget which has 
been agreed for the first phase of the operation—1,335 
million Swiss francs, two-thirds of ıt for the accelerator 
and the rest for preparatory work on the research pio- 
gramme. Although ıt ıs understood by those who have 
said they will take part ın the new project that the scope 
of the enterprise may later be extended by mutual con- 
sent, for the time being the officials who eventually have 
to win funds from their governments are sticking firmly 
to the view that they are embarkmg on an eight year 
programme within a fixed budget. 

There is no great optimism that the lst of potential 
members will have been extended beyond Austria, 
Belgium, France, Germany, Italy and Switzerland by 
the time a final decision must be made about the accelera- 





Project Omega 


Onz of the most elaborate pieces of equipment to have 
been built for research ın high energy physics was dıs- 
cussed at the meeting of the Scientific Polhcy Committee 
of CERN two weeks ago. The scale of the enterprise is 
vividly conveyed by the way in which the working group 
which has designed the equipment is known as the Omega 
Project. The intention is to build a large spectrometer for 
fast moving particles and to link this with an elaborate 
spark chamber for the detection of particles. At 1967 
prices, the cost of the equipment would work out at Sw. Fr. 
13-9 million (£1:39 million). Altogether, the project 
would take 3:5 years to complete and would form a part 
of the programme of improvement of the facilities of the 
28-5 GeV accelerator on which the CERN laboratory has 
embarked. 

The essence of the Omega design 1s a spectrometer magnet 
with a sufficiently large aperture to provide flexibility, 
together with a system of spark chambers which can be 
operated within the magnetic fleld of the magnet. An 
integrated data, ing system is an essential part of the 
machinery. Although the firat phase of the operation of 
Project Omega would depend on spark chambers of the 
kind now in service at high energy laboratories, the work- 
ing group expects that chambers with digitized read-out 
would soon become available and would replace the 
equipment first installed. 


This system should make it possible to carry out a class 
of counter expermments which are not feasible with 
existing arrangements. One obvious application is high 
energy interactions in which it is necessary to obtam a 
detailed analysis of several products. Another advantage 
which the working group has urged is that the equipment 
could be used for measurements of interactions with 
extremely small cross-sections, in the region of 1 micro- 
barn. 


The design of the magnet now proposed is determined 
by the need for flexibility, which is why all but a few 
essential parte of 1t are movable. Altogether the magnet 
will weigh 1,300 tons, and the maximum field at the 
centre of the hollow space will amount to 18 kG. Size alone 
requires that the magnet will have to be fixed, on present 
planning, in the West Expermental Hall at CERN. The 
space within the magnet ıs between 1-5 and 3 metres 
across—a substantial volume even by present standards. 
The movable components of the vertical yoke of the 
magnet will be rearranged for individual experiments. 

The handling of data from the Omega spectrometer will 
be a substantial problem m its own right. It is estimated 
that the equipment will produce something like 12 million 
photographs a year, and these will require the analysis of 
something like 20 million particle interactions each year. 
It ıs proposed that between a fifth and a quarter of 
all the data shall be processed at CERN itself, and that 
the rest shall be farmed out to European university 
laboratories. 
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tor m October. It is thought possible that one of the 
Scandmavian countries may eventually join—Sweden is 
the most likely candidate—but there seems to be no hope 
of winning round the Netherlands. The position of 
Spain is something of an anomaly. A year ago the Spanish 
Government said that if its contribution could not be 
reduced by a half, ıt would have to withdraw even from 
the present arrangements. The council agreed that the 
reduction should be allowed but it is not clear whether 
Spain will continue to belong to CERN im its present 
form. 

The position of the British Government is a constant 
source of speculation but very little cheerfulness. Only 
the British Government has so far said firmly that ıt will 
not belong to the extended programme. (It has also 
had the gall to be the first to ratufy the amended conven- 
tion under which the new accelerator will be built.) It 
18, of course, accepted that there can be no rapid change 
of this position, although there 13 a chance that the 
opening of negotiations for British membership of the 
EEC could be an opportunity for changing course. Al- 
though there is great admiration for the way in which the 
Science Research Council is preparing to meet the costs of 
fitting the 300 GeV project withm its programme by 
preparing to run down the accelerator laboratories at 
Harwell and Daresbury, clearly it 1s not certain that the 
British Government will have to take the hint. 

Choosing a site for the new machine looks as if ıt may 
be easier than at first seemed possible. It goes without 
saying that only the six likely founder members of the 
new organization will be given a chance to have the 
machine on their territory. It seems as if more detailed 
investigations of the sites on offer has shown up defects 
in the original proposals—the German site at Drenstein- 
furt 18 at present under something of a cloud for geological 
reasons, for example. In the end ıt 1s most probable that 
geography as well as geology will play an important part 
in the decision, which may tempt betting people to think 
first of the site at Focant which the Belgian Government 
has offered CERN. 

The setting up of the new organization promises to be 
comparatively painless. It has been agreed that each of 
the two laboratories shall have its own director-general, 
and that the management of each project will be the 
responsibility of the countries which contribute towards 
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1t financially. Evidently the opening of the new laboratory 
m the mid-seventies will be a critical time for everybody 
concerned, for ıt will then be possible under the terms of 
the convention for the council to decide that the existing 
28-5 GeV machine ıs no longer a part of the basic pro- 
gramme to which all the members of CERN must con- 
tribute. 

There remains the question of what the new machine 
will do for the competitiveness of European nuclear 
physics. Those with long memories point out that when 
the present machine was planned in the early fifties, 
there was no means of knowmg how rich the study of 
elementary particles would turn out to be. The Bevatron 
at Berkeley in California has been designed to be at least 
energetic enough to manufacture anti-protons (and success 
came in 1955). The energy planned for the protons from 
the machine at CERN was originally fixed at 10 GeV, 
and this grew to close on 30 GeV chiefly because of the 
development of the strong-focusing techniques which are 
now standard practice in accelerator design. The argu- 
ment is that the discovery of a whole array of resonances 
in the interactions between particles in the past few years 
is a kind of unexpected gift. 

By contrast, so some theoreticians argue, the potential 
benefits of 300 GeV are much more easily foreseen. The 
hunt for the intermediate boson and for the quark is still 
not abandoned, although their longevity is bound to 
diminish as the energy at which they are produced 
increases. Certainly the availability of protons at higher 
energy should make possible a systematic study of neutrino 
interactions, for the cross-section of a great many neutrino 
interactions should be a thousand times greater at 300 
GeV than at 30 GeV. 

For these reasons, there 1s a tendency to think that if it 
is necessary to make compromises in the design of the new 
machine, ıt will be better to settle for a beam of particles 
at 300 GeV than for a more intense beam at 200 GeV. 
This is the question which everybody is hoping Dr J. B. 
Adams will resolve. It is not entirely irrelevant that 
Dr Robert Wilson, the builder of the 200 GeV machine in 
TIlbnois, has been saying that he will produce his first 
beam by July 31, 1972, when his leave of absence from 
Cornell University runs out. Nobody at CERN is going 
to be cheerful if the new European laboratory comes into 
service some years later at the same energy. 


Will Everything Tum to Gold ? 


Bonn, May 

Ir there were an international competition to determine 
which country in Western Europe has won the most 
practical benefits from the application of science in the 
sixties, West Germany would probably win. It would be 
well worth guessing that West Germany could probably 
also come out on top if the competition were world-wide, 
for the way in which the nuclear power industry has been 
turned from a nonentity to a commercially strong and 
successful organization is really quite startling. It does 
not need a particularly long memory to know that in 
the late fifties, German companies were at a loss to know 
whether they were to look to the Federal Government or 


to the laender governments for guidance and assistance. 
In the event, they have been helped slong magnificently 
by the Federal Government and by their own flair for 
heavy engineering. , 

The success of the nuclear power industry is a good 
illustration of what can be accomplished by a strong arm 
of the central government. The Federal Ministry for 
Scientific Research, now personified by the ebullient Herr 
Gerhard Stoltenberg, has powers of coordination within 
the Government as a whole as well as direct charge of 
several important activities, from atomic energy to space 
research and oceanography. The ministry is also respons- 
ible for channelling what the Federal Government spends 
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on academic research mto the pockets of the autonomous 
research societies which then distribute this, together with 
the roughly equal sum contributed by the laender 
governments. 

The most obvious sign of what has been happening 1s 
the growth of expenditure on research and development, 
which will amount to 2-1 per cent of the GNP m the 
current year, compared with 1-8 per cent ın 1965. Harher 
this month, Dr Stoltenberg was talking of 2:5 per cent in 
1972. At this stage, nobody thinks back to the report of 
the OECD which pointed to the unfavourable comparison 
between West Germany and the United Kingdom, which 
devoted 1:3 per cent and 2°3 per cent of their respective 
GNPs to research and development in 1964. 

How has all this been accomplished ? Much of the 
success of the past few years stems from the way in which 
the Federal Ministry for Scientific Research has been able 
to make long term plans for four or five years ahead. 
penta the budget of the Federal Government as a whole 

is expected to increase by only six per cent a year im the 
period 1968-71, expenditure on science is intended to 
increase at 16 per cent a year during the same period. 
Taking account of the increases also likely in industry, 
total expenditure on research and development should 
amount to between DM.13,000 millon and 14,000 million 
by 1970. 

Long term planning moplies central planning, which is 
something of a triumph in what remains, after all, a 
federal state. The distribution of effort between the 
Federal Government and the laender governments seems 
to rest on an implicit understanding which would be called 
typically English if it were not German. In principle, 
each laender government is responsible for the cost of 
running its own universities, which entails the provision 
of funds for routine research as well. In practice, however, 
the Federal Government and laender governments con- 
tribute equally to the cost of the Deutsche Forschungsge- 
meinschaft (German Research Association) and the Max 
Planck Gesellschaft, which are responsible respectively for 
providing individual research grants to university investi- 
gators and for the operation of some fifty research insti- 
tutes ın fields as diverse as space research and social 
anthropology and which have varying degrees of liaison 
with the universities. The laender governments also 
contribute towards research institutes of their own or to 
Federal research institutes on their own territory. The 
Federal Government exercises an overall and decisive 
influence on the shape of policy by its direct support for 
research and development in particular fields, especially 
in atomic energy, space research and, most recently, 
oceanography. 

Space research is very much in fashion and the Federal 
Government gives the impression of having moved quickly 
and successfully. Its objective is to acquire the tech- 
nology of space research, largely in the behef that com- 
rounications satellites and similar devices are bound 
eventually to be industrially important. Expenditure on 
all forms of research has risen from DM.273 million 
in 1967 to DM.295 million in the current year and is ex- 
pected to amount to DM.511 million in 1971. There is an 
interesting range of satellite projects in the offing. Later 
this year, NASA will launch in the United States a package 
of six experiments concerned with the magnetosphere. 
Universities will have designed two of the six experiments 
and three of them will have come from Max Planck 
Institutes. A later NASA launch of a German aatellrte, 
intended to gather information about the ionosphere and 
the ionic composition of the upper atmosphere, will be 
accompanied by the firing of a sequence of sounding 
rockets from Sweden at the northernmost limit of the 
satellite trajectory and with the object of obtaining a 
complete atmospheric profile. Plans are also being made 
to launch a satellite with the French rocket called Sym- 
phonie. The most spectacular plan so far, however, is 
that for launching a space probe towards the Sun in 
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1974 or 1975. The idea is to carry a package of instru- 
ments chiefly intended for measurements of the solar wind 
and the accompanying magnetic fields to within 0-28 
astronomical units of the Sun. There 1s also to be an 
exceedingly ingenious measurement of the zodiacal hght. 
Although the rocket will be launched from the United 
States and although six German experments will be 
accompanied by six complementary experments 
designed in the United States, the management of the 
project will be German. The intention 1s that the flight 
of the rocket shall be controlled from West Germany 
using the 100 metre radio telescope due to be completed 
next year near Bonn. For the privilege of bemg top dog 
in this venture, the Ministry of Scientific Research will 
pay between DM.175 million and DM.200 million compared. 
with the American contribution of DM.50 millon and a 
launching rocket. 

The Federal Ministry of Scientific Research is also an 
enthusiastic backer of the scheme, now being discussed 
among European governments, for the merging of ELDO 
and ESRO. The reasons for the British withdrawal from 
ELDO are not well appreciated. Although it 1s understood. 
—perhaps with some difficulty—that some nations may 
find it hard to scrape together £10 million or so a year, the 
German Government 1s also resolutely of the view that 
Europe cannot hope to hold its own with the United 
States in discussions of the future of Intelsat without 
having an independent satellite launcher. 

The development of atomic energy in Germany has 
been impelled by the rapid growth of the demand for 
power in the Federal Republic. The installed capacity of 
nuclear power stations is expected to amount to 2,300 MW 
by 1972, but it is also considered possible that a further 
score of nuclear generating stations producing some 12,000 
MW of electricity will have been ordered by then. The 
programme has been sustained so far by the light water 
reactor design first built in an experimental form at 
Kahl, by an arrangement under which Seimens built to a 
Westinghouse design, with financial support from the 
Federal Government and with backing from Euratom 
ın a programme for buildmg demonstration plants. 
Since then, light water reactors have been ordered by 
several public utilities in Germany and one in Belgium 
as well. 

For the future, the Federal Government is looking to 
high temperature gas cooled reactors derived from the 
Dragon experiment and to the fast reactor programme 
centred mainly at the research centre at Karlsruhe. The 
particular succeas of the Federal Government in this field 
seems to lie in the way in which industrial companies 
have been brought into the development of new projects 
at a very early stage, so that, to their design teams, the 
transition from an experimental reactor to a prototype, 
to a brochure that will fit in a salesman’s bag is almost 
imperceptible. 

If the Federal Government has been successful in 
sponsoring industriel research in this spectacular field, 
however, it seems to have been less able to create a sense 
of well-being among university scientists. Although the 
budgets of the German Research Association have been 
growing steadily, the DM.195 million being channelled 
through this route in the current year is only a small 
proportion of the Federal Government’s expenditure on 
research. It is no wonder that the customers feel that they 
are being neglected and that the most effective way of 
winning adequate support for a research programme 18 to 
deal not with the research association but with the 
Federal Government direct. By the same test, the Ger- 
man Research Association itself seams to feel somewhat 
isolated in ita position as an intermediary between the 
Government and the universities. No doubt a part of the 
trouble here is the division of responsibility between the 
Federal Government and the leender governments 
together with the rapid growth which there has been in 
recent years of the university system as a whole. 
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THis year Poland sees the approaching end of the current 
five year plan for research and development and the 
foundations of the next taking shape. Ever since the 
last war, the Polish Government, like most others in 
Eastern Europe, has consistently emphasized in its plans 
the need to coordinate research with industrial production, 
and in the last five years this has resulted in a doubling of 
industrial output. The Party's Central Committee meet- 
ing in Warsaw last month stressed the need for even more 
“large scale innovations’. 

Planning in Poland is directed by the Committee of 
Science and Technology in cooperation with the Academy 
of Sciences, the National Economic Planning Commission 
and the Ministry of Fiance on the basis of the national 
economic policy. Detailed basic research progranimes 
in mathematics and the natural and social sciences are 
coordinated by the Academy of Sciences, and plans for 
applied research are the responsibility of the Committee 
for Science and Technology. Research is carried out in 
three main groups of institutions—the imstitutes of the 
Academy of Science, which in 1967 had a research staff 
of more than two thousand; the universities, higher 


technical schools, and medical academies with about 
twenty-two thousand research staff; and institutes 


directly responsible to the so-called economie ministries 
which employed almost ten thousand scientists and 
engineers. Basic research is conducted in the academy 
laboratories and the universities, and applied research 
in the ministries’ institutes. The designs of new machines 

are developed in central design bureaux which are inde- 
pendent establishments. The design bureaux are con- 
cerned mainly with complicated machines based on both 
the results of Polish applied research and processes 
obtained from abroad on licence: they also conduct their 
own research. 

Money for research and development comes chiefly 
from two sources—-the state budget and a special technical 
and economic progress fund which is raised as a levy on 
industrial production. Similar funds have been introduced 
in most other socialist countries within the past few years. 
Basic research laboratories and applied nuclear physics 
laboratories get their grants through the budget and 
since 1964 these have been given for specific projects 
rather than, as before, in the form of block grants. In line 
with the Government’s concern to coordinate research 
with production, some Polish scientists have commented 
that in the past two years this form of financing has led 
to increasing pressure on them to concentrate more on 
apphed research. Industrial laboratories under the 
ministries such as Heavy Industry. Chemical Industry. 
Mining and Power and Shipping rely on money from the 
TEPF. This means in practice that about half the mone V 
spent on research and development is from the TEPF. 
The total expenditure on research and development in 
Poland amounted to 1-3 per cent of the national income in 
1967, and the average annual rate of growth of expenditure 
in the period 1961 to 1965 was about 10 per cent. 


















The main theme of the plan for 1966-70 was the need 
to concentrate research efforts into a restricted number 
of areas where Poland already had a head start rather 
than trying to spread available resources thinly over the 
ground. Within these areas the idea was to ensure that 
the research was closely linked to industry. To do this a 
system of long term contracts between research establish- 
ments and industries was introduced and mixed indus- 
trial-university institutes are being formed, as well as 





Jagiellonian University in Cracow, 600th anniversary celebrations. 


research teams for the 
development problems. 


solution of urgent complex 
Polish achievements in the field 
of fundamental research include work on the controlled 
biosynthesis of proteins at the Institute of Biochemistry 
which is thought to be among the best in Europe, re- 
search in medicine on the physiology of ageing and 
agricultural arch on photosynthesis and the physiology 
of plant growth, In physies, research efforts were for 
some time concentrated on nuclear physics, particularly 
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the theoretical side where Polish scientists have an 
international reputation, but now solid state research, 
particularly in the fields of magnetic and ferroelectric 
phenomena, electronic processes in solids and quantum 
electronics, is receiving more attention. On the applied 
side, the Institute of Organic Chemistry has elaborated a 
complete technology for producing catalysts to refine the 
constituents of crude oil. This is an achievement dear 
to the hearts of economists who foresee a rapid increase 
in the amount of crude oil produced—it should double by 
1975, and there should consequently be an increase in 
the output of plastics. Research in automation has led 
to important developments in the electronics industry 
which specializes in developing computers such as the 
Odra series and in producing peripheral equipment for 
computers. A notable Polish success is the design of an 
electronic automation analogue system for industrial 
plants which is the basis for an international ‘“building- 
block” system. Research in the technology of shipbuild- 
ing, particularly on new construction materials, such as 
high strength steel, on the use of computers for designing 
hull shapes and on the introduction of automation in 
operating ships has made the shipbuilding industry one 
of the most important in the country. A par ticularly 
interesting project is the research ship which Poland is 
building for the international Food and Agriculture 
Organization. The ship will be used for distant sea fishing 
research, and when it is handed over in 1970 it will be 
fitted out with the most up to date scientific equipment— 
making it one of the best vessels of its class in the world. 

International cooperation, initially with the Soviet 


SWEDEN 
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Union and other member countries of the Council for 
Mutual Economic Assistance (COMECON), but increas- 
ingly also with West European countries, has always 
been a planned and important feature of Polish scientific 
development. Cooperation with the Soviet Union involves 
principally the exchange of technical expertise rather 
than capital lending. Poland relies on Russia for licences 
to manufacture machines it has developed in connexion 
with large civil aviation, nuclear engineering and space 
programmes, for example, but in some fields—notably 
machine tools—East European technology is probably 
ahead of that of the Russians. In 1966 the Soviet Union 
and Poland held discussions on their five year plans 
and as a result several hundred problems were selected 
to be solved in a common research effort while for many 
others results were already available. 

Nuclear physics is one of the fields where international 
cooperation is particularly important. Poland has no 
high energy machines of its own, except for a small 
cyclotron in Cracow, but Polish scientists work with 
other East Europeans at the United Nuclear Research 
Institute at Dubna; a group from the Institute of Nuclear 
Research in Warsaw is collaborating on photographie 
emulsions with scientists at CERN in Geneva and on the 
theoretical side with scientists at the International Centre 
of Theoretical Physics in Trieste. The large 70 GeV 
accelerator at Serpukhov in Russia is also a centre for 
cooperative nuclear research. Technological agreements 
have recently been signed between the Polish and British 
and Polish and Italian Governments, providing chiefly 
for the exchange of information. 


Environmentally Conscious Sweden 


Tue need for environmental education is becoming so 
important in Sweden that it “should be given even higher 
priority than sex education in the school curriculum” 
according to Axel Iveroth, the head of the Swedish 
Federation of Industries. Mr Iveroth is perhaps a little too 
optimistic, but his remarks are probably a true reflexion of 
public awareness of the problem of environmental pollu- 
tion in Sweden today. This concern is not restricted to 
Sweden-——-the other Scandinavian countries, also, are 
noticeably alive to the problem; their theme in the joint 
Swedish/Danish/Norwegian pavilion at the 1970 World 
Fair in Osaka is environmental protection. The Swedish 
Government has allocated the sum of 170 million krona 
($1=5-175 S.Kr.; £1=12-5 S8.Kr.) for “environmental 
conservancy” in the fiscal year 1969-70 and an environ- 
mental protection law is due to come into effect in July. 
Sweden certainly sets an example to others for its 
public debate on pollution at all levels. Shortly after 
the conference on chlorinated hydrocarbons in Stockholm 
in March, the Swedish Poisons and Pesticides Board 
(Giftnimnden) issued a statement declaring a total 
ban on the use of DDT and lindane in household 
garden preparations from January 1, 1970, and a total 
ban for a trial period of two years on other uses of 
DDT (with a few exceptions) from the same date. The 
board has also forbidden every use of dieldrin and aldrin. 
While Sweden is not the first country to ban these last 


two compounds, it leads the world with its countrywide 
ban on DDT on environmental grounds and with its 
careful evaluation of the insecticide problem. The 





Härjedalen district, Sweden (photo : Swedish National Travel 
Association). 


NATURE, VOL. 222, MAY 31, 1969 


Swedes had earlier banned the use of methyl mercury 
compounds for seed dressings, and ordered the strict 
monitoring of mercury levels in freshwater fish after it was 
shown that mercury compounds used in the pulp industry 
were contaminating water. Fishing is now prohibited in 
lakes where the fish have a mercury content of 1 mg/kg 
or more. 

From the practical point of view, a ban on DDT is 
relatively easy to put into force because insecticides are 
not much used and alternatives for the chlorinated hydro- 
carbons can usually be found. The Poisons Board is, how- 
ever, very much aware that in some countries where there 
is rampant malaria and other insect-borne diseases there 
would be enormous practical difficulties associated with a 
similar ban, and it emphasized in its statement that the 
risks of using chlorinated hydrocarbon pesticides must be 
weighed against the benefits. The Swedish ban presents a 
unique opportunity to study the persistence of residues 
and their spread from other countries, and an extensive 
research programme has been authorized. There are 
several bodies interested in pesticide research, including 
the Ecological Research Committee of the Natural Science 
Research Council, the National Nature Conservancy Office, 
the National Institute of Occupational Health, and the 
Institute of Public Health. At Uppsala, recent work by 
the Pedology Department at the Agricultural College has 
shown that there are more residues of DDT in the soil in 
northern Sweden than in the south, implying that it takes 
much longer for residues to be broken down in less produc- 
tive soils. The discovery of large quantities of DDT 
residues in fish-eating birds in the Baltic is being investi- 
gated by the Department of Analytical Chemistry in the 
University of Stockholm. 

Swedish Authorities are also concerned by the pollution 
of lakes by industrial waste and sewage. While none of 
the 100,000 or so lakes in Sweden has yet reached the life- 
less stage of some areas of the Great Lakes in America, 
many lakes are causing considerable concern. Sweden is 
well known for the high quality of its lmnological research, 
both pure and applied, and there are several projects under 
way to find workable methods of reviving badly polluted 
lakes. At the Limnological Institute at the University of 
Lund, for example, there is an eleven year project, begun 
last year, to bring Lake Trummen near Växjö “back to 
life’. Because of continuous pollution in the past, the lake 
has a 16 foot thick layer of dead matter coating the bottom 
and the maximum depth of water is now only 6 feet. 
This autumn, there will be an attempt to pump up the 
top 20 inches of the sediments, the layer that contains 
most of the pollutants. If this method is successful, it 
could be used to resuscitate other lakes, although there 
may be all sorts of unforeseen difficulties. 

Another way to deal with over-productivity in lakes 
caused by too much phosphate from pollutants may be to 
treat it with aluminium sulphate in the hope that the 
sulphate will precipitate the phosphate and bind it to the 
sediments to prevent it recirculating in the water. This 
method had been tried out successfully by the Swedish 
Water and Air Pollution Research Laboratory, Stockholm. 
A load of 33-5 tonnes of sulphate was spread in April 1968 
on the surface of Langsjén Lake. a badly polluted lake near 
Stockholm, and after a relatively short time it was found 
that the water had become clearer, the content of phos- 
phate had dropped from about 60 mg/l. to less than 5 mg/l., 
and there were no “blooms” of blue-green algae. 

The Swedish Water and Air Pollution Laboratory is one 
of several specialized research institutes in Sweden, most 
of which were established during or after the war. Some 
are supported by the Government, and others by univer- 
sities, private foundations or by learned societies like the 
Royal Swedish Academy of Sciences. The Research 
Institute of National Defence, the Aeronautical Research 
Institute, the National Bacteriological Laboratory, the 
teological Survey and the Plant Protection Institute are 
a few supported by the Government. The Government’s 
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largest commitment to research and development is in the 
field of atomic energy largely through the Atomic Energy 
Company (AB Atomenergi) which, unlike the other 
Government research institutes, is a semi-state company 
with the Government holding the majority of shares. 

Like the research institutes, the research councils are 
comparatively new institutions in Swedish scientific 
organization. They allocate Government grants for 
research work, and they also sponsor and carry out research 
work. The Technical Research Council was created in 1942, 
and there are now separate councils for the natural sciences, 
atomie science, medicine, humanities, social science, 
building research, agriculture and traffic safety, each with 
nine to twelve members nominated partly by the Govern- 
ment and partly by industry. The Science Advisery 
Council, set up in 1963, coordinates the work of all the 
councils at Government level and advises on science policy 
generally, and a more informal joint committee of all 
the councils was set up recently to facilitate cooperation 
between the various councils. The budgets of some of the 
research councils for 1961-62 and 1966-67 are shown in 
Table 1. 


Table 1 


1961-62 
(million $.Kr.) 


1966-67 
(million 8.Kr.) 
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Medical Research Council 

Social Science Research Council 
Natural Sciences Research Council 
Atomic Research Council 
Agricultural Research Council 
Technical Research Council 
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In the fiscal year 1969-70, Government support for the 
research councils has risen by Kr. 25 million. Support for 
research and development in general has been increased 
this year, but in the field of atomic energy this is being 
reduced because of the increasing involvement of industry 
in promoting atomic energy research. This is a trend the 
Government seems to be encouraging. 

The newly formed Board for Technical Development 
(STU) has taken over the functions of the organizations 
(such as the Technical Research Council) which previously 
dealt with public support for applied research and develop- 
ment. In its budget proposals for the fiscal year beginning 
in July 1969 the board applied for a Government grant 
of about Kr. 98 million, compared with its 1968-69 alloca- 
tion of Kr. 53 million. The largest itern in the 1969-70 
budget is Kr. 63 million for supporting technical research. 
In 1973-74, the board estimates that its budget will be 
about Kr. 319 million—an increase of about 480 per cent . 
over 1968-69. Swedish expenditure on research and 
development is similar to that of most other European. 
countries—1-5 per cent of the gross national product 
(1964 figures). a ae 

The bulk of the fundamental research in Sweden is still 
carried out in the universities, and similar bodies with 
support from their own resources, from the research 
councils and from private organizations. Sweden has five 
universities, Stockholm, Uppsala, Lund, Gothenburg and 
Umea, and three technical universities (the Royal Institute 
of Technology in Stockholm, Chalmers University of 
Technology and Lund Institute of Technology). There are 
also several professional institutions of university standing. 
The total student population is around 104,000 this year 
and it is expected to be about 113,000 in the year 1969-70, 
having doubled in the past five years. 





Table 2. TOTAL NUMBER OF STUDENTS IN HIGHER EDUCATION 
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Divided up by subject the number of new students is as 
follows: 


Table 3. NEW STUDENTS AT UNIVERSITY LEVEL 


Tech- 
nology Medicine 


800 500 
1,100 500 
2,100 700 
2,900 900 


Arts 


3,100 
4,300 
10,800 
15,100 


Others Total 


500 5,800 
600 8,000 
1,200 18,000 
1,700 24,700 


Science 


900 
1,500 
3,200 
4,100 


1957-58 
1960-61 
1965-66 
1970-71 





The Government expects the expansion in higher 
education to continue, and the university most affected 
will be Sweden’s fifth and newest, Umeå, which already 


GREECE 


Much to he Done 


SUPERFICIALLY, Greek science looks healthy. The country 
has about 15,000 qualified scientists and engineers—0-2 
per cent of its population—and it spends 0-2 per cent of 
its GNP on research and development—one dollar per 
annum per head. These are perhaps reasonable amounts 
for what is still, by some criteria, an underdeveloped 
country. Furthermore, the Demokritos nuclear research 
centre, built near Athens in 1961, is now contributing to 
the international literature, new universities are being 
founded at Oannina and Patras, and the number of 
students in higher education is about 50,000 and rising 
fast. 

But, for all this, the structural 
science are in fact many and severe. 
structure of Greek universities is modelled on that 
of the nineteenth century German university. Curri- 
cula and teaching arrangements are in the sole charge 
of the senior professors, while the universities them- 
selves have a very high degree of civil autonomy. 
Senior academic staff enjoy reasonable salaries, and 
numerous opportunities to supplement their incomes in 
nebulous “advisory” roles. Junior staff, on the other 
hand, are poorly paid and their prospects of advancement 
through the university hierarchy are slight. Research 
productivity is low—many of the laboratories in Athens 
University produce nothing at all. Industrial research is 
disorganized and half-hearted. Laboratory facilities for 
science students range from the bad to the non-existent, 
and the student~staff ratio is very high, about forty. 
Teachers and researchers have been emigrating from 
Greece in their thousands for many years now, in search 
of greater intellectual opportunities rather than a mere 
increase in salary. 

The reform of Greek education has been a political 
issue since about 1961, and some valuable changes took 
place in the early sixties—for instance, the abolition of 
tuition and examination fees, But it was not long before 
educational reform lapsed into being an easily touted 
political property. Student intake was inereased without 
any growth in staff numbers, and without any develop- 
ment of career opportunities, thus at the same time 
aggravating an already bad teaching situation and an 
already severe brain drain. 


defeets of Greek 
The executive 
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has some 5,000 students. A new technical faculty and a 
new unit for medical training and research are to be set up 
in Linköping in 1969-70. As in other countries, there has 
been a smaller increase in the number of students enrolling 
in the science departments than in the humanities and 
social science departments—the Dainton trend seems to 
be marked. 

The budget allocation for higher education in 1969-70 
is Kr, 817 million—an increase of some 12 per cent over the 
previous year. The total allocation for education and 
research together in 1969-70 is Kr. 8,110 million—RKr. 
1,000 million more than in the previous year—-an increase 
of 14-4 per cent. Spending on education and research in 
1969-70 will be about 19-9 per cent of the total budget of 
Kr. 41,950 million. 


Educational reform is hardly the first interest of the 
present junta, and there are signs that the situation has 
taken a sharp turn for the worse in the past two years. 
Sackings of university staff on political grounds have 
become commonplace. Two of the few scientists of world 
stature working in Greece have been dismissed recently— 
Professor Papamiliadis of Athens, whose speciality is 
hermone secretions, and Professor Georgiadis of Salonica, 
an ophthalmologist who has earned the distinction of 
having an eye disease named after him. The medical 
faculty of Athens University has been particularly hard 
hit—even official sources admit that its professorial 
strength has been cut by almost half over the last two 
years. 

The junta has also made its mark elsewhere in the 
educational system. It has reintroduced catharevousa, a 
conscious revival of classical Greek, as the medium of 
instruction in schools for all children over the age 
of nine, an obviously retrograde policy. It has starved 
the new universities of Oannina and Patras of funds with 
the result that, despite initial hopes, they are becoming 
little more than degree factories. Ten per cent of univer- 
sity intake is reserved for students who, regardless of 
talent, displayed in their schooldays “reproachless be- 
haviour and high moral values”. A final point in this 
tale of woe might be that the regime has disappointed 
even some of its right-wing supporters by its irresolute 
performance in the urgently needed reorganization of 
Greek industry. 

But the junta will not last for ever, and it is worth 
considering the part that Greek science and technology 
might play in a more favourable political climate. Greece 
is in industrial terms an underdeveloped country, and it. 
is clear that the advanced nations of the world have 
reached their present state of prosperity by a sustained 
development and application of scienee. But the results 
of this science can be bought: need poor countries divert 
scarce resources and men from practical medicine and 
health care to, say, cancer research ? 

The answer seems to be that they do, in some sense. 
If sophisticated science is ignored. a country loses most of 
its best students to laboratories abroad, and it finds 
itself unable to apply imported advanced techniques 
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to its own problems. Greece has taken the reasonable 
course of establishing one scientific enterprise of 
international repute, the Demokritos reactor, hoping 
that this will act as a nucleus for enthusiasm and involve- 
ment over a wide scientific field. The reactor was a gift 
from America: it went critical in 1961. The research 
centre that has grown around it employs 150 scientists, 
mostly of PhD level, and consumes about one-third of 
the entire Greek research and development budget (see 
Nature, 220, 861; 1968). 

The Demokritos centre acts as a training centre for 
scientists in a variety of fields, and it provides probably 
the only scientific curriculum in Greece that will bear 
comparison with university courses of the developed 
world. The military junta stopped these training activities 
soon after it took power, although they seem to be 
under way again now, But it is being increasingly argued 
that Demokritos is absorbing more than its fair share of 
the local funds, and that the capacity of the centre to 
prevent a few dozen nuclear physicists from emigrating 
may not by itself be a sufficient justification. The pros 
and cons of this situation are complex, and they clearly 
cannot be considered in isolation. There is an urgent 
need for the establishment of doctoral level training in 
the Greek university system, as well as the overhaul of 
undergraduate syllabuses. The Demokritos centre could 
perhaps play a useful part in both of these. 

The Greek economy has been growing fairly quickly 
since about 1952, by which time the chief problems of 
postwar reconstruction had been solved. So the 
country has perhaps already solved some of the prob- 
lems of capital accumulation which are preconditions 
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for sustained growth. The main outstanding problems 
seem to be organizational. The country needs, and at 
present totally lacks, a policy-making body at the 
national level concerned with the distribution of research 
effort. There are at present hundreds of small research 
institutes, inside the universities and outside them, 
which pursue independent and modest programmes of 
work, little coordinated to national needs. 

A recent OECD report (National Reports of the Pilot 
Teams : Greece, OECD, Paris, 1968) detailed some reason- 
able immediate research objectives. The Government pro- 
vides about eighty per cent of research funds at present and 
the universities about seven per cent, while private 
industry accounts for only about six per cent of the total. 
The Government makes no contribution towards research 
within private industry. The OECD report took. great 
exception to this situation, and argued that, given the 
present fragmentation of Greek industry into small units, 
the state will have to act as a financier for industrial 
research. The traditional pattern of Greek agriculture 
has changed, largely as a result of changes in techniques 
of production in the plains. The old relationships between 
upland and lowland agriculture have thereby been 
destroyed, and there is a need for research into the conse- 
quent problems of soil erosion, reafforestation and water 
retention. As far as manufacturing industry goes, there 
is a need to investigate further local metal resources, in 
an effort to devise products of export potential. In the 
short term, the tobacco and textile industries offer the 
best prospects for export growth (witness the recent 
reactor deal with Britain) but, in the longer term, new and 
exportable commodities will have to be developed. 


Disorders Open Up the Sores 


Tue traditional symptom of the anachronisms that are 
to be found in several areas of Italian science has been 
the anomalously small budget allocated by the Italian 
Government for scientific research, but during 1968 other 
less denumerable and more deep-rooted malaises of 
Italian academic life have come to the fore. Student 
protests have become a familiar hallmark of universities 
in recent years, but few demonstrations can have had the 
bite and conviction of those that have gripped Rome 
during the past year. At the University of Rome, which 
was closed earlier this year following student occupation 
of some key buildings, the conditions of study have 
degenerated to the point where there are now nearly 
70,000 students crammed into buildings designed for 
only 20,000. There are corresponding staff problems 
as well. 

These questions have had a profound effect even in 
laboratories that are themselves not directly involved. 
The International Laboratory of Genetics and Biology 
at Naples, for example, one of the most promising and 
productive research laboratories in Italy, has been ex- 
perimenting in “participation’’ on the widest possible 
front, involving everything from financial decisions to 
the eleaning of test tubes, which is apparently being 
undertaken by all and sundry under the banner of 


“sharing labour”. It is, however, unfortunate that in 
this process some valuable and indeed crucial projects 
have had te suffer, one of which is the Berkeley aid 
programme to help develop Italy’s first regular PhD 





Students demonstrating in Rome, December 1968. 
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course at Naples. This scheme was started in 1967, when 


Italy and the United States agreed to set up an institution 
to be known as the International Studium of Molecular 
Biclogy. It was intended to have the institution opeh to 
students by 1969. The upheavals have been so great, 
however, that there is now some doubt as to whether the 
project can survive in its original form. The involvement 
of scientists in politics has reached such a pitch that the 
head of the Naples Laboratory, Dr Adriano Buzzati- 
Traverso, decided to stand for parliament last year and, 
although he was unsuccessful, it seems unlikely that the 
mood of scientists will change in the near future. 

It is ironic that a serious attempt to get advanced post- 
graduate training off the ground in Italy should be 
hampered by the effects of radical dissent. The training 
of scientists in Italy virtually stops at the master’s degree 
level, and the Naples scheme offers a real chance to make 
a start on improving the system. Once new projects like 
this get moving it is inevitable that some of the ideas rub 
off on a wider band of the educational policy makers. 

Some progress has been made on several fronts, how- 
ever. A new space research station is to be built at 
Frascati, just south of Rome, not far from the Nuclear 
Energy Research Laboratories and the Institute of 
Astrophysies of the University of Rome. The new station 
will cooperate closely with ESRO, the European Space 
Agency, and research will be concentrated on basic 
aspects of physics and chemistry. It is intended that the 
station should be used by research teams based at the 
University of Rome. 

Plans for developing Italy’s first oceanography station 
were announced at Genoa last year. This is a project in 
which a team from the Institute of Physics at Pisa will 
study the problems arising from the interaction of the 
sea and the atmosphere, and it is hoped to use a satellite 
to transmit information automatically from the sea base 
back to land. The programme is sponsored by the 
National Research Council, which seems to be taking an 
increasing interest in the potential of the neighbouring 
seas. 

The Italian Government has recently revived the idea 
of a European University, a concept approved by all the 
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other countries in the European Economic Community 
except France. The Italian Government believes the 
university, the site of which has been provisionally fixed at 
Marignolle near Florence, should be a sort of international 
postgraduate school, with interests ranging beyond the 
initial conception of a solely scientific establishment. 
Should the project go ahead, the Italian Government 
has agreed to pay for the building involved. 

The CNR has recently carried out a survey of scientific 
research in Italy, and it reports that public expenditure in 
this field, in 1968, was 208,000 million lire ($333 million). 
A further 138,000 million lire ($222 million) was spent in 
the private sector. The CNR expects publie expenditure 
on scientific research to be about 1,320,000 million lire 
($2,120 million) during the next five years, amounting to 
about 0-7 per cent of the national income. The Govern- 
ment wishes to encourage public and private research 
wherever possible, for Italy has been lagging behind other 
European countries in this regard. Evidence of this is 
contained in the Italian Government's decision to par- 
ticipate in the proposed 300 GeV European accelerator, 
which the British Government has opted out of. 


Table 1, STUDENTS AT ITALIAN UNIVERSITIES 


Per- 
centage 
increase 


Percentage of 
total 
1962 1968 


Absolute number 
of students 
1962 1968 


Type of 
faculty 


27,691 
24,817 
3,065 
150,392 


205,965 


Science 
Technical 
Agriculture 
Other faculties 
Total university 
population 


55,331 3 151 

44,037 24 12- 
5,534 5 5 

261,096 3 714 


£ 


365,998 


There is still a predominance of non-science students 
at Italian universities. Table 1 shows that in 1968 only 
15 per cent of students at Italian universities were study- 
ing science subjects, and only 12 per cent other technical 
subjects. Although the number of science students has 
increased by 78 per cent since 1962, the distribution 
between subjects has changed remarkably little. 


Science Policy in a Microcosm 


Brussels, May 
For a nation of nine million people, Belgium provides a 
remarkable illustration of how it is possible to assemble all 
the components for the making of rigorous decisions on 
the management of science policy without there being a 
great deal to administer. But if the scale of operations is 
not very large, the complexity of some of the problems 
which confront the Belgian Government and the Belgian 
universities is not to be scorned. For in spite of being a 
complete modern industrial state, with practically every 
kind of advanced industry within its borders, Belgium has 
also to contend with what must necessarily seem to out- 
siders to be the archaic problem of the schism between 
French-speaking Belgium and Flemish Belgium. 

This casts a long shadow, in the universities as elsewhere. 
The universities are required to teach in either French or 


Flemish, while universities also have a tendency to be by 
tradition Catholic (for example, Louvain) and non-Catholic 
(as Brussels). In circumstances like these, sheer flair or 
even ability may not by itself be decisive in determining 
appointments to academie posts. Given the rarity of 
vacancies in academic posts, and the lack of mobility 
which follows from this, it is not surprising that univer- 
sities have few natural incentives to develop strong 
departmental specialties (which is not to say that several 
of them have not succeeded brilliantly, for it is almost 
invidious to single out cell biology and thermodynamics at 
Brussels and atmospheric physics at Liège). 

This, no doubt, is why university matters are a promi- 
nent part of the Government’s preoccupation with scien- 
tific policy. The four universities at Brussels, Liège, 
Louvain and Namur will soon be joined by two new insti- 
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tutions at Mons and Antwerp, themselves created out of 
existing non-university institutions of higher education. 
The demand that there shall be more opportunities in 
higher education for Flemish speaking students has been 
the chief incentive for the recent and impending growth of 
the university system, which had 25,000 students in 1957, 
which has 50,000 at present and which is expected to 
accommodate twice as many by 1980. At that point, with 
100,000 students, something like 5 per cent of the popula- 
tion will find their way to a university. 

Although the university population is growing, there is 
no significant sign that greater proportions of students are 
electing to follow scientific studies. Medicine and phar- 
macy take 22 per cent of all entrants, while the pure and 
the applied sciences together take 24 per cent. The for- 
ward projections of the cost of university education make 
no provision for a shift of emphasis towards the relatively 
expensive sciences. Even so, the cost of running the 
universities is expected to double between now and 1980, 
when it will amount to 15,000 million (Belgian) francs. 

The cost of running the universities is relevant to the 
development. of science in Belgium not merely because the 
universities provide the young people needed to staff the 
research laboratories but also, more directly, by the way 
in which the whole cost of the university programme— 
the responsibility of the Ministry of Edueation—-is also 
carried on what is called the science budget. This is the 
responsibility of the National Council for Science Policy, 
which is also responsible for the administration of the 
funds which eventually find their way into research and 
development within and outside the universities. As in the 
organization of the French Government. the National 
Council serves as a central coordinating agency directly 
responsible to the Prime Minister. Science policy has been 
particularly selfeonscious since Mr Theo Lefevre, Prime 
Minister a year ago and in that role responsible for the 
activities of the council, returned to the Government after 
the elections last autumn bursting to do something worth- 
while for science. 

For several vears now, the rate of increase of the whole 
budget has been 13 per cent a year (at constant prices). In 
the current year, the whole cost of the science budget has 
increased from 10,259 million francs to 11,740 million 
francs (125 franes=£1), which represents a percentage 
increase of 14:6 per cent. The biggest increases are in 
those parts of the national programme concerned with 
technological research, partly in atomic energy within 
Belgium (as distinct. from Euratom). management studies 





TECHNOLOGY 


ONLY a site is needed now for the European Institute of 


Science and Technology to begin operations, and this 
should have been chosen by July. The working party set 
up by OECD visited Milan on May 23 and will visit 
Maastricht in the Netherlands on June 6 to make its final 
choice. 

The history of the project goes back to a conference 
held in Deauville in May 1967 to consider the techno- 
logical gap between Europe and the United States. The 
outcome was a recommendation to explore the possibility 
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and government laboratories. Some of the increase is 
accounted for by Belgian membership of a consortium 
between Benelux and West Germany for the development 
of fast reactors, 

Expenditure on scientific research, which is financed in 
parallel with that of the universities themselves, has 
increased by a modest 13 per cent between 1968 and 1969, 
but the number by itself conceals a good deal of innova- 
tion by the Government. It is especially striking that the 
minister responsible for scientific policy is now seeking to 
impose a more definite pattern on the conduct of research 
in Belgium. Traditionally, money has been channelled to 
research workers in the universities through independent 
organizations such as the National Fund for Scientific 
Research (Fonds National de la Recherche oe 
This functions as an autonomous research council, an 
1967, 60 per cent of the 500 grants made to research workers 
were worth less than 500,000 franes (£4,000). The Govern- 
ment regards this as a device for frittering away what. 
money there is to spend, and there is a good deal of 
muttering about the need that these parallel sources of 
university finance should be complementary to the block 
grant from the Ministry of Education and not simply ways 
of carrying out normal university research, It remains to 
be seen how effectively the National Council for Scientific 
Research will be able to persuade the research councils to 
spend the greater part of their money on young investiga- 
tors working in new fields of science, but one device which 
seems almost certain to be extended is that by means of 
which the Belgian Government has set up in association 
with the University of Liége a directly financed Institute 
for Atmospheric Physics. 

In circumstances like these, it is inevitable that there 
should be tension between the Government and the 
universities. The Government. progressive in its own 
intentions, tends to regard the universities as antiquated 
institutions. By contrast, the universities have a sense of 
being turned into teaching institutions, in which research 
is a kind of luxury. There is not much sign of an accep- 
tance of the doctrine about the link between university 
research and postgraduate education which seems. at 
present to be dominating the development of academie 
research in the United States. The moral may well be that 
the university system is too small to support a vigorous 
research programme, which is why one of the most hopeful 
signs is that the Belgian Government, and Mr Lefevre in 
particular, is one of the most vigorous supporters in 
schemes for international collaboration. 





of an international institution of higher education designed 
to ensure speedier technological progress in Europe. The 
study committee that was set up produced its final report 
in May 1968, proposing a European centre for advanced 
courses and research concerned with the techniques of 
industrial management (described in Nature, 220, 1070; 
1969). At that time there were four possible sites, 
Maastricht, Milan, Fontainebleau and Strasbourg, with the 
firmest offers for the first two. 

OECD was asked to provide a forum for discussion 
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between governments, and legal experts to draw up the 
statute for the organization, but would only agree if the 
necessary money could be raised from interested govern- 
ments and from industry. Last December, West Germany, 
the Netherlands, Italy and Britain committed themselves 
to financial contributions, and subsequent promises from 
industry gave a total of about $200,000 for the first 
organizational year of the institute. 

The Dutch Government has bought the former 
Jesuit seminary in Maastricht and will make it available 
free of charge for the first five years of the institute’s life. 
The seminary has lecture halls, a library, administrative 
offices and a restaurant, all in a park in the centre of the 
town. There are also possibilities for further development 
of the site. The Italian offer includes buildings that would 
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provide a beginning for the institute, and a promise to 
meet the cost of installing any new building the study 
group would require. 

Both the Dutch and Italian offers are worth about 
$1 million and the two governments have also promised 
support to the tune of about $100,000 for the first year, 
wherever the institute is set up. The West German 
Yovernment has provided $25,000. with an understanding 
that a proportionate contribution will be forthcoming in 
future years, when expenditure on the institute will 
increase. The British Government has promised $24,000 
for the preparatory year, but is not yet entirely happy 
about the functions of the institute, and wishes to have 
the opportunity of discussing aims and objectives during 
the first year before committing itself further. 


An International Laboratory Needed 


Waen the representatives of twelve European govern- 
ments signed the treaty establishing a European Molecular 
Biology Conference on February 13—fittingly enough at 
the CERN Meyrin Laboratory near Geneva—the European 
Molecular Biology Organization (EMBO) seemed to be 
out of the wood at last. To be sure, the conference only 
set itself modest goals; it did not, for example, commit 
any of the signatories to establishing the European 
Molecular Biology Laboratory on which so many of the 
organizers of EMBO have set their hearts, but at least 
the treaty seemed to put EMBO’s finances in order. 
Since EMBO was set up in 1963 it had been living off 
grants, chiefly a three year grant from the Volkswagen 
Foundation, which ran out at the end of 1968. The con- 
ference agreed to take on this financial responsibility and 
also made provision for the eventual signature of Belgium, 
which participated in the provisional discussions, and 
Israel, which had contributed funds to EMBO in its first 
three years. 

But, in spite of the treaty, EMBO once again faces a 
financial crisis. The problem is simply that, although the 
representatives of twelve governments signed the treaty, 
it does not come into legal operation until it has been 
ratified by each of the governments, which may take up 
to a year in some cases. In the meantime EMBO’s coffers 
are emptying. The money given by some of the major 
signatories in February, to tide EMBO over in anticipation 
of the full ratification of the treaty, has almost run out 
and will certainly not last the year. 

This explains why the Swiss Government has once again 
taken the initiative and called for an interim meeting of 
the European Molecular Biology Conference at Geneva 
on June 2-3. The first item on the agenda is a request for 
more money on account, to last until the first official 
conference can be held next spring. At the Geneva meet- 
ing, each signatory nation will again be represented by a 
senior civil servant backed by a small team of government 
and scientific advisers and no doubt they will vote the 
necessary funds. It is inconceivable that the conference 
will let EMBO founder at this stage, and in any case the 
amounts involved are by any standards modest, some- 
where in the region of $600,000 to $1 million for a full 
year. 


But. the interim conference is much less likely to reach 
agreement on another item on its agenda, the vexed 
question of setting up a European Molecular Biology 
Laboratory. Many of the chief advoeates of EMBO have 
maintained, ever since the organization was first discussed 
informally and then at a formal meeting in Ravallo in 
1963, that it will never be able to fulfil its potential until 
an international laboratory is built. They argue that 
running fellowship schemes, financing summer schools 
and the like, although undeniably important, will not keep 
European molecular biology competitive with that in the 
United States. Only a European laboratory can do that. 
and stop or even reverse the brain drain. 

The snag, of course, is the cost of building and running 
an international molecular biology laboratory modelled 
along the lines of CERN. Added to this, the national 
scientific communities are not all united on the need for 
such a laboratory. Many of EMBO’s protagonists have 
to face a short-sighted fifth column at home, who, in 
spite of the evidence of CERN, make much of the argu- 
ment that an EMBO laboratory would serve only to drain 
funds and talent. out of national universities and research 
institutes. But the money seems to be the overriding 
obstacle. At the first intergovernmental meeting at 
Geneva in April 1967 the governments asked EMBO to 
submit the case for an international laboratory, outline 
a scientific programme and produce some cost estimates. 
EMBO completed the report in November 1967 and it 
was submitted to the second intergovernmental meeting 
in January 1968 but not discussed. The conference 
members decided to go home and study the report, since 
when there have been no substantive discussions. 

EMBO suggested that, at 1967 prices, a laboratory 
would cost $7-7 million to build, $7-8 million to equip 
initially, and, once in full operation, about $8-5 million 
annually to run. In an attempt to get the issue of the 
laboratory raised at the forthcoming meeting, EMBO has 
asked the European conference for further guidance on 
its proposals and whether further details are required. 
Not even the most dyed in the wool optimists think 
that anything approaching a decision is likely to emerge, 
but discussion would at least show which way the wind is 
blowing. 
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The laboratory would in any case take up to about 
eight years to reach full scale operation once it had been 
authorized, so there is little hope that it will be funetion- 
ing by the time the initial agreement of the European 
Conference comes up for review in 1974-75. During the 
next five years EMBO will presumably have to content 
itself with running its fellowship programmes, organizing 
visiting professorships and financing and organizing work- 
shops and teaching courses. The report on EMBO’s 
activities during 1968 shows the increasing demand for 
all these schemes. The number of applicants for short 
and long term fellowships was greater than in the first 
two years of the scheme. Three courses and five workshops 
were sponsored, and in 1969-70 the organization has 


INTERNATIONAL COLLABORATION 


Moving about Europe 


Ix the past two years, a number of learned societies in 
Europe, with backing from their governments, have been 
able to demonstrate that there is a real and unsatisfied 
need for some means by which scientists can move from 
one laboratory to another. especially in the years imme- 
diately after taking a higher degree. The operation of 
this scheme, called the European Science Exchange 
Programme, is as much a pointer to the modifications 
which will be necessary before untrammelled exchange 
becomes possible as it is a model for some permanent 
machinery for helping people to move about. 

The Royal Society in London seems to have been one of 
the chief instigators of the programme of exchange, which 
was inaugurated at a meeting of twelve European aca- 
demies at the end of 1966. The Royal Society proposed 
to support its own part in this programme with the help of 
a grant of £40,000 a year for three years provided by the 
British Government together with a number of private 
benefactions. The idea was that these funds should be 
used to finance a number of activities ranging from the 
small scientific conferences and short study visits to 
fellowships tenable for a full academic year m some 
European laboratory. Although the notion of exchanges 
between European laboratories has obvious attractions, the 
attention given to it in 1966 owed much to the then pre- 
occupation with problems of the brain drain. 

To begin with, at least, the scheme had a fair wind. 
Early in 1968, it was agreed among several European 
academies that the scale of the proposed exchanges should 
be increased, and from this emerged the complicated 
arrangement that exchange visits would be conducted on 
what is called a matching basis—another name for a net- 
work of coexistent bilateral agreements. Apart from the 
undoubted value of the exchanges themselves, the 
European Science Exchange Programme has had the 
equally useful side-effect of bringing the learned societies 
more directly into the administration of public expenditure 
on scientific research. 

In 1967, the amount of money available for these 
exchanges worked out at £108,000, consisting of the 
original £40,000 provided by the Royal Society and equal 
amounts of £35,000 arising from the contributions of other 
European academies and from the matching funds made 
available in Britain by the Department of Education and 
Science. By 1968, the corresponding sum had almost 
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seven courses and eight workshops planned. No doubt 
this pattern of activity will continue to expand, but how 
long can the governments which have signed the treaty 
expect the European molecular biologists to devote so 
much of their energies to EMBO unless they are prepared 
to go the whole hog and foot the bill for a laboratory ? 
Surely twelve of the wealthiest countries in the world 
can scrape together $20-30 million to set the laboratory 
up and thereafter $10 million a year. Every postponement 
of this issue not only increases the amount of money which 
will eventually have to be found but also squanders the 
intellectual and financial capital of Europe and helps 
shift the initiative in molecular biology across. the 
Atlantic. 


doubled, to £190,000. The numbers of visiting fellow- 
ships financed in this way were 32 in 1967 and 106 in 
1968, and rather more than half (57 in 1968) of the visiting 
fellows have travelled from the United Kingdom to work 
elsewhere. Statistically insignificant though it may be, 
Table 1 is of some interest in showing the pattern ‘of 
demand. 


Table 1, MOVEMENT OF FELLOWS (a) FROM AND (6) TO THE NAMED 
COUNTRIES OF WESTERN EUROPE IN 1968 ee: 


(a) From {b) Lo 


Austria 


Netherlands 
Norway 
Spain 
Sweden 
Switzerland 


Pe AT eet CBO OO CO bO DO 


1 
2 
1 
4 
7 
T 
9 
3 
1 
4 
3 
3 


So far, it seems that physicists, chemists and bio- 
chemists have taken the lion’s share of the funds (65 
of the fellowships awarded in 1968). Mathematicians are 
surprisingly few among the fellows, perhaps because of the 
ease with which mathematicians are able to travel to the 
United States. The choice of fellows seems to be as 
humane as anybody could ask. The national academies 
operate committees for selecting those to whom funds will 
be awarded. Business in the award of short study grants 
has been less brisk, no doubt because of the ease with 
which work of this kind can be financed from other 
sources. The funds of the European Science Exchange 
Programme have also been spent on roughly half a dozen 
small and specialized conferences, much along the lines of 
the Gordon conferences. (These gatherings are quite 
distinet from those known as Euromech and Eurochem 
conferences, organized by the learned societies in mechani- 
cal engineering and in chemistry respectively, which 
promise to become a permanent part of the European 
scene and also a model to be followed in other fields.) The 
fellowship programme is also distinct from that which has 
for two years been operated by the European Molecular 
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Biology Organization, although there have frequently 
been suggestions that this should be brought within the 
seope of the European Science Exchange Programme—a 
notion which does not commend itself to EMBO. 

The most obvious deficiency of the scheme as it stands 

| is the small scale of the operation. Everybody acknow- 
ledges the value of the actual visits which are carried out, 
not merely for the intellectual development of the people 
who move and their hosts, but also for the way in which 
these visits help to give the recipient universities a greater 
sense of prominence in some field of science. (Inevitably, 
the phrase “European centre of excellence” is frequently 
to be heard.) And there has probably been the occasional 
visitor who might otherwise have gone off to the United 
States. 

Yet 100 travelling post-doctoral fellows are no more a 
proof that free movement has arrived than two swallows 
are a proof of summer. With roughly 5,000 people 
graduating with higher degrees in Britain alone, and witha 
quarter of those staying on in teaching and research, it 
would be surprising if the annual demand for visiting 
fellowships to Europe would be as small as 50 a year. 

Several impediments are easily identified. For one 
thing, there are domestic problems (and it is not sufficiently 
recognized that it is more expensive to live for a year in a 
foreign city than to spend the same time settling down 
there for good). Schools are also a problem, but one which 
may not be as serious as potential fellows are inclined to 
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think. The much more serious difficulty is that a visit to 
a university in the United States may frequently advance 
a scientists career, but that a visit to an equivalent 
institution in Europe may often have the opposite effect, 
simply from ignorance. There is also the difficulty that in 
many European countries, it is too great a risk for a young 
person to remove himself, even for a year, from the place 
at which he is most likely to be promoted to a post with 
tenure. And then there is the problem that one year may 
frequently be insufficient to allow a person to get his teeth 
into a problem. 

The European Science Exchange Programme has, how- 
ever, drawn attention to two more serious impediments to 
free exchange among scientists within Europe. The least 
serious is that it is hard to see how the present scheme 
could grow, with several countries contributing on the 
seale of the United Kingdom. without the administration 
becoming excessively complicated. 

There is also the greater complication that the exchange 
fellows as they are at present conceived of are usually 
supernumeraries on an institution’s books. They are 
visitors, or extras, and they tend to be excused their stint 
of teaching. Evidently it is too much to expect that. 
governments will willingly see a vast increase in a pro- 
gramme w hich is limited in this way. In the long run, a 
built-in drive towards free exchange will be possible only 
when it is possible for people to move freely to properly 
paid jobs at European universities. 








Euratom, Phoenix or Dead Duck 


Brussels, May 

One of the saddest features of the European Common 
Market is the way in which Euratom, one of the most 
hopeful of all collaborative ventures as recently as ten 
years ago, has now sunk to its knees under the weight of 
the political and industrial pressures which have assaulted 
it. It is nearly as sad, however, to see the old hopeful 
trying to retain a grip on existence, rewriting the draft 
of its “programme for the future” in the hope that there 
will be a sufficient common will among the politicians of 
the council to give Euratom another taste of that almost 
forgotten luxury—-a multi-annual budget. Outsiders 
cannot help asking other people, let alone themselves, 
whether there is not a lot of ground to cover before the 
Common Market is really in a position to undertake joint 
ventures in the development of new technologies. 

The crisis in Euratom is linked with another problem, 
potentially one with a happy ending. At the end of 1967, 
in Luxembourg, the council of the EEC decided that there 
should be a thorough study of the possibility of inter- 
national collaboration in some fields of technology, and 
a committee under M. M. Maréchal, then the French 
Délégué Général de la Recherche Scientifique et Tech- 
nique, was asked to work out specifie proposals. By the 
end of 1968, things had gone far enough for the council 
to ask for specific proposals as to how collaboration might 
be accomplished in seven specific fields. M. Maréchal 
was sueceeded by M. Aigrain, and a series of working 
groups under his direction has now presented the council 
of the EEC with a detailed account of the kind of research 
programme which might be mounted in each of the seven 








fields. The council is already well embarked on a thorough 
discussion of these proposals. There is some optimistic 
talk of a decision by the end of June, but this seems a 
remote possibility. 

The problems of the future of Euratom and of the 
political response to the Aigrain proposals are linked for 
several reasons, some of them entirely pedestrian but some 
of them going to the roots of what is technically possible 
in the framework of the EEC. To begin with, there is the 
plain fact that Euratom, like many other organizations 
created in the fifties to sponsor research and development 
in nuclear energy, finds itself lumbered with three com- 
munal research establishments (in Italy, Germany and 
Holland). Obviously these cannot be shut down over- 
night without giving the commission of the EEC (with 
which the Euratom commission was merged two years 
ago) a reputation as a bad emplover that would jeopardize 
all future attempts at European technical collaboration. 
It follows that there is a need to diversify the activities of 
the three research establishments, and the council of the 
EEC has repeatedly emphasized that it would like to see 
Euratom move in such a direction. In these circumstances, 
it is inevitable that Euratom should have seized on the 
Aigrain proposals as a splendid opportunity for finding 
projects on which to spend its energy. This is why, at 
the political level of the EEC council, Euratom seems to 
cut a sorry figure. 

Why has the you been a failure? And is 
failure too strong a word? A decade ago, only France 
among the six members of the EEC had any practical 
experience of nuclear power, and it seemed reasonable 
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that there should be some concerted action to make 
sure that the efforts of the other countries did not grow up 
independently and in conflict with each other. Moreover, 
there were a great many common services which could be 
sensibly coordinated by a central authority, from the 
collection of data on neutron cross-sections to the procure- 
ment of uranium ore and the establishment of common 
standards of safety and of procedures for making sure 
that fissile material would not be illicitly diverted to 
military uses. On paper, at least, the case for Euratom 
was overwhelming. 

Unfortunately, Euratom has been dogged by bad luck, 
some of it avoidable. The first programmes of activity 
in the mid-fifties were based on the assumption by the 
Euratom organization that it would be possible to lead 
by the hand nations such as West Germany which had not 
then seriously embarked on nuclear power developments, 
showing them some unknown but promised land. To be 
sure, the planning of the Euratom organization was based 
on the assumption that the enterprises then in existence 
in Western Europe would be able to carry out the kinds of 
developments already carried to near-fruition in the 
United States and the United Kingdom, with the result 
that Euratom itself put most of its energy into the 
development of reactors based on the use of organic liquids 
(with small cross-sections for neutron absorption) as 
coolants and with heavy water as moderators. This 
programme, known as Orgel, has now been abandoned 
with the publication, in April, of the Euratom proposals 
for the next five years or so. 

In retrospect, it would have been better if Euratom had 
not set about reactor development on its own account but 
had, rather, concentrated on attempts to bring industrial 
companies into the development of several kinds of 
reactor projects. To be sure, that would have been a 
political exercise, and a hard one, but the officials of the 
EEC are never tired of pointing out that the EEC is, 
in any case, a political organization whose character 
cannot be denied. And it is also fair to acknowledge that 
the reactor demonstration programme which Euratom 
mounted in the late fifties has done much to lay the founda- 
tions for the nuclear power industry in Germany. Cer- 
tainly, German spokesmen are not shy of acknowledging 
their debt to the organization now very much in the public 
pillory. The reasons why other countries have profited 
less—and why France in particular has derived very little 
profit from Euratom—-are probably to be found in the way 
in which policies on nuclear power were closely identified 
with national prestige when nuclear power stations were 
in their infancy in the mid-fifties. 

The truth is, however, that Euratom was never able to 
establish a commanding position in the development. of 
nuclear power stations in Western Europe. France was 
always too far committed to gas-cooled reactors to be 
able easily to change course, while Euratom Jacked either 
the technical judgment or the courage to make a bid for 
fast reactors before these, too, were pre-empted by indi- 
vidual nations. The result, however, is ludicrous to the 
point of tragedy. Three of the six members of Euratom— 
and the three largest members—-have separately embarked 
on the development. of fast reactors. Such collaboration 
as there promises to be among them will come about not 
by the doing of Euratom but by private arrangements 
between industrial companies m the three states. In a 
curious way, Euratom has served not so much as a means 
of cooperation as a device for intensifying the competitive- 
ness of its members. The problem has been analogous 
to that of the research associations in Britain, which 
have often been used by the industrial companies which 
belong to them not as means of sharing in collaborative 
research but as devices for trying to measure—ineffec- 
tively, no doubt--what competitors were about. 

Thus, although the expenditure of the six countries on 
nuclear research and development has worked out at 
about $750 million in each of the past three vears, the 





proportion of the national budgets dev. 
of Euratom was merely 14:7 per cent in 2 
it has been halved. 

So what is to be done? For the past fev 
officials of Euratom have been trying to p 
a package proposal which will not tread on i 
interests of too many member states but which 
the same time, seem worthwhile and realistic t+ 
who will have to foot the bill. The document in^ 
tne proposals are embodied, circulating in Brussels -$ 
the end of April, is. full of somewhat nostalgic and ev 
bitter phrases, reflecting accurately the sense of betraya. 
which many Euratom people share. The agreement 
between the Netherlands, the United Kingdom and West 
Germany for the development of enriched uranium. by 
means of centrifuges seems to have been especially 
wounding, and the plan for the future says: that this 
development has ‘‘created a new situation”. . Rather 
lamely, the document also recommends that the council 
should decide now to embark on a programme of’study 
and preliminary research with the objective of finding out 
whether it would be worthwhile eventually to build uranium 
enrichment plants based on gas centrifuges. In practice, 
however, the consequence of the tripartite decision to 
build gas centrifuge plants is not that Euratom may find 
itself trying to follow suit within the EEC but that the 
relationship between West Germany and the other part- 
ners may be so soured that collaboration even on the 
sensible reactor projects which have been proposed may 
turn out to be impossible. . 

In formulating its new proposals, Euratom has done 
everything which could have been expected of it to draw 
attention to the foolishness of the parallel development of 
different. types of reactors in several member states. 
This time, however, its solution is not some common 
programme of research and development but “the re- 
structuring of the nuclear industry on a multi-national 
basis”. The argument is that it will only be possible to 
pool the work of research and development if the potential 
commercial rewards are pooled from the start. To help 
with the development of new types of reactors, the 
commission also proposes that there should be a system by 
means of which the commission can help with the differ- 
ence between the cost of building and operating a new type 
of reactor and that of building and operating a conven- 
tional type of plant, nuclear or otherwise. (This demon- 
stration programme would be exactly analogous to that 
which has been used successfully in the United States 
and West Germany for the support of new types of 
reactors.) The new proposals draw attention to the need 
for coordination of national research programmes in three 
particular areas—fast reactors, high temperature gas- 
cooled reactors and heavy water reactors. At this stage, 
however, Euratom is seeking merely the power to coordin- 
ate the separate development of reactor programmes 
in the several member states. 

The chances are that this proposal will, like others 
before it, founder on the vested interest of the national 
public authorities for the development of atomic energy. 
The common view among European governments seems 
to be that the devotion of the French Atomic Energy 
Commission to the gas-cooled natural uranium reactors 
already built for Electricité de France is the biggest 
immediate stumbling block. France is plainly also at a 
disadvantage, at least in comparison with West Germany 
and Italy, in its lack of powerful industrial companies 
with experience in nuclear power stations. 

Like other atomic energy organizations, Euratom would 
also diversify its interests, and would in particular divert 
the energies of some of the people in the common research 
centres towards some general problems. Chiefly because 
of the way in which it has been looking over the shoulder 
of the Aigrain working groups, Euratom has now been 
able to put forward a number of specific proposals, inelud- 
ing the abatement of public nuisances and particularly 


















ns of pollution, the development of data processing 
ems and the building up of a standard reference bureau 
Fscience and technology much along the lines of that 
‘veloped by the National Bureau of Standards in the 
nited States. 
The detailed proposals on the abatement of nuisances 
will illustrate the character of what the commission has 
proposed. The plan is that just over a hundred scientists 
in the common research centres should be employed on 
programmes of research, including the working out of 
quantitative methods for predicting degrees of pollution, 
the development of methods of measurement of pollutants, 
the study of the biological effects of pollutants, the investi- 
gation of the natural cooling of water masses, the develop- 
ment of catalytic methods for gettmg rid of polluting 
chemicals and, finally, “the development of the methods 
and techniques of molecular biology with the objective 
of applying them to the detailed study of the effects of 
pharmaceutical and toxic substances on the genetic 
material in living things and on the natural processes of 
detoxification”. It will be interesting to see whether the 
council has a specific comment to make on the feasibility 
of this ambitious programme, but it is hard to see how 
such a recipe can be anything but an assurance that the 
efforts of a hundred people will be hopelessly scattered. 
What assurance is there that the proposals of the 
Aigrain groups will be more down-to-earth ? Of the fifty 
or so projects which have been canvassed at various times, 
the interest of the commission has settled on seven, which 
have been worked up in some detail and which are being 
mulled over by the council of the EEC. Here again, the 
somewhat forlorn hope is that the discussions can be 
completed by the end of June. The seven projects singled 
out for special study include the three which Euratom has 
included in its proposals together with a scheme for 
building a large computer, a plan for a collaborative pro- 
gramme in oceanography and certain lines of common 
development in telecommunications (excluding satellites), 
materials science and transport. The intention is that 
industrial cempanies shall be brought into these schemes 
from the beginning, and that the groups involved should 
usually be international consortia. The collaborative 
projects are meant to be permissive in the sense that they 
should allow member states to contract out without bring- 
ing the whole enterprise to a halt. One further advantage 
of the kind of framework which the Aigrain groups appear 
to have in mind is that there should be no substantial 
increase of direct public expenditure or even a further insti- 
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tutionalization of government laboratories. Although 
many of the considerations which have perplexed Euratom 
in the past few years will also apply to the further schemes 
which are now proposed, and although there is nothing in 
what has happened in the past few years to show that 
interlocking systems of committees can satisfactorily 
determine the paths along which technical progress can 
most effectively be made, the hardheadedness of M. 
Aigrain is at least some kind of a guarantee that the pro- 
jeets will be practical proposals when they eventually 
emerge from the council. 

For countries outside the EEC, the Aigrain development 
is of great importance because of the way in which it has 
been agreed that they should be inv ited to collaborate 
with whatever schemes are eventually agreed among the 
six member nations. A sign of this is the way there have 
already been discussions between European companies 
and the British computer company ICL Ltd about possible 
participation in the development of a really large elec- 
tronic computer. No doubt all this comes too late to help 
with the problem of diversifying the activities of British 
Government laboratories, but there is a promise of some- 
thing for the future. 

On. the face of things, at least, these schemes now well 
on the way to hatching, offer countries like the United 
Kingdom an opportunity to participate im European 
technological collaboration even before the still hypotheti- 
cal question of Common Market membership is decided. 
With this heady prospect. it is important to remember 
that a chance to contribute to the cost of a technological 
development in return for the experience it will bring is 
not in any sense the same as the enjoyment of the oppor- 
tunities of scale which the commercial market of Europe 
offers. 

There are also some snags. No amount of contriving 
by the Aigrain working groups can finally rid the specific 
proposals of a certain sense of unreality. The Brussels 
bureaucracy would see to that if there were not other 
forces at work as well. Most of the plans will seem to 
potential entrepreneurs and innovators less tangible than 
they would have drawn up for themselves. In these cir- 
cumstances, there is a danger that countries such as Britain 
will find themselves reacting towards the proposals now 
being prepared much in the spirit in which the British 
Government has withdrawn from ELDO., The trouble here 
is that such a course of action pays no regard to the in- 
tangible and commercially incommensurate rewards of 
European collaboration. That is a pitfall to be avoided. 





international Organizations— 
Coordination and Exhortation 


Paris, May 

Ir policy in science and technology is now a tangible 
activity distinct from other kinds of publie administra- 
tion—and if that is a welcome state of affairs—-a good part 
of the credit should go to the Organization for Economic 
Cooperation and Development (OECD), a loose associa- 
tion of European states which has now been enlarged to 
include the United States, Canada and Japan as well. 


For the past fifteen years, the scientific secretariat at the 
OECD has been trying to encourage among the member 
states greater sophistication in the formation of public 
policies on scientific matters and on higher edueation. 
At the beginning, there was no great reason to expect 
that this missionary work would be successful. Not merely 
is OECD a largely voluntary organization within which 
governments may choose not to submit to unwelcome 
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examination or advice, but it was also clear, fifteen years 
ago, that many of the essential problems of what is now 
called science policy had not been formulated. 

Much of the success with which OECD has been able 
to function in the past deeade stems from the way in 
which the scientific secretariat, the director of which is 
Dr Alexander King, has been able to identify problems 
which are plainly meaningful. It is OECD, for example, 
which has given the widest currency to the use of yard- 
sticks of international comparison such as the proportion 
of the GNP devoted to research and development. For 
better or worse, the widespread use of this yardstick has 
been directly responsible for prompting some European 
nations to increase their expenditure on research and 
development-—Ireland and France are two very different 
illustrations of the effectiveness of such international 
blackmail. This has functioned most effectively in the 





The OECD Dragon reactor experiment at AEE Winfrith. 


course of the detailed examinations of national science 
policy which the OECD has carried out. These usually 
take the form of a detailed examination by outside 
experts of national government machinery for the ad- 
ministration of science policy, followed by a more or less 
formal confrontation between the examiners and their 
examinees. 

More recently, the OECD has taken to arranging for 
meetings of science ministers or their equivalents to 
explore ways in which the efficacy of research and develop- 
ment in Western Europe might be improved. The third 
meeting in this sequence, in March 1968, served to illus- 
trate the common anxiety in Western Europe about what 
is known as the technology gap between Europe and the 
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United States. This in turn has spurred the Seieritific 
Secretariat on with its transatlantic comparisons of several 
industries—electronices, scientific instruments, plastics, 
pharmaceuticals and non-ferrous metals have all been: 
covered in some detail. ; 

OECD has been less successful at building institutions. 
for collaboration in science and technology. The most 
tangible achievement in this direction is the European” 
Nuclear Energy Agency, established in 1957 in cireum- 
stances which made it seem to many people as a British 
device for out-manoeuvring Euratom. In practice, the 
ENEA has served as an agency for several joint: projects— 
the Dragon reactor development in Britain, the Halden 
reactor sited in Norway and the Eurochemie separation 
plant at Mol, Belgium. There are also schemes for the 
exchange of information on neutron cross-sections and 
the like and the compiling of a library for computer 
programs. On reactor projects, however, there cis: a 
natural tendency for nations to collaborate most willingly 
on projects which are somewhat marginal in Importance 
and which might not otherwise be pursued at all. From 
this point of view, the success of the Dragon, high- 
temperature reactor is almost an uncovenanted benefit. 
Certainly the OECD has not been able to make sense so 
far of the almost bizarre circumstances in which no fewer 
than four countries—Britain, France, West Germany and 
Italy—are engaged on substantial programmes of develop- 
ment aimed at working breeder reactors. This seems a 
sure recipe for the fragmentation of the market. 

OECD has also failed—through no fault of its own—to 
bring to fruition some of the schemes for building institu- 
tions intended to help in the management of research. 
One of these schemes, advocated by the British Govern- 
ment at the ministerial meeting last March, would. have 
created what is called a European Research Council 
Uncertainty about the objectives of this proposal is only 
one of the reasons why it has so far come to nothing. Yet 
another scheme, for a European Institute of Technology. 
—coneceived of now more as a joint planning institute 
than a university—has not yet attracted the kindof 
support from member nations that would give it influence. 

As events have developed, it may be that the most: 
serious defect in the present influence of OECD on. the 
development of science policy in Europe is the way in 
which it is almost inevitable that the simplest analyses of 
present circumstances tend to be accepted as universal 
lessons. The yardstick of the ratio of research and 
development to GNP is, for example, misleading because 
of the way in which it conceals variations from one 
country to another of the balance of the science budget. 
Then there is a suspicion that the OECD has jumped too 
readily on the bandwagon of being beastly to academic 
research for the sake of winning a quicker economic 
return from funds invested in research and development. 









French Research after Eleven Years of Gaullism 


from our Paris Correspondent 


As yet, no organized enquiry has shown what percentage 
of French scientists helped to bring about General de 
Gaulle’s departure by voting against him at the recent 


referendum, But it is very probable that this was a high 
percentage and that the scientific “caste” underlined by 
its action its markedly aggressive character, a trait which 
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distinguishes it from other professional groups. There 
are many well known reasons for this, some of a general 
nature (such as the predominance in this very politically 
minded chele of left wing or extreme left wing sy mpathies) 
and some more specific. Nature has on several occasions 
pointed out how discontented research workers are, par- 
ticularly the younger ones whose status is often precarious 
and whose future careers are uncertain. The budgetary 
restrictions which were stipulated at the end of last year, 
together with the ideas fermenting in May, have aggra 

vated this latent discontent and pr oduced in recent 
aortic a pretty tense atmosphere. 

This does not mean that the imminent arrival of a new 
president will be sufficient to bring calm to the situation. 
Whoever is elected in June will inherit a financial situation 
that will not allow him to loosen the purse strings at all 
significantly. And if the French choose M. Pompidou it 
is doubtful whether he will want to. The present deputy 
of the Cantal region has the reputation for being a man 
to whom expenditure on research smacks somewhat of 
charitable patronage rather than investment by an enter- 
prising state. Though his policies are somew hat vaguely 
defined, he appears increasingly to the electorate to be 
the man whose aim it is to rid Gaullism of its ‘‘day- 
dreaming element” (to recall a phrase he used about the 
celebrated “participation”? which the General had made 
the linchpin of his policy ever since May 1968). This 
down to earth realism seems hard to reconcile with the 
wish to generate more business activity or to pursue 








costly scientific enterprises, and it might well show itself 


in stagnation or even a slowing dewn of the efforts made 
during the past 11 years, 

Will research workers come to regret the General's 
departure ? Whatever happens, they will probably come 
to make a fairer assessment of l1 years of Gaullism. 
The very fact that in 1958 they numbered | 25,000 (17,000 
full-time equivalent) and today they number 90,000 
(65,000 full-time equivalent) is proof of some very positive 
results from the Fifth Republic. Whereas in 1963 the 
proportion of the GNP invested in research was only 
some 1-6 per cent, today it is nearly 2-3 per cent. The 
creation of machinery essential to French scientifie policy 
(a Ministry of Scientific Research, the General Delegation 
for Scientific Research, the Interministerial Committee for 
Scientific Research and the Consultative Committee or 
twelve wise men) all took place after General de Gaulle 
came to power. Under his presidency were established 
important. bodies such as the CNES (National Centre for 
Space Studies) in 1962, the INSERM (National Institute 
for Health and Medical Research) in 1964 and the CNEXO 
(National Centre for the Exploitation of the Oceans) in 
1966. Lestly, the General’s reign has seen the launching 
of ambitious projects of which the most spectacular is 
the Plan Calcul, a scheme to give France a competitive 
computer industry. 

It would be tedious to give an exhaustive list of the 
accomplishments of the Gaullist regime, but in the 11 
years during which the General has dominated the scene 
we have seen the birth of a scientific policy in France, a 
policy which, though far from perfect, does at least exist. 
Under previous regimes quite strenuous efforts have some- 
times been made, but it was not until 1958 that an overall 
framework matched by adequate means was conceived 
and put into operation, The Fourth Plan (1962-65) was 
the first. to integrate the problem of research and develop- 
ment with a studied view of the prospects for the French 
economy. The Fifth Plan (1966-70) was a further step 
forward, as it did in fact outline a strategy for technical 
and scientifie progress. 

The opponents of Gaullism use two kinds of arguments 
to detract from these achievements. Firstly, they say, 
any government in power during the past decade would 
have had a scientific policy. In this respect de Gaulle 
was lucky to come to power just when France, having 
recovered from the war, was able to undertake long term 
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projects which until then had been ruled out by more 
urgent matters. Furthermore, the measures taken by the 
Fifth Republic were the culmination of a long period of 
preparation begun during the Fourth and sometimes 
even the Third Republic, particularly at the time of the 
Popular Front in 1936. Gaullism, therefore, is taking all 
the credit for these measures quite unduly. 

One could argue indefinitely over the validity of 
criticisms like these. But there is another kind of argu- 
ment which must be taken seriously and that is the 
criticisms of the efficiency of the system created by 
Gaullism. There is no doubt that considerable progress 
was made under the tutelage of the General (whose 
personal involvement in drawing up a scientific policy 
seems in any case to have been limited), his ministers 
(who were often colourless—the Ministry for Research 
was nothing more than a folding chair on which to sit 
and wait for something better) and especially his civil 
servants. But one must admit that the results are often 
disappointing, and the opposition is not alone in saying 
so. A recent report on the execution of the plan shows 
that the Fifth Plan would certainly not have been fully 
realized at the end of 1970 even if the expenditure planned 
for 1969 had not been cut back, and it states that funda- 
mental disciplines in particular suffered as a result of this 
falling off, which unquestionably dates from 1966. In 
other words, it is acknowledged that, even if there had 
not been a crisis in 1968, the Government's ambition to 
raise expenditure on scientific research to 2-5 per cent of 
the GNP (the level reached in Britain since 1963) would 
not have been realized. 

Tt is not only the vohume of scientific research and 
development that has been called into question but also 
the kind of work undertaken. Nature has already noted 
the abandonment, now more or less official, of the graphite- 
gas nuclear process in which a good deal of capital has 
been invested. Although M. Galley (who was personally 
responsible before becoming Minister for Research in 1968) 
is a passionate defender of the Plan Caleul whenever he 
gets the chance, it is common knowledge that the desire 
to get France into the computer market was nothing more 
than a presumptuous gamble. Despite the existence of 
such i ingenious systems as that for “Concerted Action” or 
the lannching in 1965 of “Development Aid”, all of which 
are trying to encourage innovation in industry, French 
firms continue for the most part to lack boldness and 
initiative. The committee of the twelve wise men, among 
whom are several industrialists, itself criticized some time 
ago in quite strong terms the quality of research carried 
out in private laboratories and deplored the fact that in 
France generally there is “too much subcritical research” 
—-that is, too much research carried on by teams that 
are too small and too seattered. 

The problem of the quality of the men themselves is 
also raised in the same document (Prospective de la 
Recherche Scientifique et Technique en France, published 
in Le Progrès Scientifique Nos. 126-129, Paris, 1969). 
University reform, carried out in extremis under pressure 
of opinion from May 1968 onwards, will perhaps provide 
a solution in the next few years . though this is still only 
hypothetical. What we can be sure of is that the French 
education system, according to the authors of the report, 
“does all it can to stifle the qualities of imagination, 
curiosity, creativity and interest in technology The 
success of the ambitious Gaullist policy was compromised 
at the outset by the inability, even in the opinion of 
government advisers, to remedy these deficiencies 

It does seem, however, that even before the referendum 
that ousted de Gaulle from the Elysée Palace a difficult 
phase had been passed and more modest and reasonable 
ideas were beginning to prevail. The report quoted 
here, while affirming that France must “‘keep at least a 
watchful eve on all the key sectors’, concedes that 
France “cannot be active everywhere”, This last phrase 
ties in with another which states that “Europe must be 
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actively present in all the key sectors”. This discreet 
sign during the last phase of Gaullism of a more European 
rather than a nationalistic approach to scientific policy 
is borne out by other signs (see, for example, Nature, 221, 
898; 1969). 

Whoever becomes the new 


President of the French 


FRANCE 
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Republic, it is unlikely that he will discourage this 
tendency. But it would be premature to be excessively 


optimistic. On the eve of the referendum, an important 
French civil servant was saying: “Even if de Gaulle 
stays, England will enter the Common Market. But even 
if he goes, she will not enter until... 19757. 


Confidence, Optimism and Uncertainty 


Paris, May 

To outsiders, at least, French science is in good shape, 
which is a remarkable state of affairs after what must 
have been the most turbulent period in French academie 
life for the whole of a century. It is true that a great 
many university teachers say that it may be necessary 
to write off the whole product of the past year, which is 
the same thing as saying that so many students and so 
many members of the faculties have been wrapped up in 
questions of university reform that they have been ill- 
equipped with the kinds of skills which higher education 
is reckoned to provide. It is therefore only fair to acknow- 
ledge the other side of this coin-—-the stimulation which 
plainly stems from the present preoccupation with how 
to change a system which until recently seemed to have 
died on its feet. 

So far as scientists are concerned, there is no denying 
the benefits which have come from the rapid growth of 
the science budget in the past decade, and especially since 
1962. The physical signs are plain enough—-new equip- 
ment in old laboratories and, still more spectacular, new 
laboratories in and out of the universities. The penny- 
pinching and the foolish deprivation of the late fifties 
has disappeared, even though it is plain that in some places 
it has been replaced merely by adequacy, not plenty. 

The numbers speak for themselves. Between 1963 and 
1967, expenditure on research and development by the 
Jovernment (responsible for two-thirds of all funds) and 
by private industry all but doubled, from 6,640 million 
franes to 12,611 million franes. During the same period, 
the Government's contribution more than doubled, from 
4,357 million francs to 8.865 million franes. This is a rate 
of growth which is almost unprecedented in the sixties, 
and represents a successful carrying through of the 
Government's intention, one of the cornerstones of Gaullist 
pohey towards science, of matching the scale of expendi- 
ture in the United States and the United Kingdom. 
Helped a little by the British devaluation of 1968. ex- 
penditure in France on all kinds of research and develop- 
ment has already exceeded that in Britain in absolute 
terms, while the proportion of the national product of the 
two countries being spent on research and development. 
roughly 2-5 per cent according to definition, is at present 
substantially the same. 

The roots of this expansion he further back, in the 
fifties. and one striking indicator of what has been a 
sustained growth of the system is the rate of production 
of people with DSe degrees. Since 1952, this has been 
growing at thirteen per cent a year, with the result that 
the number of candidates for this degree, the equivalent 
of the Anglo-Saxon PhD, has increased from 300 a year 
in 1952 to more than a thousand. Even in the United 








States, where the higher degree industry is at least an 
order of magnitude greater than that in France, the output 
of PhD degrees has increased by only seven per cent a 
year. 

In circumstances like these, there seems to be compara- 
tively little apprehension at the way in which this sus- 
tained growth is likely to be interrupted both in the 
current financial year and during 1970, chiefly as a result, 
of the economic restrictions which have been foreed on 
the Government. In reality, however, the conflict between 
the growing numbers of active scientists at the universities 
and the temporarily reduced budgets of organizations 
such as the Centre National de la Recherche Scientifique 
(CNRS) are likely to be reduced at least until the end 
of 1970. 











CNRS Solar Energy Laboratory. 


The rapid growth of the immediate past is one of the 
reasons for this phlegmatic confidence. Another, probably 
more important. is the confidence which has been inspired 
by the operations of the Délégation Générale à la Recherche 
Scientifique et Technique (DGRST) and especially by the 
present holder of the post of Délégué Générale, who 
T M. André Maréchal early in February last 
year. Aigran, a physicist with interests in electronics 
and Sat state physies. has made a considerable mark on 
the system in the short time since his appointment. The 
signs are that the influence of the Délégation Générale 
can only be increased in the years ahead. 

The institution is, in itself, something of a phenomenon. 
Its function is ostensibly that of coordination. but its 
penetration of the several agencies of government is more 
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formal and more real than that of, say, the Office of 
Science and Technology in Washington. Formally, it is 
responsible to the Minister for Scientific Research, now 
M. Robert Galley, but its most important function is 
that of striking a balance between those parts of the 
budgets of the other agencies of government which are 
concerned with research and development. In this role, 
the Délégation Générale is able to exert a decisive in- 
fluence on matters such as the distribution of money 
between the various disciplines of fundamental research 
as these appear on the budget of the CNRS, itself a 
pensioner of the Ministry of Education. For the time 
being, at least, defence research remains outside this 
review procedure. (This is especially significant because 
of the way in which, in the early sixties, the military 
decision to manufacture nuclear explosives on a large 
seale brought about a sharp and unexpected increase of 
the expenditure on scientific resources and the way in 
which, in the past few weeks, second thoughts about the 
scale of the French defence programme threaten to bring 
about an equally sudden decline in the business of French 
military scientists.) But atomic energy, space research 
and oceanography are also supported by separate budgets, 
for which the Minister for Scientific Research is also 
responsible. One of the important questions in the years 
ahead will be the extent to which the influence of the 
DGRST will extend to these activities. 





The “Rapsodie” experimental fast reactor at the Cadarache 
Research Centre, near Marseilles. 


The office has done a good deal to stake out a larger 
claim for the years ahead. One of its important functions 
has been to provide the secretariat for an advisory com- 
mittee of twelve scientists and engineers drawn from 
industry and academic life, and popularly known as the 
twelve wise men. A year ago, the committee produced a 


report which spelled out the reasons why the scale of 


scientific research and development in France should 
grow until expenditure on these items would account for 


3-5 per cent of the GNP in 1980. This has now been 
published in the official bulletin of the DGRST. which 


a large measure of official and even political 
support for this aribitious forecast. The way in which the 
committee of twelve has been reconstituted so as to 
include greater numbers of people with industrial con- 
nexions is a sign that the DGRST is serious in its intention 
of channelling a greater proportion of the national re- 
sources towards industrial research and development. 
There are, of course, several flaws in this otherwise 
rosy picture. The rnost obvious of them, the reform of the 
universities, is, however, less depressing than it may seem 
at first sight. The chief objective of the plan announced 


implies 
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last November by M. E. Faure, Minister of Education, is 
to increase the autonomy of the universities and other 
institutions of higher education. For this purpose, the 
old institutions—more than a score of them altogether— 
have been separated into 600 specialized units, concerned 
either with teaching or research and corresponding, in 
many cases, to the university departments of university 
systems outside France. The immediate need, with which 
the universities are at present preoccupied, is to devise a 
means of electing a governing board as specified by the 
legislation, Students and junior staff as well as professors 
are entitled to vote, but the chairman of the committee 
which they elect must be a professor. It remains to be 
seen how successfully these committees will be able to 
administer their own affairs, financial and otherwise, and 
how successful they will be in the external competition 
for funds. There are also matters of grouping to be 
decided, and it is not yet clear whether the University of 
Paris will emerge as a federation of large groupings drawn 
up on disciplinary lines or, alternatively. as a collection 
of several independent federations—smaller universities. 
There are also doubts about the relationship between the 
new system and the grandes écoles, for the time being, at 
least, untouched by the Faure reforms. In circumstances 
like these, it is no surprise that estimates of the likely 
duration of the university reforms range from two years 
to ten. It is also clear that the university reforms will 
make necessary important changes in other institutions 
concerned with the support of scientific research. For 
example, there will obviously be serious problems in 
working out the relationship between the CNRS and the 
university system once the academic institutions enjoy 
such a degree of autonomy that it will be hard for them 
to stomach the way in which, at present, the salaries of a 
large proportion of the academics in science departments 
are carried directly by the budget of the CNRS 

There are also doubts about the success of two of the 
enterprises on which the French Government has recently 
lavished a good deal of its attention—the scheme for the 
development of computers known as the Plan Calcul and 
the setting up of a separate organization (CNEXQO) for 
the development of oceanographic engineering. In com- 
puters, it seems now to have turned out that the original 
hope that it would be possible to fight off the IBM in- 
vasion by the development of exclusively French comput- 
ing machinery has been frustrated; the problems have 
proved to be more difficult than that. This is why the 
Government has now declared itself in favour of an inter- 
national European company for the development of 
computers, preferably within the framework for collabora- 
tion in technology being worked out by the Maréchal 
working groups in Brussels (see page 838). 

One of the points which has emerged from the study 
earried out by the twelve wise men is that in France, as 
in many other countries, there has in the past decade 
been a tendency to spend too much on research in high 
energy physics and to carry out too much applied research 
in government laboratories. For this reason, at least if 
there is no serious interruption of the science policy of 
the past few years, there is likely to be a halt or even a 
decline in the amount of money spent on particle accelera- 
tors and on those who dance attendance on them. At 
the same time, the Government will be trying to get more 
of its sponsored applied research into the laboratories of 
industry. 

Oceanography is a different problem. In spite of the 
enthusiasm for CNEXO (which will function chiefly 
through a research station being built at Brest) and the 
40 million francs being spent on it in the current year, it 
remains to be seen whether the work which the organiza- 
tion is intended to accomplish will justify the creation 
of a quite separate organization for research and develop- 
ment, with the associated danger that there will be yet 
another vested interest to contend with in the years 
ahead. 
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UNITED KINGDOM 


New Directions Ahead ? 


THE past year in Britain has been one of success in the 
field but uncertainty where the machinery for the ad- 
ministration of science and technology is concerned. Thus 
the boom continues in both molecular biology and 
astronomy, but it remains to be seen just how the several 
agencies which are concerned with the administration of 
science will be related to each other in the years or even 
months ahead. The part which the United Kingdom will 
play in European collaboration is also uncertain, if only 
because it seems not yet to have been appreciated in 
Britain how seriously continental people regard the 
decisions not to participate in the CERN 300 GeV project 
and to withdraw from ELDO. It will be interesting to see, 
in the months ahead, how quickly the British Govern- 
ment is carried simply by the force of circumstances to 
acknowledge that membership of the CERN project is 
inescapable, in spite of all the trouble there has been. 

In strictly fiscal terms, however, science—and even 
academic science—seems to have escaped from the full 
rigours of the economic squeeze. The budgets of the 
four research councils which are concerned with the 
natural sciences have continued to increase, even though 
at a slower pace than in the recent past when the annual 
increase has worked out at something between 8 and 11 
per cent. Table 1 shows the trend of expenditure in the 
past 5 years. Both the Medical Research Council and 
the Natural Environment Research Council are plainly 
well favoured. The comparatively slower pace of growth 
of the Science Research Council, which is the chief source 
of individual research grants for the universities and of 
stipends for research students, suggests that the growth 
may not be enough to cancel out the growing cost of 
scientific research. 

Where academic research is concerned, the develop- 
ment of SRC policy is likely to be especially significant, 
partly because of its important role in the financing of 
university research and partly because the new chairman, 
Professor B. H. Flowers, shows signs of wishing to make 
the SRC more of an activist organization than it has 
been in the past. In a careful and thorough policy state- 
ment a month ago (Nature, 222, 421; 1969) he emphasized 
again his willingness to help to implement the Govern- 
ment’s wish to see that what is spent on scientific research 
should yield industrial and economic benefits. In practice, 
this implies not merely that the council is anxious to 
find industrially oriented projects for which to award 
research grants, but also a regulation that 10 per cent 
of all research studentships awarded should be given to 
young people carrying out research projects which have 
the blessing of some industrial enterprise. At a time when 
the research councils have agreed that the numbers of 








Table 1, 


EXPENDITURE OF RESEARCH COUNCILS IN MILLIONS OF 


POUNDS 
1966-87 1967-68 1968-69* 1969-70* 

Agricultural Research 

Council 9-935 11:880 13-353 14-663 
Medical Research 

Council 11-825 13-758 16-231 17-141 
Natural Environment 

Research Council 5-240 7-761 9-193 11-725 
Science Research 

Council 33-456 37-939 41-253 45-844 


* Estimated expenditure, 
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financial awards to postgraduate students in the sciences 
should be kept at a constant proportion of the numbers 
of people obtaining first degrees, this naturally means 
that there is now a shortage of grants for supporting 
students on PhD programmes of the once classical kind. 

All this fits in well not merely with the wish of the 
economic and industrial departments of the Government, 
and particularly the Ministry of Technology, to see some 
kind of reorientation of the direction of research, but also 
with some of the interpretations of the report. of. two 
official committees (under Professor M. Swann. and Dr 
F. E. Jones) which demonstrated the tendency of people 
with PhD degrees in science either to emigrate or to 
remain in academic life. Some of this analysis may 
already be inapplicable, if only because there is now a 
pause in the rate of university recruitment, while the 
recession in expenditure on science in the United States 
may have reduced the tendency of PhD graduates to 
emigrate without this having become apparent in the 
statistics. The most obvious danger of this state of 
affairs is that the anxiety of industry and the Government 
to reorient the direction of research may serve unwisely 
to reduce the number of PhD graduates and also divert 
attention from the need somehow to reform the structure 
of the PhD courses in British universities. 

One important sign of how the SRC may be able more 
deliberately to influence the pattern of scientific research 
in the next few years is the way in which the board which 
is responsible for giving advice to the SRC council on 
space research and astronomy has been able to make a 
thorough and hard-headed comparison of the usefulness 
of the different kinds of expenditure. This is the process 
which has intensified the feeling among professional 
astronomers and space research people that the British 
subscription to ESRO, which is administered by the SRC, 
does not bring value for money. The same process has 
led to the now widespread belief that it may, after all, 
have been unwise to lavish a large amount of money on the 
Isaac Newton telescope, the 92 inch reflector opened a 
year ago in the somewhat doubtful seeing conditions of 
the Sussex coast. At the same time, the Astronomy, 
Space and Radio Board has been able deliberately to 
encourage the setting up of some research programmes in 
infrared astronomy without the provocation of outside 
applications for grants but, rather, in the belief that some 
initiative was necessary to open up this field to British 
astronomers. If this is the pattern of future grant giving, 
everybody will profit. 

The SRC has clearly had less good luck in its handling 
of the proposal that the United Kingdom should contribute 
to the new CERN project to build a 300 GeV proton 
accelerator somewhere in Europe, and the repercussions 
of that sequence of events are by no means fully worked 
out. At the end of 1967, a committee appointed by the 
Council for Scientific Policy, which has the responsibility 
of advising the Minister of Education and Science on 
general matters as well as on the distribution of money 
between the four research councils, gave a somewhat 
grudging approval to British participation. Briefly, it 
suggested that the Government should agree to the British 
subscription to the new machine if it would at the same 
time acknowledge that such a heavy expenditure on 
nuclear physics would only be tolerable if it did not dis- 
tort the balance of scientific research in Britain within a 
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steadily rising budget for academic research. In effect, 
the British Government was asked to provide a guaran- 


tee that the academic research budget would rise at ‘the | 


rate of 9 per cent a year at least for the decade during 
which the machine would be constructed. The Séience 
Research Council seems to have had some difficulty in 
making up its mind on the wisdom of this proposal, but 
eventually seems to have made an urgent plea that the 
United Kingdom should contribute to the new machine, 
if necessary at the expense of the particle accelerators 
then operating at Harwell and Daresbury. 

In the event, the Government decided against the 
project a year ago, chiefly on economic grounds but also, 
it would seem, in ignorance of the fullextent of the reaction 
this decision would provoke in other European countries. 
The decision of the CERN council to go ahead with the 
project without the United Kingdom has probably been 
a surprise to some parts of the British Government. The 
SRC has responded by taking the view that British 
membership of the CERN project is sooner or later 
inevitable, and plans are being made to let the accelerator 
at Harwell (Nimrod) go out of service when its natural 
life is at an end, and not to refurbish it in the manner in 
which, for example, the Brookhaven accelerator in the 
United States is being given a new lease of life. This 
decision has already caused some heart-searching among 
scientists who consider that they get better service from 
the national machines than would ever be possible from a 
large international enterprise, while the Institution of 
Professional Civil Servants has teken a strong line against 
what seems to be a threat to the livelihood of some of its 
members. It remains to be seen whether the Government 
will be shamed by this development into agreement with 
the CERN proposal or whether it will regard the saving 
of money as a gratuitous benefit. 

In the devel lopment of institutions for the support of 
academie and long-term scientific projects, the recent 
growth of the Natural Environment Research Council 
has been remarkable. This institution owes its existence 
to a report in the early sixties by a committee under Sir 
Frederick Brundrett. The essence of the committee's 
argument was that the coordination of the geophysical 
and environmental sciences would make possible a more 
thorough exploitation of opportunities in fields as different 
as oceanography and the control of environmental pollu- 
tion. As things are turning out, however, the logie of 
this argument appears thin. Thus NERC seems to favour 
the creation of separate institutes for carrying out funda- 
mental research in circumstances in which it is by no 
means clear that the same objectives could not be attained, 
without the permanent commitment of resources, by 
spending the money in universities. There is also a danger 
that NERC will find itself attempting too much in fields 
such as the exploitation of oceanography-—a field to which 
the ambitions of the Ministry of Technology are also 
straying. The time may yet come when good sense 
requires that NERC should i divided between the Science 
Research Council and the Ministry of Technology. 

How would such a fission process be accomplished ? 
On the face of things, the Council for Scientifie Policy, 
with responsibilities for coordinating the policies of the 
research councils, would play a decisive part. One of the 
disappointments of the past year has been the seeming 
passivity of the council. It is almost as if the decision 
about the 300 GeV machine has drained the council of its 
capacity to seize the initiative. 

A part of the trouble lies in the current problems of the 
universities. The council has been preoccupied with 
questions such as the reasons why comparatively few of 
those who obtain PhD degrees eventually work in industry, 
or the difficulties of reeruiting young people to the sciences 
and related fields. In the long run, the work which the 
eouncil has done in this field may have an important 
influence on the pattern of education in British universi- 
ties. Much will depend on how the universities and the 
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scLools decide, as they will this summer, to liberalize the 
school curriculum. In the circumstances, however, the 
council seems to have left entirely untouched a number 
of exceedingly important questions—for example, the 
place of research and development in the twenty-six 
polytechnic institutions now being created as part of the 
Government's decision to encourage what is called a 
binary system in higher education. 

By comparison, the Ministry of Teehnology seems to 
have become a much more vigorous source of innovation. 
From its inception in 1964, the ministry has been a diligent 
advocate of the view that research and development which 
does not bring comparatively quick results is to be con- 
sidered almost as a luxury. This accounts for a good deal 
of the tension which exists between the Ministry of Tech- 
nology and the dependants of the Ministry of Education 
concerned with research and dev elopment. But if the 
ministry is now devoted to the view that industrial 
research is all-important, it is still hoping to find 
some way of enabling large publicly owned laboratories 
like the Atomic Energy Research Establishment at 
Harwell to play a direct part in the proccss of innovation. 
This is an important issue if only because of the size of 
these enterprises—roughly ten per cent of all research and 
development in Britain is carried out in laboratories under 
the control of the Ministry of Technology. It is probably 
too soon to tell how successful the ministry will be in 
trying to diversify the work of these laboratories, but it 
may yet turn out that the ministry is forced to the view, 
now apparently accepted in France, that industrial re- 
search is best. carried out m industry and not in govern- 
ment laboratories. 

The Ministry of Technology seems also to be the ageney 
most likely to shape the future policy of the United King- 
dom on space research, principally through the discussions 
now under way on the merging of ESRO and ELDO into 

a single organization. The objective here, shared by a 
good many European governments, is to build up some 
kind of international organization w ith the diversity and 
the strength of NASA in the United States. Since it 
now seems to be accepted that the British interest on the 
technological side is the development of communications 
satellites, and since the Science Research Council seems 
to hold the view that the ESRO subscription could be 
spent more effectively on other things, nobody will be 
surprised if the Ministry of Technology emerges as the 
custodian of British interests in this future organization, 

Two issues stand out. First, it is apparent that the 
coordination of the interests of academic science and of 
technology is not as strong as it should be. The Central 
Advisory Council on Science and Technology, responsible 
for providing edvice on scientific matters directly to the 
Prime Minister, seems never to have established an 
effective grip on the frequently conflicting interests of the 
Ministries of Technology, Education and Defence. The 
situation is almost exactly analogous to that in the 
United States in the late fifties, when the President's 
scientific adviser was still working his passage. 

It is also apparent that the official enthusiasm for 
research which will bring comparatively quick economic 
returns may eventually be damaging to the health of 
Br itish science as a whole. The most immediate danger 
is that the jaundiced eve being cast over the budgets of 
the research councils will serve only to intensify the 
shortage of highly trained technical people leaving the 
universities, 

In spite of these dangers it is also important that 
British science and technology is alive and productive. 
The quality if not the amount of what is being done in 
molecular biology remains outstanding. Astronomy 
thrives. Many people take pleasure in the way in which 
British initiative in the fifties helped to give point to the 
new theories of continental drift. And then there are 
vertical take-off aircraft and even signs of good progress 
in the resuscitation of the computer industry. 
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NORWAY 


Universities the Weak Link 


Tue growth of expenditure in Norway on research and 
development has been unbroken since the early sixties, 
and the cost of research and development now exceeds 
Ll per cent of the gross national product. The Nor- 
wegian Government provides close on two-thirds of what 
there is to spend, and the work is shared almost equally 
by the universities, industry and the public and private 
laboratories which are engaged on research. The manage- 
ment of the publicly financed research is organized 
through three research councils, each of which is attached 
to a different ministry in a manner which seems well 
designed to provide each of them with a sense of competi- 
tiveness, a substantial degree of autonomy and a certain 
clarity of purpo 

Of the three research councils, the most rapidly growing 
is the Norges Teknisk-Naturvitenskapelige Forkningsrad 
(Royal Norwegian Council for Scientific and Industrial 
Research) which was founded in 1946 under the wing of 
the Ministry of Industry and which manages, among 
other things, the country’s interests in atomic energy. 
The expenditure of the NTNF has doubled in the past 
six years. The Norges Lanbruksvitenskaplelege Forsknings- 
rad (Agricultural Research Council of Norway) and the 
Norges Almenvitenskapelege (Norwegian Research Couneil 
for Science and the Humanities) were founded in 1949 
and are attached, respectively, to the Ministries of Agri- 
culture and Education. One piquant feature of this 
arrangement is that the expenditure of the NLVF and 
the NAVF have until recently been met out of the funds 
made available by the state-run football pools, but it 
does now seem that their combined needs exceed the sum 
thus made available (32-8 million Kroner or $5-05 million) 
with the result that the NAVF is now also provided with 
funds directly by the Government. One untoward conse- 
quence of this unusual method of financing is that the 
expenditure of the research council increased quite rapidly 
in the fifties but was then held back to an uncomfortable 
degree during the sixties. 

The coordination of research policy was strengthened 
in 1956 with the appointment of the Hovedkomitéen for 
Norsk Forksning (the Central Committee for Norwegian 
Research), consisting of close on a seore of independent 
members from industry and the universities. This provides 
advice to a Cabinet committee of five ministers who are 
ultimately responsible for the balance of the research 
programme. The Central Committee for Norwegian 
Research has urged (1968) that there should be a direct 
state appropriation for all the research councils in its 
report, Recommendations for a Norwegian Research Policy. 

For the past few years, there has been a good deal of 
anxiety about the possibility that university research 
might suffer from the inevitable preoccupations of the 
Ministry of Education with the problems of financing a 
rapid growth of the university system as such. (One 
persistent complaint among academic scientists is the 
degree to which the Norwegian Parliament intervenes in 
the management of higher education, retaining powers to 
decide the establishment of new kinds of degrees and 
even, on rare occasions, debating the creation of new 
chairs.) 

The distribution of research funds among the univer- 
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sities and other institutes is shown in Table 1, for the most 
recent year for which comparable figures are available. 
During the past few years, the NTNF, independent as 
it has been of the success or otherwise of the football 
pools, has grown steadily, doubling the scale of its ex- 
penditure in rather less than six years. In 1969 it is 
expected to spend Kr. 106 million ‘million ($15 million), 
an inerease of 13 per cent on the year. Since roughly 30 
per cent of the expenditure of the ‘council goes to support 
the Institutt for Atomenergi, the improvement in the 
funds devoted to several industrially oriented institutes 
dependent on the foundation has been considerable. The 
diversity of these institutes is remarkable—the council 
supports a building research station to the tune of Kr, 6-8 
million a year (three-quarters of its total budget) and the 
distinguished Norwegian Geotechnical Institute, which has 
done pioneer work in the past few years in the use of auger 
drills for providing buildings with their foundations. 


Table 1. RESEARCH AND DEVELOPMENT IN NORWAY LN 1966: BY 
SECTOR OF PERFORMANCE AND SOURCE OF FINANCE GN MILLIONS 

OF NORWEGIAN KRONER} 

Univer- Research 

sities institutes Industry 
Public funds ri 5-3 36 
Industry 1513 
Foreign sources 2 -B 39 
Others j 


Percent- 
Total age 


The growth of expenditure on scientific and industrial 
research through the NTNF has not, however, been 
accompanied by the solution of the structural problems 
in the organization of academic research and higher 
education which are long standing sources of discontent. 
To be sure, the dominance of the University of Oslo 
(which at present has roughly half the students in higher 
education in Norway) is likely to be eroded, to its own 
satisfaction, by the establishment of universities at Trond- 
heim (which is already blessed with an institute of tech 
nology and a teachers’ college) and Tromso. (The Univer: 
sity of Bergen, established after the Second World War, 
is at present a quarter of the size of the University of 
Oslo.) Even so, problems will remain about the provision 
of postgraduate training in Norway. Part of the trouble 
is the small size of the university system, which makes it 
hard for the interests of promising research students to 
be catered for adequately. This is why Norwegian acad- 
emics are worried by the tendency for young academics 
to go abroad and then to stay abroad, principally to 
North America. Twenty per cent of all Norwegian PhDs 
have received their degrees at foreign universities and 
41 per cent of these have been obtained in the United 
States. It seems also to be recognized that the way in 
which the pattern of research in particular subjects is 
frequently determined by the grouping of small research 
institutes, with a single professor in charge, around a 
university faculty, is an impediment to the free flow of 
ideas and people which gives the large American uni- 
versities their strength in the sciences. By contrast, 
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however, the exchange of people between Norwegian 
universities and industry seems to be every bit as good as 
would be expected in Western Europe. The NTNF has 
had some success in tempting postdoctoral fellows from 
abroad to work in Norway—it awarded postdoctoral 
fellowships to twenty-two people during 1968, and past 
experience shows that something like 15 per cent of 
these will stay on for longer than the term of years first. 


IRELAND 


Much Room for Growth 


THE past year has been the first in which the Irish Republie 
has been provided with a coordinating body for scientific 
research and development. The National Science Council 
was in fact established after an examination carried out 
jointly by the Irish Republic and the OECD in 1963 and 
it came into being in January 1968. Understandably. there 
has been very little time so far for the council to have 
made its mark under the several independent agencies 
which at present support research in Ireland. It is, 
however, plain that the council has come into being at a 
time when expenditure on scientific research is growing 
quickly. It is estimated that total expenditure, from all 
sources, on research and development amounted to £3-8 
million in 1963 and that this had increased to £6-1 million 
in 1967. Although this represents a 9 per cent increase 
each year, expenditure on research and development is 
still a comparatively small proportion—roughly 0-6 per 
eent-—-of the GNP. Evidently one of the council's first 
preoccupations will be to devise means of increasing the 
growth of expenditure. 

The council has, however, laid down that it will do its 
best to encourage the development of industrial projects 
and for this reason has devised a scheme for providing 
research and development grants to industry, ostensibly 
with the intention of reducing the dependence of Eire on 
“imported know-how”. The scheme is to provide for up 
to 50 per cent of the cost of research programmes over 
a period of 3 years so long as the work concerned is 
carried out in Ireland. This scheme, unusual among 
government devices for stimulating research and develop- 
ment in industry, will—if approved—be a means by which 
industry can take the initiative in guiding the direction 
of industrial research. This is consistent with the march- 
ing orders provided for the council early in 1968 by Mr 
C. J. Haughey, who emphasized that anything the council 
recommended as a national science policy should be 
concerned with “those aspects of science which foster 
economic progress” 

In academic research, the council acknowledges that 
there is a need for more research and better coordination. 
What the council would like to see is a scheme whereby it 
could make grants for the support of research projects, 
but it seems in this connexion to be seeking to foster 
close links with industry even at a time when there is 
good reason to suspect that the universities may not be 
sufficiently well endowed to serve the council’s aim of 
attracting emigrant Irishmen back to Ireland. 

The future of university research in Ireland will be 
influenced, for better or for worse, by the decision at the 
end of 1967 that the University of Dublin (Trinity College, 
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contracted for. By contrast, however, it is rather puzzling 
that there has recently been a decline in the enrolment of 
students at Norwegian universities—in 1967 a total of 
5,350 Norwegian students embarked on higher education, 
which represents a considerable decrease in the numbers 
of new students for the departments of philosophy and 
seience, but in Norway, as elsewhere, the social sciences 
are booming. 


Dublin) should be merged with the National University 
of Ireland (University College, Dublin). The plan is that 
the merger should be complete within 2 years from 
now. All the signs are that the merger is proving to 
be difficult. Much will depend on the extent to which the 
religious differences between the two foundations can be 
forgotten and on the extent to which the National Science 
Council can sweeten the pill by providing extra money. 





Dunsink Observatory, Dublin. 


There have been a number of developments in the 
organization of research institutes maintained by the 
Irish Government. It is, for example, intended to re- 
organize the Geological Survey Office, chiefly with the 
intention of converting this into a device for playing a 
fuller part in the economic development of Ireland, chiefly 
by intensifying the effort spent on prospecting. There is 
an ambitious plan to reorganize the National Standards 
Laboratory, the Institute for Industrial Research and 
Standards, chiefly again by providing closer links with 
industry. The National Science Council is asking that the 
laboratory's budget should be increased substantially from 
the £500,000 spent in 1968-69, The detailed proposals 
which the council makes would suggest that the laboratory 
would grow into a replica, possibly on a small scale and 
certainly with its own national character, of the National 
Physical Laboratory in Britain or the National Standards 
Laboratory in the United States. 
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Bulk Modulus Shrinkage and Thermal Expansion 


of a Two Phase Material 


by 

D. W. HOBBS 

Materials Research Department, 
Cement and Concrete Association, 


Wrexham Springs, 
Slough, Buckinghamshire 


A SIMPLE theoretical explanation was recently given by 
Cribb? to account for the shrinkage and thermal expansion 
of a two phase matenal. Two assumptions were made: 
that the stress induced at the matrix-aggregate mterface 
is given by 

3k, ky (Sı— 81) 
F kı— k; 


and that the linear shrmkage of the composite is given by 


P P 
cc Sue e 3k 
where kı, k, and k are the bulk moduli of the matrix, 
aggregate and composite, respectively, and S, and S, are 
the lmear shrinkages of the matrix and aggregate. Cribb 
assumed that S,> Sa 

These equations imply that P is infinite when k, and ks 
are equal, and that S+S, when ky—>k,. Neither of the 
equations is therefore realistic. 

In this article, a simple theoretical approach is used to 
obtam the bulk modulus, shrmkage and thermal expansion 
of a two phase material. The approach is in some respects 
simular to that given by Cribb'. It is assumed that the 
matrix and aggregate are homogeneous, isotropic and 
elastic and that the two phases fit together perfectly. 


Bulk Modulus of a Two Phase Materlal 


If a two phase material 1s subjected to an applied 
hydrostatic pressure or tension c and k, is not equal to kı, 
then a change in stress 1s induced ın the two phase material 
by the aggregate particles. If k>k, then this stress 
reduces the volumetric strain in the matrix and increases 
the volumetric strain in the aggregate; if ky<k,, the 
changes in volumetric strain are reversed. 

In order to eliminate Poisson’s ratio from the calcula- 
tions, it is assumed that at the matrix-aggregate interface 
the volumetric strains in the matrrx and aggregate are the 
same and that 


P=k, dV,=—k, dV, (1) 


where dV, and dV, are the volumetric strains induced in 
the matrix and aggregate, respectively, by the change in 
stress, P; which occurs in the aggregate particles. The 
change ın stress in the matrix at the matrix-aggregato 
interface ıs therefore taken to be — P. This is a simplifica- 
tion, for if ky>k,, the stresses acting in the matrix at the 
interface are a radial compression and tangential tensions; 


A simple theoretical approach is used to obtain expressions for bulk 
modulus, shrinkage and thermal expansion of a two phase material. 
To apply the expressions It is necessary to know the bulk modulus 
of a composite containing pores In place of the aggregate particles. 


and if k,<k,, then the stresses are radial tension and 
tial compressions. 
At the matrix-aggregate interface we have 


V,+4V,=V,+47, (2) 


where V, and F, are the volumetric strains of the matrix 
and aggregate, respectively, each subjected to an applied 
hydrostatic pressure c. Thus V,=0/k, and V,=o/k,. It 
follows from equations (1) and (2) that the predicted 
change in stress in the aggregate particles is given by 


= kı—k, . 
ky thy 





P (3) 


The change ın volumetric strain of the composite under 
stress P is obtained by addıng together the strains 
produced by the twe stress systems illustrated on the 


right-hand side of Fig. 1. 
p 
t 
t { 


Fig 1. Equivalent stress states for determining the increase in volume 
produced by an internal pressure p. 


P 


i 


Thus 
mars nut (4) 


where V is the volumetric stram of the composite and ku 
ig the bulk modulus of a composite containing pores in 
place of the aggregate particles. The volume fraction and 
the geometry of the pores are the same as the aggregate 
particles which they replace. 

The volumetric stram of the composite, deduced from 
equations (3) and (4), is given by 


(hs — kilo 
(kı + k:)ka 


(k,— ky)o 
(kı + ka)kı 





VsVi+ (5) 
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therefore 





ak -5 G= Jl (6) 


where & is the bulk modulus of the composite. Thus for 
ngid aggregate particles the bulk modulus of the composite 
is given by (k,kn)/(2kn — kı). 


Shrinkage of a Two Phase Material 


It 18 assumed that the fit between the two phases ıs 
perfect before shrmking, and that the bulk moduli do not 
change during shrinking. A restriction to cases in which 
the induced stresses do not break the interfacial bond 1s 
also made. 

Let C, and C, be the volumetric shrinkages per unit 
volume of the matrix and aggregate, respectively. When 
O,>O,, compressive stresses are induced in the ate 
particles and tensile stresses in the matrix; when 0, <0, 
stresses opposite in sign are induced. As ın the previous 
section, the sums at the mterface of the volumetric 
shrinkage and induced strain are assumed equal m 
matrix and aggregate, and also 


P=k,dV,=—k,dV, (7) 


where dV, and dV, are the volumetric strains induced in 
the matrix and aggregate, respectively, by the stress P 
which occurs in the aggregate particles. 

Thus at the matrix-aggregate mterface we have 


C,+dVi=0,+dV, (8) 


It follows from equations (7) and (8) that the induced 
stress in the aggregate particles 1s given by 


kik 
P= htk, (C1—0:) (9) 


which with Fig. 1 implies that the volumetric shrinkage 
of the composite is given by 





k(C, ay C;) k, k(C, Sa O;) 
C=0. — 10 
t kiti, T (thn a 
More compactly 
C=A0,+BC, (11) 
where 
kul(kı + 2k) —kyky 
= 12 
A ka(k, +k) eo 
and 
ka(kı— kn) 
= 13 
kalk, + ka) (13) 


Thus, for rigid aggregate particles, the shrinkage of the 
composite, deduced from equations (6) and (11), 18 k,0,/k. 
The linear shrinkage of the composite is given by 


S=(A0,+BC,)/3=AS,+ BS, (14) 


Thermal Expansion of a Two Phase Material 


If T, and T, are the volumetric thermal expansions per 
unit volume of the matrix and aggregate, respectively, and 
if assumptions lke those in the previous sections are made, 
then ıt follows that the thermal expansion of the composite 
18 given by 


T=AT,+BT, (15) 


NATURE, VOL. 222, MAY 31. 1969 


where A and B are given by equations (12) and (13). The 
relationship 18 applicable for all values of T, and T, for 
which the induced stress at the matrix-aggregate interface 
is not sufficient to break the bond. If «a, and «a, are the 
coefficients of cubical thermal expansion for the matrix 
and aggregate, respectively, then 


T=Aat+B ast (16) 


and 

T = ot (17) 
where ¢ 1s the temperature change and a (= Aa,+Ba,) 18 
the coefficient of cubical thermal expansion of the com- 
posite. 


Discussion 


To apply the expressions given for bulk modulus, 
shrinkage and thermal expansion, it is necessary to know 
the bulk modulus of a composite containing pores ın place 
of the aggregate particles. 

If D, 13 the volume concentration of the aggregate, 
then we require the bulk modulus kg of a composite with 
a matnx volume concentration of (1—D,) and a pore 
volume concentration of D, If such a composite 1s 
subjected to an applied pressure and stress concentration 
effects are ignored, then the bulk modulus, ku, is given by 


ku=(1—D,) -kı (18) 


If, however, ıt is assumed that the aggregate particles 
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Fig. 2. Variation of k/k, with te volume concentiation. a, i,/k, = 
10/1, b, ATA Foist, 2, equation 21; 3, Reuss.” 
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Fig. 3. Variation of the shrinkage ratio for concrete with aggregate 
y volume concentration, 


are spherical and stress concentration effects are included 
m the calculation of ku, then (from Walsh and Brace?) 


3 l-v 
ee . Da] 
te Se ag 


where v is Poisson’s ratio of the matrix. 

Equation (19) 18 only applicable for small values of 
D,; but the equation can possibly be extended to higher 
values of D, by assuming that the average applied stress 
is note but a/(1—D,). 

Equation (19) then becomes 


kn k 2 





(19) 


l-v 


——— ~~ 


l— 2y 





m] (20) 


Substitution of equation (19) into equation (6) for the 
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case when v= 0:2 gives 
1 1 k,—k, 
= = fji- 2%. 2p, | 
k Al ktk, (21) 


The Reuss and Voight expressions for composite bulk 
moduli are 
1 GD) , D 


k ky ky 
k=(1—D,) ky + Dy ky 


(22) 


and. 


(23) 


Equation (22) assumes constant stress in the matrix 
and aggregate and equation (23) constant strain. Equation 
(21) 18 compared with equations (22) and (23) in Figs. 2a 
and b for ky=10k,, 10k,=,, and D,<0-4. When k> kis 
the value of k predicted by equation (21) lies closer to 
Reuss’s estimate than to the Voight estimate; and when 
ks < k, 1t lies closer to the Voight estimate. 

Substitution of equation (19) into equation (11) for the 
case when v= 0-2 gives 


ky t+k,—2D,ky 2D rks 
g [ kitki Pelr] Os (24) 
A similar equation 1s obtamed for the thermal expansion 
of a two phase material. 

The shrinkage ratio for concrete, O/O,, 1s shown plotted 
against aggregate volume concentration, D,, m Fig. 3, 
together with some results obtained by Pickett®. It was 
assumed that v=0-2, k= 4k, and O,<C,. These values 
are approximately the same as those which generally 
occur in practice. It can be seen that reasonable agree- 
ment occurs between the predicted and experimental 
shrinkage ratios for values of D, less than 0-4. 

Recelved January 17;) revised March 12, 1969. 
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Rifampicin—A New Antitrachoma Drug 


by 
YECHIEL BECKER 
ZICHRIYA ZAKAY-RONES 


Department of Virology, 
Hebrew Unliversity-Hadassah Medical School, 
Jerusalem, Israel 


ANALYSIS of the infectious elementary bodies of trachoma 
agent’?, a member of the psittacosis-lymphogranuloma-— 
trachoma (PLT) group, demonstrated the presence of 
ribosomal RNA, ribosomal subunits? and DNA‘. Infection 
of mammalian cells with trachoma elementary bodies was 
found to result ın the development of large inclusion 
bodies in which RNA synthesis was evident durmg the 
initial developmental stages. The ribosomal RNA and 
subunits, both in trachoma?’ and psittacosis*’ agents, were 
found to resemble the RNA of bacterial cells and to differ 
from those of mammalan cells’. Recent studies on 
rifampicin? had demonstrated that the drug inhibits 


Trachoma agent Is sensitive to rifampicin early In its growth cycle, 
both in Infected cells in vitro and in embryonated eggs In vivo. 


bacterial cells by its action on RNA polymerase*-° and 
that resistance to the drug ın E. colt was associated with 
mutations affecting RNA polymerase activity'!:1*. These 
findings led us to study the effect of rifampicin on the 
developmental cycle of trachoma agent in mammalhan 
cells and in embryonated eggs. 

We used the T’ang strain of trachoma agent propagated 
in FL cells"? for about 470 passages. Two-day-old FL 
cells in tube cultures (about 2x 10* cells/culture) were 
infected with the agent to ensure the development of 
one inclusion body per cell. In order to determine the 
effect of rifampicm (purity 99-3 per cent, obtained from 
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the Research Laboratories, Lepetit, S.p.A., Milan, Italy), 
different concentrations, ranging from 0-001 pg to 100 ug, 
were added to the infected tube cultures which were re- 
incubated at 37° C. At different tıme intervals the infected 
cultures were viewed microscopically to detect the develop- 
ment of trachoma inclusion bodies. Forty-eight hours 
after infection, FL cultures in Leighton tubes were stained 
with Giemsa stain and studied microscopically. Other 
infected cultures, untreated and treated with the different 
rifampicin concentrations, were washed, scraped off the 
glass and disrupted with a fine capillary. The yield of 
elementary bodies was determined by titration ın BSC, 
monolayer cultures by the plaque assay of Bernkopf™. 
Similar experments were performed with the 6BC strain 
of psittacosis agent and a strain (J.H.) of lymphogranu- 
loma venereum (LGV), serially propagated in FL cells. 
The yield of the ınfectıous elementary bodies of these two 
agents was also studied by the plaque assay in BSC, 
cells‘. The morphology of trachoma inclusion bodies m 
infected FL cells after treatment with mfampicin was 
studied by electron microscopy. The infected, rifampicin 
treated, cells were fixed"*, sectioned, staimed with lead 
acetate and viewed in a 7A JEOLCO electron microscope. 


Elementary-body yield (log PFU/culture) 





0 001 01 1 10 20 50 
Bifamplein (ug/culture) 


Fig. 1. The effect of different rifampicin concentrations on the replica- 
tion of trachoma T’ang strain (@——@), lymphogranuloma venereum 
(O---- ©) and the 6BO strain of pelttacoais agent (x--- x). 


In order to determme the rifampicin sensitive stages 
during the life cycle of trachoma agent, 1 pg of the drug 
was added to infected cultures in tubes at different tıme 
intervals after incubation. The cultures were incubated 
for the entire growth cycle, collected 48 h after infection, 
and the yield of elementary bodies was determined by the 
plaque assay. 

The T’ang strain of trachoma agent is the only trachoma 
strain that can be contmuously propagated in cultured 
cells tn vro. In order to evaluate the sensitivity of 
different trachoma strains to rifampicin, the agents, 
propagated in embryonated eggs tn vwo, were treated 
with mfampicin. We studied four strains of trachoma 
agent (Bour (TRIC/USA-Cal/Cal-1/0T); Asgh (TRIC/ 
/USA-Cal/Cal-2/0T); T'ang (Trie/ /IRC-PK/PK-2/0T); 
and a trachoma strain Dari, isolated m our laboratory?®. 
The effect of rifampicin on a stram of inclusion conjunc- 
tivitis agent (I.C. Cal. 3 (TRIC/ /USA-Cal/Cal-9/ON), a 
stram of lymphogranuloma venereum (J.H.) and a strain 
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of psittacosis agent (6BC) was also investigated. The 
different PLT agents were continuously propagated in 
6 day old embryonated eggs and kept at — 70° C between 
passages. Before testing the effect of rfampicm, each 
strain was passaged at least once in embryonated eggs 
and fresh yolk sac material was inoculated at a dilution 
of either 10+ or 10~ to groups of ten eggs. Rifampicin, 
at concentrations of 0-01 ug to 100 ug per egg, was ın- 
jected into the mfected yolk sacs. The eggs were re- 
incubated and candled daily, dead embryos were removed 
and samples of the yolk sacs were stained and screened 
for the presence of elementary bodies. Twelve days after 
moculation, all the eggs were removed and samples of the 
yolk sacs were stained and screened for the presence of 
elementary bodies. 

The results (Fig. 1) demonstrate that the T’ang strain 
of trachoma agent was completely hibited by mfampicin 
at a concentration as low as 0-l-yg/culture. At this con- 
centration the drug had no effect on FL cells, which were 
affected only by a concentration of 100 pg mfampicin 
per culture. Addition of 0-01 ug mfampicm to an infected 
cell culture ummediately after infection prevented the 
synthesis of infectious elementary bodies. Nevertheless, 
10° plaque forming units (PFU) were recovered. (One 
Pru of trachoma agent was calculated to conmst of one or 
two elementary bodies; unpublished results of Y. B.) 
This might be explained by the inability of some particles 
which attached to the cell membrane of FL cells to develop 
into inclusion bodies. After disruption of the infected 
cells, these particles can develop in BSC, monolayers and 
form plaques. This ıs due to the sensitivity of the plaque 
assay which enables the detection of adsorbed, but un- 
developed, elementary bodies. When mfampicin con- 
centration is increased to 5 ug/culture, the infectivity of 
all the elementary bodies present in the infected cells. 
including those that did not start their developmental 
cycle, is almost completely abolished. This can be ex- 
plained by the need of a high concentration of mfampicin 
in order to ensure the association of the drug to the 
agent’s RNA polymerase. A simular sensitivity to the 
drug was demonstrated by the J.H. strain of lympho- 
granuloma venereum and the 6BC strain of psittacosis 
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Fig. 2. The effect of mfamplom, added immediately after Infection, 


on the growth oycle of the T’ang strain of trachoma agent in FL cell . 
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Table 1. THE EFFECT OF RIFAMPICIN, ADDED AT DIFFERENT TME INTERVALS, 
ON THE YIELD OF TRACHOMA MLBMENTARY BODIES AT 48 h POST INFECTION 


Rifampicin 
added at (h 
after mfection) 


Infectivity titre at 48 h (pru/culture) 
Exp. 1 Exp. 2 Exp. 8 


0 40x10! 20x10 20x10 

6 6-0 x 10! 22x10 26x10 

12 20x10 16x10 22x10 

24 40x10 40x10" 40x10? 

36 6-410" 80x10? 12x10* 

48 18x 10° 28x10 26x 10* 
agent (Fig. 1). A bigher concentration of mfampicm 


(10 pg/culture) was needed in order completely to abolish 
the infectivity of the 6BC elementary bodies present in 
infected FL cells. 

In order to determine the effect of rifampicin on the 
growth cycle of trachoma agent, the mfected cultures 
were treated with rifampicin (1 ug/culture) immediately 
after infection and at different time intervals thereafter. 
The treated cultures were incubated for the entire growth 
cycle and the elementary body yield was determined 48 h 
after infection. Addition of rifampicin to infected cultures 
before 24 h resulted in the complete mhibition of the 
development of infectious elementary bodies (Fig. 2). 
Rifampicin, added at times when infectious elementary 
bodies were already formed (36 h after mfection), caused 
a decrease of one log in the tatre of the infectious particles 
(Table 1). 
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granuloma venereum agent (LGV) was completely inhib- 
ited by 10 to 25 pg/egg, while 25 to 50 pg rifampicin/egg 
was needed to inhibit the psittacosis agent (6BC). 

In order to assess the usefulness of rifampicin for clinical 
use, the effect of the drug on the replication of trachoma 
agent was studied by addmg rifampicin to trachoma 
infected eggs at different time intervals after mfection. 
In a preliminary experiment it was found that rifampicin 
inhibited the development of trachoma agent when in- 
jected to infected yolk sacs as late as 5 days after infection. 
Further work on the effect of rifampicin on the in vivo 
development of the trachoma agent is ın progress. 

The sensitivity of trachoma and related agents to 
rifampicin during the early developmental stages indicated 
that the agent’s growth cycle depended on the initial 
synthesis of RNA. The nature of the RNA species syn- 
thesized in the inclusion bodies of trachoma agent and 
the mechanism of rifampicm imhibition are currently 
investigated. i 

The results of our studies demonstrated that trachoma 
agent is sensitive to rifampicin at a low concentration, 
both in infected cells in vitro and in embryonated eggs im 
vivo. The possible use of rifampicin for the treatment of 
trachoma infections of the human eye might be considered 
in view of the low toxicity of the drug to mammalian 
cellg1? 18, 

We thank Mrs Nehama Himmel and Mrs Karla Press 
for technical assistance, Lepetit Sp. A., Mulan, Italy, for 
the drug rifampicin, and Professor N. Goldblum and Dr E. 
Heller for providing the drug for the initial experiments. 


Table 2. EFFECT OF RIFAMPIOIN ON THE DEVELOPMENT OF PLT AGHNTS IN THE YOLK SACS OF EMBRYONATED EGGS 


Inoculum (elemen- No. of 
Agent Strain tary bodies/eggs) exp. 0-01 
Bour 10* or 10* 7 0 
T'ang 10 * or 10° 3 0 
Dari 1P- 1 0 
Asgh 1044 a: 0 
Inclusion 

conjunctivitis I.C. Cal 3 10*-*-10* 2 30 

Lymphogranu- 
loma J.E. 104 1 28 
Palttacoais 6BO 102 8 0 


Rifampicin concentration teglego) 
1 5 10 


01 50 100 
25* 57-7 87-2 886 95 5 100 100 
0 25 36-3 100 100 100 100 
0 444 70 100 100 100 100 
0 “40 66 6 714 100 100 100 
22 75 100 100 100 100 100 
30 40 78 75 90 100 100 
0 0 0 0 88 8 80 100 


* Percentage inhibition of the development of elementary bodies in infected yolk sacs. 


Electron microscopy of trachoma infected FL cells, 
treated with rifampicin immediately after infection, failed 
to reveal inclusion bodies ın the infected cells. In infected 
untreated cells, large inclusion bodies containing many 
elementary bodies were observed at the end of the growth 
cycle. 

The sensitivity of different strams of trachoma agent 
and the related lymphogranuloma and psittacosis agents 
to treatment with rifampicm was studied tm vivo in 
embryonated eggs. The mitial inoculum of the different 
agents ranged from 10? to 105 infectious particles per egg. 
It was found (Table 2) that the development of the four 
strains of trachoma agent in the yolk sacs of embryonated 
eggs was completely inhibited by mfampicin. Two strams 
(T'ang and Dari) were inhibited by 10 yg/egg of rifampicin, 
while 25 pg/egg was needed to inhibit completely the 
development of the two other strains (Bour and Asgh). 
The inhibitory effect of rifampicin was determined by the 
lack of trachoma elementary bodies m the infected, 
rifampicin treated, Giemsa stained yolk sac preparations. 
Treatment with rifampicin, at a dose which completely 
inhibited the replication of the trachoma agents, prevented 
the death of the embryos. Rifampicin algo mhibited the 
development of other members of the PLT group tested. 
The development of inclusion conjunctivitis agent (I.C. 
Cal. 3) was inhibited by 5 ug rifampicin/egg, lympho- 


This work was aided by a grant from the World Health 
Organization, Geneva, Switzerland, and by a grant from 
the US National Institutes of Health. 
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Bone-marrow Transplantation after Antilymphocytic Serum 


and Lethal Chemotherapy 


by 
G. L. FLOERSHEIM* 
M. RUSZKIEWICZ 


National Institute for Medical Research, 
Mill Hill, London 


A LETHAL dose of dimethyl-myleran (DMM), the dimethyl 
homologue of the cytotoxic agent myleran (busulphan®), 
lulls mice after 1-2 weeks by bone-marrow aplasia. 
Restoration, by the transfusion of haemopoietic tissue, 
is achieved only with cells of syngeneic omgim-*, Allo- 
geneic cells, capable of saving animals from radiation- 
induced bone-marrow death, are mvariably ineffective 
after DMM treatment. DMM therefore must be assumed 
to be a cytotoxic agent, the mmunosuppressive activity 
of which 1s insufficient to allow a lfe-supporting prolifera- 
tion of the grafted cells. With myleran, an alkylating 
agent with a preferential action on the myeloid series of 
blood cells and a lesser effect on lymphoid tissue‘, the 
conditions for haematological restoration are less clear. 
Both total failure’-* and partial success’ using allogeneic 
bone-marrow for the protection of rats agaist lethal 
doses of this drug have been reported. 

Drugs rather than lethal irradiation seem to offer at 
least two advantages for bone-marrow transplantation. 
First, because drugs are more selective‘, unwanted side 
effects could be reduced. Second, the profound depressive 
effect on the whole 1mmune system might jeopardize 
attempts to treat malignant disease by lethal radiation 
followed by bone-marrow transplantation. In attempts to 
make successful allogeneic bone-marrow grafts we have 
previously examined the use of combinations of different 
ummunosuppressive chemicals with a lethal dose of DMM}. 
6-Mercaptopurine, cortisone and amimochlorambucil all 
failed to produce takes. In the work reported here we 
used antilymphocytic serum (ALS) as an immunosuppres- 
sive agent of greater electivity and potency m conjunction 
with DMM to obtam functional chimaerism. 

Female CBA mice weighing 18 to 24 g were used 
throughout the experiments as recipients. DMM (2: 5- 
dimethanesulphonoxyhexane—supphed by Professor L. A. 
Elson, Chester Beatty Research Institute, London) was 
dissolved in warm absolute alcohol and 17 mg per kg body 
weight was injected intraperitoneally as an aqueous solu- 
tion (12-6 per cent alcohol ın distilled water). To preclude 
any occasional survivors, we deliberately used this dosage, 
which was “‘supralethal” for most mice. As a result, a 
fraction succumbed, not to bone-marrow aplasia, but to 
gastro-intestinal poisoning‘ within 4-7 days which was not 
remediable by haemopoietic cells. 

Bone-marrow cells were flushed out of the femora and 
tibiae of the donor mice and collected in tissue culture 
medium “199” (Glaxo), supplemented with 15 per cent 
heat-inactivated foetal calf serum and 5 per cent tris 
buffer, pH 7-4. Spleens were pressed gently through a 
nylon sieve and the suspension filtered through cotton 
wool. Cells were then counted and suspended in a volume 
containing the desired amount of viable nucleated cells, 


* Present address: Pepertment of Pharmacology, University of Basel, 
Spitalstrasse 21, Basal, Switzerland. 


Antilymphocytic serum protected mice with allogeneic bone- 
marrow grafts against lethal doses of a cytotoxic drug. Donor-type 
haemopoiesis was shown by erythrocyte chimaerism. 


determmed by the trypan blue method. Cells were 
injected (on day 0) mtravenously 6 to 20 h after the 
administration of DMM. 

ALS was raised by intravenous injection of thymocytes 
from young mice into adult New Zealand White rabbits'. 
The serum was decomplemented and sterilized by filtra- 
tion. ‘Throughout the experiments, several batches of 
ALS of comparable potency were applied. The ALS was 
assayed by the survival of Balb/c ta skin grafts in CBA 
mice. All ALS used prolonged the survival of these skin 
grafts to 17-21 days. To mduce chimaerism, a total of 
175 ml. of ALS per mouse was injected subcutaneously 
durmg the week ending on day —65, that ıs, 5 days before 
the cell transfer. 

The methylhydrazine derivative Ro 4-6824 (1-methyl- 
2-p-allophanoylbenzylhydrazine hydrobromuide) and cyclo- 
phosphamide were also tested with mice treated with 
lethal doses of DMM. These drugs were dissolved m 
distilled water warmed to about 50°C, and injected in 
0-1 ml. per 10 g body weight intraperitoneally on days 
—6, —5, — 4 and —2. 

Weights and mortality of the mice were recorded daily. 
There were three patterns of response to DMM. (a) Acute 
DMM toxicity (no restoration) which resulted in death at 
about day 10, never later than day 16, and constant loss 
of weight. (6) Survival (mice repopulated either with 
syngeneic cells or with allogeneic cells and not succumbing 
to secondary disease) ın which mitial weight loss was 
followed by recovery, beginning at about day 10. (c) 
Survival of acute DMM toxcity followed by late death 
(mice restored with allogeneic cells succumbing to second- 
ary disease). The mice recovered from the initial weight 
loss as (b), but this was followed by a delayed second 
weight loss and runting. Because these symptoms may 
start 15-20 days after the transplantation and become 
fatal around day 20-25, we have scored the mice dying 
after day 25 as survivors of the DMM toxicity but victims 
of secondary disease. 

The presence of erythrocytes of the donor-type in the 
blood of the experimental animals was assayed by adapta- 
tion of a standard haemolytic test, ın which the degree of 
lysis is measured by the release of radioactivity into the 
supernatant from *Cr-labelled erythrocytes. 

The iso-1mmune sera were prepared in adult CBA mice. 
After they had rejected an A-strain skin transplant, they 
were injected intraperitoneally three or four times with 
A-strain spleen cells, at weekly intervals. Sera were 
obtained 7-10 days after the last injection. Erythrocyte 
samples from the chimaeric mice and from mice used for 
the preparation of a reference curve were prepared on the 
test day by collecting three to five drops of blood from the 
tail artery into 5 ml. of cold citrate-saline solution and 
washing three times with cold salme and once with Hank’s 
balanced salt solution contaming 0-1 per cent BSA. After 
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Fig. 1. Survival of CBA mice treated with ALS, 17 mg/kg DMM and 
OBA or A bone-marrow cells. 24x 10° OBA or 12x 10 A bone-marrow 
cells were injected intravenously 6 h after the DMM. 


the final wash the cells were adjusted to 1 x 108 erythro- 
cytes/ml., labelled and washed’. The final resuspension to 
5 x 10° cells/ml. and aH dilutions of sera and complement 
were done m veronal-buffered saline containing mag- 
nesium and calcium (‘Oxoid’ complement fixation test 
diluent) and 0-1 per cent BSA. 

For each cell suspension, that is, for both erythrocytes 
from test animals and for artificial mixtures of the two 
antigenic types used to obtain the standard curve, three 
sets of tubes were set up: (1) four tubes contamimg 0-1 ml. 
of suitably diluted normal CBA serum; (2) four tubes 
con 0-1 ml. of diluted CBA-anti-A immune serum; 
(3) four tubes contaming 0:2 ml. of 5 per cent “Triton 
X-100’ in 0-01 M tris (pH 8-5). With two pools of CBA- 
anti-A sera, dilutions of 1: 100 gave the best results and 
this dilution was used throughout the experiment both 
for antiserum and normal mouse serum. At the next stage, 
0-1 ml. of §1Cr-labelled erythrocyte suspensions was added 
to tubes 1, 2 and 3 followed by 0-1 ml. of adsorbed and 
diluted rabbit complement (tubes 1 and 2 only) and the 
tubes were incubated with constant shaking at 37° C for 
2h. The reaction was stopped by adding 1 ml. of cold 
saline and the contents of the tubes were mixed and 
centrifuged at 4°C for 10-15 min at 2,500g. Super- 
natants were drained into a set of separate tubes and the 
radioactivity determined in a Packard auto-y counter. 

Using the cells lysed with detergent to define 100 per 
cent lysis, and subtracting the percentage of cells lysed 
after the incubation with normal mouse serum from the 
percentage of cella killed by incubation with antiserum, 
the proportion of cells lysed by the specific haemolytic 
antibodies can be read from the standard curve. The 
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¢-24 h after the DMB. 
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Table 1. SURVIVAL OF OBA MIOR TRHATBD WITH 17 MG/KG DIMETHYL- 
MYLHRAN COMBINED WITH LMUNOSUPPRESSANTS AND HAEMOPOIETIO CHLIS 
No. of 
calls x 10* No. of No. of 
Group Pretreat- Donor BM=bone No.of muce mice 
ment of hosts strain marrow mice surviving surviving 
8—spleen 25 day 150 
1 — — — 15 0/15 0/15 
2 ALS — — 28 0/: 0/28 
8 ALS CBA 24, Bal 46 83/46 33/46 
4 — A 24, BM 20 0, 0/20 
5 ALS A , BM 21 14/21 10/21 
6 ALS A 12", BAL 12 1/1 0/12 
7 ALS A 127, BM 6 0/6 0/6 
8 = (CBA x 24, BM 2 0/22 0/22 
0,,B1/6)¥F, 
9 ALS x 24, BAL 81 8/81 8/81 
O,;B1/6)F, 
10 ALS mi 75, BM 8 0/8 0/8 
11 ALS 6 40, BAL 8 0/8 0/8 
12 ALS CBA 48,8 10 6/10 6/10 
18 — A 48,8 8 0/8 0/8 
14 ALS A 48, S 24 11/24 0/24 
15 ALS A 48*, 8 10 6/10 1/10 
16 ALS A 48+, 8 6 2/6 0/6 
17 Bo 4-6824 OBA 12, BM 15 12/15 11/15 
18 Ro 4-6824 — an 18 0/13 0/18 
19 Ro 4-6824 A 12, BM 10 1/10 0/10 
20 Ro 46824 A 48,8 10 3/10 0/10 
21 — (OBA x 48,8 18 0/18 0/18 
O,,B1/6)F: 
22 Ro 4-8824 OBA x 48,8 20 6/20 6/20 
O; B167, 
28 Oyolophos- OB 12, BM 5 5/5 5/5 
P. 
24 Oyclophos — — 9 0/9 0/9 
phamide 
25 Cyclophos A 12, BAL 5 0/5 0/5 
p. 
28 Oyclophosa- CBA 48,8 9 3/9 8/9 
phamide 
27 Oyclophos- A 48,8 5 0/5 0/5 
phamıde 
28 Cyclophos- (OBA x 48 15 1/15 0/15 
phamide O,7B1/6)F, 


The immunosuppreasive joe roatmen, was applied subcutansously. 1:75 
ml. ALS was spread over week ending at day —5 before the injection 
of the DMM and the cells at day 0. Ro 4-8824 and cyclop hamide were 
administered at the dosage of 150 mg/kg and 22 5 í 7, on da: 
—6, —5, —4 and —2. To group 26, four doses of 45 mg/kg cyclophosphamide 
were applied. 

+ From donors treated with 1 75 ml. ALS from day —12 to —5 before the 
cells were removed. 

J ponor treated with Ro 4-8824 (4x150 mg/kg, days —6, —5, —4 and 


standard curve was obtained by mixing appropriate 
quantities of standard suspensions of CBA and A erythro- 
cytes prepared and labelled in parallel with the test 
samples. 

The results are summarized in Table 1 and Figs. I and 
2. All mice receiving 17 mg/kg DMM died between 4 and 
16 days (mean 9-4 days, group 1). The ALS pretreatment 
had no appreciable effect on the DMM toxicity (mean 
survival 10-1 days, group 2). Treatment with syngeneic 
bone-marrow (group 3) and spleen cells (group 12) led to 
survivals of 72 per cent and 60 per cent, respectively. No 
survival was obtained if allogeneic bone-marrow or spleen 
cells were applied without previous ALS administration 
(groups 4 and 13). With ALS pretreatment, 67 per cent 
(with bone-marrow, group 5) and 46 per cent (with spleen 
cells, group 14) of the mice receiving haemopoietic cells 
from A-strain donors were protected from the DMM 
toxicity and survived at 25 days. Death due to secondary 
disease reduced the percentage of surviving mice in the 
bone-marrow treated group from 67 per cent to 48 per 
cent at 150 days. No mice escaped death by secondary 
disease if they were saved from the DMM toxicity by 
allogeneic spleen cells. 

To examine the effect of pretreatment of the donors 
with immunosuppressive agents, both ALS and Ro 
4-6824 were administered to A-stramn mice with the same 
dosage schedule as the recipients. If bone-marrow was 
used for repopulation, its efficiency was clearly suppressed 
by both agents (groups 6 and 7). Spleen cells, on the 
contrary, became somewhat more efficient after ALS 
administration and led to longer survivals (group 15). 

In a comparison of Ro 4-6824 and cyclophosphamide 
with ALS as conditioning agents for the transplantation 
of allogeneic bone-marrow, the chemicals proved to be 
inferior. With Ro 4-6824, 30 per cent survived 25 days in 
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An erythrocyte chimaerism in five CBA mice. They were pre- 
th ALB (see Table 1) and injected with 17 mg/kg DMM and 
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10* A bone-marrow cells on day 0 (@). One mouse died from 
disease on day 47 (+). ©, Same treatment, but no DMM 
(mean values of three mice recorded). 
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the A-+CBA combination with spleen cells (group 20), 
but again all the mice succumbed to secondary disease. 
With Ro 4-6824 pretreatment and (CBA x C,,B1/6)F,- 
hybrid donor tissue, six out of twenty mice survived 
(group 22). 

Cyclophosphamide, which mcreased the DMM toxicity 
substantially at the dosage of 4x 45 mg/kg (group 26), 
was hardly effective, leading to only one 26 day survival 
with F,-hybrid spleen (group 28). 

If mice treated with ALS, DMM and A cells were tested 
for chimaerism, the results were clearly positive both with 
bone-marrow and spleen donor cells (see Fig. 3). As 
early as day 7, from 37-60 per cent donor erythrocytes 
were already demonstrable in the peripheral blood, and 
total replacement of the circulating erythrocytes could 
be seen at 8 weeks. ALS alone induced only traces of 
chimaerism (at most 6 per cent donor cells at day 18). 
DMM alone was somewhat more effective (20 per cent at 
day 7), but not sufficient to allow survival. Ro 4-6824, 
however, ın one surviving mouse, allowed as complete 
erythrocyte replacement by spleen cells as did ALS. If 
Ro 4-6824 was applied without subsequent DMM, 100 per 
cent chimsernsm occurred in one case out of three tested 
at day 130. Chumaerism was also obtamed consistently 
with ALS and non-lethal DMM doses (unpubhshed results). 

Because the survival rate with a modest quantity of 
allogeneic bone-marrow cells after ALS pretreatment was 
the same as that obtained with syngeneic cells, the rate 
must be maximal for the DMM dose used. The equal 
efficiency of a smaller quantity of allogeneic cells indicates 
more complete immunosuppression with ALS than with 
lethal radiation. Syngeneic spleen cells were somewhat 
less effective ın securing survival; the samo applies to 
cells from allogeneic spleens. Previous studies have 
shown that syngeneic spleen cells are numerically about 
half as effective as bone-marrow cells m promoting 
recovery after DMM”. 
` ALS waa applied according to the method used by 
Lance and Medawar (unpublished results) in experiments 
on the induction of tolerance to skin homografts in mice. 
In their most effective regimen, the prospective recipients 
were pretreated with ALS, and irradiated with 450 r. 
shortly before the injection of lymphoid cells from ALS 
treated donors. In contrast to the immunosuppression 
with continuous ALS administration after grafting, 
the induction of tolerance with preoperatave infection of 
ALS was difficult in proportion to the antagenic disparity 
between donor and recipient. Our system is simular; 
A-strain donors provided the best survival, while (CBA x 
C,,B1/6)F,-hybrid cells were considerably less efficient 
(group 9) and both C,,B1/6 and Balb/c cells entirely failed 
to confer survival (groups 10 and 11). 

-In addition to ALS, we investigated the two chemical 
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immunosuppressants which prevent skin allograft rejec- 
tion!!, With Ro 4-6824 and A strain or (CBA x C,,B1/6)F,- 
hybrid cells, the 25 day survival was 30 per cent. Cyclo- 
Phosphamuide was practically ineffective. In rate, however, 
death after a single lethal dose of cyclophosphamide can 
be prevented with allogeneic marrow’. 

All the mice restored with allogeneic spleen cells and 
surviving the DMM toxicity succumbed to secondary 
disease. Treatment of the donors with ALS had different 
effects. Bone-marrow cells were apparently damaged?!*14 
and lost their restorative faculties. In the spleen. con- 
versely, hyperplasia of haemopoietic stem cells!* may 
have contributed to the greater 25 day survival (60 per 
cent versus 46 per cent in mice receiving normal spleen 
cells). Moreover, one of these mice escaped secondary 
disease. The effect of admınıstermg ALS to the donor on 
the incidence and severity of graft-versus-host reactions 
has been recorded in experiments on bone-marrow 
transplantation after lethal radiation'*17 and on runt 
digease'*:1*, A mortality of only about 30 per cent from 
secondary disease after ALS, DMM and allogeneic bone- 
marrow 1s lower than normally expected after X-rays. 
This result agrees with the observation that both after 
myleran®® and after ALS and sublethal irradiation 
(unpublished results of E. M. Lance and P. B. Medawar), 
secondary disease is a lesser problem. 

The analysis of the erythrocytes in the CBA hosts 
revealed that donor cells had repopulated the bone- 
marrow in the surviving mice cured with A-stram cells. 
With ALS pretreatment and bone-marrow transfusion, 
erythropoiesis by donor elements progressed quickly. 
Seven days after the cell injection, 50 per cent- of the 
errculating erythrocytes were already of donor origm (see 
Fig. 3). Because the reticulocyte peak in mice treated 
with DMM only and syngeneic cells occurs at about day 
12 (ref. 10), ıt might be that ALS pretreatment contributes 
an additional proliferative stimulus, at least for the 
descendants of the transplanted erythropoietic cells. If 
spleen cells either from normal or ALS pretreated donors 
were transplanted, ıt took a week longer for 50 per cent 
of the erythrocytes to be of the donor type. 

Examination of five mice studied for chimaeriam out 
of the group treated with ALS, DMM and A bone-marrow 
confirms that early death (on day 7) may occur despite 
the explosive bone-marrow repopulation (see Fig. 3). The 
one mouse that failed to become totally chimaeric reverted 
from day 20 onwards, lost weight and died of secondary 
disease on day 47 with only 7 per cent donor erythrocytes. 
The three remaming mice which became total chimaeras 
at about 8 weeks remain healthy. A-strain skin 
appled on day 33 to the mice represented in Fig. 3 were 
still ın perfect condition at the time of writing (day 172 
of the experiment) ın one mouse with 100 per cent chimaer- 
ism, whereas the other remaming bone-marrow chimaera 
rejected its graft on day 135. The graft on the mouse 
that reverted to 2 per cent chimaeriam at day 138 was 
rejected on day 162. Death from secondary disease after 
ALS and DMM treatment, and bone-marrow or spleen cell 
administration occurred at different levels of chimaensm 
(see Fig. 3). 

After ALS treatment alone virtually no proliferation of 
allogeneic erythropoietic tissue ensued although pretreat- 
ment with ALS induces erythrocyte chimaerism in anaemic 
mice”, and haemopoietic chimaerism has been observed 
in humans" after ALS treatment. Besides the amount of 
available space in the bone marrow, antigenic differences 
may explain this discrepancy. 

Work with bone-marrow transplantation after lethal 
doses of cytotoxic drugs has been restrained by the 
difficulty of achieving takes with allogeneic ‘cells. ALS 
seems to be a valuable adjunct to provide a desired degree 
of immunosuppression, sufficient to secure tolerance 
towards the graft m a more selective way than lethal 
radiation. If ALS and cytotoxic drugs are used in 
concert, the immunosuppresstve and cytotoxic com- 
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ponents become dissociated and controlled. Encouraging 
therapeutic possibilities should also emerge from the 
observation that chimaerism can be mduced by the 
combination of ALS with non-lethal doses of DMM. 
Finally, the possibility of counteracting the fatal effects 
of lethal doses of cytotoxic drugs with allogeneic haemo- 
poietic cells may be applied to “‘superdosage’”’ cancer 
chemotherapy. This work was supported by the Swiss 
National Foundation for Scientific Research. 
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Uncoupling and Recoupling of Oxidative Phosphorylation in 
Brown Adipose Tissue Mitochondria 7 
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A OONSIDERABLE body of evidence pomts to brown 
adipose tissue as a thermogenic organ!. The thermogenic 
effect appears ın hibernators*?, in cold-adapted non- 
hibernating animals‘ and in newborn animals®*. The 
effect can be graphically displayed by direct infrared 
thermography of newborn guinea-pigs from which the 
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a Saree ed registration of heat radiation differences in the 
anterior half of newborn guinea-pig The heat differences were stered 
by infrared radiation (2 0-5 4 micion, AGA Thermovislon, Mo 661) 
from the anterio1 dorsal part of a newborn guinea-pig The temperature 
differences were measured as the difference in brightness on the thermo- 
gram compared with the scale at the bottom of the picture. The bright 
areas represent the brain, neck and interscapular regions. (Thermogram 
by N. A. Øntsland.) 


Uncoupling of oxidative phosphorylation, postulated as a means 
of heat production in the brown adipose tissue of rodents, is brought 
about in guinea-pigs by the cold stress at birth and by exposing 
weaned animals to the cold. 
rodents may be of evolutionary significance. 


Ability to recouple in hibernating 


print indicates a temperature difference of approximately 
2° C between the mterscapular brown adipose tissue and 
its surroundings (Fig. 1). 

Several hypotheses have been advanced to explam how 
thermogenesis occurs in this tissue’, of which the simplest 
and most satisfactory 1s based on the uncoupling of 
oxidative phosphorylation. Brown adipose tissue mito- 
chondria of rabbits** and rate’?! have been shown to 
exhibit artificially reversible uncoupling. Similarly, 
a reversible alteration in respiratory control ratios related 
to age development of guinea-pigs from the prenatal stage 
to 3 weeks’ age has been demonstrated by preincubating 
isolated mitochondria with GTP}. Attractive as it 18, 
the “uncoupling hypothesis” is difficult to accept as a 
crucial mechanism of thermogenesis in brown adipose 
tissue unless 1t can be shown that the degree of coupling of 
phosphorylation to oxidation is wnfluenced reversibly by 
physiological stimuli. 

Previous experiments from this laboratory? have 
demonstrated that brown adipose tissue mitochondria of 
newborn guines-pigs carry a poor capacity for catalysing 
oxidative phosphorylation. In contrast, organelles from 
weaned animals exhibited P/O ratios with a variety of 
substrates approaching those expected of fully coupled 
mutochondria. Mitochondria from animals of both age 
groups were characterized by poor respiratory control. 
This suggests that partial uncoupling of respiratory chain- 
linked phosphorylation as observed ın newborn animals 
represents a physiological phenomenon related to thermo- 
genesis. The evidence further mdicates that mitochondria 
of brown adipose tissue may maintain functional integrity 
throughout the development of the animal, but that their 
capacity for respiratory chain-linked phosphorylation 1s 
subject to regulation by virtue of a continuous “loose- 
coupled” state and responsive to given physiological and 
biochemical stimuli. 
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Table 1. OXIDATIVE PHOSPHORYLATION OF BROWN ADIPOSW TISSUR MITOCHONDEIA FROM GUINEA-PIGS AT DIFFHEBNT AGES* 


Substrates 
Age Pyruvate-malate Succinate Ascorbate t DL-6-Hydroxybutyry}-L-camutine 
8p. oxid. rate 90 +17 (10) 167 +50 (8) 887 +92(6) 73 ~79 
PIO : 143+ 0:48 0-50+ 008 014+ Fai 2'12- 1-97 
day 
Sp. ond. rate 77 +19 9 187 +64 W 452 +97 0 46 
PIO 064+ O 0-16 + 0-09+ O 047 
2 days 
Sp oxid. rate 47 +2(4) 209 +11 (4) 462 +60(38) 
P/O 063+ 0-06 016+ 0-02 0-06+ 0-01 
4 days 
Sp. oxid. rate 68 +11(4) 200 +28 (4) 450 +15 (3) 
PIO 098+ 009 086+ 007 12+ © 
6 days 
Sp. oxid. rate 61 +12 (0) 209 +45 (5) 488 +65 (4) 
PIO 129+ © 0-40+ 016 017+ 0:08 
8 days 
Sp. oxid. rate 82 +21 (4) 255 +838 (4) 646 +22 (3) 
PIO 122+ 012 0-52+ 007 018+ 001 
days 
Sp oxid. rate 100 +26 (6) 221 +17 (5) 776 +45 (8) 82 
PIO 157+ 0-19 088+ 016 0-22+ 001 8 05 
60 days 
Sp. oxid. rate 88 165 490 
P/O 2°35 0 90 0-44 


* Results are given as mean +S.D. (S.D.= 1 Ext —(2X)") - The number in parentheses indicates number of determinations. 
a N 


N- 

t TMPD must be added together with ascorbate from the sidearm. 
found to be a potent uncoupler in this system. 

t Specific oxidation rate, mu atoms oxygen/mg protein/min. 

Guinea-pigs were maintained at 10° +1° 0. Manome 
was measured by the isotopo distribution method?®-!* as described earlier!®, 
10 mM KH,PO, buffer, 7 4, with 100 muCi "P mole Pi; 
cyto Í mM ATP; 75 mM ; 60 
GES O nil, Substrates ware usod at the fc 

ce of 06 uM rotenone, 5 or 9 mM DL-f-hydrorybu 
flammo (TMPD) and 0 6 ub rotenone. The ascorbate- 
prepared as 
absolute rates of oxygen consum: 


This hypothesis is supported by the investigation 
reported here which reveals that brown adipose tissue 
mitochondria of guinea-pig foetuses are partially coupled. 
Almost complete uncoupling then occurs presumably in 
response to the cold streas at birth, followed by a gradual 
and continuous recoupling of respiratory chain-linked 
phosphorylation up to the end of the weaning period. 
Similarly, mitochondrial uncoupling occurs by subjecting 
weaned guinea-pigs to a cold environment. Moreover, 
brown adipose tissue mitochondria taken from animals 
at different ages possess all the criteria defined by Ernster 
and Luft™ as characteristic of “loosely coupled” muto- 
chondria. 

The P/O ratios at different ages and for different 
substrates are shown in Table 1. For all the substrates 
tested, there 1s a rapid fall ın phosphorylation capacity at 
birth, followed by a gradual increase until after the 
weaning period. 

It was not possible to evaluate the importance of site 
UI phosphorylation from our previous experimentet. 
The present series of experiments, however, definitively 
demonstrates the occurrence and variation of phosphoryla- 
tion at this site. 

The suggestion that the oxidation of DL-B-hydroxy- 
butyryl-L-carnitine was purely respiratory chain-linked#* 
1s probably not true. Newborn guinea-pig mitochondria 
were found to oxidize acetoacetyl-L-carnitine at a rate of 
88 mu atoms oxygen/mm/mg protein, with a P/O ratio of 
0-59, which ıs comparable with that of pyruvate—malate 
and pu-$-hydroxybutyryl-u-carnitine. In brown adipose 
tissue mitochondria of newly aroused ground squirrels the 
oxidation of hydroxybutyrate is accompanied by an 
oxygen consumption 60 per cent larger than that which 
can be accounted for by the acetoacetate produced}**, 
Brown adipose tissue therefore is probably capable of 
oxidizing acetoacetate. 

On the basis of the results presented in Table 1 it is 
possible to estimate the contributions of the different 
phosphorylation sites of the respiratory cham and of the 
citric acid cycle to the total phosphorylation. Because, 


When present in the main chamber before the addition of ascorbate, TMPD was 


tric measurements were cariled out using Warburg vessels at 80° C?* and incorporation of 
The incubation medium con 
1 per cent bovine serum albumin (Mann Research, fa aod poor); 
BS (Calbiochem) buffer, pH 7 4; 50 mM glucosa; 11 units/ml. hexo ( 
concentrations: 5 mM pyruvate and 5 mM malate in 
1-L-carnitine, 20 mM ascorbate in the presence of 0 4 mM N, 
system for site ILI phosphorylation was essentially that of 
uptake was corrected for the non-mitochondrial oxidation which amounted to approximately 12 
elsewhere’* except that the mitochondnal fraction was 
Teactions were started by tipping the substrate from the sidearm after a 8 min premcubation and the respiration was measured for 15- 
pion of not leas than 100 mz atoms oxygen/min. 


phosphate 

components in the following concentrations: 
240 sucrose, 30 uM 

), in a total volume 

0 mM succinate in the 
AN”, a phonyiene- 
and Jacobs’. oxygen 
cent of the total oxidation. The mitochondna were 
gmin. Mitochondrial protein!” was 1-8 mg per vessel. 
min, usmg 


the presence of 0 25 mM NAD; 


d once at 8 


however, the phosphorylation efficiency at each of the 
different sites in the present expermental conditions 18 
uncertain, the conclusions can be no more than tentative. 
With this restriction m mind, the estimates (Fig. 2) 
indicate that all three respiratory chain-linked sites are 
synchronously uncoupled and recoupled, but to a different 
degree. The uncoupling-recoupling pattern thus re- 
vealed further suggests that the uncoupling is dominant at 
site IIT, while site I is the least affected. Assuming that 
substrate-linked phosphorylation remains unaffected by 
age variations and operates at maximum efficiency at all 
times, this site may not contribute more than 0-2 towards 
the P/O ratio associated with the pyruvate —malate—>O, 
reaction. This figure, when compared with the P/O 
ratios given for pyruvate—malate and succinate oxidations 
(Table 1), indicates that even durmg the first 2 days after 
birth some phosphorylation remains coupled to site I. 
The pattern which thus emerges could be regarded as 
highly favourable to thermogenesis, for by far the highest 
free energy change in the respiratory chain is localized 
m the cytochrome a.a,—oxygen region. In fact this 
represents almost half the total free energy change**. 


Table 2, OXIDATIVE PHOSPHORYLATION OF BROWN ADIPOSE TISSUE MITO- 
OHONDRIA FROM NEWBORN GUINBA-PIGS BORN AT 80° 0 
Substrates 
Pyruvate-malate Succinate Ascorbate 
Guinea-pigs born at 30° O 
8p. oxid. rate* 61 +28(5) 189 +88(5) 570 +236 (5) 
P/O 081+ 080 027+ 015 015+ 005 
Range of P/O œ59-— 130 014- 0-49 009- O21 
Controls + 
8p. oxid. rate 62 +20(8) 198 +48(8) 457 + 73(6) 
P/O 068+ 0:08 0-164 0-04 007+ 002 
Range of P/O 050- 0-72 012- 022 œ05- 010 


* As defined tn Table 1. 
controls are the combined groups of 1 and 2 day old guinea-pigs 


t The 
quoted from Table 1. 

The p t gainean] were transferred to an environment of 30° O 
shortly re term. newborn guinea-pigs were lesa than 24 h old 
when killed. Otherwise, experimental conditions were as described in the 
legend to Table 1. 


NATURE, MAY 31. 1969 


XXIX 





Chemistry Titles from Elsevier 


STEROID REACTION 
MECHANISMS 


D. N. Kirk, Lecturer in Chemistry, Westfield College, Univer- 
sity of London; Deputy Curator, Medical Research Council 
Steroid Reference Collection, and M. P. Hartshorn, Reader 
in Organic Chemistry, University of Canterbury, Christchurch, 
New Zealand 


CONTENTS: Steroids, reaction mechanisms and conformation- 
al analysis; reactions of alcohols and halides; steroid olefins; 
steroid ketones; solvclytic reactions and rearrangements 
of steroid derivatives; steroid amines; reactions of derivatives 
of steroid ketones, rearrangements of epoxides; rearrange- 
ments involving functional groups; functionalisation of non- 
activated carbon atoms; photochemical reactions; appendix; 
subject index 


1968 476 pages 37 illus, £10 0 0 


COMPREHENSIVE CHEMICAL 
KINETICS 


Edited by C. H. Bamford, Campbell-Brown Professor of 
Industrial Chemistry, University of Liverpool; and C. F. H. 
Tipper, Senior Lecturer ın Physical Chemistry, University of 
Liverpool 


Volume 1: The Practice of Kinetics 


CONTENTS: Preface, experimental methods for the study 
of slow reactions; experimental methods for the study of 
fast reactions; experimental methods for the study of hetero- 
geneous reactions; the detection and estimation of inter- 
mediates; the treatment of experimental data; references, 
appendices, index. 


1969 450 pages 161 illus, £11 5 0 


INORGANIC SULPHUR 
CHEMISTRY 


Edited by G. Nickless, Department of Inorganic Chemistry, 
University of Bristol 


CONTENTS: Preface; the sulphur atom and tts nucleus; 
orbitals in sulphur and its compounds; stereochemistry 
of sub-group VIB of the periodic table; mechanisms of sulphur 
reactions; structural studies on sulphur species; analytical 
chemistry of sulphur compounds; elemental sulphur; the 
sulphur cycle; the chemistry of the phosphorus-sulphur 
bond, sulphanes; oxides of sulphur; compounds containing 
sulphur-halogen bonds; the nitrides, nitride-halides, imides 
and amides of sulphur; the lower oxy-acids of sulphur; 
sulphuric acid: physico-chemical aspects of manufacture; 
sulphuric acid as a solvent system; fluorosulphuric acid; 
amido- and imido-sulphonic acids; sulphides; subject index. 


1968 T10 pages 128 illus. £18 5 0 


AROMATIG NUGLEOPHILIC 
SUBSTITUTION 


J. Miller, Superintendent, Organic Chemistry Division, Defense 
Standards Laboratories, Melbourne, Australia 


CONTENTS: Occurrence and mechanisms of aromatic 
nucleophilic substitution; Syl mechanisms; the benzyne 
or elimination-addition mechanism: substituent effects; 
variation of leaving groups; the nucleophilic reagent; nucleo- 
philic substitution in non-benzenoid aromatic systems; 
medium, catalytic and steric effects; some less common 
and related aromatic Sy reactions; subject index. 


1968 408 pages 125 illus. £715 0 


INORGANIC ELEGTRONIC 
SPECTROSCOPY 


A. B. P. Lever, Associate Professor of Chemistry, York 
University, Toronto, Canada 


CONTENTS: Preface, atomic structure; molecular symmetry 
group theory; crystal fleld diagrams; term diagrams; selection 
rules, band intensities and dichroism, some theoretical aspects 
of electronic spectra; charge transfer spectra, crystal field 
spectra; appendices; index, 


1968 440 pages 130 illus. £11 10 0 


DICTIONARY OF CHEMICAL 
ENGINEERING 


English/American, French, Spanish, Itallan, Dutch, German 
Compiled by W. E. Clason, formerly Head of the Translation 


Department, N. V. Philips, Gloeilampenfabrieken, Eindhoven, 
The Netherlands 


Volume 1: Chemical Engineering and Laboratory Equipment 


CONTENTS: This volume contains 5,973 terms dealing with 
apparatus and their component parts used in chemical 
laboratories and in the chemical and allied industries Apart 
from the purely chemical apparatus attention has been given 
to installations 


1968 617 pages £8 5 0 
Volume 2: Chemical Engineering; Processes and Products 


CONTENTS: This volume contains 5,900 terms dealing with 
Processes and methods used in chemical engineering as well 
as terminology concerning raw material, its processing and 
finished products. Commonly known chemicals are not 
included 


1968 570 pages £ 5 0 








Elsevier 


Amsterdam P.O. Box 211 


Lendon Ripple Rd Barking Essex 
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NEW AND RECENT BOOKS FROM 
METHUEN, CHAPMAN & HALL, AND E. & F. N. SPON 


THE ECOLOGY OF REPRODUCTION IN WILD 
AND DOMESTIC MAMMALS 


R. M. F. S. Sadleir 


A comprehensive work which reviews and collates the available information on the effects 
of environmental factors on mammalian breeding. The book includes information on 
practically all classes of mammals from shrews to whales, from primates to ungulates. 
Throughout the text experimental and field studies are considered separately with many 
discussions of their interrelated relevance. Methuen 758 


THE BIOCHEMISTRY OF THE NUCLEIC ACIDS 
Sixth Edition J. N. Davidson 


The explosive increase in our knowledge of the nucleic acid field during the last few years, 
particularly in relation to problems of conformation, of biosynthesis and of the genetic code 
has necessitated major revisions of this work. The author has provided an elementary outline 
of the main features of the nucleic acids and nucleoproteins and has covered as far as possible 
all developments in this progressive field. Methuen 50s 


THE MECHANICS OF ENGINEERING SOILS 
Fifth Edition Spon’s Civil Engineering Series 
P. Leonard Capper and W. Fisher Cassie 


An accepted standard text which aims to instruct young engineers and student engineers in 
the engineering properties of soil and in the design of foundations and earthworks by the 
study of stresses and deformations. E.& F. N. Spon 40s 


A COURSE IN VECTOR ANALYSIS 
LI. G. Chambers 


A course intended mainly for students of applied mathematics in the sixth form and first 
two years at university. A particularly welcome feature is the very large number of worked 
examples. Chapman & Hall 45s 


INTRODUCTION TO THE THEORY OF 
LINEAR SYSTEMS 

E. A. Faulkner 

The author aims to provide some insight into how linear circuits are approached by the 


modern electronics engineer and how to understand general properties of linear susceptibility 
functions. Chapman & Hall 20s 


FUNDAMENTALS OF ROCK MECHANICS 
J. C. Jaeger and N. G. W. Cook 


An overall assessment of the results of research in a field that is fast becoming recognized 
as a significant engineering science. A monumental book which should be the definitive 
work on the subject for many years. Methuen {6 


1x New Fetter Lane, London E.C.4 
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ACADEMIC PRESS 


London and New York 


Berkeley Square House, Berkeley Square, London WIX 6BA 
111 Fifth Avenue, New York, N.Y. 10003 


Two New Journals 


distributed by 


ACADEMIC PRESS 


for Universitetsforlaget, Publishers to the Norwegian Universities, 
P.O. Box 307, Blindern, Oslo 3, Norway 














LITHOS 


An International Journal of Mineralogy, Petrology and Geochemistry 


Edited by Tom F. W. Barth, Museum of Geology, Oslo. 
Managing Editor: J. A. Dons, Museum of Geology, Oslo. 


Publication is quarterly. The subscription price per volume of four issues is 90s. 
UK, $14.75 abroad. 


At the XXI Session of the International Geological Congress, held in Copenhagen in 1960, it became 
evident that there was considerable need for a new vehicle for geological information. The result 
of this interest was the launching of the journal LITHOS, sponsored by the Councils of Scientific 
Research in Denmark, Finland, Norway and Sweden, and having an international appeal. Sınce its 
first issue in January 1968, LITHOS has come to be considered one of the foremost journals dealing 
with mineralogy, petrology and geochemistry. It publishes articles of original research which are 
useful to students of physical geology wherever in the world they may live, but which have not 
previously been published in any major language. Regional descriptions and studies of strictly local 
interest are not considered unless leading to fundamental results, 


CONTENTS of LITHOS, Volume 1, Number 4. Additional data for the two-feldspar geothermometer. A mineral chemical 
study of a metamorphosed tron formation in Ni Sweden. Representations of mineral chemical analyses in 11-dunensional 
space. Part 2, amphiboles. Radiometry and crystallization history of the grante massif. Texas, USA. Posnble 
primary upper mantle idotite in Norwegian basal gneiss. Co-e2tstence of plagioclases af different compositions m some 
Plutonic and metamorphic rocks. 


LETHAIA 


An International Journal of Palaeontology and Stratigraphy 
Edited by Anders Martinsson, Institute of Palaeontology, Uppsala, Sweden. 


Publication is quarterly. The subcription price per volume of four issues is 90s. 
UK, $14.75 abroad. 


The journal LETHAIA was launched in January 1968 with the aim of introducing a new style of 
palaeontological publishing. This new style was to take advantage of the most modern printing 
methods to enable illustrations to be printed next to the related text matter, instead of being confined 
to a separate “Plates” section; also to allow rapid publication of papers with the inclusion of high- 
Ped figures. The Journal is sponsored by the Ministries of Education and the National Councils 
or Scientific Research of Denmark, Norway and Sweden. A careful distinction is made between 
argumentation and documentary articles; LETHAIA accepts papers on primary research and review 
topics, ae brief descriptive material, particularly if it concerns new information or key forms in 
systematics. 


CONTENTS of Vohane 1, Number 4 The affinities of Oncogratus Cardiograptus, and allied graptolites hl fanaa pa 

Mobergella from the Lower Cambrian of the tic area A westward extension of the tra fauna (U; Ask- 
gillian). Notes on the nature and environmental significance of the Receptaculitaceae. Zwei homoeomorfe Arten der Boomer: 
gattung Columnopheca Marsson. 





Important new journals from 
GORDON AND BREACH 


MODERN GEOLOGY: An International Journal 

Editor: L. B. Ronca ` 

This journal will publish experimental and theoretical papers in subjects like 
mathematical and statistical geology, nuclear geology, isotope geology, radia- 
tion damage, thermoluminescence, new aspects of geochemistry and geo- 
‘physics, remote sensing, lunar and planetary geology. 


CRYSTAL LATTICE DEFECTS 


Editor: R. R. Hasiguti 

Crystal Lattice Defects will publish experimental and theoretical papers 
which contribute to the understanding of lattice defects in metals, semi- 
conductors, covalent crystals, ionic crystals, ceramics, complex inorganic 
crystals and molecular crystals. 


COMBUSTION SCIENCE AND TECHNOLOGY: 
Incorporating PYRODYNAMICS 


Editor: I. Glassman 


An international journal which will provide the means for open discussion 
and prompt publication of new results, discoveries and developments in the 
various disciplines which constitute the field of combustion. Bi-monthly. 


EARTH AND EXTRATERRESTRIAL SCIENCES: 
Conference Reports and Professional Activities 
Editor: A. G. W. Cameron 


The purpose of this journal is to inform both specialist and non-specialist of 
important new results and basic research advances in earth, space and the 
astronomical sciences. It offers immediate access to reports on conferences 
and symposia in astronomy, astrophysics, cosmology, space research, geology, 
geophysics, geo-chemistry, meteorology, oceanography, and related fields. 


, PARTICLE ACCELERATORS 
Editor: J. P. Blewitt, Accelerator Department, Brookhaven National Labora- 
tory, New York. Quarterly. 
GEOPHYSICAL FLUID DYNAMICS 
A Journal of Atmospheric Oceanographic Interaction 
Editor: A. R. Robinson, Division of Engineering and Applied Science, Pierce 
Hall, Harvard University, Cambridge, Mass. 








To GORDON AND BREACH SCIENCE PUBLISHERS 12 Bloomsbury Way, London, W.C.1 
Please send me further information about the following journals 


NAME 
ADDRESS 


Signature Date 





Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'’adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs å l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura 6 a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


ANULUI, DUY J1, L7, Ye ae 


NATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 





IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 






Date of 
issue 












Name of Manufacturer —-—~~-—--—---—----—-----------— —-— 


Product: -seat ee A a tte as 





Name of Manufacturer -— —————-----——--2-. ---=-----——-- 


Product 220 L a 











Date of | Page 
Name of Manufacturer issue No. 
Product STE ae NE a 

Date of Page 
Name of Manufacturer ———.——~...-___... issue No. 
Product) 22.5 eo ANIE TIE 

Date of Page 
Name of Manufacturer ——-.------—--- Issue No 


Product sesan 






Date of 
issue 


Date of 
issue 


Date of 
issue 


CAPITAL LETTERS PLEASE 


Name of Manufacturer -_ 


Product 











Page 
Name of Manufacturer ——..-_—---__. No. 


Product ——--—- 








Name of Manufacturer 
Product 








PLEASE SEND REPLIES TO: 
Namo sss a 


Position 





Organisation — 


Address 











Ay 4707, Pe AAU 


READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


2nd Fold 








NO POSTAGE 
STAMP 
NECESSARY IF 

POSTED IN 


GREAT BRITAIN 
OR NORTHERN 
IRELAND 








BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clement's Inn 
Strand 
London WC2 

England 





HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Ist Fold 


NATURE 


(NTERRATIONAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


é 


NATURE, MAY 31, 1969 


XXXV 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at “Nature” Office 


Mathematics 


BASS, Hyman. Algebraic K-Theory. (Mathematics Lecture Note Series } 
94 in. x 6h in. (23°5 cmx 16 cm) Pp. xux-+762. (New York and Amsterdam : 
W.A Benjamin, Inc., 1968.) $12.50 clothbound , $5.95 paperbound.* 

BULLOFF, Jack J., HOLYOKE, Thomas C , and HAHN, S W. Foundations of 
Mathematics (Symposium rs commemorating the Sixtieth Birchoay of 
Kurt Godel.) 9} in. x6} in ars cmx l6 cm). Pp. xu- 195. (Berlin and New 
York’ Springer-Verlag, 1969.) 39 DM , $975.* 

FREMONT, Herbert. How to Teach Mathematics in Seccndary Schools 
(Gaundere Science Teaching Series ) 10 in. x 6? in. (25-5 cm» 17 cm). Pp xv-+ 

1. (Philadelphia and London : B. Saunders Company, 1969) 69s.* 

GREYVILLE, T. N. E. (edited by) Theory and Applications of Spline Functions 
(Proceedings of an Advanced Seminar conducted by the Mathematics Research 
Center, U.S. Army, at the Unrversity of Wisconsin, Madison, October 7-9, 
1968.) 9} in. x 6} in ‘5 cmxi6 cm). Pp. xı+212. (New York and London : 
Academic Press, 1969.) 46s 8d," 

HINCHEN, John D. Practical Statistics for Chemical Research. 82 in x52 in. 
(22 cmx 15 em) Pp. viit+116. London: Methuen and Co.. Ltd., 19€9.) 3€s 
cloth; 18s. paperback * 

KAUFMANN, A. La Conflance Technique: Théorie Mathématique de la 
Fiabilrté  (Sctance-Poche ) 62 in.x4}in. (17 cmx 11 cm). Pp x479. (Paris. 
Dunod, 1969.) 5 francs.* 

KLEMKE, E. D. (edited by) Essays on Frege. 8} in. 52 in (21 cmx 15 cm). 
ap xn+586. (Urbana and London : University of Illinois Press, 1968.) $10, 


KREYSZIG, Erwin. Introduction to Differential Geometry and Riemannian 
Geometry, (Mathematical Expositions, No 16) 9f1n.x 6 in, (23:5 cm x 15:5 cm). 
Pp x41-+370. (Toronto : University of Toronto Press , London . Oxford Univer- 
ay Press, 1969.) 105s. net.* 

UKE, Yudell L. The Special Functions and their Approximations, Vol. I, 
Mathematics in Science and Engineering, Yol. 53-1) 9} in. x 6} In paa cmx 
6 cm). Pp. xx+349. (New York and fondon + Academic Press, 1969.) 182s.* 

MACDONALD,| G Algebraic Geom : Introduction to Schemes. (Mathe- 
matics Lecture Note Series.) 94 in. x6} In. (23-5 cmx 16 cm). . vit-b 13. 
(New York and Amsterdam W. A. Benjamin, Inc., 1968) $9.50 jothbound ; 
$3.95 paperbound.* 

NIKAIDO, Hukukane. Convex Structures and Economic Theory. (Mathe- 
matics in Science and Engineering, Vol. 51.) 9b in.x6d1n (235 cmx 16 cm). 
Pp. xu-+405, (New York and London : Academic Press, 1968 ) $19.50.* 

PASSMAN, Donald. Permutation Groups. (Mathematics Lecture Note Series.) 
9} in. x6 in. (23-5 cmx 15 5 cm) Pp; ıx+3]0. (New York and Amsterdam : 
W. A. Benjamin, Inc., 1968.) $9.50 clothbound; $4.95 paperbound.* 

SIMONS, S Introduction to the Principles of Quantum Mechanics. 9 in. x 
S2in (23 cmx 15cm). Pp vi+116. (London Logos Press, Ltd., in association 
with Elek Books, Ltd , 1968) 42s net.* 

SMITH, Cedric A B. Biomathematics: The Principles of Mathematics for 
Students of Biological and General Science. Vol. I. Algebra, Geometry, Calculus. 
Fourth edition. 9in.x61n (23 cmx 15-5 em). Pp. xu-+523. (London: Charles 
Griffin and Co., Ltd., 1966.) 63s net. 


Astronomy 


CALDER, Nigel. Violent Universe an Eye-witness Account of the Commotion 
m Asrronomy 968-69. 94 in.x7} ın (24 cmx 18:5 cm). Pp. 160. (Londen : 
British Broadcasting Corporation, 1969.) 25s.* 

DANIEL, R R , LAVAKARE, P. J , and RAMADURAI (edited by). Cosmic Ray 
Studies in relation to recent developments in Astronomy and Astrophysics. 
(Proceedings of a Colloquium held in Bombay, November [1-16, 1968.) 9% in.x 
6} in 25 cmx 165 cm). Pp vi+374. (Bombay: Tata Institute of Fundamental 
Research, 1968.) n.p. 

GEBBIE, Katherine B., and THOMAS, Richard N. (edited by) Wolf-Rayet 
Stars. (Proceedings of a Symposium held at the Joint Institute for Laboratory 
Astrophysics, University of forado, Boulder, Colorado, June 10-14, 1968 ) 
NBS Special Publication No 307) 9t1n x6in (23 5 cmx 15-5 cm) Pp x+277. 

fashington, D.C.* Government Printing Office, 1968 $3 * 

OHMAN, Yngve (editad by). Mass Motions in Solar Flares and Related Pheno- 
mana. (Proceedings of the Ninth Nobel Symposium held June 10-12, 1968 
Anacapri, Capri, Italy.) 9} 1n.x 62 in. (24 cmx 16cm) Pp 245 (New York and 
London: Wiley Interscience Division, John Wiley and Sons, Inc. ; Stockholm : 
Almqvist and Wiksell, 1968.) 210s.* 

SPITZER, Lyman. Drffuse Matter in Space. (Interscience Tracts on Pits 
and Astronomy, Vol. 28.) 6f in x54 in. (21 cmx14 cm) Pp. x-+-262. (New 
York and London . Interscience Publishers, a Diviston of John Wiley and Sons, 


ot 

TERZIAN, Yervant (edited by) Interstellar longed Hydrogen 9} in-x 
6} in. (23-5 cmx 16 cm). Pp. x+774. (New York and Amsterdam W A. 
Benjamin, Inc , 1968.) $15.* 


Physics 


AXELROD, Norman N. (edited by). Optical Properties of Dielectric Films. 
9 In. x6 in. (23 cmx 15-5 cm). Pp. vit283. (New York: The Electrochemlal 
Society, Inc., 1968.) $9.* 

BALKANSKI, M., et SEBENNE, C. Physique 2: Ondes et Phénomènes Vibra- 
toires. qor Cycle—Facultés des Sciences, Facultés de Médeane ) 9 in x8} in. 
(23 cmx21 cm). Pp. 318, (Pans: Dunod, 1969 ) 29 francs. * 

BEATON, K. B., and BOLTON, H. C. A German Source-Book in Physics. 
94 in. x 6f in, (24 cmx 165 cm). Pp. xvit315 (Oxford Clarendon Press, 
London: Oxford University Press, 1969.) 70s. net.* 

BUNEMAN, Oscar, and PARDO, William B. (edited by) Relativistic Plasmas. 

he Coral Gables Conference.) 9} in. x 6} in. (23-5 cmx 16 cm). Pp xu+249, 

New York and Amsterdam. W A. Benjamin, Inc , 1968.) $13.50.* 

CHARON, Jean E. Cours de Théorie Relativiste Unitaire, (Progrès des 
Sciences et Techniques.) 94 n. X64 ın. (24cm x 16cm). Pp.230 (Paris: Editions 
Albin Michel, 1969.)_n.p.* 

DEBIESSE,J , et LEMOIGNE, L. La Matitre-Energie dans ses Particulas Ultimes. 
(Monographies Dunod ) 621n.x 4}. (17 emx I1 em). Pp. 136. (Paris : Dunod, 
1969 ) t9 francs.* 


FRANK, F C., MULLIN, J B., and PEISER, H. S. (edited by) Crystal Growth 
1968. (Proceedings of the Second International Conference on Crystal Growth, 
Birmingham, U.K., [5-19 July 1968.) 104 In.x7} ın (265 cmx195 cm). Pp 
xıx+842. (Amsterdam. North-Holland Publishing Company, 1968.) 373s.* 

HADNI, Armand. l'Infrarouge Lointain. (Collection SUP, "Le Physicien”, 2.) 
7 ın x44 in. (18 cmxI15 cm). Pp. 260. (Paris: Presses Unrversrtares de 
France, 1969.) 15 francs * 

KAHAN, Théo. Les Particules Elémentaires : Physique des Hautes Energies. 
‘Que Saisye ”’, No 1293) 7 in.x4$ in. (18 cmx | l$ cm). Pp. 126. (Paris 
resses Universitaires de France, 1969.) n.p.* 

KALLARD, Thomas (edited by). Holography State of the Art Review— 
1969.) 108 tn.x8$ in (27 cmx2l cm). Pp. v+182. (New York: Optosonic 
Press, 1969.) $12.* 

KORTOM, Gustav. Reflexsonsspektroskopie * Grundlagen, Mathodik, Anwen- 
dungen. 9¢1n.x6}in (23 5cemx 16cm) Pp. vi+378 (Berlin und New York : 
Springer-Verlag, 1969) 86 DM, $2!.50.* 

LEECH,J W.,and NEWMAN, D J. How to Use Groups (Methuen’s Monc- 
graphs on Physical Subjects.) 8 in x54 ın. (20 emx 14cm) Pp. 133 (London: 
Methuen and Co., Ltd , 1969.) 32s. cloth; 2ls paperback.* 

MARGOLIS, B., and LAM, C. S. (edited by) Nuclear and Particle Physics. 
Proceedings of 1967 Summer Institute held at McGill University.) 94 in. x 64 in- 

‘5 cmx 16cm). Pp 547. (Amsterdam and New York: W.A Benjamin, Inc.» 
968.) $12.50.* 

MARTON, L. (edited by) Assisted by MARTON, Claire Advances in Elec- 
tronics and Electron Physics, Vol. 25. 9} in.x 6 in. (23-5 cmx16 cm) Pp. 
x +346. (New York and London. Academic Press, 1968) 149s. 4d * 

MIGDAL, A.B Nuclear Theory: The Quasi cla Method. Translated by 
Anthony J. Le: gaat. (Frontiers tn Physics. SF in. x 6t in (235 cmxl6 cm). 
Pp xiu+142, ew York and Amsterdam : . A. Benjamin, Inc., 1968) $4.95.* 

OEUVRES DE SALOMON ROSENBLUM. 9} in x63 ın (25 cmx 16 cm). 
Pp.363 (Paris: Gauchier-Villars, 1969.) 76 francs * 

PASZKOWSKI, B Electron Optics. Translated from the Polish by George 
Lepa English translation edited R. C. G. Leckey. 8} tn x62 in, (21 cmx 
I7 cm) Pp. 305 (London: Iliffe Books, Ltd.; New York: American Elsevier 
Publishing Company, Inc., 1968) 65s. net.* 

PERSICO, Enrico, FERRARI, Ezio, and SEGRE, Sergio E. Principles cf Particle 
Accelerators 9} in.x 6} in. (23:5 cmx 16 cm). Pp. x+301 (New York and 
Amsterdam © W. A. Benjamin, Inc., 1968) $17.75.* 

ROY, R. R., and REED, Robert D. Interactions of Photons and Leptons with 
Matter 9in X6in. emx155 em). Pp. xi+319 (New York and London: 
Academic Press, [968 ) 135s 4d.* 

SHAW, Duncan J. Electrophoresis. 9} in.x6 in, *Scmx155 cm) Pp. 
vul+144, (London and New York: Academic Press, | 69.) 35s., $495.* 

TAKEDA, Gyo, and HARA, Yasuo (edited by). Fundamental Particle Physics. 
1967 Tokyo Summer Lectures in Theoretical Physics ) 94 in x6 in, (23 5 cmx 
55cm). Pp vii+167. (Tokyo Syokabo Publishing Company, New York: 

W.A Benjamin, inc., 1968) $8.50.* 

VINSON, J D Cohérence Optique: Classique et Quantique. (Mono- 
praphias Dunod.) 62 in x4} in (I7 cmx ll cm) Pp. 130. (Pans: Dunod, 
969) 19 francs.* 


Technology 


ALT, Franz L., and RUBINOFF, Morris (edrted by). Advances in Computers, 
Vol 9 921n x 6}in. 5cmxlécm)} Pp x10v-+366 (New York and London : 
Academic Press, 1968.) [40s.* 

ARMENAKAS, Anthony E., GAZIS, Denos C , and HERRMANN, George. 
Free Vibrations of Circular Cylindrical Shells. 11 in.» 8 in. (28 cm x20 cm) 
peat I. (Oxford, London and New York . Pergamon Press, 1969) lO5s.; 
$14. 

BIRD, Anthony Roads and Vehicles (Industrial Archaeology Series ) &ł in. 
x58 in (22 cmx 15 cm). Pp. x+250+3] photographs. (London Longmans, 
Green and Co., Ltd., 1969.) 45s. net * 

BOUSQUET, P Spectroscopie Instrumentale. 9$1n x 62 in. (24 cm x 16 cm). 
Pp. a11+-208. (Pans: Dunod, 1969.) 32 francs.* 

BROWN, Russell, and CAMPBELL, G.A. How to Find Out About the Chemical 
Industry. (The Commonwealth and International Library of Science, Technology, 
Engineering and Liberal Studies; Libraries and Technical Information Division.) 
7łin.x51n.(195cmx 125cm) Pp.xu+219. (Oxford, London and New York: 
Pergamon Press, 1969.) n.p.* 

BROWN, W. L., HIGINBOTHAM, W. A., MILLER, G. L , and CHASE, R L. 
‘edited by). Semiconductor Nuclear-Particle Detectors and Circuits. (Nuclear 

ence Series Report No. 44. Publication 1593.) 9%} in x 64 in. (235 cmx 
S66) sash xvii+796, (Washington, D.C.: National Academy of Sciences, 

CARAFOLI, Ehe With the co-operation of MATEESCU, Dan, and NASTASE, 
Adriana. Wing Theory in Supersonic Flow. (International Series of Mono- 

raphs in Aeronautics and Astronautics. Division Il. Aerodynamics, Vol. 7.) 
Shin. x 6b in. (23-5 emx 16cm). Pp xtl+-594. (Oxford, London and New York ' 
Pergamon Press, 1969.) 175s.; $22.* 

CLEGG, Gordon L. The Design of Design. (Cambridge Engineering Series.) 
8} in. x 5ġ in. (21-5 cm x i4 cm). 
1969.) 30s.; $4.95.* 

CODD, E. P. Cellular Automata (ACM Monograph Seres ) 9} in x6} In. 

-5 emxi6 cm). Pp. ix+122. (New York and London: Academic Press. 

968) 74s 8d." 

DAVIS, Robert K. The Range of Choice in Water Management ' a Study of 
Dissolved Oxygen tn the Potomac Estuary. 9} in x6 in. “5 emx15 5 cm). 
Pp: xvii+196 (Baltimore, Md.. The Johns Hopkins Press ; London: Oxford 

niversity Press, 1968 Published for Resources for the Future, Inc). 66s 6d. 
net.* 

FAIZULLAEV, Dzharulla F. Laminar Motion of Multiphase Medr in Conduits. 
Translated from the Russian 102in.x8}in (27 emx21 cm). Pp.vit+144 (New 
York: Consultants Bureau, 1969 50.* 

FRENCH, Bevan M., and SHORT, Nicholas M (edited by). Shock Metamor- 
phism of Natural Macersals. (Proceedings of the First Conference held at NASA, 
Goddard Space Flight Center, Maryland, April 14-16, 1966.) 10} in.x8 In 
(26-5 cmx20 cm). Pp. Ix+644. tumore, Md : Mono Book Corp , 1968 ) 
$25.* 


.93. (London : Cambridge University Press, 


XXXVI 


FU, K. S. Sequential Methods in Pattern Recognition and Machine Learning. 
Mathematics in Scienca and Engineering, Yol. 52.) 9} Inf in. (23-5 cmx 
6cm). Pp.xi+227. (New York and London : Academic Press, 1968.) 116s. 8d.* 

HOPKINSON, R. G., and KAY, J. D. The Lighting of Buildings. 8Ẹ in.x 
HPN (22 cmx [4 cm). Pp. 3I8+67 plates. (London: Faber and Faber, Ltd., 
1969.) 55s, net.* 

IRVINE, Jr., Thomas F., and HARTNETT, James P. (edited by). Advances in 
Heat Transfer, Vol. 5. 9} m.x 6} os emx16 cn), Pp. x1-+538. (New 
York and London : Academic Press, 1968.) 210s.* 

KLERER, Melvin, and REINFELDS, Juris (edited by). Interactive Systems for 
Experimental Applied Mathematics. (Proceedings of the Association for Com- 
puting Machinery, Inc., Symposium held In Washington, D.C., August 1967.) 
9} nsx 6t m 2s cmx l6cm). Pp xv+472. (New York and London. Acade- 
mic Press, 1968.) !82s.* 

KOVALEVSKY, V. A. Character Readers and Pattern Recognition. Translated 
by A. M. Karpovich and A, M. Leavitt. 9} m. x6 in. (24 cmx l6 cm). Pp. x+ 
267. (New York: Spartan Books, 1968. Distributed in the UK by Macmillan 
and Co., Led.). 120s.* 

KU, Harry H (edited by). Precision Measurement and Calibration: Selected 
NBS Papers on Statistical Concepts and Procedures (NBS Spectal Publication 
300—Vol. I.) 10} in. x8 in. cmx20 cm) Pp. x+436. (Washington, D.C. 
U.S. Government Printing ce, 1969.) $5.50." 

UEBOWITZ, H Fracture: an Advanced Treatise. Vol. 2 Mathematical 
Fundamentals. 9} in. x6} in. nxe emis Pp xvi-+759. (New York and 


London : Academic Press, 1968. 
NASUN, P. Principes des Calculatrices Numérales Automatiques. Quatrième 


édition, révisée et mise à jour. (Monographies Dunod.) 6$ in. x 4} ın. (17 cmx 
lli cm). Pp.252. (Paris: Dunod, 19691) 1 francs.* 

NEAL, R. B, (general editor), The Stanford Two-Mile Accelerator. in.x 
62 in. (23°5 cm x 17 cm). Pp. xali+- 1169. (New York and Amsterdam . WA 
Benjamin, Inc., 1968.) $35. 

RAUCH, Sr., H. W., SUTTON, W. H., and MCCREIGHT, L. R. Ceramin 


Fibres and Fibrous Composite Materials. (Refractory Materials . a Series of Mono- 
graphs.) In. X64 in “Sem x l6cm). Pp. xvi+436. (New York and London: 
Academic Press, 1968.) 116s. 8d * 

SAMOILOV, A. G., KASHTANOY, A. l., and VOLKOY, V. S.  Dispersion— 
Fuel Nuclear Reactor Elements. Translated from the Russan. in.X7 in. 
o cmx I8 cm). Pp.223, (Jerusalem : Israel ram for Sclentrfic Translations, 

968. Distributed by H. A. Humphrey, Ltd., London.) 63s.* 

SECREST, Don, and NIEVERGELT, Jurg (edited by) Emerging Concepts in 
Computer Graphics. (1967 University of Illinois Conference.) 9} in.x6 in. 
(235 em x 15 5 om). P x+418. (New York and Amsterdam : W. A. Benjamin, 


Inc, 1368.) $12.50, 

SEGRE, Emilio (edited by). In association with GROVER, J Robb, and NOYES, 
H. Pierre. Annual Review of Nuclear Science, Vol. 18. 9 in x6} in. (23 cmx 
16cm). Pp. v+553. (Palo Alto: Annual Reviews, Inc., 1968.) $9.* 

SWENSON, E. G. (technical editor). Performance of Concrete: Resistance of 
Concrete to Sulphate and other Environmental Conditions (Canadian Building 
Series.) 10 in. x7 tn, (25-5 cmx 18 cm). Pp. vii-+243. (Toronto: University of 
Toronto Press, London + Oxford University Press, 1968.) 95s, net.* 

TAVERNIER, Paul. Poudres et Explosris. (“Que ae 2", No. 259) 7in.x 
teh) (18 mx 11-5 cm) Pp. 126. (Paris: Presses Universitaires de France, 

.) np. 

WIND EFFECTS ON BUILDINGS AND STRUCTURES. (Proceedings of the 
International Research Seminer, Ottawa, Canada, |l-15 September 1967.) 
Vol. I: Pp. xvi-+772. Vol. 2: Pp. vil+-461 10 in. x7 in. +5 cmx 18 cm). 

oronto.. University of Toronto Press; London: Oxford University Press, 

968.) 142s. 6d. net per set * 


Pa 


Earth Sciences 


BATH, Markus Mathematical Aspects of Seismology. (Developments in Solid 
Earth Geophysics, Vol. 4.) + in xf (24 cmx 16-5 cm). Pp. x1 415. - 
sterdam, London and New York: ier Publishing Company, 1968.) Os. * 

BENNISON, George M., and WRIGHT, Alan E. The Geological History of the 
British Isles. 92 in. x6 in. (235 cmx 15-5 cm). Pp. x+406. {London : Edward 
Arnold (Publishers), Ltd., 1969.) 100s. net.* 

BLOOM, Arthur L. The Surface of the Earth undations of Earth Science 
Series.) 9 in.x 6} in. cmx I6 cm). Pp. wii+152. (Englewood Cliffs, NJ. : 
Prentice-Hall, Inc., 1969.) n.p.* 

BONTE, Antoine. Introduction a la Lecture des Cartas Géologiques. Quat- 
rème édition complétée et mise à jour. 9} in.x 6} tn. (24 mx IES cm). Pp. 
277. (Paris: Masson et Cie, 1969.) 48 francs. * ° 

GOULD, Sydney W. Geo-Code. Vol. |: West Edition. 114 In. x82 im, 
(28 5m x22 cm). Pp. xsli+262. (New Haven, Conn.: The Gould Fund, 1968.) 


n.p. 

MACKAYE, Benton. From Geography to Geotechnics. 8} in.x6 in. (21 emx 
155 cm). Pp. 194. (Urbana and London ' University of Illinois Press, 1968 ) 
$5.95 ; 56s. 6d." 

PHINNEY, Robert A. (edited by) The History of the Earth’s Crust: a Sym- 
posum: (Contributions to a Conference held at the Goddard Institute for 

pace Studies, November [0-I!, 1966.) Il} in.x8} in. (28-5 emx2t5 cm). 
Pp. vitl+244. (Princeton, N.J : Princeton University Press ; London : Oxford 
aves Prass, 1968.) 130s. net.* 

PROCEEDINGS OF THE SYMPOSIUM ON INDIAN OCEAN hald at New 
Delhi, March 2-4, 1967. (Bulletin of the National Institute of Sciences of Indra, 
No. 38, 1968, Part I.) 94 1n: X77 In. (24 em 18-5 cm): Pp.x+562. (New Delhi : 
National Institute of Sciences of India, 1969.) Rs. 35.10.* 

TURNER, Francis J. Metamorphic Petrology : Mineralogical and Field Aspects. 

¢Graw-Hill International Series in the Earth and Planetary Sciences.) 9} in.x 

in. (23°5 em x 155 em). Pp. x1-+403. (New York and Maidenhead : McGraw- 
Hill, 1968.) 126s.* 

WOOD, Alan (edited by). The Pre-Cambrtan and Lower Palaeozoic Rocks of 

Wales. (Report of a Symposium held at the University Coll e of Wales, Aberyst- 
, in honour of Professor O T. Jones and Sir Willlam Pu h.) 10 In. x 7} in 
ne cm). Pp. x+46!. (Cardrff: University of Wales Press, 1969.) 


Chemistry 


ANDERSON, Jay Martin. Introduction to Quantum Chemist 9} in.x 
6 In. (23 5 emx 15:5 cm). PP xtv+445. (New York and Amsterdam: W. A. 


Benjamin, Inc., 1969.) n.p. 

AUSLOOS, P K ited by) Fundamental Processes in Radiation Chemistry. 
9} in. x 6} in. (23 5 cmx 16 cm). Pp. ix+753. (New York and London: Intar- 
science Publishers, a Division of John Wiley and Sons, 1968.) 225s.* 

BAMFORD, C. H., and TIPPER, C.F H. (edited by). Comprehensive Chemical 
Kinetics Vol. |: The Practica of Kinetics Of In. x 6} in. cmx 165 em). 


Ppi aii 1450. (Amsterdam, London and New York : Elsevier Pu lishing Company, 
1969.) 2255.* 
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BOVEY, Frank A. Nuclear Magnetic Resonance Spectroscopy. 9} in, x 6} In. 
(24 cmx [6:5 cm). Pp. Ix+396. (New York and London: emic Press, 


1969.) 154s.* 
BRILKIN, T. G., and SHISHUNOY, V. A. Reactions of O ometallic Com- 
ounds with Oxygen and Peroxides. English translation edi by Dr. Alwyn G. 
Davies. 82 In. x 5g in. (22 cmx 14 cm). Pp. 225. (London; Iliffe Books, Ltd., 
1969.) 65s, net.* * 
BRUINS, Paul F. (edited by). rong Resin Technology (Polymer Engineerin 
and Technology.) in. x 6hin. +5 cm xX 16 em). Ba emery (New ¥ 
London : Interscience Publishers, a Division of John Wiley and Sons, 1968.) 155s.* 
CAIS, Michael (edited by). Progress in Coordination Chemistry. (Proceedings 
of the Eleventh International Con 
Pp. xxvli+-854. 


(Amsterdam, London and New York: Elsevier Publishing Company, 1968.) 


CHAPMAN, Dennis. Introduction to Lipids. (European Chemist Series ) 
8} in. x5$ in, (21-5 cmx 14 cm). Pp. ix-+141. (Maidenhead: McGraw-Hill 
Publishi Company, Led., 1969.) 36s. 

DOLEŽAL, J., POVONDRA, P., and SULCEK, Z. Decomposition Techniques 
in Inorganic Analysıs. English translation edited by D. O. Hughes, P. A. Floyd, 
and M, S. Barratt. in. x6 In. (21:5 cmx 15:5 cm). Pp, 224. (London Iliffe 
Books, Led i New York: American Elsevier Publishing Company, Inc., 1968 ) 

net. 

DUNITZ, J. D., and IBERS, J. A. (edited by) Perspectrves in Structural Chemis- 
try, Vol.2. 9dIn. x 6$1n.(23-5cm x 16em). Pp.tx-+178. (New York and London. 
John Wiley and Sons, 1968.) * 

FAYARD, Michel. Structure Electronique des Atomes et des Molecules Simples 
Ique—tiaisons Chimiques. Collection Méthodes.) m.x6 in. 

cm x 15-5 cm). Pp. 201. arene Hermann, 1969.) 39 francs.* 

FISCHER, Robert B., and P RS, Dennis G. A Brief Introduction to Quantita- 
tive Chemical Analysis. in. x 6} in. (24 cmx 16 cm). Pp xd1-+537, (Philadel- 
phra and London: W. B. Saunders Company, 1969.) 78s. 6d.* 

GOLTERMAN, H. L., and CLYMO, R. S$. (edited by). Methods for Chemical 
Analysis of Fresh Waters. (International Blological Programme Handbook No. 8.) 
9ł in. x6 in. (23-5 cmx I5 5 an): PPNI 172 (Oxford and Edinburgh : Black- 
well Scientific Publications, 1969.) hi 

GRANDOU, Pierre, et PASTOUR, Paul. Peintures et Vernis : Techniques’et 
Industrie. 921n.x7 In. (25 cmx 18 cm). Pp. xili-+442. (Paris - Hermann, 1969 ) 
75 francs.* 

HAGIHARA, Nobue, KUMADA, Makoto, and OKAWARA, Rokuro (editors-in- 
chief). Handbook of Organometallic Compounds. Translated from the Japanese, 
9} In. x 6$ in (23 5 emx 16 em). Pp. xvui+ 1044. (New York and Amsterdam : 
W. A. Benjamin, Inc., 1968.) n.p.* 

HENLEY, Ernest J, and ROSEN, Edward M Materral and Energy Balance 
Computations. (Chemical Engineering Outlines.) 9 1n.x6 in. (23 cmx 15-5 cm). 
Pp. xœœx4+577. (New York and London John Wiley and Sons, 1969.) ['32s.* 

HEPPLE, Peter (edited by). Molecular Spectroscopy. (Proceedings of a Con- 
ference held at Brighton, England, 17-19 April 1968.) 10 in.x6 in. (25:5 em x 
15-5 cm): Pp. vil+419. (London: The Institute of Petroleum, 1968.) Sole 
Agents for overseas sales: Elsevier Publishing Co., Ltd., Amsterdam, London 
and New York.) n.p.* 

JACQUIER, R., LAMATY, G., MAURIN, M., et SOULIER, J. uilibres en 
Solution (La Chimie du Premier Cycle. Collection Dunod Universi ). in. x 
6in (24cemx15-5cm). Pp. 180. (Paris: Dunod, 1969.) 12 francs.* 

KIRK, D.N ,and HARTSHORN, M. P. Steroid Reaction Mechanisms. (Reaction 
Mechanisms in Organic eae ea: a Senes of Monographs.) 8} in.x 5} in. 

15 cmx 4cm). Pp. aay ae ‘Amsterdam, London and New York: Elsevier 

blishing Company, 1968.) 200s.* 

KRAUSE, A. and LANGE, A. Introductron to the Chemical Analysis of Plastics 
English translation edited by J. Haslam. 82 in.x 5# in. (22 cmx 15 cm). Pp. 226. 
(London : IIrffe Books, Ltd., 1969) 60s. net.* 

LOTHIAN, G. F. Absorption Spectrophotometry. Third edition in. x 
5% in. (22 cmx 14 cm). Pp. vi+246. (London: Adam Hilger, Ltd., 1969.) 60s 

+k 


net. 

MARINSKY, Jacob A. (edited by) lon Exchange, Vol.2 9} mn. x 6} in. (23 5 
cmx l6 cm). Pp. viis. (New a Marcel Dekker, Inc., 1969)  $12.75.* 

MASTERTON, Willlam L., and SLOWINSKI, Emil J. Chemical Prinaples. 
Second edition. 10$ in. x7} In. (26-5 cmx 19 mn Pp. xix+-705, (Philadelphia 
and London: W. B. Saunders Company, 1969.) 93s.* 

MILLER, J. Aromatic Nucleophilic Substitution. (Reaction Mechanisms in 
Organic Chemistry, Monograph 8.) 84 In.x 5} in. (21-5 cmx 14 cm). Pp. xit- 
408. (Amsterdam, London and New York: Elsevier Publishing Company, 
1968.) 155s.* 

NICKLESS, G. (edited ty: Inorganic Sulphur Chemistry. 9} in.x 6? in. 
(25 cmx I7 cm). Pp. x (Amsterdam, London and New York: Elsevier 


Publishi Company, l .) _365s.° 

OR OMETALLIC CHEMISTRY. lenary Lectures presented at the Third 
Internationa! Symposium on ne lic Chemistry, held in Munich, Germany, 
28 Au =| September 1967. International Union of Pure and Applied Chemis- 
try, Division of Ino! lc Chemistry ; Drvislon of Organic Chemistry ; In con- 
unction with Gesallechaft Deutscher Chemiker. Pure and Applied Chemistry, 

ol. 17, No. 2, 1968.) 10 in. x 6}1n.(25-5cem x l6 cm). Pp. v-+ 179-272, (London : 
Butterworth and Co. (Publishers), Ltd., 1968 ) 40s * 

PATRICK, Robert L. (edited by) Treatise on Adhesion and Adhesives. Vol, 2: 
Materials. in.x in. (23-5 cmx 16 cm). Pp. xii+554. (New York: Marcel 


PLESEK, Jaromir, and HERMANEK, Stanislav, Sodium Hydride : Its Use in the 
Laboratory and in ‘Technology. English translation edited by G. Jones 92 in 
x7 in. (25 cm x 18 em). . 185. don ` Iliffe Books, Ltd., 1968.) 45s, net.* 

REICH, Leo, and STIV, » Salvatore. Autoxidation of rocarbons and 
Polyolefins : Kinetics and Mechanisms. 3h in. xét in, (23:5 mx 16 cm). Pp. 
xt+527, ew York: Marcel Dekker, 1969.) $29.75." 

SANDLER, Stanley R., and KARO, Wolf. Organic Functional Grou Prepara- 
tions. (Organic Chemistry : a Series of Monographs.) bs 10:x in. (23°5 cm x 
leem) A rRe (New York and London : Academic Press, 1968.) 172s. 8d.* 

SLOWINSKI, Emil J., MASTERTON, Willam L., and WOLSEY, Wayne C. 
Chemical Principles in the laborator: It in. x 8} in. (2B cm x 21-5 cm). Pp. ix+ 
331, (Philadelphia and London : W. B. Saunders Company, 1969.) Ao 

STONE, FG. fae hey ; Robart ediad. By); Advances as pa a 
Chemistry, Vol 7. n.x n. (23-5 cmx 16 cm). - vili+336. ew York 
and London : Academic Press, ses 1493.* 

TENTH INTERNATIONAL CONFERENCE ON CO-ORDINATION CHEMIS- 
TRY—Plenary lectures presented at the conference held in Tokyo and Nikko, 
Japan, 12-16 September 1967. (International Union of Pure and Applied Chemis- 
try, tn conjunction with the Science Council of Japan, and the Chemical Soclety 
of Japan.) (Pure and Applied Chomistry, Vol. 17, No. I and No. 2, 1968.) 10in.x 
6} In. (25-5 cmx 16 cm). Pp. 194, (London - Butterworth and Co. (Publishers), 
Ltd., 1968.) 50s.* 

WEST, T. S. Complexometry with EDTA and Related Reagents. 3rd edition, 
completely revised and rewritten. 9in.x52in.(23 emx 15cm). Pp 235. (Poole: 
BDH Chemicals, Ltd., 1969.) 50s.* 
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WOLFROM, Melville L., and TIPSON, R. Stuart (edited by). Advances in Carbo- 
hydrate Chemrstry, Yol. 23. Rin? n, xa in, is Semxl6cm). Pp. x14540. (New 
York and London : Academic 196s.* 


Biological Sciences 


AU, Salim, and RIPLEY, S Dillon. Handbook of the Birds of India and Paki- 
stan, together with those of Nepal, Sikkim, Bhutan and Ceylon, Vol. | Divers 
to Hawks. 92 in. x62 In. (25 cmx 17 cm). Pp. Iviit+360+18 plates. (Bombay, 
London and New York : Oxford University Press, 1968.) 95s. nat.* 

ANDERSEN, Harald T. (edited by). The Biology of Marine Mammals. 9} in. x 
éł ın (23-5 cmx 16 cm). Pp xu+5l11. (New York and London. Academic 
Press, 1969.) 200s. 8d.* 

BEND. „J. R, Muscles, Molecules and Movement : an Essay ın tha Contrac- 
tion of Muscles. (Heinemann Studies in Biology, No. 6.) 8 in. x5} in. cmx 


R cm). Pp. xx+219. (London: Heinemann Educational Books, Ltd., 1969.) 
5s. net.* 

BERG, Leo S. Nomogenesis or Evolution Determined by Law. Translated 
from the Russtan by J. N. Rostovtsov. 8 In.x5} in. pa mxa m) Pp. ouv + 
477. (Cambridge, Mass., and London: The M.I.T. Press, 1969.) . paper.” 


BIRNIE, G. Do and FOX, Sylva M. Subcellular Components , Preparation and 
Fractionation. 82 in. x 54 in. (22 cm x 15 cm). Pp. v+ 173. (London : : Butter- 
worth and Co, (Publishers), Ltd., 1969.) 60s.* 

BRICAS, E. (edited by). Peptides 1968. (Procsecihgs < of the Ninth Furopean 
Peptide S hiponim, Orsay, pane neer Apri? 1968.) 9 In.x6 ın. (23 cm x 15:5 em). 
Pp zit (Amsterdam Iland Paling Company, 1968.) 134s.* 

BRO me and AMADON, Dean. Eagles, Hawks and Falcons of the 
World, i volumes, Pp. 946 (181 es of plates in colour end in monochrome). 

m. x8} in, (28 5 cm x22 am). Pfelthan, Middx : Hamlyn Publishing Group, 
Ltd., 1968. Published for Country E Books, ) 315s.* 


BUETOW, Dennis E, (edited by). The Blol of Euglena. Vol. 1: General 
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Advances in Marine Biology, Volume 7 
Edited by Sir Frederick S. Russell and Sir Maurice Yonge 


The Biology of Euphausiids 
John Mauchline and the late Leonard R. Fisher 
June 1969, x + 460 pp., 120s. 


This volume contains a single contribution by J Mauchline and the late L. R. Fisher. They provide a 
well integrated account of the biology of that group of crustacea, some of which are commonly 
known as “krill”, which form the major portion of the food of whale-bone whales and of some 
fish The volume should be of interest to the general zoologist as well as to marine biologists and to 
those concerned with fishery research and the food resources of the sea. 

CONTENTS Introduction. The Species of Krill. Distribution and Synonymy. The Larvae. Vertical Distribution and Migra- 
tion. Food and Feeding Chemical Composition. Vision and Bioluminescence. Internal Anatomy and Physiology Growth 


Maturity and Mortality Ecology of Distribution Predators and Parasites. Euphausuds in the Marine Economy. References 
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Edited by R. P. Tye 
June 1969, xxii+353 pp, 105s. 


This two-volume work 1s a critical review of the methods available for making measurements of 
thermal conductivity. Both theoretical and practical aspects are considered in detail; the treatment 
covers all physical states and extends throughout the entire existing temperature range. 

CONTENTS: Theory of Thermal Conductivity of Fluids. Experimental Determinations of the Thermal Conductivity of Fluids 
Thermal tsiy other Non-Steady-State Methods Thermal Conductivity of Semi-conduct: Materials Thermal 


tion to Heat Transfer at Contacts. Thermal Conductivity Determinations by Thermal Comparator Methods 
Author Index. Subject Index. 
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The Biological Basis of Medicine Volume 4 
Edited by E. Edward Bittar and Neville Bittar 
May 1969, xiv+372 pp., 90s. 


This multi-volume work consists of expert essays written by over one hundred specialists representing 
the fields of the biological and medical sciences. Volume 4 concentrates on the two subjects of 
Molecular Genetics, and Immunology and Transplantation. 


CONTENTS I Molecular Genetics. Molecular Organization af Chromosomes. The Mechanism of Gene Action and Regula- 
tion The Role of the Cytoplasm in Heredity The Role af Gene Duplication in Vertebrate Evolution. Chromosomal Abnor- 
malities in Man lI Immunology and Transplantation. Host Defence and the Reticulo-Endothehal System. Structure and Meta- 
bolism of Immunoglobulins Thymus in Immunity. kenny ana Disease. Inmunology of Tissue Transplantation. 
The Mechanism A Immunological Tolerance and Sensitivity. Immuno. cal Adjuvants. Author Index. Subject Index. 
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NEW FROM 
PERGAMON 


THE VIRIAL EQUATION OF STATE 


E. A. Mason, Brown University, Providence, Rhode /sland, 
and T. H. Spurling, University of Tasmania, Tasmania, Australia 


Provides an outline of the theoretical foundations of the equation including its derivation of the 
grand partition function, an extensive review of the experimental methods which have been used to 
make measurements suitable for the extraction of virial coefficients a bibliography of such 
measurements up to December, 1967, and finally a critical account of the attempts which have been 
made to obtain information about Intermolecular forces from virial coefficients. 

304 pages, £6 $16.00 


PROGRESS IN NUCLEAR MAGNETIC RESONANCE 
SPECTROSCOPY Volume 5 


Edited by J. W. Emsley, University of Southampton, J. Feeney, Var/an Associates 
and L. H. Sutcliffe, University of Liverpool 
Contents: The INDOR technique In high resolution nuclear magnetic resonance—V. J. Kowalewski ; 
Magnetic non-equivalence related to symmetry considerations and restricted molecular motlon— 

- H. Siddall and W. E. Stewart; Applications of 1H nuclear magnetic resonance spectroscopy to the 
confirmational analysis of cyclic compounds—H. Booth. 
496 pages £7 $18.50 


PROCEEDINGS OF THE THIRD INTERNATIONAL 
MEETING ON ORGANIC GEOCHEMISTRY 

Edited by G. D. Hobson, /mperia/ College of Science and Technology 

Comprises papers presented at the Third International Meeting on Organic Geochemistry, which 


took place in London in September, 1966. It deals with the broad aspect of organic geochemistry 
and surveys the newer developments ın this field. 


Partial Contents: Carbon isotope study on methane from German coal deposits; Hydrogen isotopic 
fractionation of water passing through trees; Correlation problems among crude oils; Geochemical 
prospecting for petroleum; Pore fluid in shales and its geochemical significance; Nitrogenous 
constituents of deep-sea sediments; Botanical, chemical and microbiological studies of peat 
accumulation processes in the Everglades of Florida. 


568 pages £8 $21.00 


OPEN CYCLE MHD POWER GENERATION 

Edited by J. B. Heywood and G. J. Womach 

Contains a detailed account of research and development In the field of open cycle magneto- 
hydrodynamics power generation. It deals with the theory and design of each plant item: the air 
heater, the combustor, the MHD duct, the magnet, the steam plant, and problems of seed chemistry 
and recovery. 

Contents: Introduction, Directly fired air heaters: Separately fired air heaters, Combustion; 

Duct physics; MHD test facilities and diagnostics; Electrodes and insulators; Magnets, Seed 
recovery and chemistry; Steam cycle equipment; Cycle analysis and appraisal. 

818 pages £15 $40.00 


EQUILIBRIUM PROPERTIES CF AQUEOUS SOLUTIONS. 

OF SINGLE STRONG ELECTROLYTES 

E. A. Guggenheim, University of Reading, and R. H. Stokes, University of New England, 

New South Wales 

Contents’ The anomalies of strong electrolytes and their resolution; Thermodynamics of dilute 
solutions of a single electrolyte, 1 : 1 electrolytes; 2 : 2 electrolytes; Unsymmetrical electrolytes ~ 
Theoretical refinements, Thermodynamics of more concentrated solutions; Osmotic and activity 
coefficients at higher concentrations, Assoclation and complex formation; Hydration of singly 
charged tons; Hydration of multiply charged ions; Highly concentrated solutions. 

160 pages 70s. $9.50 
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The thermogenic function! of brown adipose tissue 
appears before shivering, which suggests that the cold 
stress at birth stimulates the uncoupling observed in the 
newborn animals. In order to reduce the effect of this 
presumed stimulus, some litters were born into an environ- 
ment kept at 30°C with approximately 40 per cent 
humidity (the maximal permissible heat stress to which 
the pregnant guinea-pigs could be subjected). Although 
the P/O ratios thus obtamed (Table 2) differ at a 
statistically significant level only for ascorbate oxidation, 
all the mean values of animals born at 30° C were higher 
than those of the control group; the maximal values 
found in the experimental group are particularly signi- 
ficant, all being about twice those of controls. Neverthe- 
less, birth at 30° C must still be considered a cold stress 
for the newborn animal, for the heat loss by evaporation 
from the wet body must be considerable. In fact, if the 
degree of uncoupling at birth were solely a function of the 
magnitude of the cold stress imposed, a change in the 
environmental temperature from 20° to 30° C ın these 
experimental conditions would not be expected to result 
in wide differences in phosphorylation capacity. 

If uncoupling and recoupling were an inherent physio- 
logical property of these mitochondria, their capacity to 
perform respiration-bnked phosphorylation should be 
susceptible to control by artificial physiological stımulı. 
The simplest stimulus considered was cold-adaptation, for 
the subjection of non-hibernatmg rodents to a cold 
environment is known to be associated with an increased 
contribution of non-shivering thermogenesis". 

A possible relationship between adaptation to cold and 
mitochondrial coupling was investigated by two lnes of 
approach. In the first type of experiment newborn 
guinea-pigs were cold-stressed at 6° C for 7-8 days and 
compared with a similar group of animals subjected to an 
environment of 30° C for the same length of tame. The 
results recorded in Table 3 indicate that the cold 
treatment effectively maintains uncoupling. Keeping the 
animals at an environmental temperature of 30° C fails 
to accelerate the recoupling, as compared with newborn 
guinea-pigs allowed to develop normally at 20° C (Table 1). 
The other type of experiment mvolved applying a cold 
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Fig. 2. Estiumation of the contiibution of the different phosphorylation 
sites to the overall P/O ratio, based on information derived from Table 1. 
Site ID is Sea by the P/O ratio associated with ascorbate 
oxidation. Site IX is represented by the P/O ratio difference of the 
succinate +O, and ascorbate-TMP 2 Teactions. The sum of the 
substrate-lmked phosphorylation plus site I is represented by the P/O 
ratao difference of the pyruvate—malate —O, and the succinate -+O, 
reactions. [], Site I plus substrate-linked phosphorylation, x, site II, 
O, alte II, F, foetus. 
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Table 8. INFLUBNCE OF AMBIANT TEMPERATURE ON OXIDATIVE PHOSPHORY- 
LATION OF GUINEA-PIG BROWN ADIPOSE TISSUE MITOCHONDRIA 


Age and ambient Substrates 
temperature Pyruvate-malate Succinate 


Newborn kept at 6° C for 7-8 days 
Spo oxid: rate* 66 -40 213 -16000 1,205 -914 


Ascorbate 


065- 083 025- 025 005- 013 

Newborn kept at 80° C for 7-8 days 

Sp. oxid. rate 90 -39 198 + 8(8 465 + 63 (3) 

P/O 109- 125 O38+ © 019+ 003 
Four weeks old kept at 6° O for 11-18 days 

Sp. oxid. rate 49 + 9(8) 

P/O 69+ 0 
Four weeks old kept at 20° C for 11-18 days 

Sp. oxid. rate 59 +17 (8) 

P/O 

* As defined in Table 1. 


The newborn guinea-pigs were born at 20° C. After approxima 12 h 
they were transferred to an environment of either 6° C or 80° O. Tho 4 week 
old guinea-pigs had been maintained at 20° C until being transferred to an 
environment of 6° C. The controls were left at 20° O. Otherwise, experl- 
mental conditions weie as described in the legend to Table 1. 


stress to guinea-pigs approaching the end of their re- 
coupling period, thereby attempting to reverse the process. 
The P/O ratios found after exposing 4 week old guinea- 
Pigs to a temperature of 6° O for 11-18 days show clearly 
that the brown adipose tissue mitochondria of these 
animals are uncoupled to the same degree as those of 
newborn animals. We are now studying the quantitative 
aspects of the correlation between cold-adaptation and 
uncoupling in brown adipose tissue. 

All these lines of evidence pomt to uncoupling as the 
biochemical mechanism for thermogenesis m brown 
adipose tissue. A clue to the level of control mvolved m 
the regulation of such a mechanism ıs the observation" 
that mitochondria of both newborn and weaned guinea- 
pigs fail to exhibit clear respiratory control with ADP or 
low concentrations of Ca*+. This suggests the hypothesis 
that regulation of oxdative phosphorylation depends on 
structural factors which continuously mamtain these 
mitochondria in a “‘Joose-coupled”’ state. 

The concept of “loosely coupled”? mitochondria has 
been used to describe a condition intermediate between 
“tightly coupled” and “uncoupled” mitochondrial systems. 
Ernster and Luft! have defined criteria for a loosely 
coupled system ın relation to characteristics exhibited by 
muscle muitochondna from a patient suffermg from 
‘thypermetabolism’’. These are: (1) almost complete lack 
of dependence of respiration on the availability of ADP, 
that is respiratory control ratio~1:0, without corre- 
sponding lack of ability to phosphorylate; (2) little or no 
stimulation of respiration by a phosphate acceptor system 
(hexokinase + glucose + ATP); (3) no inhibition of res- 
pation by oligomycim in concentrations sufficient to 
block phosphorylation. 

Brown adipose tissue mitochondria from both newborn 
and weaned guinea-pigs conform with this set of criteria 
as shown on the traces recorded in Fig. 3. In fact, both 
sets of experiments illustrate lack of respiratory control 
with ADP while there is a clear difference in the phos- 
phorylation capacity of the two preparations. Oligo- 
mycin produces almost complete inhibition of phosphoryla- 
tion without corresponding inhibition of respiration with 
sucemate. The phosphate acceptor system has little 
stimulatory effect on the specific omdation rate (mp atoms 
oxygen/min/mg protem) with succinate, being 96 versus 
91 and 66 versus 58 for newborn and weaned guinea-pig 
brown adipose tissue mitochondria, respectively. The 
traces further show the interesting feature that although 
there is lack of ADP control of respiration rate, the 
endogenous morganic phosphate concentration evidently 
is rate-limiting. 

These biochemical data are relevant to the physio- 
logical function of brown adipose tissue subject to the 
following general considerations. The thermogenic func- 
tion 18 not primarily related to the total quantity of heat 
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ven in the legend to Table 1. Phosphate was determined 


consumption as measured from po! 


dismpated during the oxidation of a given amount of 
substrate but, rather, 1s dependent on the quantity of 
heat dissipated per unit time. The total quantity will be 
the same whether the omdation is coupled to phos- 
phorylation or not, for this quantity only depends on the 
initial and final state of the system. : The quantity 
dissipated per unit time, on the other hand, is a function 
of the omdation rate. In a fully coupled system the 
oxidation rate, in turn, depends on the availability of 
phosphate acceptors, that is the energy consuming 
reactions will be rate-limiting. In an uncoupled system 
there 1s no such phosphate acceptor dependency and the 
electrons will flow through the respiratory chain at 
maximal speed, resulting in maximal dissipation of 
energy per unit time. In this case the capacity of the 
system for processing electrons, and the availability of 
substrate to the system, would be rate-limiting. 

In any in vitro system containing hexokinase, ATP and 
glucose, the availability of phosphate acceptors would not 
be rate-limiting and the oxidation rate would be expected 
to be maximal with both coupled and uncoupled mito- 
chondria. In fact, both in this and our previous study! 
the differences ın oxidation rates for the same substrates 
with mitochondria, from newborn and weaned animals 
were found to be small compared with those expected in 
an tn vivo system. 

As to the agents immediately responsible for the 
uncoupling in brown adipose tissue, free fatty acids and/or 
cyclic AMP (Ado-3’: 5’-P) have attracted attention as 
likely candidates’. Cyclic AMP is certainly not directly 
involved in the uncoupling process, for we have found 
that oxidation of succinate (+rotenone) with weaned 
guinea-pig brown adipose tissue mitochondria+1 mM 
cyclo AMP was accompanied by P/O ratios of 0:8 in 
both cases (0-73 — 0-87 versus 0-80). 

Serious consideration must, however, be given to the 
possibility that uncoupling is in some way connected with 
the high endogenous content of free fatty acids in these 
mitochondria. Pertinent to this are experiments with rat 
brown adipose tissue mitochondna" which, after oxidation 
of endogenous fatty acids, utilize exogenous substrates and 
yield P/O ratios comparable with those found with other 
rat tissues. 

In contrast to our demonstration of recoupling in 


the sotope distribution method and rela 
present newborn guinea-pig brown adipose tissue mitochondma; O and 
are corresponding traces with mi dna from weaned animals. 


phic traces Traces A and B re 


mycin was estimated in separate nts using the reacttio: 


n 
to the equivalent oxygen 


guinea-pig brown adipose tissue mitochondria, recent 
experiments™ show that similar mitochondria from the 
rat fail to recouple after the neonatal period. This 
difference among species raises the question of whether or 
not ability to recouple is a phenomenon of evolutionary 
significance. If so, this could be one of the reasons why 
some rodents are able to hibernate and others are not. 

We thank Rita Fabricius and Wenche Delingsby for 
technical assistance and Dr John Bremer for gifts of 
DL-f-hydroxybutyryl-L-carnitine and acetoacetyl-1-car- 
nitine. This work was supported by A/S Freia Chocolade 
Fabriks Arbeidsfond for Ernringsforsking. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Search for Nanosecond Optical Pulses 


‘from Crab Pulsar NP 0532 


In a recent IAU circular telegram, Porter, Jennings 
and O’Mongain reported observations at Malta on January 
19, 1969, of 3 nanosecond optical pulses coming from the 
vicinity of the Crab Nebula and having the periodicities 
of both NP 0532 and NP 0527}. The reported angular 
diameter of their field of view was 28’, the detection 
threshold intensity was 30 photons m-* and the counting 
rate was not given. 

If we multiply the detection threshold of Porter et al. 
by the 7 m? collecting area of the Lick Observatory 
120 inch telescope and the 20 per cent photomultipher 
detection efficiency, we get an expected 40 photoelectrons 
per 3 nanosecond (ns) pulse. Thus with a resolution 
time greater than 3 ns, we would see e pulse from the 
photomultipher some 40 times larger than the normal 
pulses generated by single photoelectrons. A normal 
pulse counting system, such as used by earlier observers, 
1s insensitive to pulse height and would record the postu- 
lated many photoelectron event as an ordinary single 
event. Furthermore, most multiscalers that we know 
of have a pulse-pair resolution of 100 ns. If several 
photoelectrons were spread out over such a time interval 
but separated by the photomultiplier resolution time, 
they still would be recorded as a mangle event. The 
phenomenon reported by Porter et al. would therefore 
have been missed by multiscaler observers. 

On March 13 and 22, 1969, we made a search for short 
optical pulses coming directly from the south preceding 
star of the Crab central double, using the 120 inch tele- 
scope of Lick Observatory. This star has already been 
identified?-* as an optical pulsar having the 33 ms period 
of NP 0532. We found no such pulses in several 5 minute 
observations, each corresponding to some 9,000 pulsar 
pulses. From these results, we obtam an upper hmt. 
We would have detected with certainty any pulse with 
as many as 5 photoelectrons produced in an interval 
of 10-* second. In each major pulse, we detected with 
a multiscaler about 50 photoelectrons in a time mterval 
of 1-5 ms full width at half maximum. The amount of 
optical radiation from the south preceding star which 
is bunched into time intervals of 10-* second is therefore 
less than 5 out of 50, or less than 10 per cent. Similar 
observations convince us that less than 10 per cent of 
the pulsar light is bunched into intervals of duration 
10-7, 10-*, 10-5 or 10- second. 

The pulsar light was detected by an FW-130 photo- 
moultipher at the prime focus of the 120 inch reflector 
with a 5-5” angular aperture. The photomultiplier output 
was divided and fed simultaneously to a time analysis 
system and to a pulse height analysis system. 

The time analysis system consisted of a preamplifier 
followed by a fast discriminator with standard output 
which was ın turn fed to recording mstruments and 
also displayed m real time on a 1024-channel multiscaler 
with a 50 us channel width and triggered at the frequency 
of the pulsar. (The topocentric pulsar frequency used 
for March 13 was 30-2126048 pulses s- and for March 22 
was 30-2123200 pulses s+.) Durmg a typical run of 
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5 min, the average number of detected photoelectrons 
ın the major pulsar peak was 50 photoelectrons per pulsar 
pulse, after subtracting the Crab Nebula background of 
about 170 photoelectrons spread uniformly over the 33 ms 
period. The photomultipler was cooled with dry ice; 
dark current was negligible. The pulsar signal disappeared 
when the aperture was moved away from the south 
ing star. 

The pulse height analysis system consisted of the photo- 
multipher with a 5 ns rise time and 30 ns full width at 
base, a fast linear amplifier with 2 ns rise time and a 
fast oscilloscope with 5 ns cm-t sweep with the oscilloscope 
operating on internal trigger. The fast photomultiplier 
signal was also stretched and put mto a pulse height 
analyser. 

By looking at pulses from a small light leak, the mght 
sky background or the Crab Nebula background, we 
ascertained the pulse height distribution that results 
from the release of a single photoelectron from the 
photocathode; the variations in pulse height are chiefly 
due to the Poissin distribution of multipheation at 
the first dynode, with average multiplication about 4. 
With the aperture centred on the south preceding star, 
we then inserted a linear 5-to-1 attenuator at the mput 
to the linear amplifier. Pulses resulting from 5 photo- 
electrons released within the resolution time would then 
have the same average pulse height as for a single photo- 
electron with no attenuator. No pulses were seen corre- 
sponding to the release of 5 or more photoelectrons. 
In all our observations, the pulse height distmbution 
was consistent with the observed distribution for single 
photoelectrons. 

During each of our negative observations with the 
pulse height analysis system, simultaneous observations 
with the time analysis system assured us that the pulsar 
was being detected. The pulse height analysis system 
was checked by looking at smgle photoelectron pulses, 
and by means of a nanosecond pulsar having a pulse 
shape approximating the photomultiplier pulse. 

To look for pulse structure m longer time intervals, 
we inserted a passive RC integratimg circuit into the 
photomultiplier output. This allowed us to look for 
large pulses commg ın an interval of 10-7 second. For 
intervals of 10-*, 10-° and 10-4 second, we used a pulse 
stretcher as an integrator. When the time constant 
was increased to 10- second, the pulsar signal could 
be seen on individual oscilloscope sweeps. 

We would have easily detected a short pulse as large 
as 5 photoelectrons if it came from the south preceding 
star and rf the counting rate were more than about one 
per minute. We conclude therefore that the nanosecond 
light pulses seen by Porter, Jenkins and O’Mongain 
do not come all the way from the Crab pulsar in the form 
of optical photons. 

But Porter et al. used an angular aperture of 28’, 
about ten times the size of the Crab Nebula, whereas 
ours was 6-5” during most of the observing. To search 
for large short pulses coming from a much larger angular 
region, we opened our aperture to 2-4’ or about half 
of the Crab diameter. Holding the declination constant, 
we swept in right ascension across the Crab at 1 degree 
per hour. Thus each part of the central 2’ of the Crab 
was visible in the aperture for about two minutes of 
tıme. No large pulses were seen. We then went to right 
ascension 5 h 20 m, which was reported to have been the 
position of another peak in the counting rate. We swept 
through this location at the Earth’s turning rate of 
15 degrees per hour. A line source of constant right 
ascension would have been visible ın our 2-4’ aperture 
for about 7 or 8 seconds of time. Again, no large pulte 
was seen. 

We thank J. S. Miller and E. J. Wampler for allowing 
us to operate our system with their photomultiplier 
output and for generous donations of their own observing 
time, which was provided by the Lick Observatory. 
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Pulsar Theory of Chiu, Canuto 
and Fassio-Canuto 


In the theory proposed by Chiu eż al.1* the radio emission 
from pulsars, which has a brightness temperature? 
exceeding 10% °K, is supposed to be radiation from 
electrons having kinetic temperatures ~105°K. This is 
® surprismg suggestion because it 1s believed that ın- 
coherent processes cannot produce brightness temperatures 
in excess of the effective temperature of the radiating 
particles. Indeed, the belief that such a limit applies to 
incoherent synchrotron emission‘ led to the dismissal of 
that mechanism for the pulsar radiation’. Hence it 
seems that this aspect of the new theory should be 
examined carefully. 

This black body limit on the emission stems from the 
intrinsic relation between emission and absorption 
expressed in the relationship between the Estem A and 
B tranmtion probabilities. The actual emission and 
absorption coefficients j,, x, involve not only the A and 
B probabilities but also the populations of the upper and 
lower states of the tranaition. When the ratio of these 
populations corresponds to a temperature T's, the ratio of 
the emission and absorption coefficients is equal to the 
Planck function, 


dy 2hv? 1 i 

x, c? exp(hy/kT.)—1 (1) 
Here j, 18 the emission per unit volume per unit frequency 
interval at frequency v, and per unit solid angle ın a 
specified direction, while x, 1s such that the fraction of the 
radiation flux travelling in this direction, which 1s absorbed 
in a distance ds, is x,ds. 

As is clear from the equation of transfer, the surface 
brightness is always less than the ratio j,/x, and tends to 
j,/x, a8 the optical depth tends to infinity. Thus while 
j, and x, are related by equation (1) the brightness never 
exceeds the bnghtness of a black body of temperature 7',. 

In the mechanism proposed by Chiu and Canuto the 
radio emission 18 a new form of electron-ion bremsstrahlung 
which occurs in strong magnetic fields. They seem to have 
computed the emission for equilibrium conditions only. 
For a temperature of 10% °K they claim that the emission 
1s sufficient to explain the observed pulsar radio emission 
if the absorption 1s assumed negligible. But in equilibrium 
conditions the emission and absorption are related by 
equation (1), where T, is now the kinetic temperature 
of the electrons. The absorption cannot therefore be 
neglected and it will limit the brightness temperature to 
105 °K. 
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In ref. 2 there is an ingenious proof that the absorption 
is negligible, but this proof can hardly be taken seriously. 
It 1s argued that the important direction for propagation 
18 along the field (@=0), and that in this direction the 
absorption coefficient is zero. But there ıs no emission in 
this direction, as 1s clear from equation (3) of ref. 2. To 
avoid this the authors then argue that a wave propagating 
at an angle @ to the field can be resolved into two compon- 
ents, one propagating parallel to the field and one 
perpendicular to the field, and that the latter cannot 
propagate. In other words, a wave propagatiig at an 
angle @ to the field ıs actually propagating along the 
field ! 

In non-equilibrium situations, although the emission 
and absorption are related by equation (1) the state 
temperature T, need not be a measure of the kinetic 
energy of the radiating electrons. Indeed, for mverted 
populations the temperature T, may become negative and 
there will be amplification’ (maser action). Evidently 
anticipating criticism of the type offered here, Chiu 
et al.'? suggested that the population inversion needed 
mught occur for this process as a result of oscillations of 
the star. They give no quantitative discussion of the 
matter, however, and certainly do not prove that the 
absorption will be less than in the equilibrium state. 
Because this is the central problem for any theory that 
attributes the pulsar radiation to low energy electrons, 
we feel that ıt must be discussed before this new theory is 
considered seriously for pulsars. 

We may also remark that if, as Chiu et al.1-* suggest, the 
radiation occurs where the plasma frequency exceeds the 
wave frequency ıt will certamly be necessary to mclude 
the effect of the refractive index of the medium ın the 
calculation of the emission, as has been done for syn- 
chrotron emussion®.’. 

We thank E. R. Seaquist of this department for valuable 
discussions. One of us, G. G. F., thanks the National 
Research Council of Canada for support. 
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Spin Down Effects in Neutron Stars 


Tur discovery! that pulsar periods are continually 
increasing has been fairly widely accepted as convincing 
evidence that the pulsar clock mechanism is based on 
the rotation of a neutron star. We wish to discuss within 
the framework of this model the sudden decrease of the 
period of PSR 0833-45 during the week February 24 
to March 3, 1969 (ref. 4). 

The slowing down of the rotation of a neutron star 
presumably occurs as a result of torques applied to ıt 
through its external magnetic field. We wish to point out 
that these torques need not necessarily be uniformly 
applied to the neutron star as a whole. We imagine 
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instead that only the outer layers of the neutron star are 
subject to braking. In this case the mner core would be 
rotating more rapidly than the outer layers. 

One might expect that internal magnetic fields or 
internal viscomty could maintain ngid rotation. Df- 
ferential rotation, however, may wrap an internal magnetic 
field unto a toroidal configuration, with resulting small 
scale reconnexion of the field lines serving to isolate the 
magnetic fields in different parts of the star. We therefore 
ignore magnetic effects here. The viscosity of neutron 
star matter has not yet been calculated, and we shall 
assume viscous effects to be unimportant. 

It is well known that differential rotation within a star 
can be unstable. With the passage of time a braking of 
the outer layers leads to a gradient of the angular momen- 
tum per unit mass. Rayleigh’, Taylor’ and Synge*’* 
have shown that the motion of an incompressible, viscid 
fluid 1s unstable if the angular momentum per unit mass 
decreases outwards, that is, if 


2 (mA) < 0 (1) 


where r is the distance from the spm axis and the 
angular velocity.. Goldreich and Schubert! have mvesti- 
gated ın detail this instability ın the Sun: they also find 
equation (l) to be a sufficient condition for instability 
for compressible, viscous flow provided that heat conduc- 
tion dominates viscous diffusion. They also showed that 
a composition gre dient in the solar interior could stabilize 
the model against fluid instabilities. 

We propose that the decrease in the period of PSR 
0833—45 arose as a result of a sudden onset of such an 
instability. The sudden mıxıng of material between mner 
and outer regions tended to equalize their rotation rates. 
The instability then ceased and the envelope resumed its 
deceleration. 

The considerations of Goldreich and Schubert are not 
immediately applicable to a neutron star interior because 
the matter 1s not an ideal gas. As matter of roughly nuclear 
density is compressed, weak interactions will change its 
composition. An original mixture of neutrons, protons 
and electrons becomes augmented by muons and hyperons, 
and the ratios of number densities of these different 
particles vary with density. Thus the interior of a neutron 
star has a composition gradient which will stabilize against 
fluid instabilities in the same sense as does a composition 
gradient ın the Sun. If a fluid element 1s maintained 
displaced from ite position of composition equilibrium, 
however, weak interactions will modify its composition 
to agree with that of its new surroundings. If weak inter- 
actions were infinitely rapid, there would be no composi- 
tion gradient barrier against fluid instabilities. 

Detailed equations of state for the neutron star interior 
are not yet reliable, and hence we content ourselves with 
a qualitative discussion. If a composition gradient 1s not 
very strong, then schematically we may write the condi- 
tion necessary for the onset of a fluid mstability as 

d(r2Q) 
ar +8<0 (2) 
where 8 is a term which depends on the model and on the 
equation of state, and which expresses the effect of the 
composition gradient on the instability condition. 

For infinitesimal displacements in the neutron star 
interior, the weak interactions will be effectively shut off. 
Retardation of the surface rotation will then steepen 
the angular momentum gradient in the mterior until the 
inequality of equation (2) 1s achieved. Fluid instabilities 
can then lead to radial displacements of material. As 
soon as these displacements acquire finite amplitudes, 
weak interactions begin to elimmate composition dif- 
ferences between the displaced fluid elements and their 
surroundings. This has the effect of reducing the quantity 
3 of equation (2) for the displaced elements. Hence 
equation (2) becomes a strong inequality, leading to 
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progressive radial acceleration of at least one fluid ele- 
ment. After the accelerated element has dissolved mto 
ite surroundings, there will have been a transfer of angular 
momentum from the more rapidly spinnimg interior to 
the surface layers, thus decreasing the rotational period 
of the surface layers. This reduces the angular momentum 
gradient, so that the inequality of equation (2) is no 
longer achieved, and no further mixing can occur until 
after a further period of surface spin-down. 

The essential point 1s that the prominent part played 
by weak interactions in the equation of state of a neutron 
star assures that fluid instabilities ın the interior will 
lead to intermittent macroscopic mixing rather than 
continuous microscopic mixing. We suggest that the 
periods of NP 0632 and PSR 0833-45 be measured 
frequently in order to look for further examples of sudden 
period decreases. 
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Radio Emission of Cygnus X-2 


Moffet and Berge! recently reported an attempt to detect 
radio emission from the X-ray source Cygnus X-2. They 
observed with an interferometer at a wavelength of 3-12 cm 
and found evidence of a radio source of flux density 0:06 + 
0-03 flux units (1 flux unit=10* W m-* Hz-}). Although 
the signal-to-noise ratio was low, the phase of the inter- 
ferometer output agreed well with that expected. Also, 
observations at 10:6 cm showed compatible, though 
inconclusive, results. They therefore suggested that there 
might be a famt radio source at the position of the X-ray 
object, although they recognized that the source could be 
spurious. 

We have tried to observe Cygnus X-2 at a wavelength 
of 4-5 cm, and have failed to detect any radio emission 
from the object. Our upper limit of 0-01 flux units mdi- 
cates that the apparent radio source reported by Moffet 
and Berge was indeed spurious. The 4:5 om observations 
were made with the 46 m telescope of the Algonquin 
Radio Observatory. The method of observation was 
similar to that used in measuring the radio emission from 
Scorpio X-1 (ref. 2), and consisted of adding together 
repeated scans across the optical position of the source. 
An initial set of 160 scans on April 7, 1968, yielded an 
upper limit at the 90 per cent confidence level of 0-012 
flux units. As a partial check against possible variability 
of the source, a further set of 188 scans was made on 
December 23, 1968, giving an upper limit of 0-015 flux 
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unite at the 80 per cent confidence level. In calculating 
the upper limits, allowance was made for the effects of 
confusion, which can. be estimated from the measurements 
of Kellerman, Pauliny-Toth and Tyler? as ~0-005 flux 
units for the present observations. It therefore seems 
that the upper limit to radio emission at 4:6 cm wave- 
length from Cygnus X-2 is ~ 0-01 flux units. 

The Algonquin Radio Observatory is operated by the 
National Research Council, Ottawa, Canada, as a national 
radio astronomy facility. 
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Time Variation of the Optical Intensity 
of the Sco X-I X-ray Source 


SIncE the optical identification of Sco X-1 by Sandage 
et all, a large number of photometric observations of 
Sco X-1 have been made by Mook? and by Hiltner and 
Mook*. The UBV colour photometric observations of 
Hiltner and Mook and of Stepien‘ reveal that the V and 
B magnitudes of Sco X-1 vary between 12-2 and 13-2 and 
that, during roughly half of the tme when ıt 1s brighter 
than magnitude 12-6, it shows considerable flickering 
activity. Attempte by Hiltner and Mook to find short 
time periodicities m the flickers have not been very 
successful. The importance of looking for hidden long 
term periodicities and for correlated changes in the X-ray 
emission has been pointed out by Oda’. The recent 
observation by Lewm et al.* of an X-ray flare from Sco 
X-1 of magnitude 1-5 lasting 20 min further confirms the 
view that the variations at different wavelengths may have 
a common origin. 

In order to look for periodicities ın the optical emission 
from Sco X-1, we have subjected all the available data 
from Hiltner and Mook, and from Stepien, to a power 
rpectral analysis. Fig. 1 shows some of the data used in 
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Fig. 1. Observed optical intensity of Sco X-1 as a function of time 
UT. 
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Fig. 2. Power spectral diagram of data for April 18, 1967. 


the analysis. Fig. 2 shows as a typical example the resulta 
of the power spectral analysis for the optical data of Sco 
&-1 taken on Apru 18, 1967. The results clearly mdicate 
that there are no predommant short term periodicities 
in the range 2 to 10 min, m agreement with the observa- 
tions of Hiltner and Mook. 

There are at least six stretches of contanuous data 
taken for a period of a few hours. We have looked for 
long term periodicities of the order of a few hours in the 
longer stretches of data. Fig. 3 shows a plot of the auto- 
correlation coefficient as a function of the time lag for the 
optical data of Sco X-1 taken on April 18, 1967. There is 
& prominent periodicity of 3-07 h. Even though the 
correlation coefficients themselves are not very significant, 
the trend of the curve shows that the observed periodicity 
of 3-0 7h is real. Table 1 lists the observed periodicities for 


Table 1. OBSHRVED PERIODIOCITIES IN VARIOUS STRWICHHS OF DATA 
periodicity magnitnde of 
Da io (0) 
4 (h) 8co X-1in B 
April 17, 1967 448 18-2 
April 18, 1967 8 07 18-0 
April 19, 1967 2°04 12-5 
May 18, 1967 8-25 18 2 
May 18, 1967 8-00 13-0 
May 20, 19 0 96 12-5 


other stretches of data, and it is quite clear that a long 
term periodicity of about 3-0 h is a common feature in 
the variation of the optical emission from Sco X-l. 
Recently Andrew and Purton’ have observed the radio 
counterpart of Sco X-1 at a wavelength of 6 cm. The 
observed radio intensity® seems to indicate time variations 
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over a time scale of the order of 1 h. More accurate 
radio and optical observations covering long stretches of 
time are needed to determine the precise periodicity. Our 
results clearly mdicate a long term periodicity of about 
3:0 h m the variation of the optical intensity of Sco X-1, 
which 1s consistent with the radio and X-ray observations 
of Sco X-1. 
We thank the Department of Atomic Energy, Govern- 
ment of India, for financial support. 
U. R. Rao 
A. S. Peaxasa Rao 
U. B. JAYANTHI 
Physical Research Laboratory, 
Abmedabed, 
India. 
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Origin of Galactic Gamma-rays 


Last year saw the birth of observational gamma-ray 
astronomy with the detection of cosmic gamma-rays with 
energies above 100 MeV energy by Clark et al.1. Their 
results indicated that cosmic gamma-radiation 1s strongly 
anisotropic, being most mtense ın the galactic plane and 
particularly at the galactic centre. There seems to be a 
background component of isotropic gamma-radiation 
possibly of extragalactic origm (which I have already 
discussed in ref. 2) having a magnitude of ~1x 10 om-? 
s-1 sr-1. Superimposed on this background there seems 
to be a component from the galactic disk, having a line 
intensity of 1-2 x 10“ cm~*s-! rad-!. Gamma-rays coming 
from the region of the galactic centre have a line mtensity 
of 4-5x 104 em- s-! rad-!. Clark et al.! suggested that 
these fluxes, being an order of magnitude higher than 
those predicted from various diffuse production mechan- 
isms, may originate mainly in unresolved discrete sources 
(a suggestion which was further explored by Ogelmann?). 
They were careful to pomt out, however, that large 
amounts of undetected hydrogen may also account for 
these fluxes. 

Recently, Shen‘ and Cowsik and Pal’ proposed that the 
galactic gamma-rays may originate in Compton collisions 
of galactic cosmic-ray electrons with a large flux of 
infrared radiation as indicated by Shivanandan e al.*, if 
such radiation fills the galaxy. At this pomt, neither 
the discrete source explanation nor the Compton explana- 
tion may be proved or disproved. It will be shown here 
that such 1s also the case with the collisional production 
mechanisms imvolving interstellar gas. Indeed, there 
may be a logical consistency between the gamma-ray 
results of Clark eż al.1 and recent results from other fields 
of astronomy concerning the galactic medium. 

From radio observations of the galaxy at 21 cm, rit is 
found that the average value of the product of mean 
density and Imear extension (usually denoted as <nL >) 
for emittmg atomic hydrogen in the galactic disk, spread 
out over the 15° resolution cone of the OSO-3 detector’, 18 
approximately 3x 10% em~". This value corresponds to a 
mean density ın the disk itself of approximately 0-5 cm~. 
If the atomic hydrogen seen ın emission were to be con- 
sidered the full content of hydrogen gas m the galaxy, 
the resultant gamma-ray production from n°-decay and 
cosmic-ray electron bremsstrahlung would then be a full 
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order of magnitude below the observed value, as was 
concluded by Clark et al.1. In other words, the collisional 
processes would require a mean interstellar gas density in 
the disk of the order of 5 cm-*, of which only 10 per cent 18 
observed in 21 cm emission. As we shall see, however, 
there are several compelling arguments for such a mean 
density. 

(1) Gould and Salpeter’ and Gould et al.* have pointed 
out that the observed spatial distribution of K-giant stars 
as a function of perpendicular distance from the galactic 
plane suggests a much stronger gravitational field for the 
galaxy than can be accounted for by stars and observed 
aiomic hydrogen ın the disk. A mean gas density in the 
disk of 5 cm~ would be required to produce the observed 
K-giant distribution. 

(2) From an analysis of the observed distribution of 
atomic hydrogen gas and $-Cephe1 variables, Van Dor- 
schner eż al.* have come to the same conclusion, suggesting 
that 80 per cent of the mterstellar gas is in the form of mole- 
cular hydrogen. They show that the unseen mess necessary 
to produce the galactic gravitational fleld would have to be 
very strongly concentrated toward the galactic plane and 
therefore is not likely to be composed of stars. 

(3) From studies of the spin temperature of interstellar 
hydrogen from 21 cm line spectra, Mebold!* has recently 
concluded that the total mass of interstellar hydrogen 
has been considerably underestimated from emission-line 
studies and that there exists a large quantity of gas 
which is in a condition favourable for star formation, 1n. 
the form of cool, dense clouds. 

(4) Werner and Harwit1! have observed a faint infrared 
emission feature which they have interpreted as evidence 
for the existence of substantial amounts of molecular 
hydrogen m a dark cloud in Orion. The number of 
molecules along the line of mght 1s given as 210" cm~. 
Such clouds, although inherently difficult to observe, may 
be quite common in the galactic disk. 

(5) Because molecules such as NH,, OH, H,O and CH,O 
exist in detectable quantities, it would indeed be sur- 
prising if the H, molecule, made entirely of the most 
abundant element in the universe, did not exist in appre- 
ciable quantities. 

(8) Studies of external galaxies have indicated that 
regions containing young stars (regions of active star 
formation) do not comcide in many cases with the regions 
of maximum atomic hydrogen density as seen m 2! cm 
emission. This would not be at all surprising if star 
formation occurred mainly in cool, dense, unobserved 
clouds as suggested by Mebold?®*. 

If we take all of this evidence into account, it seems 
likely that the gamma-ray observations of Clark et al.+ can 
be interpreted as further evidence m support of an 
interstellar gas in the galactic disk with a mean density of 
5 cm. Production of neutral pi-mesons and brems- 
strahlung in interstellar cosmic-ray collisions would then 
account for the observed gamma-rays. This hypothesis 
could be tested by future measurements of the energy 
spectrum of these gamma-rays in the vicinity of 70 MeV. 

F. W. STEOKER 
Theoretical Studies Branch, 
NASA Goddard Space Flight Center, 
Greenbelt, Maryland. 
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Reversible Oxidation of Copper(!) 
lodide in the Presence of Imidazole 


THE importance of copper ions in natural redox systems 
is well known. For example, the oxidation of diphenols 
by molecular oxygen occurs by way of a Cu(I) to Cu(II) 
oxidation in the diphenol oxidase. We report here a 
simple Cu(I)-Cu(II) redox system, with atmospheric 
oxygen as the oxidizing agent, which ıs readily reversible 
in biologically attainable conditions. This reversibil- 
ity arises because of the presence of two different types 
of ligand, imidazole, which strongly favours the higher 
oxidation state, and iodide, which normally reduces 
copper(II), yielding insoluble cuprous iodide. 

Exposure to air of a suspension of copper(1) iodide in a 
concentrated solution of imidazole in ethanol results in 
the formation of a blue, paramagnetic solution, indicating 
the formation of copper(II) ions. The stability of the solu- 
tion towards reduction is decreased by a reduced imidazole 
to metal ratio, by increasing temperature, and by decreas- 
ing the polarity of the surrounding medium, small changes 
in these factors producing a drastic change in the position 
of the redox equilibrium. 

Iodine may also be used as the oxidizing agent in 
ethanolic solution, provided an excess of ımıdazole 18 
present. In this case Cu(imidazole),I,.imidazole, has been 
isolated as blue crystals from the oxidized solution. Both 
the solution and the solid have electronic spectra typical 
of copper(II) ions in tetragonal environments. 

With N-methylimidazole as hgand, a very similar redox 
system occurs, but the solid isolated has the stoichiometry 
Cu(N-methylimidazole),I,. Benzimidazole and 2-methy]- 
imidazole, however, do not stabilize the copper(II) species 
in the presence of iodide 10ns. It seems likely that in 
these cases a longer, and weaker, copper—nitrogen bond 
would be necessary because of the size of the ligand. 


Table 1. ALEOTRONIO SPECTRA AKD EPR RESULTS 
Electronic An Aa 


spectrum gu ga (104 (104 
(cm~ x 10°) cm) em~) 
Cufimidazole),I, 182, ~1468h g v~207* 
Cu({midazole),I,. imidazolo, 16 8 br giv=2 06* 
» (in H,O)t 170 226 209 174 20 
» (in ethanol) 158 2:27 207 170 17 
» (insolid Co(imidazole),I.) — 225 202 173 — 
Cu(N-methylımıdazole), I, 16-7, ~1483sh 227 200 164 — 
» (in H,O)t 16 3 227 207 165 30 
» (in ethanol) t 155 227 206 170 >10 
* Bingle denvative 


spectrum. 
t For solutions gu, was calculated from gẹ and gi. For solids the position 
of gu, was eetimated by the method of Kneubahl*, 
t Containing excess hgand. 


The EPR spectra of these systems (see Table 1) are 
generally similar to that of Cu(imidazole),(NO,), in solu- 
tion!, but nitrogen—hyperfine structure is observed in some 
media. (We have used the method of Kneubiihl? to estum- 
ate the value of g; for the solids, which leads to slightly 
lower values than those of ref. 1.) For aqueous solutions 
of Cu(N-methylimidazole),I, containing a small excess 
of ligand, the nitrogen hyperfine structure occurs weakly, 
with separations of about 11 G, on the m,= —} component 
of go as found? for Cu(pyridine),*+. In the absence of 
excess ligand, the copper hyperfine components are ill 
defined, but the nitrogen hyperfine structure on the 
high-field line is better resolved. The ethanol solutions 
of both the imidazole and the N-methylimidazole com- 
plexes show nitrogen hyperfine structure at —160°, but 
the resolution and intensity pattern are sensitive to the 
quality of the glass formed. On g, up to fifteen lines were 
observed, with separations of about 15 G. For the best 
glasses of the imidazole complex, five weak but repro- 
ducible peaks of 7 G separation are observed on the lowest- 
field copper hyperfine component of gj). 
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Silicon in Iron Meteorites and the 
Earth’s Core 


WE have searched for silicon in the metal phase of several 
iron meteorites ın an attempt to test those Earth models 
which assume that silicon occurs as a major component 
in the core of the Earth!*. The experimental technique 
was activation analysis, based on the fast neutron reaction 
**8i(n,p)**Al. This reaction 1s known to be? an mmportant 
contaminent ın the determimation by the slow-neutron 
induced reaction *’Al(n,y)**Al of Al in stone meteorites, m 
which the silicon content ıs well known and in which the 
observed ?7%Al activity can be corrected for the contribu- 
tion from silicon. In the iron meteorites, any **Al activity 
would have to be attributed to an unknown mixture of 
silicon and aluminium. As it turns out, however, no activ- 
ity is seen and so limits can be set to both the aluminium 
and silicon contents of the iron meteorites. 

Approximately 1 g samples of iron meteorites, to- 
gether with alummium and silicon standards, were 
irradiated? in the rabbit facility of the Cornell University 
reactor for one minute at a flux of about 10! neutrons 
em-*gs, The samples were then counted on a 256 channel 
analyser with an Nal detector focused on the 1:83 MeV 
gamma ray of *Al. In no case did the activity exceed 
background, although I calculate that ıt would have been 
easy to detect 20 counts above background, corresponding 
to about 5~x 10-5 g silicon or about 50 p.p.m. for the 1 g 
samples. In the particular expermmental configuration 
used, alumimium provides about five times the activity 
per gram so that limits of about 10 p.p.m. aluminium 
can be set. The iron samples measured were octahedrites 
(Arispe, Canyon Diablo, Norfolk, Norfork), hexahedntes 
(Bennett County, Coahuila, El Burro, Sikhote Alin, 
Smithonia) and ataxites (Indian Valley, Santa Rosa). 

Although ıt would be an oversimplification to consider 
the core of the Earth as completely comparable with iron 
meteorites, 1f there 13 a meteorite analogy of any kind, the 
iron meteorites should be considered before those of some 
other class. Ringwood‘ and later workers®:® found 
abundances of 1—4 weight per cent in the metal phase of 
enstatite chondrites, but no silicon in the metal phase of 
ordinary chondrites. Ringwood concluded that this was 
evidence of the possible existence of silicon in the core of 
the Earth. I consider that the limit set in this work, less 
than 50 p.p.m. silicon in the metal phase of iron meteorites, 
is more likely to be relevant to the Earth core problem. 
Such a lmit argues against hgh (~20 per cent) silicon 
abundances ın the core of the Earth required by the 
models of refs. 1 and 2. 

The experimental work was done during 1963-64 while 
I was at Cornell University, and was partially supported 
by the US AEC. The meteorite samples were obtamed 
from Ward’s, Arizona State University, Chicago Natural 
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Density of the Moon and Nucleation 
of Planets 


Tamre have been many attempts to explam the low 
density of the Moon and the absence, or very small size, 
of a heavy core; the hypotheses have been reviewed and 
their difficulties discussed by Urey’. There ıs, however, & 
simple possibility that has not been exploited so far. It 
arises from the circumstance that iron 1s plastic-ductile 
even at low temperatures, provided that ıt does not 
contain far more carbon than has been found in meteorites. 
If ıt is assumed that the planets have agglomerated from 
solid particles condensed from a gas atmosphere around 
the Sun, metallic particles would be expected to stick 
together when they collide because they can absorb 
kinetic energy, up to a lmit, by plastic deformation. 
They can therefore unite by “cold welding” or by hot 
welding. Silicates, on the other hand, are brittle and 
break up in a collision except within a narrow temperature 
range near the melting pomt. The agglomeration of the 
planets should then start with metallic particles. An 
additional factor may be that the heavy metals are the 
first components to condense from a gas cloud’. 

When the body, built up chiefly from heavy metal 
pebbles, ıs sufficiently large it can easily collect non- 
metallic particles by embedding them ın ductile metal, and 
later by its gravitational attraction on the fragments 
resulting from collisions. Planets may arise cold in this 
way with a metal core already partially differentiated, and 
subsequent melting can produce a sharp boundary 
between core and mantle. The perihelial shell from which 
a planet had drawn particles would be depleted ın heavy 
metals. If this happened ın the shell containing the 
Earth, the Moon might have aggregated later largely from 
non-metallic particles, with its observed density. 

Urey! stresses that the composition of the Moon is 
closer to that of the Sun than are the compositions of the 
inner planets. The Moon therefore “represents a more 
primitive object than the terrestrial planete” which, m 
some way, would have lost non-metallics and become 
enriched in heavy metals. In the present picture the 
situation would be the opposite; the planets would be 
older. They would contain more heavy metals because 
their growth was ‘nucleated’? by metallic particles. 

If iron and nickel, with other heavy metals, are the 
nucleating agents at least of the mner planets, and if the 
formation of a planet (or perhaps small planets which soon 
fuse) significantly exhausts the supply of metal particles 
within a perihelial shell, other planets cannot arise easily 
within the same shell. The thickness of the shell depends 
on the initial local concentration of metallic particles 
which should be closely related to the local vapour 
pressure of iron, nickel, and so on in the mutial gas cloud. 
The temperature of the gas around the Sun would depend 
on the distance, but the gravitational potential would be 
the governing factor and the concentration of the heavy 
elements would decrease with the distance. The thickness 
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of the shell within which the nucleation of a planet 
practically inhibits another major nucleation would then 
increase with distance from the Sun. This may be the 
basis of the Titius—Bode rule. 
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Detection of Gas Phase Free Radicals 
by Electron Spin Resonance Spin 
Trapping Techniques 


ELECTRON spin resonance (ESR) spectroscopy provides the 
best readily available method for detecting free radicals 
in reacting systems. Stable free radicals can be detected 
at concentrations as low as 10-*M with commercially 
available equipment. Special techniques, however, are 
necessary for the direct detection of short lived free 
radicals (for example, flow systems). Recently an mdirect 
ESR method of detecting short lived free radicals in solu- 
tion has been developed which involves free radical 
addition to a nitroso function, for example, 2-nitroso-2- 
methylpropane’, or a nitrone function, for example, phenyl 
N-t-butyl nitrone**. The reaction produces stable 
nitroxides which build up to readily detectable concentra- 
tions in the presence of a free radical source. The general 
usefulness of the nitrone has been found to exceed that 
of the nitroso compound because of ite greater stability 
in a variety of reaction conditions. Most work has 
been done with phenyl N-t-butyl nitrone (PBN) m 
solution* *. The free radical addition reaction 1s called 
a spin trapping reaction. The nitrone or nitroso compound 
18 called a “‘spm trap” and the radical addition product is 
called a “‘spin adduct”. In this report we describe our 
first results on the trapping of free radicals in the gas 
phase. 


O- 
(CH,),C—N=0+R:—> (CH) ,c_-N— 
O- H 
R+- cH- C(CH3)3 > & h 
+ 





O- 
k C(CH,)s 


In these experiments the sources of free radicals are 
volatile organic compounds which produce free radicals 
on photolysis. A rapid flow of mitrogen (carrier) gas at 
room temperature and atmospheric pressure saturated 
with the substrate vapour is passed through an irradiated 
quartz tube and into a small quantity of solid PBN 
located in the cavity of an ESR spectrometer. (A low 
pressure mercury lamp was the lght source; a Varian 
4502 spectrometer with ‘Fieldial” control was used.) 
The appearance of free radicals is monitored during photo- 
lysis. No signal is obtamed during nitrogen flow, during 
flow of nitrogen saturated with substrate vapour or during 
irradiation of nitrogen vapour alone. The production of 
an ESR signal is found to depend on the rate of flow of the 
carrier gas, faster flow rates (up to a point) increasing the 
signal intensity. The sample producing the signal turns 
yellow-orange at the interface when the carrier gas con- 
tains free radicals. This colour is charactenstic of the 
nitroxide function. The ESR signal 1s stable m the absence 
of further photolysis of the vapour or carrier gas. Sub- 
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Fig. 1. ESR spoctia arising from the photolyms of (a) tetraethyl-lead, 


(b) perfluoroazoethane, (c) acetone. 


sequent introduction of oxygen results in the disappear- 
ance of the signal because of severe lme broadening of the 
solid state spectrum. The same spectrum can be recalled 
by again introducing a flow of nitrogen through the solid. 
The nitroxides produced in the PBN solid phase are 
stable to the extent that the yellow material can be 
separated from PBN and remvestigated later. 

The spectra obtained from the photolysis of tetraethyl- 
lead, perfluoroazoethane and acetone are shown in Fig. 1. 
The nitrogen and -hydrogen splitting are clearly resolved. 
The values of these parameters have been used previously 
to identify free radical species present in solution?—, for 
the magnitude of the 6-hydrogen coupling ın the spm 
adduct depends chiefly on the bulk of the group previously 
existing as the free radical (R) and the nitrogen coupling 
in the spin adduct depends chiefly on the electronegativity 
of R. In the solid phase these factors would be expected 
also to dominate to a large extent the magnitudes of the 
nitrogen and -hydrogen couplings. Some differences are 
expected, however, in spectra obtained ın solid or solution 
phase. 


HYPERFINE OOUPLING OONSTANTS OF PHENYL N-+t-BUTYL NITRONE 
SPIN ADDUOCTS* 


Table 1. 


Radical ‘Tra ping 
Spin adduct source t um Ay Afi Reference 
O.H,—OH(0,H,) -N—OMe, (O,H,),Pb Sod 184 19 
‘ (am “Pb Benzene 18-9 32 4 
OH), Hg Benzene 14-0 3-2 8 
(.H,—CH(,F,) tome, OF, N, F, Sold 189 22 
GFI Benzene 18-5 15 (Blackburn, 
0: B. J., un- 
i published) 
O,H,—CH(CH,)—-N—OMe, OHsCOOH, Solid 139-4 28 
O° Llqmdt 140 88 
(OH), He e142 35 3 
(,Hy—CH(OCMe,)—N—CMe, Me,COOGMe, Solld 188 10 
AlesCOOCMe, Benzene 186 1-8 (Blackburn, 
. Je UND- 
Published) 
MeCOOH Sold 140 21 


* Coupling constants were calculated using ‘‘Fieldial” calibrations. 
t Photolysis of radical source in all cases, 
t Condensed acetaldehyde-PBN semi-liquid phase. 


The values obtained from the spectra m Fig. 1 are 
listed in Table 1. The radicals expected from the photolysis 
of tetraethyl-lead, perfluoroazoethane and acetone in the 
gas phase are ethyl, perfluoroethyl and methyl respec- 
tively. The spectra in Fig. 1 are thus expected to be due 
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to nitroxides which are the ethyl, perfluoroethyl and 
methyl spin adducts of PBN. A comparison of the 
nitrogen and B-hydrogen coupling constants obtained from 
solid state and solution spectra shows surprisingly good 
agreement. That the differences are due to the influence 
of the solid phase can be demonstrated by dissolving the 
exposed sample of PBN in benzene and obtaining the 
spectrum of the spm adduct in solution. In some instances 
it was apparent that the solid PBN had become “wet” 
with the vapour of the radical source (for example, in the 
acetone photolysis) and the spectra obtained have sharper 
lines (Fig. lc). When the PBN 1s “dried” by evacuation, 
the line width increases to that typical of the solid state 
ctrum. 

The photolysis of t-butyl peroxide provided an ESR 
spectrum which indicates that the t-butoxy radical was 
trapped, an interesting result in view of the well known 
-scission reaction of this radical to acetone and methyl 
radicals. Because the differences between the nitrogen 
and -hydrogen couplng constants of the methyl and 
presumed t-butoxy spin adducts are small in the solid 
state spectra (in solution there is no difficulty in dis- 
tinguishing between these spin adducts) this conclusion 
is not completely unambiguous. Possibly both the methyl 
and ¢t-butoxy spin adducts are produced in the photolysis 
of t-butyl peroxide and the spectrum is the result of an 
overlap of two 

The photolysis of t-butyl hydroperoxide gave the same 
spectrum as obtained from t-butyl peroxide and an addi- 
tional set of four unequally spaced sharp peaks. If these 
peaks belong to one spectrum they are due to a 15-8 G 
nitrogen coupling and 20-3 G proton or sum of more than 
one proton coupling. The parameters for the hydrogen 
atom spin adduct, t-butyl benzyl nitroxide, are Ay = 14-25 
and A; =7:13 G in benzene at room temperature’. A 
tentative structure for this radical is the hydroxy radical 
spin adduct. Hydrogen-bonding would be expected to 
increase the nitrogen coupling constant and produce a 
conformation leadmg to a large f-hydrogen coupling 
constant. 


CH, CH, CH, CH, 
mo ae “ # x 
‘ONS CH, ies. <O_N 3 
6 6 w 
Ng” Nu” 


The results of the experiments reported here serve to 
demonstrate the feasibility of using spin iraps like phenyl 
t-butyl nitrone for detectors of free radicals in the gas 
phase. Further work 1s under way which 1s expected to 
improve the technique so that free radicals species of 
different structure can be identified unambiguously in the 
presence of each other. 

This work was supported by a US Air Foree grant. 
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A Joint Pseudo-splitting/Peroxide 
Mechanism for Oxygen Reduction 
at Fuel Cell Cathodes 


THe performance of low temperature fuel cells is usually 
limited by the speed of the cathodic reduction of oxygen, 


0,+4H,0+4e=40H™ (1) 


One explanation of the slowness of the reaction 1s the 
need to break the O—O bond, which requires considerable 
energy, even for oxygen m the adsorbed state. An 
alternative explanation’ is that the reaction is slow 
because it can occur only at scarce favourable sites on 
the electrode surface. This mechanism, called pseudo- 
splitting, accounts for the nature of oxygen electrode 
polarization curves and predicts that the electrode current 
density + will be proportional to the square root of p, the 
oxygen partial pressure. 

The pseudo-splitting mechanism does not, however, 
account for the role of hydrogen peroxide at oxygen 
cathodes. Hydrogen peromde in the form of HO; is an 
important in in the reduction process (l), 
because of the reaction 

0,+H,0+20=HO,+ 0H” (2) 
It has been detected as an intermediate with a wide range 
of electrode materials‘. At carbon electrodes, which are 
mert towards decomposition or further reduction of 
HO;, ıt may even predominate as the reaction product’. 
A possible scheme for the production of hydrogen peroxide, 
and the implications of a joint pseudo-splitting/peroxide 
mechanism for oxygen reduction, are discussed in this 
communication. 


Adsorbed oxygen molecule 
H E 4} | HHH 
O- O- O Op O- O. OL 


H Ht HH 
o. OL site Oo. OL 
Electrode surface 
a. Partial electron transfer. 
HO- H -OH 
AE 





Electrode surface 


c. Completion of electron transfer. 
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partial electron transfer at the electrode surface (Fig. la), 
but do not fully dissociate. These adsorbed (pseudo- 
split) molecules can enter into hydrogen bonding with 
adjacent OH-, and this hydrogen bonding spreads across 
the OH- layer. At certain sites on the electrode surface, 
such as kink sites, there will be discontinuities in the OH- 
layer, and further hydrogen bonding within the layer will 
be restricted. OH- on the layer boundaries more easily 
enters into hydrogen bonding with nearby water mole- 
cules from the bulk electrolyte as shown m Fig. 1b. At 
this stage completion of electron transfer, finally b 

the O—O bond, is most likely (Fig. 1c) and this is followed 
by reorientation of the OH” layer (Fig. Id). The kink 
sites provide a break m the OH” layer and also steric 
accessibility to water molecules; they are favourable sites 
for the reaction. 

One may argue that hydrogen peroxide can be produced. 
by this scheme, for HO, fragments, formed during hydro- 
gen bonding (Fig. 2), could conceivably discharge as 
HO,. This process, however, is energetically improbable, 
for once a side-on adsorbed oxygen has undergone sufficient 
partial electron transfer to allow hydrogen bonding, the 
O—O bond is effectively split (pseudo-split) and HO% 
formation is unlikely. Moreover, on symmetry grounds, 
the HO, fragments of Fig. 2 should rather enter mto 
hydrogen bonding with adjacent OH- than discharge. 

Hence an oxygen molecule adsorbing side-on onto the 
electron surface (Fig. la) will not give mse to HO. 
Oxygen could also adsorb in an end-on configuration, as in 
Fig. 3. This might well be a preliminary stage in side-on 
adsorption though normally a transient one. An oxygen 
molecule might remain in its end-on configuration for 
much longer than usual, however. This could arise if the 





HOH H fii $ HOH 
ð- - Os. G X eh ee 
H H H 
0_0- O_ OL 
Electrode surface 
b. Hydrogen bonding. 
HO- H H H H H H H -0H 
o- 0o- © O0- 0- O OL 
H H H H 
O_ OL O- OL 


Electrode surface 
Overall reaction O, + 2H,0 + 4e = 40H- 


d. Reorientation. 


Fig. la—d. Stages in pseudo-splitting. 


Fig. la-d depicts the main stages in the pseudo-splitting 
process. An oxygen electrode surface in strong alkaline 
solution is largely covered with adsorbed OH-, and 
oxygen molecules continually adsorb on and desorb from 
the surface. Some adsorbed oxygen molecules undergo 


electrode surface were unable to stabilize a side-on 
adsorbed oxygen molecule, or if an oxygen molecule 
adsorbed on a kink site (Fig. 4). A similar mechanism 
to pseudo-splitting would then operate. Thus an end-on 
adsorbed oxygen molecule undergoes partial electron 


(0) 
Eos ees na H H 
l Hl o o- © © $ 
H PA PA H H H 
oloo 18 o- 0. 0. HH 
— - 0- 
Electrode surfaoe Electrode surface Electrode surface 
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Oxygen molecule adsorbed end-on 


H | HHEH 
O- 0.4. O- OL 


|H H 
Kink sıte| O_ O- 


Electrode surface 
a. Partial electron transfer. 


c. Completion of electron transfer. 
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Electrode surface 
b. Hydrogen bonding. 


HO; -0H 
H 
o- o © 
H H 
o 0. 


Electrode surface 
Overall reaction O,+H,0 +2e=H0; +0H- 


d. Reorientation. 


Fig. 5a-d. Stages in the peroxide mechanism. 


transfer at the electrode surface. Hydrogen bonding 
takes place with adjacent OH- and spreads to a favourable 
atte (kink site) for acquisition of hydrogen from a nearby 
water molecule. Finally the electron transfer reaction 18 
completed and the OH- layer reorientates. The whole 
process constitutes the O,fHO, (peromde) mechanism 
and is shown in Fig. 5a—d. 

This proposal agrees with the tracer studies of Yeager 
et al.*, who showed that ın the O,/HO; reaction all the 
HO; arises from gaseous oxygen. Furthermore, the same 
favourable sites are involved for this mechanism as for 
pseudo-splittmg. Consequently both processes will 
compete with each other on the electrode surface. If 
oxygen adsorbs side-on, pseudo-splitting takes place and 
the direct O,/OH- reaction results. End-on oxygen 
adsorption permits the O,/HO; reaction to occur as well. 
A joint pseudo-splittmg/peroxide mechanism 1s therefore 
proposed to explain oxygen reduction. Clearly such a 
mechanism 1s limited to favourable sites and hence will 
allow the same predictions as to the slowness of oxygen 
reduction and the appearance of polarization curves as 
pseudo-splitting does. 

Pseudo-splitting, however, also specifies the relation 
+ x /p, for effectively oxygen atoms are involved in the 
electron transfer step. For the peroxide mechanism the 
corresponding step involves oxygen molecules and the 
expected relation is + x p. Hence a jomt mechanism would 
require t Œ p”, where $<n<1. In fact the yp law 1s only 
approximate and deviations from it are often observed’, 
especially with low temperature fuel/corrosion cell 
cathodes where HO; is stable. 

Some methods of testing the joint mechanism may be 
suggested. Thus an investigation of the effect of electrode 
surface defects on oxygen reduction (posaibly using field 
10n and electron microscopy) might define the nature 
and significance of favourable sites. Furthermore, the 
mechanism imphes that the course of the oxygen reduction 
reaction is determined by the preferred configuration of 
adsorbed oxygen. It may be possible to correlate the 
type of adsorption likely on an electrode surface of known 
atomic spacing with the amount of HO; mtermediate 
produced. For a given electrode material, variations ın 
atomic spacing could be achieved by exposing different 
lattice planes, while the HO% could be monitored by 
using a rotating ring-disk system. A suitable material for 
study is graphite, for which surface solution-reprecipita- 
tion reactions are avoided. 

The relevance of the proposed mechanism to the develop- 
ment of fuel cell oxygen electrodes is two-fold. First, as 
Evans suggested for pseudo-splitting, oxygen electrode per- 
formances should be improved by using electrocatalysts 


with a greater number or surface density of favourable 
sites. Second, because the accumulation of HOJ at the 
cathode can cause loss of efficiency, oxygen electro- 
catalysts should tend to minimize the contribution of the 
peroxide mechanism. A suitable electrocatalyst might 
stabilize side-on in preference to end-on adsorbed oxygen; 
another approach would be to utilize electrocatalysts 
highly active ın the decomposition or reduction of hydro- 
gen peroxde. 
We thank Dr U. R. Evans for helpful discussion 
durmg the course of this work, which was supported by 
the Science Research Council. 
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Trapped-electron Dating: ESR Studies 


THERMOLUMINESOENGE (TL) dating of ancient fired 
ceramics is well established!-’. The proces is neither 
very accurate nor well understood. The TL often comes 
from crystalline xenocrysts in the pottery which are of 
quartz and feldspar. 

A smoky colour is also commonly observed ın natural 
quartz, which anneals near 300° C (ref. 9), producing a blue 
TL peak*®?°, Dating based on TL detection of the 
smoky colour centre has been suggested before*1}, 

The smokiness 1s caused by an Al-activated impurity 
colour centre which ıs well known?*-!* and corresponds to 
a characteristic electron spın resonance (ESR) signal!?14, 
Ge enhances the Al colour centre production under irradia- 
tion as does Tı (that is, rose quartz)*15. Ge also enhances 
the 300° C blue TL?*”, but Ti seems to affect only lower 
temperature TL's. 

Activation of the Al centre by natural background 
radiation was observed by Laemmlein™ as dark smoky 
regions surrounding monazite inclusions’ »-?°, 
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We believe that the distinctive 300° C TL of extracts 
of xenoerysts from pottery ıs partly associated with 
annealing of Al centres in quartz, and partly with similar 
processes ın feldspar. 

ESR identification of promment electron/hole traps in 
dosed natural quartz and ther study under annealing 
might clarify this issue and explain many peculiarities of 
quartz TL, thus increasing the accuracy of the technique 
and the confidence of its users. 

In principle, direct ESR dating based on a specific 
centre is also possible*. It would be non-destructive and 
free from considerations of luminescence efficiency?’. 

ESR powder spectre were therefore run at 300° C and 
77° C on several sedimentary, metamorphic, granitic, 
pegmatitic and hydrothermal specimens. The Alt signal 
‘was seen at 77° K in all cases, and Tı- frequently. After 
thermal bleaching and °Co irradiation, these signals 
reappeared along with an additional Ge- signal at 300° C, 
never seen naturally. 

In addition, a radiation damage signal was identified at 
300° C in all but hydrothermal specimens. It annealed 
at 500° C, and could not be regenerated by gamma 
irradiation. 

Several archaeological specrmens known to have been 
heated in the past were scanned for the above signals. 
The damage signal did not appear. Alt was seen at the 
expected low intensity m a sandstone hearth specimen, 
4C dated 6880 BP; the equivalent natural dose was 
about 1 kr. Interference from transition metals ım the 
g=2-00 region made 1t difficult to study other specimens 
at the high sensitivity settings required. 

On the basis of this work, we believe that the 300° C 
TL peak of mterest in datmg 1s related to annealing of 
the Ge centre, and not to radiation damage. Direct ESR 
dating 1s not practical at the present tıme, due to mter- 
ference from contammatmg minerals; but signals can be 
observed in separated quartz at the appropriate dose levels. 

Further work with Al and Ge-doped synthetics is con- 
templated, in order to establish the mechanisms which 
underlie TL datmg and explain the non-appearance of 
the Ge ESR signal m natural quartz specimens. 

I thank D. Kivelson for the use of his ESR equipment 
at UCLA and J. L. Swam for invaluable assistance. G. C. 
Kennedy, V. Hayes and G. Agogino supplied specimens. 
The work was supported by NSF and the Army Research 
Office at Durham, NC. 
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Reconstitution of an ATP-mediated 
Active Transport System across 
Black Lipid Membranes 


In general, concentration gradients across the mem- 
branes of living cells for a number of substances, moluding 
ions and essential metabolites such as sugars and amino- 
acids, are maintained through transport processes driven 
by an energy supply other than the electrochemical 
gradient of the transported species. Characteristically, 
such transport processes involve vectorial transport of the 
species concerned, a stoichiometric coupling between the 
energy supply and transport reactions and localization 
of the transport system m the asymmetric environment 
which ıt maintains, usually the membrane phase. 

Despite the importance of such transport systems, 
the molecular processes involved remain rather obscure 
even in the best studied case of the active transport of 
sodium, or the ‘‘sodium pump”. Some of the difficulties 
involved in the examination of the molecular aspects of 
active transport systems may be alleviated by a re- 
constitution of the systems in a specified model environ- 
ment. This communication describes just such a re- 
constitution: the assembly of an ATP-mediated electro- 
genic 1on transport system on a suitably prepared black 
lipid membrane (BLM). 

The BLM support is prepared from one per cent oxidized 
cholesterol? in octane—dodecane (3 : 2) mixed with approxi- 
mately 20 parts per million of didodecyl phosphite 
(Hooker Chemical Co., Niagara Falls, New York) on & 
l mm diameter hole submerged ın a buffered solution 
containing 0-1 M sodium, 0-005 M potassium, and 0-005 M 

esium ions, all present as the chlorides, and 0-01 M 
tris(hydroxymethyl)ammomethane, pH 7-35, contained 
m a suitable two-compartment cell made of ‘Teflon’. 
The entire system was maintamed at 37° C. With 
the exception of control expermments, ATP was added 
to one of the compartments followed by the addition 
of a preparation of membrane-bound sodium—potassium 
dependent ATPase fraction isolated from the synaptic 
vesicles of the rat brain? (about 0-3 ug/ml.) and separated 
on a sucrose gradient at 31 per cent sucrose concentration. 
There is evidence (to be published) which suggests that 
the Nat, K+-activated ATPase ıs a multi-component 
system all of which seams to be involved in pump activity. 
Following these additions, a fall in the resistance of the 
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Fig. 2. The time relation of membrane (slope) resistance and current 
{at zero membrane voltage) after addition of ATPase to one side of BLM. 


BLM was observed and was monitored continuously until a 
stable membrane resistance was obtamed. Stabilization 
normally required 3 to 6 min, during which time the 
resistance dropped from two to three orders of magnitude 
to a value near 10* Q/cm?. The current flowing across the 
membrane in conditions of decreasing resistance was 
measured using the short circuit method of Ussing‘. The 
cell and associated circuit diagram used are outlmed in 
Fig. 1. 

In Fig. 2, the time-dependence of the membrane resist- 
ance after addition of ATPase and current flow across the 
membrane are provided. These results establish that 
there is net zero volt positive current flowing across the 
BLM, reasonably interpreted as due to transport of 
sodium analogous to that of the in vivo system. Con- 
sistent with this interpretation is the observation that the 
current flow is dependent on the concentration of ATP 
in the system. Furthermore, the current flow is absolutely 
dependent on the presence of sodium ions in the medium 
and the strength of the flow is dependent on the absolute 
and relative concentration of cations m the medium. 
Finally, the presence of ouabain and related compounds in 
the medium inhibits the flow of current as illustrated in 
Fig. 3. Ouabain has the additional interesting effect of 
increasing the membrane slope resistance. 

Assuming, in accordance with these considerations, that 
sodium and potassium ions are the charge-carrying 
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Fig. 3. The effect of ouabain on transported membrane carrent. 
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species, it is evident that the flux of cations in mutually 
opposite directions is unequal and the system is not 
therefore a “‘one-to-one sodium—potassium coupled pump”. 
Furthermore, if the current return paths are open- 
circuited, a rapid build-up of charge across the membrane 
18 observed with the consequent development of a mem- 
brane potential which is sufficient to produce eventual 
membrane breakdown. AI of these observations are 
consistent with and supportive for electrogenic cation 

rt in the reconstituted system described. In 
addition, all of the characteristics of the reconstituted. 
system resemble those of the “sodium pump”, considered 
to function in most cells. 

We thank Mr Fred White, who provided the ATPase 
preparations, and Professor H. R. Mahler (Indiana 
University) and Dr P. Mueller (Pennsylvania Psychiatric 
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and the US National Science Foundation. 
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Solubility of Collagen Fibrils formed in 
vitro in the Presence of Sulphated Acid 
Mucopolysaccharide-protein 


Tum results of many investigations!" have indicated that 
tropocollagen molecules are capable of self-assembly into 
“native-type” fibrils when highly purified collagen solu- 
tions are incubated at 37° C. The insolubility of these 
fibres in cold neutral salt or acidic solutions increases 
with the length of time of prior incubation at 37° C, and 
Gross? has concluded that the molecular components of 
the fibrils acquire a more closely packed alignment, 
facilitatmg the formation of numerous non-covalent bonds. 
I have found in previous studies‘. that certain sulphated. 
acid mucopolysaccharide (AMPS8)-proteins interact with 
tropocollagen to form characteristic fibrous precipitates. 
I have mvestigated the possibility that this interaction 
may also give rise to collagen fibres of creased insolubil- 
ity. 

I used tropocollagen from (a) 0-45 M NaCl extracts of 
young rat skin or (b) 0:1 M acetic acid extracts of bovine 
embryo skin. Both preparations were purified by serial 
precipitations with NaCl at neutral and acidic pH, then 
precipitation by dialysis against 0-01 M Na,HPO, (ref. 4). 
Chondroitin sulphate-protein (CS-P) from bovine nasal 
cartilage and dermatan sulphate-protein (DS-P) from 
bovine heart valves and skin were prepared and character- 
ized as described previouslyt5. All experiments were 
carried out in 0:14 M NaCl in 0:008 M Na, HPO,-KH,PO, 
buffer, pH 7:3. 

Time-dependent changes in degree of precipitation of 
collagen fibrils during incubation of tropocollagen solutions 
at 37° C and subsequent cooling at 4° C were followed by 
turbidity measurements*. Fig. 1 shows a family of pre- 
cipitation curves obtained at 37° C with tropocollagen 
alone and with mixtures of tropocollagen and various 
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concentrations of heart valve DS-P. Instantaneous 
precipitation of a fraction of the tropocollagen occurs in 
the presence of DS-P* and the precipitation of the remain- 
ing tropocollagen is also more rapid than that of tropocolla- 
gen alone. The incubations at 37° C were continued for 
30 min, by which time precipitation was complete. On 
subsequent chilling of the suspension to 4° C, the turbidity 
obtained for the control containing collagen alone was 
reduced to about 10 per cent of that at the end of the 
incubation at 37° C. In the presence of DS-P, however, 
up to 80 per cent of the turbidity remained during chilling 
at 4° C (Fig. 1). A similar result was obtained with 
mixtures of tropocollagen and various concentrations of 
CS-P. Mixtures of tropocollagen with hyaluronate, or 
chondroitin sulphate and dermatan sulphate isolated 
after proteolytic digestion of the respective AMPS- 
proteins, behaved in the same manner as collagen alone. 
These results suggested that the sulphated AMPS-proteins 
had caused a marked and rapid increase in the insolubility 
of the collagen fibrils. 


Table 1. SOLUBILITY AT 4° C OF COLLAGEN FIBRILS FORMED in vilro AT 37° C 
IN THE PRESENCE AND ABSENCE OF SULPHATED AMPS-PROTEIN 


Percentage of total collagen redissolved at 4°+ 


Exp. Batch of Tropocollagen Tropocollagen Tropocollagen 
tropocollagen* alone plus CS-P plus DS-Pt 
1 T 90 <3 22 
2 H 89 <2 — 
3 it 70 18 16 
4 HI 70 19 T2 


* Patches I and H: neutral salt-extracted rat skin tropocollagen; batch 
Ill: acid-extracted bovine embryo skin tropocollagen. 


+ Duplicate mixtures of tropocollagen (0-8-1-5 mg/ml.) plus AMPS-protein 
(0-2-0-4 mg/ml.**) were incubated for about one hour, at which stage maxi- 
mum turbidity had been attained (see Fig. 1), then cooled at 4° C for approxi- 
mately 24 h. After centrifugation at 4° C the supernatants were analysed 
for collagen and AMPS-protein. Mean results of the duplicates are recorded. 


+ Skin DS-P was used for exps. 3 and 4, heart valve DS-P for exp. 1. 


Table 1 shows the quantitative results obtained from 
analysis of the collagen remaining in supernatants from 
sedimentation, at 100,000g for 45 min, of fibril suspensions 
chilled at 4° © for 24 h. Collagen was measured by 
hydroxyproline analysis*. It can be seen that 70 per cent 
of the acid-extracted tropocollagen and 90 per cent of the 
neutral salt-extracted preparation were redissolved at 
4° C after incubation alone at 37° C. In the presence of a 
limiting concentration of CS-P or DS-P*', however, only 
0-22 per cent of the collagen was redissolved (Table 1). 
Also at limiting proportions of the components, almost 
all of the CS-P or DS-P was found to remain insoluble at 
4° Œ. In addition the final collagen suspension formed 
in the presence of CS-P or DS-P was a thick fibrous “elot™*. 
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These facts indicate that incubation of tropocollagen at 
37° C in the presence of CS-P or DS-P gives rise to fibres 
with increased stability and an altered organization when 
compared with fibres formed from incubation of tropo- 
collagen alone. Because it appears that both entities 
may be secreted together by connective tissue cells’, it is 
probable that bundles of fibrils are formed in vivo as a 
result of adhesion promoted by sulphated AMPS-proteins. 

I thank Dr D. A. Lowther for his advice, and Messrs 
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Research Committee. 


B. P. Tooreg* 


Department of Biochemistry, 
Monash University, 

Clayton, Victoria, 

Australia. 


Received March 5, 1969, 


* Present address: Developmental Biology Laboratory, Harvard Medica 
School, Massachusetts General Hospital, Boston, Massachusetts 02114, 
1 Gross, J., J. Biophys, Biochem, Cytol., 2 (suppl.), 261 (1956). 
* Wood, G. C., Int, Rev. Conn. Tissue Res., 2, 1 (1964). 
3 Gross, J., J. Exp. Med., 108, 215 (1958). 
t Toole, B. P., and Lowther, D. A., Biochem. J., 109, 857 (1968). 
t Toole, B. P., and Lowther, D. A., Arch. Biochem. Biophys., 128, 567 (1968). 
* Leach, A. A., Biochem. J., 74, 70 (1960). 


? Green, H.. and Goldberg, B., in Structure and Function of Connective and 
Skeletal Tissue (edit. by Jackson, 8. F., Harkness, R. D., Partridge, 8. Mu 
and Tristram, G. R.), 288 (Butterworths, London, 1965). 


Movement of Sugars through Plants 
by Cytoplasmic Pumping 
Métweu’s hypothesis! for the mechanism of translocation in 
plants depends on a pressure gradient in sieve tubes driven 
by osmosis. It is supported by mass flow movements of 
mobile compounds?? in the phloem, Other hypotheses** 
suggest that the transport mechanism requires a direct 
supply of energy from metabolism; they are supported 
by the demonstration of high levels of respiration in the 
phloem’, and the sensitivity of phloem transport to light’, 
temperature? and metabolic inhibitors'*. This apparently 
conflicting evidence is reconciled in hypotheses by 
Fensom™ and Spanner’, who independently proposed 
electrokinetic mechanisms which involve metabolic pump- 
ing at sieve plates and a mass flow of solution m the 
lumina of sieve elements. Each hypothesis implies a 
particular structure of the sieve element protoplast, but 
cytological studies are at present inconclusive because 
some indicate a degradation of the protoplast 
of sieve elements while others suggest a 
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specialized organization of cytoplasm. In 
this article I wish to propose that sugars 
and other solutes are pumped over long 
distances through plants by transcellular 
strands of cytoplasm in sieve tubes. 

In my earlier articles I reported micro- 





scopie structures in fresh phloem exudate 
and hand sections of sieve elements, and I 
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suggested that strands of cytoplasm pass 
through sieve pores to provide a morpho- 
logical basis for phloem transport, 
With improved methods of fixation, strands 
of cytoplasm have now been found in phloem 
exudate from the cut stems of squash plants 
and are shown in Figs. 1 to 4. Twenty-one 
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Fig. 1. 
collagen and heart valve DS-P and (b) subsequent dissolution of fibrils at 4° C. Mixtures 
were incubated at 37° C for 30 min, then chilled to 4° C for 24 h, Concentration of collagen, 
1,200 g/ml. Concentration of DS-P: a zero; B,30 gim. C, 60 gg/ml; D, 150 ug/ml; 

B, 300 ugjmi. 


Turbidity changes during (a) fibril precipitation at 37° 


C from mixtures of tropo- 


2h strands were measured and were in order of 
length (mm): 1-2, 1-8, 20, 2-0, 2-1, 2-8, 29, 
30, 30, 32, 35, 4-0, 4-1, £9, 50, 56, 57, 
6-6, 6-8, 8-O and 11-0. The shortest was four 
times longer than a sieve element (03 
mm) and many strands were only slightly 





Figs. I-4. Strands of cytoplasm in exudate from squash Stems. telling 
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aldehyde, 0-25 M sucrose and 10°? M calcium chloride. 


slip 16 mm square. 
cover slip, but there was no exe 





solution of osmium tetroxide, gave inferior results. 





Fig. 3 was taken witha x TOÔ oil imme 








particles. Fig 
particles, which vary in diameter from 0-3 am to 1-5 
3 ain in diameter, are also associated with the pi 
approximately } am in diameter and spherical partic 
fan-like arre 








lel fibrils Fig. 4. 





arrays, Scale marks equal 20 um. 


wider than the largest sieve pores (7 um) found in 
squash, A micro-autoradiograph of a structure, similar 


to the strand shown in Fig. 1, was published in an earlier 
article? and showed parallel lines of silver grains below 
the central region of the strand. indicating an ordered 
localization of 14-carbon which had been transported from 
a distant leaf. Fig. 2 is one end of the strand shown in 
Fig. 1, which has a total length of 2-2 mm. Fig. 3 shows 
a group of parallel fibrils (interpreted in Fig. 5 as endo- 
plasmic tubules) which have spherical granules in single 
files and oceasional plastids associated with their surfaces. 
This arrangement is consistent with the ciné film of 
Primula obconica sieve elements", in whieh particles move 
in single file along parallel pathways and pass through 
sieve plates. Recently a ciné film has been made by 
Fensom et al. which also shows mobile particles in young 
sieve elements. Particles are reported moving by evelosis 
in the parietal cytoplasm of Heracleum mantegazzianum 
sieve elements and particles near sieve plates were seen 
pulsating on transcellular fibrils. These fibrils may be 
endoplasmie tubules from within damaged transcellular 
strands. 

Based on these new observations and on the presence of 
membranes and protein filaments in sieve pores observed 











was prevented 
and the preservation of structures improved when exudate from cut stems of Cucurbita 
pepo var, Hubbard squash, wiped to remove the contents of cut cells. was fixed in an 
aqueous solution of unbuffered 4 per cent glacial acetic acid, 4 per cont neutralized form- 
A drop of exudate was added to 
a drop of fixative in the centre of a microscope slide and after 10 min covered with a glass 
The total volume of liquid was sufficient fo cover the area of the 
ss at the edges of the mount. Other methods of mounting 
and fixation, including the use of buffered glutaraldehyde solution with post fixation ina 
j l and 2 are photomicrographs 
obtained with transmitted light from a xenon lamp using a * 63 apochromatic objective. 
tsion objective and Fig. 4 witha «70 phase contra 
oil immersion objective. Fig. 1 shows a strand of uniform diameter folded along its a 
The main features of the substructure of the strand are parallel fibrils 
shows parallel fibrils from within a strand bearing single f 
um. Much less numerous particles, 
Parallel 
$ observed in phase contrast. The 
sand the crossing of some fibrils over others are probably caused by the 
contents of at least two strands spreading into widely spaced parallel groups and fan-like 


and spher 
ps of spherical 
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in the electron microscope’, it is now pro- 
posed that transcellular strands consist of a 
contractile struetural boundary formed from 
one or more rings of protein filaments which 
enclose endoplasmic tubules. 

According to this idea the contractile 
boundary of the strand is continuous from cell 
to cell through sieve porcs. Endoplasmic 
tubules approximately 1 pm in diameter 
occupy approximately 70 per cent of the 
cross-sectional area of the strand. Sugars 
and other solutes move through the endo- 
plasmic tubules at a velocity of up to 300 
em/h and are separated from mobile particles 
by the walls of these tubules. It is proposed 
that the flow is due to a musele-like funetion 
of the protein filaments (diameters up to 
250 A) revealcd in sieve elements by the 
electron microscope'*, A rhythmic contrac- 
tion and relaxation of rings of filaments could 
produce a peristaltic wave along a strand 
capable of pumping the fluid contents of 
enclosed tubules over long distances through 
sieve tubes. It is also suggested that spheri- 
cal granules and plastids move at 3 em/h to 
5 em/h through a fluid matrix in association 
with the external surface of the endo- 
plasmic tubules, but these granules are not 
thought to be involved directly in the trans- 
port of sugars. Particle movement may be 
due to an electrokinetic motive force at the 
interface between particles and the external 
surface of endoplasmic tubules". It is also 
proposed that endoplasmie tubules may be 
connected to the endoplasmic reticulum at 
the ends of sieve tubes in leaves and meris- 
tems and along side walls adjacent to eom- 
panion cells and parenchyma cells. Although 
in this concept particles move from sieve 
element to sieve element through sieve pores 
at the ends of sieve tubes, they may turn 
around and thus become part of a circulation 
system in whole plants. 

A wave motion in structures from plant 
i cells is not an unprecedented speculation 

because a wave travelling along groups of 

fibrils has been seen in the light mieroscope 
in isolated drops of cytoplasm from Chara 
foetida® and Nitella flexilis, The maximum 
velocity of a wave moving along fibrils 

n a drop of Nitella flexilis eytoplasm 

by Kaænitsubo™ is 67-5 um/s (approximately 





+ 







fibrils 


measured 
24 em/h). 

The absence of strands of cytoplasm from electron 
micrographs of mature sieve elements is a major deficiency 
in the evidence supporting the model proposed here. It is, 
however, possible to explain this deficiency if it is accepted 
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Fig. 5. A diagrammatic model of the structural organization of a trans- 
cellular strand of cytoplasm deseribed in the text, 
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that strands are degraded by the methods of fixation, 
dehydration and embedding commonly used in electron 
microscopy. This interpretation is supported by the fact 
that buffered solutions of glutaraldehyde followed by 
post fixation in a solution of osmium tetroxide used in the 
preservation of sieve elements for electron microscopy do 
not preserve strands of cytoplasm in phloem exudate. In 
the first electron micrographs of sieve pores, Hepton, 
Preston and Ripley% showed them filled with an apparently 
homogeneous substance, interpreted as cytoplasm, which 
was uniformly distributed on both sides of a sieve plate. 
The first evidence of fine structures in sieve pores was 
obtained by Kollmann!®, who revealed filaments 100 A in 
diameter which have since been described by Behnke and 
Dorr as plasmatic filaments’, by Esau and her colleagues 
as slime* and P-1 protein®’, and by Evert and Murmanis** 
as constituents of slime strands. They are labelled “protein 
filaments” in Fig. 5. Kollmann and Schumacher?! also 
reported endoplasmic reticulum in electron micrographs 
of sieve cells of Metasequoia glyptostroboides, and endo- 
plasmic membranes have been observed in sieve elements 
of Pisum sativum'*°°, Acer pseudoplatanus?! and Cucur- 
bita pepo®*, These observations can be related to the pro- 
posed model of a transcellular strand. Stacks of membranes 
on the side walls of sieve elements which are folded at 
their edges®!3* and membranes in sieve pores which are 
parallel with the long axis of the sieve element could be 
derived from collapsed groups of tubules which form the 
contents of transcellular strands. Similarly, in living sieve 
elements protein filaments observed in eleetron miero- 
graphs'*8 may occur in the structural boundaries of 
transcellular strands. According to this interpretation, 
electron micrographs show degraded strand boundaries 
and collapsed endoplasmie tubules whieh fill sieve pores, 
but when undamaged these structures provide the 
boundaries of open pathways for the flow of sugars and 
other solutes through sieve tubes. 
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Reduction-Oxidation Potential of Blood 
determined by Oxygen Releasing 
Factor in Thyroid Disorders 


THERE is a nearly linear relationship! between the 
reduction-oxidation potential of blood and the partial 
pressure of blood oxygen: the greater the partial pressure 
of oxygen, the greater the redox potential of the blood. 
In the course of a study of the blood redox potentials of 
patients with thyroid disorders, we have recently found 
that the blood redox potentials of hypothyroid patients 
declined markedly more quickly in the first 60 min of 
deoxygenation than did the blood redox potentials of 
hyperthyroid patients (Table 1). The mean redox 
potential of blood of hypothyroid patients after 60 min of 
deoxygenation was ~ 254 mV (S.D.=44) while the mean 
for hyperthyroid patients was — 183 mV (S.D.=32-6). 
The difference between the means is significant at the 
0-O1 level (¢= 3-62 with thirteen degrees of freedom). 
Table 1. REDOX POTENTIALS (IN mV) GF BUFFERED (pH 7-4) WHOLE BLOOD 


FROM HYPOTHYROID AND HYPERTHYROID PATIENTS AFTER DEOXYGENATION 
WITH A STANDARD FLOW OF ARGON FOR 60 MIN 


Hypothyroid patients 


Patient i 2 3 4 5 6 7 Mean SLD, 
Redox 
potential -189 ~224 ~265 ~822 -—228 — 268 ~28b — 254 44 


Hyperthyroid patients 

Patient 1 2 3 + 5 8 7 8 
Redox po- 

tential — 161 


Mean S.D, 
—l44 ~—138 ~175 -218 ~200 -221 —203 ~ 183 32-6 


The explanation of this result is probably the more 
rapid decline of the partial pressure of oxygen in the blood 
of hypothyroid patients, and this is supported by direct 
measurements. Fig. 1 illustrates the difference in time 
required to deoxygenate a 100 ml. blood sample with a 
steady flow of inert gas (argon, 38 ml./min at 37° C) before 
and after treatment for hypothyroidism. It took three 
times longer to expel the oxygen after treatment than 
before. (The patient was a 59 vear old man who had had a 
partial thyroidectomy 24 yr before being admitted to the 
hospital with myxoedema (PBI=2-6). He received 10 
days of treatment with sodium levothyroxine (‘Syn- 
throid’ 0-1 mg for 4 days, then 0-2 mg for 6 days) aftea 
which he was much improved. The haemoglobin content 
and haematocrit were similar before and after treatment. 

From the present findings it would appear that as 
molecular oxygen is being removed from the blood by 
the stream of inert gas it is more readily replaced from 
the oxyhaemoglobin of hyperthyroid or euthyroid subjects 
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Fig. 1. The time required to expel oxygen with a standard flow of argon 
(38 mL/min at 37° C) from 100 mi. of blood from a hypothyroid patient 
before and after treatment. 


876 


than from the oxyhaemoglobin of hypothyroid subjects. 
Because oxygen release appears to be dependent on an 
oxygen releasing factor®:*, our findings would indicate that 
this factor may be deficient or absent in hypothyroidism. 
This idea receives some support from the observation 
that in the case of hypothyroidism the dissociation curve 
for oxyhaemoglobin tends to be shifted to the left‘. 
Clinically, this will have two important consequences: one, 
haemoglobin will not release oxygen into solution at low 
oxygen tensions sufficiently to maintain an adequate 
partial pressure of oxygen in the blood perfusing tissue 
capillaries; and two, it will, incidentally, affect the redox 
state of the tissues. 
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Bicarbonate Equilibria and the 
Apparent Km (HCO3°) of 
Isolated Chloroplasts 


Tue relation between bicarbonate concentration and rate 
of photosynthesis in isolated spinach chloroplasts at pH 
7-6 is initially linear, though it becomes asymptotic at 
1-0-1-2 mM, with the half-maximal rate (apparent Km) 
at 0-6 mM bicarbonatet. This figure must be reconciled 
with the apparent Km (bicarbonate) of ribulose diphos- 
phate carboxylase, which is 5-20 mM depending on the 
cofactor supplement?:*. Accordingly, suggestions have 
been made that chloroplasts may concentrate CO, (ref. 4) 
or that the carboxylation of ribulose diphosphate may 
undergo activation in vivo’. 

Recent work on the chloroplast enzyme carbonic an- 
hydrase suggests that equilibration of dissolved CO, over 
a pH gradient between the medium and the chloroplasts 
might account for the discrepancy. A specifie inhibitor 
of carbonic anhydrase, 5-acetamido-1,3,4-thiadiazole-2- 
sulphonamide (‘Diamox’, Lederle), when used at a concen- 
tration which totally inhibits carbonic anhydrase activity 
in chloroplast extracts has been found partially to inhibit 
photosynthesis by chloroplasts. In twelve experiments, 
in which control rates of 20-100 umoles CO, fixed/mg 
chlorophyll/h were obtained, photosynthesis in 1 mM 
bicarbonate was inhibited 49+ 8 per cent (S.D.) by 1 mM 
diamox. The reversible reaction of CO, with water is 
thus a potentially rate-limiting step in photosynthesis. 
If we assume that CO, but not HCO,- can reach diffusion 
equilibrium with the internal phase of chloroplasts, it is 
possible to calculate the internal pH value needed to 
support any specified bicarbonate concentration. From 
the Henderson—Hasselbach equation, (pH = pK’+log 
(HCO,]/[CO,]), the pH required to maintain a concentra- 
tion of 5-20 mM bicarbonate in equilibrium with 0-6 mM 
bicarbonate at pH 7-6 is 8-4—9-1. 

Whatever the mechanism by which whole chloroplasts 
maintained an internal pH up to one and a half units higher 
than that of the ambient medium, any impairment of such 
a mechanism, or damage to the membrane across which 
the gradient was established, could be expected to limit 
the rate of photosynthesis and raise the apparent Km 
(bicarbonate) of the chloroplasts. An increased apparent: 
Km has indeed already been observed in broken chloroplast 
preparations*. 
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In steady-state photosynthesis with carbonie anhydrase 
inhibited, the low rate constants of the reversible reaction 
of CO, with water® must place a limit on the amount of 
CO, entering the internal pool of bicarbonate. The fact 
that diamox inhibition was limited to about half the total 
photosynthesis suggests that an additional mechanism for 
the supply of bicarbonate, possibly via an anion exchange 
carrier, independent of the rate of the reversible reaction 
of CO, with water may also be present. 
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“Rate Limiting’’ Resistances 
and Photosynthesis 


WHEN carbon dioxide is assimilated by Uluminated green 
leaves it diffuses as a gas into the leaves from the leaf 
boundary layer, through the stomatal pores and inter- 
cellular spaces; it then dissolves in the water films of the 
mesophyll cell walls and moves in the liquid phase across 
membranes and within the cytoplasm to the chloroplasts, 
where it is chemically incorporated into acceptor sub- 
stances!. Recent work? has led to apparently contra- 
dictory conclusions concerning the relative importance of 
these resistances in the path of carbon dioxide. 

Although there are several separate resistances after 
the gaseous phase, these have been referred to collectively 
as “mesophyll resistance’*, and the importance of this 
has been discussed in relation to the gaseous diffusion 
resistances. This use of the name mesophyll resistance is 
unfortunate and undesirable; it should be used, as it was 


‘originally used by Penman’, for the resistance offered to 


gaseous diffusion by the intercellular space system of 
leaves—this mesophyll resistance will vary chiefly with 
leaf water content’. The resistance to the movement of 
dissolved carbon dioxide in the liquid state is different, 
and probably not purely diffusional but aided by stream- 
ing! and enzyme action*—this resistance deserves a 
separate name: the liquid phase resistance. Finally, 
leaving aside the photochemical resistance, there are 
numerous chemical resistances!’ which include the avail- 
ability of certain carboxylation enzymes**. These re- 
sistances should have a distinct collective name—-the 
chemical resistances. 

Because of their different nature many of these resist- 
ances will be influenced by different factors: depending on 
their relative magnitudes any one can become “rate 
limiting” or, rather, any one can contribute to a greater 
or lesser extent towards the total resistance which de- 
termines the rate of carbon assimilation'. Thus, in the 
conditions of Barrs’s experiments where rates of photo- 
synthesis and transpiration underwent parallel cyclic 
variations with changes in stomatal resistances, there can 
be little doubt that stomatal resistance largely controlled 
the rate of photosynthesis. This does not mean, however, 
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that the chemical resistances were negligibly small, as 
Barrs suggested*, In the conditions of the experiments 
reported by Woolhouse and Wareing®> the measured 
increases in the availability of carboxylation enzymes 
following partial defoliation could largely explain the 
increased rates of photosynthesis, although in these 
cases changes in stomatal resistances which often follow 
defoliation probably contributed towards increases in 
assimilation rates. Changes in stomatal resistances follow- 
ing partial defoliation in Phaseolus vulgaris and removal 
of vegetative buds in Xanthium pennsylvanicum' are 
quoted in Table 1. In Phaseolus vulgaris the two basal 


Table I. RATES OF PHOTOSYNTHESIS AND STOMATAL RESISTANCES OF UN- 
TREATED AND PARTIALLY DEFOLIATED PLANTS OF Xanthium pennsylvanicum 
AND Phaseolus vulgaris 


Xanthium pennsylvanicum Phaseolus vulgaris 


Photo- Stomatal Photo- Stomatal 
synthesis, resistances, synthesis, resistances, 
mgCO.dm“*h? G+Punits  mgCO,dm“*h* arbitrary units 
Untreated 14:6 1:37 11-70 19-7 
Defoliated 16-3 1:27 12-97 165 


(Treatment means of 6 leaves) 
Differences significant 
at P<0-01 


(Treatment means of 4 leaves) 
Differences significant 
at P<0-05 


leaves and two leaflets of the first compound leaf were 
removed once the compound leaf had reached maturity ; 
in Xanthium pennsylvanicum the buds were removed at 
the eight leaf stage. A detailed account of this work will 
appear elsewhere, but the data support the view that 
decreased stomatal resistances must contribute towards 
inereased rates of photosynthesis following partial 
defoliation. 

Because it has been shown that defoliation of rooted 
plants and supplying cytokinins have similar effects on 
the rate of photosynthesis®, it is interesting that one effect 
of kinetin supplied to detached leaves is on the stomata!*+3, 
Within hours of application stomata open wider. In the 
case of partially defoliated rooted plants the response of 
the stomata occurs 3 to 4 days after defoliation, that is, 
practically at the same time as the increased levels of 
carboxylation enzymes and long before the increases in 
cell and leaf size that follow can be measured. If the 
improved carboxylation capacity of leaves of partially 
defoliated plants is connected with an improved supply of 
eytokinins®, kinetin-treated leaves are comparable and 
the conclusions I have reached" about such leaves can 
be stated with greater certainty; defoliation (and kinetin 
treatment) improves the rate of CO,-assimilation because 
of an improved carboxylation capacity. This contributes 
towards increasing stomatal apertures which in turn may 
cause further improvements in photosynthetic rates at 
certain light intensities and external concentrations of 
carbon dioxide. I have shown graphically this sequence of 
events for kinetin-treated leaves. 


H. MEIDNER 


Department of Horticulture, 
University of Reading. 
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Mechanism and Site of Vitamin B,, 
Absorption in Suckling Rats 


Very little is known about the mechanism by which large 
molecules enter the epithelial cells of the small intestine. 
Vitamin B,, is one such molecule the absorption of which is 
dependent on its combination with an even larger molecule, 
gastric intrinsic factor. This report describes the means 
by which vitamin B,, is absorbed in infant rats, at a time 
when intrinsic factor production is poorly developed?. 

57C9-cyanocobalamin, diluted with unlabelled vitamin 
B,» was fed intragastrically. The animals were decapitated 
5 h after the injection of 0-2 to 0-5 ml. of the test dose. The 
gastrointestinal tract was removed and the small intestinal 
lumen was repeatedly washed with an isotonie solution of 
sodium chloride. Radioactivity in the intestinal washings 
and body organs was measured in a well counter. 

Vitamin B,, was absorbed with equal facility in doses 
ranging from 1 myg to 1 mg in 9 to 11 day old rats (Table 
1). The efficiency of the absorptive process was not 


Table 1. ABSORPTION OF VITAMIN B,, IN 9 TO 11 DAY OLD BATS 
Dose 1 mug 100 mag 10 ug 1mg 
Percentage absorption 94 89 88 91 


Absorption refers to the percentage of the radioactivity in the animal 
located in the intestinal wall and carcass. Each value represents the mean. 
of at least four experiments. 


influenced by fasting, nor did the process appear to. be 
specific for the vitamin. Radioactive colloidal gold, of 
particle size up to 200 mum, was also almost completely 
absorbed. A mean of 90 per cent of a 1-4 ug dose, which is 
the molar equivalent of 10 ug of vitamin B,,, was absorbed 
in four experiments in which the individual values ranged 
from 87 to 92 per cent. 

In view of the likelihood that the absorption of the 
vitamin oceurred by pinocytosis, which is a prominent 
morphological feature of the small intestinal epithelium of 
suckling rats*, studies were also carried out in older rats 
with a more mature intestinal epithelium (Table 2). A 


Table 2. EFFECT OF AGE ON VITAMIN B,, ABSORPTION 

Days from No. of Absorption (per cent) 
birth experiments Mean Range 
2-15 9 89 82-93 
16-23 8 48 11-67 
24-30 4 2 0-6-3 


The dose of vitamin B,, was 100 ug. 


decrease in the absorption of a 100 ug dose of the vitamin 
was apparent on the sixteenth day after birth. Thereafter, 
the amount absorbed fell rapidly until it had virtually 
ceased in 30 day old rats. The timing of these changes, 
which occur as the animals are weaned, is similar to that 
found in a study of the absorption of immune globulins’. 

Absorption was markedly decreased in 14 day old rats 
which were injected with 1 mg of cortisone when they 
were 9 days old. Four + l per cent (mean + one standard 
deviation) was absorbed in a group of six cortisone-treated 
rats whereas 88+3 per cent of the dose was absorbed in 
their untreated mates. These results provide further 
support for a pinocytotic absorptive mechanism, for pino- 
eytosis almost completely disappears within 3 days when 
cortisone is administered to 8 to 10 day old rats?. 

The site of absorption of vitamin B,, could be localized 
by inspection when concentrated solutions of vitamin B4 
were fed to 9 to 11 day old rats. These solutions, which are 
red in colour, caused a selective staining of the distal 
jejunum and proximal ileum. When the intestine was 
divided into four equal segments, most of the radio- 
activity was located in the third segment (Table 3). 


Table 3. DISTRIBUTION OF ABSORBED VITAMIN B,, IN WALL OF SMALL 


INTESTINE OF 9 TO 11 DAY OLD RATS 
Proximal Distal 


Number of segment 1 2 3 4 
Percentage intestinal radioactivity 0 4 71 25 


Values shown in the table were obtained in four experiments with a 10 ug 
dose. Similar results were obtained with doses ranging from 100 myg to 1 mg. 
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Similar results were obtained in experiments with large 
doses of colloidal gold which produced a brownish-black 
discoloration in the region corresponding to the site of 
vitamin B,; absorption. 

It is concluded that rats in the first two weeks of life 
absorb vitamin B,, by a pinocytotic mechanism which is 
most active in the distal small intestine. This latter region 
is also the site of vitamin B,, absorption in adult rats‘. 

N. D. GALLAGHER 
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Herbicide 4-(3,4-Dichlorophenyl)-1,1,2- 
trimethylsemicarbazide and its 
Mechanism of Action 


CERTAIN 1,1-dimethyl-3-phenylureas are potent herbi- 
cides'-*. Their herbicidal action is attributed in part to 
inhibition of chloroplast electron transport (the Hill 
reaction) in photosynthesist-7. The corresponding mono- 
methylureas differ only slightly in herbicidal activityèë 
and in inhibition of the Hill reaction’. Nonmethylated 
phenylureas are, however, relatively inactive both as 
herbicides? and Hill inhibitors’. In studies of the 
relationship between structure, herbicidal activity and 
inhibition of the Hill reaction, it seemed desirable to 
prepare and test 4-phenylsemicarbazides with varied 
methyl substitution in the 1 and 2 positions. The 
4-(3,4-dichlorophenyl) analogues shown in Table 1 were 
chosen as models because of the high herbicidal and Hill 
inhibitory activities of diuron [I, 3-(3,4-dichloropheny 1)-1,1- 
dimethylurea] and nordiuron [II 3-(3.4-dichlorophenyl)- 
l-methylurea}. 

The herbicidal inactivity!® of 4-(3,4-dichlorophenyl)- 
1,1-dimethylsemicarbazide (IV) was not surprising in view 
of the inactivity of nonmethylated phenylureas such as LIT. 
The inactivity suggested a requirement for alkyl sub- 
stitution on the amide nitrogen, which IV lacks. The 
herbicidal inactivity’ of 4-(3,4-dichlorophenyl)-2-methyl- 
semicarbazide (V) was also not surprising, with its 
lipophobie amino group replacing the amide hydrogen of 
Il. This change would drastically alter the hydrophilic 
properties of that part of the molecule. None of these 
negative indications applied to the  1,1,2-trimethyl 
analogue (VI) which therefore seemed to offer high promise 
of activity. Synthesis of VI yielded an extremely active 
herbicide and Hill inhibitor. During the course of our 
investigations, a patent was issued! which in part antici- 
pated this work. 

Compounds HI through VIL were prepared by reaction 
of 3,4-dichlorophenyl isoeyanate with the appropriate 
amine or hydrazine. Trimethylhydrazine was prepared by 
reduction of methylenedimethylhydrazine with lithium 
aluminium hydride? or by palladium-catalysed hydro- 
genation at 40 atmospheres of a 70 per cent aqueous 
solution of methylenedimethylhydrazine. 

The molar concentration of the inhibitors required to 
reduce the photolytic activity to half the no-inhibitor 
control level was determined with chloroplasts isolated 
from Alaska pea leaves (Pisum sativum, L.) (Table 1). 
We used previously described techniques'® with the ex- 
ception that ferricyanide reduction was measured colori- 
metrically following precipitation of chloroplast protein 
with trichloroacetic acid. The reaction mixture contained 
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Table J, INHIBITION OF PHOTOSYNTHETIC ELECTRON TRANSPORT BY 
3-(3,4-DICHLOROPHENYL)UREAS AND 4-(3,4-DICHLOROPHEN YL)SEMICARB- 
AZIDES 


General formula: 








Compound A Pint 
r NCH, 677 
| 
H 
H —-N—CH, eae 
i 
H 
HI 3:96 
IV 530 
Vv 520 
vI ~ 6-50 
Lod 
HC CH, 
Vil —-N—NH, 3-06 + 
| 
H 


* pla = negative logarithm of the molar concentration required to inhibit 
reduction of the electron acceptor by 50 per cent. 

t Reaction mixture was saturated at the indicated molarity, 
120 yg of chorophyll, and acetone was used as a solvent for 
all inhibitors except VIL which was dissolved in dimethyl 
sulphoxide. The concentration of solvent in the reaction 
mixtures was held constant at 1 per cent by volume. 
Determinations were made in duplicate with four separate 
chloroplast extractions. The title compound (VI) was 
slightly less active than diuron (1), one of the most active 
Hill inhibitors, The high Hill inhibitory activity of 
VI correlates well with its potency as a herbicide (Table 
2). 


Table 2. EFFECT OF 3-(3,4-DICHLOROPHENYLJUREAS AND 4A3,4-DICRLORG- 
PHENYL)SEMICARBAZIDES ON ANNUAL PLANTS 
Loliun Helian- Lyco- 
Com- multi- Zea thus persicon Brassica Average 
pound florum mays annuus esculentus juncea 
i 6 0 0 0 ü 0 
H 0 20 0 0 ü 4 
HI 70 100 100 50 60 76 
iv 80 100 100 100 100 a 
Vv 30 100 100 100 100 96 
VI 0 80 100 0 (i 36 
VH 80 100 100 100 100 96 


Results presented as percentage of survival measured 7 weeks after pre-emer- 
gence treatment with 2 pounds/A of the compeunds. 


These compounds were also tested before emergence 
against five species of annual plants as described! at 
2 pounds/A, resulting in the percentages of survival 
listed in Table 2. If the average percentage survival of 
the five species is used as an index of herbicidal activity, 
the following decreasing order results 


I>II>VI> >HI>IV=V=VII 


The decreasing order for electron transport inhibition is 
quite similar 


I>Vi> H> >IV>V>>Hl=sVH 


The 2-monomethyl and 1,1-dimethylsemicarbazides (V 
and IV) are surprisingly active Hill inhibitors considering 
their limited herbicidal activity. This suggests that they 
do not arrive at an environment within the plant where 
their activity can be expressed. With this exception, 
herbicidal activity and inhibitory activity against the 
Hill reaction correlate rather well among these ureas and 
semicarbazides. 

These were cooperative investigations of the Florida, 
and North Carolina Agricultural Experiment Stations 
and the Crops Research Division, Agricultural Research 
Service, US Department of Agriculture. Diuron, nor- 
diuron and 3.4-dichlorophenyl isocyanate were provided 
by H. J. Thome of E. I. DuPont de Nemours Co., Inc., 





NATURE, VOL. 222, MAY 31, 1969 


Wilmington, Delaware. The investigations of D. E. M. 
were supported in part by a US Publie Health Service grant. 
MERRILL WILCOX 
Agronomy Department, IFAS, 
University of Florida, 
Gainesville, Florida 32601. 
Donaip E. MORELAND 
Crops Research Division, 
Agricultural Research Service, 
US Department of Agriculture, 
Crop Science Department, 
North Carolina State University, 
Raleigh, North Carolina 27607. 


Received March 17, 1969. 


1 Bucha, H, C., and Todd, ©. W., Science, 114, 493 (1951), 

2 Anderson, B. R., Bachman, V. ©., McLane, S. R., and Dean, E, W., Weeds, 
5, 135 (1957). 

3 CIBA Ltd, British Patent 899,718 (1962); Chem. Abs., 58, 1400 (1963). 

* Cooke, A. R., Weeds, 4, 397 (1956). 

3 wire J. S. C., and Veen, R. van der, Biochim, Biophys. Acta, 19, 548 

POO), 

è Moreland, D. E., Hill, K. L., and Hilton, J. L., Abs. Weed Sei. Soc. AMET., 
2, 40 (1958), 

? Good, N, E., Plant Physiol., 36, 788 (1961). 

5 Todd, C. W., US Patent 2,655,447 (1953). 

7 cies H. E. Swanson, C. P., and Norman, A. G., Bot. Gaz., 107, 476 

1° Wilcox, M., J. Med. Chem., 11, 171 (1968). 

n Levitt, G., US Patent 3,318,680 (1967). 

2 (Class, J, B., Aston, J. G., and Oakwood, T. S., J. Amer. Chem. Soe., 75, 
2937 (19538), 

13 Moreland, D. E., and Hill, K. BL., J. Agric. Food Chem., 7, 832 (1959). 

u Moreland, D, E., Proc. Intern. Cong. Photosynthesis Research, Freudenstadt» 
Germany, 1968 (in the press). 





Internal Protonation in Retinylidene 
Phosphatidylethanolamine and the Red- 
shift in Rhodopsin 


AN as yet unexplained aspect of visual pigment chemistry 
is the large red-shift in the absorption maximum of retin- 
aldehyde, when it is bound to opsin in the visual pigment 
rhodopsin. The lipoprotein opsin does not absorb in the 
visible and near ultraviolet, ll-cis retinaldehyde has a 
Amax Of 376 nm (in ethanol), while cattle rhodopsin has a 
’Amax Of 498 nm. In the latter substance retinaldehyde 
has been shown to be bound to an amino group in opsin by 
a Schiff base link!. Because a retinylidene Schiff base in 
neutral aqueous environment has a Amax about 20 nm 
lower than the free aldehyde, the discrepancy with the 
Amax of rhodopsin is about 140 nm. 

Various unsatisfactory explanations for this discrepancy 
have been advanced: involvement of sulphydryl 
groups®-*, formation of a carbonium ion on one of the 
polyene carbons’~* and changes in the charge of the N atom 
in the Schiff base link by nearby substituents!®. Other 
workers, initially Morton and Pitt? and most recently 
Erickson and Blatz", have invoked protonation of the 
Schiff base. Protonated Schiff bases of retinaldehyde 
have so far only been obtained by adding strong acid, 
yielding a Amax of 440 nm. The problem in the case of 
native rhodopsin is how to account for the source of acidity 
(protons), particularly because the retinaldehyde chromo- 
phore has usually been thought to be linked to a protein 
amino group in opsin'’?-5. No group of sufficient acidity 
oceurs in proteins. 

First Krinsky® and later we™™-18 suggested a role for 
phosphatidylethanolamine (PE) in the visual mechanism. 
This led Poincelot et alẹ? to an investigation, in which 
they were able to demonstrate that in native rhodopsin 
retinaldehyde is bound to PE by means of a Schiff base 
link. We have been able to confirm their results. Adams*? 
briefly reported the formation of red-coloured complexes 
from PE and retinaldehyde in chloroform. It then occurred 
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CH7 O—CO -C;7H33 
CyyHgCO-O-CH D 
CH7 O ZR—-O-CH7 CH7- NH, 
O-R 





R: H 
Benzyl -PE R: CHy-Ce He 





Fig. 1. Structural formula of PE and benzyl-PE. 

to us that the phosphoric acid group in PE might cause. 
internal protonation of the Schiff base, thus explaining a 
major part of the red-shift in rhodopsin. The experimental 
observations reported here indicate that this is indeed the 
case. 

All-trans retinaldehyde (3-5 pmoles) was mixed with 
either dodecylamine (DDA), or 1,2-dioleoyl-3-phospha- 
tidylethanolamine (PE, Fig. 1)*1 or its O-benzyl derivative 
(benzyl-PE, Fig. 1) in dry benzene (1 ml.) and subjected 
to twice-repeated evaporation of the solvent. The. dry 
residues, with or without additional drying at 0-1 torr 
over solid NaOH, were dissolved in 20 ml. absolutely 
anhydrous solvent and their absorption spectra were 
recorded. No obvious differences were noticed between 
solutions in protic solvents (methanol, propanol-1) and 
aprotic solvents (chloroform, dichloromethane, dimethyl- 
formamide). Freshly distilled chloroform was most 
convenient and used throughout. On careful exclusion 
of moisture the spectra were stable for at least 1 h at 
room temperature in all solvents. ; 

When a 2:1 molar ratio of DDA or benzyl-PE to 
retinaldehyde was used, with or without additional drying 
in vacuo, normal Schiff base spectra were found with a 
Amax of around 365 nm, although for retinylidene—benzyl- 
PE on drying the Amax sometimes shifted to 330-340 nm 
with a concomitant decrease in extinetion. In the case 
of PE initially the Amax of free retinaldehyde (390 nm) 


Extinction 





300 400 800 600 
Wavelength (nm) 


Fig. 2.° Formation of protonated retinylidene~PE on drying over 
NaOH at 0-1 torr. Drying time in minutes indicated over each curve. 
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was seen, while sometimes a small shoulder appeared at 
higher wavelengths. On drying the PE-retinaldehyde 
residue at 0-1 torr a progressive increase of this shoulder 
occurred, resulting after 4 h in a spectrum with Amax of 
450 nm (Fig. 2). Alkalinization of the latter solution 
with a drop of methanolic KOH shifted the Amax within 
a second to 367 nm. 

These observations strongly suggest that in the case of 
retinylidene~-PE--and only in that case—a protonated 
Schiff base was formed in these anhydrous conditions. 
At higher amine : retinaldehyde ratios the spectral be- 
haviour was virtually the same as at the 2:1 ratio for 
each of the three amines. At an equimolar ratio of PE 
and retinaldehyde the red-shift was incomplete, indicating 
a mixture of protonated Schiff base and free retinalde- 
hyde. 

Because the protonated Schiff base with Amax of 450 
nm was also obtained in aprotic, acid free solvents as 
chloroform, dichloromethane and dimethyl formamide, 
the protons can only have been furnished by PE itself. 
The phosphoric acid group of PE is indicated as the proton 
donor by the absence of this red-shift in the retinylidene 
Schiff base of benzyl-PE, in which the benzyl group blocks 
the phosphoric acid group. Thus we refer to the protona- 
tion in this case as internal protonation. 

The inability of carboxylic acids to protonate Schiff 
bases in similar conditions could be demonstrated in the 
following way. To retinylidene-~dodecylamine, prepared 
from 1 umole retinaldehyde and either 1 or 2 umoles 
DDA, a solution in benzene of 2 umoles of either dicetyl 
phosphoric acid (DCP) or palmitic acid was added, 
the solvent was evaporated and the residue dried for 
20 min as above. On addition of DCP an absorption 
spectrum with Amax of about 440 nm, resembling that 
of retinylidene-PE, was obtained (Fig. 3). Palmitic acid, 
however, did not change the Amax of the absorption 
spectrum of retinylidene-dodecylamine, inducing only a 
slight asymmetry in the original Schiff base spectrum 
(Fig. 3). Addition of only 1 umole of both acids gave 
analogous but less pronounced effects. 

In these experiments even traces of water had to be 
excluded. If the solvent used to dissolve the red coloured 
residue obtained from retinaldehyde and PE or from 
retinaldehyde. DDA and DCP contained only a few per 
cent of water, the red colour rapidly changed to the 
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Fig. 3. Effect of palmitic acid (PA) and dicetyl phosphoric acid (DCP) 
on the absorption spectrum of retinylidene-dodecylamine (Re-DDA). 
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yellow colour of free retinaldehyde (Amas=390 nm). 
This indicates that hydration and hydrolysis of the Schiff 
base link take place in these circumstances. 

The three key substances in the photolysis of rhodopsin 
are: rhodopsin (Amax = 498 nm), metarhodopsin I (Amax= 
480 nm) and metarhodopsin II (Amax=380nm). The work 
of Poincelot et al.!° and of Bowndst® 3 and Akhtar et al.34.45 
indicates that in the first two substances retinaldehyde is 
linked to PE and in the last substance to the ¢-amino 
group of lysine, present in the protein part of opsin. 
These observations give an explanation of the major part 
of the red-shift in rhodopsin and metarhodopsin I, where 
internal protonation of the Schiff base link by the phos- 
phoric acid group of PE can occur. The remaining 
part of the red-shift in rhodopsin could largely be due to 
twisting of the retinaldehyde molecule about the C,,;-Cy2 
double bond, for which cireular dichroism studies have 
given evidence®®:**, In metarhodopsin II, however, the 
nearness of the phosphoric acid group is lost. The acid 
groups in a peptide chain are too weak to cause protona- 
tion, as shown in our model experiment with palmitic 
acid. 

The stability of rhodopsin to hydrophilic agents like 
NaBH, (ref. 12) and lipoxidase* had previously led to the 
conclusion that the chromophoric group is masked within 
a hydrophobic region inside the rhodopsin complex. This 
conclusion is in agreement with the requirement for a 
non-aqueous medium in the internal protonation of the 
Schiff base link in our experiments. 

In the photolytic transition of rhodopsin to meta- 
rhodopsin I, 11-cis retinaldehyde is isomerized to all-trans 
retinaldehyde, accompanied by further conformational 
changes in the rhodopsin complex™-%8, in which the 
Schiff base link becomes exposed. It is known that the 
protonated Schiff base is highly reactive towards nucleo- 
philic agents like amines®®. This would explain the shift 
of retinaldehyde from PE to an e-amino group of lysine 
in the transition from metarhodopsin I to metarhodopsin 
II, which is also the first step in the photolysis of rhodopsin 
requiring water®*. The conformational changes in the 
preceding steps may help to bring the reaction partners 
into a favourable orientation for this reaction. Else- 
where*! is discussed in detail how the shift of retinaldehyde 
to the c-amino group of lysine could be responsible for 
visual excitation by causing cation exchange across the 
rod sac membrane. 
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Ordered Structure of the Stratum 
Corneum of Mammalian Skin 


Tug stratum corneum of mammalian skin usually appears 
in histological preparations as a loosely arranged layer of 
squames with little organization. The absence of organiza- 
tion is incompatible with the important barrier function of 
this layer and it has been suggested that histological 
processing severely distorts the true structure'. The 
boundaries of the cells of the stratum corneum can be 
clearly seen after treating unfixed sections with sodium 
hydroxide solution, because this causes the stratum 
corneum to swell but leaves the cell membranes of this 
layer intact?*. 

Cryostat sections of frozen unfixed skin from several 
mammalian species were treated with solutions of NaOH 
ranging from 0-05— 0-5 M and the cell outlines examined 
by phase contrast microscopy. A remarkably regular 
arrangement of the cells within the stratum corneum 
was found. 

After this treatment the stratum corneum appeared to 
consist of a closely united assembly of squames aligned in 
vertical columns running from the stratum granulosum 
to the surface. Within each column, squames were 
positioned precisely one above the other, in contact for 
most of their width only with the squame directly above 
and that below (Fig. 1). Where neighbouring rows met 
there was a slight, regular interdigitation between the 
squames of each row. Arrangement of squames in 
columns, with a slight variation in regularity and degree 
of interdigitation, was found in epidermis from man, 
monkey, dog, rabbit, rat and mouse. 


Bas 


Fig. 1. Stratum corneum of mouse ear epidermis expanded in 0-1 M 

NaOH showing columns of squames. The stratum corneum has sepa- 

rated from the stratum granulosum which was in contact along surface 
“8”. Light field. Scale +30 microns. 
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Fig. 2. ; 
adhesive tape stripping of the surface layer. 
polygonal outline. Phase contrast. 


Mosaic of squames from mouse ear epidermis obtained by 
Individual squames have a 
Seale = 30 microns. 


Goldschmidt and Kligman! have shown that squames 
from human skin are disk-shaped with a polygonal, 
frequently hexagonal. outline. Squames of mouse ear 
epidermis are similar in shape (Fig. 2). It seems likely that 
the pattern found in sections of stratum corneum results 
from the regular stacking of individual squames, rather 
like piles of coins, to form polygonal columns of cells. 
Each of these columns forms a larger structure unit 
which runs through the stratum corneum to the surface. 
The regularity of the pattern seen in sections of stratum 
corneum depends on the thickness of the section, the 
degree of overlapping of squames of adjacent columns 
in proportion to their size, and the angle of the plane of 
the section to the epithelium. In specimens from some 
situations and species, for example mouse ear epidermis, 
the pattern is particularly clear, but in some other 
specimens it is necessary to cut thin sections (2-4 
microns) exactly perpendicular to the epithelial surface to 
see this structure. 





Lateral junctions (F) 
Nuclei of granular cells (N) are beneath over- 
Fixed in glutaraldehyde and stained with 
uranyl acetate and lead citrate. Scale = 10 microns. 


Fig. 3. 
lie one above the other. 
lying columns of squames. 


Electron micrograph of mouse epidermis. 
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The examination of tissue by electron microscopy is 
usually restricted to a limited area and the method of 
preparation of specimens seldom results in sections 
which are perpendicular to the epithelial surface. The 
regular arrangement of squames in mouse ear epidermis 
was, however, confirmed by the examination of large- 
area, ultra-thin sections, cut at right angles to the 
epithelial surface (Fig. 3). These specimens also showed 
that the cells of the stratum granulosum are aligned with 
the structure in the stratum corneum (Fig. 4). The most 
superficial, distinetly flattened, granular cells were 
positioned in each case directly beneath an overlying 
column of squames. Granular cells below this level were 
less flattened and showed an alignment. which was less 
precise. Occasionally. despite the thinness of this tissue, as 
many as three granular cell nuclei were seen in alignment. 

The maintenance of normal epidermal structure has 
been explained® as the result of a balance between the 
control of cell replacement and cell differentiation, but 
my results suggest that a third factor. namely the control 
of the spatial relationship of cells within the epithelium, 
plays a part. The precise level within the epidermis at 
which an alignment of cells first becomes established is 
uncertain, although electron microscopic observations 
(Fig. 3) suggest that alignment has oceurred by the 
time that cells enter the granular layer. If cell division 
and migration are random events, alignment of cells 
must arise after the cells have left the basal layer. On 
the other hand, an ordered arrangement in the outer 
epithelial layers suggests the possibility of a system where 
migration of cells from the basal layer occurs at specific 
sites in relation to the overlying structure. Leblond’ has 
presented evidence for a random distribution of mitosis 
in the basal layers, but he was unable to describe with 
certainty the mechanism involved in the migration of 
cells into the stratum spinosum. Iversens? suggestion 
that migration is restricted to the oldest G, cells in the 
vicinity of a dividing cell is compatible with a system 
where mitosis is followed by a limited lateral displacement. 
to a selected point of vertical migration from the basal 
laver. 














Fig. 4. Similar section to Fig. 3. The lateral junction of the snperficial 
granular cell (arrowed) is aligned with the junctions of the overlying 
syuames (F). Seale =2 microns. 
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The regular arrangement in the stratum corneum may 
be related to the process of desquamation. The greatest 
area of attachment is between squames of the same 
column, so each column would be largely responsible for 
its own shedding rate. The absence of firm lateral 
attachment between individual squames would also 
prevent the stripping off of large areas of stratum corneum 
as the result. of minor trauma. 

. I thank Professor A. E. W. Miles and Dr C. A. Squier 
for their advice. This work was undertaken during the 
tenure of an MRC junior research fellowship. 
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Specific Tolerance to Sheep 
Erythrocytes in Mouse Bone 
Marrow Cells 


RECENT experiments indicate that cells of at least two 
kinds can cooperate in the antibody response of mice to 
foreign red blood cells. Thymus and bone marrow cells 
confer significant antibody responsiveness on lethally 
irradiated mice when injected together, but not separately?, 
and it seems probable that it is the bone marrow, and not 
the thymus, cells that make the antibody". There is no 
evidence. however, as to which population dictates the 
specificity of the response. The discovery that mice 
can be made specifically hypo-responsive (“tolerant”) to 
sheep red blood cells? means that this point can be tested. 

(NZB x Balb/e)F1 mice were made tolerant by the 
simultaneous administration of cyclophosphamide (250 
mg/kg) intraperitoneally and 6 x 10° sheep red blood cells 
intravenously’. In the first experiment, another injection 
of sheep red blood cells was given 1 week later, and then 
groups of at least five mice were injected with 4x 108 
sheep or chicken red blood cells at various intervals and 
the antibody plaque-forming cells (PFC) in their spleens 
counted 5 days later, by the direct method of Jernet, 





Table 1. SPLEEN PFC RESPONSE TO SHEEP OR CHICKEN RED BLOOD CELLS 
IN MICE TREATED WITH CYCLOPHOSPHAMIDE AND SHEEP RED BLOOD CELLS 
PFC response to sheep PEC response to chicken 
red blood cells red blood cells 
Geometric Geometrie Per cent 


Weeks since 


treatment Per cent 












mean normal mean normal 
= 10,760 10-2 13.210 TOT 
(9,31 112.450) (9.141-19,100) 
3 19,010 180 11.670 GTS 
(15, 890-22 440) (10, 190-13,370) 
4 28-2 
35,560) 
5 12,360 PLF 
(11,800-12,080) 
ë 16.10 15-6 
(13.7 10-19,.636) 
ti 50 s2 14,790 SO 
{7.278-10,280) {12,790-17.,500}) 
18 9,376 8-9 
(8,710-10,090} 
No treatment 105,400 100 17 100 


i. 
(106,000- 111,200) (16000-18540) 
The values in brackets are the geometrie mean minus and plus one S.E. 
calculated from the log, PFC counts. 5-10 mice per group, 
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From 2 to 16 weeks after treatment, their PFC response 
to sheep red blood cells was reduced to below 30 per cent 
of normal, while the response to chicken red blood cells 
remained essentially normal (Table 1). The mice therefore 
exhibited partial specific tolerance to sheep red blood cells. 

In the second experiment (Table 2), tolerance was in- 
duced in the same way, except that only a single injection 
of sheep red blood cells was used, in the hope that recovery 
would occur sooner’. Thymus and bone marrow cells 
(15 x 10° of each) were taken at various intervals from the 
tolerant mice, combined with marrow or thymus cells from 
normal syngeneic mice, and injected into irradiated (900 
rad) hosts, which were then immunized with sheep or 
chicken red blood cells and tested for spleen PFC 8 days 
later’. Recipients of tolerant thymus cells had essentially 
normal sheep PFC responses 2, 3 or 7 weeks later, whereas 
recipients of tolerant marrow cells had significantly 
reduced counts between 2 and 5 weeks, especially at 
3 weeks (15 per cent of normal; P<0-001); by 7 weeks 
these mice, too, had essentially normal responses. A 
group of the “‘tolerant’’ donors was tested at 10 weeks and 
found to have largely recovered. Thus in this experiment 
tolerance was of short duration, and the activity of the 
bone marrow cells seemed to be the limiting factor in the 
response. As predicted from the first experiment, tolerant 
bone marrow cells allowed an essentially normal chicken 
PFC response. Apparently, therefore, the reactivity to 
sheep red blood cells had been specifically depressed 
in the bone marrow population; bone marrow cells must 
therefore contain information controlling antibody specifi- 
aty. 


Table 2. SPLEEN PFC RESPONSE TO SHEEP OR CHICKEN RED BLOOD CELLS IN 

IRRADIATED MICE GIVEN THYMUS AND BONE MARROW CELLS FROM EITHER 

NORMAL OR CYCLOPHOSPHAMIDE/SHEEP RED BLOOD CELLS TREATED (“TOLER- 
ANT”) MICE 


Weeks PFC response to sheep 
since red blood celis 


PFC response to 


Source of cells chicken red blood cells 


Thymus Marrow treat- Geometric Percent Geometric Percent 
ment mean normal mean normal 
Normal Normal — 6.166 100 8,222 100 
(5,164-7,882) (7,244-9,120) 
Tolerant Normal 2 6,383 103-5 
(4,909-8,299) 
3 5,082 82-4 
(4,677-5,522) 
7 7,311 118-6 10,350 125-9 
(5,781-9,247) (9,441-11,350} 
Normal Tolerant 2 2,761 44-8* 
(2,382-3,273) 
3 908 l47t 
(692-1,191) 
5 2,523 40-9* 6,966 84-7 
(2,080-3,062) (6,412-7,568) 
q 5: 65-6 


5,297 5,895 
(4,036-6,950) (4,581-6,353) 
Values as in Table 1. 

* P<002. 
t P<0001. 


This finding is in agreement with the results of a study 
of strain differences in the neonatal response to sheep 
red blood cells. The response of liver cells of newborn 
animals of strains giving high and low responses differs 
whereas the response of their thymus cells is similar’. 
But my experiments do not in any way rule out the 
existence of antibody specificity in thymus cells. Indeed, 
Taylor, working with a somewhat different system, has 
obtained precisely the opposite result: one day after a 
high dose of BSA in mice, thymus cells but not marrow 
cells were paralysed’. Partially specific paralysis of 
thymus cell division has also been demonstrated in recover- 
ing radiation chimaeras given multiple injections of 
sheep red blood cells’, and Argyris has reported that 
tolerance to a skin graft can be transferred by either a 
thymus graft or bone marrow cells*. Evidently the site 
and mechanism of tolerance induction may depend on the 
antigen used and the conditions of induction; perhaps the 
combination of a large particulate antigen (sheep red blood 
cells) and a cytotoxic drug (cyclophosphamide) is especially 
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favourable to bone marrow tolerance of the type reported 
here. 

I conclude that both bone marrow and thymus cells 
can carry antibody information, and it remains to be 
established whether or not these two sets of information 
are identical in specificity and origin. 

J. H. L. PLAYFAIR 
Department of Immunology, 
Middlesex Hospital Medical School, 
London W1. 
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Inhibition by Non-steroidal 
Anti-inflammatory Agents of in vivo 
Effects of “Slow Reacting Substance C” 


Ir has been suggested recently that lipid substances may 
play a part in the mediation of inflammatory events)*. 
One of these lipids, slow reacting substance C (SRS-C), 
probably an unsaturated fatty acid or derivative, is 
released when egg yolk lecithin or guinea-pig lung is 
challenged by venoms containing phospholipase Až. 
Another liposoluble spasmogen which is released by guinea- 
pig lung during in vitro anaphylaxis is called slow reacting 
substance A (SRS-A)*. SRS-A increases the resistance of 
lungs to inflation and this activity is blocked by non- 
steroidal anti-inflammatory agents‘. The structure of 
SRS-A hasnot yet been elucidated, but the pharmacological 
activity on isolated human tracheal muscle of at least one 
identified lipid derivative, prostaglandin Fy_ (PGF ya), was 
blocked by the same agents'. Here we present evidence of 
the pharmacological activity of SRS-C and its blockade by 
non-steroidal anti-inflammatory agents. We suggest that 
in some preparations SRS-C may share the same receptor 
sites as the polypeptide kinins, or block the route from 
the specific receptors for the agonists. 

A crude SRS-C was obtained from egg yolk emulsions 
(40 per cent in 0-9 per cent NaCl) incubated for 2h at 
37° C with 20 ug/ml. of Naja naja venom, Naja nigricollis 
venom or fraction IIT’ extracted from N. nigricollis venom, 
then neutralized with anti-venom (Institut Pasteur, Paris) 
and used without further treatment. A partially purified 
SRS-C was extracted from this emulsion? and used as a 
sodium salt. Lecithin was obtained from egg yolk*, treated 
with venoms (1 mg per 100 mg of lecithin) in ether at 
25°C for 15h, and worked up as partially purified SRS-C. 
The SRS-C was tested for its effects on the blood pressure 
of rabbits and the resistance of guinea-pig lungs to inflation. 
The animals were anaesthetized with pentobarbital. 

Preparations were injected intravenously and histamine 
hydrochloride (5 pg) was used as a reference agent; the 
histamine was administered at 5 min intervals, SRS-C 
at somewhat longer intervals because of its more pro- 
longed action. 1-3 ug/kg of synthetic bradykinin (BRS 
640, Sandoz) or acetylcholine hydrochloride were ad- 
ministered intravenously as reference agents. 

A dose of 0-4 ml. per guinea-pig of crude SRS-C in- 
duced a long lasting increase in the resistance of the lungs 
to inflation; the effect could be largely, but not completely, 
blocked by the anti-histamine phenbenzamine (Rhéne- 
Poulenc). Lysolecithin (Koch-Light, 0-5 mg/kg) had no 
effect whatsoever on resistance of the lungs to inflation. 
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Partially purified SRS-C, obtained either from egg yolk 
or directly from lecithin, induced a long lasting pulmonary 
response, which was not affected by atropine or phen- 
benzamine. Responses to histamine were frequently 
increased after administration of SRS-C and no sign of 
desensitization was observed. 

Crude SRS-C, given intravenously to the rabbits at 
doses ranging from 0-3 to 0-6 ml./kg, induced a brief spell 
of hypertension, followed by prolonged hypotension, with 
occasional extra-systoles. In some cases the first dose 
immediately led to collapse, which was shown by electro- 
eardiogram recordings to be caused either by ventricular 
fibrillation or by depression of the electrical activity of the 
heart accompanied by peripheral hypotension. Autopsy 
revealed a dilated right heart and stasis of blood in the 
large veins. Animals which survived receiving crude SRS-C 
responded to subsequent injections by a similar or greater 
degree of hypotension, with no trace of desensitization. 


Table 1, BLOCKADE BY ANTI-INFLAMMATORY AGENTS OF in tivo ACTIVITY 
OF SLOW REACTING SUBSTANCE C 
Effect of hypo- Effect on air overflow 
Drag mg/kg tension (rabbit)* volume (guinea-pig) + 
Phenylbutazone 5 + + + (5) + + (2) 
20 = ++ or +++ (4) 
Indomethacin 5 +++ (5) Oor + (3) 
20 5 ++ (2) 
Fhifenamate Na 1 + ++ (3) - 
2 +++ (2) -= 
5 +++ (2) ++or+++ (4) 
Noramidopyrine 5 0 (3) _ 0 (1) 
methanesulphonate 20 +++ (2) + + (8) 
Tbufenac 2 Qor + (1) — 
5 +++ (2) ++ (2) 
10 +++ (3) + ++ (3) 


* Crude SRS-C. 

+ Partially purified SRS-C. 

-+ + +, Blockade > 90 per cent. 

+ +, Blockade between 70 and 90 per cent. 
+, Blockade between 30 and 70 per cent. 
0, Blockade < 30 per cent. 

Number of animals in parentheses. 


Phenbenzamine (2 mg/kg) did not affect the hypotension 
induced by SRS-C. In three rabbits crude SRS-C was 
injected through the carotid artery into the left ventricle, 
thus by-passing the pulmonary vascular bed. This was 
followed by immediate hypotension and by death at 
dose levels which were not lethal when given intra- 
venously. Because of shortage of material, we were unable 
to evaluate systematically the effects of partially purified 
SRS.-C on arterial blood pressure, but pilot studies showed 
that 10-20 mg/kg of partially purified SRS-C behaved as 
erude SRS-C as far as hypotension was concerned. These 
doses were similar to those eliciting an increase in resist- 
ance of the guinea-pig lungs to inflation. 

Non-steroidal anti-inflammatory agents, given intra- 
venously, blocked both the hypotension induced by 
crude SRS-C and the air overflow increase induced by 
partially purified SRS-C (Table 1). The degree of hypo- 
tension caused by bradykinin, however, has been shown 
to be similar both before and after the administration of 
the anti-inflammatory agent, slthough its duration was 
reduced by the drug’, and acetylcholine-induced on 
tension was not altered by the various antagonists (Fig. 1). 
Similarly, histamine-induced bronchoconstriction was not 
affected by anti-inflammatory agents, administered at 
doses which completely blocked the effects of SRS-C 
(Fig. 2). 

Pharmacologically active lipids, or related compounds, 
may play a part in anaphylactic bronchoconstriction?. 
Equally, crude SRS-C can cause an anaphylactic syn- 
drome®, SRS-C may thus be classified along with arach- 
idonic acid, SRS-A, bradykinin and ATP as a spasmogenic 
agent of the guinea-pig lungs whose action is blocked in 
vivo by anti-inflammatory agents. The antagonists which 
curtail hypotension induced by bradykinin’ or by ATP 
(personal communication, Coignet) are very active 
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Fig. 1. Inhibition by phenylbutazone of hypotension induced by 


crude SRS-C on the rabbit. SRS=04 ml/kg of crude SRS-C; 

A=2 ugikg of acetylcholine; P=5 mg/kg of phenylbutazone; hori- 

zontal seale=1 min; figures in vertical scale = arterial pressure in mm 
Hg. All drugs were injected intravenously, 


against hypotension produced by crude SRS-C. Thus, 
despite the faet that kinins and lipids are chemically 
unrelated, they share some pharmacological properties. 

Lysolecithin, formed when phospholipase A splits a 
fatty acid residue from lecithin, is a histamine releaser”, 
but it is unlikely to be present in partially purified SRS-C, 
because the latter is extracted by solvents in which Jyso- 
lecithin is insoluble. It is present in crude SRS-C, but 
its histamine-releasing properties cannot account for the 
hypotension, as histamine itself is not a hypotensive agent 
in the rabbit. Moreover, lysolecithin had no pharmacolo- 
gical activity when administered intravenously. SRS-C 
appears to be a mixture of unsaturated fatty acids derived 
from egg lecithin, the biological activity of which depends 
mainly on the presence of prostaglandins and to a lesser 
extent of peroxides!!. Other unsaturated fatty acids have 
been reported to be active! on an isolated smooth muscle 
preparation, although this has been denied by some 
authors, 

The activity of arachidonic acid or of its peroxide!* is 
blocked by very small doses of morphine, and by the anti- 
inflammatory agents we used. The activity of PGF,, on 
isolated human trachea is blocked by fenamates!. Anti- 
inflammatory agents may well interfere with the same 
receptors which are activated by pharmacologically active 
lipids including SRS-C and by polypeptide kinins, or, as 
suggested by Collier, James and Schneidert, block a 
route leading to or from the specific receptors to the 
agonists. 

This work is part of a thesis leading to the degree of 
Docteur és-Sciences, Orsay (B.B.V.) We thank Mr N. Dao 
and Miss J. Rialland for technical assistance. We thank 
Dr W. R. Buekett, Dr M. N. G. Dukes and Dr T. L. Bonta 
for help in preparing the manuscript. We also thank Dr P. 
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Fig, 2. Inhibition by phenylbutazone of air overflow increase dwe to 
partially purified SR3-C. H =B of histamine; other legerds as for 
Fig. 1. 
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Blocking of the Lymphocyte Receptor 
Site for Cell Mediated Hypersensitivity 
and Transplantation Reactions by 
Anti-light Chain Sera 


Tue refined specificity of delayed hypersensitivity and 
transplantation reactions strongly suggests that the 
recognition of antigen involves antibody-like molecules on 
the lymphocyte surface. The binding of labelled antigen 
by a small proportion of lymphocytes from animals? or 
humans? with delayed hypersensitivity supports this 
concept but provides little information on the origin of 
the “antibody” and the function of these positively react- 
ing cells. We have approached this problem by studying 
the effeet of anti immunoglobulin sera on those responses 
of human lymphocytes in vitro that are considered to be 
related to delayed hypersensitivity and transplantation 
reactions. Because we could not be certain that the 
hypothetical “IgX” receptor would necessarily represent 
one of the recognized major immunoglobulin classes, we 














Transfermed cells in lymphocyte culture treated with anti-light 


chain serum. May-Grünwald-Gicmsa stain. 
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Fig. 2. Mitogenic effect of two anti-light chain sera on human lympho- 


cytes: dose response curve. 


took advantage of the fact that light chains of type x or A 
are present in all immunoglobulins. In the preliminary 
experiments reported here we have worked with rabbit 
antisera obtained by immunization with preparations of 
light chains isolated from normal human IgG*. The 
antisera did not react in immunoelectrophoresis with 
papain fragment Fe prepared from human IgG and were 
used unabsorbed. The Fab monomer of the anti-light 
chain IgG fraction was prepared by digestion with in- 
soluble papain®; to exclude the possibility of contamin- 
ation by low concentrations of anti-Fe not detectable by 
immunoelectrophoresis, this was absorbed with human 
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Fig. 3. Effect of anti-light chain serum (Fig. 24) on the mitogenic 

response of human lymphocytes to PPD. The controls lacking antl-L 

contained 0-01 mL normal rabbit serum, @-—— @, 250 units of PPD/m!. 
added. @--- @, no PPD added to cultures. 
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serum (Fig, 28), Each culture contained 10° HLA4 lymphocytes/ml, 

which were stimulated to transform by addition of increasing numbers of 

mitomycin suppressed HLA lymphocytes. The responding lymphocytes 

(HLA4) were pretreated for 4 h with 0-025 ml. anti-L/ml. (@——@®); or 
with 0-025 ml. normal rabbit serum (NRS)/ml. {O --- ©). 


IgG/Fe which had been made insoluble by linking to 
bromoacety! cellulose to avoid the formation of soluble 
complexes. 

Purified suspensions of human peripheral blood lym- 
phocytes, cultured as described previously’, undergo 
transformation into blast cells when incubated with anti- 
light chain serum (Figs. 1 and 2). Cell division was 
maximal by day 5-6. Prior absorption of the antiserum 
with a light chain preparation largely abolished its mito- 
genic activity. These results are similar to those pre- 
viously reported by Sell and Gell® on the transformation 
of rabbit lymphocytes by antisera to immunoglobulin 
allotypes and indicate an interaction with immuno- 
globulin determinants on the cell surface. Our observation 
that human lymphocytes treated with anti-light chain 
serum and complement will adhere to macrophage mono- 
layers provides further evidence for these surface light 
chain markers. 

We have attempted to show that these membrane- 
bound molecules with light chain determinants act as 
specific receptors in cell-mediated immunity by trying to 
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Fig. 5. Effect of the Fab papain fragment of IgG from anti-L serum 

(Fig. 2B) on the mitogenic response of human lymphocytes to PPD. 

@-—@, Cultures contained the optimal transforming dose of PPD 

(175 units/ml.); O--- O, no PPD added. The other control cultures 
contained the Fab fragment of anti-ovalbumin IgG. 
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suppress the tubereulin response and mixed lymphocyte 
reactions in vitro using anti-light chain serum. As 
described, at high doses these antisera stimulate lympho- 
cytes and so obscure the transformation due to antigen; 
however, sub-mitogenic doses of the antisera consistently 
caused a degree of suppression of both the tuberculin 
response (Fig. 3) and the mixed lymphocyte reaction 
(Fig. 4). In the mixed lymphocyte reaction experiment 
(Fig. 4) inhibition was most marked at a suboptimal dose 
of antigen but was less evident at the level giving a 
maximal response in untreated cultures. By contrast, 
transformation induced by phytohaemagglutinin was 
unaffected by prior treatment of the lymphocytes with 
anti-light chain serum. 

To improve the degree of inhibition of the immuno- 
logical responses we used the Fab monomer of the anti- 
hight chain serum which had no mitogenic capacity, 
unlike similar fragments derived from rabbit anti-allotype 
sera’. Almost total suppression of the tuberculin response 
(Fig. 5) and the mixed lymphocyte reaction were observed. 
Cells treated with Fab anti-light chain retained normal 
viability in culture and were optimally transformed by 
phytohaemagglutinin. The Fab monomer of a rabbit 
anti-ovalbumin had no effect on these reactions. 

it seems that anti-light chain (and its Fab monomer) 
binds to sites on the lymphocyte surface and blocks com- 
bination with antigen either by steric hindrance or by 
causing a configurational change in the receptor site. 
Thus immunoglobulin light chains probably form part of 
the antigen receptor sites for the initiation of cell-mediated 
immunological reactions. Whether the receptor belongs 
to those classes of immunoglobulin already described, or 
to anew “IgX” class, or even represents free light chains, 
is as yet unknown, 

This work was supported by grants from the Medical 
Research Council, the Nuffield Foundation, the World 
Health Organization and the Arthritis and Rheumatism 
Council. G. T. is the holder of a Wates Fellowship. 
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Strain Variations in the Primary 
Humoral Response of Rats and its 
Susceptibility to Inhibition by 
Anti-lymphocytic Antibody 

Because strain dependent differences in the primary 
humoral response of mice have been reported!-*, we have 
examined the primary humoral response of a number of 
inbred and random bred strains of rats and also determ- 
ined the effect of anti-lymphocytic antibody on this pro- 
cess. The results of our preliminary studies indicate that, 
in the various groups of rats studied, marked variations 
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occurred both in the primary immune response and in its 
susceptibility to anti-lymphocytic antibody inhibition. 

Table 1 records details of the age, weight, sex and 
source of the rats used. The anti-lymphocytic serum was 
produced using thoracic duct lymphocytes obtained from 
random bred Wistar rats (group 5, Table 1). The immun- 
ization schedule used, and the preparation and properties 
of the normal horse and anti-rat lymphocyte IgG, were 
similar to those previously described™®, 

The animals (5-6 per group) received daily intraperi- 
toneal injections of normal horse or anti-rat lymphocyte 
IgG on days —3, —2 and —1 (groups 1A to 94 and 1B 
to 9B respectively). Each injection contained 1 ml. of 
2 g per cent (w/v) protein per 300 g body weight. On day 
0 the animals were injected intraperitoneally with 5 mg 
of alum precipitated bovine serum albumin and were 
subsequently bled by cardiac puncture on days 7, 14, 
21 and 28. 

The ug of bovine serum albumin nitrogen bound by 
l ml. of sera obtained from the various bleeds (the antigen 
binding capacities) was determined by the ammonium 
sulphate procedure of Farr using ™'I-labelled antigen*-". 
These values were estimated in a system containing 
0-2 ug of bovine serum albumin nitrogen per test, the end 
point being the dilution of serum which bound 33 per cent 
of the test antigen. Peak values were observed 21 days 
after antigenic challenge (Table 1). The significance of 
the difference between the means has been determined 
using Student’s ¢ test and the Bessel correction for small 
numbers. 

Table 1 shows that the various groups of rats exhibited 
widely differing responses to bovine serum albumin. The 
mean humoral response in groups LA and 24 hooded strain 
rats (which were isogeneic) were on average two to three 
times greater than the mean values observed in other hooded 
rats (groups 3A and 44) and up to six times those observed 
in random bred Wistar strain rats (groups 54 and 5B). 
Furthermore, the peak primary response in the Sprague- 
Dawley rats (groups 7 to 9B) was much less than that 
observed in groups 14 and 2A hooded rats. Considerable 
variation occurred, however, within the various groups. 

In addition to these differences there were also marked 
variations in the immunosuppreasive effect of anti- 
lymphocytic antibody. Significant suppression of the 
primary immune response was achieved in all the hooded 
strain rats and in one of the Wistar groups (groups 1B to 
5B) (refs. 8 and 10). By contrast the anti-lymphocytie 
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antibody was ineffective in Sprague-Dawley rats obtained 
from a number of sources (groups 7B to 9B). Thus anti- 
lymphocytic antibody may readily suppress the primary 
immune response to alum precipitated bovine serum 
albumin in hyper-responsive rats (groups 1 and 2) but is 
relatively ineffective in rats exhibiting a less marked 
response to this antigen (groups 6 to 9). 

There are several possible, though untested, explana- 
tions of the observed differences. The hyper-reactivity of 
rats in groups 1 and 2 may be the result of the more 
efficient clearing and processing of the antigen by the 
reticuloendothelial system or to quantitative or qualita- 
tive differences in the antigen reactive small lymphocytes 
from the thymus or antibody forming precursor cells"?8, 
Alternatively it may be the result of non-specific stimula- 
tion of lymphoid tissue such as that achieved with 
Corynebacterium parvum or that which has been suggested 
to account for the hyper-responsiveness of NZB mice‘. 
It is interesting that the total white cell and lymphocyte 
content of the peripheral blood of the hyper-reactive rats 
was much lower than that in the less responsive Wistar 
and Sprague-Dawley animals (see Table 1). A further 
examination of the lymphoid organs, and a determination 
of the thymus derived long lived small lymphocyte con- 
tent of these animals, may help to explain the observed 
differences. 

Strain specific differences in the effect of anti-lympho- 
cytic antibody on the primary humoral response of rats 
have previously been noted™®18 and similar differences 
have also been observed in the cell mediated allograft 
rejection process in the mouses. In the latter studies 
these differences were attributed to the limited cross- 
reactivity of antisera produced against the lymphoid 
tissue of one strain of mice. We believe, however, that 
this explanation does not satisfactorily account for our 
present observations, for the antiserum, which was pro- 
duced against Wistar rat lymphocytes, was usually more 
effective in hooded strain rats. Furthermore, on the basis 
of peripheral blood lymphocyte counts it appeared 
that the antisera were capable of effectively destroying 
(cross-reacting with) the peripheral blood lymphocytes of 
all the animals. It is pessible, however, that the differ- 
ences observed could result from differences in the accessi- 
bility of antigen reactive cells!?18 and in the susceptibility 
of these cells in particular to anti-lymphocytic globulin 
inactivation!*-*1, 

Our experiments are preliminary and further experi- 


PRIMARY RESPONSE TO ALUM PRECIPITATED BOVINE SERUM ALBUMIN IN RATS PRE-TREATED WITH NORMAL AND ANTI-LYMPHOCYTIC IgG 


WBC Lymphocytes Antigen binding Significante of 
(per ram) (per mm‘) capacity difference 
Day -3 Day 0 Day -3 Day mean + S.D.* between means 
5,020 6,470 3,700 4,600 13-02 10-4 N=9t=218 
4,930 3,170 3,400 2,000 22431 P>005 <0-10 
Just significant at 10 
per cent level 
4,650 6,440 3,000 4,100 19-444-7 N=7t=6-27 
4,760 4,380 2,900 2,400 2440-9 P<0-001 
Highly significant 
6,300 6,080 4,700 4,500 HBL4A5 N=8l=3-34 
4,340 3,650 3,000 2,000 1241-7 P#=0-01 
Significant 
10,480 8,510 8,500 6,900 6944-8 N=Qt=2-184 
10,900 6,950 7,700 4,300 1-5(4) + 1-5(4) P>005 <010 — 
Just significant at 10 
per cent level 
13,180 14,660 11,600 11,300 2541-8 N=10t=3:103 
11,130 8,180 9,100 5,100 No responders t P<0-02 >0-01 
Significant 
8,880 11,860 7,500 9,500 4042-9 N=7 t=1:48 
9,430 6,070 7,900 4,300 1641-1 P#X0-20 
Insignificant 
12,680 10,240 9,100 7,600 4242-9 N=8t=0-3292 
12,630 11,580 8,200 6,000 3926-4 P<080 >0-70 
Highly insignificant 
16,640 11,030 8,000 8,300 6766 N=9 t= 0-4033 
11,010 8,120 8,600 5,400 52449 P<070 > 0-60 
Highly insignificant 
9,250 10,480 7,800 8.400 8226-5 N =7 t=0-0763 
7,980 6,210 8,400 4,400 68455 P<095 >0-90 


Highly insignificant 


All the animals used were 3 to 7 months old male rats with the exception of those in groups 2A, 3A and 3B which were female. 
* The large standard deviations observed in some of the groups were due to the inclusion of the occasional rat which failed to respond to antigen 


Table 1. 
Av. 
GP Strain Breeding Weight Source Preetreatment 
g 

td Hooded Inbred 297 Small Animal Normal IgG 

18 312 Breeding Station, ALS IgG 
Univ, of Edinburgh 

2A Hooded Inbred 202 Chester Beatty Normal IgG 

QB 354 Research Institute, ALS IgG 
London, England 

34A Hooded Inbred 180 Agric, Research Normal IgG 

3B 187 Council, Compton, ALS IgG 
Nr. Newbury, 
England 

44 Hooded Random 274 Animal Suppliers Normal IgG 

4B “Lister” bred 270 (London), Ltd, ALS IgG 
England 

SA Wistar Random 361 Small Animal Normal IgG 

5B bred 365 Breeding Station, ALS IgG 
Univ. of Edinburgh 

64 Wistar Random 325 Animal Suppliers Normal IgG 

Os bred 322 (London), Ltd, ALS IgG 
England 

7A Sprague- Random 427 Small Animal Normal IgG 

7B Dawley bred 404 Breeding Station, ALS IgG 
Univ. of Edinburgh 

RA Sprague- Random 411 Animal Suppliers Normal IgG 

RB Dawley bred 407 (London), Ltd, ALS IgG 
England 

94 Sprague- Random 435 Carworth Europe, Normal IgG 

9B Dawley bred 402 Alconbury, England ALS IgG 

challenge. 


+ All the animals in this group failed to bind 33 per cent of the test antigen and so ABC values could not be determined in the conditions of assay. 
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ments will have to be performed to determine if the 
variations in the primary response and susceptibility to 
anti-lymphocytic antibody are antigen and adjuvant 
dependent* and if they specifically affect. certain immuno- 
globulin classes and sub-classes**. Furthermore, the 
effect of antigenic competition resulting from pre-treat- 
ment with normal and anti-lymphocytic IgG will have to 
be considered. Nevertheless these studies indicate the 
difficulties which ean arise when attempting to compare 
the ability of reagents to suppress the primary humoral 
response in rats from different sources. 
We thank Dr N. F. Anderson and Mr E. Logan for 
producing the antiserum, Mr A. Wood for preparing the 
IgG globulin samples and Drs E. J. Delorme (Chester 
Beatty Research Institute) and R. Meakin (Agricultural 
Research Council, Compten) for providing hooded strain 
rats. We also thank M. F. A. Woodruff and W. McBride 
for advice and discussion and the Wellcome Foundation 
for financial support to one of us (D. M. P.). 
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Subacute Sclerosing Panencephalitis: 
Structures resembling Myxovirus 
Nucleocapsids in Cells cultured 
from Brains 


Durine the past 2 yr, reports from several laboratories! 
have associated subacute sclerosing panencephalitis 
(SSPE) with measles on the basis of three observations in 
patients with this disease: (1) an unusually high level of 
anti-measles antibody in their serum and spinal fluid; 
(2) the demonstration in brain sections of measles antigen 
by means of immunofluorescence: and (3) intranuclear 


particles resembling myxovirus nucleocapsids in the 
neurones and oligodendrocytes of the brain seen by 





electron microscopy. These observations were not con- 
current, nor were they universal, but each was noted im 
several patients, 

We recently succeeded m producing subacute en- 
cephalitis in ferrets moculated with LO per cent suspen- 
sions of brains frorn patients with SSPE The disease 
was associated with an electroencephalographie pattern 
of burst-suppression of the type seen in human SSPE 
and was carricd successfully through at least three pas- 
sages in the animals. Histologically it resembled human 
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SSPE. We have not been able to isolate a viral agent 
in vitro, nor have we been able to demonstrate antibodies 
against several encephalitogenic viruses, including measles, 
in the sick ferrets. 

Baublis and Payne’ reported recently that cells originat- 
ing from explants of SSPE brain tissue and maintained in 
several passages in tissue culture formed syncytia and 
giant cells and contained intracytoplasmic inclusions. 
These cells adsorbed antibody against measles, as shown 
by immunofluorescence. Although the culture medium 
was non-infectious, the cytopathic effect was transferred 
to primary rhesus monkey kidney cells by co-cultivation. 

We describe here the presence of particles resembling 
myxovirus nucleocapsids in cells grown out of explants 
of SSPE brain tissue. The particles are morphologically 
identical with those observed in brain cells of SSPE 
patients. Both lines of the cultured cells contain measles 
antigen, and the brain from which one cell line originated 
produced encephalopathy in ferrets. 

Two cell lines, JAC and LEC, were established from 
brain biopsies of two patients with SSPE. The diagnosis 
of SSPE in both patients was based on a characteristic 
clinical course that ended in death, a typical burst-sup- 
pression pattern on the electroencephalogram, first zone 
colloidal gold curve in the cerebrospinal fluid, and a 
histological picture of subacute panencephalitis. The 
specimen from JAC contained numerous Cowdry type A 
inclusion bodies, but they were absent in the LEC speci- 
men. Electron microscopical examination showed that. 
the nuclei of neurones and oligodendrocytes from the 
JAC brain contained viral particles (Fig. 1) but these 
were not seen in the LEC specimen. Sera of both JAC 
and LEC had an elevated titre of anti-measles antibody 
(1,024 and 512, respectively) as shown by the haemag- 
glutination inhibition technique. When homogenates of 
brain tissue obtained from patient JAC were injected 
intracerebrally into ferrets according to the technique 
deseribed previously‘, they produced encephalopathy after 
an incubation period of 3-5 months. Injection of the 
LEC brain material did not produce encephalopathy in 
the ferrets. 

Cell cultures were established from minced fresh brain 
tissue explants placed in plastic bottles of 25 cm? surface 
area in 10 ml. of Eagle's basal medium in 10 per cent 
inactivated foetal calf serum. The explants were left 
undisturbed for 2 weeks, by which time cells migrating 
from these explants formed a monolayer of fibroblasts. 
These cells were then treated with 0:25 per cent trypsin 
solution made in 0-1 per cent versene and transferred to 
another culture. They grew uniformly and were split at 
weekly intervals in a ratio of 1:2 A cytopathic effect 
appeared at the twelfth to the ere passage level, 
and was characterized by the formation of syneytia, giant, 
multinucleate cells, and occasional eosinophile inclusion 
bodies in the evtoplasm. 

Co-euluvation of these cells with the WI-38 human 
diploid cells led to the transfer of this cytopathic effeet to 
the new cells. but neither the original cultures nor those 
in the co-cultivated state vielded infectious virus in the 
cell-free supernatant. The cells of both lines stained 
positively with anti-measles fluorescein-conjugated anti- 
body. 

For electron microscopical examination, the cells in 
monolayer culture were collected by treatment with 0-25 
per cent trypsin in ©} per cent versene solution. They 
were pelleted by slow centrifugation and the pellet was 
fixed in a cold 4 per cent solution of glutaraldehyde at 
pH 7-3 for 1 h. It was then treated with a 1 per cent 
solution of osmium tetraoxide at pH 7-3, according to the 
method of Millonig’, After a brief period of dehydration 
in graded solutions of ethanol it was embedded in epoxy 
resin. Seetions were prepared in a Porter-Bhim MT-1 
ultramicrotome and stained with lead. according to the 
method of Millonig’. The examination was carried out 
under a Siemens Elmiskop | electron microscope. 
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Fig. 1. A, Oligodendrocyte in the grey matter of the JAC brain. 
arranged with array formations (arrows), x 6.400. 
JAC brain. 


Approximately one hundred cells of JAC and LEC 
brain tissue cultures were examined in thin sections at 
various passage levels under the electron microscope. 
The early passage levels contained no viral particles; but 
viral particles were observed in the nuclei of cells collected 
from each culture at a late passage level. They were seen 
at a frequency of 10 per cent in JAC cells and 2 per cent 
in the LEC cells. and occupied almost the entire nucleus, 
sparing only narrow areas beneath the nuclear membrane 
and around the nucleolus. These particles, shown in 
Fig. 2, were randomly arranged with an occasional array 
formation, and consisted of tubules, the outer diameter of 
which measured 170 Å and the inner diameter 70 A. 
Because of random positioning in the section, the length 
of the particles varied, but the longest tubules measured 
more than 5000 A. Their appearance and dimensions 
resembled those of measles virus nucleocapsids* and were 
identical with the tubular structures described in the 
brains of patients with SSPE?” and observed by ourselves 
in brain tissue of patient JAC. 

The cytological observations, immunofluorescent stain- 
ing and electron microscopic pictures we have described 


Nucleocapsids occupy the central part of the nucleus, 
B, Arrays of the tubules in the nucleus of an oligodendrocyte in the white matter of 
Outer diameter, 170 A; inner diameter, 70 A. 
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They are randomly 


x 37,600, 


are further evidence of a relationship between measles 
virus and SSPE. There is a relationship between the 
quantity of viral particles present in the cultured cells 
and that in the brain from which they originated. The 
brain specimen of JAC was characterized by readily 
deteetable nucleocapsid-like particles and they were seen 
in as many as 10 per cent of the JAC cultured cells; on 
the other hand, they could not be detected in the brain 
of LEC and were seen in only 2 per cent of the LEC 
cultured cells. 

Failure to isolate infectious virus from brain tissue or 
from cell-free media of cultured brain eells can be attri- 
buted to several factors. The amount of virus released 
by the infected cell is probably small and cannot be 
detected unless cells highly susceptible to infection are 
used in the assay system. It is possible that the virus 
spreads only by cell-to-cell contact and in the course of 
several cell transfers more cultured brain cells become 
infected by direct exposure. 

If measles virus is primary in the aetiology of SSPE, 
the same type of process may take place in the brain 
tissue of patients with this disease. The virus present in 





Fig. 2. 


A, Multinucleate cell in the LEC cell culture. 
Particles are in arrays. 


£ Nucleus is occupied by randomly arranged tubules, € 
Tubular structures with outer diameter, 170 Å, and inner diameter, 70 Å. 


x 7,200. RB, JAC cell in culture. 
x 28,000. 
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their brain may replicate at a slow rate and spread by cell- 
cell contact, gradually involving larger portions of brain 
tissue in the course of the prolonged incubation period. 

It is essential to compare carefully the character of the 
measles virus in SSPE material with a measles prototype 
virus, and to investigate whether a particular genetic 
trait associated with the virus itself may account for the 
disease syndrome or whether the virus host—cell relation- 
ship is determined solely by the reaction of the host. 

Diagnostic studies of patient JAC were carried out at 
the Philadelphia Naval Hospital, and on patient LEC 
at the St Christopher's Hospital for Children, Philadelphia, 
Pennsylvania. Dr Lucy Balian Rorke carried out the 
neuropathological examination of the brain tissues. We 
thank Dr Volker ter Meulen of Universitats-Kinderklinik 
und Poliklinik, Géttingen, Germany, for the immuno- 
fluorescence studies, and Dr Nicholas Gonatas of the 
Hospital of the University of Pennsylvania for sharing 
with them the fixed brain tissue of patient LEC. This 
work was supported in part by a US Public Health Service 
research grant from the National Institute of Neuro- 
logical Diseases and Blindness. 

ADDENDUM. Since submission of this manuscript, L. 
Horta-Barbosa et al. (Nature, 221, 974: 1969) reported 
isolation of infectious measles virus from one line of 
SSPE brain cells in culture, and T. T. Chen et al. (Science, 
163, 1193; 1969) reported presence of the nucleocapsid- 
like structures in the same line of cells. 
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Increase in Antigenicity of Permanent 
Tissue Culture Lines ICI 101, ICI 104 
and ICI 202 established from 

Human Leukaemic Blood 


SEVERAL permanent tissue culture lines have been 
established from the peripheral blood of leukaemic patients 
at this institute. New antigens have been demonstrated 
on human leukaemic cells, and antibodies directed against 
these antigens have been detected in the patients’ sera}. 
We have recently shown that in ICT 101 the antigenicity 
detectable when the cells are first taken from the blood 
can still be detected after several months in culture?. 
We report here data suggesting not only that this anti- 
genicity can be preserved, but that it can be increased by 
culturing the cells in vitro. 

We used the permanent cell lines ICI 101, ICI 104A, 
ICI 104B, ICI 104C and ICI 202 from the peripheral blood 
of leukaemic patients and isolated them by a stationary 
suspension culture technique’. 

A frozen sample of peripheral blood from a 10 year old 
boy in the terminal phase of acute lymphoblastic leuk- 
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Table 1. INCREASE OF AUTOANTIGENICITY SHARE BY LEUEKAEMIC CELLS 
FOLLOWING in vitro CULTURE 
After 4 months’ After 8 months’ 
Fresh cells culture _ culture 
IF IA IF TA IF TA 
ICI 101 0 1/64 + 1/1,280 NT 1/3,200 
ICI 202 Q 0 — 1/320 NT NT 


IF, Immunofinorescence; TA, immune adherence; NT, not tested. 


Table 2. VARIATION IN THE ANTIGENICITY OF CLONES ARISING ICI 104 
SUBLINE 
Fresh cells After 7 weeks’ culture 
IF IA IF A 
ICI 104A 0 1/10 Q 0 
ICI 104B 0 1/10 ü 1/80 
ICI 104C 0 0 


1/10 (9) 


aemia was put into culture and the ICI 101 line became 
established 65 days later. Lines ICI 104A, B and C all 
eame from the blood of an 8 year old boy with acute 
lymphoblastic leukaemia in relapse-—these cell lines 
appeared on the thirty-sixth day of culture. The ICI 202 
line appeared on the thirty-fourth day of culture of a 
blood sample from a 48 year old patient with acute 
myeloid leukaemia. 

Serological tests used were immunofluorescence for 
living cells and immune adherence!. The antigenic 
activity of the cultivated cells was evaluated in the 
presence of the patient’s serum, taken when the tissue 
cultures were set up, and stored at — 20° C. This activity 
was compared with that in cells cultured in this serum. 
The results are summarized in Tables 1 and 2. 

The ICI 101 line had increased antigenicity after 4 
months in culture; the maximum titre of the serum in the 
immune adherence test rose from 1/64 to 1/1,280. This 
increase was accompanied by a positive immunofluoresence 
reaction when the cells were tested in the same serum. 
This antigenicity was still present after 8 months in tissue 
culture. After 4 months in culture line ICI 202 had not. 
declined in antigenicity compared with the case when 
cells were freshly isolated from the patient. Lines ICI 
104A, B and C all came from the same sample of blood, 
but only ICI 104B had inereased antigenicity when 
tested atter 7 weeks in culture. 

The mechanism for the increase in the ‘‘neoantigeni- 
city” of permanent culture cell lines established from 
human peripheral blood is unknown. There are several 
possible hypotheses: (a) in vitro selection of a clone that 
is initiated by the behaviour of the ICI 104B line; (6) an 
increase in the density of antigenic determinants on the 
cells adapted to the culture conditions; (c) unmasking of 
antigenic sites after several divisions in culture. This 
last hypothesis was suggested by Old and his colleagues®. 
For reasons varying from the simple masking of antigenic 
sites on the tumour cells by antibody’ to the suppression 
by antibody of the synthesis of antigen, of which antigenic 
modulation is an extreme example, it is unlikely that. 
fresh, isolated tumour cells are a good source of antigens. 

The establishment of permanent leucocyte cultures 
from the peripheral blood of leukaemic patients would 
seem to be valuable in immunological investigations of 
these patients. 
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Orthostatic Intolerance after Artificial 
Heat Acclimatization in Physically 
Fit Subjects 


THE incidence of heat syneope (temporary stoppage of 
respiration and circulation) is greater in persons unacclima- 
tized to heat!, and heat acclimatization improves ortho- 
static tolerance in hydrated men’, but the latter has not 
been confirmed. We thought that artificial heat acclima- 
tization (acelimimation) might increase orthostatic toler- 
ance in men exposed to the combined stresses of heat, 
exercise and dehydration, and have worked from this idea. 

Four physically fit young men (mean age 24) were given 
a standard 70°, head-up, 10 min tilt-test following a 2 h 
walk at 6-4 km/h at 47° C dry bulb temperature (DBT) 
and 33 per cent relative humidity (RH) after the first 
exposure (control test walk, CTW) and after the eighth 
similar exposure (acclimatization test walk, ATW). The 
tilt-table tests were conducted at 24° © DBT and 50 per 
cent RH 10 min after the heat exposures with the subjects 
supported by a saddle with no foot-rest. Water was freely 
available during the heat exposures. A detailed description 
of the experimental procedures has been published before’. 

During the eight acclimatization exposures, average 
(+8.D.) sweat rates increased from 624+ 49 g/m? xh 
on the first exposure to 934 +38 g/m? xh by the eighth 
exposure and average pulse rates decreased from 174+ 
4 beats/min to 166+11 beats/min (results from the 
second hour of exercise). 

All four subjects completed the control tilt easily, but 
unexpectedly three of them had to be lowered during the 
first 5 min of the acclimatization tilt because of nausea, 
profuse sweating and syncope. At the moment of syncope 
the average ratio of systolic to diastolic blood pressure was 
86/78 mm Hg and the pulse rate was 137 beats/min. 
The non-fainter, who forced his water intake to surpass 
slightly his total weight deficit, completed the acclimatiza- 
tion tilt with the least distress. His losses of plasma 
volume and total blood volume, however, were greater 
than those of the three fainters (Table 1). Also, in the 
fainters, the average losses of fluid volume were slightly 
greater during the control tilt compared with the losses 
during the acclimatization tilt. The total average decrease 
in Evans blue space (plasma volume) and total blood 
volume after the control test walk was 11-0 per cent and 
8-2 per cent respectively, and after the acclimatization 
test walk was 11-2 per cent and 6-0 per cent respectively. 
In the fainters, average losses of body weight after acclima- 
tization were rather greater than after the control test. 
In the non-fainter, changes in body weight were minimal. 
Thus analysis of fluid losses and levels of total body dehy- 


Table 1. INDIVIDUAL AND AVERAGE VALUES OF TILT-TABLE RESPONSES AND 
FLUID COMPARTMENT CHANGES AFTER THE CONTROL AND ACCLIMATIZATION 
TEST WALKS 


Heart 
Tilt time SBP/DBP tate APV, ATRBY, a Body 
Subject (min) (mm Hg)  (beats/ % Ls weight, 
min) % 
Painters 
PREK (CTW) 10 104/80 140 — 192 — 16-1 -07 
(ATW) 3 80/70 126 -9-1 -36 -17 
R.W. (CTW) 10 106/102 144 — 164 — 13-8 ~12 
ATW) 4 104/98 146 ~ V5 — 6-3 is 
E.G (CTW) 10 100/88 112 -33 +13 -17 
(ATW) 6 74/868 140 -101 -51 -2:7 
X (CTW) 10 103/90 132 —13-0 — 95 -12 
X (ATW) 4 86/79 137 -102 -50 19 
Non-fainter 
J.C. (CTW) 10 124/100 118 -53 -44 -03 
(ATW) 10 110/102 116 -139 -89 +08 
Total ¥ (CTW) 10 108/92 128 -110 -82 -1-0 
(ATW) 6 92/84 132 -112 -60 -12 


Baseline PV, TBV, and body weight were measured the evening before the 
test walks. The tilt measures were taken at the point of syncope or at the 
end of the 10 min tilt. 


SBP, systolic blood pressure; DBP, diastolic blood pressure; PV, plasma 
volume; TBV, total blood volume. 
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dration does not reasonably explain the marked ortho- 
static intolerance. 

The two primary interrelated mechanisms influencing 
cardiac output when hydrostatic forces are increased are 
maintenance of (a) the blood volume, and (b) its relative 
distribution in the arterial and venous systems. Changes 
in blood volumes cannot explain the marked syncope, and 
so changes in blood distribution must be involved. The 
principal circulatory changes resulting from heat acclimat- 
ization seem to be met by repartitioning cardiac output 
rather than by increasing itt, which suggests that there 
are changes in arterial tone. Increased venomotor tone 
has been observed during early phases of acclimatization 
but not persisting as exposures continued®. Because of the 
larger volume of blood in the veins, a small constrictive 
effect would cause a much larger shift of blood than the 
same constriction in the arteries. Arterial dilatation of 
the extremities (which is an accepted means of increasing 
heat dissipation) probably tended to raise the capillary 
pressure in our experiments, especially in the dependent 
parts, thereby tending to increase both distension of the 
blood vessels and extravasation of fluid during the tilt. 
Increased venomotor tone apparently decreases as acclim- 
atization proceeds, and so we wonder whether the arterial 
constrictive mechanism was ‘‘deconditioned” from the 
demands for heat dissipation, thereby reducing its con- 
strictive function necessary for maintenance of the cardiac 
output during tilting. 
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Reaction of Detergents with 
Amoeba proteus 


Amoeba proteus moves by the formation of pseudopodia in 
the direction of travel, and the formation of new pseudo- 
podia may be induced by small local concentrations of 
some proteins and cationic detergents which are believed 
to react with anionic groups on the cell surface and 
lower the surface charge'®. The importance of changes 
in net surface charge in providing a mechanism for cell 
surface transformations has also been emphasized by other 
workers’. Staining reactions with alcian blue and with 
toluidine blue show that the surface coat of amoebae is 
probably composed of negatively charged polysaccharides 
or mucopolysaccharides!. The haemolytic properties of 
detergents are well known and, for a series of 12-carbon 
detergents, are consistent with a reaction involving 
penetration of a lipid film’. If the mechanism which we 
have proposed to account for pseudopodium induction 
by these compounds is correct*, then the lysis of A. proteus 
by detergents should depend on their reactivity with 
negatively charged groups on the surface polysaccharide 
rather than on their ability to penetrate a lipid film. 
Washed, starved cells of A. proteus (strain X65), 
grown in mass culture with Tetrahymena pyriformis in 
Chalkley’s solution’, were immersed in solutions of Na 
laurate, Na dodecyl sulphate, dodecylamine HCI, dodecyl- 
dimethylamine HCI and dodecyltrimethylamine bromide 
at concentrations ranging from 5 x 10- M to 2x 10- M in 
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Table 1. 
Tonogenic group 5x10°5 M 2x10 M 10° M 
~-COO> in Chalkley’s solution 100 85 25 
in 10°? M NaCl 100 100 100 
~~SO7 in Chalkley’s solution 100 90 70 
in 107? M NaCl 100 100 100 
~-NMej in Chalkley’s solution 100 95 
in 10-1 M Nati 45 10 


—N Me H+ in Chalkley’s solution 
in 107° M Natl 


~~ NHJ in Chalkley’s solution 
in 1071 M NaCl 
Each determination was made on 30-40 amoebae on each ovcasion. 


Chalkley’s solution. The number of cells lysed at the end 
of 1 h was expressed as a percentage of the original number 
of cells (Table 1). These results are not consistent with a 
lytic mechanism involving simple penetration of a lipid 
film but are compatible with a mechanism involving 
reaction with an acidic polysaccharide (Fable 2). To 
discover if the mechanism involves the cell surface charge, 
we repeated the experiment with the addition of 10-1 M 

vaCl to the detergent solutions (Table 1). This concen- 
tration of NaCl is not lytic but lowers the surface negative 
charge by increasing the number of Na‘ ions at the surface. 


Table 2. ORDER OF REACTIVITY OF IONIC DETERGENTS 
Lysis of human erythro- 





cytes’ 80i >80} > NH} >C00- >NMej 
Ability to penetrate lipid : 

film? >80; >NH} >C00 > NMe; 
Lysis of A. proteus >NMe Ht >NMe; >50; >COQO- 
Affinity for acid polysae- ; 

charides® NB} >NMe,Ht >NMep (50; COO)* 


* Detergents with SO; or COO- as the sole ionogenic groups do not react 
with acid polysaccharides. 


In each case, the concentration required for 100 per cent 
lysis has changed, increasing for cationic compounds and 
decreasing for anionic compounds. This change is to be 
expected if the initial step in cell lysis is an ionic reaction 
of the detergent with the acid polysaccharide at the cell 
surface. Lowering the surface potential by shielding the 
negatively charged groups by Nat ions decreases the 
affinity of the polysaccharide for positively charged 
detergents and enables negatively charged detergents to 
approach the surface more easily. These results show that 
the initial step in lysis, by cationic detergents, of cells 
having acid polysaccharides at their surfaces is reaction 
with such anionic groups on the cell surface followed by 
penetration and disruption of the lipid membrane. Lysis 
by anionic detergents requires higher concentrations, 
enough to overcome the repulsive effects of the surface 
negative charges before penetration into the lipid mem- 
brane can occur. Our results also indicate that there 
may be a basis for a selective action of the cationic 
detergents against cells which would depend on the 
surface potential of the cell; cells, including some malig- 
nant cells with a higher negative charge! than normal, 
should be more susceptible than normal cells. 
J. E. BREWER 
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University of Southampton. 
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PERCENTAGE LYSIS OF A. proteus IN 1 H BY 12-CARBON DETERGENTS 


Molarity 
öxl M oo 2x10“ M 167 M 5x10*M 2x107 M 
0 0 
100 0 
5 9 0 
70 26 9 
35 0 
0 9 
100 100 38 7 
50 0 0 0 
100 50 9 
60 0 o 


Modification of the Pathogenesis of 
Scrapie in Mice by Treatment 
of the Agent 


Two major areas in scrapie research depend on estimates 
of the concentration of the agent: investigation of the 
nature of the agent by the effect of various chemical 
or physical treatments and of the pathogenesis of the 
disease. Two methods have been used for these estimates. 
One is conventional serial dilution, with the end-point, 
measured either by appearance of clinical disease!-* or 
by the oceurrence of the brain lesions at a chosen time 
after injection?. The second methed relies on the finding 
that the incubation period is very closely related to 
dose if other variables are constant®*; when this relation- 
ship has been found for a given combination of strain 
of agent, tissue souree, route and dose of injection and 
genotype of recipient, the concentration of agent can 
be estimated from the incubation period of a single 
dilution group. 

Because of the very long ineubation period, ranging 
in mice from 4-5 months to 2 yr, a number of workers 
have chosen to terminate experiments after a fixed 
interval?*.19, This would be fully justified if it could 
be assumed that the dose/time relationship for a given 
scrapie agent injected intracerebrally into a specified 
mouse strain was constant irrespective of the physical 
or chemical treatment of the inoculum. If, however, 
a treatment were to delay the normal course of patho- 
genesis for some reason, then arbitrary termination of 
experiments after a fixed interval could lead to an over- 
estimate of loss of titre. One purpose of this report 
is to show that this type of phenomenon can occur. 

It is generally agreed that incubation in mice is shorter 
after intracerebral injection of a saline homogenate of 
scrapie-infected mouse tissue than after peripheral 
injection?. Presumably the intracerebral route enables the 
agent to bypass carly steps in pathogenesis, permitting 
earlier replication in the brain. Our experiments show 
that the agent can be modified so that the incubation 
period is similar after intracerebral or intraperitoneal 
injection. 

Supernatant (500g, 10 min) of saline homogenate of 
brain from C57BL mice clinically affected with ME7 
scrapie was prepared and used either directly as inoculum 
(intracerebrally 0-02 ml. or intraperitoneally 0-1 ml.) or 
after boiling. The various experiments differed in several 
respects: the number of mouse passages of the agent 
varied (4 to 9) as did concentration of brain in the saline 
homogenate (1 per cent or 10 per cent); the period of 
immersion in a boiling water bath ranged from 5 to 30 
min with the inoculum reaching a temperature of 98-5- 
99-5° C; boiling was usually followed by homogenization 
and centrifuging (500g, 10 min), with the supernatant 
being used as inoculum. Only an inoculum prepared with- 
out being rehomogenized after boiling failed to affect some 
mice; it is likely that much of the activity had been 
removed in the flocculated sediment during centrifugation. 


NATURE, MAY 31, 1969 XLV 


This all-purpose 
RCA laser cuts 
clean through the 
cost barrier 


E 10mW Typical Total Power, 

all lines 

E CW Operation, TEM.. 

W Typical Beam Diameter: 0.5mm 
Mi Forced-Air Cooled; 

WAC Power Input, 240 V, 4. 5A 





In addition to low cost the LD2108 

has a proved long life capability 
making it suitable for all applications 
requiring selection of wavelengths in 
the green/blue region of the spectrum. 
For full details of the LD2108 and other 
lasers in the RCA range write to:- 


RCA Limited, Sunbury-on-Thames, RE A Electronic 
Middlesex. Tel: Sunbury 85511. Components 


XLVI 


A New Bimonthly Journal cove 


ring Man-made Fibres 





FIBRE CHEMIST 


A cover-to-cover translation of Khimicheskie volokna 
a periodical organ of the Ministry of the Chemical Process Industry of the USSR 


Editor-in-chief: G. I. Kudryavtsev 


Editorial Board: 

N. Ya. Alekhin, A. G. Bol’shakov, A. L. Borisov, 
A. G. Borik, A. G. Grigor'yants, V. A. Gruzdev 
(Deputy Chief Editor), S. L. Dich, A. A. Konkin, 
A. P. Krainov, R. V. Kupinskil, B. A. Mukhin, 
N. V. Mikhailov, E. M. Mogilevskii, B. V. 
Petukhov, A. B. Pakshver, Z. A. Rogovin, and 
A. T. Serkov (Deputy Chief Editor). 


Translated from Russian 


This new bimonthly journal presents an im- 
portant and accurate appraisal of recent de- 
velopments in theoretical and practical aspects 
of the basic science, engineering and textile 
technology of the synthetic fibre industry. 
Devoted to promoting the growth of man-made 
fibre production, the journal deals with new 
technological advances in the mechanization 
and automation of individual operations, designs 
of new equipment, quality control, the planning 
of new and the modernization of existing plants, 
and the economics and organization of produc- 
tion. Some of the topics recently covered 
include research on macromolecular compounds 
suitable for the manufacture of fibres, analyses 
of the physical properties and structure of 
artificial fibres, prevention of foaming in the 
spinning and finishing baths in the manufacture 
of high-strength viccose cord, changes in the 
properties of acetate yarn under the influence of 
repeated tensile stresses, high-speed spindle 
for final twis.ing of Kapron yarn, and electron 
microscope study of viscose gelling. The 
journal contains Soviet and foreign review 
articles, original research papers, current discus- 
sions, and reader communication sections that 
provide a constant exchange forum for engineers, 
technicians, research workers and designers, 
faculty, graduate and undergraduate students, 
and workers in chemical and related process 
industries. 


1969 (6 issues)... cece eee £38.58. 


Single issue........ £12.15s. Single article. . £6.85. 
(Add 42s.6d. for postage outside U.K.) 


Subscribers are requested to contact the publishers 
for further information. Sample copies are available 
on request, 


Selection of articles 
from recent issues 


Influence of the molecular weight of polythene on fibre formation and properties 
A. A. Aver'yanov, D. V. Fil’bert, and A. A. Konkin. 


Supermolecular structure of graft- modified cellulose fibres 
T. S. Sydykov, L. S. Antonyuk, R. M. Livshits, and Z. A. Rogovin. 


Prevention of foaming in the spinning and finishing baths in manufacture 
of high-strength viscose cord 
V. K. Tsvetkov. 


influence of chemically bound azo dyes on the thermal stability of Kapron 
fibres 
M. N. Bogdanov and A. U. Leshchiner. 


Interaction of certain vat dyes with polycaproamide 
L. N. Mizerovskii, A. N. Bykov, V. K. Gusev, G. A. Pytkova, and 
E. G. Koroleva. 


Structure of hydrate cellulose cord fibres 
G. V. Nikonovich, S. A. Leont'eva, and Kh. U. Usmanov. 


Changes in the properties of acetate yarn under the influence of repeated 
tensile stresses 
B. Ya. Kharimov. 


High-speed spindle for final twisting of Kapron yarn 
Ya. I. Koritysskii, 1. V. Kornev, N. N. Lebedeva, V. S. Kuznetsov, 
E. I. Belyaec, and T. P. Tereshchenko. 


New fibre-forming polyamides 
O. Ya. Fedotova, M. I. Shtil’man, and G. S. Kolesnikov. 


Electron microscope study of viscose gelling. 
M. M. lovica, S. I. Banduryan, and S. P. Papkov. 


Structure of chemically cross-linked Kapron fibres 
E. Z. Fainberg, E. A. Vasil’eva-Sokolova, L. A. Kalinina, and N. V. 
Mikhailov. 





CONSULTANTS BUREAU 


London and New York 


A DIVISION OF PLENUM PUBLISHING COMPANY LIMITED, 
DONINGTON HOUSE, 30 NORFOLK STREET, LONDON, W.C.2. Tel. 01-836 5238 





NATURE, VOL. 222, MAY 31. 1969 


Table 1. AVERAGE INCUBATION PERIODS (DAYS+S.E.) IN MICE INJECTED 
EITHER INTRACEREBRALLY OR INTRAPERITONEALLY WITH UNHEATED ME7 
SORAPIE AGENT OR BOILED ME7 SCRAPIE AGENT 


Exps. using boni unheated and boiled 


Exps. using only nocula 


Route unheated inocula Unheated inoculum Boiled inoculum 
Intracerebral 160 + 1 (98/98)* 163 + 2 (17/17) 315 + 8 (88/42) + 
Intraperitoneal 236 +2 (116/116) 283+ 4 (15/15) 331 + 6 (39/45) f 


* Number affected/number injected. 
+ Survivors were confined to one of the five subgroups (see text). 


Incubation period end-points were measured by the 
method of A. G. D., Meikle and H. F.1! and the diagnosis 
was confirmed histologically; survivors were observed 
until senile. Six strains of mice were used in a balanced 
design (C57BL, SM, A2G, RIH, BRVR and BSVS). 
These strains have in common the s7 allele of the gene 
sinc, which exerts a major effect on incubation of the 
ME7 agent". The results do not differ significantly 
between these mouse strains (P > 0-05). 

In the five chief experiments, the four combinations of 
treatment of inoculum and route of injection were used: 
analysis of variance showed that there were no incubation 
period differences between experiments or between 
genotypes of mice within experiments (P>01). On a 
number of other occasions only unheated inoculum was 
used in these six mouse strains and the results did not 
differ between strains (P>0-05). Table 1 shows the 
composite results of all the relevant experiments which 
we have conducted. The results for the unheated inocula 
used in the boiling experiments are clearly consistent 
with those for unheated inocula used in the other experi- 
ments. The two groups given boiled inocula do not 
differ significantly (P> 0-1); apart from this, all groups 
in the chief experiments differ from one another 
(P < 0-001). 

When the ME7 agent is injected intracerebrally the 
average incubation period for boiled agent is 40 days 
longer than the average for unheated agent at the 50 
per cent end-point in C57BL mice (Fig. 1). The excessive 
delay for the boiled inoculum is, however, much greater 
than may appear from this comparison because in most 
of the groups given boiled inoculum the incidence was 
100 per cent. The additional delay due to boiling is 
probably in the order of 3 months, which is similar to 
the delay following boiling reported by Zlotnik and 
Rennie*, Fig. 1 also shows incubation periods for different 
doses of unheated MET agent injected intraperitoneally; 
the incubation periods for boiled inocula are within the 
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Fig.1. Relationship between dose and incubation period following intra- 
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range for small doses of unheated agent administered 
intraperitoneally. Although the curves are based only 
on C57BL results, no differences are evident from the 
limited results available for the other five strains. 

Our results show that the quantitative relationship 
between intracerebral dose and incubation period for 
inoculum prepared with minimum interference does not 
apply where boiled inoculum is used—the course of 
pathogenesis must be different in some way. Because 
this could also apply to treatments other than boiling, 
these results urge caution in the interpretation of data 
which seem to indicate partial or total loss of activity 
following chemical or physical abuse of the agent, where 
experiments were terminated after an arbitrary interval 
of 9 months or even less, chosen on the basis of the dose 
time curve for untreated agent. 

We suggest that the equality of incubation periods 
by the two routes for boiled inoculum may be due to 
the inability of boiled agent to replicate in the brain 
following intracerebral injection. The disease in this 
case would result from a primary multiplication. of 
agent in other parts of the body, starting with that part 
of the inoculum which reaches other tissues almost 
immediately after intracerebral injection??. This contrasts 
with the course when untreated inoculum is used, when 
early replication presumably takes place in the brain. 
The failure of agent in the boiled inoculum to replicate 
in the brain could be explained if the agent present 
in scrapie brain material has a heat-labile host component 
of some type which facilitates access to replication sites 
in brain cells. 

A. Q. DICKINSON 
ARC Animal Breeding Research Organization, 
Edinburgh. 
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Moredun Research Institute, 
Gilmerton, 
Edinburgh. 
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Attachment of Ascites Tumour Cells 
to Rat Diaphragm as seen by 
Scanning Electron Microscopy 


WE are investigating tumour cell invasion using scanning 
electron microscopy as part of a study of the differences 
in malignancy between related rat tumours'. Other 
workers, using optical and transmission electron micro- 
scopy, have demonstrated the exfoliation of mesothelial 
cells and their replacement by invading ascites tumour 
cells, which adhere firmly to the mesothelial basement 
membrane®~*. Scanning electron microscopy has recently 
shown differences in the surfaces and intercellular contacts 
between normal®-* and polyoma transformed’ (malignant) 
tissue culture cells but we are unaware of any comparable 
studies of the behaviour of tumour cells in vivo. 
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We have chosen to study the attachment of tumour 
cells to the diaphragms of hooded rats. Diaphragms were 
removed from normal rats and from rats carrying ascites 
tumour eells (WBP1) (ref. 1). Pieces were mounted on 
clamp stubs, peritoneum side upward, and either left 
unwashed or gently washed with physiological saline 
before fixation (10 per cent formol saline, pH 7-0; 2-5-3 h), 
dehydration with acetone and vacuum coating with gold- 
palladium. Suspensions of normal peritoneal cells and of 
ascites cells were fixed in formol saline, dehydrated and 
pipetted on coverslips and then mounted on specimen stubs 
before coating with gold-palladium. All specimens were 
examined in a ‘Stereoscan’ electron microscope, Model 
WIA (Cambridge Scientific Instruments), with a beam 
accelerating voltage of 20 kV. 

Ascites tumour cells were larger than polymorphonuclear 
cells and lymphocytes but smaller than macrophages. The 
surfaces of host cells were coarsely irregular with a few 
large protrusions (Fig. 1), and were similar to those of 
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mouse peritoneal cells’. By contrast, the tumour cells 
were more spherical with numerous small protrusions, 
folds and ridges (Figs. 2 and 4). 

The peritoneal surface of washed normal rat diaphragm 
showed parallel rows of muscle fibres, but the overlying 
mesothelial cells were rarely seen (Fig. 3). This is not 
surprising, for these cells are flattened (0-5-2-0 microns 
in thickness) with interdigitating cell membranes*. In 
contrast, unwashed normal rat diaphragm had many 
loosely attached peritoneal cells adhering to the surface, 
Only infrequently were cells attached to the substratum by 
cellular processes. 

The surface of washed diaphragm from rats bearing 
10-12 day tumour showed an increased cellularity 
(Fig. 4), the muscle fibres being less visible. Cells, 
identified as tumour cells by their absence from normal 
washed diaphragm and by their similarity to the ascites 
tumour cells, showed various degrees of flattening and 
attachment to the diaphragm. Conventional histology 














Fig. 1. 
Fig, 2, Scanning electron micrograph of a WBP1 rat tumour cell showing the surface covered by numerous small protrusions, folds and ridges 





Seanning electron micrograph of a normal rat peritoneal cell showing the irregular outline and large protrusions (x 14,500). 





{ x 13,500). 


Fig. 3. Scanning electron micrograph of the surface of normal washed rat diaphragm. 


Note the parallel muscle fibres and lack of attached cells 


( x 925). 


Fig. 4. 
previously. 


Scanning electron micrograph of the surface of washed rat diaphragm from an animal injected with WBP1 tumour cells 10-12 days 
Note the large number of attached tumour cells { x 1,120), 


NATURE, VOL. 222. MAY 31, 1969 





Scanning electron micrograph of two WBP1 tumour cells 
showing their attachment a oe gla phragm by flattened processes 
x 7,200). 


Fig. 5. 


of adjacent. tissue showed the mesothelium and underlying 
musculature to be heavily invaded. Many cells were 
rounded and were attached to the substratum by finely 
subdivided, flattened membranes (Fig. 5), similar to the 
ruffled membranes described from tissue ealtures**. In 
places, the surface was covered by a sheet of discrete 
flattened tumour cells which did not adhere closely to 
each other (as did mesothelial cells). Thus tumour cells 
were more sticky in relation to heterologous cells than 
normal cells, but were less adhesive to each other (see 
ref. 9). On unwashed tumour diaphragm, the surface was 
frequently obscured by a dense matrix of extracellular 
material, not present on normal diaphragms. This may 
be similar to the extracellular material observed pre- 
viously? 

This technique is being developed to attempt quantita- 
tive assessment of the relative invasiveness of different 
tumours. 

We thank the Birmingham Council of the British 
Empire Cancer Campaign for Research for a grant and 
the Centre for Materials Science, University of Birming- 
ham, for scanning electron microscope facilities. We 
also thank Mrs Penny Hyland for instruction in the use 
of the mieroscope and Miss Susan Christie for technical 
assistance. 
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Rhabdomeric Ocellus in a Chiton 

Tr has long been known that eertain chitons (Mollusca, 
Polyplacophora) possess eyes or ocellit. These ocelli 
occupy a unique position, being set dorsally in the outer- 
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most layer of the shell. No eyes from the soft parts of 
adult animals have yet been deseribed?. Light microscope 
investigations distinguished several types of organelles 
within the shell. These are basically the aesthete’, the 
intrapigmental ocellus*, and the extrapigmental! ocellus!*. 
All chitons yet examined secm to possess one or more of 
these types. Several chitons have been shown to respond 
to light stimuli®* and it is assumed that these shell 
organelles function as light receptors®7%, Electron 
microscopy of the aesthetes of several American species! 
has failed to reveal any structures recognizable as typical 
of photoreceptors. 

Onithochiton neglectus Rochbrune, 1881, a common New 
Zealand chiton, possesses ocelli (extrapigmental type) 
in large numbers on the dorsal shell layer. Light micro- 
scopy of decalcified sections'? showed these ocelli to be 
similar in structure to those previously described’. The 
ocellus lies completely filling a cup-shaped lacuna (some 
45 microns to 70 microns deep) in the outer shell layer (the 
tegmentum). The lens is variable in shape, usually slightly 
bi-convex or occasionally plano-convex with the convex 
side internal. A cup of retinal cells encloses a “vitreous 
area” beneath the lens. This area sometimes appears 
radially arranged**. The retina gives rise to fibres which 
pass into a canal running along the interface between the 
tegmentum and articulamentum (lower shell layer). In 
specific areas, these canals penetrate the articulamentum, 
the contained fibres penetrating the dorsal epithelium, 
eventually to enter the pallial nerve cords. 

Fragments of the tegmentum of Onithochiton neglectus 
containing ocelli were prepared for electron microscopy. 
The material was fixed for 1 h at room temperature in 
6 per cent glutaraldehyde in phosphate buffer at pH 7-5. 
It wes then decalcified in child 5 per cent EDTA in 





a, Section of the peduncle showing bundles of axons; b, portion 
of the rhabdome: the central axis is shown on the right. 
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phosphate buffer, kept at room temperature for 1 h in 
l per cent osmic acid in phosphate buffer, and finally it was 
dehydrated in ethanol and embedded in ‘Epon’. Sections 
stained with lead citrate and uranyl acetate were examined 
with an Associated Electrical Industries EM 6B electron 
microscope. 

The lens of the ocellus appears structureless. The 
retina cells give rise to a well organized array of microvilli, 
a rhabdome, which fills the area previously described as 
the “vitreous arca”, The microvilli lie chiefly parallel to 
the shell surface and closely against the lower surface of 
the lens. At the periphery, a layer of true vitreous area 
may intrude between the lens and microvilli, and this 
layer may also be present as an incomplete central core. 
The rhabdome is polarized about a central axis (Fig. 1a), 
though at its proximal end (deep) the orientation of 
the microvilli may be disorganized. It is provisionally 
assumed that it is the retina cells which each give rise to 
an axon, There are other cell types associated with the 
retina, those at the periphery frequently containing large 
lamellar whorls. The stalk or peduncle of the ocellus 
contains approximately 90 to 110 axons (Fig. 1b), grouped 
in one or several bundles which pass into the canal. 
Aesthetes have been observed to branch off the peduncle, 
confirming light microscope observations®:!2, Cilia (9+ 2 
pattern) are present at the periphery of the rhabdome, 
and are associated with the lamellar whorls. 

The ocelli of Onithochiton neglectus are arranged in a 
pattern on each shell valve. A drawing of the arrange- 
ment in a representative selection of valves from one 
animal is shown in Fig. 2. Counts of the ocelli in ten 
animals of varying size ranged between 411 and 1,472 per 
animal, and indicated that. the total number is related to 
the size of the animal. Of the total, approximately a 
quarter are concentrated in radial lines on the head valve. 
In directional light gradients this species normally 
responds negatively, but the response is sluggish and ill- 
defined when compared with other chiton species! 
Possibly the animal would respond to more refined light 
stimuli. 

The discovery of photoreceptive elements within the 
ocelli of chitons is significant in two respects. First, their 
position, embedded in the outer shell layer of the animals, 
is unique among molluscs and means that the soft parts 
are not jeopardized when the photoreceptors are exposed. 
Second, no other specialized photoreceptors are described 





VIH 


Fig. 2. Distribution of ocelli on shell valves I, IV and VIIE of an 


Ontthochiton neglectus, 
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from such simple molluses, the Amphineura (Poly- 
placophora and Aplacophora)?, or the Monoplacophora. 
So far, few chiton genera are known to possess ocelli, and 
the association of these with other types of shell organelle 
opens an interesting line of investigation on the evolution 
of such photoreceptors within the group. Study of the 
fine structure and function of the ocellus and aesthetes in 
this and other chiton species is continuing. 

I would like to thank Professor J. E. Morton for his 
advice during the early part of this work, and Dr $S. J. 
Bullivant for the fixation and embedding of the material 
for electron microscopy. I would also like to thank Dr 
G. A. Horridge for making available the facilities of his 
laboratory, and Dr M. S. Laverack for his helpful en- 
couragement. I was supported by the Science Research 
Council and in New Zealand I held a Commonwealth 
Scholarship. 
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Sex Chromatin Survey of Women 
in a Special Psychiatric Hospital 


AN increasing interest in a possible association of abnormal 
behaviour with sex chromosome aberrations has led to a 
series of studies! on special populations. There tends to 
be little or no intellectual impairment in females with 
single or triple X-chromosomes. These aberrant chromo- 
somal states, however, may be associated with social 
incompetence, emotional instability and even psychosis?~5, 

We have examined the female patients in Broadmoor 
Hospital for evidence of sex chromosome abnormalities. 
This hospital admits mentally ill patients, from England 
and Wales, who tend to be of average intelligence and are 
judged to require special security arrangements. They 
often have a long history of unstable behaviour, and have 
commonly committed grave offences. 

The total female patient population at the time of the 
survey was 115. Of these, 109 agreed to a buccal smear 
being taken for examination. The mean age of the 109 
patients was 43 yr, with a range of 17 to 82 yr. Eighty-six 
per cent were considered to have had mental illness for 
more than l yr before admission to Broadmoor Hospital, 
the usual diagnostic categories being schizophrenia, per- 
sonality disorder or affective disorder. The immediate 
reasons for admission of the patients to the hospital are 
summarized in Table 1. ‘Three-quarters of them had been 
there for longer than 2 yr, and half for more than 5 yr. 
The mean IQ of fifty-seven patients who had undergone 
psychological assessment, on the Wechsler Adult Intel- 
ligence Scale, was 95. These fifty-seven patients, consist- 
ing of admissions to the hospital since 1962, were repre- 
sentative of the total sample. 

Buccal smears, from the 109 patients, were stained with 
lactic acetic orcein, using a modification of the method 
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Table 1. IMMEDIATE REASONS FOR ADMISSION OF 109 FEMALE PATIENTS 
TO BROADMOOR HOSPITAL 

No, of 

Reasons patients 
Murder, manslaughter or infanticide 48 
Attempted murder, wounding or poisoning 24 
Aggressive or threatening behaviour 16 
Arson or other damage to property 13 
Theft or fraudulent. behaviour 7 
Child-stealing 1 
Total 109 


of Sanderson and Stewart’. In every case, only single sex 
ehromatin bodies were detected in significant mumbers, 
which presumably indicates that none of the patients had 
single or more than two X-chromosomes. These findings 
may be compared with figures of numerical sex chromatin 
abnormality of rather less than 1/1,000 in newborn 
females’, of rather more than 2/1,000 among females in 
British general psychiatric hospitals'®, and of about 
4-5/1,000 among females in British hospitals for the 
mentally subnormal’. 
One of us (J.M.B.) thanks the Medical Research 

Council for a grant. 
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Gene Similarity of the Triticinae 
and the Study of Segmental 
Interchanges 


Four different manifestations of the concept of genetic 
similarity have been demonstrated in the sub-tribe 
Triticinae. Two of these are at the chromosome level and 
two are at the gene level. Sears! demonstrated that each 
chromosome of hexaploid Triticum has two genetically 
related chromosomes which are undoubtedly of common 
origin. These related chromosomes or homoeologues can 
replace one another without causing serious genetic 
imbalance. This homoeology extends beyond Triticum to 
the genera Secale*, Agropyron? and Aegilops*. Cytological 
similarity of chromosomes was established by Riley and 
Chapman? when they demonstrated that particular non- 
homologous chromosomes of Triticum and of Triticum and 
Aegilops have the potential to pair or synapse with one 
another. Similarity at the phenotypic level of gene 
expression was examined in. detail by Sears® in his study 
of Neatby’s virescent gene. He showed that there exist 
three genes affecting chlorophyll production in a similar 
manner. The three genes are carried on the three chromo- 
somes of homoeologous group 3. We have demon- 
strated similarity at the level of enzymatic gene- 
products? and the existence of isoenzymatic proteins 
which are capable of hybridization. These proteins are 
produced by a particular rye chromosome, its wheat 
homoeologue of the A genome and apparently the homo- 
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eologues of the other two wheat genomes. Recent 
evidence, which will be published in detail later, supports 
the involvement of the homoeologues of the B and D 
genomes. These four patterns of similarity are compatible 
with one another. 

Isozymatie similarity? was studied in certain fast-mov- 
ing iso-esterases controlled by chromosomes 3A and appar- 
ently 3B and 3D of Triticum and 3R (formerly G) of 
Secale. This rye chromosome also bears a gene, Sr, for 
resistance to wheat stem rust®. Lines involving trans- 
ocation of the Sr gene to wheat chromosomes have been 
isolated by Acosta*. Dr Acosta generously supplied seed 
of three of these translocations, designated T-229, T-596 
and T-238-5. We have determined the esterase isoenzymes 
present in each line. Each is homozygous for the trans- 
located resistance in the genetic background of the wheat 
variety Chinese Spring. Other materials used for com- 
parative purposes were Chinese Spring wheat, the rye 
variety Imperial, the Chinese Spring—Imperial allo- 
octoploid Triticale, and the wheat-rye hybrid nullisomic 
for chromosome 3A derived by hybridization of Chinese 
Spring monosomie 3A x Imperial rye. 

Plants were confirmed as being resistant to wheat stem 
rust by conventional inoculation methods. Young leaf 
sheaths or young endosperms were used as sources of 
enzyme. Zymograms were prepared after vertical starch 
gol electrophoresis, by staining for esterase activity with 
either «- or §-naphthylacetate. Details of these methods 
have been previously published’. 

We have already shown’ that Chinese Spring wheat 
possesses three fast-moving bands, which we numbered 
3, 4 and 5 whereas Imperial rye possesses one relatively 
slower band, No. 1. Triticale has five bands which include 
the four parental bands and a band of hybrid origin 
located between bands | and 3 and numbered 2. By the 
use of telocentries, we have also shown that (i) the gene 
or genes responsible for the production of band 1 and the 
stem rust resistance gene are on the same chromosome 
arm of chromosome 3R; and (ii) that band 3 is produced 
by a gene on the left arm of chromosome 3A of wheat. 
Removal of this arm leads to the loss of both bands 3 and 4. 
All the patterns of these esterase isozymes are inter- 
pretable on the basis that the active enzymes are dimers 
consisting of combinations of the following protomers: 
« (produced by 3A), 8 (3B), 8 (3D) and pọ (3R) (Table 1). 

We shall designate the genes coding for the protomers 
as Est,, Esty, Esty, and Est, the corresponding protomer 
being given the corresponding Greek letter. If further 
esterases are located on different homoeologous chromo- 
somes, this convention can easily be expanded to give 
an unambiguous symbolism, for example, Est, would 
become Est,;, showing that we are referring to a gene 
located on chromosome 3A and producing an esterase 
protomer. 

The translocation lines T-229 and T-596 each possess a 
pattern identical to nulli 3A x rye (Table 1), that is, in 
these two stocks the protomer p is present but « is absent. 
Thus the exchange in these two translocations has involved 
the homoeologous chromosomes, 3A and 3R. Assuming 
for the moment that the Sr and Hst, genes are distinct, 
these results are explicable if we assume either (i) the 
breakage points are proximal to the genes concerned on 











Table 1, ESTERASE ISOENZYMES PRESENT (+) OR 


VARIOUS GENETIC LINES 





ABSENT (~) IN 





Band number 1 2 a 4 5 
Dimeric aa ; pp 
constitution oo ag Bo ap Od 
of esterase o að BS 
Wheat ~ - + + + 
Rye + ae at ss = 
Wheat + 3R. + + + + + 
Nulli 3A - - - ~ + 
i + = + _ + 

+ - + - + 

} = + - + 

- - + + + 


The assumed dimeric constitution is given as part of heading to table. 
Wheat +3R is wheat plus the 3R chromosome. Nuli 3A +3R is the appro- 
priate endosperm from the cross monosomic 3A x rye. 
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Fig. 1, Two possible arrangements of breakage points in the origin of 

wheat-rye translocation T-2290. The order of Sr, Estr is arbitrary. If 

translocation T-238-5 in which the two loci have been separated proves 

to have a centromere derived from wheat, the order depicted in the 

figure will be correct. If T-238-5 has a rye centromere. Esir will be 
distal to Sr. 


both the wheat and rye chromosomes, in which case the 
centromere region of the translocation chromosome will 
be derived from the 3A chromosome of wheat or (ii) both 
breaks are in the opposite arms from the gene concerned, 
in which ease the translocation chromosome will have a 
centromere derived from rye. Fig. 1 illustrates these two 
possibilities. Cytological studies with appropriate telo- 
centric chromosomes will be necessary to distinguish 
between them. Both, however, involve exchange of 
homoeologous segments. Because T-229 is genetically 
well balanced and has been released as a stock for breeding 
purposes, we have assumed in this case that the breakage 
points are at nearly corresponding loci on the two homoeo- 
logues. T-596 is also phenotypically normal (private 
communication from C. A. Acosta) which again suggests 
exchange of homoeologous segments. 

‘T-238-5 possesses a pattern identical to Chinese Spring. 
This proves the validity of our assumption, that the Sr and 
the Esty genes of chromosome 3R are not identical. Which 
of these two gones is distal cannot be determined from 
this observation because we do not know whether the 
translocation chromosome possesses the wheat or rye 
centromere. Because T-238-5 differs phenotypically 
(private communication, ©. A. Acosta) from normal, it 
may represent a non-homoeologous exchange, although an 
exchange within group 3 cannot be excluded. 
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Fossil Camels in Kenya and Tanzania 


Two large fossil teeth similar to those of ruminants* but 
clearly neither bovid nor giraffid have been found in the 
collections of the Centre for Prehistory and Palaeontology, 
Nairobi. One is a damaged right upper molar (1955.257) 
from site BK near the top of bed IL at Olduvai Gorge, 
and the other a left lower molar from the Marsabit Road 
site in northern Kenya at 2° 30’ N, 37° 27 E. They have 
been identified as camelid, and thus extend the former 
range of this family still farther south from Omo. 

The teeth are not giraffid because the central cavity of 
each lobe is closed from the exterior, the enamel is not 
rugose, and they are too hypsodont. The large bovine 
Pelorovis oldowayensis Reck occurs at BK IT, but its 
molars have basal pillars between the front and rear lobes, 
and there are convexly bowed walls between the styles 
on the upper molars and on the medial walls of the lower 
molars. Tragelaphine teeth, especially those of the large 
cland (Taurotragus oryx (Pallas}), are more similar, but 
the upper molars have more prominent styles and a con- 
vex wall between the styles; the lower molars have less 
flat medial walls and differently shaped lateral lobes. Fossil 
tragelaphine teeth slightly larger than those of the eland 
are known from the same site at Olduvai, and are illus- 
trated alongside the camelid fossil teeth (Fig. 1). 





Fig. 1. Top row from the left: Tragelaphini right molar from Olduvai, 
BK I 695; camel left lower molar from Omo, locality 1-111: camel 


left lower molar in matrix from Marsabit Road. Bottom row from the 
left: Tragelaphini right upper molar from Olduvai, 1983, BK I 157; 
camel right upper molar from Olduvai, 1955, BK I 257, 


Despite the morpholegical identity between these 
teeth and those of the living Camelus dromedarius Lin- 
naeus, it is possible that they belong to C. thomasi 
Pomel’. The upper molar from Olduvai would have had 
an occlusal length of about 37 mm, and its ocelusal 
breadth is 29 mm; the corresponding dimensions for the 
Marsabit Road tooth are 40 mm and 20 mm. 
The Olduvai upper bed II is believed to be of the middle 
of the Pleistocene; elephant teeth from Marsabit Road 
were identified by Dr H. B. S. Cooke as from a relatively 
unadvanced Elephas recki Dietrich which would give an 
age for the site well before upper bed TI of Olduvai and 
perhaps equivalent to about the top of the Omo sequence. 
This estimate is supported by the occurrence at Marsabit 
Road of the characteristic Omo pig Pronotochoerus jacksoni 
Leakey?. 
A. W. GENTRY 
A. GENTRY 

Centre for Prehistory 

and Palaeontology. 

Nairobi, Kenya. 
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* Ruminant is here used in the sense of a cud-chewing artiodactyl, Simpson 
(1945) classified only pecorans and traguloids as Ruminantia, excluding the 
camelids (Tylopoda) from that group on the basis of an early phylogenetic 
divergence, 
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Book Reviews © 


EXPLOITING WATER RESOURCES 


The Range and Choice In Water Management 

A Study of Dissolved Oxygen in the Potomac Estuary. 
By Robert K. Davis. Pp. xvui1+196. (Johns Hopkins 
Press: Baltimore, Md.; Oxford University Press: London, 
March 1969. Publshed for Resources for the Future.) 
668 6d. 


DETERMINATION of the optimum strategy for the develop- 
ment and protection of water resources involves problems 
that are common. to the planning of many otber types of 
large public utility. Because of continually changing 
social attitudes and the frequent but often unpredictable 
occurrence of technological mnovations, the exercise must 
inevitably mvolve an element of crystal gazmg and 
must rely to a degree on mtuitive judgment. Neverthe- 
less, the techniques for reducing to a minimum the 
unquantaflable element m the decisions which have to be 
made, so as to select the best from a frequently bewildering 
variety of options, are being steadily umproved. Now- 
adays, the preferred approach consists in simulating the 
real system ın terms of a mathematical model, ın checking 
its validity by reference to existing data, and then in 
using it to predict the response of the real system to any 
new measures that may be of mterest. The costs of such 
measures can then be estimated and compared against 
the benefits that are expected to accrue. A central source 
of difficulty, however, is to decide how far to try to 
encompass the interactions of proposed new developments 
in the special field under consideration with other domestic 
and industrial activities—how far to move in the direction 
of “total planning’. Also a particularly intriguing 
problem, especially m the field of water resource develop- 
ment and pollution control, is that of deciding whether 
it is possible to make realistic assessments of the financial 
value of any improved recreational amenities that would 
result from schemes under consideration, for inclusion in 
the cost-benefit analyses used to aid their selection. 

This book gives an account of the modern approach to 
such problems against the background of the specific task 
of planning the development of water resources in the 
Potomac Basin in the United States and of a system of 
pollution control for the Potomac Estuary. The author 
stresses that, ın the past, planning decisions have been 
much less effective than need have been the case because, 
for various reasons, mcluding political constraints, the 
full range of options was never considered; he wlustrates 
his argument by dissecting an earlier analysis of the 
situation in the Potomac by the US Corps of Engineers. 
He rightly lays emphasis on the importance in pollution 
control of assessing the tolerable risk of the condition of 
water falling below some desired figure, and then of 
determining the effectiveness of alternative options in 
terms of the costa of ensuring that the acceptable level of 
risk ıs just not exceeded. 
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The book seems to have been written primarily with 
the object of demonstrating the advantages of the author’s 
approach to those concerned with water resource develop- 
ment in the Umted States. To urge these advantages on 
British specialists in the field would ın a sense be “preach- 
ing to the converted” because a predictive mathematical 
model for the Thames Estuary comparable with but more 
complex than that described for the Potomac had been 
largely completed by the muid-fifties; moreover, an 
investigation begun over a year ago to develop an economic 
model for determing the best means of exploiting the 
water resources of the River Trent 1s probably more 
comprehensive in its scope than any other study that has 
yet been reported. Nevertheless, anyone technically 
mvolved in work in this broad field will be sure to' find 
something of interest ın both the main text and in the 
appendices which deal in detail with some of the techniques 
made use of by the author. A. L. Downryna 


PACIFIC CRUST AND MANTLE 


The Crust and Upper Mantle of the Pacific Area 
Edited by L. Knopoff, C. L. Drake and P. J. Hart. 
(International Upper Mantle Project: Scientific Report 
No. 15.) Pp. xi+552. (American Geophysical Union: 
Washington DC, 1968.) n.p. 


Ir is difficult to make a unified judgment on a collection of 
papers presented at a symposium and then published as 
a set. And yet so many books that appear now are of 
this form that somehow one has to decide whether they 
are of value as a whole or whether separate publication of 
individual papers would have been more advisable. 
This volume, after skumming through the contents, I 
decided to put on my shelves for three weeks and see 
whether, as a practising geophysicist, I ever felt the need 
to consult it. To my pleasant surprise, I now find the 
covers slightly worn and something lke one third of the 
forty articles read in detail. It has proved an invaluable 
work of reference, and one which I expect to contimue 
using for a long time. I strongly recommend it. 

The words "Sp acific Area” in the title are a little mis- 
leading: work ın India is reported in three papers; 4 
further substantial paper is devoted to long geophysical 
profiles across the continental United States. On the 
other hand, there is very little about the parts of the 
Pacific far from land and in particular about the East 
Pacific Rise. A large portion of the book, however, 18 
devoted to the nature of the boundaries between the 
Pacific and surrounding continents, and of particular note 
are the extensive Russian papers on the transition between 
the Asian continent and the Pacrfic Ocean. The amount 
of information contained in these papers is formidable, 
and this is generally true of the book—very well docu- 
mented and posrtively teeming with diagrams. 

Most of the papers were written in 1966 (in view of the 
high quality of presentation a delay of two years m produc- 
tion seems not unreasonable). Since then our understand- 
ing of the Pacific Ocean, and particularly of the fringing 
features, has grown substantially with the ‘‘plate tec- 
tonics’ theory so widely accepted in the past year. This 
does not seem to me to detract from the value of the book 
at all. Such an extensive collection of valuable informa- 
tion is perfectly capable of standing by itself and, indeed, 
the lack of committedness to a unifying theory is in some 
ways positively valuable. Needless to say, Professor 
Beloussov weighs in with his anti-continental drift piece. 
Many other authors contribute from a non-committed 
standpomt. The whole is a worthy collection—one which 
students could with profit read in its entirety to learn 
what geophysics is about ın all its aspects before choosing 
a particular field of research. D. Davins 
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ORIGIN AND SHAPE 


The Surface of the Earth 

By Arthur L. Bloom. (Foundations of Earth Science 
Series.) Pp. viw+152. (Prentice-Hall: Englewood 
Chffs, New Jersey and London, 1969.) 25s. 


Tms well illustrated book 1s one of the “Foundations of 
Earth Science Series”, a closely integrated sequence of 
ten introductory texts on the natural environment. The 
am 1s to provide brief, readable, up to date summaries of 
all aspects of earth science. Arthur Bloom, in The Surface 
of the Harth, amply fulfils this objective. He takes a 
scientific approach and, without ever becoming excessively 
mathematical or pedantic, provides a stumulating general 
outhne, with occasional intimate detail and frequent 
reference to new concepts. He has been admurably 
helped by his publishers as the print, design and diagrams 
are pleasing and the price seems very reasonable. 

The contents discuss in successive chapters the 
available energy supply, and the various processes that act 
on rocks at the Earth’s surface; the movement of debris 
downslope, especially in water channels; the sequential 
evolution of a landscape as the degradation proceeds; the 
geomorphic changes at coastlines; and the work of 
glaciers ın modifying exsting landforms and creating 
new. 

In spite of the width of the subject and economy of 
space, the author often adds interesting details, and it is 
good to see in an introductory book lucid discussions of 
topics such as pressure-release in rocks, sonl classification, 
stream velocity, and pediments. The text is commendably 
lively and faultless, and “principle”? for “principal” 
(page 46) underlines the demrably analytical method. 
The beginner can have few excuses for misunderstanding 
and will find many enticing avenues open to him. 

The seasoned geomorphologist will find much to praise 
and little to carp at. Suggestions mevitably arise. The 
account of the movement of ground water ın arid areas 
stresses the effect of surface evaporation and capillarity 
whereas the upward movement must be due entirely or 
largely to pressure head in the aquifer. The long and 
interesting discussions of grade and on the downstream 
increase in the mean velocity of rivers are based on modern 
findings, but it ıs doubtful whether beginners will be able 
to grasp fully therr geomorphic application. The introduc- 
tion into a scientific treatise of Daviman ideas on “‘youth- 
ful” and “mature”? valleys or rivers seems rather an 
unnecessary and feeble complication, particularly when the 
author admits that “we evaluate the stage of sequential 
evolution of individual valleys independent of the stage 
of evolution of the regional landscape”. Similarly, the 
omission in the long profile of a glacier bed of overdeepen- 
ings, especially in the cirque, seems a quite unnecessary 
simplification. R. P. BEOKINSALE 


ANOMALOUS ABUNDANCE 


The Structure and Properties of Water 

By D. Eisenberg and W. Kauzmann. Pp. xii+ 296. 
(Clarendon Press: Oxford; Oxford University Press: 
London, March 1969.) 658. 


ALTHOUGH water is the most abundant compound on 
the surface of the Earth and the principal constituent of 
all hving organisms, many of rts physical properties are 
anomalous and some unique. It is generally agreed that 
its unusual behaviour arises from structural or configura- 
tional effects which result from the formation of hydrogen 
bonds between adjacent water molecules; however, 
agreement ends there, for estimates of the degree of 
hydrogen bondmg and its temperature and pressure 
dependence range widely. In spite of considerable research 
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in this field during the past decade, progress ın solving the 
puzzle of the structure of water has been slow. 

In their book, the authors have summanzed most of the 
experimental and theoretical work which is relevant 
to the problem of elucidating the structure of water and 
have reviewed and assessed the progress that has been 
made. The opening chapter ıs devoted to a description 
of the isolated water molecule based, first, on what 1s 
deduced from experiment and, second, on what 1s pre- 
dicted by the application of the electronic theory of 
chemical valence. This is followed by a summary of the 
thermodynamic properties of steam and a discussion of 
these properties in terms of interactions between the water 
molecules. The structure of ice and its various polymorphs 
is presented in detail, together with an outline of their 
thermodynamic, electrical and spectroscopic properties. 
A brief discussion of the role of hydrogen bonding in 
determining the structure of 1ce concludes this section. 
The remammg and most mportant half of the book 1s 
concerned with the properties of liquid water and the 
various models that have been proposed to represent its 
structure. No attempt has.been made to discuss all the 
physical properties; only those which are known to be 
strongly structure dependent have been considered. 
Detailed attention 1s given to infrared and Raman spectra 
because these measurements provide direct evidence 
of the structure of water. Surprisingly, the authors have 
chosen to omit any discussion of the properties of aqueous 
solutions although such studies provide much valuable 
information on molecular interactions m liquids. 

The book will be of great value to all scientists interested 
in water and sufficient basic physical chemistry has been 
included in the text to make ıt comprehensible to those 
who have studied chemistry or physics to first degree level. 
A noteworthy feature of the excellent presentation 1s the 
provision of a number of large tables which are printed on 
folded sheets to facilitate comparison of various measured 
or predicted properties. The text is supplemented by an 
addendum which, in the maim, describes and lists papers 
which were published too late for the results to be mcer- 
porated m the mam work. The usefulness of the book 
is augmented by a bibliography which lists more than 
four hundred references and the compilation of a compre- 
hensive author and subject index. K. E. BETT 

A. Harrow 


MATTER WITHOUT TEARS 


Chemlstry 

A Study of Matter. By Alfred B. Garrett, W. T. Lippin- 
cott and Frank Henry Verhoek. Pp. vm+722. (Blais- 
dell (Ginn): Waltham, Mass., and London, December 
1968.) $11.78. 


Ta first impressions created of this book are good. First 
class production and good layout make it easy to read 
although it is rather heavy. Useful summaries are pro- 
vided with each chapter and additional material is pre- 
sented in bold type as “super” footnotes without mter- 
rupting the narrative. Questions are open-ended and will 
prompt reference to other books. The quotations with each 
chapter add interest, pm-pomting the debt we owe to the 
great scientists of the past. Fortunately, translations are 
provided for passages from Mendeleev, van der Waals 
and others. 

A detailed reading of the book does not always live up 
to expectations. Many misconceptions are perpetuated; 
for example, the implication that the dipole moments of 
hydrogen halides are due to the polarity of the bond. No 
indication is given of the nature of the parent species for 
the weak base properties of ammonia solutions. Most 
inorganic chemists will disagree that BF, is electron 
deficient and carbonyls are x-complexes. Many diagrams 
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are good, but the illustration of the preparation of a 
molar solution (page 276) 1s a demonstrator’s nightmare. 
Misprinte are rare (KeF', and CaCl for CsCl), but the use of 
symbols hke Cat? and ,,Clss-4s3 is unconventional. The 
attempt to follow “official”? nomenclature 1s commendable 
but the authors stand firm in their use of oxidation poten- 
tials rather than the more favoured IUPAC system. Use 
of “mam” and “transition” groups or 8, p and d blocks 
would avoid the confusion caused by labelling transition 
metals as “B” groups. 

While elements are considered as members of families, 
little effort ıs made to explam trends ın modern terms with- 
ım the chapters on elements. An explanation of the 
oxidizing powers of MY in the order Bi> N>Sb>As>P 
would be interesting and instructive. The stability of 
PbU caused by the tightness of binding of the s electrons 18 
hardly conastent with low ionization and promotion 
energies. Most of these chapters have a decidedly old- 
fashioned look about them except for the inclusion of 
ligand field theory and the magnetic and spectroscopic 
properties of the transition elements. 

Organic chemistry 18 described as a “‘complex blend of a 
systematic organization of mformation, a vast body of 
facts and an emerging and exciting theory”. Most 
teachers will accept the treatment according to functional 
groups and reaction types but a vast body of facts still 
predonunates and 100 pages of organic chemistry pass 
before a serious look at the theory is taken. The descrip- 
tions of polymers and natural products are good (and 
interesting), however, and the final chapter on the chemis- 
try of lrvmg cells will be the highlight of the book for 
many. 

Bonding and molecular structure are well handled as 
are energy and the states of matter, particularly the sold 
state. There is an excellent, pamless mtroduction to 
chemical thermodynamics and a lucid discussion of 
reaction kinetics. The source and application of mfrared 
spectra are also well treated. 

The book could be read by most A-level students and by 
first year undergraduates. It will be useful to teachers in 
view of the recent additions to the A-level syllabus. It 
does not fit naturally with any British course, but, with the 
assumption of no previous knowledge, 1t will be useful for 
late-starters m chemistry. E. SHERWIN 


ANOTHER LOOK ROUND 


Current Developments tn Physics 
Edited by Richard Sullivan. Pp. vii+ 104. 
versity Press: Bath, 1968.) n.p. 


(Bath Uni- 


TEIs volume covers the substance of twelve lectures 
delivered in the University of Bath ın the autumn of 1966. 
It is well produced (although the first diagram appears to 
contain an error), and covers a course origimally intended 
for people teaching physics in schools and technical 
colleges. The course has clearly been an interesting and 
stimulating one, but by ıts very nature wide ranging, and 
it 18 not clear that there 1s any particular reason, at a time 
when courses of this sort are becommg by no means 
uncommon, for proceeding to the stage of publication. 
The result is uneven: two or three articles are from the 
pens of those who never write, even briefly, without being 
thought-provoking. Others are no more than summaries 
of something that must have been far more worthwhile, but 
from which only what is generally familiar remains or, 
alternatively, something intelhgible to the expert alone. 
The book will certainly be of value for reference to those 
who attended the course, but their position is very 
different from that of the general reader: it ıs hard to 
envisage the circumstances under which the latter ought 
to be encouraged to do his reading from such a collection. 
JOHN WILSON 
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RULES FOR BREAKAGE 
Fracture. 


An Advanced Treatise. Vol. 2: Mathematical Funda- 
mentals. Edited by H. Liebowitz. Pp. xvi+ 759. 
(Academic Press: New York and London, January 1969.) 
326s 8d. 


Tms volume, the second ın a set of seven, comprising an 
advanced treatise (under the editorship of Harold Lie- 
bowitz) on brittle and other types of fracture, is concerned 
with the mathematical fundamentals of the subject. 
It is ın seven chapters by eight authors all ving in the 
United States and actively engaged in research m this 
field. The result 1s an impressive and authoritative 
account of the subject. 

In the first chapter, J. N. Goodier discussed a series of 
mathematical models for the equilibrium crack including 
one by the author and M. Kanninen which incorporates 
the essential non-linearity of the physical field at the tip 
of the crack. i 

In chapter two, G. C. Shih and Liebowitz discuss the 
theories of brittle fracture based on two types of oriterion 
—those of local-stress and energy. They give a detailed 
account of the calculation of the strain energy, and its 
consequences for the fracture criteria, for systems of cracks 
ın two and three dimensions with various geometric 
features and types of loading. 

The third chapter, ‘Mathematical Analysis in the 
Mechanics of Fracture” by J. R. Rice, suffers from having 
a title which suggests a wider range of topics than 1t actu- 
ally contains. It is, however, a valuable account of the 
basic background material from the theory of elasticity 
and of plasticity and of the relevant mathematical tech- 
niques. It also presents a number of original results based 
on energy comparisons and the corresponding path- 
independent energy lme mtegral with the development of 
which Rice has been so closely associated. l 

Chapter four ıs an account of the theory of the initial 
yielding of isotropic and anisotropic ductile metals in 
terms of the macroscopic stress states. The relevant 
experimental results are reviewed ın some detail and 
there is a good appendix on the topics from stress analysis 
the understanding of which 1s essential for the study of 
this part of the subject. 

In the first part of chapter five, F. Erdogan reviews the 
contmuum theories of crack propagation and, in the second, 
discusses theories of the spreading of fatigue cracks in plates. 

In chapter six, A. M. Freundenthal discusses the statis- 
tical approach to brittle fracture which grew out of the 
lack of reproducibility of brittle fracture and its relation 
to the distribution of defects and stress ın specimens. 

The final chapter, by A. C. Ermgen, is devoted to an 
account of the recent theory of micropolar elasticity as 
developed in recent years by the author and his co-workers. 
The investigation of crack problems within the framework 
of this theory 1s still ın 1te early stages, but for that very 
reason it is valuable for workers in the field of fracture 
mechanics to have a self-contained clear account of the 
basic theory. 

In a work of this type 1t 1s natural that there should be a 
certain amount of overlap. What 1s surprising is to find 
that a high level of exposition is mamtained throughout. 
The references do not always contain all the papers which 
perhaps they should, but this 1s a small price to pay for a 
book that will prove imvaluable to a student taking his 
first steps in the subject and stimulating even to those 
who have been engaged in research ın rt for many years. 
A novel feature is that towards the end of each chapter 
there ıs a section entitled ‘“Recommended Research” 
which identifies the technical problems and the relevant 
research areas in which effort is required to close the gaps 
in our understanding of the subject. The total result is 
a handsome volume which should be possessed by every- 
one working on the theory of brittle fracture. 

Ian N. SNEDDON 
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TON-UP EQUIPMENT 


High Pressure Methods In Solid State Research 
By C. C. Bradley. Pp. vii+ 176. (Butterworths: London, 
December 1968.) 60s. 


ALTHOUGH the first qualitative measurements of the 
effects of high pressure on materials go back as far as the 
eighteenth century, the major developments in pressure 
technology have occurred mainly during the past few 
decades. P. W. Bridgman invented techniques for the 
containment of hydrostatic pressures approaching 50 
knlobars and quasihydrostatic pressures of more than 
100 kilobars, and showed that the measurement of resistivi- 
ties and compressibilities of materials under these condi- 
tions gave important information for the understanding 
of the nature of material at zero pressure. This stimulus 
led, in the fifties, to the remarkable expansion of the 
subject throughout Europe and the United States, until 
today the range of measurements under pressure is as wide 
as solid state physics iteelf. In his book, C. C. Bradley 
presents us with a survey of the advances in design of 
high pressure equipment that have occurred within this 
period. 

The author has concentrated on equipment that is 
readily manufactured in the average laboratory workshop. 
The production of multianvil devices is, however, probably 
too ambitious for the normal university technical service, 
while on the other hand, some simpler anisotropic stress 
equipment is completely omitted. This is unfortunate, 
because the lifting of the degeneracy of a band edge in 
cubic material by uniaxial stress, for example, can be of 
crucial importance in the discovery of the basic electronic 
band structure. 

The presentation is clear and attractive and the con- 
tents are up to date. The diagrams are well labelled, but 
more of them should include dimensions, a not unimpor- 
tant consideration for the use of a book of this kind. 
In general, however, this inadequacy is compensated by 
the accompanying discussion. Bradley’s book provides 
an excellent mtroduction to the techniques of high pres- 
sure experimentation for the newcomer to the field, yet 
undoubtedly it will exst as a convenient guide to the 
more experienced pressure worker. 

Navini CONNELL 


BRAIN CHEMISTRY 


Serotonin 

By Irvine H. Page. Pp. 143. (Year Book Medical 
Publishers: Chicago. Distributed in the UK by Wiley: 
Chichester, Sussex, February 1969.) 758. 


Invivs H. Paar, in collaboration with Rapport and Green, 
suggested the identification of serotonin with 5-hydroxy- 
tryptamine in 1948. Since then, an enormous volume of 
original work and a number of reviews and monographs 
have appeared. Page himself has written two major 
reviews. In writing this small book he has made no 
attempt to be comprehensive but to present a personal 
view of developments in this fleld over the past twenty 
years, which will indicate the “trends and highlights so 
that a newcomer will not be overwhelmed by the thousands 
of papers already extant”. 

The first chapter deals with the biochemistry of 5- 
hydroxytryptamine. The account of its synthesis and 
metabolism is marred for the newcomer by the lack of 
figures, but the section dealing with uptake by the tissues 
and release ıs more successful and a balanced picture is 
presented. There is also a clear and concise account of 
the effect of serotonin on carbohydrate metabolism in 
invertebrates. 

A short chapter of ten pages entitled “Physiological 
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Aspects” discusses briefly the action on the vascular 
system, on which the author has himself worked ex- 
tensively, on the gut and on temperature control. The 
account of the vascular actions 18, as would be expected, 
clearly presented and here the personal approach 18 
apparent, but scant justice is done to the very large body of 
work on the action of 5-hydroxytryptamine on smooth 
muscle and on temperature control. This chapter and 
the somewhat longer following chapter on the brain and 
its serotonin contain here and there sentences where 
excessive compression has resulted in statements which 
are inaccurate or incomprehensible. 

The two final chapters deal with the part played by 
serotonin in the action of psychotropic drugs and in various 
disease states. This is a field where speculation is rife 
and much work needs to be done to clear up conflicting 
evidence. It is useful to have the mass of literature 
briefly summarized. 

The 365 references cover adequately the more rmportant 
papers, and from the reviews cited, a reader should be 
able to find his way into the literature. The text contains 
far too many misprints and the index is poor. 

R. S. Stacny 


REVIEW AT THE DOUBLE 


The Structure and Function of Nervous Tissue 


Vol. 1: Structure 1. Edited by G. H. Bourne. Pp. 
xlv-+642. (Academic Press: New York and London, 
March 1969.) 261s 4d. 


Tms is yet another of those collections of mmi-reviews 
that seem to come in a never ending stream nowadays. 
“The first of a series to be published ın rapid succession”, 
the editor tells us in his preface. Speed is a dubious 
virtue and could well have been sacrificed in favour of a 
planned and coherent presentation (especially when the 
book costs so much). For one cannot escape the con- 
clusion that the editor has not really done his job. It 1s 
not just that the same topic 1s covered several times by 
different authors, but that the accounts differ; neuro- 
fibrils, neurofilaments and neurotubules, for example, 
mean different things to four different authors. In most 
of the chapters there is thus much redundant material, 
fillings lacking in authority, that the conscientious 
editor would have chopped and replaced with a cross- 
reference. 

In the first of the eleven papers, Hormdge deals with 
origins of the nervous system—physiology, pharmacology, 
coarse and fine structure. Horridge always stimulates 
but is often annoyingly cryptic. To be told that neurones 
are recognized in primitive animals because they look hke 
nerve cells, doesn’t really help. Also, phrases such as 
“the chemical stage of amplification” with reference to 
synaptic interaction will not endear him to the novice. He 
1g wrong when he says no particular inclusions are found 
only in neurones. Examples are: the spine apparatus of 
the cerebral cortex, lmked tubules in the axon hillock, 
and the membrane undercoating at initial segments and 
nodes of Ranvier. 

Langman describes histogenesis of the central nervous 
system. This is a useful light microscopic account, but 
it suffers because of the author’s lack of understanding of 
fine structure. Nowadays, light and electron microscopic 
observations are really inseparable. 

Lumsden’s chapter on nervous tissue in culture is the 
longest and least fortunate of the articles. Several of the 
figures have things wrong with them. For example, the 
double bar image in Fig. 16 is a deamosome not a synaptic 
contact; Fig. 32 has an obvious neurotubule labelled 
neurofilament; Fig. 24 is upside down, and so on. Lums- 
den has obviously had long experience of tissue culture 
with light microscopy but he seems regrettably out of his 
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depth with the electron microscope. Again, a little 
editing would have improved this article no end. 

Incidentally, although Lumsden suggests the contrary, 
Cavenagh has recently given good evidence for mitosis 
in astrocytes in vivo in adult mammals. And to subscribe 
to the view that the astrocyte forms the extracellular 
compartment in the brain (see later) 1s yet another 
example of Lumsden writing out of his depth. 

Peter’s article on the morphology of axons of the 
central nervous system is an authoritative and well 
presented account, although one has to turn to his and 
other more recent work for a clear description of the 
linked microtubules found ın axon hillocks. 

Lampert gives a brief but useful account of myelin 
changes ım the central nervous system, which 1s relevant 
to problems of demyelinating diseases. 

Ramén-Moliner’s chapter on the morphology of den- 
drites follows. It is a long and interesting account based 
on Golgi preparations. Comparative studies are restricted 
to vertebrates—a section, however brief, on comparison 
with invertebrate dendritic organization would have been 
most illuminating. There is now a considerable electron 
microscope literature on the synaptic organization of 
different sorts of dendrites, which this author should have 
used. Dendritic and synaptic organization are surely 
inseparable. 

Cole gives a rather limited account of retrograde 
degeneration in the central nervous system. Fine struc- 
ture is hardly dealt with and important questions, for 
example, the absence of chromatolysis following section 
of proximal stumps of dorsal root ganglia, are side- 
step A 

Glees and Meller review the morphology of neuroglia 
but omit the microglia and other important information, 
such as the use of tight junctions as criteria for recognizing 
gual processes. 

Elfvin follows with a useful account of the fine structure 
of nerve fibres, mostly authoritative, but he still thinks 
that the inside of the Schwann cell might represent the 
“sodium space” outside the axon. Bare axons are well 
known in the peripheral nervous system and occur in 
enormous numbers in the central nervous system, where 
they he against each other ın bundles with no intervening 
gha. This, and the recent work of Kuffler and his group, 
leaves little doubt that the sodium space is normally an 
extracellular compartment around the neurone. 

Shantha and Bourne develop the concept of the peri- 
neurium as a specialized epithelium. The article is most 
helpful ın tidying up the rather vague concepts of 
nerve sheaths that most of us have. Unfortunately, 
the sheaths of Key and Retzius and Plenk and Laidlaw 
are not clearly described (see Thomas, P. K., J. Anat., 
97, 35; 1963). 

The final article 1s an excellent account of neurosecretion 
by Hofer. One clear diagram or electron micrograph of an 
ending showing ite membrane and distribution of ite 
content of granular and agranular vesicles would have 
helped though. 

In a book of this nature one would have expected a 
sectien on synaptic morphology, but there isn’t one. 

E. G. Gray 


KINDNESS TO PLANTS 


Elements of Biological Science 
By Wiliam T. Keeton. Pp. xiii + 582. 
York, 1969.) $7.95. 


Tus book is an abridged version of an earlier text and 
makes no claim to be comprehensive. It is tended as 
basic reading for American college studente following 
either a condensed or extended course. It is adequately 
documented and includes generous, well classified recom- 
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mendations for further readmg. There is a very full and 
useful index and a short glossary. 

After a brief unresolved opening discussion on the 
nature of hfe and on the nature of science and scientific 
method, and enough introductory chemistry to make 
life processes intelligible, the author mentions Darwin’s 
evolutionary hypothesis as the fundamental 
concept of biology. Subsequent chapters deal clearly 
and systematically with cells as units of structure and func- 
tion, energy, flow, nutrition, gaseous exchange, internal 
transport and body fluids, chemical and nervous con- 
trol systems, sensory receptors and effectors. A lucid 
account of current ideas about behaviour and communica- 
tion follows, and the section “Perpetuation” covers 
reproduction, inheritance and development. Concluding 
chapters on population and communities bring the reader 
back full circle through the origin and diversity of existing 
plant and anımal forms to a more detailed and cogent 
consideration of evolution. 

Your botanist reviewer could not but be mollified by 
the author’s just claim that he had “tried hard to avoid 
slighting the plants”. Indeed, his treatment 1s refreshingly 
logical m sequence and biological in outlook. He takes 
the reader on a reasonably full, sequential conducted tour 
of the subject. He mterprets all topics in the hght of 
modern evolutionary theory, discusses the problems 
facing all living thmgs and examines the solutions of 
those problems ın representative organisms. 

As an mtroduction for the intelhgent layman or 4 
synoptic refresher course for the intermediate student 
the work has much to commend it. It is well and hberally 
illustrated throughout by outline diagrams and photo- 
mucrographs. E. J. VINNICOMBE 


FISH PERIODICAL 


Journal of Fish Biology 

Vol. 1, No. 1. Pp. 84. (Academic Press: London. 
Published quarterly for the Fisheries Society of the Brıtish 
Isles, January 1969.) Annual subscription 105s; $14.50. 


Many fisheries biologistes were, no doubt, interested to 
see the first issue of the Journal of Fish Biology which 
is being published quarterly for the Fisheries Society of 
the British Isles. The socety was started in October 
1967 “to promote a liaison between workers in the field 
of fish biology”. 

The editor and publishers are to be congratulated on 
the appearance of this first issue. The layout and arrange- 
ment have been well planned, the line diagrams and graphs 
are well reproduced and there 1s a generous allowance of 
plates (one ın colour) which are generally well up to the 
standard of the other illustrations. 

There are nine papers in this first issue, all concerned 
with freshwater fish, chiefly on feeding relationships, 
disease and parasites, though other papers deal with the 
mapping of the distribution of freshwater fish, the toxicity 
of ammonia, phenol and zinc to rainbow trout, aquatic 
weed control using grass carp and a note on the photo- 
graphy of fish scales. As one of the aims of the Fisheries 
Society is to “support all branches of fish biology and 
fishery sciences” it is perhaps unfortunate that this first 
issue should have been entirely freshwater in its scope, 
but the value of a journal cannot be assessed accurately 
on the basis of one issue and the balance may well be 
redressed in later issues. 

As the dissemination of information on fishery manage- 
ment is another of the society’s stated aims it is hoped 
that future issues of this journal will include papers 
within this field. A great deal of interesting work on 
fishery management is now being carried out, particularly 
by the staffs of the river authorities m England and Wales, 
and this journal would seem to be a useful means of 
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ensuring that the results of this work reached a wider 
audience. Another desirable development would be the 
publication of short notes. Many fishery workers have 
information which should be placed on record and which is 
unlikely to be included ın a fuller paper. Tho Journal of 
Fish Biology would be a very appropriate place for the 
publication of such records. K. A. Pynrince 


GUIDE TO THE DEEP 


The Fishes of the British Isles and North West Europe 
By Alwyne Wheeler. Pp. xv+613416 plates. (Mac- 
muillan: London, May 1969.) 170s. 


“THERE is no modern book which deals with British 
Fish as a whole.” So begins the preface to the first 
edition of Travis Jenkins’s The Fishes of the British Isles, 
and this compact and handy volume has run to two 
editions, several reprintings, and 1s now being revised. 
Wheeler's The Fishes of the British Isles and North West 
Europe covers more ground (396 species compared with 
372) in greater detail. It is a big book and provides keys 
and figures for the identification of all the species likely 
to be encountered in north-west European waters. There 
is @ real need for such a work and the requirement is 
met neither by Travis Jenkins nor by the Identification 
Charts (Faune Ichthyologique de J’Atlantique Nord) 
of the International Council for the Exploration of the 
Sea. 
A picture key is provided to assign a fish of unknown 
affinities to a particular order or family. The key 1s a 
series of silhouettes typical of the members of each group, 
accompanied by a summary of the critical features. 
Silhouette picture keys are better known to ornithologists 
than ichthyologists, but Wheeler’s key works well and 
there should be little difficulty in placing a fish m the 
correct order or family within the main body of the book, 
where the arrangement is based on the classification 
proposed by Tate Regan. Descriptive and general 
biological information is mceluded at this level which is 
followed by dichotomous keys to identify the species. 
These are illustrated by good line drawings, each accom- 
panied by a 400-500 word desorption with the 
subheadings identification, biology, and distribution. 
The latter 1s generally illustrated by a map. The prefatory 
section mcludes a species list, and the arrangement and 
layout of the book are clearly explained in the 
introduction. The bibliography includes a number of 
general works and refers to over 300 original papers 
grouped at the order or family level within which they 
are arranged alphabetically. The mdex uses both Latin 
and common names and there are sixteen plates, in 
which forty-eight species are shown ın colour and twenty- 
nine 1n line and wash. 

My colleagues at the Fisheries Laboratory, Lowestoft, 
have tried a number of the keys and found them clear 
and simple. The lne drawings are excellent and a lot 
of information 18 summarized ın the text and figures: 
the drawings of the pharyngeal teeth m the Cyprinidae 
(Figure 69) and the outlines of common gadoids (Figure 94) 
are particularly useful. 

This ıs a book for any research establishment which 
has to deal with fish, university departmental libraries, 
the reference section of public libraries and those angling 
associations that have a club room and buy books. 
I hope to see a copy on all British research ships. But 
the price may deter the private buyer. Books, like 
petrol, are becoming very expensive and the purchaser 
has a right to expect the best value for his money: this 
book 1s good value, but not perhaps the best. Such a 
volume belongs on the desk and not on the wet bench, 
and fish are almost inseparable from slime and water. 
My opinion, which is shared by several of my colleagues, 
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is that the plates add nothing to the practical value of 
the book. These could have been omitted with a reduction 
Im price or, alternatively, with the substitution of a 
separate field or wet bench key, such as is provided in 
Vernon Watson’s British Mosses and Liverworts. 

Wheeler has written a first-class reference book and 
I shall profit from the use of our brary copy. I look 
forward, however, to having a personal copy of the 
revised edition of Travis Jenkins, which should please 
my pocket in more ways than one. It comes as no surprise 
to learn that the reviser is none other than Alwyne 
Wheeler. F. R. HARDEN Jones 


TAME EXPERIMENTS 


A Laboratory Introduction to Psychology 
By John W. P. Ost, James Allison, Wiliam Vance and 
Frank Restle. Pp. x+214. (Academic Press: New 
York and London, January 1969.) 398 8d. 


Tas book contains accounts of nimeteen elementary 
practicals in expermmental psychology. It does a very 
workmanlike job and is more useful than any of its rivals. 
The practicals are described with great lucidity and with 
no wastage of words. The amount of background informa- 
tion given is sufficient for the student to grasp the rationale 
behind each experiment but not so much that he cannot 
readily take it all in within a few minutes.’ The experi- 
ments are intended to form part of an introductory course 
so that they are not particularly novel. They are, however, 
well chosen and require a minimal amount of apparatus. 
They include experiments on operant conditioning of rats, 
on sensory processes In man and on human learning and 
performance. An appendix contains & very useful account 
of elementary methods of data analysis including a lucid 
introduction to non-parametric statistics. The book is 
completely self contained and includes data sheets and 
usable reproductions of some of the visual stamuli involved 
in the experiments. 

Most experimental psychologists running practical 
classes know what to am at, but most of them are too 
lazy or too busy to prepare their classes and the accom- 
panying notes as carefully as they are prepared im this 
book. It could prove a godsend to the lazy lecturer faced 
with the problem of running an introductory practical 
class, and the price 1s modest. N. 8. SUTHERLAND 


DIGGING UP BONES 


Animal Bones in Archaeolo 

Book of Notes and Drawings for Beginners. By Michael 
L. Ryder. (Mammal Society Handbooks.) Pp. xxiv + 65. 
(Blackwell (Scientific): Oxford and Edinburgh. Pub- 
lished for the Mammal Society, 1969.) 17s. 


Tars small volume is intended as a ‘field guide”, with the 
purpose of aiding and encouraging aspects of mammalogy. 
It is, of course, a fact that archaeological sites, as a 
prolific source of data relating to animals and man/ 
anımal relationships have in the past been neglected by 
both zoologists and archaeologists. Bone assemblages 
from this source fall between two disciplines which are far 
apart ın their mterests and ın their concepts and few 
people have so far broadened their interests sufficiently to 
encompass both. This is in part due to a narrow profes- 
sional unionism which encourages the strict separation of 
disciplines, and it may be that a change in this situation 1s 
now more likely to come by demand from the bottom up, 
rather than by direction from the top down. There 1s 
therefore a need for such books as these and their ın- 
fluence in the long run may be greater than that which 
might be expected. 
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The book is elementary and may be regarded as a 
first introduction to the subject. It is simply written and 
easily understood. For this reason ıt may be under- 
estimated, for much good sense and experience are evident 
in 1ts pages and even an advanced student may on occasion 
find good reason for further thought. The drawings are 
simple and concentrate on conveying information rather 
than elegance. For a field guide, there could have been 
more of them. 

There ıs a section on some methods of collecting data 
from the specimens. Here a more coherent explanation 
of the objectives im mind, and how bone samples may be 
biased and subsequently weighted to correct the bias, 
might have been helpful. 

There is also a section on writing the report and mter- 
preting the finds. Both are formal in their approach and 
it might have been hoped that Michael Ryder with his 
experience would have given a lead m this direction, for 
wisely he has not hesitated to do so elsewhere. On the 
whole, however, the author is to be congratulated on 
producing a book which is admirably suited to its purpose. 
At least there can now be no excuse for an archaeologist 
to know nothing at all about many of the objects he is 
digging up, or for the student of animal bones to produce 
the kmd of perfunctory report which does no more than 
clutter the pages of so many publications. 

E. S. Hiees 


Obituaries 
Dr H. H. Storey 


Wits the death at the age of 74 m Nairobi on April 5, 
1969, of Harold Haydon Storey, East Africa has lost one 
of its most eminent and senior scientists. After serving as 
a mycologist ın South Africa, where he did classical work on 
groundnut rosette disease, Dr Storey came to East Africa 
in 1928 to work at the East African Agricultural Research 
Station, Amani. During the next forty years he published 
more than forty papers, mostly on virus diseases of plants 
m East Africa, but also on other disorders and on the 
genetics of disease. Although primarily a research 
worker, be did his share of admmistrative work, during 
the Second World War and, notably, just afterwards as 
research secretary in the agricultural section of the Colonial 
Office; in this capacity he played a prominent part in 
the organization of colonial agricultural research. Most 
of his scientific work was done at Amani and, subsequently, 
on the formation of the East African Agriculture and 
Forestry Research Organization, at Muguga. He was the 
first deputy director of EAAFRO and later acted as 
director; finally, having retired from admuustrative 
responsibilities, he continued his research work until his 
final retirement at the end of 1966. 

Storey’s work in the 1930s on virus diseases of tobacco, 
groundnuts, maize and casava provides the background to 
our present knowledge of these subjects. This was recog- 
nized. in his election as a fellow of the Royal Society ın 
1946, when he was described as “one of the foremost 
workers on virus diseases of plants, who has made note- 
worthy investigations on the role of insect-vectors ın the 
transmiasion of such diseases”. Later he turned his 
attention more to breeding for resistance to virus and 
fungus diseases. In this connexion it is interesting to 
note that as far back as 1931 he recommended that the 
only sound way to combat coffee berry disease was to 
breed for resistance; if this advice had been followed it 
1s probable that the disease would never have reached 
the epidemic level now found. But as far as Storey was 
concerned this work was merely @ sideline. It is for his 
work on plant viruses, especially with regard to the original 
techniques he developed, that he will be remembered. 
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Correspondence 


Who is the Piper ? 


Sm, —May I add two important points to your admirable 
summary of the financial support of BIBRA (Nature, 222, 
401; 1969). First, there are some industrial organizations 
which do support BIBRA generously, and which thereby 
subsidize others to whom food safety seems of little 
concern. Second, BIBRA has received much encourage- 
ment and financial assistance from the Nuffield Founda- 
tion over the past five years. This has resulted m a great 
deal of basic research in molecular biology, histochemustry 
and electron microscopy, the results of which are already 
faciltatmg the interpretation of toxicological studies, and 
indicating more rational experimentation for the future. 
Other support for this type of work has come from the 
Wellcome Trust and from the Ministry of Technology (in 
addition to the 150 per cent matching of industrial 
contributions). 

Our present lack of total dependency on either govern- 
ment or industry has great advantages to both. but 1t 
seems that ın this day and age one must be committed 
m order to succeed—at least financially. 


Yours faithfully, 


R. F. CRAMPTON 
The British Industrial Biological 
Research Association, 
Carshalton, 
Surrey. 


Whales and Whaling 


Sm,—For those engaged in the industry, whalng has 
never been a “quaint” business. This does not gainsay 
that in years past a 8 romance has enshrouded 
man’s pursuit of the behemoth of the deep: “ “His chim- 
ney’s afire |’ chuckled the heartless mate, when the spout, 
which had formerly been thin and white, reflecting rain- 
bows ın the late sunshine, became first pmk and then 
thick with gouts of blood.” 

At a time when survival of the major whale species— 
save for the Sperm Whale—is severely endangered, how- 
ever, it 18 grimly mcongruous that L. H. Matthews and 
R. J. Harrison still celebrate whalmg as a pleasant 
pursuit. In his review (Nature, 222, 44; 1969) Harrison 
writes of Matthews’s new book, The Whale, “There 18 
something for everyone, and the excitement, adventure 
and romance of whaling are conjured up on every page”. 
The rest of the review seems as blissfully unaware of the 
perilous state of the whales today: “The history of the 
technology of whaling provides an opportunity to study 
a closely knit, ternational fraternity of brave, adven- 
turous men who were out on the high seas for great 
rewards,” or “Modern whaling is indeed free from personal 
danger, but it 1s still no joyride and still no ‘cold-blooded 
assassination’.”” 

No! Modern whaling is “cold-blooded. assassination’, 
for the whale has no more chance than a bull in the rmg 
as he 1s scouted by helicopter, scanned by sonar, and run 
down by mechanized ships. 

The decimation of whales is closely lmked with man’s 
own basic problem of survival. For reasons not yet clear 
we seem to possess deep within & fascination “with gouts 
of blood” that won’t let go. This fascination is wedded— 
in this instance—to whaling which persists as a romantic 
notion as bloody artefacts from the age of sail continue 
to be snapped up at auction, and attention is only slowly 
and belatedly being directed to the intriguing behaviour 
of the whale himself. If the International Whaling 
Commission had been named the International Whale 
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Commission, it might have trained its sights on the 
whale, the most formidable of Earth’s creatures, instead 
of the foundering industry. Salvos are still being fired for 
an industry bent on disrupting fatally one of the most 
extraordinary legacies of the natural environment of our 
small planet. Is it likely that the sea will be celebrated 
by future poets, as in the past, when empty of Right, 
Bowhead, Blue and Humpback Whales ? 


Yours faithfully, 


Soorr MoVay 
One Nassau Hall, 
Princeton University, 
Princeton, New Jersey. 


Another Doctors’ Dilemma 


Srz,—I am really surprised at the editorial in your issue 
of May 3 (Nature, 222, 401; 1969) which reads like a 
sneer at the Minister for Education and Science for “his 
advocacy of the Bible”. 

Most people would agree, I suppose, that the books of 
the Bible are of unequal value educationally and that the 
science in them is primitive, though not more so, of course, 
than that in documents of similar date or antiquity. 
Quite apart, however, from any religious significance that 
the Bible may have for a number of your regular readers, 
it is certainly arguable that it is the finest, and cheapest, 
collection of literature to be published under one cover. 
Those who think that the educational value of its teaching, 
its philosophy, its poetry and ita stories, both historical 
and mythical, is low, should really spend a little time 
occasionally reading it, without bias. 

We do not, of courae, live up to the best of its teaching. 
If we did, we would be better people and better scientists. 


Yours faithfully, 
KATHLEEN LONSDALD 
125a Dorset Road, 
Bexhill-on-Sea, 
Sussex. 


Indian Sclence Policy 


Siz,—I was interested to read E. B. Worthington’s com- 
ments (Nature, 222, 397; 1969) on the article by Ashok 
Parthasarathy, ‘Appearance and Reality in Indian 
Science Policy” (Nature, 221, 909; 1969). He is quite 
right in pointing to the question of priorities of science 
not considered carefully in Indian science policy. 

I can only confirm that Indian science has, until 
recently, grown more under personal guidance and ım- 
fluence than anything else. In this respect, Bhaba was 
no exception. Unfortunately, even after independence, 
overall planning of science and technology has con- 
tinued to be guided by the personality factors. As a 
result, there has been a complete Jack of coordination m 
science planning in India so far. Proper and timely 
emphasis has not been directed to biology, agriculture 
and indigenous industries to meet India’s immediate 
requirements in food, consumer goods and employment. 
This has been mentioned by the writer on more than 
one occasion well in advance. May I conclude by quoting 
from two of my previous publications: “Therefore, m 
solving the food orisis all our efforts should be con- 
centrated on war against hunger. Scientific researches 
should be concentrated on the technology and economics 
of food to find ways and means of improving food situation 
through (a) increased acres under food crops, (b) mereased 
yield per acre, (c) adoption of better and more efficient 
methods in agriculture, (d) better storage system, (¢) more 
efficient distributing machinery, and (f) production and 
use of synthetic and substitute food with special reference 
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to different income and age groups.” (Sunday Hindusthan 
Standard, Calcutta and New Delhi, November 1, 1959.) 

“It is not the fusion of atoms but the fusion of science 
and economics which is needed in India today. More stress 
should be laid on the proper and economic use of science, 
because the grim picture of food and employment is a 
challenge to the scientists, economists, planners, ad- 
ministrators, industrialists and politicians of India to- 
day.” (From “Science and Technology in relation to 
Planning in India”, J. Sct. Olub, XIV, 185, 1961; Cal- 
cutta.) 

Yours faithfully, 


8. K. Guna 
33 Trevellance Way, 
Watford, 
Herts WD2 6LY. 


University News 


Dr J. K. Sutherland, Imperial College, University of 
London, has been appointed to the new chair of organic 
chemistry at Heriot-Watt University. 


Dr D. W. Straughan, University of Edinburgh, has been 
appointed to the Wellcome chair of pharmacology tenable 
at the School of Pharmacy, Univeraity of London. 


Dr E. R. Trueman, University of Hull, has been 
appointed professor of zoology at the University of 
Manchester in succession to Professor A. J. Cain. 


Dr R. Davis, University of Reading, has been appointed 
to the chair of psychology at the University of Newcastle 
upon Tyne. 


Appointments 


Professor G. E. Blackman, Professor M. McGregor 
Cooper, Dr F. Fraser Darling and Dr J. E. Smith 
have been appointed members of the Nature Conservancy. 
Professor J. A. Kitching has retired. Mr A. W. Barbour, 
Professor F. G. T. Holliday and Dr C. D. Waterston 
have joined the conservancy’s Scottish commuttee from 
which Dr O. H. Gimingham and Professor T. Neville 
George have retired. Professor A. D. Bradshaw, 
Professor J. H. Burnett, Mr G. D. Holmes, Dr J. 
Phillipson and Professor D. H. Valentine have jomed 
the conservancy’s scientific policy committee. They 
succeed Dr F. Fraser Darling, Professor T. Neville George, 
Professor C. Kidson, Professor J. N. Black and Professor 
V. OC. Wynne-Edwards, who have retired. Dr David E. 
Coombe, Dr J. W. G. Lund and Mr J. Workman 
have jomed the conservancy’s committee for England. 
They succeed Mr T. Beresford, Professor P. J. Newbold 
and Professor J. A. Steers. Dr J. M. Edington, Dr 
W. S. Lacey and Professor H. Morris-Jones have 
joined the conservancy’s committee for Wales on the 
retirement of Dr D. L. Carey Evans and Professor J. L. 


Harper 


Announcements 


Mr D. H. Sadler, superintendent of HM Nautical 
Almanac Office, Royal Greenwich Observatory, has been 
awarded the medal of the Association for the Inter- 
national Development of the Nice Observatory, 
in recognition of his contribution to the development of 
astronomy and astrophysics and of the part which he plays 
in the establishment of international cooperation in 
this science. 

Dr R. Kuntzman, Wellcome Research Laboratories, 
Tuckahoe, New York, has been awarded the John Jacob 
Abel Award presented by the American Society of 
Pharmacology and Experimental Therapeutics, in recog- 
nition of his work on drug interactions. 
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International Meetings 


June 4, Optimum in Optics, London (R. H. Sharpe, 
Daniel J. Edelman Ltd, 43 Albemarle Street, London 
WIE 7JZ). 


September 16-17, Emulsion Polymers, Manchester 
(Registrar, University of Manchester Institute of Science 
and Technology, Sackville Street, Manchester M60 1QD, 
UK). 


September 17-19, Blood and Tissue Antigens, Michigan 
(Dr D.. Aminoff, Simpson Memorial Institute, University 
of Michigan, Ann Arbor, Michigan 48104, USA). 


September 22, Chemical Society Protein Group, 
Liverpool (Secretary, The Chemical Society, Burlington 
House, London WIV OBN). 

September 25-27, Variability in the North Atlantic, 
Dublm (Hans Tambs-Lyche, Secretary General, Inter- 
national Council for the Exploration of the Sea, Charlot- 
tenlund Slot, Charlottenlund, Denmark). 


September 26-27, Histochemistry and Cytochemistry, 
Bucharest (Dr Ionel Caloenescu, Secretary General, 
Union of Medical Science Societies of the Socialist 
Republic of Rumania, 8 Rue Progresul, Bucharest, 
Rumania). 


September 26-27, International League against Epi- 
lepsy, New York (Profeasor H. Gastaut, 87 Boulevard 
Perier, Marseilles 8, France). 


October 6-10, Ultrasound in Medicine, Winnipeg (Dr 
R. E. Brown, American Institute of Ultrasound in 
Medicine, Department of Continuing Medical Education, 
15 Medical College Building, Bannatyne and Emily 
Streets, Winnipeg 3, Manitoba, Canada). 

October 7-10, Information Processing in Measure- 
ment Systems, Pezinok, Czechoslovakia (IMEKO Secre- 
tariat, Budapest 5, POB 457, Hungary). 


October 13-15, Industrial Reciprocating and Rotary 
Compressors—Design and Operational Problems, 
London (Mr Wall, Groups Department, Institution of 
Mechanical Engineers, 1 Birdcage Walk, London SW1). 


October 16, High Speed Freight Wagons, London 
(Mr Davies, Groups Department, Institution of Mechanical 
Engineers, 1 Birdcage Walk, London SW1). 


October 20-22, Electrical Insulation and Dielectric 
Phenomena, Pennsylvania (Colonel R. A. Cliffe, Staff 
Executive, Conference on Electrical Insulation and Di- 
electric Phenomena, National Academy of Sciences, 210 
Constitution Avenue, NW, Washington DC 20418, USA). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratorles, Nature 
advertises the needs for housing of familles about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like thls. 
It Is hoped that a perlod of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: Furnished house, 2-3 bedrooms, in Batter - 


sea Park district of London for one year from Septem- 
ber 1, 1969. Good access to central London. Please 
contact: Dr J. Craske, Virus Reference Laboratory, 


Central Public 
Avenue, London NW9. 
Ext. 27. 


Wanted: Furnished house, 4 or 5 bedrooms, London 
area, for 12 months from mid-August, for Stanford 
(California) professor and family. Please phone Mrs 
D. O. Ritson, 01-794 4815, between 10.30 and 11 a.m. 


Health Laboratory, Colindale 
Telephone 01-205 7041, 
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Monday, June 2 


oF LONDON (at the Wright- 
Hospital Med Medical School, Norfolk rlo, London, 
Price Evans “Genetic Aspects of Drug 

four Almroth Wright Lectures). 


Institute, 8t Mary's 
sab at 5 p.m.— Professor 
y” (dast of a series of 


Tuesday, June 3-Wednesday, June 4 


INSTITUTH OF RURAL LIFB AT HOME AND OVHRSEAS (at the Ministry 0 
Overseas Deve lopment, Eland House, Stag Place, London, SW1), at 10.30 
a.m. daily—Conference on ‘Man’s Changing Environment”. 


Tuesday, June 3-Thursday, June 5 


INSTITUTION OF ELEOTRIOAL ENGINDERS (in association with the Institution 
of Electronic and Radio Engineers, the ae of Phyl and i and the Physical 
Socety, and the Institute of Electrical and Electronics Engineers, at the 
Congress Theatre, Kastbourne)—Conference on oMtoro electronica’. 


Wednesday, June 4 


UNIVERSITY oF LONDON (at the Royal Pos 
Cane Road, London, W12), at 11 a.m.—Dr M. 
Recursion Theory”. 


UNIVERSITY OF LONDON (at the Chelsea College of Science and Techno 
Manresa Road, London, 8 8), 8 st 2.45 op: .m.— Professor Arthur Fine: ‘ o- 
sophical Problems of Quantum P. 


Thursday, June 5 


at 6 Duality- House Terrace, T London, 8W1), 
on “Duality—Reggeons and Resonances 

y Professor R. H. Dalitz, FRS, Professor D. 
Parking FRS, and Professor e Y. Powell, FRS. 


ROYAL COLLEGE OF SURGHONS OF ENGLAND (at Lincoln's Inn iads, 
London, WC2), at 5 p.m.—Professor Sir Ashley Miles, FRCP, FRS: 
Plasma Kinin System: Fact and Fancy” (Fifth Michael ross Memorial 


f 
uate Medical School, Du 
chover: ‘Selected Topics m 


at 10 a.m.— 
Elemen! 


Friday, June 6 


tho Ro ae uate School, Du Cane Road, 
ie Ostara 


oF LONDON (at the 
n: “Inflammatory 


rondon ILI 
A a.1.—. 
of. Arteries”, 


Saturday, June 7 


OF RaDpIoroey (joint REO am with the North of 


&.m. e posin on 


INSTITUTE 
England Branch, at'the Unive of Bhefold), at 0. at 9. 
“Renal Tumours”; “meeting o 


Monday, June 9-Friday, June 20 


IMPERIAL COLLEGE OF SOIRNOM AND TECHNOLOGY, APPLIED OPTICS 
SEoTION (at Princa Consort Road, London, sW7)—Summer School on 
“Applied Optics’. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Boye Tren A Academy. Register of Sclentific Research Personnel, January 
. Pp. ix+102, (Dubin: Royal Irish Academy, 1008) zo [214 
e of Transport: Road Research Laboratory. R. port LR 226: 
The tes oF Road and Traffic Conditions on Fuel Consumption. By P. F. 
Everall, Pp. i+ 27+8 plates. thorne: Bond: Basearen Laborato, 
1968.) 


we ae t of Employment and Productivity. A National Minimum 
o of an In ter-Departmental Working Party. Pp. vii +89 
Stationery Office, 1969.) be 
Ifi Lord Numos Benefaction for the Advancemen! 
Yuyonity omod . Pp. 20. (Supplement No 2 to the Uni- 
rta 1967-1068. T 36. 
hitit iian University Gazetis, Vol. 99, April 196 bs. 
{Oana The Viren, 1969.) tero "at 
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British Museum (Natural History), 1969) 965s. [244 
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University of Reading: De Guide to the Uni- 
versity Farms and cul Pp. 46. i 
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Experimental Stations. 


K. G. Emeleus, 
Pp 5 . 5: Btatıcal Gravitational Fields in 
Second Approximation. By J. L. Synge. Pp. 47-66. 5s. 6d. Vol. 67, Section 
B, No. 11. Metamorphic History of North Achill Island, Oo. Mayo, 
and the Problem of the of Albite Schists By M. J. Kennedy. . 
261-280 + plates 12-14. 5s. Vol. 67, Section B, No. i2. Control of Aldolase 
and Succinic 


Cobbing. 
1969.) 
Kent Incorporated Society for Promoting Experiments in Hortioulture. 
East Malling Research Stato a 
. XxV +103. 


East Malling Research Station, 1969.) 21s.; $3 
The Annual Report of the Committee of Visitors of the Royal Institation 
of Great Britain, The Statement of Accounts and Other Reports for the 
yea ending 31st December 1968. Pp. 56. (London. The Royal Institution 
of Great Britain, 1969.) [254 
Council for the Preservation of Rural England. Annual Report 1968. 
Lon oe: (London: Cowncil for the Preservation of Rural England, 
. [254 


803-825 + plates 16 and 17. 6s. (Dublin: Royal Ta Academy) 


Other Countries 


Fisheries Research Board of Canada. Technical Report No. 102: Obser- 
vations Made by 8t. Andrews Staff durmg Submersible Operations, 1968. 
Edited by A. V, Tor Pp. 87. (St. Andrews, NB. Fisheries Research 
Board of Canada, 1960.) [214 

Yearbook of the Institute of Nutntion, Budapest, for 1067. Pp. x+76. 
(Budapest: Institute of Nutrition, 1968.) [214 

Abstracts of Belgian Geology and Physical G phy 1967. Edited by 
ie Pp. 79. (Ghent: Geological tute of the Unter 

5 2 


Mission Zool Belge au Iles Galapagos et en Ecuador (N. et J. 
Leloup, 1964-1965). Résultats Sclentifiques, Première Partie. » 272. 
(Bruxelles: Institat Royal des Sciences Naturelles do Belgique, 19683 (214 


The Mutants of Maize. By M. G. Neuffer, Lorng Jones and Marcus 8. 
Zuber. Pp. 74. (Madison: Crop Science Society of America, 1968.) (214 
S oroma S Kuneho, 1/1969. fan Tutoria tional Pad ce of Trmotlonal 

ology. . 1-110. Subscription price: if use only 
75s.; $0. (Braunschweig: Friedr. Vieweg und Schn, Oxford and London 
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By Donald R. Davis. Pp. 105. (Washington, Smithsonian Institution 
Press, 1969. Obtainable from US Government Printing Office.) 80 76. [214 


National Museum of Canada. Anthropology Pa ene NO 21. A Biblio- 
sie hy of Ukrainian Folklore in Canada, 1 2-84 mpiled by Robert 
- Klymasz Pp. vit+58. (Ottawa: Queen’s Printer, 1989 ) [214 


The Radlophysics Laboratory, CSIRO Sydney, 1965-1968. Pp. 28. 
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Untversity of Callfornia Publications in Geological Sciences, Vol. 78° 
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Back Volumes of 
Periodicals for sale 


Photochemistry and Photobiology 
Vols. 1-6 (1962-1967). £91 50 


Acta Biologiae Experimentalis 
Vols. 1-25 (Lacks vols. 11, 12, 15 & v. 13, No. 3/4) 
Warsaw, 1928-1965. Unbound. £125 00 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 

We invite you to write in for our y issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 


Robert Maxwell & Co Ltd 


Back Issues Department, 4, Midland Road, Olney, 
Bucks, England. 
O, also at 
4/5 Fitzroy Square, London W.1. 
Headington Hill Hall, Oxford 
2/3 Teviot Place, Edinburgh 1 
2/3 Richmond Street, Glasgow C.1. 
Maxwell House, Fairview Park, Elmsford, 
New York 10523 
24 rue des Ecoles, Paris Ve. 








Annales de PInstitut National 
de la Recherche Agronomique 


ANNALES AGRONOMIQUES (General agronomy, soil 
science), 6 issues annually. 

ANNALES DE L'AMELIORATION DES PLANTES (Plant 
breeding), 4 issues annually. 

ANNALES DE PHYSIOLOGIE VEGETALE (Plant physlology), 
4 issues annually. 

ANNALES DES SCIENCES FORESTIERES (Forestry,) 4 issues 
annually. 

ANNALES DE PHYTOPATHOLOGIE (Mycology, bacteriology, 
virology), 4 issues annually. 

ANNALES DE ZOOLOGIE—ECOLOGIE ANIMALE (Zoology, 
ecology), 4 issues annually. 

ANNALES DE TECHNOLOGIE AGRICOLE (Agricultura! and 
food technology}, 4 issues annually. 

ANNALES DE ZOOTECHNIE (Animal breeding and animal 
production), 4 issues annually. 


ANNALES DE BIOLOGIE ANIMALE, BIOCHIMIE, BIO- 
PHYSIQUE (Anima! biology, biochemistry, blophysics), 
4 issues annually. 

ANNALES DE GENETIQUE ET DE SELECTION ANIMALE 
(Animal genetics), 4 issues annually. 


Subscriptions should be sent to: 
SERVICE DES PUBLICATIONS I.N.R.A., 
route de St-Cyr, 78-VERSAILLES, France. 


Specimen copy on request 
(Orders can also be sent through any bookseller) 


Anatomy of the 
Monocotyledons 


Volume I Commelinales-Zingiberales 
P. B. TOMLINSON 


Edited by C. R. METCALFE 


This volume deals with sixteen families 
that form a natural soe in Hutchinson’s 
Families of Flowering 

Cartonemataceae, Flagellariaceae, Mayacaceae, 
Zyrıdaceae, Rapateaceae, Eriocaulaceae, 
Musaceae, Heliconiaceae, Strelitziaceae, 
Lowiaceae, Zingiberaceae, Costaceae, 
Cannaceae, Marantaceae. These families, 
which include the banana, pineapple, gingers, 
and arrowroots, are pennaa tropical in 
their distribution and no previous general 
accoum of their anatomy has been 

available in English. 

86 figures £5/5/— net 


A German Source- 
Book in Physics 


K. B. BEATON and H. C. BOLTON 


This selection of extracts in German is 
intended as a companion to a modern study 
of physics. The passages are from original 
papers and important books published during 
this century that are significant in the 
development of physical ideas. Each extract 
is introduced in English with an explanation 
of the physics and its significance. 

70/- net paper covers 35/— net 


Botany for Degree 
Students 


A. C. DUTTA 


Originally published in 1964, this book has 
been revised, improved, and enlarged. 

Facts have been up-dated, several topics 
re-written and elaborated on, life histories 
of many cryptogams enlarged, new facts 
included on the concept of cell organization, 
and the text more completely illustrated. 
Second edition frontispiece 

text figures throughout 

paper covers 25/— net 


Collected Works of 
Count Rumford 


Volume I: The Nature of Heat 
Edited by SANBORN C. BROWN 


The first of a series of five volumes. 
9 text illustrations 95/- net 
(Harvard University Press) 


Oxford University Press 


lants : Commelinaceae, 
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$e 
APPOINTMENTS VACANT 
aiie Eaa ee eee 






ANIMAL PATHOLOGIST 


for BEECHAM RESBARCH 
LABORATORIES, 
BROCKHAM PARK, BETCHWORTH, 
SURREY 

A vacancy exists for a biologist m a 
team of sciemists working on certain 
aspects of vuus desease in expemmental 
animals, 










The apphicam shouid have a degree or 
equivalent qualification in a biological 
science and some years’ experience im 
animal ohymology and pathology 













level for which fhustological and 
clectronmxroscopy facilities and assistance 
aro available, 






Beecham Research Laboratories is a 
branch of the Beecham Group, for whose 
generous proH-sbenng, 







for a marned men who has to sdl his 
house. 


Please apply, stating age, qualificatrons, 
experience and current salary, to: The 
Head of Personnel Department, Beecham 
Research Laboratories, Brockham Park, 
Betohworth, Sucrey 








The Genate of The Queen’s University of 
Belfast invites epplacauons for an Assistent 
Lectureship in Pure Mathematics from October 
1, 1969, or such ovher date as may be arranged 
The ealary scale is £1,240 by £115 (2) to £1,470 
per annum plus FSS U, Jnitsal pacang on thes 
scale wit depend on expenence and qualifica- 
tions. 

Letters of applicateon (one copy) giving the 
names of ¢wo referees should reach the under- 
mgned ty June 15, 1969 Further particulars 
may be obtemed from The Secretary, The 
Queen's Untversny of Belfast, Beltast BI7 1NN, 
Northern Irekand (2070) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDIOAL PHYSICS 


PHYSICIST (Research Assistant) required to 
help develop new radiolsotope imaging deveces 
or 





with possible emension for third year. Salary 
range to right per- 
son. ton @F.S8.SU,). Further de- 
talis from Professor J. R, Mallard. 
Applications (2 copies) giving deteils of career, 
Drescot salary and names of three referees to 
the Secretary, The Univershy, Aberdeen, by 
Jone 14, 1969, (2072) 









Army Personnel Research Establishment 
GH, EStADIISNMENT 


Head of 
Physiology Division 


£3850 to £4400 


This establishment within the Ministry of Defence (Army Depart- 
ment) ıs located at Famborough (Hants) and covers the whole 
range of the life sclences (physiology, psychology, sociology, etc.). 
Research is primarily applied and mostly carried out with the Army 
in the field but some fundamental work 1s also undertaken. The 
staff consists of 22 graduate scientists with experimental support 
and a Central statistical section. 

The Head of the Physiology Division will be responsible to the 
Director for a programme which covers fighting vehicle habit- 
ability, noise and vibration, clothing physiology, nutrition, energy 
expenditure, physical fitness and acclimatisation. Joint projects 
with the Psychological Section will be encouraged and additional 
new projects arise as operational needs dictate. 

Candidates, men or women, should normally have a first or second 
class honours degree in physiology or a related science. Experi- 
menta! expenence, involving particularly work In field situations, 
is essential. Experience of working with one of the Services or an 
industrial group would be useful. 

Starting salary may be above the minimum of the above scale (for 
the grade of Senior Principal Scientific Officer). Non-contributory 
pension 

Fuller details of this appointment may be obtained by writing to 
the Civil Service Commission, 23 Savile Row, London W1X 
2AA, or by telephoning 01-734 6010, ext. 229 (01-734 6464 
“Ansafone” service after 5.30 p.m.). At all times please quote 
$/7117]U Closing date 19th June 1989. 





(2090) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


Applications are mvued for the pos of 
RESBARCH ASSISTANT 


in computer pro- 

be prepared to acquire such 

. They should possess, or be sn 

year reading for a Gangk or 

Combined Honours degree preferably m 
Geology, Physics or Chemistry 


The appointment, for one year in the 
fist sostance but with the probebilety of 
a forther two year extenmon for a suitable 

, will be from the carliest date 
that can be conveniently arranged Piace- 
mem will be at an appropnate point, not 
nécessaniy at the base, within the salary 
range £950 by £50 to £1,200 pus F.S.SU. 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


NERC. MARINE INVERTEBRATE 
BIOLOGY UNIT 
MENAI BRIDGE, ANGLESEY 


BIOCHEMIST 


Sakry: Scentifle Officer (under 29 years 
at December 31, 1969) £1,020 to £1,740. 


Farther detalis may be obtained from 
Maton ach ae copies of ap- 





NATURE, MAY 31, 1969 


XLIX 





ROWETT RESEARCH 
INSTITUTE 
Buckaburn, Aberdeen AB2 9SB 


NUTRITIONAL BIOCHEMISTRY 
DEPARTMENT 


Applications ere invited from Biochemsts 
or Physiologists with a good Hons, degree 
end preferably with experience, 


for two Scientefic Officer class posts in 
the above department These are tenable 
for a penod of three years an the first 
instance 


1. Nitrogen Metabolism Unit. To under 
take studies of factors inffuenang the 
metabolic fate of amino acids and other 
low molecular weight nitrogenous com- 
pounds in ansmals 


. Trace Element Umt where the work 
will invowe the development of studies 
of the absorption, transport and storage 
of trace metals in animal tissues. 


Galary in the Scientific Officer scale— 
£1,740 with olacing 

Excellent working conditions, 

Applications containing particulars of 


be lodged with the Secretary of the Iost- 
tute by June 24, 1969 (2077) 





UNIVERSITY OF CAPE TOWN/ 
PROVINCIAL ADMINISTRATION 

OF THE CAPE OF GOOD HOPE 

LECTURER IN ANATOMY 

Applications are invited from medical gradu- 
ates or other suitably quahfied pasons for a 
post of Lecturer in Anatomy. e successful 
candidate wili be required to participate im the 
teaching of Anatomy to medical and medical 


a . 

The post will fall under the Joint Universny- 
Provincial Medical Service wih Uatvermty com 
ditions of service, and mw on dhe salary scale 
R3,000 to R3,360 to R3,600 to R3,900 by R150 
to R4,500 per annum. The commencing salary 
will be determined by the quaMfications and cr- 
perience of the applicant. 

Appticants should state their age, qualifications 
and experience. The names and addresses of 
two referees whom the University may consuit 
should be elven. The successful applicant should 
be avańabłe to eau duy op February 1, 1970, 

er. 


-~General, 
of Commonweakh Universines (Appts.), 36 
Gordon Square, London, W.C.1 (from whom 
memoranda giving the general conditions of ser- 
vice, including transport expenses on appont- 
ment, and information on the work of the de- 
parıment should be obtained) aot later than 


with a recent photograph 
should be scot direct by airmail to the Registrar, 
Univerty of Cape Town, Prtvate Bag, Ronde- 
bosch, Cape Town, South Afra. 

The University reserves the right to appoint a 
person other than one of the applicants, or to 
make no appoi{mment, (2064) 


UNIVERSITY OF DURHAM 


RESEARCH FELLOW IN 
SCIENCE 


Apphcations are invited for the post of 
Research Felow in Science from October 
1, 1969. The appointment wil be for a 
perrod of two or three years and tho 
salary wat be fo the range £1,370 to £1,710 


per annum, plus F S.S U. 
Apphcanis should indicate their qualifi- 
experience 


cations ami and outline the re- 
search they wish to pursue and the faciH- 
ues they would require 





POSTDOCTORAL 
FELLOW IN 
MUSCLE SCIENCE 


DIVISION OF FOOD PRESERVATION 
MEAT RESEARCH LABORATORY 


GENERAL The Division of Food Preservation of the Commonwealth Scientific 
and Industrial Research Organization has recently established a new Meat 
Research Laboratory at Cannon Hill, Brisbane, with faclllties for a comprehensive 
research programme on muscle and its utilization as meat. Construction of 
Stage II of the laboratory has recently been completed and facllrties are now 
available for a wide range of biological research. 


CSIRO 


AUSTRALIA 


DUTIES The appointee will be required to Join a team of Animal Physiologists, 
Biochemists and Electron Microscoplists studying the physiological and bio- 
chemical propertles of muscle from animals subjected to various types of 
phystological stress. 


QUALIFICATIONS Applicants should have a Ph.D. degree in a relevant 
discipline or postgraduate research experience of an equivalent standard and 
duration, supported by satisfactory evidence of research abllity. Applications 
from candidates who have completed requirements for a Ph.D. will be welcome. 


SALARY Depending upon qualifications and experience, the appointment will 
be made within the salary range of Research Scientist, $A5,321—$A6,693 p.a. 
Salary rates for women are $A428 p.a. less than the corresponding rates for men. 


CONDITIONS The Fellowship Is offered for a period of three years The 
appointment will be conditional upon passing a medical examination and an 
inital probationary perlod of twelve months may be specified. Fares paid for 
the appointee and hls dependent family. Further particulars supplied on 
application. 


Applications (quoting Appointment No. : 305/132), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details 
of qualificatlons and experience, together with the names of not more than four 
persons acquainted with the applicant's academic and professional standing, 
should reach: 


MA. R. F. TURNBULL, 

Chlef Scientific Liaison Officer, 

Australlan Scientific Llaison Office, 

64 Kingsway, LONDON, W.C.2, by the 27th June, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attache 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON, D.C. 20036 


(2108) 





UNIVERSITY OF ASTON IN 
BIRMINGHAM 


DEPARTMENT OF PHARMACY 


UNIVERSITY COLLEGE OF 
NORTH WALES 


BANGOR 
MARINE SCIENCE LABORATORIES, 
MENAI BRIDGE 


Applications are invited for the post ot 


DEMONSTRATOR 


Applicants for ths post should be 
Honours Graduates preferably ıt Zoology 
with an interest in Manne Bhology. 


The initial appointment will be for one 
year commending on October 1, 1969, wrth 
a possit:Hty of renewal for e further period 
of two years 


Salary will be £950 per annum plus 
FSSU. benefits 


Applications (two copies), giving full 
details of age, quakficauons and exper 
ence, together with the names and 
addresses of two referees, shouid be sent 
not later than Jane 16, 1969, to the Regis- 
trar, University College of North Wales, 
Bangor, from whom further partrulam 
may be obtained (2066) 





LECTURESHIP IN PHARMACOLOGY 


the Department of Pharmacy. Candidates shoukd 
be qualified in Pharmacy, Phanmacology, Physio- 
logy or Biochemistry, possess a higher degrec, 
and bavo experience of initiating and dereoting 
research én Univermty or Indastry. The Dopart- 
ment’s current main research interests are m 
cardiovascular pharmacology, oeurophermecology 
and experimental inflammation; an Interest in 
one of these fields would be an advantage, but 
the successful candidate would be 

to develop ms own Hne of research The success- 
ful candidate will take part ut che Department’s 
teaching dotes at both undergraduate and post- 
graduate levels. The post is permanent and is 
tenable from September 1, 1969 Salary scales 
£1,585 by E115 to £2,045 (bar) by 2115 to 
S mimary information may 
be obtained from Dr P S J Spencer, Depart- 


Further details aad application form may be 
obtained from the Staff Officer Ref. No. 693/6), 
The University of Aston in Bumingham, 
Gosta Green, Birmingham 4, to whom epplica- 
tons sbould be forwarded within 14 days of 
the appearance of this advertisement (2073) 









Technical Sales of 
superconductors 


Physicist Electrical Engineer or Material Scientist 
Physicist, Electrical Engineer or Material Scientist is required by 
the New Metals Division of Imperial Metal Industries (Kynoch) 
Limited, leading European manufacturers of superconductors, to 
develop and expand the market for superconducting materials in 
the U.K. and Europe. 

In addition to sales activities the post involves close collaboration 
with our own research organization, technical discussions with 
scientific staff in government and industrial laboratories, and writing 
technical articles on the design and use of superconductors. 
Applicants must have a degree, or equivalent qualification, in 
physics, engineering, metallurgy or materials science. Experience 
in the development or sales of new products ıs desirable. Previous 
work in the field of superconducting devices and associated 
cryogenics would be a distinct advantage. Age range=25 to 
40 years. Based in Birmingham the post will involve travelling 
throughout the U.K. and Europe. 

The successful applicant will be part of a young, vigorous team 
In a rapidly growing field of advanced technology. 

The Company operates attractive salary, profit sharing and pension 
schemes. Housing assistance will be given and a car will be 
provided. 

Please write for an application form to A. T. Crocker, Kynoch 
Group Personnel Department, Imperial Metal Industries 
(Kynoch) Limited, Witton, Birmingham 6. 2111) 























‘a subsidiary company of Imperial Metal Industries Limited M 





TWYFORD LABORATORIES LTD. 


(a subsidiary of Arthur Guinness Son & Company (Park Royal) 
Limıted) 


have a vacancy for 


PHARMACOLOGIST 


A new post has arisen in the Development Pharmacology Unıt, where 
the work is in biological assay and the development of new products. 
A liking for animal work is a requisite for this post, and applicants 
should have a degree ın Pharmacology, Pharmacy, Zoology or 
Physiology. The duties could be adapted to suit either a new 
graduate, or one with a couple of years’ experience in this field. 


Conditions of employment are good with a generous salary scale, 
annual leave of over 4 weeks, generous sickness pay and pension 
scheme etc. 


The person appointed will work in the Twyford Laboratories Pharma- 
cology Unit in Basingstoke, Hampshire, but applications should be 
made in writing to: 


The Personnel Officer, 
Twyford Laboratories Ltd., 
309 Elveden Road, 
London N.W.10. 
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LIVERPOOL EDUCATION 
COMMITTEE 


Appcetions are invited for the follow- 
lng ooms 

Duwes to commence in September 1969, 
or as soon as possible thereafter. 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 
BYROM STREET, LIVERPOOL L3 3AF 


DEPARTMENT OF CHEMISTRY 
AND BIOLOGY 


(1) LECTURER GRADE II IN 
PHYSICAL OHEMISTRY 


The successful candidate wil be expec- 
ted to participate an teaching from Higher 
National Ceruficate to Honours degree 
level, and may be expected to contribute 
to the postgraduate programme of the De- 
pamment A general interest in Physecal 
Chomstry ıs therefore required, but at 
would be capecially appropnate af the 
candidate could undertake specific teach- 
wg clectrode-processes or theoretical chem- 
wtry Jt e anticipated that the candidate 
will undertake research. tne main phys:cal 
chemistry projects under invesugetion in 
the Department are concerned with Col- 
told and Surface Chemisty and with 
Radiation and Photochemistry 


SCHOOL OF PHARMACY 


(2) LECTURER GRADE U IN 
BIOCHEMISTRY OR CELL PHYSIO- 
LOGY OR MOLEOULAR BIOLOGY 


Candidates should have specialised in 
one of the above fiekis Expertence in 
cHnical anpkcauons 1$ demrable The suc- 
cessful candidate will be required to par- 
ticipate an the teaching programmes 10 
medical boratory subjects and pharmacy, 
conduct research and gromote post-gradao- 
ate courses Duties to commence as soon 
as possible 


SALARY Lecturer Grade II, £1,725 to 
ennum (recently Increased) 
(The commencing salary will be assessed 
to quakfications, professional 

experience and present salary ) 


Apolicauon forms and further parcu- 
lars can be obtamed from the Director of 
Educauon, 14 Sir Thomas Street, Laver- 
pool L1 6BJ, on recept of an addressed 
fookscep envelope 

Completed forms should be returned to 


the Principal of the College by June 9, 
1969. 





ANIMAL HEALTH TRUST 


SMALL ANIMALS CENTRE, LANWADES 
PARK, KENNETT, NEWMARKET, 
SUFFOLK 
TECHNICIANS with experience of Physiologi- 
cal or Biochemical techniques are invited to 
apply for a position at the Animal Health Trust, 
Small Animals Centre. Preference will be given 
to candidates with HNC. or equivalent qualifi- 
catson, but facthties are available to attend Day 

Release Courses. 

Applications, giving summary of experience, 
and the names of two referees, should be sent 
to The Director, at the above address, from 
whom further details may be SPS gaa) 


a ee rs ee 
ROYAL DENTAL HOSPITAL OF LONDON 
School of Deatal Surgery (University of London), 
Leicester Square, W.C2 Applications are in- 
vited for the appointmem of LECTURER with 
principal dunes in RESEARCH ın the flek of 
CLINICAL DENTISTRY, ORAL PATHO- 
LOGY, or a related BASIC SCIENCE with the 
Opportunity to undertake a Imuted number of 
sessions in a clinfcal department The appoit- 
ment will be for three years and there will be 
facihues for working for a higher qualification, 
including appropmate accommodation and techni- 
cal assistance will be available. Salary will be 
on the appropriate University scale plus super- 
annouation benefits. The successful candidate will 
be required to take up duty as soon as possible 
—Candidates should forward thar apphcatons, 
together with the names of three referees, not 
later than June 21, 1969, to the Dean from 
whom further information may be ` 
(1918) 
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The 5 GeV Electron Synchrotron, NINA, housed at Daresbury Laboratory ın north-west 
Oheshire is beang used for research into high energy physics by university and resident groups. 


Scientific information Officer 


1s required to be responsible to the Librarian for the provision of an information service which 
involves the preparation of literature surveys, bibliographies, information bulletins and indexes. 


The successful candidate will also be 


required to assist in the production of technical reports issued 


by the Laboratory. A knowledge of UL D.C. classification and co-ordinate indexing is desirable 
and experience in the preparation of scientific texts for publication would be an advantage. 
Applicants must hold a degree or H.N.C. in an Pate subject or a degree or diploma 


in Kbrarianship or Associateship of the Library 
Starting salary will be assessed according to a 


following scales: 


tion. 


£1,514 to £1,910. 


Non-contributory superannuation scheme. 
Advice and assistance to obtain house loans is available. 


Write for application form, 


Science 
Research 


Council 


DARESBURY | 
PHYSICS: LABORATORY 


quoting reference DL/302/T to: 


NUCLEAR 


age experience and qualifications on one of the 
£895 (age 22) to £ 100 (age 25) rising to £1,385. 


Personnel Officer, 

Science Research Council, 
Daresbury Nuclear Physics 
Laboratory, 

Daresbury, Nr Warrington. 


Closing Date: June 9, 1969. 








LA TROBE 
UNIVERSITY 


MELBOURNE, AUSTRALIA 


SCHOOL OF BIOLOGICAL 
SCIENCES 


ACADEMIC POSTS 


The School comprises Departments of Botany, 
Geneucs and Zoology, and other Departments 
will be added as the School develops. The am 
of the School is to teach a course to tram 
general biologists and those who w sh to special- 
ize in particular disciphnes. Applications are 
called for for the following sub-professoral posi- 
uons which will complement the mterests already 
represented in the School 

BIOCHEMISTRY Lecturer to help in teach- 
ing of Biochemistry to second year students. A 
Biochemistry Departmem will probably be estab- 
lished in 1971 

BOTANY: Lecturers, Senior Demonstrators 
and Demonstrators in any fiekd but preference 
given to those with research Interests {n Ecology, 


Taxonomy, Plant Phymology, Cryptogamic 
Botany or Microbiology. (Head Professor 
A. B. Wardrop). 


GENETICS: Lecturers/Senior Lecturers in any 
field, some preference given to those wtth inter- 
esis in microbial, developmental, physiolog.ca) or 
ecological genetics. (Head: Professor P A 
Parsons). 

ZOOLOGY Sub-professonal positions in any 
field but preference given to those with research 
interests in population ecology, ethology, com- 
parative vertebrate physology (classical, com- 
parative endocrinology, speciation, or the phymo- 


logy of behaviour (Head: Professor I W. B 
Thornton) 

SALARIES Demonstrator, $A3,600 to 
$A3,940; Senior Demonstrator, $A4,275 to 


T, S 
Lecturer, $A7,500 to SAB, 750 
Further detas and application forms avall- 
able from the Secretary, Association of Com- 
monwealth Unmaverstties (Appts), 36 Gordon 
Square, London, W.C.1, or the Registrar, La 
Trobe Umvemty, Bundoora, Victoria, 3083, 

Australa. Closing date June 30, 1969. 

axo 


UNIVERSITY OF AUCKLAND 


(SCHOOL OF MEDICINE) 


Appl cations ere mvited for the above-men- 
position. The appointee, who mum be 
experienced m either mammelian or medical 
physiology, wil assist in the organetion and 
teaching of those sections of me BS course 
which are concerned wth 
Beology, Visceral Ongan 
ocomotor System, Human 
Growth’ and Reproduction and Homeostasis, 
A tagbly qualified epplicam may be appointed 
at the level of Associate Professor 
Agplians for a Lectureship should note that 
It 3 not n 
ment that they should already have heid che 
Mosiwon of easmam decturer or us 
at another univeosity institution 
Salary Commencing salary witha te eppro- 
orate scale will be deterorned in accordance 
wth qualifications end experience Ja the case 
of new members of staff coming from overseas, 
the carrent preonce is to pay salaries from an 
approved departure dete. 
Lecturer (medical) from NZ$4,270 per anmum ; 


alowed within epecfied lmits Upon the com- 
oletion of 5 years’ satrfactory service, retum 
fares on an approved basis to county of origin 
may be granted to the person appointed and his 
depeadent family, provided that such fares are 
not Seing met from some other source 
Further partoukars, detale of FSSU 
arrangements, and infommation es to the method 
of anploation may be obtained from the Asso- 
cation of Commonweakh Universities (Appts), 
36 Gordon Square, London WC1 Applice- 
teons close dp New Zealand and London on 
June 16, 1969 (2084) 





IUNIOR/STUDENT TECHNICIAN RE- 
quired to asamt «n research on transplantation 
immunology Salary penn the scale £495 to 
£970 per annum —Apply Secretary, St. Mary’s 
Hospital Medical Se. Paddington, er 

2100; 


UNIVERSITY OF SYDNEY 
LECTURERS IN PSYCHOLOGY 


Appiicauons are mvied for the above- 
mentioned postions. Applcants may be qual- 
fied in eny major area of Psychology, bat the 
primary anteotrion is to make one appointment in 
each of the following arcas. @ Social Psycho- 
logy; Œ) Phymolomcal Psychology; (nD General 
Expsamental Psychology. 


The Department of Psychology provides under- 
graduate courses for Pass and Honours students 
in Arts and Science ; postgraduate training for 


psychology of commumeation; 
orders ; crozs-cultural, differenoel, and psycho- 
metne 'studees , and formal models and measure- 
ment 


Salary within range $45,400 to $A7,300 per 
annum 


Informanon about superannuation, housing 
scheme, sabbatical leave, etc, and method of 
apphcation from the Secreta ASSOCIa- 
uon of Commonweakh Universities (Appts), 36 
Gordon Square, London W.C 1. Appkcations 
close ın Australia and London on Jane poor 

3 


GLASSHOUSE CROPS RESEARCH 


INSTITUTE 
VACANCY IN BIOMETRICS DEPARTMENT 


Applications invited for post concerned w:th 
application of statistical methods ın horticul- 
dural research Appointment in Scientific Officer 
grade, salary £1,020 to £1,740 Superannuation 
under FSS U Candidates should have, or be 
expecting to obtain this year, good honours 
decree in mathematics or an appropriate science, 
oreferably with expenence in statustics = Excep- 
tionally, a candtdate wath lesser qualifications 
would be considered for an appoimtment n 
Expernmental Officer ches on a lower salary 
scale and with optional soperannuation scheme 

Further detais from Secretary 10 whe Institute, 
Worthing Road, Rustington, Littlehampton. 
Sussex, to whom applications with names and 
addresses of three referees (two for EO 
enpomtment) should be sent before June 8, 
1969. (2088) 


LU 
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Due to continued expansion at UNIROYAL Ltd., 
Chemical Division, Bromsgrove, a vacancy has arisen 
for a: 


GROUP LEADER— 
TECHNICAL SERVICES 


to assist with a small group of Agricultural Chemists. 


The ideal applicant will be a Graduate in one of the 
Agricultural disciplines. He must possess about two 
years practical experience in the evaluation of fungicides, 
insecticides and/or growth regulants 


He will be expected to arrange field trials of new 
agricultural chemicals at home and abroad. We are 
looking for a self-starter who can exercise initiative, 
accept responsibility and possess a personality acceptable 


to all levels of Management. 


The appointment is likely to interest applicants currently 


earning £2,250 per annum. 


Fringe benefits are those usually associated with a large 
organization. Relocation facilities can be discussed at 


the interview 


Replies stating briefly age, 


relevant qualifications, 


experience and salary required should be addressed to: 


J. A. Roberts, 


Personnel /Industrial Relations, 


UNIROYAL LTD., 
Chemical Division, 


P.O. Box 12, Bromsgrove, Worcs. 


NIROYA 


(2110) 





UNIVERSIDAD DE LOS ANDES 
MERIDA, VENEZUBLA 


PROFESSORS IN ORGANIC AND 
ANALYTICAL CHEMISTRY 


There are vacancies for Organic and Analytical 
Chemists in the Department of Chemistry. There 
are two semor posts In Organic and Analytical 
Chemutry, as well as junior posts m most 
chemistry fielde. The candidates for the senor 
posts should be able to organize research groups 
in their specialties as well as to programme bamc 
and advanced courses. Salaries are in the range 
of Bs3 000/4,500 (US $!=Be 4,50) monthly, 
depending on quahficauons Candidates should 
have a working knowledge of Spantsh and be able 
to assume ther duties not later than January, 
19870. 

Further particulars and informaton can be 
obtained from Centro de Ciencias, U-L.A. 
Mérida, Venezuela, to whom applications should 
also be sent (2028) 





G. K. BUREAU 
Offer Free Personal Service To 
SCIENTLFIC AND TECHNICAL STAFF 
especially 
Agriculturists, Applied Blologists, Chemists, 
Metallorgists, Geologists, Physicists, and 
Technicians 


Ring or Write as 
Interviews are by Appointment only 
17 SHAFTESBURY AVENUE, LONDON W 1 
01-734 7232 (11 lines) (1937) 


UNIVERSITY OF EDINBURGH 


Department of Natural 
Philosophy (Physics) 


Apphcations are invited for the post of 


LECTURER 


in the above Department. 


Salary Scak £1,240 to £2,850 per 
annum, with placement according to qual- 
fications and expenence Superannuation 
under FSSU. 


It ıs hoped that the successful candidate 
wil take up duty on October 1, 1969. 


Fumher particulars may be obtained 
from the Secretary to the Unversity, Old 
College, South Bndge, Edanburgh, EH8 
SYL, with whom applications (ax copies), 
giving the names of two referees, should 
be lodged not Iaterpthan June 27, 1969. 
Please quote Reference 1055/53. (2091) 








FISHERIES RESEARCH 
BOARD OF CANADA 


BIOLOGIST 
REQUIRED 


A biologist 1s required by the Fisberies 
Research Board of Canada, for its Bio- 
logical Station at St. John’s, Newfound- 
land, Canada The postion m that of 
investigator-in-charge, Commercial Inverte- 
brates division, responsible to the Director 
for planoing, recommending, and carrying 
through to completion researches on the 
commercial invertebrates of the Newfound- 
land-Labrador area, with perticular em- 
phass on lobster, squid and Queen crab, 
but also with attention to shnmps, scallops, 
oysters and clams. Qualifications, gradua- 
tion from a university of recognized stand- 
ing with a PhD or Master's degree in 
biology or zoology; a number of years 
experience in fisheries research, preferably 
in the subject area. Appointment will be 
made within the salary range of $12,100 to 
$14,995, commensurate with qualifications 
of the candidate. 


Apply in writing to the Director, Fish- 
eres Research Board of Canada, Biolom- 
cal Station, St. John’s, Newfoundland, 
Canada, giving a personal history, state- 
ment of training and experience, a bst of 
utles of published papers, and the names 
and addresses of three referees famibar 
with the appbcant. Include with the ap- 
plication a transcript of e professor 
familar with applcant’s academic record. 
Applications will be accepted up to June 
30, 1969. (1904) 





MEDICAL RESEARCH COUNCIL 


METABOLIC REACTIONS UNIT 
DEPARTMENT OF BIOCHEMISTRY 
IMPERIAL COLLEGE, 8.W.7 


BIOCHEMISTS 


with post-doctoral experience required to 
participate in studies on hormonal control 
of intermediary metaboHsm ın perfused 
organs and in bram. 


ENZYMOLOGIST 


preferably with post-doctoral experience, 
required to participate ın studies on 
enzymic aspects of intermediary metabolism 
and hormonal control. 


NEURO- 
ENDOCRINOLOGIST 


peeferably with post-doctoral expenence, 
required to participate in studies on the 
mode of action of ergot alkaloids and re- 
lated tomcs. 


Salaries according to age and experience. 
AppHcabon, with curriculum vitae and 
names of two referees, to Professor E. B. 
Chain, FRS, at the above address. 


(1898) 


UNIVERSITY OF IFE 
NIGERIA 


Applecations are inwted for SENIOR LEC- 
TURESH# IN GEOLOGY Candidates, who 
must be Economic Geologists whkh practical cx- 
perience in mineral deposits and applied geo- 
logy, Must possess a good honours degree, post- 
graduate qualifications and considerable teacinng 
and cesearch experience. Appointment to com- 
mence September, 1969. Salary scale’ £N2,275 
to £N2,575 per annum (£NE=£1 3s. 4d. sterling). 
Silary supplemented 1m range £455 to £515 per 
annum (sterling) and education allowances and 
children’s hohday visit passages payable in ap- 
propriate cases under Britsh Expatriates Suppk- 
mentation Schem: Famuy passages, vanous 
allowances; suptrannuation scheme; regular 
overseas leave. 

Detailed appkcations (ux copies), naming three 
referees by Juns 27, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom partuculars are AAE 

58, 
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FOREST RESEARCH STATION 


Forestry Commission 
Alice Holt Lodge, Wrecclesham, Farnham, Surrey 


MYCOLOGIST (graded Senior Scientific Officer/Scientific 
Officer) required in the Pathology Section; this section has 
an advisory service which deals with numerous queries 
received from Forestry Commission staff, Private Woodland 
owners, agents and members of the general public. The 
successful applicant will be a member of a team dealing with 
these queries and will be responsible for Identifying fungi on 
diseased plant material. He will also undertake some research 
work of a short term nature to elucidate selected problems 
which arlse from advisory quenes and advise on mycological 
aspects of other research projects. 

Application Forms are obtainable by writing to the Secretary, 
Civil Service Commission, 23 Savile Row, London, W1X 2AA, 
or by telephoning 01—734 6010 ext. 229 (after 6.30 pm. 
01-734 6464 “Ansafone” Service) Please quote S/52-63/ 
FC/5 Closing date: 20th June, 1969. 


TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Development 

56-62 Gray's Inn Road, London, W.C.1 
BACTERIOLOGIST (graded Senior Scientific Officer/ 
Scientific Officer) required for research and advisory work 
on the bacterial spoilage of anımal and vegetable foods and 
the study of microbial fermeftitations of tropical products. 
Previous experience of food bactenology desirable but not 
essential 

Prospects of permanent pensionable appointment. 
Application Forms from the Administratve Secretary at the 
above address. 


SCIENTIFIC OFFICER/SENIOR SCIENTIFIC OFFICER 


CIVIL SERVICE COMMISSION 









FISHERIES RESEARCH LABORATORY 


Ministry of Agriculture Fisheries and Food 
Marine Hatchery, Port Erin, Isle of Man. 


BIOLOGIST (graded Experimental Officer/Assistant Expert- 
mental Officer) required to assist In current experimental 
work on environmental factors affecting the surmval and 
growth of captive marine fish, with special emphasis on 
disease and its control Opportunities will occur for original 
research Applicants should have some knowledge of 
microbiological techniques and experience in a Pathology 
Laboratory would be an advantage. 

Non-contributory pension Prospects of promotion. 
Application Forms are obtainable by writing to the Secretary, 
Civil Service Commission, 23 Savile Row, London W1X 2AA, 
or by telephoning 01-734 6010 ext. 229 (after 530 p.m. 
01-734 6464 “Ansafone” Service). Please quote: S/94/ 
MAF/6. Closing date: 20th June 1969 


FOREST RESEARCH STATION 


Forestry Commission 
Alice Holt Lodge, Wrecclesham, Farnham, Surrey. 


BIOLOGIST (graded Assistant Experimental Officer) 
required to work in the Pathology Section of the Research 
Station Applicants should have a good general knowledge 
of biology, whilst experience in the techniques used in 
mycology, bacteriology and plant pathology would be an 
advantage. 


SALARY: £850 (at 18)—£896 (at 22)—£1,160 (at 26 or over) 
—£1,385. 


QUALIFICATIONS (see below) should be in Biology or 
Microbiology. Under 22, minimum qualification Is G C E. in 
five subjects, including two Sclentific/Mathematical subjects 
at ‘A’ level or equivalent level. Age 18-27. 

Application Forms are obtainable by writing to the Secretary, 
Civil Service Commission, 23 Savile Row, London W1X 2AA, 
or by telephoning 01-734 6010 ext 229 (after 5.30 pm. 
01-734 6464 “Ansafone” Service). Please quote: S/95/FC/3 





Salaries (starting salary may be above minimum): SO: £1,020-£1,740, (Increments and special! £137 award for approved 
post-graduate experience) S S.O.: £1,925-£2,372 Most Scientific Officer Class appointments carry promotion prospects to 
Principal Scientific Officer £2,476—-£3,426. Salaries are supplemented ın the London area, £125 Inner London, £76 Outer London. 
Qualifications: SO : Istor 2nd class honours degree or equivalent qualification in appropriate subject. Age under 29. S.S.0.: 
As above plus at least 3 years’ post-graduate research. Age normally 26-31 


Salaries: AEO. 


ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER 
£650 (age 18)—£895 (age 22)—-£1,160 (age 26 or over)—f£1,385. EO.: £1,614-£1,910 (starting salary 


may be above minimum). Most Assistant Experimental Officers become Experimental Officers before reaching A.EO scale 
maximum. Promoton prospects to Senior Experimental Officer. £2,220-£2,720 Salaries are supplemented in the London 


area, £125 Inner London, £75 Outer London. 


Qualtficatlons: Degree, H.N C, or equivalent in appropriate subject. Under 22, minimum qualification is G C E in five subjects, 


including two Scientific/Mathematical subjects at ‘A’ level or equivalent level AEO 


age 18-27, E. O.: normally 26-30 
(2060) 








MAN OR WOMAN REQUIRED TO RUN 
a small Language Laboratory The person con- 
cerned should be interested in visual aids, langu- 
ages and tape-recording procedures. 
expenence not necessary. Salary on scale nang 
to £1,040 per annum —Applications in wnung 
to the Labrarian, Queen Mary CoHege, Mile End 
Road, E1. (2062) 


Previous 


POST-DOCTORAL RESEARCH BIOCHEM- 
ist required to participate for up to three years 
in studies on the effects of drugs and hormones 
on brain carbohydrate metabolksm Direct ex- 
penteace is not essentcal 
the rang: £1,200 to £1,400 
to: Dr H S Bachelard, Departmeat of Bio- 
chemistry, Iostitute of Psychiatry, De Creesigny 
Park, Denmark Hill, SES 


Expermmental Patholomst Department for 


chemotherapy 
fields not esssntial 
to £1,540 ptr annum —Apply Secretary, 


Starting mary within 
F S S U.—Apply 








SENIOR TECHNICIAN I REQUIRED IN 


search on ozgan transplantation and cancer 
Previous experience ın these 
Salary wthiın scale £1,215 


Mary's Hospital Medical School, London, W.2. 
20n (2056) 
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THE BANK OF ENGLAND PRINTING WORKS 


has a vacancy fora 


CHEMIST 


To work on problems associated with the manufacture, development 
and production control of security printing inks and raw materials. 
The qualifications required would be at H.N.C. level in Chemistry with 
three to four years’ experience tn printing ink manufacture or a related 
field. A knowledge of moder resin technology would be a particular 


advantage. 


The post is pensionable and the starting salary will be up to £1,450 a 
year with annual increments, initially on a scale up to £1,600 a year, 
with the possibility of further advancement. In addition, a non-pen- 
sionable allowance of £50 a year is payable half-yearly. 


Applicants should write, stating age, full detalls of qualifications 
and previous experience to :— 


The Staff Manager, 
Bank of England Printing Works, 
Langston Road, 
Loughton, Essex 








HOUGHTON POULTRY RESEARCH STATION 
(Grant-aided by the 
Agricultural Research Council) 


VIROLOGISTS 
and 
GENETICIST 


Applications are invited for the following posts in the SCIENTIFIC OFFICER 
or SENIOR SCIENTIFIC OFFICER grades 


(1) VIROLOGIST in the Department of Virology for investigations of avian 
respiratory infections, entailing studies on their incidence in poul 
flocks and investigations into characteristics of viruses involv 
Veterinary qualifications desirable but not essential. 

Gi) VIROLOGIST in the Leukosis Experimental Unit to study avian virus 
tumours including avian leukosis and Marek's disease. Opportunity to 
work with avian leukosis/sarcoma group of viruses. 

(ui) GENETICIST in the Leukosis Experimental Unit, with biometrical 
experience, to undertake research on genetics of resistance of fowl to 
avian tumour viruses, and maintenance of inbred lines of fowl. 


Excellent facilties for experimental work and opportunities to work for a 

higher degree. 

The appointment will be made in the scientific officer or senior scientific officer 

grade according to age, qualifications and experience. (Salary scale £1,020 to 

£1,740 or £1, to £2,372 per annum). F.S.S.U. superannuation, 

Further particulars and application forms from the Secretary, Houghton 
Poultry Research Station, Houghton, ae ae icon to whom completed apphca- 





























tion forms should be returned by June 30, (2121) 














VIROLOGY SENIOR TECHNICLAN OR 
Tectmician cequired to assit m the day to day 
work of the oon-specefic immunity section, Ex- 
perience a Virology and tæsue culture tech 
niques essential Salary ın range £817 to 
£1,400 So ane ieee ee ee and ex- 
pemence superannuation 
scheme and four weeks annual leave —Applica- 
dons in writing to Departmental Superintendent, 
Department of Blochemmiry, Imperial College, 
London S.W7 (2078) 


APPOINTMENT AIDS LTD. 
PHARMACEUTICAL DIVISION) 


opportumties cust. 
Sloane Street, London SW 1. (2087) 





Pharmacologists, obanmecisis, micro- 
biologists, medical cepresematives Several 


Please write, giving 
bret details to Dr. P. Sadler, ALAL, 20 





MEAT RESEARCH INSTITUTE 


Applications are invited for three new posts 
at thw new Insutute, some 13 miles south of 
Bristol . E 

1. MICROBIAL BIOOHBMIST—required an 
the Microbiology Section which carries out rc- 
search op a wide variety of microblologcal prob- 
lems related to fresh and cured meats. ‘There 
would be freedom for the successful applicant 
to select a topic for study, but metabolic activi- 
ues that relate to (1) the spoilage of meat: 
() the tization of ntre and mirite. 
G) growth at low temperature or at high salt 
concemtretions; or (4) that may be useful in 
the «dentuficatton of mrcro-organisms are of 
aoccml dnterest This post 1s graded at Scien- 
ufic Officer level and provisions exist for cegis- 
tering for a research degree. 


2 BIOCHEMIST (post-doctorate)—required to 
investigate the complex of reactions which occur 
in emimal tissues, after death, leading to the 
consumptron of atmospheric oxygen. Candidate 
should have an merest in the electron transport 
symem gencrally vith research experience in the 
kaom olgments or the amochondrial enzymes 

Graded at Scienufic Offcer/Senmior Sclentfic 
Officer level according to age amd experience 

3 VETERINARY BACTERIOLOGIST—re- 
quired in the Microbiology Section to work in 
a group carrying out research on a wide variety 
of microbiological problems related to the pro- 
duction of fresh and cured meats, In the first 
instance he will be required to study the rela- 
tonehap between salmonelae in British meat ani- 
mak end salmonella food-powoning from meat: 
and Orevtous expenence of some aspect of thig 
subject would be a definite advantage The 
possebility cxims to register for a rescarch degree 
Graded at Senor Scientific Officer level. Quotifi- 
catlon: e good vetermary degree, preferably 
with some postgraduate experience. 

Qualifications: e first- or upper second-class 
Honours degree. 

Salary scales’ Sciemaftc Officer gerade £1,020 
to £1,740 ; Senior Screntific Officer grade £1,925 
to £2,372, appoimments according to qualifica- 
tons, experience and age Superennuatton under 
FSSU 

Apolcation forms. Sccremry, Meat Research 
Institute, Langford, Bristol BS18 7DY (2116) 





UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
RESBARCH DEMONSTRATORSHIPS 


Appications are invited for two posts of Re- 
scarch Demonstrator in the Department of 
Chemical Engineering. Candidates shouid have 
a good honour degree in Chemical Engineering 


fessor P. M. C. Lacey, Department of Chemical 

versity of Exeter, Applied 
Science Building, ‘North Park Road, Exeter. The 
a be tenable from October 1 


» Northcote House, 
The Queen's Dove, Exeter, not iater than Juns 
30, 1969. (2061) 


a, 


HEAD OF INFORMATION SECTION RE- 
quared by Agricultural Research Council for its 
Weed Reasearch Organization near Oxford. The 
Sectton, an eddition to providing an Information 
serwce to the Organimnon, produces Weed Ab- 
stracts, one of a series of abstract journals pub- 
kbshed by the 
Bureaux. An 


abie. Appomtment in the Senor Scientific 
Officer scale (£1,925 to £2,372) or Prmerpal 
Scientific Officer scale (£2,475 to £3,425) accord- 
ing to experience F.S §.U.—Further particulars 


Weed ‘Research Organusatron, Begbroke HYL 
Yarnton, Oxford Closung dete for applications 
June 20, 1969. (2101) 
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UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 
DEPARTMENT OF BOTANY 


Agplicatrons are invited for the follow- 
Ing posts. 


LECTURER with special anterests in 
Phycology 


DEMONSTRATOR with special méerests 


wn Mycology or Microb:otogy. 


Salanes for the above posts will be on 
the folkowrng scales : 


LECTURER £1,240 to £2,735 per aonum. 


DEMONSTRATOR £1,000 to £1,110 per 
apoum 


Further particulars and application forms 
may be obtained from the Registrar, Uni- 
versity Codege of Wales, Aberystwyth, to 
whom all applicauons mux be sem by 
June 6, 1969. (1940) 





THE 
UNIVERSITY OF 

























Applications are utvited for posts in 
the following Departments : 


COMPUTATIONAL SCIENCE 
ECTURER 


diferenta! equetiong or optemisatron 
methods and will play a full part ım 
teaching at undergraduate and gadu- 
ate leyele Refereace No 21/10/D 


EARTH SCIENCES 


LECTURER 
Preference will be given to candidates 


ence, Reference No 29/9/D 


ORGANIC CHEMISTRY 


POST-DOCTORAL 

FELLOWSHIP 

for research in collaboration wkh Dr 

G A. Morreson on the symthess: of 

steroids of potential pharmacological 

value. The enpoiniment, which will 
be for one year in the fimm instance, 

will take effect from January 1, 1970, 

et a salary within the range £1,300 to 

£1300 per annum. Reference No. 25/ 

ID. 

SALARY SCALE : Lecturer £1,240 by 
£115 to £2,735 (probationary to 
£1,470 ; efficiency bar £2,390). 

Applications (three copies), taming 

three referees, should ceach The Regs- 

trar and Gecretery, The Unavversity, 

Leeds LO2 SIT Grom whom farther 

particulars may be obtained), not leter 

than June 6, 1969. Please quote rejer- 

ence n $ (2054) 





WYE COLLEGE 
(UNIVERSITY OF LONDON) 


ZOOLOGY OR PHYSIOLOGY 


Applecations ace invited for an appoint- 

Department of Biological 
Sceoces to esst with the teaching of 
Zoology or Phymology. An interest in 
Memmahan Physto. is cesential. The 


Lecturer, pec 
nnum; Demonstrator, £1,050 to £1,100 
per amum. 

Further particulars from the Secretary, 
Wye College, ocar Ashford, Kent. 
Clomng date, June 16, 1969. 





Agricultural Chemist 
Trinidad 


A Graduate in Chemistry or Agricultural Chemistry, with consider- 
able postgraduate experience in the fields of soils and plant 


nutrition, is req’ 


for work on sugar cane at the Caroni R 


Station, Carapichamma, Trinidad, West Indies, 


Experience of the organisation of inorganic and organic analytical 
work in connection with a range of research projects, and of the 
use and maintenance of modern chromatographic equipment would 


be a major advantage. 


The salary will depend on the qualifications and experience of the 
appointee. Furnished accommodation will be provided. Pension 


and Medical Schemes are offered. 


Applications giving full details of training, experience, and personal 
circumstances, and including the names and addresses of three per- 
sons to whom reference may be made, should be sent not later than 


June 21, 1969, to the: 
Personnel Manager, 


Caroni Limited, Couva, Trinidad, W.I. 
from whom further particulars may be obtained. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Feeding end Metabolism department 
has e vacancy for an ASSISTANT EX- 
PERIMENTAL OFFICER m the amlyu- 
cal mboratory. The work wl be con- 
cerned mainly with various aspects of food 
wogestion and utiizauon in rummants The 
poxtion involves superwsion of the labora- 
tory, the development of new amiytical 

, especially those using auto- 
mauc techmques, and some = rontune 


sbouki have a Pass Degree, 


propnate subjects. stience 
matic techniques of analysis would be an 
advantage. 
Starting salary up to £1,150 according to 
age, in scale to £1,385. 
Apply on forms obtainable from the 
J Readmg, 


Secretary, N.I.R.D., Shinfield, 
RG2 9AT Quote ref. 69/20. 


UNIVERSITY OF LIVERPOOL 


ELECTRON MICROSCOPIST 


Applications are invited for the post of 
Technical Officer in the Department of 
Veterloary Anatomy The oermon eppom- 
ted wall be responsible for technical services 
associated with the Electron Microscope 
Umt (AEI EM 6 B) and wil also partic 
pate in the traming of postgraduate stu- 
dents. An interest in beological investiga- 
tlon and competence in the appropdiate 
techniques will therefore be requmred 
Inula! sadary in the range £1,031 to £1,155 
per annum according to age, qualeications 
aod experience. 

Application forms may be obtained from 
the Regmrar, The University, PO Box 
147, Liverpool L69 3BX Quote Ref RV/ 
2704/N. (1960) 











THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for the follow- 
ing posts 


DEPARTMENT OF BOTANY 


RESEARCH ASSISTANT 

in a programme concerning the cyto- 
chemistry end electron microscopy of 
brown elgre Candidates should pos- 
sess a good honours degree in botany 
and df posmble some postgraduate ex- 
penence, though aot necessarily in the 
same field. 

The eppocntment és for one year in the 
first unetance, renewable for a further 
two years 

Salary within the range £850 to £1,250. 
Appkcauons should be submitted to 
The Registrar and Secretary, The Uni- 
versity, Leeds LS2 9JT, not later than 
June 6, 1969. (2053) 


WESTFIELD COLLEGE 
CHEMISTRY DEPARTMENT 


Applications are mvited for several 
posis as RESKARCH ASSISTANTS in 
the ORGANIC SECTION of tms Depart- 
ment Assama are required for work on 
Optical Rotetory Dispersion and Circular 
Dichroism or on Steroid Synthesw Appl- 
cauons will be welcomed from persons who 


have a BSc in Chemsstry or GRIC or 
wio will be graduating this year, Apts- 
tants will be encouraged to register for the 
M Pùl or the PhD degree 
approxamately equivalent to an SR.C. 
Studentship. 


Further particulars may be obtained 
from Professor W Klyne, Westfield Col- 
lege, London N W.3, to whom applice- 
trons should bo i (2085) 





LVI 


IMPERIAL COLLEGE 


DEPARTMENT OF 
AERONAUTICS 


A RESEARCH ASSISTANT 


ts required to conduct experimental invest- 
gations on Carbon Fibre/Resin composite 
materials at elevated temperatures. Famili- 
arty with mechanscal testing techniques is 
demrabte and the apphcant should possess 
a degree or H N.C. as a minemum quak- 
cation. The successful appkcant will have 
the opportunity to submit for the Diploma 
of Imperal College. 


Depending on quakficatonsa and expert 
ence the starting salary well be within the 
range £870 to £1,155 phu F.S.S.U. and the 
appointment rs tenable for a maximum 
perrod of three years 


Apply to Professor Acromautcal Struc- 
tures, Impera! College, London, S W.7. 


(2124) 


THE . 
UNIVERSITY OF 


LEEDS 


SCHOOL OF MATHEMATICS 


DEPARTMENT OF 

COMPUTATIONAL SCIENCE 

Applications are invited for 

(@) The post of PROFESSOR OF 
COMPUTATIONAL SODENCE, 
with a prime responsibility for the 
development of the subject as an 
academic discipline; and 

(b) The post of PROFESSOR OF 


LABORATORY with a prime re- 
eponsibikty for the work end 
development of the Univermty’s 
central computog facilities. 


The salarees will be not less than £3,780 
a year. 
Applications (sixteen copies), stating 
age, qualifications and expenemce and 
gaming three referees, should reach 
The Registrar and Secretary, The Um- 
versity, Leeds LS2 9]T Grom whom 
further particulars may be obtained), 
not later than June 16, 1969; appli- 
cants from overseas may apply in the 
first «nstance by cable, maming three 
referees, oreferably in the United King- 
dom. Please quote reference number 
21/11/D. (2055) 





SOUTH-EAST METROPOLITAN 


REGIONAL HOSPITAL BOARD 


in co-operation with the UNIVERSITY OF 
SURREY 


The Board offers special training posts as 
BASIC GRADE BIOCHEMISTS with the op 
portunity to study for an M Sc. ip Choecal Bro- 
chemistry Posts are available from October 1, 
1969, for a two-year sandwich M.Sc. course at 
the Umversity In the case of fresh graduates a 
good honours degree, eg., Bioc or 
Chemistry (or its equivalent) is exsentral During 
the parts of the course socot away from the 
University, students would work in a specified 
hospital laboratory in the area of the Board at 
Woolwich, or Lewsham, or-Brighton. Salary 
would be at the appropnate point on the scale 
commencing £1,080 per annum, with annual in- 
crements to £1,120, £1,165, £1,210, £1,255, 
£1,305, £1,355, phs London Weighung Allow- 
ance where apphcable The Board will contn- 
bute to travelling expenses Before the issue of 
the Certificate of Proficiency the successful can- 
cidatez. should serve within the Region for a 
further year after the compktion of the two 
years’ hospital attachment 

Unversity application form, together with the 
Post-graduate Prospectus, and separate Regional 
Hospital Board applicawon form, obtainabk 
from the Academic Regstrar, University of 
Surrey, Guildford Applications must gyre pat 
examination grades Closmg date for applica- 
trons, June 30, 1969 (2107) 
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LONDON BOROUGH OF BARKING 


BARKING REGIONAL COLLEGE 


OF TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, ESSEX 


Constituent College of the proposed North-east 
London Polytechusc 


Required from September 1, 1969 or ag soon as 
posmble thereafter 


LECTURER GRADE II IN 
MICROBIAL BIOCHEMISTRY 


To teach Honours C.N.A A. degree and M.I. 
Biol Part H Knowikedge of process biochem- 
stry with 10dustrml and/or research experience 
ws desirable 


LECTURER GRADE II IN 
ZOOLOGY 


To teach to General and Honours degree stan- 
dard Applicants should be specwlists in one 
branch of the subject, preferably Physiology. 
Salary £1,725 to £2,280 per annum (under re- 
view) plus £85 London Allowance. 

Apphcation forms and further perteculam aval- 
able from the Pnocipal. (2052) 


UNIVERSITY OF GHANA 
VOLTA BASIN RESBARCH PROJECT 
Applications are invited for 

RESEARCH FELLOW 


for biological research on the Volta Lake Can- 
didates aust have at least a good Honours 
degree in Botany, Zoology, Biology or Chemis- 
try Previous research experience an one or 
other field is desirable. 


Salary scale N¥Z2,720 by 120 to N€3,5€0 by 
180 to NZ4,640; NÇ4,800 per annum. (Non- 
tamable inducement allowance of N€720 per 
annum for cxpatriatea). (Official rate of ex- 
change for the New Cedi. One pound sterling 
equa) N@245; one US. doler equals 
N¢1.02) Appointment normally four or sx 
years an the first instance but a shomer period 
of secondment wii be considered. 


Farther particulars and fooms of 
should be obtained from the Asmetam Regis- 
«car, Unrvernty of Ghana Office, 15 Gordon 
Square, London W.C.1, or the Regwtrar, Univer- 
xty of Ghera, PO Box 25, Legon, Accra, 
Ghana, with whom applications (e1ght copies) 
should be lodged not later then June eee 

86) 








CHEMIST 
OR 
BIOCHEMIST 


required by AN FORAS TALUNTAIS (The 
Agricultural Jastuute) for research on quality of 
fresh and processed fruits and vegetables n its 
Horticulture and Forestry Division at Kuinsealy 

Research Centre, , Co. Dubin 
Commencing salary up to £2,105 depending on 
qualifications and experience Marnage and 
children’s allowances. Superannuation Scheme 
and provmon for Widows’ and Orphans’ pen- 
sions. Special pension arrangements can be 
made for an F.SS U. member or a member of 
. ESSEN- 


chemmtry). DESIRABLE: Expenence in food 
sconce and/or microbiology 
APPLICATIONS ALSO CONSIDERED 


FROM 1969 FINAL DEGREE CANDIDATES 


Further partuculars and application forms from 
Director, An Foras Talumas, 33 Merron Road, 
Dubuo 4 (telephone 693222) Latest date for 
receipt of compkted forms iw Friday, July 4, 
1969 Appicants are agsured that ther candi- 
dature will be kept strictly confidential and that 
employers wrt oot be comacted without prior 
permission. (2095) 


AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
Compton, near Newbury, Berkshire 


A vacancy exists in a group studying bost- 
pathogen relationships, especmlly et the celiular 
level, in a programme of research on diseases 
of farm anamals Veterimary qualificateon re- 
quired ; previous experience in pathology, micro- 
biology or immunology would be an advantage 
Appoinunem in the Scientfic Officer or Senior 
Scienufic Officer grade; FSSU ; prospects of 
promoton 

Applications should be forwarded to the Sec- 
retary, quoting Ref 103, together with the names 
of two referees, not later than Monday, July 14, 
1969. (1972) 








LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(incorporating the Ross Institute) 
MEDICAL ENTOMOLOGY 
ASSISTANT LECTURER, qualified in 


bfolomeal sciences, required to assist in 
postgraduate teaching of medical entomo- 


logy with opportunaty for research in bio- 
chemical aspects of usectaides. The ap- 
powmtment i for three years in the first 
instance, and the inital salary will be in 
the range £1,240 to £1,470 per annum plus 
£60 London Allowance and FSSU 


Appleanons by June 20 to the Dean, 
London School of Hymene and Tropical 
Medicine, Gower Street, Keppel Street, 
WC il. (2112) 





SCIENCE 
GRADUATE 


is required to assist a team researching on 
the causes of dearrhoca and mfections of 
the urHmry tract under the directton of 
Dr. Joan Taylor, Director of the 
Salmonella Reference Laboratory, Cohn- 
dale, N.W 9. Candfdates should prefer- 
ably, though not essennually, have some 
knowledge of mucroblobogy. Minimum 
starting salary £915 wath credit for honours 
degree ptas £90 London Weighting. 


Apply as soon as possible to the Drec- 
tor, Salmonela Reference Laboratory, 
Central Public Health Laboratory, Cohn- 
dak, London, N.W.9. (2109) 





MRC METABOLIC REACTIONS UNIT 


SENIOR ANIMAL 
TECHNICIAN 


required to assxst in expermental ammal 
Proxects and to supervise the roume 
rupaing of the laboratory aaimal house 
Experience in anımal husbandry essential 
A Home Office heence and Associateship 
of the Institute of Anımal Techmicaans, to- 
gether wah some laboratory expenence 
would be an advantage. Good prospects 
for keen, enthustastic worker. Salary (in- 
clunve of London weighting) according to 
age, qualifications and expenence, within 
the range of £1,025 to £1,285. 


Applcatrons, ın whiting, to Depart- 
mental Supemntendent, Biochemistry De- 
partment, Imperial College, + London, 
S W.7. 2098) 





PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
SCHOOL OF PHARMACY 


Applcauons are invited from suitably qualified 
candidates for the post of LECTURER GRADE 
II IN PHARMACOLOGY. Dutes to com- 
mence October 1, 1969 Appheants should 
possess a degree in Pharmacy or Pharmacology, 
together with a higher degree The successful 
candidate wril be required to teach physiology 
and pharmacology to students of Pharmacy and 
will be expected to carry out research, for which 
excellent facilities are available. Salary scale 
(unde: review) £1,725 to £2,280 per annum. 

Further particulars and application forms may 
be obtained from the Staff Officer, Portsmouth 
Colisge of Technology, Hampsmre Terrace, 
Portsmouth POl 2EG, to whom completed ap- 
plications should be retumed by June 16, 1969. 

(2106 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 


SCHOOL OF OHEMISTRY 


Applications are invited for a POST- 
DOCTORAL ASSOOLATE- 
SHAP tenable in the Laboratory af Radi- 
ation Chemsiry The work will mvowe 


studies of the puse radiolysis of gascous 


gyricms Salary will be in abe scale 
£1,240 to £1,470 per ennom (plus FSSU 
benefits) according to ege, qualficauons 
and experience The appointment, for one 
yeer cn the first instance, will be available 
from September 1, 1969 


Apphcauons should be sent es soon as 
pombe to the Regswar, 6 Konsington 
Terrace, Newcastle upon Tyne mae 


UNIVERSITY OF SUSSEX 


SCHOOL OF BIOLOGICAL SCIENCES 
LABORATORY OF EXPERIMENTAL 
PSYCHOLOGY 


RESEARCH FBLLOW 
or 
RESEARCH ASSISTANT 


Applications are invited for the post of post- 
doctoral Research Fellow or graduate Research 
Asustant to work on a research prokct on 
PATTBRN RECOGNITION in MACHINES 
and the NERVOUS SYSTEM. There mw con- 
siderable choice of work in this developing field 
and appheants with trainmg m Psychology, En- 
gmeenng or Mathematics wil be considered 
Computer simulation is an essential part of the 
work and akhough programming ts mot neces- 
sary, epplicants must be wing to leam 
Salaries will be wethin the range for Research 
Fefows, £1,240 by £115 to £1,700 per annum 
and for Research AsmHant £800 by £50 to £1,100 
per annum. 

Apphcation forms should be obtamed as soon 
as posable from the Secretary of Science, Science 
Office (Estableshment), The University of Sussex, 
Falmer, Bnghton, BN1 9QH, quoting ref No 
182/3. (2105) 








GROUP PATHOLOGICAL 


LABORATORY 
LAKIN ROAD, WARWICK 


Apphcauops are invited from graduates with 
at least five years’ eeperience in chnical brochem- 
miry for the post of SENIOR GRADE BIO- 
CHEMIST An Etkott 903 computer and 15 
“ on-ħoe” Auto-Acalysecs are being sostalied 
and the successful applicant will be expected to 
investigate quality control techniques in “ on- 
Tine" analytecal systems. The prorxct is 
financed by the Department of Health and Social 
Security and uw expected to lest for not less than 
three years The laboratory may be vurted by 
arrangement with Dr R. Robinson. 

Apphcations, together with the names of two 
referees, to the Group Pathologut (2094) 





UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
DEPARTMENT OF AGRICULTURAL 
BOTANY 

Applications ere «nvited for RESEARCH 
ASSISTANTSHIPS in the field of Genetics, 
Cytology, or Plant Pathology Applicants should 
have or expect to obtain a good honours degree 
In agricultural botany or botany Permission to 
register for a higher degree wil be granted in 
suitable cases 

Application forms are obta.nable from the 
Registrar, to whom all applications should be 
ceturned by June 30, 1969. (2118) 





UNIVERSITY OF BRISTOL DEPARTMENT 
of Pathology A vacancy anses for a Technicren 
for duues on an interesting research project in- 
volving basic cell tuological tovestigetions usog 
a variety of techniques fo which sstruction will 
be given Good working conditions, hokday 
allowance, and superannuation scheme Com- 
mencong salary within the range £692 to £977 
per annnm wah £30/£80 supplementation for 
Tecogmscd quahfications OR Qf Part I Fiml 
(Associatesmp) IM.L.T quahfication ıs held) 
£890 to £1,130 per annum.—Applicatons, in 
wating, ummediaicly, to Professor M A Epstein, 
Department of Pathology, The Medical School, 
The University, Bustol, 8 (2093) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DBPARTMENT OF GEOLOGY 


Applecations are invaed for the post of LEC- 
TURER in GEOLOGY tenable from October 1, 
1969 The succeasfot appircant should bavo 
special mterests wo muneralogy, petrology and 
structural geology, especally in economsc fields. 
Salary scale £1,240 by £115 to £2,045 then 
subject to review by £115 to £2,850 (The iniual 
selary for the present post wall not exceed 
£1,355) A London AHowance of £60 per 
annum end FSSU benefits will be payable. 

Applicaton forms and conditions of appoint- 
ment may be obtamed from the Registrar, 
King’s College, London, Strand, W.C 2, aod 
completed forms should be returned to lum by 
June 25, 1969 (2108) 


FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 


Apphcations are invaed for () SENIOR 
LECTURESHIP or (b) LECTURESHIP IN 
PHYSICS. Salary scales (a) Le4,550 to 
Le5,400 per annum; (b) Le2,400 to Le4,740 per 
annum (Lel=10s steckeog), plus suppiementation 
of £275 to £450 per annum (sterhng) for those 
demgnated under British Expatnmates Supplemen- 
tauon Scheme. FSSU ; various aHowances ; 
family passages ; regular overscas leave. 
Detailed applcations (six copes), naming 
three referees by June 27, 1969, to Inter-Unt 
versity Council, 90/91, Tottenham Cot Road, 
London, WIP ODT, from whom particulars are 
avasable. (2059) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
ASSISTANT EXPERIMENTAL OFMCER 
required to supervise the cunning of expermemal 
emmal colonies in the Physiology department. 
Candidates should bave previous expertence in 
the dreedmg management of expemmental 
animals LAT  qualificattons, although not 
essential, would be preferred Excellent oppor- 
tumties exaust for farvher mady Starting salary 
up to £1,150 per anoum according to age 
Apply on forms obtainable from the Secretary, 
NIRD, Shenfisid, Reading RG2 9AT Quote 
reference 69/22 (2068) 


UNIVERSITY OF SYDNEY 
LECTURESHIP /SENIOR LECTURESHIP IN 
GEOGRAPHY 








Apphkeations are mvted for the above- 
mentioned post Prefecence may be given to 
candrdmtes with qualifications and expenence m 
apy of the following fiekls or ın some combin- 
ation of them, but others should not feel 
detecced from applysns 

Geomorphology, clunatology, quantitatave 
method, ¢ropecal geography, the geography of 
eastern Asm, urban gcography, industrial geo- 
geapby The order of keting does not represent 
ap order of preference 

Salary range’ Lecturer, $A5,400 by $A270 to 
$A7,300 per annum; Semor Lecturer, $A7,600 
by $A230 to $A8,750 per annum. 

Informanon about superannuation, housing 
scheme, sabbatical jeave, etc., and method of 
appxcation from the Secretary-General, Associa- 
tron of Commonwealth Unirvenmucs (Appts), 36 
Gordon Square, London, WC.1 Anpbeations 
chose on June 20, 1969 (2099) 





SIMON FRASER UNIVERSITY 


RESEARCH OPPORTUNITIES IN 
CHEMISTRY 


The Department of Chemstry at Samoa Fraser 
Unrversty, which situated on the outskirts of 
the City of Vencouver bes openings for sutabiy 
quakfied students sn the graduate programme 
leading to the degrees of MSc amt PhD 
Applicants will be expected to have an honours 
degree in Obenwstry, or ARIC Financial 
assistance in the form of teachmg asmstantshrps 
and reseaxch assustantsinps, to a value of $3,300 
in the frst year will be avasable to mutable 
candidates The trumester system in operation at 
S mon Fraser University allows students to enter 
the graduate programme m September or January 

Interested persons should write in the fimt 
place to Graduate Adimssions Officer, Depart- 
ment of Chemstry, Simon Fraser Unversity, 
Burnaby 2, BC, CANADA. (895) 


UNIVERSITY OF OXFORD BIOCHEMIST 
or Chenmst required to study proteins of lens in 
relation to cataract sm man = Salary up to £1,200 
per annum according to txpemence Three-year 
appointment —Apply to Mrs. A Pire, Noffield 
Laboratory of Ophthalmology, Walton Street 
Oxford OX2 6AW (2023) 








UNIVERSITY OF READING 

PROFESSORSHIP OF SOIL SCIENCE/SOIL 

SODENCE AND CROP ENVIRONMENT , 

Applications are invited for the gbove Pro: 
fessorship, which carnes with x the Headship 
of the Depermment of SoH Science, which wii 
become vacant on October 1, 1970, by the retire- 
ment of Professor E W Russell 

Further particulars may be obtained from the 
Registrar (Room 208, Whitekncghts House), The 
University, Wititckoights, Reading RG6 2AH, 
by whom applications should be received not 
later than November 1, 1969 (2075) 





| 

REQUIRED ASSISTANT LECTURER IN 
Agncclioral Chemstry to commence dutes in 
October 1969 Salary accordmg to the Busnham 
Technical Scale—Further particulars may be ob- 
tamed from the Principal (2096) » 


LECTURES AND COURSES 



















UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


M.SC, IN 
X-RAY CRYSTALLOGRAPHY 
A postgraduate course in X-ray Crystal 


lography, leading to the examinations for 
the degree of M.Sc., 1s held in this De- 





physical 
sciences, or the Grad R.I.C. or the Grad. 
Inst.P. 


A detailed account of the theory of the 
main branches of X-ray Nography is 
presented, and supplemented by a scheme ' 
of practical work and by a study project. 
Additional lectures on computing methods 
are available. The next course begins m 
October, 1969. 


Both full-time and day-+elease students | 

are accommodated. The dayrckas ' 
requires attendance on one full day 
per week. 

The course has been approved by the 
Science Research CouncH for the tenure 
of its Advanced Course Studentships. 

Foll details and application forms may 
be obtained from Professor V. S. Griffiths, 
Department of Chemical Physics, Unives- 
mty of Surrey, Guildford, Surrey. Tel: 
Guildford (OGU3) 71281. (1363) 














UNIVERSITY COLLEGE OF 
NORTH WALES 


DEPARTMENT OF ZOOLOGY 


ADVANCED COURSE IN 
EMBRYOLOGY AND 
MAMMALIAN 
REPRODUCTION 


Applications are invited from greduates 
with an honours degree in Zoology, 
Physiology or Anatomy or with a Medical 
or Veterinary qualificauon The courses 
will kast twelve months and leed by 
examination and dessertauon to the 
MSc. degree The course as been 


epproved by the Science Research Coun- 
cil for Advanced Course Studentebips. 


The course as designed to cover the 
principles of vertebrate embryology and 
Teproducuon, descmptive and experimental, 


with particular eeference to mammals, 
breeding cycles and ther endocnno- 
logical control, placentatwion, the nhymo- 
logy of foetal Lfe, teansmussion of m- 
mumty, reproduction of the male mammal 


The course wll commence in October, 
1969, and will lead to an examination in 
Jane, 1970, the presentation of a disserta- 
uon in September, 1970 


Appkecamts should wate immedzately to 
the Registrar, University College of 
North Waies, , Caernarvonshire, 
from whom applicetion forms and further 
parucolars may be obtained (2081) 
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UNIVERSITY OF LONDON: A COURSE 
of two lectures entitled (1) “Radiobiology and 
Radiotherapy at the Ontario Cancer Institute ” ; 


Johns (Toronto), at 530 pm on June 10 and 
12 at St. Bartholomew's Hospital Medical Col- 
lege (No 2 Lectore Theatre, Physiology Depart- 
ment), Charterhouse Square, EC.1. Admission 
free, withom ticket —M, A, Baatz, Academic 
Registrar, (2115) 





Bernice Grafstem, ‘ Transport of Matenals 
5.30 p m.—Admissfon free, without ae 





FELLOWSHIPS AND 
STUDENTSHIPS 


IMPERIAL COLLEGE 


Department of Botany 
and Plant Technology 


Three STUDENTSHIPS cach for three 
years starting October 1969, are availabic 
for students wishing to work for a Rc- 
search Degree in Plant Pathology. 


The first as for research on lumitation of 
lexong on pœ pams and will mrolve 


studies of phytoalexinos, cell wall degradmg 
enzymes and fine structure 


The second 1s for research on the mode 
of action of eysteme Cungicdes used to 
contro] powdery mildews 


The third iş for research on the growth 
of barley on celation to infection by 


Erysiphe graminis. 


Those imterested in these studentse'nos 
should write to Professor R. K. S Wood, 
Impenal College, London SW 7. 





ANIMAL HEALTH TRUST 


PARK, KBNNETT, NEWMARKET, SUFFOLK 
POST-DOCTORAL RESEARCH FELLOWSHIP 


A pemon with an honours degree in ether 
Phystology or Biochemistry is invited to join a 
team to investigate she development of body 
and the effects of induced 


should have had a training in research methods 
and bold, or be about to take, x postgradnate 
degree. 

Agpkeations, giving a summary of previous ex- 
perience, and the names of two referees, should 
be sent to the Director at the above address, 
from whom further details may be eben j 

(2024 


UNIVERSITY OF HULL 


RESEARCH STUDENTSHIPS 
IN LASERS AND PLASMA 
PHYSICS 


Applications are invited for the above 
Stodentships, normally tenable for three 
years, and of value comparable to that of 
an SRC. Research Studentship. 


some cases pact of the work mvyolved may 
be carried out at the Culbam Laboratory 


Apohcants shouki bave, or expect to 
obtain, a first or upper second class 
hononrs degree, although this requirement 
may be waived «f the candidate hes ether 
e ingher degree or can produce other 
evidence of his ebtaty to pursue research. 


Aoolicanons, which should moude the 

names of two referees, should be sent to 

The WUaiversity of Hul, 

can be 

obtained, by June 14, alsbough every effort 

will be made elo to consider late appli- 

cations from candidates awaiting the pub- 
Ecatiomn of degree results, (2080) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


Cormerly Ltverpool Tedal Institute) 


RESEARCH STUDENTSHIPS 


Tt 1 expected chat the Insthute of 
Coastal and Tides will tave 
a Imnited number of Research Stodentships, 
tenable from October, 1969 for work um 


coasta] Occanograpby end Tides, inching 
tudes m the solid earth. From Apel 1, 
1969, the Inettute bes been a component 
body of the Natural Environment Research 
Counc, and cecogoized es an affikated 
institution of the University of Livenpool; 
successful candidates will therefore be 
registered for the degree of Ph.D in that 
University, subject to ne regulations, 

A variety of researoh projects are in 
progress, and applications will be con- 
sidered from candidates possessing a fim 
or upper sccond class honours degree, or 
equivalent quaiificauon, in the following 
topics : 

Apple mathematics, numerical analysis, 
physical oceanography, physics, geophysics 
or electronic engineerng 

The studentstips will be tenable for two 
years, Dossible ceneweble for a thud The 
mipend (benc £530 plus fees) and con- 


ditions of service are those for NERC. 
Studemsbins 


Apokcations, with details of education, 
etc, end names of two referees, 
should be semt to the Director, Institute 
of Coastal Oceanography and Tides, B d- 
ston Observatory, Buirkemhead, Cheshire 
L43 7RA (2083) 








UNIVERSITY OF SURREY 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 


RESEARCH STUDENTSHIPS 


Research as in progress in the fields of : 
Ion Implaotaton 
Lasers /Telecommunications 
Control, Computers and Systems 


Research students are needed to take 
Part in the programmes while working 
for e Ph.D. 


Recent graduates cow working in indus- 
try and those about to graduate, with a 
good honours degree in electrical engmeer- 
ing, etectronics, physics or matertals science 
are inwted to apply to: 


Professor D. R Chick, 

Department of Electrical and Control 
Enginecring, 

University of Surrey, 

Guildford, 

Surrey 


S.R C Studentships may be avauable to 
suitably qualified candidates. (2065) 





KING'S COLLEGE, CAMBRIDGE 


Senior Fellowships in Computer Sciences and 
Technology, General Lingusucs and Social 
Studies (including economics). 

Applications are invited for Fellowships in the 
above subjects. Male graduates under 32 on 
December 1, 1969 are eligible. 


up to four years. Stipend £1,450 to £2,450 de- 
pending on age, marriage allowance. 
Allowances available for travel from outside 
U.K, and research expenses. 

Write to Bursar for details. (X1817) 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PHYSIOLOGY 


Applications ere invited from prospective 
Honours graduates in physiology or related sub- 
jects for a Studentship to enable the holder to 
undertake research into some aspect of the con- 
trol of the heart and blood vessels in animals 
and man The work will be supervised by Pro- 
fessor A D M. Greenfield. The value of the 
award (basic £530 pus feces) and conditons of 
service will be those for M.R.C. Studentstaps 

Applicants should write to the Assistant Regis- 
trar, The Medical School Planning Officer, Uni- 
versity of Nottingham, University Park, Notting- 
ham NG7 RD (2120) 


NEWNHAM COLLEGE, CAMBRIDGE, 
proposes to elect to one, or possibly two, Re- 
search Fellowships, tenable for three years from 
October 1, 1970. The Fellowships are open to 
women graduates of any University for research 
fn Natural Sciences or m Moral , and to 
womea graduates of any Uuiversity in Great 
Briten or the Commonwealth for research in 
any other subject. The value is normally £100 
æ year, with free board and resdence. This 
will, of the hokder enjoys no other emoluments, 
be increased to a maumum of £500 a year for 
a resident or £650 for a non-resident. The clos- 
ing date for appscatons is December 1, 1969.— 
Full particumrs may be obtained from the 
Principal. (2125) 








SPORES - FERNS - MICROSCOPIC ILLUSIONS ANALY ZED 


Volume | 


C. S. HIRES 


An exceptional book for nature lovers, artists and scientists in many fields. 
Living ferns beautifully illustrated, cell structure. 


Development—epore to maturity. 


Unique, 3-dimensional studies with models, ine drawings and photomicrographs clarify basic spore structures: 


their wall arrangements organized for easy reference. 


Simple, accurate terms. 


572 pages, 1,150 illustrations, 14 tn colour 


MISTAIRE LABORATORIES 


152 Glen Avenues, Millburn, N.J. 07041 U.S.A 


New approaches to detalls and microscopic illusions. 


Price: $22.60 
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UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF ELECTRONIC 
AND ELECTRICAL ENGINEERING 


RESEARCH STUDENTSHIPS AND FEL- 
LOWSHIPS are available for Honours Gradu- 
aa or others having equivalent qualfica 

Engineermg, Phymcs or Mathematcs The sub- 
jects of mterest of the Department include: 

Microwave cables, waveguides and aerials 

Gunn effect and L S.A. devices 

Glow and corona discharges 


m2 
Plasmas 
Computer-aided design and anteractrve 
computog 
afte apnlecants will be registered as post- 
duate students reading for the degree of 
M Eng or PhD 
Further enformation from Dr. P. A. McInnes, 
Departmem of Béectronic and Electrical Bamn- 
ecermeg, The University, Mapp Street, Sheffield 
Si UD Quoung R94/G. (2092) 


MISCELLANEOUS 





SCIENTIFIC AND TECHNICAL TYPE- 
writing Service Confidential —Julia Prett, BSc, 
30 Craven Street, Strand, London, W.C.2. Tele- 
phone 01-839 2861 CX) 





VACANCIES FOR RESEARCH ASSIST- 
ants with the Council for Scientific and Indus- 
trial Research (Ghana) has been extended to July 
15, 1969 —Please refer to Advert No CSIR/1/ 
69 @p xav and xx) of March 8 sue of 
Nature 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 





TeL: Folkestone 57421. 


(0) ér top. price s for: 
BACK gea F JOURNALS 
IN SCIENCE AND THE HUMANITIES 

1) 





Wanted and for Sale 
Technical 





Amcan pos-dociozed fellow, wife, and baby 


tact, Dr. 
Buwkbsck College, Malet Street, London, WC 1 
(2097) 





GRANTS & SCHOLARSHIPS 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESBAROH IN CHEMISTRY 


Post-doctoral grants tenable from October 1, 
1969, and ranging in value to £1,500 per annum, 
are avaiable tp aliphatic, aromauc or hetero- 
oychic fluorine chemstcy, organositcon chem- 
isty, organic photochemistry, or carbanion 
chemistry. 

Research grants are available for British stu- 
dems at post-GradR IC, post-Dip Tech. level 
for research in the folowing subjects from Octo- 
ber 1969 

(a) Organometalkc Chemistry 

@) Metal Carbonyls 

(c) Organosilicon Chemustry 

(d) Inorganic Polymers 

(©) Chemistry 
D Heterocyclic and Aromatic Chemistry 

£g) Organic Reaction Mechanisms 
W) Polymer Synthesis 
@) Oxidatton Reactions 
Q) Oneanc-eolpbur Chemistry 
(k) Free Radical Chemistry 
(1) Carbene Chemistry 
(m) Organic Photochemreal Reactions 
Chemistry 


@) Heterogeneous Ca 


Postgraduate, etc., grants range from £550 to 
£900 per annom ing upon the topk. 


No 88, Manchester M60 IQD 


U.K. PANEL ON GAMMA AND 
ELECTRON IRRADIATION 


RESEARCH GRANT 


EFFECTS OF IONIZING 
RADIATION ON MEDICAL 
MATERIALS 


The U K. Pane] on Gamma and Electron 
Jeradiation proposts to award grants-in-aid ' 
for research into the mteractions of 10mz- 
108 radwations wah mitdical products (m- 
dudang pharmactutcals and bioproducts) 
or thar flore. 

Ths grant wii bs in the amount of £800 


to peggy a they wil be given for one year 
in the fine piace pur could be renewed 
for up to three yea 

Applications should be m sufficient detail 
to aow evaluation of whether the pro- 
posed project can reasonably be expected 
to be completed within the hmit of time 
and funds j 

Any conourrent support for the project 
should be mdecated and where possible the 
scienufic personel to be engaged on the 
project should be named. 

Applications should be sent to the Tech- 


acrive by June 30, 1969 





NATIONAL VEGETABLE i 
RESEARCH STATION ' 
RESEARCH SCHOLARSHIP 3 


Applcauons are invited from Honours gradu- 
ates (or those shortly to graduate) wishing to 
pursue further studies and obtam teaimog in 
one of the following lines of cesearch in progress 
at the Station Plant Breeding, Chemstry, Bio- 
chemistry, Plant Physiology, Icigation, Ento- 
mology, Ecology and Control of Weeds, Bio- 
metry. The Gcholarshep, value £600 per annum 
Dius University fees for higher degrees, e ten- 
able for two years, with posmble extension to 
three years The award wall date from October 
ee Clomag date for enplications June 21, 
1 

Further particulars drom Secretary, NVRS, 
Wellesbourne, Warwack (2113) 
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Character Readers and 
Pattern Recognition 


Edited by V. A. Kovalevsky, Institute of Cybernetics, Kiev, U.S.S.R. 
A selection of nineteen articles on recent research and developments in pattern recognition 


and automatic character reading carried out at the Institute of Cybernetics in Kiev. 
Descriptions of up-to-date Soviet equipment in this field are included. 


276 pages £6 


Game Playing with Computers 


a Donald D. Spencer 
Í This volume presents more than 70 games, puzzles and mathematical recreations which 


may be programmed for a digital computer. Over 25 complete programmes are 
presented, many of which have never before appeared in book form. 


442 pages £6 10s 


H. P. Luhn—Pioneer and 
Prophet of Information 
| Processing 


Edited by Claire Schultz 


$ ‘This book is a fitting tribute to a pioneer in the field. To read these papers, whether for the 

first or second time, is to encounter an inventive and imaginative mind, lucid, modest, with 

3 a firm grasp of problems faced by documentation, and a simple practical approach to their 
solution. —Journal of Documentation. 


§ ‘The editor and contributors to this anthology of his papers and reports have performed a 
notable service to their profession, as well as honouring their friend and colleague.’ 


; —Times Literary Supplement. 
H 320 pages £9 7s 6d 


i Progress in Biomedical 


A e e 
| Engineering 
Edited by Lawrence J. Fogel and Frederick W. George 


Twenty-nine papers presenting recent advances in engineering techniques producing highly 
j sophisticated machinery for physiological diagnosis and therapy in the field of medicine. 


220 pages ‘6s 


| Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: Spartan Books, 432 Park Avenue South, New York, N.Y. 10016 





NATURE, MAY 31, 1969 ` LXI 


outstanding 
performance for 
crystallographers from 








THE LATEST JEM-200 


Electron microscope 


4.6A line resolutions at 200kV guaranteed 


With a guaranteed point to point resolution of 6A and.a 
magnification range of 1,000—200,000 times, the JEM-200 
is suitable for nearly all crystallographic specimens And accel- 
erating voltages of 50, 100, 150 and 200kV allow a comparison 
to be made between results at 200kV and results at more 
conventional voltages. 


Increased specimen penetration 
Specimens about 1 micron thick show properties more charac- 
teristic of bulk materlal than those in 100kV microscopy which 
are usually less than 0.3 micron thick. To penetrate these 


thicker specimens an accelerating voltage of 200kV is required 
and this is avallable using the JEM-200. 


Two stage electron gun 


Stability at 200kV is achieved using a special 2 stage design 
which ensures a homogeneous potential gradient at the lower 
end of the Insulator. Special treatment of the insulator 
material ensures freedom from microdischarges. 


Anticontaminator 


The anticontamınator, which ls a standard feature, keeps 
contamination rate below 0.1A per minute. And it can be 
used with most of the attachments without limitations. 


Easy to operate 


Despite the increased accelerating voltage, the JEM-200 
is still as easy to use as any 100kV Instrument. And It Is easy 
to maintain too. 


Continuous operation 
The JEM-200 can be operated continuously throughout 
the working day. It will work just as hard as the operator. 


Large range of accessories 


A fal renge of JEOL accessories is available for use with the The JEM-200 is only one in the range of JEOL 
Se nee keene electron microscopes. Other instruments include: 
FOR FULL DETAILS PLEASE CONTACT JEM-1000 JEM-150 JEM-T7 
JEM-750 JEM-120 JEM-50 
JER-500 JEM-100B/U JEM-308 
Shakespeare Road, JEM-7A 





LONDON, N.3. 
„Tel: 01-346-7211/7212 


a subsisiery of UAPAN ELECTRON OPTICS LABORATORY CO.,LTD. 


; 
JEOLCO (U.K.} Ltd. 
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HI PRECISION 
RESEARCH LABORATORY CRYOMATIC 





HERE'S OUR OSMOMETER LINE, TODAY... 


What more can you expect from a leader? 


All of these outstanding the first modular osmometer, less than one milllmicroliter. 
osmometers are avallable from the first thermo-electric We are adding others to our 
Advanced Instruments, the refrigerator, the first portable growing line. 
company which first introduced model, and the first To us LEADERSHIP means 
a freezing point osmometer Hot Line (tm) service system. continuing programs of product 
back In 1955. Now, In addition to the Improvement, outstanding 

We set out to become the improved 1968 version of our service, and fast delivery. 


leaders in osmometry ... and, if original model, we also have: a We think this is the way a leader 
sales are any Indication, we have new alr-cooled refrigerator with should act. Don't you? 
succeeded. A few of the the longest life guarantee In 


contributions we have made to the field, a Hl-Precision Research 2 ADVANCED 
the science of osmometry are: Osmometer, and a INSTRUMENTS, INC. 


The first schools of osmometry, Nanoliter Osmometer for samples 
88 Kenneth Street / 617 DEcatur 2-8200 
WRITE FOR FREE INFORMATION STATING PRODUCT INTEREST. Newton Highlands, Massachusetts, 02161 


dérivés minéraux 
et organiques 
marqués 

à TAZOTE 15 

5% Chimie 


Biochimie 
composés marqués enrichis à $ 30% pour recherches de Æ Physique 


95 / Energie 
Gg AZOTE & PRODUITS CHIMIQUES 5.a. 


nucléaire 
143, route d'Espagne e 31-TOULOUSE 03e Tél. 42-10-47 et 42-94-41 
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UNIVERSITY OF SALFORD 


2nd European 
Time-of-Flight Mass Spectrometer 
Symposium 


MONDAY, 7th JULY to WEDNESDAY, 9th JULY 1969 
Sponsored by: 
University of Salford, The Bendix Corporation U.S.A. and FieldTech Ltd., London 


The programme will include lectures and discussions on the application of the 
Time-of-Flight Mass Spectrometer to the wide field of research, including: 
Kinetic Studies, Ionisation Processes, Analysis 
and General Instrumentation 
Limited accommodation will be available in the University Halls of Residence. 


BENDIX USERS SCHOOL 
THURSDAY, 10th JULY and FRIDAY, 11th JULY 1969 
The Symposium will be followed by a two day Summer School on the operatior, 
maintenance and modification of the Bendix Time-of-Flight Mass Spectrometer. 
Lecturers will include Bendix and FieldTech engineering staff and experienced 
U.K. Users. 


Full details and Registration forms from: 
Dr. D. Price, Department of Chemistry, 
University of Salford, 
Salford 5, Lancs., England. 
Telephone: 061-736 5843 
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NANOVOLT MEASUREMENTS WITH THE 
4 RANGE HIGH PRECISION STABAUMATIC 


POTENTIOMETER 


3 Operates from A C mains—current 
automatically stabilised to 2 parts ın 108 


¥ Constant resistance potential circuit has 
nọ current carrying switch contacts 


34 Free from thermo-electric effects 


x Effect of switch contact resistance 
eliminated 


+ Readily convertible into a direct reading 
resistance bridge 


%¥ Full range of accessories available 


% Particularly suitable for calibration of Digital Voltmeters 


and Nanovolt Amplifiers 


3% Measures in nanovolt steps on X 001 Range 


Further details List 270. 





H.TINSLEY &CO LT 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are Invited to contact 


for supplies. 


We hold stocks of an enormous vansty of dyes, ready’ for Immediate 
despatch, Including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmaid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
ohrysoidin, Methyl red, Nitrazine yellow, Pinacrypto! green, etc. 


Industrial Research Establishments 


are Invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MICHIR OME’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresy! fast violet, 
Papanicolaou stains, Thloflavine S, Brillant cresy! blue, Nde blue, 
Pyronin Y, Trifalgtc acid, Rhodanile blue, Hapto, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, 8.W.14 
Cables: Micromiabs London SW14. Telephone: 01-876 82289 





Pacemakers in Precision Measurement 
WERNDEE HALL, SOUTH NORWOOD, 
LONDON SE 25 Tel 01-654 6046 


CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (Ig) and three-slectrode 
operation for dynamically con- 
trolled IR compensation 


Polarographic Systems 
Model SSP-2 
Slectrode System .. ..$3070 


Mode! 88P-3 Digital 

Readout System . 

Plug-in units available separ- 
ately Tektronix oscilloscopes 
available locally worldwide 


: eee -] 
Other Chemtrix Instruments 


ype 800 

aveform Source for 
Electrochemistry 

(Triangle and reotangular 
waveforms, variable slope with 
wide-range control) 


No A-111 

Glassy Carbon 

Eleotrode 

(For voltammetry in anodic re- 
gion where DME operation Is 
prohibited) 


For information on these and other polarographic Instruments and 
systems, contact your local representative, or write direotly to: 


All prices f.o b. factory. 


CHEMTRIX, INC. 
P.O. Box 725 Beaverton, Oregon 97005 U.8.A. (503) 648-1434 
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Were planning a population explosion. . 


When you build a better rat, the world beats a path to your door. 


To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS® rats. 

In Elbeuf, our rat production will double in early 1969. In Wilmington, we're 
just completing an expansion that will increase production substantially. 
But the important things won’t change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls. With 
pasteurized food. Sterilized bedding. Continual virus monitoring. And a 
nucleus stock maintained in germfree isolations. 

Which are the reasons you ordered Charles River rats in the first place. 
Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 









Here we grow again. 


Charles River 59 (2 


VETERINARIAN 


FRANCE SA. OT 10 RESEARCH 
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| How Catalin 
Molecular 
Models aid 
experimental 
research... 





Covalent model 
of sucrose. 






Besides their use as teaching aids, Catalin models 
are widely used in organic chemistry and physics to 
investigate relationships between structure and the 
properties of matter. 


Each atom is precision made to dimensions derived 
from up-to-date information and molecular 
structures resulting from their use are sterically 
accurate. 









Molecular configurations cover 16 
elements in 53 varieties while ionic 
configurations provide 36 elements 
and 41 model ions. Colour is 
related to the Periodic Table code. 


COP tre Limited 







Write for hterature 
and price list io: 


CATALIN LIMITED 
Waltham Abbey, Essex 
Telephone: Waltham Cross 23344 
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Unlike other suppliers of enzymes 
saa who are merely re-sellers, we at 
Fey Worthington Biochemical Corpora- 
tion make all our own enzyme prod- 
ucts. We keep absolute control and 
detailed records of each step of 
their preparation. 

Our raw materials, except for 
some fireflies supplied by children, 
are collected for us by specialists 
who understand and respond to the 
sometimes unusual needs of the 
biochemist. 

We use specialized analytical 
techniques, including chromatogra- 
phy and electrophoresis, in the rou-  * 
tine production of high purity 
enzyme products. Many of our en- 
zymes have purity and activity 
levels far exceeding that of any 
other supplier. 


Worthington The preparation of an enzyme is 


followed, from raw material throtigh 


provides 198 enzymes multiple purifications steps to final 


packaging, by the one person at 

for research Worthington who best understands . 
the particular procedure, His rec- a 
ords provide the complete history 


n eps genealogical records of each batch. They can be used 
and ke ps pene 8 to trace it back to its source, if 


on every one of them necessary. 

Our strict control and rigorous in- 
sistence on preparing all our own 
products is your guarantee of en- 
zyme quality. Use the attached cou- 
pon to obtain your copy of our 
complete list of products. 








Ta i 


WORTHINGTON 


i 








_ Worthingto Bi 
-Dept K o 
_ Freehold, New Jers : 
© Send WORTHINGTON 
ENZYMES FOR RESEARC 
booklet. _ Be 
C Send the complete. Worthingto 
< Enzyme Manual. I am a ne 
` customer, ; 


Name 


Title 


Institution — 








Tools 
for 
Discovery 


The two newly-published comprehensive 
Catalogs shown bere demonstrate the brond- 
ening scope of the Miles program to provide 
advanced products for scientific exploration. 
More than 2,200 products are described, 


including: 


SYNTHETIC POLYNUCLEOTIDES 
IMMUNOCHEMICALS 
PURIFIED ANIMAL PROTEINS 
RESEARCH ENZYMES 
REAGENTS FOR PROTEIN CHEMISTRY 
LABELED COMPOUNDS 
SPECIAL BIOCHEMICALS 


These publications are more than price lists. 
They include preparative, application, and 
bibliographic information, in addition to de- 
tailed product oecifications. To complete 


your library, request these publications from- 


MILES 


RESEARCH PRODUCTS DIVISION 
MILES LABORATORIES, INC. 


ELKHART, INDIANA 46514, U S.A. 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 





AIRFREIGHT 
United States... uaaa $48 
Canada e eiir n ee n ona $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata, 


ORDER FORM 


Please send me...... copy/copies of NATURE each week for........ months 
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THE FISHES of the 
BRITISH ISLES and 
NORTH WEST 
EUROPE 

Alwyne Wheeler 


Department of Zoology, 
British Museum (Natural History) 


This exhaustive work provides a means of identifying all species of fish, both marine 
and freshwater, to be found in and around Northern Europe and including all 
sea fishes normally found on the continental Shelf and many of those inhabiting the 
Mediterranean. 

The fish are classified into natural groups and within each group a full account is given 
of all common species including the primary identifying features, with notes 
on coloration and size attained, and details of habitat, food, spawning season, egg 
size, development of larvae and growth rate. 

All the more common species are illustrated with clear line drawings (440 in number) 
but 77 fish are included in 16 pages of fine coloured plates. There are also 306 indi- 
vidual species distribution maps. 

Mr. Wheeler’s unique book will prove to be an invaluable guide to marine biologists 
and fishery research workers everywhere. 


608 pages £8 10s 
















Please supply: 





copy/copies of Wheeler: Fishes of the British Isles and 






North-West Europe £8 [0s (post and packing 5s extra) 
Enclosed £ 









Globe Book Services Ltd., Brunel Road, Basingstoke, Hants., England 
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The answer 





to your figure work problems 
adds up to MONROE 


We've calculated twelve answers to your figuring 
problems, here are just six of them, 1969 machines for 
your 1969 mathematics, Examine our proots. Now. 





3000 Electronic Printing Calculator 


ing calculator is capable of solving 
multi-step mathematical problem 
in seconds. Multiplication, divisior 
square root are done in milliseconds, 













The Monroe EPIC programmable print- 





580 Printing Calculator 
The Monroe 580 is a high-s 
ca uw that makes p 
no problem at all. This modern Monr 
was specifically designed to do tł 
things you want a calculator to do. Ac 
tion totals and products of multiplicat 








eed printing 
















ton 
can beused for furtherwork because they 
are automatically set up in the memory. 










70 is actually two machines in 
10-keyaddingmachine 
’ { printing calculator, 
giving you pility to perform every 
fice calculation on a single machine 
faster than ever thought possible. 


















740 Electronic Calculator 
The 15-digit display of the Monroe 740 
electronic calculator automatically 





adjusts to any decimal that is used, Dis- 





multiplication answers up to 30 digits. 








770 Electronic Calculator 
2atures of the 740 plus additional 
> (2 accumulators, 1 memory, 1 
automatic keyboard constan 3 
answers are clearly identified é 
and an overflow light warns 
capacity is exceeded. 





























150 Add/Listing Machine 

Fast, quiet and light to tne touch, this 
Monroe only adds and subtracts 
but multiplies and has credit balance. 
Following the normal accounting pro- 
cedures, subtracted amounts and credit 
totals are printed in red. 















Business-wise, be really calculating with Monroe. 
For further information and/or a free trial contact 


the experts — Monroe. 





E: SWEDA, 
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ABC of 
Column Chromatography 














A Packing with NEW Gel and Pluant Reservoirs adaptors permit descending, ascending and 
Screwed onto chromatographic koluta, specially recycling chromatography. 
designed for gel filtration, the reservoirs make C Elution with NEW Gel and Eluant VOUS 
packing a “one step” automatic operation and Converted into Mariotte flasks the reservoirs en- 
ensure perfectly packed gel beds. Reservoirs to able automatic equilibration and elution at con- ` 
fit each column type are available from Phar- stant hydrostatic pressure. 
macia (Great Britain) Ltd. 

B Sample application with Flow Ad aptors 
The adaptors are used for automatic and Details of our large range of columns and accessories 
reproducible sample application and to ensure even make fascinating reading. Send for them now. They 
distribution of samples over the bed surface. Flow will be posted to you by return. 










Paramount House 
75 Uxbridge Road 
Ealing, London W.5,- 
Tel. 01-579 0102/7 


PHARMACIA (GREAT BRITAIN) LTD (R) 








Printed in Great Britain by Fisner, Kracar & Co. Lro., St. Albans, and published by y MACMILLAN JOURNALS) Luan, 
at 4 Little Essex Streat, London, W.C.2—Saturday, May $1, 1969. 












lew labelled 
substrates 


pecially prepared, 


sted and packaged for 


*nzyme 





eck 






substra 


specific a 





control of purity 
~~ blank valu 


Precise product yield can be calculated be 
supplied at accurately meas: 





Assay sensitivities are safeguarded by meticulous 
including measurement of typical 





Preparation of reagent is simptified t 
packs containing individual test q 
y measured total a 


Radiation decomposition 




















blems are minimised by 











The Radiochemical Centre 


Amersham 


England 










June 7, ie 


emperaire scale 


Making committee 
decisions | 


J odrell Bank’s 
spectrometer 


New double- 
stranded RNA 


More about protein 
synthesis : 


it 
: A 


“4 


A new haemoglobin 


Three new pulsars 
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the freeze dryer 
you are 
looking for... 








or something in between— “ 


—like the brand new EF1 manifold dryer. In any case your first 
move is to ask for a copy of the new Edwards Freeze Dryers 
Summary. It gives brief details of all 15 standard models. The 
reference number is 10675. 








4 
on 
ELONE Edwards High Vacuum (Plant) Limited A member of the BOC group $% 


LL LLL Manor Royal, Crawley, Sussex, England l 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, wha retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers wili not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional [/}2th of an inch 
fOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Sön, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
wee 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


LA TROBE 
UNIVERSITY 


MELBOURNE, AUSTRALIA 
SCHOOL OF PHYSICAL SCIENCES 
ACADEMIC POSTS 


The School of Physical Sciences comprises 
Departments of Chemistry, Mathematics and 
Physics and applications are invited for the 
following vacancies late in 1969 or early in 1970. 

CHEMISTRY—Lecturers: inorganic, organic, 
physical. Senior Demonstrators: inorganic, 
organic, physical. 

MATHEMATICS--Lecturers/ Senior Lecturers: 
all fieids including statistics. 

PHYSICS—Lecturers/ Research Fellows: upper 
atmosphere physics, plasma and discharge physics 
and electron physics. 

SALARIES: Senior Lecturer $A7.500 to 
$A8,750 ; Lecturer $A5,400 to $47,300: Research 
Fellow $44,050 to $45,920 ; Senior Demonstrator 
$A4.275 to $A5,200. 

Further details and application forms can be 
obtained from the Seeretary-General, Association 
af Commonwealth Universities (Appts), 36 
Gordon Square, London W.C.1, or the Registrar, 
La Trobe University, Bundoora, Victoria, 3683, 
Australia. Closing date: Fly 7 1969. (2132) 





UNIVERSITY OF WATERLOO 
DEPARTMENT OF EARTH SCYENCES 


This Department will be appointing a 
CHAIRMAN to commence duties in 1970. 
Other appointments may be made at the 
same time. Applications are invited from 
candidates in the fields of groundwater 
geology, engineering geology, stratigraphy 
(with computer interests), exploration geo- 
physics, and sedimentary geochemistry. 
Outstanding applicants in other fields of 
geology will be considered. 


Salary and rank wili depend on qualifi- 
cations and experience, but will be in the 
following ranges (l2-month basis): 


Professor $17,200 up 
Associate Professor $13,500 to $17,200 
Assistant Professor $10,400 to $13,506 


Applications, including a complete cur- 
riculum vitae and the names of three 
referees, should be sent to: 


The Chairman, 

Department of Earth Sciences. 
University of Waterloo, 
Waterloo, Ontario, Canada. 


The University of Waterloo is the third 
largest university in the province with over 
9,000 students. It is located in the heart 
of south-western Ontario about 70 miles 
west of Toronto. The University has 
gained international fame for its colaputer 
facilities and has the largest engineering 
faculty in Canada, The recent establish- 
ment of a Division of Environmental 
Studies on the campus embracing Schools 
of Architecture and Planning and a Man- 
Environment Deparunent will have impor- 
lant implications to this Department in the 
sphere of environmental geology. The De- 
partment is especially anxious to secure the 
services of a person with a vigorous 
modern attitude to geology and the earth 
sciences. (21443 

















REQUIRE 


POULTRY 
NUTRITIONIST 


Responsible for the Company’s objective development 
in poultry nutrition, based at the Nutritional 
Research Centre at Weatherstones, Neston, Wirral, 
Cheshire. 






Candidates should be in the age range 28/35 with 
some years’ experience in animal nutrition, 
preferably poultry, and should be graduates ina 
chemical/bio-chemical discipline. 


Salary by negotiation, non-contributory pension, 
ideal working conditions and assistance with removal, 
if necessary. 


Applications in writing stating age, experience 
and present salary to:— 


Mr. J. R. Wales, 
Personnel Officer, 

J. Bibby Agriculture Ltd. 
King Edward Street, 
Liverpool, 3 





AUSTRALIA 


QUEENSLAND AGRICULTURAL COLLEGE (LAWES) 


(60 miles west of Brisbane) 


APPLICATIONS are invited for appointment to the following positions: 


HEAD OF DEPARTMENT 


FOOD TECHNOLOGY 


SENIOR LECTURER 


FOOD TECHNOLOGY 


SALARY RANGES: 
Head of Department $A7500--$A8500 per annum 
Senior Lecturer $A6500—-$A7400 per annum 


Appointments will be made within the above ranges having regard to the quali- 
fications and experience possessed by applicants. 


QUALIFICATIONS: 

APPLICANTS for lecturing positions should have an appropriate University 
Degree, a Diploma or equivalent. For the higher positions applicants should 
have substantial professional experience or possess higher academic quali- 
fications. 


Application forms and further particulars available from the Agent- 
general for Queensland, 392 Strand, London, W.C.2. 


Applications close in Brisbane on the 23rd June, 1969 


(2210) 





For further Classified advertisements see p. xxviii 
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Lab-8 
Computer Pack 
for Signal 
Averaging 


Plug in Lab-8 and it begins conversing 


with the researcher in English, 
Determining the run parameters of the 
particular experiment. Automatically 
recording these parameters on paper 


tape for current and future use, 


You get signal averaging from a Lab-8. 
And a lot more besides. It will tell you 
if the average is changing from one 
sweep to the next; visually display the 
point by point standard deviation about 
the average waveform; provide a 
second, or high resolution sweep for 
studying a region of interest in more 
detail. And it will enable automatic 


interaction with the experiment. 


Lab-8 will also serve as 


a desk calculator, a 





small laboratory 
computer centre, 


an on-line, real- 
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time computer for data collection 
and analysis. 

Lab-8 can do-all this because it is 
built around a general purpose Digital 
PDP-8/| computer. 


It comes with all the software it takes 
to fully use the PDP-8 | capability; no 
programming needed. 


Yet it costs roughly the same as a 
special purpose, wired program signal 
averager, 


He E 


Please send more information 





Náme nepem eaa 
COMPANY edoae a aA 








DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading. Berks. 

Tel: (ORE 4) 85131. and 13 Upper Precinct, 
Waikden, Manchester. Tel: (061) 790 4591 


Offices also in Paris, France; Munich and 
Cologne, Germany; Stockholm, Sweden; The 
Hague, Netherlands; Osio, Norway; Sydney 
and West Perth, Australia; Carleton Place, 
Toronto and Edmonton, Alberta, Canada; 
and in principal cities of the 
USA. 


SHSHCEO 


COMPUTERS MOULES 
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Elliott’s Gx3 rotating anode X-ray diffraction equipment includes 
an exclusive fine focus cathode system with a rotating anode of high power loading capability. 7 kW/mm? 
(actual area). is available with one thousand hours filament life. The plant includes the rotating anode tube 
mounted on a robust console which houses the vacuum system, cooling system and all controls. Tube 
current and voltage are stabilised within --0-1%. Focal spot sizes are easily interchanged without 
disturbing the filament and advanced long-life seal design ensures, trouble-free operation from the dynamically 


balanced anode. 





DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptoi green, etc, 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


“MIICIHTR OMIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount. Lipid crimson Matamount, 
May-Gronwald, Leishman, Giemsa, Totuidine blue, Cresy! fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone : 01-876 82289 





mm full literature available from: 
The Neutron Division, 
ELLIOTT-AUTOMATION 


RADAR SYSTEMS LTD. 
Elstree Way, Borehamwood, Herts, Tel: 01-953 2040 Extn, 3158 


ELLIOTT 


WEN 36 





Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clement's Inn, London WC2. 
TEL: 01-405 4743 


Full details of rates and 
circulation supplied on request. 
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„the biologist’s electron microscope with the 


most advanced specimen handling facilities- 


The ability to change specimen holders 
with ease and speed is a significant benefit 
built intothe AE] EM801. 


-You can choose from: 
(a) A specimen holder to carry six specimens 
‘atonce. 


(b) A specimen holder to tilt specimens + 20°. 
(c) A specimen holder to tilt specimens +307. 


(d)-A specimen holderto examine a string 
of up to 250 serial sections. 


All holders are ofthe plug-in type, directly. - 
interchangeable and are electrically driven at 
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a controlled'speed. The objective focal 
length and resolution of the microscope does 
not alter with change of specimen holders. 


These advanced and versatile specimen 
handling facilities, coupled with a genuine 
5A point-to-point resolution, are but some of 
the outstanding features of the AEi EM801. 


Leadership through choice 


AE!'s strength in electron microscopy liesin 


jong term development, the results of which 


enable them to offer a range of six other 
electron microscopes to meet most budget 
requirements and research applications. 


For information contact GEC-AEI (Electronics) Ltd., 

Scientific Apparatus Division, P.O. Box 1, Harlow, Essex. 
Tel: Hariow 26761 And in the U.S.A. contact: f 
Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, New York. 10605 


EM7—The European million volt electron 
microscope. 

EM8—3A resolution tor ultimate resolution 
research. 

EM802—Full goniometer facilities for 
crystallography. 

EM6B—Long established and well tried 
high resolution instrument for biologists. 
EM6G—A general purpose instrument for 
all research. 

EM6M-—A high quality medium- priced 
instrument for small budgets. 
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If you bes microscope specifically 


Ask vaika TRIS designed for tissue culture 
How pure is “ULTRA PURE”? stüdiss ? - 


No doubt you have seen the intensive publicity from another 
dealer warning you to avoid Tris, Ammonium Sulfate, etc., 
from competitive suppliers whose products are loaded with 
trace metals. Naturally, we saw it, too, and immediately got 
concerned lest users of Sigma’s TRIS would think that Sigma 


TRIS was the “Competitive Product” that was “loaded” with Cig 
those awful trace metals! While we have not gone around i 
the world ballyhooing our purity, with those terribly impres- eee 


sive spectrophotometer curves, we have always known that 
Sigma TRIZMA® was a pretty nice, clean product, and we 


would hate to think that any other dealers-—-(particularly H 
those that are not exactly the paragons of analytic perfection) H nion 


~~had scooped us with a significantly better reagent. Un- 








fortunately, we were so busy running routine analyses on all 
of our products, we could not check out the “Ultra Pure” 
stuf immediately. We trust our delay has enabled our 
esteemed competitors to “cash in” on the gullibility of 
scientists. However, we have finally gotten around to the 
comparison between one of those “Ultra Pure” preps and 
the Sigma “Trizma® Base”, As we expected, our 
TRIZMA® can still claim to be the best darned Tris you 
can buy! For those who like pretty figures, here is our 
analysis of a random lot of our Trizma®. These values were 
obtained on our own Perkin Elmer Atomic Absorption 









Instrument. 
TRIZMA. BASE 

Lot No. 28B-5390 
Element 
Calcium 0.2 ppm 
Cobalt not detected (<1 ppm) 
Chromium not detected (<0.2 ppm) 
Copper not detected (<0.02 ppm) 
Tron 0.6 ppm* 
Mercury not detected (<10 ppm) 
Potassium 0.8 ppm 
Lithium not detected (<0.1 ppm) 
Magnesium 0.6 ppm 
Manganese not detected (<0.005 ppm) 
Sodium 1.1 ppm 
Nickel not detected (<2 ppm) 
Lead 5.6 ppm 
Zinc 0.7 ppm 


Now compare this actual assay to the promises of other | 
dealers! | 
*Although the competitive “Ultra Pure” Tris is advertised | 

as containing only 0.2 ppm Fe, an actual shipment contained 
0.5 ppm. | 
Frankly, we get slightly nauseated every time we read the g Z ‘ 
i A long working distance phase Polaron have available 
objective allows up to 5.8 mm with | widerange of 

a X40 objective. The condenser | microscopes and 

has a working distance of 25 mm. stereo-microscopes, 

Complete still photographic facili- pone site 

ties, cine and television are available. | comprehensive alter- 

: , 7 sales service facilities 

Accessories include incubators and are maintained at our 
special glassware with cover slide North London centre, 


mounted in the base. 


pious claims many dealers make for their “Scrupulous adher- 
ence to the highest standards of purity,” when it is an open 
secret that they do very little (if any), analytical work on the 
products they sell. Someday, perhaps, the professional 
|: societies will organize inspection teams which will visit all 
i dealers and observe first-hand just how honest their claims 
for analytic control really are. 


They would be welcomed at Sigma. 
You are welcome, too. 
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Just one of the sophisticated automatic accessories of up to 50 samples and record your results on the 


designed for Pye Unicam’s SP500 Series 2 SP22 logarithmic recorder. 

ultraviolet and visible spectrophotometer system. Two other built-in facilities make the Series 2 

Use it for kinetics or column effluent analyses. Lenses one of the most versatile systems of its kind in the 
and apertures for microcells are standard fittings on world. For speed you can use the built-in 

all Pye Unicam instruments. Adding the SP505 direct-reading meter, and for extra precision, 
programme controller, the SP506 automatic cell use the null balance with photometric accuracy 
changer and the SP507 constant temperature cell of +. O.3%T. 

holder to the basic instrument results in a system Pye Unicam house and tend samples with unrivalled 
with up to eight different operational modes. Or plug care—call today and let us accommodate 

in the SP40 automatic sample changer for analysis your samples. 
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THE FARADAY SOCIETY 


GENERAL DISCUSSION ON 


Motions in Molecular 
Crystals 


OXFORD UNIVERSITY 
September 16-18, 1969 


Sessions will cover: harmonic motions in perfect 
and in imperfect lattices, effects of anharmonicity, 
effects of coupling to intramolecular motions, 
rotational motions. Pure electronic and vibrational 
spectroscopy will be excluded, as will motions 
governed solely by diffusion. 

It is hoped to bring together theoretical and 
experimental workers studying such problems, 
through the application of a variety of methods 
including neutron and x-ray crystallography, 
inelastic scattering, far-infra-red spectroscopy, 
Raman and Brillouin scattering, dielectric measure- 
ments, n.m.r. and quadrupole resonance. 

Further particulars may be obtained from: The 
Secretary, The Faraday Society, 6 Gray's Inn 
Square, London, W.C.1. 
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WHICH MICROSCOPE FOR LESS 
THAN £40 


‘ASA—ENBEECO 


STANDARD 
MICROSCOPE 


WITH R.M.S. 
EYEPIECES AND 
OBJECTIVES 
MODEL F.I. 


Standard Microscope, in- 
clinable with centring and 
revolving stage, triple nose- 
piece, coarse and fine 
adjustment, tube length 
160 mm., 2 lens substage 
condenser (N.A, 1.0) with 
iris diaphragm, plano-con- 
cave reflecting mirror 48 
mm.diameter, The optical 
outfit consists of one 
each 5x, Ox and 40x 

_ achromatic objectives, and 
one each x10 and x15 eyepieces. Magnification range x50 to x600. Complete 
in wooden cabinet. Price £39. 8s. Od. 


Also available Model F.E.E. as above but incorporating a 15 wart light source 
using mains supply. Price £46. 2s. éd. 





For immediate despatch from : 


W. A. QUINN LTD. 


12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
Telephone: 01-405 5268 











MODEL LCO 100 LABORATORY DIAMOND 
OR ABRASIVE WHEEL CUTOFF MACHINE 


OTHER EQUIPMENT : 
1° increments. 

Orientating stage this fits on the rotary table has a 1 in. dia. platform which can be inclined 
up to 45° in any direction. 
Machine dimensions—Width 27 in., Back to front 29 in., Height 19 in., Weight 140 Ib. 


Precision built cutting machine with high 
speed vibration free spindle. 

Maximum area of cut with 6 in. dia. cutting 
disc 6 in. x 2 in.; with 8 in. dia. 5 in. x 3 in. 
Wheel head cross traverse 23 in. 

Hand wheel A adjusts this cross traverse and 
is calibrated in 1/10 mm. divisions. 

Wheel head vertical traverse 4} in, 

Area of slide table 6 in. x 5in. This table has 
two tee slots for clamping specimens, vise or 
special fixtures. 

VISE UNIT can be clamped in two positions 
on the table. 

Maximum capacity 1} in. dia. 





Rotary table 3} in. dia. adjustable through 360° calibrated in 


CUTROCK ENGINEERING CO. LTD. 


35, BALLARDS LANE, LONDON, N.3. 


Telephone FINCHLEY 5978 
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Snoopy’s Brothers 


Iv may seem churlish, at a time when part of Virgil’s 
glimpse of the promised land—‘‘tuus iam regnat 
Apollo”’—seems to be within our grasp, to make a 
critical assessment of some of NASA’s other activities 
and perhaps those of its Russian counterpart. But some 
awkward questions need posing now to try and avoid 
future troubles. We all know that up there somewhere, 
Russian and American satellites keep a big brotherly 
eye on the world beneath. A vast volume of data 
must be accumulating, for it is probable that a ground 
resolution of 3 to 4 metres is available. The temptation 
to spell out a four letter word to send to Moscow and 
Washington by careful mowing of the grass of Wembley 
Stadium is one that some wag ought not to be able to 
resist. 

It is arguable that these other Snoopies contribute 
significantly to preventing tensions in international 
polities, as may also the aerial-infested Russian trawlers 
and their even less ambiguous American counterparts. 
It will be for some future historian to assess the effect 
of improved reconnaissance in the fifties and sixties, 
but there can be little doubt that the knowledge that 
nothing is unobserved and everything monitored 
diminishes empty sabre rattling. Arms control is 
viewed in a different light since the advent of high 
grade reconnaissance. The issue of inspection, once 
the stumbling block of East-West negotiations, 
seems to have been regarded. as less important during 
the recent overtures on strategic arms limitation talks. 
Nor does it seem to be a major issue in the debates on 
sea bed armaments. The fact that inspection is still 
regarded as a vital requirement in a comprehensive 
test ban probably tells more about political postures 
than monitoring capabilities. 

Viewed in the framework of a balance between the 
United States and Soviet Union with no other power 
in the same league, reconnaissance satellites may well 
be valuable peacekeepers. But what would happen 
if satellite information spread beyond the super- 
powers? There is no evidence, say, that Russia 
sends photographs of interest to Cuba, or Egypt, or 
Somalia. The possibility is not negligible, however, 
and the danger of amateur interpretations sparking 
off local conflicts cannot be ruled out. Aficionados 
of the comic strip Peanuts will recall that, spurred on 
by Lucy, the luckless Charlie Brown was able only to 
see a “ducky and a horsie” in cloud formations while 
the precocious Linus managed a map of British Hon- 
duras, the profile of Thomas Eakins, sculptor and 
painter, and an impression of the stoning of Stephen 
with the Apostle Paul standing to one side. Need more 
be said ? 


Unfortunately, yes. Recently the Earth Resources 
Technology Satellite (ERTS) was formally unveiled in 
the United Kingdom, and potential users will no doubt 
be subjected to an increasingly “hard-sell” in the next 
year or two. We will be warned that this is something 
we cannot afford to miss, and that those who cannot 
raise any enthusiasm for it are out of touch. Cer- 
tainly it has potentialities for the imaginative thinker, 
as pointed out last week in Nature (page 817). In 
an ideal world, ERTS might do no harm and possibly 
a lot of good. In the real world, the position is a little 
less clear. Some awkward questions have to be asked 
and answered, and although few have addressed their 
minds to them so far, it seems desirable that they should 
be reiterated until all members of the scientific com- 
munity are aware at least of the questions, if not of 
the answers. 

To whom will the photographs belong? Pictures 
shown so far have been liberally distributed, but obvi- 


Retire Early in Brazil 


THERE is great anxiety among European scientists 
about the consequences of some of the latest 
moves of the military government in Brazil 
against the universities and, in particular, against 
members of university faculties who have not 
openly declared themselves in favour of the 
regime. Matters have been brought to a head 
by a special decree which allows some professors 
to be retired compulsorily before the normal age. 
Quite apart from the fact that such action 
prevents them from playing a further part in 
university life, a great many of them have also 
to live on pensions which may be as little as one 
quarter of their normal salaries. 


Altogether, sixty-eight professors have been 
affected by this decree and among these are 
included three internationally known physicists 
working in theoretical studies of elementary 


particles. They are Professors J. Leite Lopes, 
Mario Schemberg and Jayme Tiomno. Although 
Professor Schemberg is only two years from 
retirement, Professors Lopes and Tiomno are in 
mid-career. In these and other cases, there is a 
chance that employment outside Brazil would 
allow active scientists to remain productive. On 
the face of things, nothing which can be done 
from the outside could soften the blow to Brazilian 
science which the decree will deliver. 

Suggestions for help should be sent in confi- 
dence to the Editor of Nature. 
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ously the operation will become an increasingly com- 
mercial enterprise, and commercial interests cannot 
necessarily be expected to vet each application and 
examine the consequences of their sales. And are 
photographs of sensitive areas legally permissible ? 
It is not only Westminster Abbey which forbids photo- 
graphy or at best charges for it. Large chunks of the 
air space of even some neutral countries are out of 
bounds, but are photographs of such regions to be 
expunged from the records? Will we be able to buy 
pictures of the Soviet Union with even a sniff of a 
missile site on them? Or a photograph showing the 
manoeuvres of the Sixth Fleet ? What precautions will 
be taken to see that qualified applicants do not use the 
photographs for nefarious purposes ? Can Israel buy a 
continuous supply of photographs of Egypt? The 
answers may have to be pragmatic but someone has 
to give them and it is more desirable that as many 
possibly dangerous situations be worked out now than 
that the United Nations or the International Court of 
Justice embark at a later date on a lengthy test case. 

The commercial question has already been raised 
of whether, say, an oil prospector must reveal that he 
has access to satellite photographs when bidding for a 
concession. Most countries require to be kept fully 
informed of prospecting operations and review licences 
regularly—are they entitled to know that satellite 
photographs have been used ? And, perhaps the most 
fundamental question of all, is photography, or any 
other sensing technique for that matter, a right, or 
is it a privilege, even away from military sites ? Large 
industrial concerns may not wish their rivals to have 
an armchair view of their plant. Some whole countries 
are equally unwilling to be photographed. 

The view has been publicly put forward that satellite 
photographs will be a godsend to aerial photography 
companies because it sometimes takes years to persuade 
a developing country to be flown over for photogeologi- 


Blueprint for Change 


TELECOMMUNICATIONS has to be a regulated industry. 
It uses a natural resource—the electromagnetic spec- 
trum—and it provides a service essential to the economy 
and security of a country. But communications is 
also one of the fastest changing technologies. How 
should a government regulate such an industry in order 
neither to stifle invention nor to jeopardize the existing 
system ? 

In the United States this question has just been given 
the attention it deserves. The report of President 
Johnson’s Task Force on Communications Policy has 
been allowed into circulation at last. It is a lucid, 
far-seeing and jargon-free survey of the policy issues 
presented by new technology, particularly by com- 
munications satellites. And it suggests a way in which 
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cal purposes. Armed with satellite pictures the com- 
pany would be in a much better bargaining position. 
This sounds perilously close to blackmail. A country 
that does not want to be photographed may have 
perfectly good reasons or none, but whatever the 
reasons one cannot help but be dubious about the 
morality of photographing regardless. Beneath this is 
the assumption that any development has to be effected 
by organizations based in the rich countries. Things 
have been this way for a long time, but countries with 
potential wealth may well feel that home-based organ- 
izations should do the job—less efficiently, perhaps, 
but more usefully to their domestic economy. Satellite 
photographs could be a thin but very sharp end of a 
wedge to prevent such ambition. 

What about academic research ? There is no doubt 
that many worthwhile projects can be initiated through 
ERTS. Are they to be shelved while rules for the use of 
satellite observations are formulated? The answer 
may have to be yes. Dividing lines between research, 
military interests and commercial enterprise are pretty 
blurred and a certain amount of patience and self- 
denial could be necessary. In a venture like ERTS, 
it is necessary to take a much broader view of the world 
situation than just the desirability of one experiment. 

The US programme for peaceful nuclear explosions 
is a similar case. Plowshare has the highest motives 
and is a worthy project, but it does involve the use 
(and possible testing) of nuclear weapons, the possible 
extension of ownership of nuclear weapons to the 
commercial sector and the transfer of weapons to non- 
nuclear nations. Politics cannot be divorced from 
these ventures and the scientist should be able to look 
for guidance. An organization such as the International 
Institute for Peace and Conflict Research in Sweden 
could well study ERTS and Plowshare in depth— 
if only to pinpoint the sources of friction and throw 
possible solutions out for debate. 


the Federal Government of the United States can exert 
its authority over inventions as yet undreamed of 
without imposing restrictions which will stifle innova- 
tion and become artefacts in a few years’ time. The 
report of the task force suggests an approach to regulat- 
ing the unknowable which Mr Stonehouse would do 
well to read in the light of the new Post Office Bill 
which is intended to secure a monopoly for the British 
Government on all teleecommunications development 
for years to come. 

The reason why the report has taken so long to 
emerge is that its recommendations are controversial. 
In particular, they would clip the wings of the American 
Telephone and Telegraph Company, that magnificent 
giant which has given the United States the best 
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telephone service in the world. The report would force 
AT & T to surrender its interests in international 
cables, to leave the board of Comsat (the communica- 
tions satellite corporation), to take a back seat in the 
transmission of television programmes and to watch 
its rival, the Western Union Company, set up shop in 
American post offices so that more customers would be 
tempted to send telegrams. 

President Johnson had a lot of faults, but failure to 
identify domestic problems was not one of them. He 
set up the task force in 1967 because neither Congress 
nor the Federal Communications Commission (which 
regulates the industry and the use of the spectrum) 
could bring itself to take bold decisions on policy. 
And the industry, torn between interests dedicated to 
different methods of transmission, could not make 
economie decisions such as whether to build a new 
transatlantic undersea telephone cable or to encourage 
satellites. 

The commission was led by Mr Eugene Rostow 
(brother of Walt), an undersecretary of the State 
Department, and consisted of senior officials from 
fifteen government departments and the space agency, 
as well as the head of the FCC. It found, to its surprise, 
that there was little to guide its work. One of the 
report’s conclusions was that “the field of telecommuni- 
cations has thus far not generated anything like the 
amount of serious policy research that its importance 
justifies’. It had to hand out contracts—the National 
Academy of Engineering performed notably—to get 
the kind of technical and economic information it 
needed. The result is essential reading for anyone 
interested in anything from ham radio to curing illiter- 
acy to investing in microwave radio links (the answer 
to this is don’t-—-improved cables and satellites are 
taking over the traffic). When the report was finished, 
several months late, President Johnson was already 
packing up at the White House and he left the report, 
as presidential property, for his successor to do what he 
liked with. The news of its contents flowed around 
Washington, thanks apparently to Comsat, who were 
allegedly pleased enough with its recommendations to 
make copies available to reporters. 

President Nixon may never act on any of the recom- 
mendations (which are discussed in more detail on 
page 919). But the intelligence that has gone into 
it will not have been wasted. For one thing, the task 
force spent more than a year in the pocket of the FCC, 
pointing out the long-range policy issues inherent in 
the commission’s day-to-day business. The FCC has 
been invigerated; it was like a year at Harvard. 
Suddenly its decisions show thought; it has begun a 
deliberate policy of encouraging cable television, 
even though this method of transmission (in which local 
antennae catch distant signals and beam them into 
homes for about $5 a month) threatens the giant 
national television networks. Not only is the quality 
of picture better, but more channels are available; 
local programmes are now possible, giving a hope at 
last of improving the wasteland of American television. 

But the most important thing about the report is 
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the way of the thinking that it recommends, under the 
label of “the next generation approach”. There must 
be large-scale experimentation, combined with an 
electric approach. Cable television must be allowed 
to develop in a number of different ways; investigators 
must appreciate the risk that some freedoms may be 
withdrawn from them in future. The United States 
should start an institute for communications research 
and lead the way in trying different kinds of educational 
television projects, especially for villages, and in 
developing cheap and small television receivers. As 
for the domestic telecommunications industry, it 
must compete with new entrants on equal terms. 
Prices on competitive routes should be based on the 
costs and demands for the routes, not on the cost of 
providing a comprehensive, nationwide communications 
service. New entrants should be encouraged but should 
be prevented from skimming the cream off low-cost 
high-density routes. What is needed, in sum, is 
flexibility combined with an intensive search for inform- 
ation. To make hard and fast decisions in the present 
stage of telecommunications development might create 
irreversible patterns and foreclose valuable options. 

The contrast between this enlightened description of 
an administrative framework for the burgeoning tele- 
communications industry and the pig-headed spirit in 
which the British Government has sought to strengthen 
the monopoly of the Post Office Corporation in the 
past few months should make even Mr John Stonehouse 
stop and think. During the passage of the Post Office 
Bill through the House of Commons, still mercifully 
incomplete, Mr Stonehouse has been insisting on the 
need that even the new public corporation that will 
manage posts and telecommunications should, for 
example, retain the right to install and maintain 
private telephone exchanges connected to the public 
network. The classical justification for this view is 
that only the Post Office can know when other people’s 
equipment will interfere with the efficiency of the 
network, but it is also held that the Post Office is 
uniquely placed wisely to anticipate future trends and 
thus to prevent the wasteful development of fruitless 
innovations. The trouble, of course, is that no single 
organization can ever willingly sacrifice familiar parts 
of its own structure on the altar of progress. But some- 
times, as with the inland telegram service, it sacrifices 
them as a dog in the manger would. And with the best 
will in the world, it is slow to do things for the first time. 
The shocking slowness of the British Post Office in 
providing means for data transmission has been a 
simple illustration of this. But in the long run, the 
consequences of such a policy are not merely that less 
than full use is made of important parts of technology, 
but that the industrial companies which are able to 
play a part do not instinctively acquire a sense of living 
in the future—or at least the present. At a time when 
all kinds of governments elsewhere are beginning to 
appreciate the limitations which must be applied to the 
interaction between government and industry, the 
British Government and Mr Stonehouse should at least 
pay the problem the attention it deserves. 
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Hearis in the Balance 


From the tenor of public discussion about the recent 
heart transplant at Guy's Hospital, it would be hard 
to guess that Dr Philip Blaiberg is still alive 18 months 
after his operation and has even written a book en- 
titled Looking At My Heart. Surgeons’ hopes that they 
may be able to do as much for other patients, even 
against the present odds, seem to have been given less 
weight than they merit. But if the current status of 
the operation is being generally misunderstood—a pos- 
sibility for which the doctors must share the blame 
with those who disseminate news of their doings— 
that is a small price to pay for the vigorous public 
interest and discussion which is one of the healthiest. 
features of the heart transplant operation. Surgeons 
may not relish the hot breath of the spectators behind 
them, particularly at the tricky stage the operation has 
now reached, but it is the spectators, after all, who will 
eventually decide the rules of the game and their 
decision will be the better arrived at as it is the more 
informed. In the long run there would be much more 
to complain of if the public did not want to know 
about heart transplants and the dilemmas they pose. 

This is why it is short sighted to hope that organ 
transplants can proceed under the ancient cloak of 
professional secrecy until the medical profession itself 
has decided on their various merits. It is true that 
kidney transplants were pioneered through the experi- 
mental stage without the public demanding to have its 
hand on the scalpel. But the very different problems 
of the heart operation demand a publie relations 
exercise of corresponding subtlety. 

The chief problem at present seems to be the con- 
fusion over the scientifie status of heart transplants, 
compounded. by reluctance on the part of heart sur- 
geons to say what they hope to achieve in the present 
circumstances. A reluctance to admit that a particular 
patient is the subject of experimentation is entirely 
understandable, but equally acceptable is the argument 
that more experiments must be done before enough is 
known to assess their value. But how many hearts 
must be transplanted before this stage is reached ? 
More than a hundred operations have been performed 
throughout the world since Dr C. A. Barnard undertook 
the first a year and a half ago. Is not a hundred 
enough ? Can no verdict yet be reached on the thera- 
peutie value of the operation and the conditions under 
which it should or should not be attempted ? What is 
the summary of the experience that has been gained 
so far and in what way do the surgeons of the present 
and subsequent heart transplants hope to add to it ? 

Questions like these would meet even more happily 
with an answer now that Dr Denton Cooley and his 
colleagues have summarized the results of the sixteen 
operations performed at the Texas Heart Institute 
(New England Journal of Medicine, 280, 1079; 1969, 
and Lancet, i, 954; 1969; see also Nature, 222, 721; 
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1969). The burden of this experience seems to be that 
it is not worth transplanting a heart unless the tissue 
match between donor and recipient is reasonably close, 
which is closer, perhaps, than is likely to be obtained 
in present circumstances. More precisely, they warn 
that the tissue matches in the operations already 
performed should be carefully analysed “before it is 
assumed that heart transplants may continue to be 
performed with impunity in patients having poor 
histocompatibility matches”. Their own data suggest 
a direct correlation between length of survival and 
closeness of histocompatibility match. Under the 
fortuitous circumstances in which donors become avail- 
able they were able to obtain only one tissue match 
better than a certain grade and it is this patient whose 
performance has been the most satisfactory. 

In these circumstances it seems there would be much 
to be gained by relating the hopes for future heart 
transplants to what Dr Cooley’s team or others have 
already discovered. Alternatively the need to confirm 
Cooley's findings in other centres could be stressed. 
There is also the problem of understanding why the 
different tissues of the body should differ in their 
antigenicity, and why the skin and the heart, for 
example, should be less tolerant of mismatches than 
the kidney. These or other reasons may be an excellent 
justification for continuing with heart transplants over 
and above the hope of prolonging the patient’s life. 
But, in view of Dr Cooley’s conclusion that the life of 
the average patient is not significantly prolonged 
(although its quality is improved), it is all the more 
necessary to make clear the scientific basis of further 
operations. 

As things now stand, it seems that the heart surgeons 
have perhaps made an error of judgment in not spelling 
out the scientific justification of what they hope to 
achieve. This is a matter that could profitably be 
considered by the advisory group on transplantation 
problems which is expected within the next month to 
report to the Secretary of State for Social Services. 
The group has Sir Hector MacLennan as chairman 
and its other members, who were announced this 
week, include Professor Sir Michael Woodruff and 
Professor Roy Calne, who has recently suggested that 
organs should be considered available for transplanta- 
tion after death unless the donor has specifically 
declared to the contrary. Other members of the group 
are Miss Katherine Whitehorn of The Observer, the 
Reverend Professor G. R. Dunstan, Baroness Wootton 
of Abinger, Mr J. Garfield, Professor W. 8. Peart, 
Dame Muriel Powell, Dr G. L. Thurston and Mr D. 
Currie. Once again, it seems, Mr Richard Crossman, 
the minister ultimately responsible for social services, 
has mustered all the talents. It is important that they 
should act swiftly; the last thing that is needed is 
another device for justifying reticence. 
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SPACE 


After Apollo 11 


Wuen the Americans have landed on the Moon on 
July 20—and so far nothing has turned up in the 
debriefing of the Apollo 10 crew to prevent astronauts 
Armstrong, Collins and Aldrin from keeping to their 
timetable—what is the United States to do with the 
two Saturn V launchers which will be ready to fly 
and the seven in various stages of construction ? 
Some of the answers were given last week by Dr 
George E. Mueller, associate admin‘strator for Manned 
Space Flight, who was in London to receive an award, 
on behalf of NASA, from the british Interplanetary 
Society commemorating December’s cireumlunar flight 
of Apollo 8. But first Dr Mueller warned of possible 
disappointments with Apollo LI—NASA is not taking 
any risks, and the mission will be cut short at any 
stage if it seems necessary. The pressing question, 
which Apollo 10 photographs should resolve, is whether 
the proposed landing site in Mare Tranquillitatis is 
smooth enough ; the steepest slope on which the lunar 
module can land without toppling over is 20°. If the 
landing goes as successfully as everyone hopes, NASA 
will use the first of the remaining nine launchers for a 
landing in a mare region in the Moon's western hemi- 
sphere, which may contain different material from the 
first landing site in the eastern hemisphere. 

With this experience behind them, NASA intends to 
embark on an exploration of the visible face of the 
Moon. with eight landings in regions representative of 
the lunar highlands (Fra Mauro and Censorinus), 
impact craters (Tycho and Copernicus), vulcanism 
(Littrow and the Marius Hills) and tectonism (Schré- 
ter’s Valley and the Hyginus Rille). The radio com- 
munication problem precludes landings on the hidden 
side. Apart from its intrinsic interest, Tycho is to be 
explored because of the clues it will give to the rocks 
within the Moon. After a tricky landing as near as 
possible to the rim of the crater, the astronauts will 
collect rocks ejected by the impact, which it is con- 
jectured will come from well below the surface. Samples 
believed to be from even deeper levels will be picked 
up by the expedition to Copernicus, which will land 
inside the crater, which is 12,600 feet deep and 56 
miles wide, near a central peak thought to be material 
forced up from deep levels. Additional equipment 
developed in time for the later expeditions of the series 
will permit a 3-day stay on the Moon, instead of the 
22 hours planned for Apollo 11, and a new spacesuit 
will allow the astronauts to walk up to five miles com- 
pared with the 200 yards which Armstrong and Aldrin 
will cover. 

After lunar exploration, Dr Mueller sees space 
stations in Earth orbit as the next priority. One plan 
being considered is to use exhausted Saturn IVB stages, 
converted in orbit into workshops and laboratories. 
But by the time space stations are a reality, the 
Saturn V launcher will be going distinctly grey around 
the edges. Dr Mueller is clearly looking forward to 
reusable launchers, and spoke about two designs for 
placing men and materials into Earth orbit. One is 
the ultimate extension of the drop-tank principle, 
applied for years by the world’s air forces. It involves 
the traditional delta lifting body, fitting snugly into a 
massive V-shaped drop-tank, enveloping the sides of 
the delta and containing rocket engines. The combina- 
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tion is launched vertically, and when the delta has 
been boosted towards orbit, the drop-tanks fall away. 
Returning from the space station, the delta makes an 
aerodynamic landing on an airstrip. The second design 
is also for vertical launch, and is made up of three 
reusable lifting bodies strapped side by side. Two of 
the “trimese” elements, as they are in danger of being 
called, peel off and return to base after dispatching 
the third into orbit. Each of the elements is roughly 
the size of a Boeing 727 airliner, and has a narrow wing. 
But by the end of the 1970s rocketry is in any case 
likely to be changing with the adoption of nuclear 
engines based on Nerva for the upper stages of Saturn 
vehicles. 


SPACE 


Where to go Next 


Tue decision to go ahead with the Apollo 11 launching 
on July 16 followed by a Moon landing on July 20 is 
likely to be taken after this weekend, and will depend 
on whether NASA engineers are satisfied that the faults 
which turned up on Apollo 10, such as the misorienta- 
tion of an antenna and overheating of a fuel cell, can 
easily be remedied. Despite a mishap with the cameras 
during the Apollo 10 mission, the vital close up photo- 
graphs of the landing site are “adequate”, according 
to NASA’s reluctant administrator, Dr Thomas O. 
Paine. Dr Paine was in London this week en route 
for the Paris airshow. He denied that his arrival, hard 
on the heels of NASA officials, Dr G. Mueller and Dr R. 
Jastrow, means that NASA is negotiating with the 
British Government. And he had no comment to 
make on rumours that Russia is planning a lunar 
expedition for the June 25/July 7 launch window—- 
possibly a manned circumlunar flight or an unmanned 
landing with the return of lunar samples. With its 
goal of ten years within its grasp, NASA is not 
going to be hurried over the final step. “We go when 
we are ready’, Dr Paine said, and there will be no 
hesitation in bringing Apollo 11 back without achieving 
a landing if there is any sign of trouble. In any case, 
Apollo 12 will be ready to fly two months later. There 
is some room for slippage in the launch date of Apollo 11 
if any last minute faults occur, but if July 16 is missed 
by more than a few days then NASA will re-schedule 
the flight for the next launch window which occurs in 
mid August. Among other factors, the landing will 
only take place if the lighting conditions of the site 
fulfil certain conditions, and launch windows are 
roughly twenty-eight days apart. Before July 16, the 
linar module pilot, Neil Armstrong, is expected to 
get in some practice at piloting the notorious Lunar 
Landing Research Vehicle, two of which have already 
been lost in crashes, and which simulates the flight 
dynamies of a lunar landing. The LLRV has been 
grounded for a period, but Dr Paine was confident of 
the safety of Armstrong, said to be one of the most 
experienced pilots in the United States, having flown 
an extraordinarily diverse cross-section of aircraft, 
including the X-15 rocket plane. 

Assuming Apollo 11 is a success, what next ? Nine 
further Saturn V/Apollo combinations for lunar 
exploration are funded, and a preliminary programme 
of landings has been drawn up, although a number of 
alternative plans are still being considered. One 
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attractive possibility is an extended circumlunar flight 
in a polar orbit lasting 28 days so that all the Moon is 
covered by the astronauts. NASA is also committed 
to the Apollo application programme, which Dr Paine 
sees as the prototype of a space station which could be 
started in, say, 1975, and be gradually built up over a 
period of a decade to hold fifty astronauts. 

The ten flights to the Moon will decide whether 
further trips would be useful and whether a lunar 
station would be worthwhile. By then the United 
States may be deciding on a manned expedition to 
Mars, which Dr Paine thought could take place in 
about 1985. But it looks as if the United States is not 
going to be stampeded into a trip to Mars in the same 
way as the Moon expedition came about. NASA is 
sending a series of probes to Mars to see whether a 
manned mission would be valuable. Two Mariners 
are to make a close approach to the planet, with 
television pictures, on July 31 and August 6. 


ROYAL SOCIETY 


Cook Bicentenary 


THe Royal Society on Tuesday this week celebrated 
the observations of the transit of Venus across the Sun 
by Captain Cook from Tahiti on June 3, 1769. Plainly 
the society is proud of the sea captain with a passion 
for navigation and measurement who literally and in 
every other sense put a large part of Australasia on 
the map. The celebrations this week seemed accurately 
to convey the sense that it is entirely proper for the 
Royal Society to mark this old feat of navigation 
even though academies elsewhere are more deeply 
involved in celebrating navigation to the Moon and 
other places now as obscure as what are known as the 
Antipodes used to be. 

Lord Blackett, president of the society, and himself 
once a naval officer, made it clear that Captain Cook 
would not be forgotten. Sir Richard Woolley, Astrono- 
mer Royal, provided a splendid ten minute sketch of 
the importance of the observation of the transit of 
Venus from Tahiti two hundred years ago, with accur- 
ate navigation only just possible because of the develop- 
ment of an accurate chronometer—Kendall’s first copy 
of the watch with which Harrison won the prize for a 
chronometer was proudly shown on Tuesday. The 
object of the observation of the time taken for Venus 
to cross the distance of the Sun was to derive an accur- 
ate value for the solar parallax. The point is that 
observations from two latitudes can be combined 
together to produce a value of some sort, as Halley 
pointed out in 1716. Sir Richard Woolley explained 
why the transit of Venus in 1761 had yielded nothing 
useful—-there had been incomplete measurements from 
a southern latitude, partly at least because of the 
fecklessness of Messrs Mason and Dixon, the freelance 
surveyors, now commemorated by the Mason-Dixon 
line in the United States, but then, in February 1761, 
scolded by the Royal Society for lack of persistence. 

Cook was a different fellow and found his way 
efficiently to Tahiti. Sir Richard Woolley was at 
pains on Tuesday to rehabilitate the reputation of this 
expedition, for many years in disrepute on the grounds 
that the value of the solar parallax eventually obtained 
was too far from the truth. He pointed out that Simon 
Newcombe, in the nineteenth century, had used Cook’s 
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observations to obtain values not very different from 
8-794 seconds of arc, afterwards accepted. To be sure, 
it is no longer necessary to wait for the transit of 
Venus to make this measurement, but even so, there 
will no doubt be more than sentimental interest in the 
next transit of Venus in ap 2004. 


INFRARED ASTRONOMY 


Further Infrared 


from our Astronomy Correspondent 
Wirt the design complete of the 60-inch infrared 
telescope to be built at Imperial College, London, 
Professor J. Ring, who leads the infrared team is 
looking forward to the 120-inch telescope which is the 
logical next step. Experience gained with the 60-inch, 
which will be one of the largest telescopes purely for 
infrared work, will be used in the design study for the 
120-inech. So far, however, the team at Imperial 
College has money only for the smaller telescope, 
£27,000 awarded earlier this year by the Science 
Research Council (Nature, 221, 214; 1969). A start has 
nevertheless been made on testing suitable sites for an 
observatory, and the island of Tenerife in the Canaries 





Model of the 60-inch telescope, 


still seems to be hot favourite. The intention is to have 
the 60-inch telescope built and fully installed by late 
1970. 

Although an equatorial mounting has been chosen 
for the 60-inch, the 120-inch may have a different 
system, One possibility is the increasingly fashionable 
altazimuth mounting, with one axis of rotation 
horizontal and the other vertical, which has the advan- 
tage that for a given altitude direction, the stress on 
the telescope (especially the mirror) is the same for all 
azimuths. The problem of keeping altazimuth instru- 
ments trained on a particular star has now been over- 
come by computer—a suitable small computer would 
cost less than £10,000. Several other more or less 
bizarre new mounting systems are being considered, 
and Professor Ring hopes that by the end of the year 
the choice will be narrowed down to one or two. The 


NATURE, VOL. 222, JUNE 7, 1969 


important thing now is for the SRC to indicate its 
willingness to support the 120-inch project once a 


suitable site has been found. 


FACULTY DISMISSAL 


Leprince-Ringuet Forced Out 


Tuere has been consternation at the Ecole Poly- 
technique at the dismissal of Professor Louis Leprince- 
Ringuet from the teaching body by the Minister of 
War, M. M. Messmer. M. Leprince-Ringuet has been 
professor at the Ecole Polytechnique for 35 years, 
Although he will no longer teach, the letter from 
M. Messmer says that he will remain the director of the 
particle physics laboratory at the Ecole Polytechnique. 
Like the other grandes écoles, the polytechnique is the 
direct responsibility of the armed services (and for this 
reason, for example, remains outside the programme of 
reform on which French universities are at present 
embarked). The dismissal of M. Leprince-Ringuet is 
possible under the terms of a law in force since the end 
of 1968 which introduces, among other things, con- 
tracts of fixed periods for the teaching staff. 

Among the faculty at the Ecole Polytechnique, it is 
widely considered that M. Leprince-Ringuet is now 
paying the price for having taken part in a faculty- 
student examination of various proposals for reform of 
the structure of the polytechnique. During this period, 
questions of the relationship between the polytechnique 
and the University of Paris, the reform of the curricu- 
lum and the military status of the polytechnique were 
considered and held to be points at which changes 
would be desirable. It is known that the army is 
extremely sensitive about suggestions that the poly- 
technique should be less directly within its control. 
M. Messmer, in a statement published in Le Monde, has 
said that M. Leprince-Ringuet’s involvement with the 
student committee is not the cause of his dismissal, 
citing as evidence the way in which other members of 
the faculty with well known left wing views have 
recently had their appointments renewed. In practice, 
however, it has in the past proved difficult to replace 
professors notably out of favour with the army on 
issues such as the Algerian war. It is ironical that a 
person of M. Leprince-Ringuet’s distinction should have 
been singled out for this indignity. 





AERONAUTICS 


Return to Farnborough 


From July 4 the Royal Aircraft Establishment, 
Farnborough, will have a new director, Sir Morien 
Morgan, at present Controller of Guided Weapons and 
Electronics at the Ministry of Technology. He suc- 
ceeds Sir Robert Cockburn, who is retiring from public 
service. 

Sir Morien has had a long association with Farn- 
borough, beginning in 1935 when he joined the aero- 
dynamics department as a junior scientific officer. 
He had already served an engineering apprenticeship 
with Mather and Platt Ltd in Manchester, where he 
went from Cambridge with a first in mechanical 
sciences. At Farnborough he soon specialized in the 
stability and control and general handling character- 
istics of aircraft, and this is still one of his principal 
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Sir Morien Morgan. 


interests. At this time he was involved in the develop- 
ment. of handling criteria for military and civil aircraft. 
In 1944 he obtained his pilot’s licence. At this time 
several scientists at Farnborough learnt to fly so that 
they could communicate more easily with professional 
pilots. 

In 1946, still at Farnborough, he became head of 
Aerodynamics Flight and two years later took over the 
guided weapons department, where he presided over 
the development of all Britain’s first generation guided 
weapons. In 1959 Sir Morien left Farnborough, and 
his research activities, for ten vears in Government 
administration, beginning as scientific adviser to the 
Air Ministry. He took up his present position at the 
Ministry of Technology in 1966. 

He has been associated with Concorde from the 
beginning, first of all as chairman of the Supersonic 
Transport Aircraft Committee set up in 1956 to look 
after the initial researches. After the agreement to 
join forces with France he became chairman of the 
Anglo-French Technical and Administrative Sub- 
Committee, alternating with a French colleague. Later 
Sir Morien chaired the Committee of Officials which 
represented the two governments in steering the Con- 
corde project. 


ENTREPRENEURSHIP 


European inventions 


ARE you in a company where creative ideas are frus- 
trated ? Do you want to put your ideas into practice 
in a company of your own? Then European Enter- 
prises Development Company could be of interest. 
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EED is a European organization, based in Luxem- 
bourg, with the stated aim of providing venture capital 
and managerial assistance for the building up of new 
companies or the further development of existing ones. 
But the condition is that the company has to be based 
on a development which makes a significant advance 
over existing products, processes or services. How 
significant the advance has to be is 
one of EED’s investments is a Swiss firm called. Jiffy- 
Pot, making plant pots which obviate the chore of 
repotting by their construction of peat and fertilizer 
allowing the roots to come through. But EED’s 
interest in Jiffy-Pots is more than balanced by a port- 
folio of investments in companies such as Computer 
Technology, Ltd (Britain), and Steigerwald Strahl- 
technik (a German firm specializing in electron beam 
technology), where the technological worth of the 
projects is more obvious. 

Apart from the obvious aim of making money, EED 
hopes to narrow the now infamous technology gap, 
and the signs are that its existence is appreciated 
by the electronics industry at least. EED’s American 
brother, the American Research and Development 
Corporation (both were set up by the same man, 
Georges F. Doriot, and share the same credo), founded 
in 1946, made most of its money in the electronics 
boom, after only a fair showing in the forties and 
fifties. Between 1965 and 1967, ARD’s net asset value 
rocketed from $40 million to $349 million. Whether 
EED, started in 1964, can imitate this performance, 
in electronics or some other field, is by no means 
certain. For one thing, Europe has no equivalent of 
Route 128, within a bus ride of the Massachusetts 
Institute of Technology. But EED still has faith that 
it can make its fortune in the electronics industry. 
And the industry seems to be short of sources of money 
for the setting wp of companies to exploit new ideas. 
Electronics is a fast-moving industry, and the con- 
ventional sources of venture capital are sometimes 
too painfully slow to be of use. This seems to be where 
the EED can help. One of its British shareholders, 
the Midland Bank, has an arrangement whereby pro- 
jects which fall on the deaf ears of bank managers are 
forwarded to EED. The other forty-two shareholders 
in seventeen countries, all financial institutions, also 
search for possible projects. So far, EED has fourteen 
investments at various stages of negotiation, and is 
said to have committed $2 million out of its total 
funds of $8 million. Just now, the company seems to 
be searching for ways to encourage possible European 
entrepreneurs to surface. 

Once the investment has been set up, with EED 
supplying venture capital and possibly a loan to the 
company, EED continues to help with technical or 
managerial advice whenever it is needed. The intention 
is to build the company as large as possible—if any- 
thing goes wrong, all the entrepreneur loses is his 
r eputati ion. 








PATENTS 


Sign of Easier Times 


Tar intergovernmental conference on a European 
patents system in Brussels on May 21 seems to have 
been a success and also a healthy sign of the renewed 
determination of EEC countries to cooperate in indus- 
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trial and technological fields. After the French 
Government withdrew its opposition to the inclusion 
of non-member states last November, the six foreign 
ministers agreed to invite seven other west European 
nations—Austria, Denmark, Ireland, Norway, Britain, 
Sweden and Switzerland—to take part in negotiating 
a European patent convention (Nature, 221, 1087; 
1969), and Spain, Greece, Turkey and Portugal are also 
interested in participating. At the conference all the 
delegations approved a basic memorandum outlining 
the principles of a European patent system. 

The system will be in the form of two conventions, 
the first of which will establish the legal and procedural 
rules for granting European patents. Such a patent, 
comprising a set of national patents for non-member 
states and a single patent for the EEC countries, would 
be registered, examined and issued by a European 
patent office, while national courts would deal with 
infringements. The convention will probably be based 
on a draft, prepared by EEC under the chairmanship 
of Dr Kurt Haertel in 1962, under which the examina- 
tion of applications can be postponed for up to seven 
years after registration. This is the system already in 
use in Germany and the Netherlands and the idea is 
to give applicants time to judge the industrial potential 
of their invention and decide whether it is worth a 
detailed examination. There is an obvious advantage 
in reducing the burden on already overworked patent 
offices, but the problem, which the British delegates 
raised at the conference, is to protect the inventor in 
the meantime. This would have to be done by some 
sort of preliminary examination which could later be 
challenged. 

The other convention will lay down the uniform 
legal system applicable to the patent on EEC territory 
and will only be open to the Six. The idea here is to 
stop market sharing resulting from protection on a 
national basis by forbidding holders to surrender or 
transfer patents for only part of EEC. 

The next step is for a working group which has three 
members—France, Germany and the Netherlands— 
from EEC, and three—Britain, Sweden and Switzer- 
land—from EFTA, to meet in Luxembourg to discuss 
the detailed legal aspects of the problem. They hope 
to produce a draft agreement by the end of the year. 


SPACE 


End of an Era 


from our Astronomy Correspondent 


Tue launch of the sixth and last Orbiting Geophysical 
Observatory due on June 5, with luck, into a 680 mile 
apogee, 245 mile perigee orbit from the Western Test 
Range, California, ends something of an era in the 
history of space exploration. When the first of the 
series was launched, in September 1964, it was one of 
the most advanced unmanned spacecraft of its time. 
With its array of two solar paddles, two twenty-two- 
foot booms, four four-foot booms, several radio 
antennae, and other items making a total of twelve 
appendages to the six-foot long by three-foot wide and 
three-foot deep body, OGO is as ungainly as its name 
suggests. Some said the spacecraft was too complex, 
and nobody was surprised by the fate of the first of the 
series, which failed to orient itself correctly with respect 
to the Earth when two of the booms failed to deploy, 


NATURE, VOL. 222, JUNE 7. 1969 


one of them obscuring the horizon sensor. Neverthe- 
less, NASA reports that four and a half years later 
about half of its twenty experiments are still working 
and sending back useful measurements. OGO-2, 
launched in October 1965, was not a complete success 
either. Although unobscured, its horizon sensor seems 
to have been too sensitive, so that it continually picked 
up false horizons and rapidly exhausted its gas supply 
as it reoriented itself. One explanation is that the 
sensor was locking on to a mass of cold air over the 
equator, but even with its attitude control gas used up, 
most of its experiments worked for two years. 

Eventually the spacecraft design was borne out by 
OGO-3 (June 1966) and its successors. The latest 
model, classified OGO-F until successfully launched 
when it will be redesignated OGO-6, is the heaviest so 
far, weighing 1,393 pounds and containing twenty-five 
experiments. The observatories are designed to be 
standardized platforms accommodating large numbers 
of experiments—OGO-1 had twenty—and one of the 
problems in addition to that of deploying the booms 
correctly has been to integrate the payload without 
causing interference between experiments. 





OGO-F spacecraft. 


Goddard Space Flight Center is responsible for 
managing the project, and must take much of the 
credit for the success of the series, paving the way for 
the development of large space laboratories. NASA 
claims several scientific “firsts” among the OGO 
results—first satellite map of the terrestrial magnetic 
field, first map of the airglow, first observation of the 
non-ducted propagation of VLF waves, first measure- 
ment of electric fields in the Earth’s bow wave. 

OGO-1, 3 and 5 were launched into highly elliptical 
orbits to probe the magnetosphere, but, like its other 
predecessors, OGO-F is to have a near-Earth orbit to 
investigate the atmosphere, the ionosphere and the 
lower levels of the radiation belts at a time of maximum 
solar activity. The twenty-five experiments are the 
responsibility of ten American universities, four govern- 
ment laboratories, five private companies and a team 
led by Professor J. E. Blamont, of the University of 
Paris. The experiments fall under four headings— 
atmospheric and ionospheric studies, solar radiation 
measurements, airglow and auroral studies, and 
magnetic and electric field studies. The French team 
will be measuring airglow and auroral emissions at 
6300 and 3914 A, and the sodium airglow. Two 
thirty-foot aerials attached to the solar paddles are 
the longest protuberances on this OGO, and are for 
electric field and VLF measurements. 
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PHYSICS 


Laser follows Bubbles 


THE Science Research Council has announced an award 
of £40,473 towards the cost of bringing into full 
operational use a novel machine known as Sweepnik, 
which automatically analyses bubble chamber photo- 
graphs. Sweepnik is the brainchild of Professor O. R. 
Frisch at the Cavendish Laboratory, Cambridge, and is 
essentially a laser beam, guided by a small computer, 
that follows tracks on a photographic film. Most of 
the money will go towards an extra 8K memory store 
and magnetic tape for the computer. But plans are 
under way for the production of a commercial version 
of Sweepnik which, it is hoped, will sell for considerably 
less than the £100,000 or so that is the price of rival 
commercial machines, even without associated com- 
puters. 

In nuclear physics the analysis of bubble chamber 
photographs is a well established source of information 
about elementary particle interactions. Beams of 
high energy particles are shot into liquid hydrogen in 
a bubble chamber and the tracks of any charged par- 
ticles produced show up on photographs as lines of 
bubbles. The tracks are curved because the chamber 
is in a strong magnetic field and accurate measurement 
of the radius of curvature of the tracks gives the 
momenta of the emitted particles. One bubble chamber 
experiment may require something like a hundred 
thousand pictures, and with a manual machine it still 
takes about fifteen minutes to process a typical event— 
which explains the need for much faster machines 
like Sweepnik which will be able to process an event a 
minute. 

The way Sweepnik works is to focus a fine laser 
beam to a thin line using an astigmatic lens; a spinning 
prism rotates this line which is then projected by two 
mirrors on to the film. A condenser lens focuses the 
transmitted light on to a photomultiplier which regis- 
ters a sharp dip in intensity when the slit is lined up 
with the direction of the track. By moving the mirrors 
the computer can direct the line to different positions 
along a particular track. The position of the mirrors 
is controlled by an independent laser interferometric 
system to an accuracy of 0-1 second of are and this 
means that the accuracy of measurement on the film, 
which is a metre away from the mirrors, is one micron. 

The advantage of using a laser beam to follow the 
tracks is that its intensity and coherence give measure- 
ments with a good signal-to-noise ratio compared with 
conventional machines which use cathode ray tube 
devices or ordinary light sources. This means that 
Sweepnik can easily handle poor contrast tracks. A 
small 18 bit work computer with an 8K store, such as 
PDP79 or DDP516, is all that is required to direct 
the mirrors. Sweepnik was built under the direction of 
Professor Frisch with the help of Dr G. S. B. Street, 
and Dr S. G. Rushbrooke will be responsible for bring- 
ing it into full operational use within the bubble 
chamber research group. 


CHEMISTRY 


Union of all Chemisis 


Two important events are coming up in the calendar 
of international chemistry. The International Union of 
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Pure and Applied Chemistry (IUPAC) is holding its 
twenty-fifth biennial conference at Cortina in Italy, 
starting on June 30. A fortnight later an IUPAC-spon- 
sored symposium on the chemical control of the human 
environment opens at the University of Witwatersrand, 
Johannesburg. 

This confluence of events makes it a suitable time to 
take a look at IUPAC, the self-styled United Nations of 
Chemistry, though in fact of League of Nations vintage. 
It was founded in 1918, with a membership open to 
national organizations of chemistry. Usually it is a 
country’s chemical society which joins, but Britain is 
represente d by a Royal Society committee, the United 
States by a National Research Council committee, and 
the nations of eastern Europe by offshoots of their 
academies of science. 

There are now forty-three member countries, and 
they inelude all the obvious ones, with the exception of 
China and East Germany. Hong Kong and Ghana 
are currently in the process of joining. IUPAC is not 
itself the top rung of the global scientific hierarchy. 
With ten other scientific unions (pure and applic d 
physics, biochemistry, geophysics and the rest) it makes 
up the apex of all, the International Council for Scien- 
tific Unions. 

TUPAC has four sources of income. All member 
countries pay annual dues, in six categories ranging 
from $100 to $25,000, which entitles ‘them to send 
between one and six delegates to the biennial council 
meetings. Second, royalties flow in from publications 
while, third, some money comes from UNESCO through 
the International Council for Scientific Unions. A 
fourth source of income is an industrial membership 
scheme, recently founded, which gives companies 
preferential access to IUPAC information at a price. 
These incomes amount to no vast sum, and it was only 
two years ago that TUPAC first set up a permanent 
secretariat, which at present has offices in Oxford. 
IUPAC’s only other global focus is the office of Rudolf 
Morf, the secretary-general, m Zurich. 

By acting as a sponsor for meetings w ithin chemistry, 
TUPAC is able to act as a kind of international stan- 
dards institution. TUPAC does not grant its sponsor- 
ship freely, and meetings so privileged find it much 
easier to attract travel grants, publication rights and 
star names. JUPAC’s other raison d'étre resides in its 
Working Commissions: there are thirty of them at 
present, busy setting international rules for nomen- 
clature, use of symbols and, increasingly, analytical 
methods. 

IUPAC thus has plenty to do for the time being, and 
it will probably continue to have plenty to do, as new 
compounds and new techniques appear without cease. 
The union has no ambitions beyond its present brief. 
It manages to be even less political than the British 
cricket team, and so far there has been not one voice 
audibly raised in protest about its sponsorship of a 
meeting in South Africa next month. 


OCEANOGRAPHY 


Sic Gloria Transit 


THe world’s first long range sonar for probing the 
ocean bottom recently left Southampton aboard the 
RRS Discovery for two months of sea trials. This 
sideways looking sonar is capable of viewing the ocean 


NATURE, VOL. 222. JUNE 7, 1969 
floor 3 miles below and 10 miles away to the side while 
being towed at a depth of 600 feet behind the mother 
ship. Such depths are at present beyond the range of 
researchers. The scan is presented as a continuous 
profile on a recorder in Discovery. The instrument is 
expected to be of special value in defining sea-mounts 
and locating the deep crevasses and holes that charac- 
terize the transition from one undersea geological 
regime to another. l 
Gloria, as the new tool is called, is 32 feet long, has a 
mass of about 7,000 kg and cost about £250,000. 
Gloria (geological long range inclined Asdic) has been 
under development for five years at the National 
Institute of Oceanography, where the first short-range 
side-scanning sonar for shallow seas was developed 
some eight or nine years ago. It sinks and rises with 
water ballast like a submarine and all systems are 
remotely controlled from a console in the ship through 
a specially produced 2-inch diameter armoured coaxial 
cable (the work of STC) which also acts as the tow. 





“Gloria”. 


Gloria’s recent past has been picturesque. Last 
autumn, when sea trials should have taken place, the 
special davit installed in place of one of the ship’s 
lifeboats on the upper deck failed, damaging the 
instrument and throwing a man into the sea. The 
week before it was due to leave Southampton in 
Discovery, it was the subject of a ridiculous spy scandal 
in a British newspaper. Dr Stuart Rosby, the preety 
scientist in charge says that “this was rather embar 
rassing. Gloria is entirely unclassified. Purposely we 
have developed all the special devices—such as the 
144 high-power transducers—without drawing on Navy 
expertise” 

All hopes are now focused on the operational trials 
going off without further incident. If all goes well, the 
first worthwhile pictures of the deep ocean bed will be 
obtained by the end of June. The first two weeks out 
(ending weekend of June 7) are bemg spent in the 
sheltered waters of Loch Fyne, Scotland, principally to 
practise handling techniques. The loch is deep enough 
to test the sca anning system at the same time. Such 
a large and costly “fish” could prove quite a handful 
when towing from a non-specialized ship in open sea 
conditions. The main part of the trials is expected to 
take place in the Atlantic over as many contrasted areas 
as possible. 
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NORTH AMERICA 


Task Done With Force 


Prestpent Jounson set his Task Force on American 
vornmmunications Policy some hard questions which 
have just been made public together with the answers: 
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Is the United States making the best use of the electro- 
magnetic frequency spectrum ? 

No. The way in which frequencies are now allocated 
is derived from a simpler era. They are allocated to 
categories of users on a nation-wide basis, regardless of 
the fact that New York City has not much use for the 
frequencies reserved for forestry services nor oil fields 
for a great deal of intercommunication among taxicabs. 
As a result, some frequencies, particularly those used 
by land mobile radio in cities, are congested to the 
point where demand is inhibited, while others are used 
wastefully. 

The task force's recommendations are that the 
management of the spectrum should be vested in a 
single government agency which would oversee public, 
commercial and military needs; that a policy should be 
developed in which fees were paid according to the 
amount of spectrum used and that a more flexible 
system of assigning wavelengths should be developed. 
Above all, all unused portions of the spectrum should 
be assigned to those with legitimate needs, and the 
basic national policy should be to develop the spectrum 
as a national resource. 


Should the United States consider merging its inter- 
national communications carriers ? 

Yes. At present there are four: the American 
Telephone and Telegraph Corporation, the Radio 
Corporation of America, Western Union International, 
and the Communications Satellite Corporation. They 
are divided on the basis of technology-——Comsat running 
satellites, the others preferring cable. As things stand, 
the argument about cable versus satellite is endless 
and is usually settled by dividing new traffic on a 
50-50 basis. This is not economic and the public does 
not get the benefit of the cost reductions inherent in the 
new “technology. Comsat should be allowed to run all 
the international traffic and to invest in cables as well 
as satellites to make it less partisan. 


What form should the permanent organization of 
Intelsat take ? 

The International Telecommunications Satellite Con- 
sortium was formed because the United States decided 
in 1962 on a policy of international cooperation in the 
satellite field. Comsat should retain its position as 
manager of Intelsat, but on a contractual basis. It 
sheuld increase its international representation and 
set aside a special division to manage Intelsat. The 
consortium should give developing countries a greater 
voice by lowering their price of entry and allowing them 
all—68 at present—to participate in an annual general 
assembly. 


How soon will an American domestic satellite system 
be economically feasible and should it be used for television 
only or for a variety of purposes ? 

Too little is known about communications satellites 
to make hard and fast decisions. The only way to 
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find out is to experiment. Comsat should be allowed 
to put up a pilot system, offering one or two dozen 
colour television channels as well as voice, data, tele- 
graph and facsimile transmission. This should in no 
way imply that Comsat should be the permanent 
owner of such a system but factual evidence would 
become available (although probably not in time for 
the International Radio Conference on Space Tele- 
communications in 1971) as to whether widespread use 
of satellite communications and the siting of ground 
stations near large cities would cause harmful inter- 
ference in the 4 and 6 gigaherz bands currently shared 
between satellite communications and terrestrial micro- 
wave systems. 


Do the present United States laws and governmental 
structure for regulating communication need changing ? 


Yes. The Federal Communications Commission has 
too much to do with an inadequate staff. The entire 
responsibility for managing the spectrum and determ- 
ining long-range communications policy should be taken 
away from the FCC and handed to a “new entity” 
within the executive branch of government. 


BIOSATELLITES 


Monkeying About 


Wits all the excitement and preparation at Cape 
Kennedy for the launch of Apollo 11, NASA’s bio- 
satellite programme is easily ov erlooked. But soon 
after June 18, NASA will launch Biosatellite ITI 
carrying a 14 pound adolescent male pigtail monkey 
trained for the flight and implanted with apparatus at 
the University of California, Los Angeles. This will 
be the third biosatellite—the first was successfully 
launched but not recovered and the second, a replica 
of the first, was recovered from orbit in September, 
1967. Unlike Biosatellite II (Nature, 217, 899; 1968), 
which carried a collection of dull experiments whose 
chief result was the not unexpected discovery that 
plants require gravity to maintain their orientation, 
Biosatellite III at least stands a chance of yielding 
some physiological data of value for space medicine. 
If all goes according to plan, the monkey finally selected 
for the flight, from the five being trained at UCLA and 
delivered to Cape Kennedy, will be in a 220 mile high 
cireular orbit for at least two weeks and perhaps for 
as long as 30 days. 

The monkey will certainly be heavily instrumented. 
Monitors will record wave patterns from ten areas of 
his brain, eye movements, heart action and respiration, 
iake measurements at four sites in the circulatory 
system, record changes in bone and muscle and observe 
performance in two behavioural tests for which the 
monkey can earn two thirds of his daily rations. 
Twenty-four measurements will be recorded simul- 
taneously while the monkey performs his scheduled 
activities, and 80 per cent of the data recorded will be 
radioed back to Earth each day. 

It is some indication of the rush to put man in space 
that the recordings of the monkey's brain activity 
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during weightlessness will be the first ever made by 
NASA. The brain will be monitored for the four types 
of brain waves during sleep, wakefulness, anxiety and 
when the monkey performs his two tasks, to test short 
term memory and eye-hand coordination, The monkey 
will have spent 18 weeks learning these tests, which 
involve matching four symbols and pushing a button 
when a hole concealed by two sectored disks rotating 
at different speeds appears in line with the button 
once every fifty-six revolutions. 

One criticism of manned flights has been that NASA 
throws away valuable physiological data by jettisoning 
astronauts’ urine, but in this experiment the monkey’s 
urine will be analysed for calcium, creatine and creati- 
nine during the flight by an automatic analyser and 
some will be stored. All the faeces will be returned to 
Earth and the flight should provide data on net calcium 
and nitrogen Josses because the food intake will be 
known precisely. Unlike all previous satellites this 
will be the first with a two-gas atmosphere. The 
monkey will be breathing 80 per cent nitrogen and 
20 per cent oxygen at sea level pressure of 14-7 pounds 
per square inch. 

It is hoped that the satellite will be recovered after 
its 469 orbits by mid air pick up, but if that fails it 
will come down in the Pacific. At this stage it would 
be churlish to wish anything but success to the satellite, 
but whether the biosatellite programme should be 
continued is another matter. There is no case for wast- 
ing money on satellites similar to Biosatellite IT and 
it is arguable whether putting a monkey in orbit for 
30 days will vield the sort of information that is needed 
to assess the hazards of prolonged space flight. Surely 
the Biosatellite programme, if there is to be one at all, 
should be confined to experiments with primates in 
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orbit for periods at least an order of magnitude greater 
than the length of an Apollo flight. 


MAPS 


Massachusetts by Radar 


from our Geomagnetism Correspondent 


One of the first practical results of a United States 
programme to evaluate the usefulness of radar and 
remote sensing in general in studies of the Earth from 
space is a unique radar map of the entire Common- 
wealth of Massachusetts. The map is actually a 
mosaic made up of fifteen-mile wide strips parallel 
to the Berkshire and Taconic Mountains, each obtained 
with airborne radar operating at an altitade of only 
7,000 feet. The immediate aim of the exercise. which 
took three weeks to complete, was to determine whether 
the new view would give additional information which 
could not be obtained from conventional airborne 
photography, but without the expense of an Earth 
satellite. The hope is that by enhancing the topo- 
graphy, the geological relationships betwe n folds, 
fractures, glacial deposits and other surface features 
will become more apparent over a wider area, 

Although instigated by the US Geological Survey 
in cooperation with the US Army and the National 
Aeronautics and Space Administration, the work was 
done under contract by the Grumman Aircraft Engin- 
eering Corp. Unfortunately, none of these organ- 
izations has yet discovered that geology abhors the 
straight line. In common with geological map makers 
during the past century they are mesmerized by those 
political abstractions—-state boundaries. 





View of the Commonwealth of Massachusetts compiled from radar images obtained at an altitude of 7,000 feet. The 
topography is accentuated in comparison with views from conventional airborne photography, thereby revealing major 


folds, fractures and glacial deposits which might not otherwise have been observed. 


(Photo: US Department of the 


Interior, Geological, Survey.) 
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Nucleic Acids and Interferon 


THE discovery of a new type of double-stranded RNA 
(page 940, this issue) has two important implications. 
First, the new RNA may play a part in the induction 
of interferon production—interferon is the protein, 
discovered at the National Institute for Medical 
Research, Mill Hill, by the late Dr Aleo Isaacs, which 
has the property of inhibiting the replication of a wide 
range of DNA and RNA viruses in animal cells. 
Second, it may mean that virologists will have to 
modify their ideas about the way in which DNA 
viruses replicate in mammalian cells. 

Viral infection can induce infected cells to produce 
interferon which is a defence against the virus. Both 
DNA and RNA viruses share this property, but all 
attempts to track down the active principle introduced 
by the virus have led to the conclusion that the inducer 
is double-stranded RNA. Neither single nor double- 
stranded DNA nor single-stranded RNA have much 
capacity for interferon induction. For the past two 
years, this result has puzzled virologists because, 
although DNA viruses induce interferon, there has been 
neither reason to assume nor evidence to suggest that 
DNA viruses manufacture double-stranded RNA during 
their replicative cycle. 

Colby and Duesberg, however, now report that the 
DNA vaccinia virus does make a viral specific double- 
stranded RNA during growth in cultured chick cells. 
They infected chick cells with vaccinia and simul- 
taneously fed either radioactively labelled uridine (to 
pick out newly synthesized RNA) or labelled thymidine 
(which indicated newly synthesized DNA) and then 
extracted and fractionated the nucleic acids of the 
infected cells. About 3 per cent of the RNA labelled by 
uridine turned out to be resistant to digestion by 
ribonucleases. This property is characteristic of 
double-stranded RNA. This interpretation is borne 
out by the chromatographic properties of this fraction, 
its resistance to digestion by deoxyribonucleases, its 
density as measured by density gradient centrifugation 
and by the fact that heating to 100° C, which destroys 
the double-stranded structure of DNA, makes the 
nucleic acid sensitive to RNase. 

Hybridization experiments with vaccinia virus DNA 
prove that the double-stranded RNA is specified by the 
vaccinia genome, and it seemed that at low concen- 
trations this RNA can induce the production of inter- 
feron and, moreover, that the ability to do so is lost 
when it is converted to single-stranded RNA by heating 
to 100° C. All these experiments indicate that a DNA 
virus can synthesize a double-stranded RNA (or at 
least an RNA which after extraction from the cells by a 
technique which removes all protein is double-stranded) 
which induces interferon. It is important to add this 
proviso because Colby and Duesberg’s experiments do 
not prove that the RNA is double-stranded in the cell 


and work on RNA bacteriophages has shown that 
single-stranded RNA may be converted to a double- 
stranded form during extraction. 

Saying that, of course, in no way minimizes the work 
of Colby and Duesberg, which seems to prove that DNA 
viruses induce interferon by way of an RNA molecule. 
It also raises an interesting question about DNA virus 
replication; if, as seems likely, it turns out that the 
RNA they have isolated is in fact double-stranded in 
vivo, what is its fanction in viral multiplication ? There 
is no obvious reason why replication of a DNA virus 
should involve the production of a double-stranded 
RNA. But another observation made by Colby and 
Duesberg, which confirms experiments published last 
year by Montagnier, is that even uninfected animal 
cells contain a small proportion of RNA which is 
double-stranded after extraction. All this suggests that 
double-stranded RNAs are more widely distributed 
than has previously been realized. So far, there is not 
much to suggest what they may do. 


MYOSIN 


Off with its Head 


from our Molecular Biology Correspondent 


THR construction of the myosin molecule is now broadly 

: it consists of a long shaft, terminating at one 
end in two globular heads. This end also probably 
contains two small polypeptide chains, which are 
liberated on denaturation. The results of a detailed 
study of the gross structure of the molecule are reported 
by Lowey et al. (J. Mol. Biol., 42, 1; 1969). 

Proteolytic enzymes cleave the molecule at a region 
in the rod, giving rise in the first instance to light and 
heavy meromyosin, which are respectively a section of 
the rod, and the truncated remainder, bearing the two 
heads. Further proteolysis can cause the heads to 
become detached, and in this state they are known as 
subfragment-1. By using papain for the proteolysis, 
it is possible to isolate not only subfragment-1, but also 
subfragment-2—the rod-like part of heavy meromyosin 
—without the formation of any substantial low mole- 
cular weight debris. Moreover, when digestion is 
carried out on precipitated, filamentous myosin, 
cleavage of the rod is inhibited, so that the molecule 
is merely made shorter by a head. The subfragments-1 
are liberated and intact rods remain. 

It is now possible to define the size of the various 
constituents with good precision, for all the fragments 
turn out to be remarkably homogeneous. Molecular 
weights have been determined by sedimentation 
equilibrium, and the lengths in the electron microscope 
have been measured. In all cases the weight-average 
and number-average lengths are essentially identical. 
Measurements on 300-600 molecules have shown that 
the length of the shaft in intact myosin is the same as 
that of the isolated rods, namely, 1350 A, subfragment- 
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2 being also a rod, some 470 A long. This segment 
differs from the light meromyosin, or the whole rods, 
in being soluble for the full range of ionic strength at 
neutrality, and indeed its amino-acid composition 
shows it to be acidic, and distinctly rich in charged 
residues. ‘There is no proline. Lowey et al. suggest 
that because the aggregation tendency in this part of 
the myosin molecule is absent, it may well serve the 
function of bending out of the filament axis during 
contraction to make contact with the actin filaments. 

It is also reported that the light chains, known to be 
present in heavy meromyosin, are in subfragment-l. 
Finally, the ATPase activity, stimulated by actin and 
magnesium, is very much like that of heavy meromyo- 
sin, which supports earlier evidence that only one head 
is enzymatically operative at any one time. This 
would imply a control mechanism, possibly involving 
another part of the molecule. It may be recalled in 
this connexion that the ATPase activity of myosin is 
affected by chemical blocking of sulphydryl groups, 
which, as Trotta et al. reported, are not in subfragment- 
1. There are two types of thiol, one more reactive than 
the other. Reaction of the first leads to enhancement 
of the calcium—ATPase, but destruction of I'TPase 
and potassium-dependent ATPase activity. When the 
other thiol is allowed to react, all activity is eliminated. 
Seidel (Biochim. Biophys. Acta, 180, 216; 1969) has 
examined the effect of blocking only the less reactive 
group. To achieve this the reactive thiol is blocked 
with a reversible (disulphide-forming) reagent, the 
second with the irreversible N-ethylmaleimide, and the 
first group is then regenerated by addition of a thiol 
reagent. Qualitatively the effect of blocking the less 
reactive sulphydryl group is exactly the same as 
reaction of the other, in respect of the three types of 
activity. Thus at least one free thiol is needed for 
ATPase activity, but if these residues are indeed remote 
from the active site in the myosin heads, the manner 
in which the effect of blocking them chemically is 
transmitted is altogether obscure. 


NUCLEIC ACIDS 


All about RNA 


from a Correspondent 


Smart RNA molecules were the subject of a colloquium 
held at the University of Glasgow on May 30 by the 
Biochemical Society. Besides tRNA molecules there 
are several low molecular weight RNAs of unknown 
function in living matter, for example 59 RNA (120 
residues) bound to ribosomes and the ‘7S’ species 
(140 residues), which is hydrogen bonded to the RNA 
component of the eukaryocyte ribosome. 

To study these RNAs, as U. V. Loening (University 
of Edinburgh) pointed out, it is essential to use power- 
ful fractionation techniques. Although chromatography 
is suitable for large amounts of material, gel electro- 
phoresis gives the greatest resolution. Although the 
resolution pinpoints the difficulties of preparing 
undegraded RNA, it has made possible the recent 
preliminary characterization of messenger RNAs for 
haemoglobin and antibody formation in several 
laboratories. 

G. G. Brownlee (University of Cambridge) outlined 
the fingerprinting techniques which he has developed 
for primary sequence determination of small ®#P- 
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labelled RNA molecules. The method shows that the 
sequence of 5S RNA from man is different from that 
of E. colt. By contrast, Brownlee was able to show, in 
collaboration with R. Williamson (Beatson Institute, 
Glasgow) that 59 RNA from man and mouse gives 
identical fingerprints. 

The sequences of thirteen ‘RNAs are now known, 
so that it has been possible to predict a common 
secondary structure for ‘RNAs, based on a four arm 
clover leaf configuration. On the basis of this, and 
X-ray data, W. Fuller, 8. Arnott and J. Creek (King’s 
College, London) proposed a new three-dimensional 
molecular model. It has one arm of the clover leaf 
(“Td~C” arm) between another two (the “anticodon” 
and “amino-acid” arms) so that the three helical 
regions are coaxial and constitute a long helical stem. 
The variable “dihydrouracil” arm and the “extra” 
loop come close to one another to form a knob on this 
stem. 

R. H. Burdon (University of Glasgow) considered 
the problem of biosynthesis. In animal cell cytoplasm 
there is a RNA precursor which is converted to tRNA 
in a process involving the removal of ten to fifteen 
residues and the methylation of certain bases. 59 
RNA of the ribosome does not seem to arise as a result 
of cleavage from the large ribosomal precursor RNA 
although its synthesis seems to be linked to that of 
ribosomal RNA. 

U. Z. Littauer (Weizmann Institute) presented 
compelling evidence for the synthesis, in Æ. cols infected 
with T4, of certain ‘RNAs coded for by the phage 
genome. He used a powerful new technique, developed 
with V. Daniel and S. Sarid, which is capable of 
detecting specific RNA-DNA hybrids. This was based 
on the finding that N-acetylation of aminoacyl-tRNA 
renders the aminoacyl ester bond stable to the con- 
ditions of hybrid formation. 


ENZYMES 


Two Forms of a Phosphatase 


from a Correspondent 


UNDERLYING the apparently simple process of glycogen 
breakdown is an intricately coordinated system involv- 
ing several auxiliary enzymes and their respective 
activators. The enzyme that phosphorolyses glycogen 
is phosphorylase a, the characteristics of which have 
been known since the pioneering work of the Coris 
and their pupils twenty-five years ago. 

Phosphorylase a is the active form of the enzyme, 
but there is also an inactive form, phosphorylase b, 
produced by the action of the enzyme phosphorylase 
phosphatase. The inactivation is reversed by yet 
another enzyme, phosphorylase kinase; and this is, 
in its turn, dependent on a further subsidiary cycle of 
activation. 

An important study of phosphorylase phosphatase 
from pigeon breast muscle was carried out recently by 
C. A. Chelala and H. N. Torres in L. F. Leloir’s Insti- 
tute in Buenos Aires (Biochim. Biophys. Acta, 178, 
423; 1969). They have shown that this enzyme exists 
in two interconvertible forms and have, moreover, 
demonstrated a coordination between phosphorylase 
phosphatase and phosphorylase kinase, the two 
enzymes governing the level of active phosphorylase. 
Chelala and Torres observed that when a phosphatase 
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solution was allowed to stand at 37° Cit was inactivated, 
but not irreversibly: activity could be restored with 
ATP, phosphocreatine or theophylline in the presence 
of Mg*. They found that cyclic AMP decreased the 
level of the active enzyme. They conclude that in- 
activation is the formation of an alternative, inactive, 
form of the enzyme and that restoration of activity 
represents the conversion back to the active form. 

Earlier work by E. G. Krebs’s group and also by 
Chelala and Torres indicated that muscle phosphorylase 
b kinase is activated by ATP-Mg*+ and cyclic AMP; 
muscle phosphorylase a phosphatase is now shown to 
be activated by ATP and phosphocreatine and inactiv- 
ated by cyclic AMP. Combining these findings it is 
evident that cyclic AMP must be the key substance 
that coordinates the two enzyme systems responsible 
for the level of active phosphorylase. 


PROTEIN SYNTHESIS 


More about Initiation 


from our Cell Blology Correspondent 


SEVERAL enzymes, the initiation factors, are required 
for starting protein synthesis tn vitro in E. coli extracts. 
That much is indisputable, but precisely what the 
factors do is still disputed, as two papers in this issue of 
Nature (pages 944 and 947) prove. By column chromato- 
graphy Hershey, Dewey and Thach (944) have obtained 
the f-1 initiation factor more than 90 per cent pure, and 
a second factor, f-2, 30 per cent pure. These two factors 
are believed to be associated with native 30S ribosomes 
but not with 70S or 508 ribosomes or 308 ribosomes 
obtained by splitting the 708 particle in vitro. The 
current idea is that the factors catalyse the formation 
of the initiation complex between a 30S ribosome, 
mRNA, f-1 and f-2 factors, GTP and f-met-éRNAg, and 
are then released at some later stage in the formation 
of the 708 ribosome or chain elongation. Using °H- 
labelled f-1, Hershey 4 al. find that this factor binds 
only tn vitro in an initiation complex when all the other 
components are present. The factor f-1 does not bind 
to 308 ribosomes in the absence, for example, of mRNA 
or f-2. 

When 508 ribosomes are added to the initiation 
complex to form 708 ribosomes all the f-met-tRNA, 
sediments with the 708 ribosomes, but the f-1 factor is 
absent from both the 708 and 308 regions of a gradient. 
Clearly, addition of 50S ribosomes causes the release of 
f-1 from the complex. When an analogue of GTP, 
GMP-PCP, which is not hydrolysed, is used instead of 
GTP, f-1 is still released when 705 ribosomes are formed. 
This indicates that although GTP seems to be essential 
for binding of f-1, hydrolysis of GTP is not essential for 
the release of f-1. The other factor, f-2, on the other 
hand, has a GTPase activity and so is probably released 
only after hydrolysis of GTP, in which it presumably 
plays a part. This suggestion has yet to be tested, 
but if it proves to be correct it means that the two 
factors go through similar but separate attachment and 
release cycles, f-1 being released before and f-2 after 
GTP hydrolysis. 

Unlike the experiments of Hershey e al. which 
support current dogma, Mangiarotti’s work (page 947 
of this issue) leads to the unorthodox suggestion that 
at least two of the so-called initiation factors are 
involved in chain termination rather than chain initia- 
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tion. Mangiarotti talks about initiation factors A and 
B, not f-1 and f-2, which illustrates one of the troubles 
of chain initiation literature, which is bedevilled with 
different names for the same factors. Factor A at least, 
however, is believed, by its discoverer, to be identical 
with f-1 (Nature, 219, 1016; 1968). 

Mangiarotti suggests that the reason why 708 ribo- 
somes and 30S ribosomes, obtained by splitting 709 
ribosomes in vitro, require the factors for chain initia- 
tion is simply that the factors are lost during isolation, 
especially during centrifugation in sucrose gradients. 
In other words, the systems such as that which Hershey 
et al. have used are artefacts. What is the evidence ? 
Mangiarotti has used the RNA of bacteriophage R17 as 
messenger and tested the capacity of variously pre 
ribosomes to synthesize protein or to liberate factors A 
and B on washing. If 70,9 ribosomes are not washed 
or sedimented through sucrose before the tests, they 
can synthesize protein as well as ribosomes containi 
native 30S subunits, and when washed the 708 ribo- 
somes yield factors A and B. But 705 ribosomes 
sedimented in sucrose are dependent on added factors 
for protein synthesis and do not yield factors when 
washed. 

iarotti makes an ingenious suggestion to explain 
what the two factors may be doing, and why they 
apparently fanction during initiation in systems like 
those of Hershey et al. He suggests that they are 
involved in chain termination and help to free the 
peptidyl site of ribosome, a necessary precondition for 
initiation because the f-met-tRNA, binds to the pep- 
tidy] site of the 308 ribosomes. Because 708 ribosomes, 
and the 309 subunits derived from them, are likely to 
have peptidyl RNAs at this site, factors A and B 
would be needed to free the site in order to observe 
initiation tn vitro. 

Whatever the role of the various initiation factors, it 
now seems clear that the exchange of ribosomal sub- 
units and cyclic dissociation and reassociation of 309 
and 50S ribosome subunits during successive rounds of 
protein synthesis is a universal process. Adapting the 
methods which have been used. to show this in Æ. coli, 
Kaempfer (page 950 of this issue) has shown such 
exchange in the eukaryote yeast cytoplasm. Demon- 
stration of the universality of this process is consoling, 
not least because the search for f-met-tRNA, or some 
equivalent initiator in eukaryotes has so far proved 
fruitless. 


GEOLOGY 


Pre-Cambrian Cataclysm 


Tux occurrence of a world-wide cataclysm about 1,300 
million years ago has been inferred by Dr Norman Herz 
from the distribution and dating of anorthosite massifs 
(Science, 164, 944; 1969). Could the cataclysm have 
been the capture of the Moon by the Earth ? 
Anorthosites are formed at high pressures and tem- 
peratures that exist only in the lower crust or upper 
mantle; they commonly occur as massifs in association 
with igneous or metamorphic rocks. There are more 
than fifty anorthosite massifs in Canada and the 
United States and a similar number elsewhere in the 
world. Dr Herz is apparently the first to notice that 
when the anorthosite massifs are plotted on a map of 
the world as it looked before the present phase of 
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continental drift, they are seen to straddle the globe in 
two belts, one in each hemisphere. When the conti- 
nents of the present northern hemisphere are reassem- 
bled in the pattern of fit proposed by Bullard et al., an 
almost unbroken belt of anorthosites can be traced 
from the Ukraine through Poland, southern Norway, 
the Hebrides and Greenland to the numerous outcrops 
in Labrador and Quebec. Here the belt seems to 
bifurcate, one branch continuing the curve of the belt 
as far as Virginia, the other tracking westwards across 
the United States. 

The anorthosite massifs scattered across the southern 
hemisphere also fall into line when the continents are 
reassembled in Du Toit’s reconstruction of Gondwana- 
land. The belt runs from Australia through India, 
Madagascar, Tanzania and Angola as far as southern 

razil. 

As remarkable as the geographical relationship of the 
anorthosite massifs is their apparently similar age. 
Available dates range from 1,750 million years to less 
than 1,000 milion. but concentrate at about 1,300 + 200 
million years. Given the uncertainty of dating rocks 
of this age it is possible that many of the anorthosite 
massifs were formed at the same time. 

The two belts are not related to any tectonic direc- 
tions known for Pre-Cambrian times. Herz suggests two 
explanations for the formation of the belts; either the 
higher geothermal gradient that existed in the early 
history of the Earth may have favoured the rise of 
anorthosite from lower crust or mantle, or the anortho- 
site belts may be the result of some cataclysm. Impact 
by a meteorite could have triggered off the displace- 
ment of the anorthosites. Another possible cataclysm 
is the birth of the Earth-Moon system 

The rate at which the Earth has been slowing down, 
and hence the rate at which the Moon has been receding 
from Earth, can be caloulated from the daily growth 
Tidges preserved on fossil shells; on this evidence the 
nearest approach of the Moon to the Earth, marking the 
time of its possible capture, can be argued to have 
occurred between 500 and 2,000 million years ago. 
Herz suggests that disturbances in the geothermal 
gradient caused by the capture of the Moon could have 
caused the rise of the anorthosite belts some 1,300 
million years ago. 

The origin of the Moon is still uncertain, present 
opinion favouring either the capture hypothesis or the 
formation of the Moon in close association with the 
Earth. Herz has mapped the anorthosite massifs on 
the positions the continents occupied in Gondwanaland 
and Laurasia, which began to break up some 300 to 
200 million years ago, but it seems possible that the 
distribution of the land masses 1,300 million years ago 
was not dissimilar, in which case the belt-like pattern 
of the anorthosites would be retained in a map of those 
times. 


BOTANY 


Hybrids in the British Flora 


from a Correspondent 


HYBRIDS between different species of flowering plent 
are not just occasional accidents of nature with fleeting 
significance; they are a consequence of the ecological 
and evolutionary history of the species, and in some 
cases a means to a new future. is was Professor 
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D. H. Valentine’s message when he-gave the third 
E. F. Warburg Memorial Lecture in Oxford on May 22. 
The lecture was organized by the Berkshire, Bucking- 
hamshire and Oxfordshire Naturalists’ Trust and 
the Ashmolean Natural History Society of Oxford- 
shire. 

For a hybrid to occur, several conditions must be 
fulfilled. For example, the parent species must grow 
together, or at least in contiguous areas, like the oxlip 
(Primula elatior) and the primrose (P. vulgaris) in East 
Anglia. They must also have at least some ability to 
produce viable seeds when inter-pollinated, and the 
hybrid seedlings must be vigorous enough to survive in 
competition with the surrounding vegetation, including 
the parent species. Many interspecific hybrids, such 
as that between the common and hard rushes (Juncus 
effusus and J. inflexus), tend to be found in habitats 
which are themselves intermediate between the habitats 
preferred by the parent species. This is partly because 
the parents are likely to meet in such sites, and partly 
because the hybrids have their best chance of survival 
there. Among the more surprising cases of hybridiza- 
tion are those between species which scarcely overlap 
in flowering time, and have been thought to be pollin- 
ated by different insects—for example, the red and 
white campions (Silene dioica and S. alba). The 
barriers to crossing must be less effective than they 
appear. 

Many hybrids no doubt die without leaving any 
progeny, but there are some with considerable evolu- 
tionary importance. If the hybrids are reasonably 
fertile, as are those between wood and water avens 
(Geum urbanum and G. rivale), back-crossing to the 
parents and inter-crossing of the hybrids can result in 
a spectrum of forms grading from one parent species 
to the other; this is known as a hybrid swarm. Re- 
peated back-crossing to one parent can lead to the 
infection of one species by genes from the other—a 
process called introgression. Hybrids which are sterile 
may persist through vigorous vegetative growth. If poor 
chromosome pairing is the cause of sterility, doubling 
of the chromosome complement may restore fertility. 
This sometimes happens spontaneously, and can be 
thought of as the instantaneous production of a new 
species. The hybrid cord grass, Spartina alterniflora 
maritima, is found in both a sterile diploid and a fertile 
tetraploid form. Professor Valentine pointed out that 
one of the parents of this hybrid, S. alterniflora, is an 
introduced species to the British Isles. There are many 
examples of hybridization between native and intro- 
duced species, particularly in genera containing weeds, 
such as the willow-herbs (EpHobium). Indeed, many 
other hybrids found today may be the result of ‘human 
influence on the environment, which leads to contact 
between two species which were previously isolated. 
It is probable, however, that interspecific hybridization 
has contributed to evolution for much longer than man. 
has been around to encourage it. 


PLANT GROWTH 


New Gaseous inhibitor 


from a Correspondent 
Tum influence of light on seed germination interests 
plant physiologists not least because it was the observa- 
tion of the effect of certain colours of light on the 
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germination of lettuce seed that first gave the clue to 
the photoreversible properties of the pigment phyto- 
chrome. Light promotes the germination of some seeds 
and inhibits the germination of others. A third class 
of seeds shows no particular response to light. 

Two years ago, Wesson and Wareing suggested that 
light is essential for the germination of buried weed. 
seeds (Nature, 218, 600; 1967). Undisturbed arable 
land contains very many buried weed seeds, viable but 
dormant. If the soil is broken up by, say, cultivation, 
many of the buried seeds will germinate. Wesson 
and Wareing have recently confirmed that these seeds 
germinate as a direct result of e to light when 
the soil is disturbed (J. Hap. Bot., 20, 402; 1969). 

Fresh, unburied seeds from many weeds needed light 
to germinate in the laboratory, but others either needed 
no light or were inhibited by its presence. Yet after 
burial for about 50 weeks all three types of seed would 
germinate only after exposure to light (G. Wesson and 
P. F. Wareing, J. Exp. Bot., 20, 414; 1969). This 
remarkable phenomenon cannot be explained by 
assuming that some of the seeds have a requirement for 
light that is revealed only in special conditions. Burial 
must, in some way, induce light sensitivity in these 
seeds. Others have found that high temperature and 
exposure to far-red light or to high osmotic concentra- 
tions induce a light requirement in previously insensi- 
tive seeds, but only if three conditions are fulfilled. 
The seeds must have imbibed water, be held in darkness 
and prevented from germinating. Burial in moist soil 
will adequately fulfil the first two of these conditions, 
and so it is very interesting that evidence strongly 
Pee that burial can prevent seeds from germinating. 

esson and Wareing believe that buried seeds pro- 
duce a gaseous substance which effectively inhibits 
germination when, released into the soil atmosphere. 
When freshly buried, fewer seeds germinate than when 
tested in Petri dishes in the dark, even seeds of species 
not requiring light for germination. After some 
weeks germination becomes entirely dependent on 
exposure to light. If compressed air is forced through 
soil containing freshly buried seed, germination is very 
similar to that of unburied seed, but if nitrogen is used. 
instead of air, germination is very poor. This might 
suggest that oxygen availability is the important factor 
in germination, but if a daily 30 min purge of nitrogen 
is forced through otherwise unaerated soil, the level of 
germination is not much less than if continuous air 
had been used. A high concentration of carbon dioxide 
in the soil atmosphere is known to prevent the germina- 
tion of several species of seed, but Wesson and Wareing 
have not been able to reduce the level of germination 


by adding high concentrations of carbon dioxide to` 


the intermittent nitrogen treatment. This experiment 
has been repeated in sterile conditions, clearly indicat- 
ing that buried seeds produce a gaseous inhibitor of 
germination which can be removed by aerating the soil. 

The intense interest and controversy that surround 
gaseous hormones are an intrigui ect of current 
research into the chemical control of plant growth. 
The idea that chemical substances in the atmosphere 
can have a fundamental effect on plant development is 
hardly new, but stringent criteria must be met before 
@ substance can be classed as a true plant hormone. 
It must be produced naturally by the plant, and be 
effective in small quantities at a site remote from its 
place of manufacture. So far only ethylene gas seems 
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to fit these conditions, but other gases must surely be 
added to the list before long. It will therefore be 
very interesting to learn the identity of the gaseous 
inhibitor found by Wesson and Wareing, and even 
more interesting if it provides a clue to the way in which 
light insensitive seeds can be induced to become light 
sensitive. 


DOCUMENTATION 


Libraries for the Future 


from our Mathematical Probability Correspondent 


Ir you want to make a librarian feel a little bit upset 
it’s probably a good idea to suggest to him that the 
arrangement of books on the shelves should not be 
fixed, with each book in its own place, allotted accord- 
ing to subject and author. If you want to be sure of 
upsetting (or amusing) him, suggest further that the 
books should be arranged according to a random 
shuffling process, and add that such schemos are being 
seriously proposed by experts in communication and 
computing. 

A. D. Booth (Journal of Documentation, 25, 28; 
1969) makes the simple observation that books most 
frequently borrowed should be stored at points 
nearest to the point of entry to the shelves, Thus, if pr 
is the probability that the kth book is borrowed and the 
books have been labelled in such a way that p, > p> 
. . .->Pn (N, the total number of books), and if æ» is 
the distance of the kth book from the point of entry, 
then X, the distance travelled to retrieve a book from 
the shelves, is a random variable with mean value 
u= Leeper, and uis a minimum when z,<%< ...<2y. 
There is some evidence that the p: satisfy a relation. 
of the form pe=a(1—f*)k4, for some a, 8 with a>0, 


XN 
0<8<1, and Zp=1. On the basis of this Booth goes 
Ł=1 


on to evaluate u for different sorts of arrangements of 
the shelves. He considers linear shelves arranged. in. 
parallel and in star shapes, and circular shelves arranged 
concentrically. In some cases he considers different 
points of entry. Always it turns out that u is consider- 
ably reduced in these cases from the value of u when 
the books are arranged according to subject and author. 
If there are N=10" books in the library then p is 
reduced by a factor 0:87r-1. In the case when the 
shelf is a spiral more spectacular savings can be made, 
the reducing factor being of order N+. 

It is more usually the case that the frequency with 
which each book is borrowed is not known, and in this 
case Booth proposes that a book when returned should 
be placed on the shelves at the head of all the other 
books, these other books simply being pushed down one 
place. He says that in the long run the jth book will 
on average be in the jth place so that the push down 
method is almost equivalent to storage according to 
frequency. This, however, is not true. Ifk=(h,,k,,... 
ky) and x(k) is the probability that after a long time 
the kth book is in the jth place, j=1,2, ...,N, then 


n(k) =pn (1p) akl) 


where k(j)= (kapka . . „ka kikiņto . . . ky), and the 
probability 7z;(k) that the kth book is in the jth place is 
2x(k) where the summation is restricted to those k 
for which kj=k. The average value of the place 
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N 
occupied by the kth book is Zjnz;(k) and this quantity 
j=1 


is not in general equal to k. What can be said is that 
a(l,2, . . .,) is the largest value of all the x(k) so that 
(1,2, . . . N) is the most likely arrangement. 

Perhaps it should be borne in mind that there are 
158 miles of books in the British Museum and each year 
they add another two miles. Moreover, nowadays 
there are computers for which the task of keeping track 
of the books in the random shuffling process is a trivial- 
ity. Perhaps also, for the future, one should think of 
mechanical devices doing the chief task of recovering a 
book from the shelves, or, one stage further, of all the 
books being stored on magnetic tape and recovery 
being instantaneous through arrays of consoles in the 
“reading” room. But with all this it is difficult to 
see whether it would still be possible to browse among 
the books of your favourite subject. 


POPULATION 


Speeding up Censuses 


from a Correspondent 


Wits the approach of a new decade, preparations are 
already nearing completion in many countries for the 
holding and processing of the 1970 series of population 
censuses. According to United Nations recommenda- 
tions, most countries try to hold their census in years 
ending in zero or, as in the case of Great Britain, in 
the first year of the decade, ending in one. Population 
censuses are among the largest statistical enterprises 
conducted by governments and recently there has been 
rapid growth not only in the number of countries hold- 
ing censuses but also in the amount of information 
collected. This, combined with the general growth of 
population in most countries, with more people to be 
enumerated, has placed great pressure on national 
census offices and has led to a search for methods to 
reduce the workload. These methods were discussed 
last year at a United Nations conference, and proceed- 
ings have recently been made available. (Conference of 
European Statisticians, Statistical Standards and 
Studies, No. 12, The Use of Electronic Computers for 
the Processing of Population Censuses, United Nations, 
New York, 1968.) 

Concern with the problems of population growth and 
the increasing use of census statistics in many aspects 
of government and local planning has led to a demand 
for results to be released before they become out of 
date, which ocours with increasing rapidity, and census 
offices have been under some pressure to meet this 
demand. For example, the General Report on the 
1961 British Census was not published until last year, 
while the publication of some results from the 1966 
10 per cent sample census is being delayed by the 
preparations for the 1971 census. 

One method of reducing the workload and speeding 
processing is to hold sample censuses of between 5 per 
cent and 25 per cent of the population, instead of 100 
per cent enumeration, as was done in Britain in 1966. 
This is fairly successful for national statistics but has 
the drawback that figures for small areas, which are 
playing an increasing part in the production of local 
and regional plans, are subject to such large sample 
error as often to be of little use. 
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One of the first applications of punched card equip- 
ment was to the processing of census results at the turn 
of the century, and again census offices are turning to 
novel methods of data read-in to handle the great bulk 
of information to be processed. The forthcoming US 
census, for example, involves the handling of 70 million 
questionnaires. To process so much data, the US 
Bureau of the Census is using direct optical read-in 
devices it has developed itself. Completed question- 
naires are first microphotographed and then automatic- 
ally converted to data on magnetic tape for use on 
computers. Not only does this speed up the input of 
data but it leads to a marked reduction in processing 
errors compared with the old methods of manual cod- 
ing and card punching. The English General Register 
Office found that of almost 0-25 million errors traced 
in the 1966 census, 75 per cent were due to coding and 
other processing mistakes. Optical read-in is likely 
to be used soon in West Germany, USSR, Canada, 
Belgium and Switzerland, as well as the United States. 

Parallel with this development in processing hard- 
ware has been the development of increasingly sophis- 
ticated software to deal with the other principal source 
of census errors—incompatible cell entries, for example 
the recording of a child aged one as married. At first 
programmes merely recognized such entries and left 
them for manual inspection, but now they correct incon- 
sistencies automatically. They reject obvious errors 
and replace missing entries by drawing randomly on a 
data store, or by imputing corrections and omissions 
from similarities of certain entries with entries that 
have already been processed. 

It is interesting, in the light of recent fears of the 
effect of computer usage on privacy, that automatic 
census processing and tabulation, which reduce human 
inspection to a minimum, is likely to reduce rather than 
increase the potential for breaches of confidentiality. 


LATTICE STATISTICS 


New Approximate Method 


from a Correspondent 


For any physical problem which can be modelled on a 
regular lattice structure there is a difficult combinator- 
ial problem. Probably the best known of such problems 
concerns the Ising model which corresponds to many 
physical phenomena such as ferromagnetism, anti- 
ferromagnetism, regular solutions and lattice gases. 
Solution of the counting problem is essential for a full 
theoretical calculation of the properties of the model. 
The only exact solutions available are for one dimen- 
sional lattices and the Onsager solution (and variants) 
for a limited class of two dimensional problems. Most 
interest is centred on the more physical three dimen- 
sional problems, and so there has been considerable 
effort to produce efficient approximate or series expan- 
sion methods. Domb reviewed the approximate and 
exact methods well a few years ago (Phsl. Mag., Suppl., 
9; 1960). 

A new and interesting approximate method has been 
proposed recently by G. W. Woodbury, jun. (J. Chem. 
Phys., 50, 2247; 1969). The method follows a com- 
mon pattern of writing the partition function of the 
assembly in terms of data for very small sub-assemblies ; 
for example, for a two dimensional M x N square lattice 
the partition function can be written in terms of a 


NATURE, VOL. 222, JUNE 7, 1969 


2x1 or 2x2 lattice or similar small configurations. 
Rushbrooke and Scoins do exactly this, while many 
approximate methods (for example, Kikuchi) attack 
the combinatorial problem directly, calculating the 
entropy of the assembly in terms of the small configura- 
tions. Woodbury uses an alternative method by writ- 
ing the problem in matrix form. For a two dimensional 
MxN square lattice a matrix P is defined as 
P(vt,¥¢43) =exp{— [FE (vs) + Elvir) +E (4 )/ET} 
where v, is a variable describing the state of the ith 
column, E(v) is the energy of the ith column and 
E(v.,v141) the interaction between neighbouring col- 
umns. If each lattice site can take two states then 
vı can take 2% values and P is a 2¥x2" matrix. A 
standard calculation then shows that the partition 
function is obtained from the largest eigenvalue of P 
(see T. L. Hill, Statistical Mechanics, McGraw-Hill, 
1956). 

Woodbury’s contribution is to use the result that if 
P is applied to an arbitrary vector gm times then 
as m—>0o P™ approaches the eigenvector corresponding 
to the largest eigenvalue of P (unless » is orthogonal 
to it). Choosing ọ with components exp{—H(v:)/kT)} 
as a first approximation he then shows, using this result, 
that the partition function of an M x N square lattice 
Z(M xN), can be written approximately as 


In Z(M x N)=}MN{n Z(2m+3 x 2m+3)— 
2ln Z(2m+3x2m+1)+ln Z(2m+1x2m+1)} 


Thus the partition function can be calculated in terms 
of the partition function of small lattices. With m=0 
the calculation is required for a 3x3, 3x1 and 1x1 
lattice. Woodbury uses this method with m=0 and 
1 and compares his results with Monte Carlo calcula- 
tions for the problem of a hard sphere lattice gas. 
The agreement is good except in the critical region 
where most approximations are inadequate. 

This method has the merit that the sequence of 
approximations m=0, 1, 2, . . . is clear and the caloula- 
tion straightforward when the partition functions for 
the small assemblies have been obtained. The calcula- 
tion of Z(5x5) had to be done on a computer and 
27x17) or Z(9x9) would be difficult calculations. 
Woodbury gives no indication how the method would 
proceed. for a three dimensional lattice but it should be 
possible easily to extend the method. 


NUCLEAR PHYSICS 


Collisions in ADONE 


from a Correspondent 


TE first successful collisions of electrons and positrons 
in the Italian storage ring ADONE were reported in 
Nuovo Cimento Letters on May 21 by Professor Fernando 
Amman and his colleagues. Wideroe first had the idea 
of making beams of particles collide in 1947; nobody 
seems to have noticed his work, and the idea was 
reinvented by G. K. O’Neill in 1956. The problem is 
how to obtain enough collisions. For electrons and 
positrons the density of the beams is increased by the 
damping caused by synchroton radiation. 

Two storage rings of 500 MeV electrons were started 
in 1959 at Stanford and in the past three years have 
been used to demonstrate the validity of quantum 
electrodynamics at high momentum transfers. When 


927 


Bruno Touschek emphasized the importance of colliding 
beams of electrons and positrons he stimulated a great 
deal of Italian work. Not only can physicists study 
quantum electrodynamics with ete- rings, but they 
can produce any meson resonance of spin and parity 
J?=1- and produce, in pairs, any particles with a 
charge or magnetic moment, free of extraneous strong 
interaction. 

A small storage ring, ADA, was built in 1961 and 
many tests were made on beam dynamics. But the 
intensities were too small for experiments in high- 
energy physics. ADONE was then designed to have 
adequate energy and intensity, and construction 
started in 1964. 

It is still difficult to make beams interact and so 
storage rings do not work as soon as construction is 
finished. The beams have a tendency to become 
unstable at every opportunity and a whole branch of 
physics concerned with controlling these instabilities 
has been created. 

There is usually a long period between injection of 
the first beam, injection of the second beam, storage of 
adequate currents and the achievement of particle 
collisions of adequate intensity. It is this last step 
that has been reported by the group at ADONE, so 
that experiments in high energy physics can now begin. 
A luminosity, defined as the ratio of counting rate to 
cross section, of 3-5 x 1088 cm- h has been achieved. 
at 1,100 MeV. This is close to design and the design 
intensity is expected to be achieved soon. This energy 
and luminosity are the highest yet achieved in electron- 
positron or electron-electron beam collisions. 

Two other ete- storage rings have been providing 
exciting results in the past two years. Teams from 
ACO at Orsay, France, and WEPP2 at Novosibirsk 
in the Soviet Union, announced the first production of 
p° mesons, free of strong interactions, eighteen months 
ago. Later, similar studies of the w* and ọ° mesons 
were published (J. E. Augustin et al., Phys. Lett., 28B7, 
508; 1969). 

Now that ADONE is ready there should be many 
more exciting experiments in the next few years. New 
storage rings of still higher energy and intensity are 
planned in the United States, Germany and the Soviet 
Union. Their designers will be encouraged by the 
success of ADONE. At the Daresbury Nuclear Physics 
Laboratory, there are plans for a 20 GeV electron syn- 
chrotron ring to be filled by the existing synchrotron. 
The designers should consider seriously the possibility of 
storing beams in this ring. 


NUCLEAR PHYSICS 


Towards Cheaper Accelerators 


from a Correspondent 


A SUGGESTION that may ultimately reduce the cost and 
improve the performance of high-energy particle 
accelerators has recently been made by N. C. Christo- 
filos in Phystcal Review Letters (22, 830; 1969). Christo- 
filos’s proposal is essentially a modification of the 
collective-ion acceleration technique, itself one of the 
most promising ideas to emerge in accelerator physics 
during the past few years. 

The collective-ion technique involves accelerating a 
composite system of positively charged ions trapped in 
the electrostatic potential well at the centre of a ring 
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current . formed: by,,.rotating high-energy electrons. 
Because..the charge-to-mass ratio of the assembly 
depends on the relative numbers, charges and masses 
of the ions and electrons,.it can be much larger than 
that of the ions alone. Therefore the complete system 
is not only relatively easy to accelerate, but the ions 
have an energy (M/ym,) times as large as that of the 
electrons after acceleration, where is the ion mass 
and ym, the initial mass of the relativistic electrons. 

In practice, the process takes place in several stages. 
First there is the production of a several hundred 
ampere pulse of electrons with an energy of a few MeV 
using a linear induction accelerator. The electron 
pulse is then injected into a region containing a trans- 
verse magnetio field where it is trapped and curled up 
to form a ring current. Next, the magnetic field is 
increased to compress the ring adiabatically. This 
process also increases the energy of the constituent 
electrons because of the invariance of the orbital angular 
momentum of the electrons. Finally, ions are intro- 
duced into the ring and the system is extracted and 
accelerated to a high energy. 

Christofilos suggests a new technique for reducing 
the radius of the ring, a process which is necessary in 
order to increase its electrostatic field and therefore to 
diminish the length required for subsequent accelera- 
tion. Straightforward adiabatic compression has 
several disadvantages. First, the increase in electron 
energy, although improving the stability, reduces the 
energy gain (M/ym,) by the compression ratio. Second, 
the compressor must be essentially a variable-radius 
betatron, an expensive machine with an operating 
frequency that limits the pulse repetition rate of the 
complete accelerator. By contrast, Christofilos sug- 
gests a two-stage compression cycle involving an axial 
acceleration of the ring in a decreasing magnetic field, 
with the ring radius held constant, followed by 
deceleration in an increasing magnetic field which 
compresses the ring. The advantages are that the 
compression is achieved by a static field and the 
initial and final electron energies are identical. The 
cost of the compressor is minimized, the energy gain 
remains high and the accelerator repetition rate is now 
dependent only on that of the electron injector. In 
principle, several such compression cycles may be 
cascaded, allowing the radius of the ring to be reduced 
until the limit of stability is reached. 

Christofilos tabulates possible parameters for an 
accelerator which would use a 1,000 MeV, 1,000 ampere 
electron injector followed by two stages of ring com- 
pression to produce pulses of 1,000 GeV protons. No 
doubt many problems remain to be solved before the 
1,000 GeV collective-ion accelerator becomes a prac- 
tical proposition, but the prospect of beams of such 
high energy at a cost which promises to be less than 
astronomical is enough to generate more than a passing 
interest among high-energy physicists. 


COMPUTERS 


from a Correspondent 


A SYMPOSIUM on computer aided design techniques 
(CAD) for electronio circuits was held on May 28 and 29 
at the Northern Polytechnic, London. The purpose 
was not so much to provide an opportunity for the 


NATURE, VOL. 222, JUNE 7, 1969 


exchange of information, but to increase the extent of 
informed opinion. 

CAD demands mathematical representations of 
components before any satisfactory start can be made, 
as several speakers pointed out, in particular Mr G. 
Mayo (Kingston College of Technology). He talked 
about network synthesis and device modelling, illus- 
trating how several types of model can be devised. from 
a discrete set of measurements. Mr W. S. Meadows 
(Racal Research Ltd) illustrated the simplicity with 
which higher level computer languages can be applied 
if designed specifically for a particular technology. 

Mr P. Rzevski (Kingston College of Technology) 
pointed out the value of the state variable as an 
approach to network characterization and analysis. 
Defining the state variable as the minimum information 
necessary to characterize the future behaviour of a 
system, he illustrated the generality of the technique, 
which is applicable to linear, time variant and non- 
linear systems with continuous or discrete signals. 
After discussing the choice of state variable for network 
modelling he showed how the stability of a network 
(linear or non-linear) can be checked using the Liapunov 
method and that because state equations are first-order 
differential equations, straightforward solutions were 
available. For non-linear networks he suggested 
several methods including standard Runge-Kutta 
methods. 

Mr C. Den Brinker (Texas Instruments) showed how 
& more efficient solution of a particular circuit problem 
can be obtained using numerical methods. In his 
analysis of the emitter-coupled amplifier, he used the 
theoretical transfer function of the transistor to obtain 
the proportional change k in the emitter ourrent 
resulting from the differential input voltage. This 
gave a partially normalized equation which could be 
used to evaluate a transfer relationship independent of 
bias current. The effect of emitter feedback was 
included by expressing the emitter resistor in terms of 
the slope resistance of the transistor input charac- 
teristic. This gave a simple relationship between the 
differential input voltage and k. He then used the 
result to analyse signal distortion in terms of k and 
the feedback factor M. The solutions to this equation 
for varying values of k and M were derived by computer 
and the results analysed. 

Dr W. J. Cullyer (Signals Research and Development 
Establishment) demonstrated the power of CAD in the 
design of the layout and interconnexion pattern of 
thin-film microcircuits. Ifthe integrated circuit is very 
complicated this is a very complex task and if carried 
out manually may take several weeks. An added 
advantage lies in the ability of the computer to store 
the information and regenerate it several times more 
quickly and efficiently than a draughtsman. 

Most existing computer programs stand on their 
own. Where a problem requires not only analysis 
programs, but also optimization programs, layout, 
interconnexion and calculation of reliability and so on, 
a computer language designed for the specific tech- 
nology is particularly valuable. Rather than the more 
conventional high level languages designed by, and for, 
the mathematician, engineers require a tool more 
particularly suited to their needs. Languages such as 
this already exist and one developed at Racal Research 
Ltd was described by Mr Meadows. A considerable 
expansion of the existing facilities can be expected in 
the very near future. 
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The LKB Ultrotome ILI is a highly refined instrument 
combining precision and utmost convenience 
with unmatched versatility. 


IN THE SERVICE OF SCIENCE 
X 
LKB INSTRUMENTS LYD © LKB HOUSE @232 ADDINGTON ROAD ©, CROYDON, SURREY CA2 SYD @ TEL. 81-657-0288 
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Easy and Comfortable to use, the LKB CryoUltrotome can go as low as — 80°C 
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+0°C and —80°C 
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Laboratory 


@ Ideal for the Biologist 
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DIAZALD® 
(N-Methyl-N-nitroso-p-toluenesulfonamide) 
NO 


CHK Sson 
Nc 
for the preparation of 


DIAZOMETHANE 





Hy 


FORMULA : C,H,,N,0,S 
M.W. 214.24 
DESCRIPTION AND CONSTANTS : 
Fine yellow crystals 
M.P. 61-62° 
Purlty 98% 
Soluble in ether and most organic solvents, insoluble in water 


Application and Literature : 


Dlazald@ Is probably the most useful reagent yet developed for the preparation of diazomethane. It is stable at room 
temperature for at least a year. (See, however, the precaution published in Org. Syn. Coll. Vol. IV, p. 945: “Although 
this material has been kept at room temperature for years without significant change, there has been reported one Instance 
in which a sample stored for several months detonated s praneousiy. For long periods of storage, it is recommended 
that the material be recrystallized and placed In a dark bottle.”) Diazald® is not askin irritant to most people, though we 
recommend that all nitroso compounds be handled with care, and that contact with the skin be avolded. 

The following is abstracted largely from Rec. trav. chim. 73, 229 (1954) and from the Ph.D. thesis of Dr. T. J. de Boer, 
Groningen, 1953. i 


I. Preparation of ethereal-alcoholic solutions of diazomethane: 


Ethano! (95%, 25 mi) is added to a solution of potassium hydroxide G 8) In water (8 ml) in a [00 mi distilling flask 
fitted with dropping funnel and an efficient condenser set downward for distillation. The condenser is connected to two 
receiving flasks In series, the second of which contains 20-30 ml ether. The inlet tube of the second receiver dips below 
the surface of the ether, and both recelvers are cooled to 0°, 

The flask contalning the alkall solution is heated in a water bath to 65°, and a solution of 21.5 g (0.1 mole) of Diazald ® 
In about 200 ml of ether Is added through the dropping funnel in about 25 minutes. The rate of distillation should about 
equal the rate of addition. When the dropping funnel is empty, another 40 mi of ether is added slowly and the distillation 
is continued until the distilling ether is colourless. The combined ethereal distillate contains about 3 g of diazomethane. 

Dtazomethane Is not only exceedingly toxic, but its solutions have been known to explode quite erated Hence 
ALL WORK WITH DIAZOMETHANE, regardiess of how it is generated, SHOULD BE CARRIED OUT BEHIND SAFETY 
SHIELDS IN EFFICIENT HOODS. 

In most reactions of diazomethane, the presence of ethanol Is not harmful; in some, a promoting Influence is reported.! 
If the acid chloride Is not too reactive, even the Arndt-Elstert reaction can be carried out In a medium containing alcohol.* 
In the reactions of diazomethane with reactlve acid chlorides, with aldehydes, and In a few other reactions,? ethanol must 
be absent. Procedure 2 Is then used. 


2. Preparation of alcohol-free ethereal solutions of diazomethane: 


2 (Ethoxyethoxy) ethanol; our No. E455-0, (35 mi) and ether (20 ml) are added to a solution of potassium hydroxide 
(6 g) In water (10 ml). This solution Is placed in a 100 ml long-necked distilling flask fitted with dropping funnel, efficient 
condenser, and water bath at 70°. As the distillation of the ether starts, a solution of 21.5 g of Diazald@ In about 200 
ml of ether is added through the dropping funnel over 20 minutes. During the distillation the flask Is occasionally shaken 
vigorously, The ethereal diszommechrane Is collected In the same manner as In (I). The yield Is identical. 


1. H. Bilez and H. Pastrold, Ber., 55, 1069 (1920 
H. Moerwein and W. Burneleit, ibid., 61, | (1928) 
S. M. Gerber and D. Y. Curtin, J. Am. Chem. Soc., TI, 1499 slat 
F, Weygand and K. D. Kirchner, Z, angew. Chem., 64, 203 (1952) 


A. Mustafa, J. Cham. Soc., 1951, 1369 
2. B; an, Chom., 61, 185 (1949) 
3. J. Herzig and J. Tichatschek, Ber., 39, 268, 1557 (1906) 
H. Biltz, sid, 64, 1146 (1931) 
B. Elstert, F. Weygand, and E. Csendes, ibid., 84, 745 (1951) 
J. C. Sheehan and P. T. Izzo, J. Am. Chem. Soc., 71, 4059 (1949) 


PRICE: 100 g.—$6:00 | Kg.—$45.00 10 Kg.—$35.00 per Kg. 100 Ib—$14.00 per Ib. 


In addition to Diazald@, we list the following prenon for diazomethane: 
DI5,558-6 N,N’-Dimethyl-N,N’-dinitrosoterephthalamide, 70% in mineral oil 
12,994-1 N-Methyl-N’-nitro-N-nitrosoguanidine 





For our latest Catalog write to— 


Aldrich Chemical Gompany, Inc. 


CRAFTSMEN IN CHEMIBSTAY 
2371 NORTH 30TH STREET MILWAUKEE, WISCONSIN 53210 
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Intemational Practical Temperature Scale of 1968 


by 
C. R. BARBER 
Division of Quantum Metrology, 


National Physical Laboratory, 


Teddington, Middlesex objectives 


Ix October 1968, the Comité International des Poids et 
Mesures (CIPM) adopted the International Practical 
Temperature Scale of 1968 (IPTS-68) to replace the 
IPTS8-48. The change was made so that the numerical 
values of temperature derived from the IPTS-68 would 
approximate much more closely to modern determinations 
of thermodynamic temperature than those derived from 
the IPTS-48 and so that the range of the scale could be 
extended to lower temperatures. I intend here to explain 
how the need for the revision arose and the reasons for 
some changes of nomenclature which have been introduced. 
into the new text. The basic details of the new definition 
are given, but the complete text should be consulted for 
the fullest ınformatıon*. 

Temperature 1s a physical quantity and as such is 
named as one of the base quantities of the International 
System of Units (SI), the others being length, mass, tıme, 
electric current and luminous intensity. Only in the case 
of temperature has it been customary to refer to a scale 
of numerical values as in the terms “thermodynamic 
scale” and “absolute scale”. I shall endeavour to show 
that the term “scale” is not really justified when applied 
to the basic physical quantity, thermodynamic tempera- 
ture, and that it should only be applied to the concept 
of a practical scale; but first it is necessary to consider 
briefly the nature of temperature and how the unit of 
temperature 1s defined. 

There are several methods of determining the thermo- 
dynamic temperature of a system all depending on the 
concept that temperature is a measure of the thermal 
energy of random motion of the particles of the system in 
thermal equilibrium. In such a system it can be shown 
that a Maxwell—Boltzmann distribution of energy prevails 
among the modes of motion of the particles, whether they 
are the molecules of a gas, the electrons in the atom or 
nuclear particles, and then a thermodynamic temperature 
can be assigned to the particular system under considera- 
tion. The energy associated with one degree of freedom of 
motion of the particle is 4 kT where k 1s the Boltzmann 
constant=R/N>, R being the gas constant and N, 
Avogadro’s number. 

A perfect gas in thermal equilibrium is an example of 
such a system and the behaviour of the gas molecules is 
expressed in the gas law 

pv=RT=N kT (1) 
where p, v and T are the pressure, volume and temperature 
respectively. Thus one method of obtaining the thermo- 
dynamic temperature is to apply this law in a gas thermo- 
meter. 

If we consider in the same way the random motion of 
electrons in an electrical conductor which constitutes the 
thermal noise, 1b 1s possible to deduce the thermal noise 


“The official French text 1s published as an annexe to Comptes rendus des 
séances de la Trewnéms O ence Générale des Poids et Mesures and can be 
obtained from the Bureau International des Poids et Mesnten, KM Sèvres, 
France. The Bnglish version of the text is obtainable from 0. 


The new International Practical Temperature Scale of 1968 (IPTS-68) 
was approved by the Comité International des Polds et Mesures 
in 1968 and put into force by the National Physical Laboratory on 
January | thls year. This revision of the IPTS-48 achieves the two 


of making it agree with thermodynamic temperature 


values and of extending Its range down to 13-8] K. 


voltage developed across an electrical resistance p as 
V2=4kT pAf (2) 


where Af is the bandwidth of the detector. This is the 
basis of the noise thermometer which has been used to 
determine thermodynamic temperature up to the gold 
point (~1337 K) and down to helium temperatures 
(~4 K). In both these examples we see the importance 
of the fundamental quantity of energy kT. 

A third method takes account of the thermal radiation 
properties of a system of particles to define thermo- 
dynamic temperature. For this purpose two further 
concepts must be applied. First, we define a black body 
cavity as one which has an emissivity of unity (that is, the 
reflexion coefficient is zero) for all wavelengths. The 
intensity and spectral distribution of the radiation from a 
black body depends only on the thermodynamic tempera- 
ture of the walls of the cavity. The second concept needed 
is that of the quantum introduced by Planck to the 
statistical mechanical theory applying to the behaviour 
of a system of particles relative to ther energy states, 
permitting the deduction of the Planck law of radiation 
for the distribution of energy in the spectrum of the radia- 
tion from a black body as follows 


E,=0,2>% (AP —1)-*= 0,2 (ebo/AKT — 1)-1 (3) 


Ey, is the energy radiated at wavelength à for unit area 
of radiating surface, c,=2nhc*, o,=he/k, h=Planok’s 
constant, c= velocity of light. \ 

In the three examples given, the fundamental quantity: 
18 kT having the dimension of energy, and each method 
will give the same numerical value of thermodynamic 
temperature if we use the same unit for all of them 
which is ensured by using the same value of k throughout. 
In practice an arbitrary value is assigned to an interval 
of T (discussed later) and the corresponding value of k is 
found. Use of this value of k will result ın numerical 
values of T ın terms of the chosen interval. 


Gas Thermometer 

Historically the gas thermometer method for realizing 
thermodynamic temperature has been the most impor- 
tant and is still the most precise for a wide range of tem- 
perature. Originally the size of the unit for such measure- 
ments was defined by dividing the mterval between the 
freezing point of water (1ce point) and the boilmg point 
of water (steam point) into 100 parts by use of the gas 
law pv= RT for a perfect gas. We can then write 


(P)tce 


(pv) steam — (PV)ice 


In practice we are not dealing with a perfect gas and. 
experiments must be carried out to make the necessary 
corrections for the imperfections. On this basis 


Tiga = 273-16 K and 80 T'steam= 373-15 K 


x 100= Toe (4) 


930 


Clearly also 
too= 0 °C and tgteam= 100 °C and 0 K= —273-15 °C 
The relation between the Kelvin temperature T and the 
Celsius temperature ¢ 18 
T=t+273-15 K 


The value of 273-15 K for the ice point was agreed by 
the CIPM in 1954 after consideration of the following 
experimental values which had been determined by gas 
thermometer measurements using the ice-steam interval 
as I have described. 


273:149 K Germany 
273-144 Holland 


273-148 Japan 
273:174 USA 
Mean 273-1537 


The choice of 273-15 K was a deliberate weighting of the 
value towards the three lower values and not a simple 
rounding procedure. 

To define the unit of temperature with greater certainty 
the ice point value can be fixed for all time, thus eliminat- 
ing the experimental errors of the sub-division of the 
ice~steam interval (for example, see the variations in the 
values I have given). This principle was adopted by the 
CIPM in 1954 but the definition was expressed in terms 
of the triple point of water because it is more reproducible 
than the ice point. After agreement that the tmple 
point temperature was 0:01 K higher than the ice point, 
the unit was defined by fixing the trıple pomt of water at 
273-16 K exactly. At that time the unit was called the 
“degree Kelvin”, symbol °K. The wording of the defini- 
tion and the name of the unit were changed in 1967 so 
that ıt 18 now given as “the kelvin, unit of thermodynamic 
temperature, is the fraction 1/273-16 of the thermodynamic 
temperature of the triple point of water”. 

The steps described have led from the concept of a 
“thermodynamic scale” or “absolute scale” in which the 
unit was defined in terms of the freezing and boiling 
points of water to that of the physical quantity called 
temperature of which the unit is the kelvin defined in 
terms of the temperature of the triple point of water which 
contains exactly 273-16 kelvins. Thus the unit for both 
Kelvim and Celsus temperatures is the kelvin and it is 
appropriate to express a temperature difference in kelvins 
even when using Celsius temperatures. This prectice 
has been followed in the definition of the IPTS-68, part 
of which is expressed in Kelvin temperatures and part in 
Celsius temperatures. The word “‘scale’” is no longer 
used when speaking of the basic physical quantity, the 
thermodynamic temperature. How then does the need 
for a “practical scale” arise ? 


Practical Scales 


I have said that the gas thermometer method of determ- 
ming thermodynamic temperatures 1s the most accurate 
for a wide range of temperature. Much greater repro- 
ducibility, however, can be obtained using other tempera- 
ture measuring instruments. For example, the thermo- 
dynamec temperature of the point of zinc 
(419-58 °C) can only be measured to 0-03 K, but readings 
reproducible to 0:0005 K can be achieved with the plati- 
num resistance thermometer. For this reason a practical 
method of defining temperatures has been adopted which 
requires an instrument capable of high precision measure- 
ments calibrated at specified fixed points of temperature 
(for example, freezing and boiling pomte of pure sub- 
stances), to which are assigned the best available values 
of thermodynamic temperature; 1t is then necessary to 
interpolate between these points according to specified 
formulas. By this procedure thermodynamic tempera- 
tures can be defined almost as accurately as with the 
gas thermometer, but with far greater reproducibility. 
The results of this technique are called a “practical scale 
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of temperature”. The first of these practical scales was 
introduced in 1927—the International Temperature 
Scale. It was modified once, ın 1948, in the upper part 
of its range, but some forty years after its inception, the 
definition over a large part of its range has not been 
changed. It was not surprising therefore to find that 
recent gas thermometry shows significant discrepancies 
between the thermodynamic temperatures as now 
measured and the corresponding values on the IPTS-48. 
Furthermore, the IPTS-48 has a lower limit at the boiling 
point of oxygen and there was a pressing need for an 
agreed temperature scale at lower temperatures. It 18 to 
deal with these deficiencies that the new IPTS-68 was 
introduced. A summary of the definition of the IPTS-68 
1s as follows (the full text is available from the sources 
I have mentioned). 
(1) Defining fixed points (see Table 1). 


Table 1 FIXED POINTS 


Te K ta °O 

Triple point of equilibrium hydrogen 18 81 — 269 34 
Temperature of equilibrium hydrogen when its 

vapour pressure is 25/76 standard atmosphere 17 042 — 256 108 
Bolling point of equilfbrium hydrogen 20 28 — 252-87 
Bolling point of neon 27 102 — 246 048 
Triple point of oxygen 54 361 — 218 789 
Bolling point of oxygen 90 188 — 182 962 
Triple pomt of water 278 16 001 
Boiling point of water* 873 15 100 
Freezing point of xino 602 78 410 58 
Freezing point of silver 1285 08 961 98 
Freezing point of gold 1887 58 1,084 43 


* The freemng pomt of tin has the assigned value of fy, = 281 9681 °C and 
may be used as an alternative to the boiling point of water. 


(2) Interpolation instruments (see Table 2). 


Table 2. INTERPOLATION INSTRUMENTS 


Interpolation Instrument 
18-81 K to 003 89 K (630 74 °C) Platinum resistance thermometer 
Riol Re > 1:8025 
630 74 °C to 1084 48 °C Platinum—10% rhodium/platinum ther- 
(908 89 K to 1887-58 K) mocouple 
1337 68 K upwards Badiation yrometer using Planck law 
of radia 


(3) Definition of IPTS8-68 in different temperature 
ranges. (a) From 13-8] K to 273-15 K, the temperature 
T., 18 defined by the relation 

W (Teo) = Woot-se(Z'es) + AW (20) (5) 

R(T 58) 
R(273-15 K) 
platinum resistance thermometer and WogT-ss is the resist- 
ance ratio as given by a standard reference function*. 
AW (T.s) is the deviation of the W value of the resistance 
thermometer from the reference function and is determined 


from several polynomials as follows: 
For 13-81 K to 20-28 K 


AW (D8) =A, +ByT y+ OT a+ D,T% (8) 


The constants are determined by the measured devia- 
tions at the triple point of equilibrium hydrogen, the 
temperature of 17-042 K and the boiling point of equili- 
brium hydrogen and by the derivative of the deviation 
function at the boiling point of equilibrium hydrogen as 
derived from equation (7). 

For 20:28 K to 54-361 K 

AW (Do) =Ast+ BT eet OrT + Dil eg (7) 

The constants are determined by the measured devia- 
tions at the boiling point of equilibrium hydrogen, the 
boiling point of neon and the triple point of oxygen and 
by the derivative of the deviation function at the triple 
point of oxygen as derived from equation (8). 

For 64-361 K to 90-188 K 


AW (Tn) =As+ BsT t+ 0TA (8) 


*Tan[AotZ, ADW op, (TE. 


where W(T,,) is the resistance ratio of the 
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Table 8. (IPT8-68)}{IPT3-48) IN KELYDINS 


ta °C 0 -10 —20 —80 —40 
—100 0 022 0 013 0008 -0006 —-0-018 
-0 0 000 0-008 0012 0 018 0-024 
ta °O 0 10 20 30 40 
0 0000 0004 -0007 ->00 -0-010 
100 0 000 0 004 0 007 0-012 0-016 
200 0 048 0 047 0 061 0-064 0-088 
300 0 078 0074 0 075 0-076 0-077 
400 0 076 0 075 0 075 0-075 0 074 
500 0 079 0 082 0 085 0 080 0 004 
600 0 150 0 165 0 182 0 200 0-28 
700 0 39 042 045 0-47 0-50 
800 0 67 070 072 0-75 078 
900 0 95 0 98 101 1-04 1:07 
1000 1:24 1-27 1 80 188 1:88 
tes °C 0 100 200 800 400 
1000 16 1-7 18 20 
2000 32 85 87 40 4-2 
3000 59 62 65 6-0 72 


The constants are determined by the measured devia- 
tions at the triple point and boiling point of oxygen and 
by the derivative of the deviation function at the boiling 
point of oxygen as derived from equation (9). 

For 90:188 K to 273-15 K 


(9) 
where te= Ts — 273-15 K. The constants are determmed 
by the measured deviations at the bouling point of oxygen 


and the boiling point of water. 
(b) From 0 °C (273-15 K) to 630-74 °C, ts, 18 defined by 


w=n+005 (canoe) (od) emo 


(asao?) e 00 


where t! is defined by the equation 


AW (Tu) =Aglest Ogieltos — 100 °C) 





1 tl i 
Pa ESER T o °C -1) oe 
where W(t!) = neo The constants R(0 °C), « and & 


are determined by measurement of the resistance at the 
triple point of water, the boiling pomt of water (or the 
freezing pomt of tin, see footnote, Table 1) and the 
freezing pomt of zinc. 

(c) From 630-74 °C to 1064-43° C, ts, is defined by the 
equation 

Ei(tss) =G + bigs + Chee (11) 

where F(t) is the electromotive force of a standard 
thermocouple of rhodium—platinum alloy and platinum, 
when one junction is at a temperature t,,.=0 °C and the 
other is at a temperature tẹ, The constants a, b and c 
are calculated from the value of E at 630-74 °C+0-2 °C, 
as determined by a platinum resistance thermometer, 
and at the freezing points of silver and gold. 

(d) Above 1337-68 K (1064-43 °C) the temperature Tes 
18 defined by the equation 


Li(T os) exp Ere -1 


Cy 


Iy(Ta(Su)) exp Lee] =i 


m which L(g.) and L,(Z's(Au)) are the spectral con- 
centrations at temperature T'e, and at the freezmg point 


(12) 








—50 —60 —-70 —80 — 90 —108 
—0 013 —0 005 0 007 0 012 (0 008 at O, point) 
0 029 0 032 0 034 0 088 - 0 020 0:022 
50 60 70 80 90 100 
— 0:010 —0 010 — 0:008 —0 006 — 0 008 0-000 
0-020 0 025 0-029 0 084 0 088 0 043 
0-061 0-064 0 067 0-069 0 071 0 078 
0-077 0-077 0 077 0:077 0:076 0 076 
0 074 0 074 0 075 0 076 0 077 0 079 
0 100 0:108 0 116 0 126 0 187 0 150 
0-25 0 28 0-81 0 84 0 86 0-39 ` 
0-538 056 0-58 0-61 0 64 0 67 
0-81 0-84 0 87 0-89 0-92 0 95 
110 1:12 1-15 118 1-21 1:24 
1:39 142 144 
500 600 700 800 900 1000 
22 24 26 2-8 80 8-2 
45 48 5-0 53 56 58 
76 79 8-2 8-6 90 93 


of gold, T,(Au), of the radiance of a black body at the 
wavelength A; o,=0-014 388 metre kelvin. 


Important Changes 

The mmportant changes in nomenclature and in the 
definition of the temperature introduced by the IPTS-68 
can be summarized as follows. (1) The unit of tempera- 
ture is the kelvin, symbol K. The use of the term “‘degree 
Kelvm, symbol °K” 1s discontinued. (2) The word 
“scalo” is only to be used in the context of the practical 
temperature defined by interpolation between a number 
of fixed points. Thus the terms “thermodynamic scale” 
or “absolute scale’ used to describe thermodynamic 
temperature are no longer used. (3) In the text of the 
IPTS-68 both Kelvin temperature (T) and Celsius tempera- 
ture (t) are used and expressed in kelvins (K) and degrees 
O (°C) respectively, but in both cases temperature differ- 
ences are exp in kelvins, it being recognized that 
the unit is always the kelvin. (4) The range of the 
IPTS-68 is from 13-81 K upwards; the IPTS-48 had a 
lower lmit at 90-18 K. (5) The defining fixed points of 
temperature have been modifled to agree with the best 
available values of thermodynamic temperature. To get 
good agreement with thermodynamic temperature on 
interpolation 1t has been necessary to modify the Callendar 
equation for the platinum resistance thermometer. For 
the same reason the Callendar-Van Dusen equation 1s no 
longer used for the range from the oxygen point to the 
ice point. Instead a high power polynomial of InW 
versus T ıs used as a reference function which 1s applied 
down to the lowest temperature of the scale, 13-81 K, the 
triple pomt of equilibrium hydrogen. This function has 
been chosen to give the best fit to the W/T' data determined 
by helium gas thermometer measurements. (6) The 
numerical values of temperature defined by the IPTS-68 
differ from those given by the IPTS-48 by the amounts 
shown in Table 3. Since the IPTS-68 values are in agree- 
ment with the thermodynamic values, the differences 
also represent the divergences of the IPTS-48 from 
thermodynamic temperatures. (7) Above the freezing 
point of gold, where the Planck law of radiation is used 
in the definition, numerical values are increased as a 
result of the combined effect of an increase of 1-43 kelvins 
ın the assigned value of the gold point and the increase 
from 0:014 38 to 0-014 388 metre kelvin in the value of 
the second radiation constant c}, The change in ©, 
(=ho/k) arises from a better knowledge of the funda- 
mental constant h, the Planck constant and c, the velocity 
of light. (Ref. 1 gives c,= 0-014 3879 metre kelvin based 
on h=6-625 59x 10-*” erg s, o= 2-997 925 x 10° m s- and 
k= 1-380 54x 10-* erg K+.) 

This article relates to work carried out as part of the 
research programme of the National Physical Laboratory. 


1 Cohen, E. R., and du Mond, J. W., Rev. Mod, Phys., 37, 587 (1965). 
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Countercurrent Distribution for making Committee Decisions 


by 
SARAH CLEVENGER 


Department of Life Sciences, 
Indiana State University, 
Terre Haute, 

Indiana 47809 


Ovr departmental library committee had to establish a 
purchase priority rating for a backlog of library requests 
costing about five times the amount allocated for expendi- 
ture and to work current requests into this priority 
ranking. The problem of establishing a balanced system 
to evaluate the relative importance of books in all branches 
of biology seemed too complex to be solved rapidly and 
efficiently. “A realistic assessment of the situation pointed 
to time co meetings which would result in a 
haphazard selection of books chosen not for therr academic 
usefulness, but to cool rather heated differences of 
opinions.” 

The problem was quickly and easily resolved. The 
money allocated for library development was divided into 
two parts. The first was the special fund from which each 
faculty member was allotted a small sum to spend on any 
type of book, usually so specialized that the average com- 
mittee member could scarcely evaluate the request. If any 
of this allocation was not used by a specified time, it went 
into the second or generalfund. This enabled each faculty 
member to circumvent negative committee reactions to a 
few of his requests and to exercise his own criterion for 
evaluation. 

Requests for books to be bought from the general 
fund were reviewed by the committee and priorities 
determined. To organize the backlog each faculty member 
was asked to rate his own requests with a high, medium 
or low priority. Pertinent data for those rated high were 
typed on file cards, which were shuffled to randomize 
their distribution within the deck. Groups of a hundred 
cards were counted out and each group was treated 


Libraries short of funds might find the task of selecting Important 
books easier using this modification of a method originally applied 
to frult flies. 


individually. The protocol was devised for the action of 
the six members on the committee who evaluated the 
books ın turn. The sequence of evaluators was unknown 
except to the chairman who distributed the cards for 
evaluation. 

In each run the first person (A) separated the cards 
into two equal groups rating one with high priority and 
the other with low priority and returned the cards to the 
chairmen. The second person (B) took the cards marked 
high by A and left twenty at this rating and moved 
thirty down to create a medium class. Then he moved 
ten books from those rated low by A up to the medium 
group. Person O selected five high priority books for 
a very highly rated group which was removed from the 
pack before the next run. Then five books were moved 
from the medium category mto the high group and 
another five were selected from the low group to be 
transferred to the medium packet. The fourth (D), fifth 
(E) and sixth (F) runs repeated this sequence and each 
time the cards carrying the very high rating were removed 
from the deck. Fig. 1 is a flow chart of these actions. 
After the final run, twenty books had been rated very 
high and carried a purchase priority, another twenty 
received a high or stand-by rating, forty a medium rating 
and twenty a low rating. 


In the Committee 


Meetings could then bo devoted to matching the cost of 
the highest priority books with the money available. This 
meant selecting those of the highest priority books to be 
bought if funds were msufficient to buy all of them, or 





Fig. 1. Flow diagram of committee members’ actions. A, B, C, D, E and F represent individual committee members. 


Numbers designate the cards m each group. H, High, VH, very 


; M, medium, L, low. 
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to select additional books from the stand-by group to 
augment the order list. Because each committee member 
had previously rated these books, ıt was relatuvely easy 
to achieve consensus at the meeting. 

Books rated medium were combmed with any not 
ordered from the stand-by group and therr cards were 
supplemented with other requests to total one hundred 
cards which were run again to establish new 
prioritaes. Books rated low were set aside for later runs or 
returned to the person who made the request, with the 
suggestion that the book be bought from the special fund 
supervised by that person or resubmitted later. The 
procedure was repeated with the requests rated medium 
by the faculty member initiatmg the request and then 
with books rated low. 

This is merely a modification of Benzer’s method! for 
the study of behavioural responses m fruit flies, but it can 
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be extended and modified to resolve many situations not 
readily analysed by usual means. In this case, the 
advantage 18 that each committee member can make his 
decision at his leisure without the pressures usual in a 
meeting and consequently can probably make more 
objective analyses and careful decisions. Only the 
chairman, who issues and collects the cards, knows the 
sequence of evaluators, and so the influence of other com- 
mittee members is almost entirely removed from the 
evaluator. Oversights, errors or poor evaluations can be 
corrected by the next evaluators or on the next run of 
cards. The most significant bias is probably the constitu- 
tion of the initial input which reflects the interest of the 
persons initiating requests. 


Received March 28, 1969. 
1 Benzer, 8., Proc. US Nat. Acad. Sci., 58, 1112 (1067). 


The Jodrell Bank Radio Frequency Digital Autocorrelation 


Spectrometer 


by 

R. D. DAVIES 

J. E. B. PONSONBY 

L. POINTON 

G. DE. JAGER 

Nuffield Radio Astronomy Laboratories, 


Jodrell Bank, 
Macclesfield, Cheshire 


BPEOTRAL line studies have had an important place in 
radio astronomy since the discovery of the 21 em line 
from neutral hydrogen in 1951. This line has been used 
to mvestigate the structure of the Milky Way and of 
external galaxies and to study the physical conditions in 
the interstellar medium. Recently new areas of radio 
spectral line investigations have emerged with the dis- 
covery of emission from the OH radical at a number of 
frequencies and from the recombination line spectrum of 
hydrogen, helrum and the heavier elements which extend 
throughout the entire radio frequency range. In addition 
there have been searches for the emission from other 
radicals such as CH and H,+; the NH, emission at 1-25 om 
wavelength and the H,O emission at 1:35 om wavelength 
have been, detected within the past year. 

The technical problem in obtaming spectra from a 
variety of lines each being emitted from a range of physical 
conditions 18 essentially one of providing a versatile 
spectrometer which can give the required resolution for 
the particular investigation m hand; it may be over a 
wide frequency band or over a narrow band, covering the 
lines to be studied. For example, it is necessary m, the 
study of the narrow band anomalous emission from the 
OH radical to have a resolution of approximately 200 Hz 
over a band of 40 kHz. On the other hand, for studies 
of external galaxies at the 21 cm Ime of neutral hydrogen 
the emission can occur over a frequency range of 3 MHz 
and structure in frequency of 20 kHz may be present. 
Many types of investigation require overall bandwidths 
and resolutions intermediate between these two cases. 
Furthermore, long integrations are often required in the 
study of weak spectral lines and this requires extreme 
gain stability across the passband of the spectrometer. 
The solution to this problem in the early days of H-line 
work was to use a number of adjacent analogue filters to 
cover a reasonable frequency range; there could be either 
many filters (~100) at fixed frequencies or a smaller 
number which could be swept ın frequency. To cover the 


A versatile digital autocorrelation spectrometer designed and 
built at Jodrell Bank is described, together with some examples 
of observations made with the new Instrument. 


range of possible astronomical investigations separate 
systems had to be made for each overall bandwidth. 

An alternative to the measurement of the power 
spectrum P(f) of a signal x(t) by the direct use of filters 
and individual detectors is to determine ite time delay 
autocorrelation function R( 7), 


R(+)= Ja(t).x(é— +)dt (1) 
which 18 related to the signal power spectrum through the 
Fourier transform 

P(f)= J R(x)cos(2nfr)d + (2) 
In these expressions f 1s the frequency and + is the time 
delay. The advantage of this approach is that digital 
techniques may be used, and if a digital store is used to 
delay the mgnal then a number of alternative overall 
bandwidths may be explored according to the chosen 
clock rate. 
The radio astronomical signals are noise like and follow 
a Gaussian amplitude probability distribution. For this 
class of signal little information is lost if the incoming 
signal is clipped so that only polarity information is 
preserved before the autocorrelation function is taken. 
The penalty of chpping is that to achieve a certain 
accuracy in the measurement ot the power spectrum 
approximately twice the observation time is required 
compared with an equivalent analogue system. But the 
advantages are that it allows a considerable amplification 
in the mstrumentation, for only a bmary or ‘‘one-bit”’ 
representation of the mgnal is required and it relaxes the 
gain stability requirements of the receiver. This approach 
was first applied to the analysis of astronomical signals by 
Weinreb!. He constructed a “‘one-bit” digital auto- 
correlating spectrometer having twenty-one channels in 
delay +, and capable of handling signals m a bandwidth 
up to 150 kHz. He demonstrated its use in an attempt to 
detect Zeeman splitting of the 21 cm line of neutral 
hydrogen and in a search for emission due to the cor- 
responding line of deuterium. 
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Our proposal to develop a similar but larger and more 
versatile system for radio astronomy was accepted in 
December 1964 by the R. W. Paul Instrument Fund of 
the Royal Socety, and a grant was made. The instrument 
has 256 channels m delay and is capable of processing 
signals contained ın a nominal bandwidth of up to § MHz. 
It has been constructed to work on-line in conjunction with 
a Ferranti Argus 400 computer which carries out the 
Fourier transform and associated computations. 

The radio frequency signals received with the radio 
telescope are amplified and frequency translated into an 
I.F. band in the vicinity of 30 MHz. Using a single 
sideband frequency translator the band of interest 1s 
placed in the band 0 to B where B is the nominal band- 
width. A number of filters have been constructed which 
enable any one of eight possible bandwidths to be selected. 
These range down in binary steps from 5 MHz to 39 kHz. 
The signal emerging from the filter is x(é). 

T “one-bit” signal, y(t), is generated according to the 
rule 
_ +1 = a(t)>0 
yt) = i z(t) <0 (3) 
and y(t) is sampled at regular intervals at the clock rate 
ts, which is twice the nominal bandwidth B. These two 
operations are effected simultaneously by a single clipper- 
sampler. This is enclosed in a feedback loop which 
removes any d.c. component or bias in the sampler by 
imposing the condition that over periods long compared 
with 1/f, the number of positive and negative results are 
the same. The individual polarity samples are handled by 
two-state digital circuits having significance levels of 

+l and —1. The samples are delayed for successive 
elementary times At=1/f,, by bemg passed along a 256 
stage shift register which shifts at the sampling rate. 

The correlator is shown schematically in Fig. 1. It 
consists of the 256 stage shift register which shifts at the 
clock rate. The state of each stage of the shift register is 
compared with that of the first stage after each successive 
shift. If they are the same, then a pulse is apphed to the 
input of the corresponding twenty stage binary counter, 
of which there are 256 in all, making the number in it 
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imerease by one; if the states are different no pulse is 
applied. Each binary counter has in effect a further 
twenty-three stages which contmue ın & computer store 
location. Information 1s continuously transferred to the 
extra stages at a rate appropriate to the sampling 
frequency. Each shift register stage, its comparator, 
associated binary counter and store location, forms one 
channel of the instrument. In operation the contents of 
all the counters are initially zero and after ing for a 
time K At, correspondmg to K samples of the signal, the 
channels contam numbers Onw, where n is the channel 
number given by 


kn kK K 
On=4([2 y(k At). y(kAt — nAt)]+ — (4) 
b= 1,2,8... 2 


It is clear from this expression that the result for the 
zeroth channel ıs O,=K. Ideally one would subtract 1 
from the contents of the counters when the inputs to the 
comparators are different. This would have been true 
“one-bit” multiplication and the results would have been 
“n given by 
ke K 
R'n= È y(kAt).y(kAt—nAt) (5) 
k= 1,2,8... 
which is the true sampled ‘‘one-bit’’ autocorrelation 
function. The first task of the Argus computer 1s to 
recover R’, by computing 
R'y=20n—K (6) 
and then to form the normalized ‘“‘one-bit” autocorrelation 
function A’, given by 
4 R'a 
A'n R, (7) 
This normalized autocorrelation function is not the same 
as would have been obtained if amplitude mformation had 
not been rejected at the clipper. It has been shown, 
however, by Van Vleck? that the distorting effect of the 
clipping on the final power spectrum may be removed by 
converting to A, according to 


Aq =sin (z A'n) (8) 


Y=255At 





Interface with Argus 400 computor 
Fig. 1. Block diagram of the correlator. SR, 1 stage shift register; O, comparator; G, NOR gate, BC, binary counter 
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Fig. 2. The digital autocorrelation spectrometer. 


provided that the amplitude probability distribution of 


the original signal a(t) was of Gaussian form. This Van 
Vleck correction is also applied by the Argus computer. 
The normalized observed power spectrum is obtained by 
computing the Fourier series 
nen 
Pa=[2 8 An wn.eos (rn. m. Af. At)]— 
n= 
for values of mAfup to B. Here x’ is the number of the 
channel of greatest delay (n’= 255), and n’Af=B. The 
quantities wa are a weighting function whose Fourier 
transform, alone is the effective filter response with which 
the unknown spectrum is convolved. Appropriate choice 
of weighting function enables the side-lobe level of the 
effective filter response to be reduced at the expense of 
degrading the frequency resolution. Failure to apply 
explicit weighting (wn = 1) gives an effective filter response 


Jaw a (9) 






: : sin 6, 
of the form “7 in frequency and the highest attainable 


resolution, but makes the first side-lobes — 
power. 

A photograph of the instrument is shown in Fig. 2. It 
is mounted in a standard double 19 inch rack. The right 
hand side contains the analogue portion of the instrument 
and the ehpper-sampler. The other half contains the 
digital section. This is built entirely from Texas Instru- 
ments 74N series TTL integrated circuits; approximately 
3.500 dual-in-line packages are used. The bulk of the 
machine consists of the shift register stages, the com- 
parators and the twenty stage binary counters. The 246 
hardware channels are mounted in groups of four on sixty- 
four identical double-sided glass fibre printed circuit 
boards, one of which is shown in Fig. 3. Another forty- 
five printed circuit boards of various types carry the 


22 per cent in 
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control logic and the pulse routing system. All the 
printed circuit boards were designed and manufaetured 
at Jodrell Bank. 

One of the functions of the control logic is to enable the 
instrument to be used in one of several different modes. 
The basic mode is as a 256 channel autocorrelator, but 
the channels may also be split into groups of thirty-two, 
sixty-four, or 128, so that several different signals can be 
processed simultaneously with reduced frequency re- 
solution, although all must use the same sampling rate. 
Each group may be used either for autocorrelation or 
cross-correlation, the cross-correlation facility being 
provided to allow the instrument to be used for inter- 
ferometric observations. 

The function Pm obtained from the Fourier transform 
process is the power spectrum of the total signal at the 
input to the chpper-sampler. It is the sum of the astro- 
nomical signal and broadband noise from the receiver 
itself, both weighted by the system frequency response. 
The final filters defining the passband before the clipper- 
sampler are flat to within about 0-2 db over the useful 
part of the nominal bandwidth (~ 85 per cent), but the 
form of the overall passband is also determined by 
the frequency response of the preceding portions of 
the receiver, and may typically vary by ~0:5 db over 
the 5 MHz passband. To obtain the spectrum of the astro- 
nomical signal alone, the form of the system response 
must be determined and the contribution due to the 
receiver noise eliminated by subtracting a reference 
spectrum obtained either by moving the radio telescope 
to a position away from the source of interest in the sky, 
or alternatively by tuning the receiver away from the 
frequency of interest. 

Assuming that the system temperature is constant. over 
the passband, a spectrum taken without an astronomical 
signal gives the form of the system frequency response. 
Very often the same spectrum may serve as the reference 
for subtracting the receiver noise contribution. To 
observe one component of an astronomical signal while 
eliminating another, a separate reference spectrum must 
be obtained. Examples of this technique are in the 
measurement of the H-line spectrum of M 31 discussed 
below, and also in the H-line absorption measurements of 
the emission of the pulsar CP 0328. In that case the 
emission from galactic hydrogen was eliminated by 

taking a reference spectrum after moving off the pulse 
in time. 








Fig. 3. Printed circuit board holding four channels of the correlator. 


(One of sixty-four identical boards.) 
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Fig. 4. Neutral hydrogen emission from the Andromeda Nebula (M 31). Overall bandwidth 5-0 MHz: 256 channels in delay; resolution 
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contribution removed; 


Examples of astronomical spectra taken during the 
commissioning phase of the correlation spectrometer are 
given in Figs. 4-7 which demonstrate the versatility of the 
instrument. All the spectra were taken with the Mark II 
radio telescope between August and November 1968; 
during some of this time when the computer was also 
processing data from the Mark I radio telescope the 
computation time was only sufficient to process eighty 
channels fiom the correlator. 

The large velocity spread of the neutral hydrogen in the 
Andromeda Nebula (M 31) requires observations at the 
largest overall bandwidth of 5-0 MHz. The observed 
spectra are shown in Fig. 4. The spectrum of Fig. 4a is 
that for the centre of M 31, and was obtained using a 
reference spectrum taken from a position 2° north-west of 
the centre. The contribution from local galactie hydrogen 
is substantially the same in the two positions. Con- 
sequently the result of subtracting the reference spectrum, 





, form of local hydrogen at this position. 


shown with the solid line in Fig. 4a, has only a residual 
galactic contribution. The estimated form of the galactic 
spectrum at the centre was found by an independent 
observation and is shown by the dashed line. The 
spectra of Fig. 4b are similar results obtained at a position 
50’ are from the centre on the south-west. semi-major axis 
of Af 31. 

Galactic neutral hydrogen spectra ean in most places be 
covered with overall bandwidths of 0-625 MHz or 
1-25 MHz. For this type of observation the instrument 
provides a baseline sufficiently well defined to give reliable 
estimates of the weak emission at outlying frequencies. 
The resolution provided by the instrument at these overall 
bandwidths appears to be sufficient for all the emission 
features near the galactic plane. Examples of these are 
shown in Figs. 5a, 6 and c. 

The observed narrow absorption feature in the spectrum 
of Taurus A is shown in Fig. 6b. It was obtained with an 
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Fig. B. Neutral hydrogen emission spectra near the galactic plane in the Milky Way near longitudes (a) 116°, (b) 137° 
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overall bandwidth of 625 kHz and a resolution of 4-4 kHz. 
This is evidently not quite sufficient to resolve the feature 
fully. For comparison, the emission spectrum obtained 
with the same resolution at a position —1° away in longitude 
is shown in Fig. 6a. 

The narrowest known spectral features occur in the 
regions of anomalous OH emission. Spectra of the 
source W3 at 1,665 MHz observed ın left and right hand 
circular polarization are shown in Fig. 7. Each was 
observed in three overlappmg bands taken when only 
eighty channels of the correlator could be used. The 
agreement in the overlap regions of the three bands 
demonstrates the reliability of the observed spectra. 

All the spectra shown have been observed using a 
triangular weighting function ws going linearly from 
Wo=1 to wa’ = 0. (n’= 2656 in this case, for a channel the 
contribution of which is given zero weight need not exist.) 


This gives an effective filter response of the form (E 


in frequency with a spacing of approximately 4B/n’ between 
the zeroes on either side of the mam lobe and with the 
first side-lobes + 4-7 per cent of the mam lobe m power. 
The reference spectra were all taken with the same weight- 
ing function and using the same integration times as the 
corresponding source spectra. The reference spectra for 
the results shown m Figs. 5, 6 and 7 were all obtained by 
tuning off m frequency. 

A detailed discussion of the principles of operation and 
the main design considerations of the one-bit digital 
correlator will be given by J. E. B. Ponsonby and L. 
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Pointon, who were responsible for its design and con- 
struction. G. de Jager wrote the associated programs 
for the Argus 400 computer. 

The instrument has already been used for a number of 
astronomical pro . These melude a determination 
of the distance of the pulsar OP 0328 from a study of its 
neutral hydrogen absorption spectrum’, an investigation 
of the polarization and variability of OH emission, and 
Zeeman effect measurements on neutral hydrogen seen ın 
emission and absorption. Observations have been made of 
the frequency structure in the continuum emission from 
pulsars‘. The correlator has also been used in the cross- 
correlation mode to obtain fringes on the Mark I—Mark ITI 
interferometer using a tape recording system and an 
independent local oscillator. 

We thank the Royal Society for the grant from the 
R. W. Paul Instrument Fund. We particularly thank Dr 
J. 8. Hey, who acted as assessor on behalf of the Fund 
committee, for his interest and encouragement. We 
thank R. 8. Booth and Miss A. J. Wilson for allowing us to 
reproduce some of their observational results and also 
Professor J. G. Davies for providing the facilities of the 
Argus 400 computer system. 

Recetved March 21, 1969. 
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Fluid Dynamics Approach to the Toms Effect 


Research on the stability of flows of viscoelastic flulds suggests a 
by possible mechanism by which viscoelasticity can reduce turbulent 


F. J. LOCKETT 


Division of Numerical and Applied Mathematics, 
National Physical Laboratory, 
Teddington, Middlesex 


Ir ıs well known (refs. 1—4 and J. L. Lumley at the Fifth 
Symposium on Naval Hydrodynamics, Bergen, 1964) that 
small quantities of certain additives dissolved in fluids 
can greatly reduce turbulent friction on bodies moving 
through the fluid, or on surfaces past which the fluid flows. 
Additions of as little as 10 p.p.m. by weight can result in 


drag. Analysis of the development of turbulence remains to be 
done, but experimental evidence seems to support the proposals 
made here. 
and the experimental findings of the Toms effect may be explained 
in the context of the present proposals. 


The disparity between previous work In fluid dynamics 


reductions in friction by as much as 40 per cent?. This 
phenomenon, known as the Toms effect, could be of great 
technological value; ıt has already been used to reduce 
the pipe diameter or power required in various pumping 
situations, and is bemg considered as an aid in ship and 
torpedo design. In order that full benefit may be obtained 
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from this effect ıt is essential that the mechanisms 1m- 
volved should be properly understood. It will then be 
possible to “design” an additive with a suitable molecular 
structure for a particular application, and to perform the 
fluid-dynamical calculations relevant to that application. 

Recently many workers have tried to isolate the cause 
or causes of the phenomenon and often the evidence has 
been conflicting or confusmg?. Using different approaches, 
attempts have been made by physicists, chemists, en- 
gineers and mathematicians and still it 1s not possible to 
claim any degree of succeas. Here I am concerned with the 
interpretation of some of the mathematical work which 
has been done ın this area. Although at first sight these 
mathematical approaches seem to have failed, ıt 18 
suggested that the results are consistent with an mnterpreta- 
tion which is proposed here. It cannot be claimed that 
existing results are sufficient to prove this conjecture, but 
they imply a number of promising features which agree 
with experimental observations. 

From experiments with drag-reducing solutions it 18 
known that these fluids show certain viscoelastic charac- 
teristics, that is, therr mechanical behaviour 1s a combina- 
tion of those of viscous fluids and elastic solids. Because 
the solvent has always been a Newtoman viscous fluid 
(usually water), and because the additives are included ın 
such small quantities, the viscoelastic or non-Newtonian 
effects are relatively small. Nevertheless, ıt has been 
suggested that these effects may be the mechanism which 
leads to significant drag reduction. Mathematical re- 
searchers have tried to use a plausible mathematical 
description of non-Newtonian behaviour to predict a 
drag-reducing capability. 

When fluid flows past a surface sufficiently slowly the 
motion 18 smooth or lammar. As speed is increased, 
however, a critical value is reached at which laminar 
conditions break down; and at even higher speeds this 
may lead to turbulent motion. It appears that additives 
affect the turbulent motion, or the transition to turbulence, 
in such a way as to diminish resistance. Unfortunately, 
mathematical theory of turbulence m Newtonian fluids 18 
extremely complex and sometimes inconclusive, and there 
18 certainly no satisfactory theory of turbulence for non- 
Newtonian fluids. In trying to disouss the Toms effect, 
mathematicians have been forced to consider the con- 
ditions prevailing at the breakdown of lammar flow. They 
seek to determine the conditions in which a given laminar 
flow becomes unstable, and try to show that the effects of 
viscoelasticity are stabilizing. Unfortunately, these 
attempts have not always been successful and this has 
been attributed either to inadequacy of the mathematical 
model of fluid behaviour or to the assertion that visco- 
elasticity is not the mechaniam causing the Toms effect. 

At first sight, it would appear that the stability analyses 
have been worthless from the pont of view of describing 
the drag-reduction phenomenon. But let us consider what 
information these analyses give. For a given flow geo- 
metry and a given fluid they tell us the ortical speed at 
which instability occurs, and they also tell us the wave- 
length and nature of the disturbance with respect to which 
the flow first becomes unstable. In previous interpretations 
of results ıt seems that the first of these, the critical speed, 
has been assumed to be the sole significant feature; it 
was presumed that a critical speed mcreased by visco- 
elasticity would be a first step towards explaming drag- 
reduction. Experimental results, however, have not been 
consistent ın showing an increased critical speed (private 
communications) and, therefore, failure to predict one 
sbould not cause concern. 

I now make the plausible suggestion that the eventual 
turbulent flow field ıs affected more by details of the 
first disturbance to appear than by the speed at which 
this happens. These details may be affected significantly 
by viscoelasticity, and in such a way as to suggest a 
mechanism for the Toms effect. Although I shall not 
perform any mathematical analysis here, it is necessary 
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at this stage to introduce a few formulae in order to define 
ideas. 

All existing stability analyses have been concerned with 
stability of plane parallel flows having velocity com- 
ponents 

vı = U(a), v = v3 = 0 (1) 
in a rectangular Cartesian coordinate system (2,, Sa, 23). 
The precise form of the function U(z,) depends on the 
problem bemg considered: the velocity field may be 
exactly of the form (1) or, as m boundary-layer theory, 
approximately of that form. Linear stability analyses 
start by superposing on the velocity field (1) a small 
disturbance with velocity components 


Vk = x(a) exp {(ax, + Pz, — act)}, (k = 1, 2, 3) (2) 
If subsequent mathematical analysis shows that some 
disturbance of this type will grow with time, then the 
flow is unstable. Motivation for the particular mathe- 
matical form (2) will not be discussed here; ıt 18 sufficient 
to note that, ın general, equation (2) represents a three- 
dimensional disturbance despite the fact that the basic 
flow field (1) 18 two-dimensional. The constants « and B 
are wave numbers of the disturbance in the 2, and a, 
directions respectively, c 1s a constant and t denotes time. 
For a Newtonian fluid Squire®* has shown that critical 
conditions for stability are given by those disturbances (2) 
which lie in the plane of the flow (1), that 1s, those for 
which u,=8=0. In this case a stability analysis yields 
the value « of the disturbance with respect to which the 
flow first becomes unstable, and this disturbance and the 
basic flow are coplanar. 

I’ have shown that Squire’s result is valid for a class of 
non-Newtonian, fluids only if the second normal stress dif- 
ference 1s zero and if viscosity 1s independent of rate. The 
first condition requires that, m sımple shear flow, pressure 
should be equal in all directions perpendicular to the 
streamlines, although there may be an extra tension along 
the streamlines. Experimental evidence suggests that the 
condition on viscosity 1s satisfied for drag-reducing solu- 
tions; viscosity is not affected significantly by the addı- 
tives in the very dilute solutions considered here. It is 
not certain, however, whether the second normal stress 
difference does vanish; ite measurement is a difficult task 
and previous measurements have been put ın doubt by 
remarks of Lodge*. Thus there are two cases to consider: 
fluids for which Squire’s result does and does not hold. In 
the first case a two-dimensional in-plane stability analysis 
suffices; in the second, a full three-dimensional analysis 
is required. These two possibilities are discussed 
separately. 

Two papers have reported two-dimensional stability 
analyses. For the problem of boundary-layer flow next to 
a flat plate, Jones*?° has shown that viscoelasticity has a 
stabilizing effect Chan Man Fong and Walters", consider - 
ing plane Poiseuille flow, showed, however, the effect to be 
destabilizing. Thus it cannot be said that viscoelasticity 
always produces stabilzation, and therefore this cannot 
explam the Toms effect. The results of these two papers, 
however, consistently show that viscoelasticity decreases 
the value « of the disturbance with respect to which m- 
stability first occurs. Thus the first eddies to appear have 
a larger wavelength (=2z/a) in a viscoelastic fluid, and 
this may be related to the experimental observation that 
smaller scale eddies tend to be suppressed in some turbu- 
lent motions with additives’. 

This is unlikely, however, to be the major mechanism 
of the Toms effect because slight viscoelasticity can 
produce only slightly larger initial eddies, and the effect 
on subsequent motion 18 unlikely to be as large as that 
actually observed. It seems more likely that the pheno- 
menon 1s due to some mechanism not present in Newtonian 
flow, rather than to a modification of an existing mechan- 
ism. Such a possibility 1s indicated below. 

Fluids for which the second normal stress difference 18 
non-zero do not satisfy Squire’s result and a complete 
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stabihty analysis must be three-dimensional. I have 
shown’ that, provided the second normal stress difference 
has an appropriate magnitude and sign, flows may be 
more unstable with respect to three-dimensional disturb- 
ances than with respect to in-plane disturbances. The 
precise form of this condition has not yet been determined, 
but an analysis to determme it 1s bemg carried out by 
R. R. Cousms (private communication) When this 
condition 18 satisfled the critical speed will be lowered 
slightly, but the first disturbance to appear will be out-of- 
plane rather than m-plane as in the Newtonian case. It 
ig instructive to interpret this conclusion ın terms of 
vorticity of the flow. It is readily shown that the total 
vorticity due to the basic flow (1) and to a three-dimen- 
sional disturbance (2) has components 


(u; — Pus) exp {1(ax, + Bx, — act)}, 

Os = 18, — ats) oxp {i(ax, + Bx, — act)}, 

y= —U"(u’,) + (rote, — Xs) exp {1(am, + Bay—act)}, 
where a prime denotes differentiation with respect to 2. 
For a Newtonian fluid the first disturbance 1s in-plane 
(u;=B=0) and w, and w, both vamish; the effect of 
the disturbance is merely to modify slightly the vorticity 
of the basic motion. For a viscoelastic flud the full expres- 
sions (3) are appropriate and vorticity ın the x, and a, 
directions 1s introduced. It ıs bkely that the mportant 
region is the immediate neighbourhood of solid boundaries 
and, because t4, ua and u, vanish there, the component 
&, tends to zero as a wall is approached. u; does not tend 
to zero in general, however, so the component w, will not 
vanish and I conclude that the effect of viscoelasticity is 
to introduce a component of vorticity m the streamwise 
direction. This is a completely new mechanism which 
occurs at the onset of mstebility; ıt 1s not present in the 
Newtonian case and its presence could significantly affect 
the subsequent development to turbulent flow. This 
situation is remimscent of a situation in flow over an 
aircraft wing in which streamwise vorticity is deliberately 
introduced by vortex generators in order to control the 
flow ın the boundary layer!*. It appears that visco- 
elasticity of the fluid acts as an internal vortex generating 
system, though the analogy with the aircraft application 
should not be taken too far. 

It is interesting to compare these conclusions with 
observations made by various experimental workers. Ram 
and Tamir? have remarked that ‘“‘uncoiling of long 
polymer chains rotating at high speed under severe shear 
conditions generates nuclei of turbulence vortices”, 
although they do not speafically mention the role of 
streamwise vorticity. In a survey of work on the Toms 
effect, however, Lumley‘ has noted the dominance of 
longitudinal vortices in the sublayer in turbulent flows. 
Fabula eż al. have remarked that mtense unsteady 
shear layers “apparently occur in connexion with the 
longitudinal vortices near the wall in turbulent flows in 
boundary layers and presumably in pipes. Thus a straight- 
forward explanation of the Toms effect would be that 
polymer additives modify the development of such layers, 
80 as to reduce the turbulence generated by their instability 
and breakup”. I have shown in this article that visco- 
elasticity provides such a mechanism for modifying these 
shear layers, ın that ıt encourages streamwise vorticity 
at the onset of instability. 

In order that the mechanism suggested here should be 
possible viscoelasticity should, for some flows, have a 
destabilizing effect on three-dimensional disturbances. 
This requirement is in agreement with the experimental 
observation of Karlsson (Fifth Symposium Naval Hydro- 
dynamics, Bergen, 1964) in connexion with flow between 
concentric rotating cylinders: “the primary motion is 
less stable in the non-Newtonian fluid, whereas once 
instability has occurred the resulting motion is relatively 
more stable, when compared to a Newtonian fluid”. This 
could also account for the “early” or “structural” turbu- 
lence noted by Ram and Tamir" before and distinct from 


Oo, = 


(3) 
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the start of ordmary turbulence Three-dimensionality 
in flows of drag-reducing solutions has been observed by 
Brennen", who studied wave patterns on the surfaces of 
fully developed cavities behind a number of solid bodies. 
It seems likely that these three-dimensional instabilities, 
which are two-dimensional in a Newtonian fluid, are due 
to normal stress effects described here. 

It remains to be shown mathematically that the effect 
of longitudinal vorticity on subsequent flow development 
does in fact lead to drag reduction. Elasta and Poreh'* 
have argued that normal stresses can reduce drag; how- 
ever, ıt is unlikely that their analysis can explain the 
significant reduction observed in the Toms effect. It 1s 
interesting to note that the result of a preliminary calcula- 
tion of Cousins (private communication) indicates that, 
for the arguments of the present article to be valid, the 
second normal stress difference must have the same sign 
as that required by Elata and Poreh"*. There is “‘tenta- 
tive” experimental confirmation that polymer additives 
tend to suppress the longitudinal vortex pattern in turbu- 
lent boundary layers’, so attempts must now be made to 
show that longitudinal vorticity at the onset of instability 
affects flow development m a manner consistent with this 
observation. 

My final remarks concern flow past walls which are 
curved in the direction of flow. When the wall is slightly 
concave towards the fluid it ıs well known that, for 
Newtonian fluids, the first mode of instability is out-of- 
plane and takes the form of vortex cells next to the wall 
with ther axes parallel to the streamlines. These Taylor- 
Goertler vortices'* have vorticity of the same form as 
that shown to be introduced by viscoelasticity. For a 
straight wall the Taylor—Goertler vortices vanish and, for 
& non-Newtonian fluid, we can expect the longitudinal 
vorticity produced by viscoelasticity to predominate. As 
curvature of the wall is mcreased, however, the Taylor— 
Goertler vortices are strengthened and the vorticity 
resulting from viscoelasticity is likely to become relatively 
less significant. Thus we might predict that the Toms 
effect should be more significant in straight pipes than in 
curved ones. This prediction is borne out by the exper- 
mental work of Barnes and Walters!* who found that 
“there is significant drag-reduction ın the case of the 
straight pipe, but this diminishes in the curved pipe. 
As the bend in the pipe sharpens, the drag reduction may 
disappear altogether”. 

Viscoelastic fluid dynamics has shown that normal 
stress effects can, provided they have an appropriate value, 
result in the appearance of streamwise vorticity in the- 
boundary layer immediately following the onset of in- 
stability. Mathematical analysis of subsequent flow 
development remains to be done, but expermental 
evidence appears to support this as a likely mechanism for 
producing the Toms effect. The crude mathematical 
models of fluid behaviour which have been used to indicate 
this possible mechanism will probably need refinement in 
future quantitative assessments of flow development. 
Received March 18, 1969. 
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Double-stranded RNA in Vaccinia Virus Infected Cells 


by 

C. COLBY 

P. H. DUESBERG 

Department of Molecular Biology and Virus 
Laboratory, 


University of California, 
Berkeley, Callfornia 94720 


INTERFERON is induced by many different RNA and 
DNA viruses! but the mechanism of interferon induction 
is not understood. Based on their findings that double- 
stranded RNA from a variety of sources induced inter- 
feron?“, Tytell and co-workers speculated that the double- 
stranded replicative form of RNA, produced in cells 
infected with RNA viruses, is the active principle for 
interferon production’. These workers have also reported 
the induction of interferon by double-stranded synthetic 
polyribonucleotades**, an observation which has been 
confirmed by several other laboratories’-11. Colby and 
Chamberlin have recently compared the interferon in- 
ducing capacity of a large number of single and double- 
stranded polynucleotides!! and concluded that only 
double-stranded ribopolymers, not deoxyribopolymers or 
deoxyribo-ribopolymer hybrids, have a high specific 
activity as inducers of interferon. 

Because of the high efficiency of double-stranded RNA 
ag an inducer of interferon, it occurred to us that cells 
infected with vaccinia virus might contain a virus-specific 
double-stranded RNA responsible for the induction of 
interferon. Although a DNA virus would not be expected 
to synthesize a double-stranded RNA, we found such an 
RNA in infected cells. We also found a double-stranded 
RNA in normal uninfected cells. Here we describe the 
isolation and some of the physical properties of these 
double-stranded RNAs. The RNA in vaccinia virus 
infected cells is virus-specific and is an active inducer of 
interferon. 

Standard buffer contains 0:1 M NaCl, 0-01 M tris HCl, 
pH 7:4,1 mM EDTA; sodium saline citrate (SSC) contains 
0-16 M NaCl, 0-015 M Na citrate, pH 7:0. Vaccinia virus 
grown in HeLa cells and purified as described by Joklik™ 
was obtained from Dr Bruce Woodson. Confluent primary 
cultures of chick embryo ocells! were infected at a multi- 
plicity of infection of about five. After 1 h, 8 ml. 199 
medium (Grand Island Biol.), containing 10 per cent 
tryptose phosphate broth, 4 per cent calf serum, 1 per 
cent chicken serum and 100 uCi *H-uridine, was added to 
each 100 mm Petri dish. The period of labelling was 
routinely 6 h. 

Infected or uninfected cell layers were treated with 
standard buffer supplemented with 0-01 M EDTA, 0-5 
per cent SDS, 0:5 mg/ml. pronase and 5 mM mercapto- 
ethanol. After mcubation at 37° C for 30 min the solution 
was three times extracted with phenol equilibrated with 
standard buffer and precipitated with two volumes of 
ethanol after the addition of sodium acetate to 0-1 M. 
The pellet was washed twice with 75 per cent ethanol and 
redissolved in buffer containing 0-05 M NaCl, 0-01 M tris 
HCl, pH 7:4, and 2 mM MgCl, at a nucleic acid concentra- 
tion of $20 OD,,,/ml. The solution was then incubated 
with DNase at 20 ug/ml. for 30 min at room temperature 


Double-stranded RNA has been Isolated from chick cells and chick 
cells infected with vaccinia virus. 
RNA Induces production of interferon. 


The double-stranded vaccinia virus 


and after the addition of NaCl to 0:2 M it was further 
incubated with RNase at 20 ug/ml. for 30 min at room 
temperature. Subsequently the solution was thrice ex- 
tracted with phenol, ethanol precipitated and redissolved 
in 0:1 M LiCl, 0-01 M iris HCI, pH 7-4, and 2 mM EDTA 
and applied to a 6 per cent agarose (Bio RAD) column 
(1:5 x 45 cm), which was cooled with tap water, and eluted 
with the same buffer. Ten minute fractions (vol = 6-6 ml.) 
were collected. The TCA-precipitable radioactivity was 
determined by combining an aliquot of each fraction with 
a solution containing 200 ug yeast RNA. The solution 
was chilled in ice, an equal volume of 10 per cent TCA 
was added and the precipitate was collected on a ‘Millipore’ 
filter after 10 mm. The filters were dried, combined with 
5 ml. toluene POPOP scintillation fluid and counted in a 
liquid scintillation spectrometer. 

We used the hybridization method of Gillespie and 
Spiegelman™ with the following modifications. Viral 
DNA was extracted and purified as described for cellular 
nucleic acids. After two ethanol precipitations the DNA 
was redissolved in 0:01 x 88C at S100 pg/ml. and heat 
denatured at 100° C for 5 min and quickly cooled in 1ce 
water. The mcrease of OD,,. was 25-30 per cent after 
denaturation. After the addition of 20x SSC to a final 
concentration of 2x 8SC, the DNA solution (at S10 ug/ 
ml.) was apphled to a nitrocellulose filter (type B-6, 
Schleicher and Schuell) without suction, and the filter 
was washed twice with 5 ml. 2x88C without suction. 
After drying for 1 h at room temperature in an oil vacuum 
the filters were processed as described‘. 

Hybridization was performed in 0-5 ml. 6x88C con- 
taming 0-01 M TES buffer (Calbiochem), pH 7:0, 0-05 
per cent SDS** and about 100 ug yeast RNA in a glass 
scintillation, vial under paraffin. Two filters were included, 
one carrying DNA and one blank in each vial. RNase- 
resistant RNA was melted by heatmg for 3 min to 100° C 
m 0:01 M NaCl, 0-01 M tris HCl, pH 7-4, and 1 mM EDTA 
before addition to the hybridization solution. Hybridiza- 
tion was at 66°C for 8 h. After hybridization the filters 
were washed with 20 ml. 2x SSC on a stainless steel filter 
exposing the whole surface area (Diversified Scientific 
Instruments, Mountain View, California) and incubated 
on a shaker for 1 h at 25° C with 2 ml. 2 x SSC containing 
20 ug/ml. of RNase. The filters were then washed again 
as described, dried and counted ın a scintillation counter. 

Interferon was induced in 5 day old primary cultures of 
chick embryo cells!?._ The induction medium consisted of 
3 ml. of NCI medium (Schwarz BioResearch) containing 
6 per cent v/v calf serum, 10 ug/ml. DEAE dextran 
(molecular weight 2x 10%, Pharmacia) and the inducer to 
be tested. After a 24 h induction period at 39°C the 
cultures were washed twice with NCI medium plus 6 per 
cent calf serum (growth medium) and challenged with 
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10’ plaque-forming units (PFU) of Sindbis virus m 0-3 mi. 
of medium at 39°C. After 30 min the medium was re- 
moved and the cultures were washed twice. Three ml. 
of growth medium was added and the cultures were 
incubated at 37° C. The medium was collected after 22 h 
and the titre of Sindbis virus was determined by infecting 
confluent secondary cultures of chick fibroblasts with 
ten-fold dilutions of the virus-contammg medium. Infec- 
tion was performed ın 0:3 ml. medium for 30 mim at 
39° C. The mfected cultures were then washed once and 
overlaid with growth medium contaming 0-7 per cent 
agar. After 86 to 48 h incubation at 37° C the cultures 
were stained with 0-02 per cent neutral red for 45 min and 
the plaques were counted. This assay has been shown to 
be more sensitive than the assay for extracellular inter- 
feron, which 1s produced in these conditions?. 

When the total purified nucleic acid of chick embryo 
fibroblasts infected with vaccimia virus, which had been 
labelled with *H-uridine for 6 h after nfection, is digested 
with p-DNase and then with p-RNase at 20°C and 
analysed by chromatography on an agarose column, about 
3 per cent of the 7H-urndme-labellcd nucleic acids applied 
to the column appeared as a peak in the exclusion volume 
of the column (Fig. 1A). The exclusion volume had been 
independently determined with either E. cols DNA or 
double-stranded RNA from influenza virus or Newcastle 
disease virus-infected cells. The rest (~97 per cent) of 
the *H-uridine-labelled material was eluted later, suggest- 
ing that this material was degraded by the nucleases. In 
a control experrment unmfected chick embryo cells were 
labelled with *H-uridme in the same conditions. The 
nucleic acids were extracted and nuclease-treated and 
analysed by chromatography on the agarose column. 
There was also a small peak of 7H-undine-labelled material 
in the exclusion volume (fraction No. 5, Fig. 1B) compris- 
ing about 0-4 per cent of the radioactivity applied to the 
column. When the experiments were repeated with 
3{-thymidine, less than 0-01 per cent of the radioactivity 
appeared in the exclusion volume of the column. This 
indicates that the DNase treatment was effective and 
suggests that the *H-urdine material which appeared in 
the void volume of the agarose column was not a DNA- 
RNA hybrid (Fig. 1). 

We then tested the *H-uridine-labelled material which 
was excluded by the agarose column to see 1f 1t was double- 
stranded RNA, as its resistance to RNase and DNase 
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suggested. The peak of the excluded *H-uridine material 
(fractions 6 and 5, Fig. 14 and B) was ethanol-pre- 
cipitated after the addition of carner tobacco mosaic 
virus RNA. The pellet was redissolved in buffer 
contaimmg 0-01 M NaCl and 0-01 M tris HCl, pH 7-4. Four 
equal aliquots (4, B, O and D) of this solution were then 
prepared. The TCA-precipitable radioactivity of fraction 
‘A was determined directly. Aliquot B was meoubated 
with p-RNase and T,-RNase after the addition of NaCl 
to 0-2 M at 37°C for 30 mm and the TCA-precipitable 
radioactivity was determmed. Aliquot C was incubated 
at 37° C for 30 mm with p-RNase, T,-RNase and p-DNase 
after the addition of NaCl to 0:2 M and MgCl, to 2 mM 
and the TCA-precipitable radioactivity determined. 
Ahquot D wes heated to 100° C for 3 mm, quickly, cooled 
in melting 1ce and then treated as described for B. 

Ninety-six per cent of the *H-uridine-labelled material 
from the vaccinia virus mfected cells was resistant to 
digestion with RNase and 97 per cent was resistant to 
both RNase and DNase (Table 1). Only 3 per cent of the 
TCA-preciprtable radioactivity remained after RNase 
digestion of the thermally denatured material. These 
experiments suggest that the *H-uridine-labelled material 
from the vaccinia virus infected cells which appeared m 
the void volume of the agarose column was RNA in a 
double-stranded structure because only such RNA is 
known to be resistant to pancreatic RNase in'02 M 
NaCl417, The possibility that the *H-uridine-labelled 
material was a DNA-RNA hybrid seems unlikely, because 
such hybrids are known to be sensitive to DNase’* and 
DNase and RNase’. It cannot be excluded, however, 
that a slow or incomplete degradation of aliquot O had 
oceurred during the incubation with both DNase and 
RNase, which did not render the *H-uridine material 
soluble in 5 per cont TCA. The finding that 97 per cent 
of *H-uridine-labelled material was rendered sensitive to 
RNase after heating to 100°C at low ionic strength 
indicates that at least 97 per cent of the 7H-label was in 
RNA and not mcorporated mto DNA. 

By contrast with the completely RNase-resistant 
material isolated from vaccinia virus infected cells, the 
*H-uridine-labelled material from uninfected cells appear- 
ing in the exclusion volume of the agarose column was 
only about 62 per cent resistant to RNase and equally 
resistant to a combination of RNase and DNase, but 
after melting it was completely degraded by RNase 


OD (4—4) 


Tube No. ; 
Fig 1. Isolation of RNase-resistant RNA after labelling cells with 7H-umdine AS 2 or *H-thymidine (]) The total cellular nucleic acid was 
isolated by SD8-pronase deproteinization and phenol extraction and was subjected to treatment with p-DNase and p-RNase as described in the 


text. This mate 
independent control experiment plotted on the same figure, the 


Instead of 7H-undine. Nucleic acid extraction and analysis were as described for the cells labelled with *H-undine. 4, 
*H-thymldine (Q) labelled nucleic aad from OBC infected with vaccinia virus. 3B, *H-undine (@) and *H-thymidine (()) labelled nu 


ial was then chromatographed on a 46x15 cm 1 agarana ooun and fractions were collected and assayed as described. In an 
ec 


A) as well as the uninfected (B) cells were labelled with *H-thymidme 
A, *H-uridine (@) ata 
elo acı 


from uninfected OEC. 
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(Table 1). The nature of this RNase-resistant RNA 18 
not known, but ıt was not hybndizable to more than 3 
per cent with the RNAs of influenza virus, Sendai virus 
or Rous sarcoma virus (our unpublished observations). 
While these experiments were in progress a double- 
stranded RNA in several unmfected animal cells was 
also reported by Montagnier?®. 

When centrifuged to equilibrium ın Cs,80, the RNase- 
resistant RNA of vaccmia virus infected cells had a 
buoyant density of about 1-64 g/ml. (Fig. 24). Added 
TMV RNA had a buoyant density of 1:68 g/ml. and E. 
colt DNA had a density of 1-43 g/ml. 

The density of the RNase-resistant intracellular vaccinia 
RNA (1-64 g/ml.) is very similar to that of double-stranded 
influenza virus RNA (1-65 g/ml.) determined in the same 
conditions", and agrees with the densities of other known 
double-stranded RNAs**. This density, however, is much 
higher than those of known DNA-RNA hybrids in Cs,S0, 
{1:49-1:51 g/ml.)*. When the RNase-resistant RNA was 
heated ın a boiling H,O bath, quickly cooled in an ice 
bath and centrifuged to equilibrium in Cs,8O,, the density 
increased from 1-64 g/ml. to 1-68 g/ml. (Fig. 2B). A shift 
m density of about 0-04 g/ml. followmg thermal denatura- 
tion js typical for the conversion of double-stranded RNA 
to single-stranded RNA**3, These results therefore 
strongly suggest that the RNase-resistant RNA of vaccima 
virus infected cells is a double-stranded RNA rather than 
a DNA-RNA hybrid. 


Table 1. NUCLEASH SHNSITIVITY OF *H-RNA 
Source of *H-RNA 
Vaccinia virus Normal 
Treatment infected cells cells 
p.m. o.p.m. 
(A) Precipitated with 5 per cent TOA 1,200 1,200 
(B) p-RNase (20 ) and 7,-BNase (0 5 xg! 
ml.) at 37 for 30 min and then pre- 
cipitated with 5 per cent TOA 1,150 720 
(O) Same as B plus p-DNase (20 ug/ml) and 
MgCl, (0 002 M) 1,161 743 
(D) Heated to 100° O for 3 min, quickly cooled ın 
an ice bath and then treated as in B 80 24 


The thermal denaturation of RNase-resistant *H-RNA 
from vaccinia virus infected cells as shown in Fig. 3 was 
determined by testing for RNase-sensitivity after heating 
to different temperatures. In 0-01 M NaCl, 0-01 M tris, 
pH 7:4, and 0:001 M EDTA a sharp transition at 77°C 
was observed (Fig. 3). This result 1s expected for base- 
paired RNA”. 

The 8w: of the intracellular RNase-resistant vaccinia 
virus RNA was determined by sedimentation in a glycerol 
gradient contaming 0-1 M NaCl, 0-01 M tris, pH 7-4, and 
1 mM EDTA in the presence of chick cell RNAs (Fig. 4). 
Using the method of Martin and Ames™ the s, of the 9H 
vaccinia RNA could be estimated to be 11S when com- 
pared with the 18S or 4S cell RNAs. The 288 cell RNA 
was pelleted in the conditions of the experiment. Using 
the formula of Franklin™ (molecular weight = 2-42 95-18), 
a molecular weight of 6x 10° can be calculated for the 
double-stranded vaccinia virus RNA. 

To answer the question whether the RNase-resistant 
RNA of vaccinia virus infected cells was virus-specific or 
a cellular RNA we performed a hybridization riment 
with purified vaccinia virus DNA, chick DNA and DNA 
from other sources, usmg the hybridization procedure 
of Gillespie and Spiegelman with some modifications. 
Each filter contained about 5 ug vaccinia virus DNA. 
The amount of radioactivity bound to a DNA-free 
filter was determined by including an empty filter in each 
hybridization vial and carrymg it through the same 
procedure as the filters containing DNA. The *H-RNA 
background was then subtracted from the c.p.m. of 
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Fig. 2. Equilibrium sedimentation in Cs,S0, of the RNase-remstant 
A of vaccine virus infected cells. About 35 ml Cs,80, (recrystal- 
lized and ‘Millipore’ filtered) solution (final ọ = 1 605) con 
tris (pH _ 7-4), 
(~40 ug) and *H-RNase-realstant RNA from vaccima virus infected 
CEC was centrifuged for 75 h at 21° C and 83,000 r.p.m. in the ‘Spinco 
SW650’ rotor. Fractions were collected from the bottom of each gradient. 
The solution density was determined by welig 100 wl in a tared 
micropipette. The absorbance at 260 myu was determined after the 
addition of 0 4 ml. H,O to each fraction and TCA-prectpitable 7>H-RNA 
was determined as described in the text. A, RNase-resistant RNA 
fiom vaccinia virus infected cells; B, RNase-realstant RNA which was 
heated to 100° C for 3 mm and quickly chilled in an ice bath. 


a 


each DNA-containing filter in the same vial. 

Three different concentrations of thermally denatured 
RNase-resistant 7H-vaccomia RNA (Table 2) were hybrid- 
ized. The specific activity of the *H-RNA has not been 
determined because the available amounts were <0-1 
OD,../ml. A constant proportion (33 per cent) of the 
input RNA was bound to the filters contaming vaccmia 
DNA (Fig. 5). The linear dependence of the input radio- 
activity to radioactivity bound to the immobilized vaccinia 
DNA indicates that the binding was a specific hybridiza- 
tion with vaccinia DNA rather than with a minor con- 
taminating DNA. The RNA was not hybridizable to calf 
DNA or DNA of E. colt, but it was hybridizable to a low 
degree (1 per cent) with chicken DNA (Table 2). The low 
degree of complementarity with chicken DNA 1s compat- 
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Fig. 3. Thermal denaturation of the RNase-iesistant RNA from 
vacoinia virus infected cells. RNA samples were dissolved in 03 ml. 
001 M NaCl, 001 M iris (pH 7 4), 0001 M EDTA, incubated at the 

chilled in an ice bath, and treated 
with 20 g/mL 


ml 7,-RNase for 80 min at 37°C 
after the addition of NaOl to 02 The TCA-precipitable >H-RNA 
was then de t 
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ible with a contamination of the virus-specific RNase- 
resistant RNA with the RNase-resistant RNA of the 
chicken cell. In this connexion it should be noted 
that the vaccmia DNA was isolated from purified virus 
which was grown ın HeLa cells, whereas the intracellular 
viral RNA was isolated from chicken cells. It is therefore 
even more unbkely that a putative cellular DNA con- 
tamimant of the viral DNA might hybridize with the 
RNase-resistant RNA isolated from vaccinia virus infected 
chick embryo cells. The RNase-resistant RNA of un- 
infected chicken cells was not hybridizable to vaccinia 
DNA (Table 2). 

The ability of the RNase-resistant RNA from vaccinia 
virus infected cells to elicit interferon synthesis was tested 
by adding various concentrations of the RNA to chick 
embryo cells. One day later these cells were infected with 
Sindbis virus and after another 22 h mcubation period 
the virus yield was assayed. The results (Fig. 6) indicate 
that there was a linear inverse relationship between the 
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Fig. 4. Glycerol gradient sedimentation of the RNase-remstant *H-RNA 
from vaccinia virus fected cells. *H-RNase-resistant RNA (900 o.p.m ) 
from vacuna virus infected cells and unlabelled chick embryo cell 
RNA in 0 15 mL standard buffer was layered on a linear glycerol gradient 
15 to 30 per cent (v/v) contaming standard buffer and centrifuged for 
200 min in a ‘Spinco SW665’ rotor at 5° O and 65,000 r.p.m. Fractions 
were collected from the bottom of the dient and the absorbance at 
260 myu and TCA-precipitable *>H-RNA were determined. 


amount of RNase-resistant vaccmia RNA added to the 
cells before infection and the virus yield 1 day after 
infection. This result suggests that the RNase-resistant 
vaccinia RNA was responsible for the induction of mter- 
feron. The efficiency of the vaccinia RNA as an inducer 
of interferon was high, but could not be determined 
exactly because the specific radioactivity of the RNA was 
not known. An estimate can be made, however, 1f one 
assumes that ite specific radioactivity was at least as high 
as that of cellular RNA, which was 2:2x 10‘ c.p.m./ug. 
Using this value, the specific efficiency of the RNase- 
resistant vaccinia RNA as an interferon inducer can be 
estimated to be about one-tenth that of poly rI : rC. 

The possibility that the mterferon-inducing activity of 
the RNase-resistant vaccmisa, RNA was the result of con- 
tammating cellular double-stranded RNA was excluded 
by assaying the RNase-resistant RNA purified from 
uninfected chick embryo cells for its ability to induce 
interferon. The results were negative (Table 3). The 
RNase-resistant RNA of Rous sarcoma virus infected 
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Pg. 5. Hybridiza tlon of °H-RNase-1esistant RNA fiom vaccinia virus 
infected cells with vaccinia virus DNA. SBxperimental conditions of 
hybndization are described in the text. 


cells was labelled and isolated in the same conditions as 
for vacemia virus infected cells. It also failed to induce 
the synthesis of interferon. Finally, the RNase-resistant 
vaccinia RNA resembled the double-stranded replicative 
form of influenza virus in that the intact molecule was an 
active inducer of interferon while thermal denaturation 
abolished its mterferon-inducing character. 

Our experiments show that an RNase-resistant *H- 
uridine-labelled RNA is synthesized in vaccinia virus 
infected cells. Besides its resistance to RNase the follow- 
ing properties of this RNA suggested that it is an RNA 
duplex: (1) it is not degraded by DNase, (2) in the same 
conditions of isolation, *H-thymidme labelled material 
fails to appear in the exclusion volume of the agarose 
column, (3) the RNase-resistance 1s lost after melting, 
(4) it shows a sharp thermal transition at 77°C m 0-01 M 
NaCl, (5) the RNA bands in Cs,80, at a density of 1-64 g/ 
ml., which is much higher than would be expected for a 
DNA-RNA hybrid, (6) the density ın Cs,SO, of the RNA 
increases 0:04 g/ml. following thermal denaturation, 
(7) low concentrations of the RNA imduce interferon, 
and (8) the ability of the RNA to induce mterferon is lost 
when thermally denatured. 

The RNA appears to be virus-specific for the following 
reasons because RNase-resistant RNA 1s present in virus 
infected cells at a ten times higher concentration than in 
uninfected cells, and ıt can be hybridized at a concentra- 
tion of <0-1 OD, with an efficiency of 33 per cent with 
vaccinia virus DNA. 


Table 2. HYBRIDIZATION WITH VAOOINIA VIRUS DNA AND DNA FROM 
OTHER SOURCES 
c.p.m. of melted 
NA applied c.p.m. bound to c.p.m. bound to 
abe) filter containin; empty filter 
vaccinia 5 ug vaccinia DNA 
540 220 10 
540 167 9 
1,800 664 14 
1,800 557 17 
8,600 1,108 18 
8,600 1,246 21 
20 xg calf DNA 
1,700 8 8 
1,700 7 6 
16 ug chicken DNA 
1,700 21 7 
1,700 24 7 
86 ug E. coli DNA 
1,700 7 7 
1,700 8 7 
RNase-resistant 
cell RNA 5 ug vaccinia DNA 


1,500 21 20 
1,500 25 20 
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Fig. 6. Interferon induction by the *H-RNase-realstant RNA isolated 
from vacctnia virus infected celle. ‘wee interferon assay used is described 


Double-stranded RNA has not been found in numerous 
investigations of the mechanism of infection by DNA 
viruses. Its presence in vaccinia virus infected cells could 
well represent a novel mechanism of viral infection. The 
biological function of the double-stranded RNA in vac- 
cinia virus infected cells, as well as that in normal and 


Table 8. INDUCTION OF INTERFERON 


Sindbis titre 

Inducer (PFu/mL) 

Control (no inducer) 3-2x 10° 
TI. r0 0-1 ug/ml. 2x10 
ds vaccinia RNA 5,800 o.p.m. 8x10 
1,080 c. p.m. 10 

680 o.p.m. 44x10 

193 op.m. 4x10? 

68 o.p.m. 84x10 

Melted vaccinia RNA 5,800 c.p.m. 3x 10" 
ds RNA from CEC 1,000 o.p.m. 2-9 x 10" 
ds RNA from RSV Infected CEO 5,000 o.p.m. 3-1 x 10* 
Replicative form of influenza virus 2,800 c.p.m, <100 
Melted RF of influenza virus 2,800 o,p.m, 8x10 
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RSV-infected cells, cannot be deduced from our experi- 
ments. 
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Purification and Properties of Initiation Factor f-| 


by 

J. W. B. HERSHEY 
K. F. DEWEY 

R. E. THACH 


Harvard University, Cambridge, 
Massachusetts 02138 


Formation of a 30,9 ribosomal initiation complex has been 
postulated as the first step in protein synthesis’. In 
addition to the 30S ribosome, the complex contains 
mRNA, f-met-tRNAr, probably initiation factors and 
GTP*.*, Recent work has shown that the initiation factors 
are associated with native 309 mbosomal subunits, but 
not with 50S or 70S mbosomes, or with either of the 
derived 309S or 50S subunits‘. These results suggest that 
the factors must be released from the 30S ribosome at 
some time during or shortly after the initiation of protein 
synthesis. Once released, the factors presumably would 
be able to bind again to another native 30S subunit. We 
have investigated the conditions required for the binding 
of initiation factors to ribosomes and the circumstances 
related to their leaving the complex. Here we deacribe 
(a), @ method of purification of initiation factor f-1, (b), 


One of the initiation factors (f-1) Involved in Initiating protein 
synthesis is released from the Initiation complex when the 50S 
ribosomal subunit joins the 30S subunit and before GTP is hydrolysed. 


the preparation of tritium labelled f-1, and (c), the binding 
and release of labelled f-1 from ribosomes during the 
initiation process. 

Ribosomes, ApUpG, and unfractionated f-met-t-RNAr 
were prepared as previously described’. Ribosomal 
subunits were prepared by sucrose gradient centrifugation 
in a Spinco B-IV zonal rotor. The 30S ribosomes were 
heat activated immediately before use, essentially as 
described by Grunberg-Manago et al.” (2 min at 50° C in 
0-1 M tris-HCl, pH 7-4; 0-05 M NECI; 0-03 M Mg(OAo),; 
and 1 mM DTT). Crude initiation factors were isolated 
from 420 g F. coli K12 and the f-1 and f-2 separated by 
“TEAE-cellulose’ column chromatography’. The f-2 was 
purified according to ihe procedure of Hershey et al.*, and 
was estimated to be more than 30 per cent pure by poly- 
acrylamide gel disc electrophoresis. 
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hocellulose. Orude f-1 (82 mg) ım 
pH foe mM EDTA; 0-5 mM 


70 


to 
ribosomes. The reaction mixture con in a final volume of 80 yl.: 
30 mM tris-HOl, pH 7-4; 100 mM NH,OCl; 5 mM (OA0)s; 1 mM 
DIT, 1 mM GTP; 0 2 mM A UpG; 1 and formylated 


0 ug fully 
tRNA, contaming 17 pym met (specihe activity, 
f-2; 1-5 OD units 705 ribosomes ; 2 per cant glycerol; and 2 ul. each o 
the column fractions tested. The mixture was incubated 5 min at 30° O 

and filtered through Millipore filters. 


The f-1 protein (82 mg from the ‘TEAE-cellulose’) was 
purified further by chromatography on phosphocellulose 
(Fig. 1). The f-1 activity adsorbed to the phosphocellu- 
lose, and was eluted at about 0-4 M NH,Cl. The active 
fractions (fractions 62—76) were pooled and the protein 
(6 mg) was concentrated to 1-7 ml. by readsorption onto 
phosphocellulose (2 ml. column) and step elution with 
0-75 M NH,Cl. The concentrated f-1 was then passed 
through a ‘Sephadex G-50’ column to remove the remaining 
impurities (Fig. 2). The sharp peak of protem (1 mg, 
fractions 50-57) having f-1 activity was analysed by disc 
gel electrophoresis at pH 4:3 and 8-7. The migration 
pattern at pH 4:3 of the f-1 eluted from ‘Sephadex’ is 
shown in Fig. 3. Only a single protein band was evident 
at pH 4:3, while at pH 8-7, no protein entered the gel. By 
these criteria, we conclude that this f-1 preparation is 
more than 90 per cent pure. 

The molecular weight of f-1 was estimated by chroma- 
tography on a ‘Sephadex G-50’ column standardized with 
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Fractaon No. 
Fig. 2. ‘Se dex G-50’ chromatography of f-1. The column (95 x 0 95 
cm, or 82 mi ) was packed with ‘Sephadex G-50’ (Pharmacia, fine e) 


equilibrated with 0 20 M NH,Ol ın buffer A. f-1 solution (b 6 mg 
in 15 ml.) was added and eluted at a flow rate of 7 ml/h at room tem- 

ture. Fractions of forty drops (about 16 ml.) were collected. 
Protein determinations and f-1 ad were measured as described in 


Elution volume (ml.) 
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Tig. 3 Diso electrophoresis of f-1 fractions. Disc electrophoresis at 
pH 43 was carried out with 7 per cent polyacrylamide gels. Electro- 


mA per 
Brilliant Blue. The o 
of migration is toward cathode. a, f-1 f) on eluted from phospho- 
cellulose; b, f-1 fraction eluted from ‘Sephadex G-50’. 
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Fig. 4. Molecular weight determination of f-1 by ‘Sephadex G-50' chro- 
matography. The fo. Broa vol on the 
same ‘Sephadex G-50’ column vo 

buffer A at room temperature, in 
and f-1 (500 ug); e blue 


of elution was 7 ml/h and the n size was 8 ml.). 
The elution files of the proteome were determined by op density 
measurements and the elution volumes were calculated. values 


obtained from the different runs were n by equating the blue 
dextran elution volumes (39-8 ml.), a correction of leas than 05 ml. 
being required in each case. 
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ep.m. 


e +f-2 
+ F- Met- tRNA 


d +f-2 
+ F-Met- tRNA 
+ApUpG 
100 





5 10 15 20 
Fraction No. 


. 6. Binding of f-1(*H) to 30S ribosomes. 
ture contains in Too E 80 mM tris-HOl, pH 7-4; 100 mì NECI 


mixtures were 

buffer B (50 mM trw-HOl, pH 7-4; 100 Cl; 10 mM Mg(OAc),; 

05 mM PTT), and layered on to 5-20 per cent sucrose Di 

(4 8 ml.) In 10 mM tris-HOl, pH 7-4; 20 mM NH,Ol; 10 mM OAc), 
centrifuged at 50,000 r.p.m. ma 


and 0-5 mM DTT. The ta were 
Spinco SW50 rotor at 5° C for 100 min. Each gradient was fractionated 
seven drop 


by pleroing the bottom of the tube with a needle and collec 
fractions. To each fraction was added 0-2 ml. water and 10 ml. ‘Liqui- 
fluor’ (toluene base) containing 10 per cent solubilizer (Beckman 
Biosoly BBS-8). Tritium counts were corrected for O spillover (25 
cent of the “tO channel). Additions to the basic system are a, none, 

, 20 ug f-2; c, f-2 and 22 ug folly charged and formylated {RNA, con- 
taining 85 uum C-met ( c activity, 100 O1/m); d, f-2, f-met tRNA, 

and 0 25 mM ApUpG. 


protein markers of known molecular weight (Fig. 4). The 
f-l activity was eluted at 60-4 ml., midway between 
insulin (6,000) and cytochrome c (12,400). We conclude 
that its molecular weight is about 9,000. The small size 
of this protein is consistent with our observation that 
purified f-1 apparently can be easily lost through dialysis 
membranes, at least when glycerol 1s absent from the 
buffer solutions. 

To study conditions for the binding of f-1 to ribosomes, 
we prepared the protein labelled with tritium. Cultures 
of E. cols K12 were grown in media containing per 1l.: 
7 g Na,HPO,, 3 g KH,PO,, 1 g NH,Cl, 0-5 g NaCl, 1-2 mg 
MgSO,, 0-11 mg CaCl,, 0-5 mg FeCl,, 2 g glucose, 5 mg each 
of thymine, adenine and uracil, and 30 umoles each of 
seventeen amino-acids (less valine, leucine and isoleucine). 
To 200 ml. of this medium was added 5 mCi *H-valine 
(specific activity 1-33 Cifmmole). Cold valine (80 umole) 
was added to a second flask containing 1 1. of medium. 
Both flasks were inoculated and incubated at 37° C with 
vigorous shaking. When more than three-fourths of the 
radioactive valme was incorporated, the cultures were 
combined, chilled and the cells collected by centrifugation, 
The cells (about 1-6 g) were ground with alumina and the 
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f-1 purified essentially as described. Protein from the 
column eluates was determined by measuring the amount 
of radioactivity; f-1 was identified ın each purification 
step by the assay described in Fig. 1. The protein in the 
peak containing f-1 activity eluted from the ‘Sephadex 
@-50° column was concentrated with a phosphocellulose 
column and dialysed against buffer A contammg 0:10 M 
NH&,Cl. 

Binding of f-1(27H) to mbosomes was determined by 
sucrose gradient centrifugation. F-1(7H) and 30S ribo- 
somes were incubated together in the presence of GTP and 
the usual salt buffers, and then were centrifuged. The 
sedimentation pattern (Fig. 5a) demonstrates that there 1s 
no binding interaction between the factor and 30S mbo- 
somes. We then supplemented this basic system with 
other components mvolved in imitiation. When f-2 is 
added (Fig. 5b), a small amount of tritzum counts is 
detectable in the 309 region and there is considerable 
trailing of counts from there to the top of the gradient. 
This pattern is not changed when GTP 1s omitted. When 
both f-2 and “C-f-met--RNA are added to the basic 
system (Fig. 5c) additional tmtium counts and some "C 
counts appear in the 30S region. When ApUpG 1s included 
with the f-2 and “C-f-met-t-RNA (Fig. 6d), however, 
there is considerable stimulation of binding of both 1C 
and *H counts to the 30S ribosome. More than half of 
the added f-1(*H) is bound. Thus appreciable f-1 bmding 
to 30S ribosomes is detected only when all the components 
required for initiation are presont. 

Thus f-1 is an integral part of the initiation complex 
containing a 30S ribosome, ApUpG, f-met-tRNAr and 


a. COMPLETE (GTP) 


200 


100 


100 


E o 
s 200 
100 
i Ris 
gooT 
0 i 

20 d COMPLETE (GMP-PCP) 

100 





Fraction No. 


Pig. 6. Binding of f-1(7H) to 70S 1lbosomes. The reaction Ingredients 

and experimental conditions are the same as those desoribed in Fig 5d, 

except as follows: a, same, b, plus 2 OD units 509 ribosomes, c, same as 

a, excopt 0 2 mM GAP-POP replaces GTP; d, same as b, except GMP- 

PCP roplaces GTP. The 509 ribosomes were added after 13 min of 

{ncubation, and an additional 2 min incubation was then allowed before 
dilution and layering. 
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presumably f-2 and GTP. All the components of the 
complex are requred for maximal binding of f-1. There 
is, however, evidence for a very weak interaction of f-1 
with 30S mbosomes in the presence of f-2 alone. The 
extent of this weak binding was found to vary from one 
ribosomal preparation to another and ıt may well be 
significant during the reaction tn vivo. 

Having shown that f-1 binds to the 30S ribosome as 
part of the initiation complex, we next sought to deter- 
mume whether it might be released from the ribosome at a 
later stage in the muitiation process. In particular, we 
wondered whether the junction of the imitiation complex 
with a 608 particle to form a 70S complex would catalyse 
release’®, To test this possibility the 30S complex was 
first prepared with GTP as described (Fig. 6a), and then 
50S subunits were added and the mixture was analysed 
on a sucrose gradient. The addition of 50S ribosomes 
causes all of the 4C-f-met-tRNAr previously present ın the 
30S complex to sediment in the 70S region of the gradient 
(Fig. 6b). By contrast, the f-1(3H), which was originally 
bound to the 305S mbosome, 18 absent from the 30S region 
but 18 now at the top of the gradient. Thus it is evident 
that the f-1 has been released by the addition of 50S 
subunits. 

Does this release ocour before or after the GTP hydro- 
lysis step which occurs after the junction of 30S and 50S 
subunits!* ? This question can be answered by determin- 
ing whether release occurs when GMP-PCP"! 1s substituted 
for GTP. The 3808 initiation complex was prepared with 
GMP-PCP, as shown in Fig. 6c. The addition of 50S 
ribosomes to this complex also resulted in the release of 
the bound f-1(7H) (Fig. 6d). We conclude that f-1 is 
released when the 70S rmbosomal complex is formed, and 
before GTP hydrolysis occurs. 

These experuments were repeated using 70S ribosomes 
(at 5 mM Mg) in place of isolated 30S and 50S subunits, 
with essentially the same result. Thus C-f-met-*RNAg, 
but no f-1(*H), was found in the 70S region when the 
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binding was stimulated by either GTP or GMP-PCP. 
When the “C-f-met--RNAr binding reaction with GMP- 
PCP was treated with puromycin, there was little decrease 
in HC counts in the 708 region of the gradient, confirming 
that f-met-tRNAy was in the unreactive site?®. 

Our demonstration that f-1 ıs released from the muitia- 
tion complex as the 70 ribosome forms explains why f-1 
1s not found on 70S ribosomes‘. Because no initiation 
factors are found on 709S ribosomes, f-2 presumably 1s 
also released. f-2, however, has been shown to have GTPase 
activity; we would therefore expect ıt to be released 
only after GTP hydrolysis has occurred. This suggests 
mar the two initiation factors do not go through identical 
cycles. 

This work was supported by grants from the US 
National Science Foundation. J. H. ıs the recipient of a 
US Public Health Service special fellowship. We thank 
Professor Paul Doty for advice and support, Mrs Eeen 
Remold for the preparation of the ribosomal subunits and 
Mrs Grace A. Porges for help in preparing the manuscript. 
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Role of the Initiation Factor in the Response of 70S 


Ribosomes to RIZ RNA 


by 
G. MANGIAROTTI 


Institut de Blologie Moléculaire, 
University of Geneva, 
Switzerland 


IT 1s thought that bacterial ribosomes undergo periodic 
dissociation of 70S mto 30S and 50S subunits as a part 
of their functional cycle!-*. There 1s some evidence that 
dissociation occurs as the completed peptidyl] chain 18 
released from the mbosome‘ and that reassociation pro- 
ceeds through an mtermediate complex of fMet--RNA- 
30S-mRNA*. 

For the formation of the initiation complex tm vitro 
several proteins, called initiation factors, are needed’-*. 
The addition of these protems is required by isolated 70S 
ribosomes, but not by native 30S and 50S subunits’, in 
order to respond to natural mRNA". Initiation factors 
are therefore thought to be localized on native 30S 
particles: because these join mRNA and 50S ribosomes to 
begm the synthesis of a polypeptide chain, the factors 
would be released and transferred to other 30S par- 
ticles?) 12, 


The requlrement of 70S ribosomes for Initiation factors may simply 
reflect the loss of the factors during Isolation of the 70S ribosomes. 
There is evidence that two of the factors are involved in chain 
termination rather than chain inltlation. 


Here I report results suggesting an alternative mechan- 
ism: itiation factors are present on 70S ribosomes in 
cell extracts, but some of them are removed during the 
isolation of ribosomes by sucrose gradient centrifugation. 
The lost factors, very hkely factors A and B of Revel et 
al.1%.13, are required for the translation of natural mRNA 
by 70S ribosomes (which therefore become inactive), but 
they are not required by native 30S and 50S subunits 
(which remain active). Because treatment of sucrose 
washed 70S ribosomes with puromycin removes the re- 
quirement for factors A and B, I propose that they act by 
promoting the transition of 709 particles into a functional 
state equivalent to that of native 305 and 508 subunits, 
presumably through the release of the resident peptidyl 
chain. 

70S ribosomes were obtained free of native 30S subunits 
by differential centrifugation (Fig. 1). These particles are 
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Table 1. INITIATION FACTOR BRQUIRMMENT FOR TRANSLATION OF B17 BNA 
BY DIFFERENT RIBOSOMAL FRACTIONS 


Relative mcorporation of 


uQ-p 
Trb t No Mih Noy Vpr 
ment Rıbosomal pre on o us o us 
Pimpara factor Initiation factor initiation 
added factors added factors 

1) 8-30 100 90 100 80 
2) Total ribosomes 100 85 100 80 
8) 7 min 70S ribosomes 100 100 100 80 
4) NH,Cl-washed mbogomes 10 90 185 85 
5) Sucrose-washed 708 ribo- 

somes 2 90 110 88 
(6) 8 washed native 809 

and 509 subunits 95 90 45 50 
(7) Sucrose 70S + suctose- 

washed native subunits 30 95 85 80 
(8) Sucroge-washed 709 treated 

with puromycin 60 80 85 85 


prepared as described In the, legond to Fig. 1. 


a 50 T rotor at 50.000 T.p.m. for 3 h. 
resuspen er. superna was used as a 
source of initiation factors: proteins were Laat pooch oi with (NH,)s80, 
6 4 g/ml.) and dissolved and dialysed in TM buffer 


zonal centrifugation as proviounly described’. 
meorporatng experiments were done with 9-80 
or ribosomal preparations preincubated for 10 mm at 80° C in the presence of 


were mixed in the ratio 1 :2.7 For experimen: sucrose washed 
80° O for 10 mm fn TM buffer m 


the presence of 2 GTP and 1 ml. puromycin. Ribosomes were then 
dialysed for 12 h at 4° © ti Mg acetate, 10 mM tris pH 7 6, 80 mM 
KCI, 6 8-mercaptoe ol. When initiation factors were ad they 
were mixed with ribosomes ın the pretncubation mixture. For each repa- 
Tation of mitlation factors, the concentration dependence of the 


incorporated 142 neioles 
RNA and 920 mumoles 
The percentages even are normalized to 100 ug ribosomal ma 
absenoe of R17 A and poly-U, O-phenylalanine moorporataon ranged 
between 3 and 7 numoles; Eos cted. 


Table 2. ACTIVATION OF 709 RIBOSOMES FOR R17 RNA RHSPONSE BY INITIA- 
TION WAOTORS PREPARED FROM DIFFERENT RIBOSOMAL FRACTIONS 


4C-phenylalanine 
Addition incorporated 
y (uumoles/100 ug 70S) 
2 None 12 
2) NH,Ol washing of crude total ribosomes 125 
3) NH,Ol washing of “7 min 709 ribosomes” 181 
4) NELO! washing of native 80.9 subunits 9 
5) NH,Ol washing of native 509 subunits 12 
6) NH,Cl washing of native 80S + 505 subunits 18 
7) NH,Ol washing of 708 ribosomes 9 


as active as the average ribosomal population in in vitro 
amino-acid incorporation directed by R17 RNA, with no 
apparent requirement for initiation factors (Table 1). 
Purified 70S ribosomes become dependent on added fac- 
tors after washing in 0-5 M NH,Cl (refs. 7 and 14) (Table 
1). This washing step yields as much mitiation factor 
activity per ribosome as 1s obtained from a preparation of 
total ribosomes (Table 2). 

Very different results are obtamed when 70S particles 
are purified on a sucrose gradient mstead of by df- 
ferential centrifugation. Such 708 particles are dependent 
on added initiation factors (Table 1) and do not yield 
factors when washed with NH,Cl (Table 2). These results 
suggest that at least one initiation factor 1s removed from 
708 ribosomes centrifuged through a sucrose gradient. 

To determine which factors are washed off by sucrose 
centrifugation, a crude preparation of initiation factors 
was separated into the three chromatographic frac- 
tions**7*.1", As reported previously, when these were 
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used to stimulate ribosomes that had been washed with 
ammonium chloride, all three fractions (A, B and C)1#-18 
were required (Table 3). By contrast, only fractions A 
and B were required to activate ribosomes that had been 
washed in a sucrose gradient (Table 3). The factors 
displaced from 70S ribosomes ın a sucrose gradient thus 
seem functionally equivalent to factors A and B of Revel 
et al.33, 

Like 70S ribosomes, native subunits also must release 
the factors in the sucrose gradient, for they no longer 
yield active preparations of factors when washed with 
ammonium chloride (Table 2). Unlike 70S particles, how- 
ever, subunits washed with sucrose are still fully active 
in tn vitro amino-acid mcorporation directed by R17 


508 





Fig.1. Crude extract was pre from}. coli MRE 600 grown In broth, 
collocied with ice, ground w alumina and extracted in 2 5 ml. cells of 
10 mM trs HCl, pH 7-6, 10 mM 


chloride, 6 mM f-mercaptoethano!l (TM buffer). The extract was 
treated with 1 L DNase (Wo Biochemical Co ) and alari- 
fled by two can taons at 80,000g for 20 min to d S-30. Soluble 


(S-100) and total mbosomes were separa: by centrifugation 
at ,000g for 3 h. Ribosomes were nded in buffer 70S 
mibosomes were prepared by differential centrifuga 


r cent sucrose gradient in TM buffer are 
figure. Cen ton timo was of 2:5 h in a Spmco SW 30 
rotor at 89,000 r.p.m. at 4° O 


shown In the 


Table 8. EFFEOT OF INITIATION FACTORS ON RESPONSE OF WASHRD RIBOSOMES 
TO R17 RRA 


“4C-phenylalanine incorporated (upzmoles/100 ug 70.3) 
hed ribosomes 


Factor addition ucrose-washed 70S  NH,Ol was 
None 8 
Crude factors 115 121 
A 19 21 
B 18 18 
(6) 6 10 
A+B 101 38 
A+0 31 28 
B+0 5 17 
A+B+C 122 125 


Orude initiation factors were prepared as described in Table 1. This 
preparation of “crude initiation factors” was fractionated on a column of 
HAE cellulose eluted wise: the column was first washed with TAL 
buffer containing 0-025 M Cl, until the Ass of the wash was undetectable 
fraction A), fraction B was then eluted by raising the NH,Ol concentration 
015 M, and fraction O by raising NH,Cl to 08 M. 
concentrated with 
each fraction on total 





NATURE, VOL. 222, JUNE 7, 1969 
RNA, without added factors (Table 1). Because sucrose 
washed native subunits are also capable of binding fMet- 
tRNA without added factors!*, it seems reasonable to 
conclude that they can mitiate a peptidyl chain m the 
presence of factor C alone. This suggests that only factor 
C 18 directly involved in the formation of the initiation 
complex, and therefore that it is the only true initiation 
factor. Factors A and B, which are required only by 70S 
particles, perhaps act to convert such particles into a 
functional state equivalent to that of native subunits. 
According to the present view of the functional cycle 
of ribosomes!“, native subunits found in a cell extract 
are mbosomes which have just released a peptidyl chain 
at the moment the cells were collected; 70S particles 
(which are all! or almost all breakdown products of 
polynbosomes) represent ribosomes caught in the process 
of synthesizmg a peptidyl chain. They still bear the 
peptidyl ‘RNA!*7! and perhaps an mRNA fragment. 


0:6 


0-8 


OD 260 mz 





o 
w 
—O— *H-uracli (c.p.m. x 10-*) 


06 


03 
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The formation of the imitiation complex 70S-mRNA- 
fMet-tRNA must involve the displacement of the resident 
peptidyl (RNA and mRNA, for every 70S has only one 
binding site for mRNA! and two tRNA sites**"**. 

This expectation is verified m the following experi- 
ment. 70S ribosomes bearing *H-labelled mRNA and 
“C-labelled nascent peptidy! chains were isolated by 
sedimentation through sucrose gradients from an extract 
of cells pulse labelled with *H-uracil and ‘C-alanme 
(Fig. 2). Incubation of these 70S ribosomes at 30° C in 
the presence of 8100 and of an ATP source leads to the 
release of the mRNA counts (°H), but not of the peptidy! 
chain (1C). The same result 1s obtained when R17 RNA 
18 present. When factors A and B are also added, however 
(in which case incorporation of amino-acids into new pro- 
tein occurs; see Table 1), there is an almost complete 
release of the old, in vivo labelled mRNA and of peptidyl 
tRNA as well. This result indicates that 70S ribosomes 


--- @ --- 4C-alanine (c.p.m. x 10+) 


Fraction No. 


2. A culture of E. cols MBE 600 in minimal medium’ recelved 100 
1/L +*C-alanine (85 mCi/mmole, the Radiochemical 


at 4° O). Other aliquots of ed 70S ri 


Tibosomes (b) were analysed on sucrose gradients (10 to 30 per cent auorose in TM buffer) in an STP £1 rotor (Bhat 89,000 r.p.m. 


(e) or m the presence of R1 ENA (d) or in the presence of both R17 RNA and factors A and B (6) or In the presence offaotors A and B only (f). 
prepared an mixtures 


Inituation factors A and B were 
gradients, as above. Gradients were collected 
precipitated in cold 5 per cent 


d used in the same amount asin Table 1. The various 
a Gilford spectrophotometer to monitor the ultraviolet absorption an fractions were 
roacetic acid on glass fibre filters and counted as previously Teported'. 
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which still bear a nascent peptidyl chain and a piece of 
mRNA can respond tm vitro to exogenous mRNA and that 
this onse involves the displacement of the resident 
peptidyl ‘RNA and mRNA. Further, this displacement 18 
dependent on factor A and (or) B. These two factors are 
indeed capable, in the absence cf added mRNA, of promo- 
ting the release of a significant fraction of nascent peptidyl 
cham from 70S mbosomes. 

These results suggest that factors A and B are not 
involved in chain initiation, but perhaps rather n chain 
termination. Ther apparent role as imitiation factors 
in vitro could be due to the general use, for mitiation 
studies, of 70S (or of subunits derived from 70S), that 18 
of ribosomes which first have to release the chain they had 
been synthesizing tn vivo. If this is so, puromycin, which 
acts as an artificial termination factor, should be able to 
substitute for factors A and B. Indeed it does, for 
sucrose washed 70S mbosomes which have been treated 
with puromycm respond to R17 RNA without the 
addition of facters A and B (Table 1, line 8). 

Factors A. and B could act in one of two ways: (a) they 
could spht the peptidyl chain from its tRNA, like puromy- 
cin (in which case they would be equivalent to certain 
enzymes already reported’’-**); (b) they could help 
displace the peptidyl--RNA as a unit. These alternatives 
should be distinguishable experimentally. The dis- 
placement of peptidyl tRNA observed here 18 likely to 
occur at a codon other than a normal termination codon, 
and therefore to be a process rare in a growing cell. It 1s, 
however, attractive to speculate that factors A and B may 
participate, along with the soluble release factor reported 
by Capecchi’, in normal chain termination. 

This investigation was supported by the Fonds National 
Suisse de la Recherche Scientifique. I thank Professor 
A. Tissiéres for his advice and support. 
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Ribosomal Subunit Exchange in the Cytoplasm of a Eukaryote 


by 
RAYMOND KAEMPFER 


The Biological Laboratories, 
Harvard University, 
Cambridge, Massachusotts 02138 


Dvurine protein synthesis, mbosomes ın Escherichia cols 
undergo frequent exchange of their 50S and 30S subunits, 
apparently by dissociation and re-formation from a pool 
of free subunits that contmuously recycle through mbo- 
somes. This exchange has been demonstrated sm vivo by 
centrifugal analysis of the distribution of isotopic labels 
among ribosomes and ribosomal subunits following trans- 
fer of a culture uniformly labelled with heavy isotopes to 
a medium containmg only light 1sotopes!. Such transfer 
results in the progressive replacement of heavy mbosomes 
by two species of hybrid density, one containmg a heavy 
50S and a hight 30S subunit, the other having the converse 
combination. Ribosomal subunit exchange can also be 
observed in vitro, where ıt has been shown that exchange 
1s coupled to protein synthesis and most hkely occurs 
after each round of translation’. Other studies have led 
to the same view?-*. 

Although ribosomes are universally constructed of two 
subunits, ıt 18 not known if subunit exchange occurs 1n 
eukaryotes. Their mbosomes may be divided into two 
classes: those present in the cytoplasm and those in 
mitochondria and chloroplasts. Although withm each 
class ribosomes of different organisms vary in size and com- 
position, they display a striking qualitative conformity. 


Ribosomes In yeast cytoplasm frequently undergo subunit exchange. 
Thus the dissociation and re-formation of ribosomes between 
successive rounds of protein synthesis appears to be a universal 
mechanism. 


Ribosomes ın mitochondria and chloroplasts strongly 
resemble bacterial ones in their pattern of sensitivity to 
inhibitors of protein synthesis*:®, the size of their ribosomal 
RNA molecules’!° and their apparent requirement for 
N-formylmethionme--RNA to mitate polypeptide 
chains!-1*, Cytoplasmic ribosomes differ from bacterial 
ones in these respects as well as in ther mode of 
assembly:1*, their larger size! and the magnesium ion 
concentration at which they dissociate into subunits?’?. In 
particular, N-formylmethionine--RNA ıs not detectable 
in the cytoplasm of yeast}? and mammalian cells13:13,18, 
while ın reticulocytes valine ıs the mitiatmg amino-acid 
in haemoglobin synthesis’??°, These findmgs might 
suggest that another mechanism of initiation operates on 
cytoplasmic ribosomes. 

Methods previously used to detect ribosomal subunit 
exchange in the cytoplasm of eukaryotes were not able to 
yield conclusive evidence. In HeLa cells, newly synthe- 
sized vaccinia virus messenger RNA is associated with the 
small ribosomal subunit before ıt appears in polysomes", 
suggesting that such complexes are mtermediates in 
polysome formation. Results of studies of haemoglobin 
synthesis have been interpreted as evidence for the partict- 
pation of free subunits ın initiation**. On the other hand, 
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it has been argued from the results of experiments with 
puromycin that cytoplasmic ribosomes do not exchange 
subunits. In HeLa cells?* and im reticulocytes**:*® single 
ribosomes released in vivo by treatment with puromycin 
fail to dissociate into subunits. On removal of the inhibi- 
tor, such ribosomes preferentially return to polysomes 
without a detectable decreage in the level of free sub- 
units*. Fimally, studies with NaF, an agent reported 
selectively to inhibit initiation of polypeptide synthesis**, 
have led to contradictory results and interpretations 
regarding the role of rrbosomal subunits*®-?’. 

In this article ıt 1s shown that cytoplasmic mbosomes in a 
eukaryotic organism frequently undergo exchange of 
ther subunits during normal metabolism, m a manner 
strictly analogous to that observed in E. cols. This result 
was obtained by carrying out a heavy isotope transfer 
experiment with an exponentially growing culture of 
yeast. 


Metabolic Stabllity of Ribosomal Subunits 


To mterpret the density distribution of ribosomes after 
transfer of a culture uniformly labelled with heavy isotopes 
to a medium containing only light isotopes, it 1s desirable 
to know if the 60S and 40S ribosomal subunits in yeast 
cytoplasm!” are conserved during growth, or if, mstead, 
they undergo partial or complete turnover. To test for 
such turnover, a culture of Candida krusei (Cast.) Berk- 
hout, a highly prototiophic yeast growing at 34° C in 
[3C, 15N, D] medium in the presence of *H-uridine 
(generation tıme, 3 h) was transferred to unlabelled 
[4C, N, H] medium (generation time, 1 h). Growth 
continued throughout the transfer experiment as moni- 
tored by visual cell counting. In all experiments reported 
here, microscopic examination as well as platmg showed 
bacterial contammation to be absent. The increase in 
growth rate after transfer indicates the creation of step-up 
conditions favourmg extensive synthesis of new ribo- 
somes*®:3°, 

Before transfer and for five generations thereafter, cells 
were collected and converted to spheroplasts by digestion 
with snail enzymes. Lysed spheroplasts were dialysed 
against 0-01 M potassium phosphate buffer, pH 6-9 (ref. 17), 
a treatment which effectively dissociates yeast ribosomes 
without causing appreciable unfolding of ther 60S and 
40S subunits. The subunits were found to be quite 
unstable when prepared by other means*®??. 

The sedimentation profiles of *H-labelled heavy sub- 
units obtained before transfer and five generations later 
are compared in Fig. 1A and B. **P-labelled heavy sub- 
unite were included to provide a reference. It may be seen 
in Fig. 14 that heavy subunits sediment approximately 
20 per cent faster than the corresponding light ones 
sedimented in a parallel gradient (arrows), a separation 
also found when heavy and light subunite were analysed 
in the same gradient. Heavy and light ribosomes and 
subunits from Æ. colt are resolved to the same extent’. 
Fig. 1B reveals that after five generations of growth in 
light medium the heavy 609 and 409 subunits sediment 
to the same positions as the original heavy subunits 
labelled with "P. Aggregation between °H and **P- 
labelled species can be ruled out for each preparation 
contaimmg a 50 to 100-fold excess of light material. 
Exchange of approximately 3 per cent of the material 
of the 60S subunits or 6 per cent of the 405S subunits would 
have resulted in an observable density displacement. As 
in E. coli, therefore!:**, both mbosomal subunits possess 
complete or almost complete metabolic stability. 


Ribosomal Subunit Exchange in Yeast Cytoplasm 

The sedimentation distribution of a mixture of heavy 
and light cytoplasmic ribosomes and subunits in an 
isovelocity sucrose gradient is presented ın Fig. 24. 
The heavy material was prepared from a °H-labelled cul- 
ture 0-1 generations after transfer to unlabelled light 
medium. Heavy mbosomes are seen to sediment approxi- 


951 


mately 20 per cent faster than light ones present in several 
hundred-fold excess. 

The **P-labelled light particles possess a sedimentation 
coefficient of 80S as determined by cosedimentation with 
*H-labelled Æ. colt ribosomes; this ıs the value expected 
for cytoplasmic ribosomes'®*. In contrast, ribosomes 
isolated from yeast mitochondria sediment at 76S and 
their subunits at 53 and 355, respectively (unpublished 
experiments). Mitochondrial ribosomes present ın yeast 
growing ın the conditions used are estimated to account 
for less than 1 per cent of the total ribosomes (D. Luck and 
H. Mahler, personal communications). The extracts 
used here were freed of intact mitochondria by low-speed 
centrifugation before sedimentation velocity analysis. 
The sedimentation distmbutions shown in this article 
represent therefore only cytoplasmic mbosomes and 
subunits. 

Exchange of subunits by cytoplasmic mbosomes tn vivo 
1s demonstrated in Fig. 2B-D. One generation after 
transfer from heavy to light medium, a considerable 
amount of *H label initially found in heavy mbosomes 1s 


@— @ *H-urldine (0.p.m. x 10-") 
O—O ["P] (c.p.m. x 10-*) 
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1. Conservation of 60.5 and 405S ribosomal subunits in growing yeast 
Candida i obtsuned from Dr M. Meselson, were grown for 

mne generations at 84° O in heavy isotopes medtum consis D,O 
99 9 per cent enriched) with 0 08 ie pH 7:4, 0-01 M NaCl, 0 005 M 
Oa 8x 10* M FeCl, 10 M CaCl,, 001 M *NH,Cl, 01 per cent 

1 ucose (uniformly labelled, 48 per cant ennched), 5x10 M dithio- 
threitol and sufficient [1"0, 1N, algal hydrolysate™ to support the 
When cells reached a titre of approxim- 

ately 2x 10"/ml., unlabelled undine was added (20 yg/ml.). enty 
the cells were centrifuged at room tem peratare, washed 


rS aa E SEa 0085 MI Nad) 0-0 Ora 
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To prepare 


heroplasts, growing ce oe i at pea oa 

i vere co at room tempera- 
ture, shaken for 19 man at 34° O tn 1 ml, 0 06 M irus pE 8 0, 0,05 M -mer- 
captoethanol, and mixed with 50 to 100-fold excess light carrier that 
had been treated simulatly: The cell mixture was resuspended into 0:3 
ml buffer A (18 M sorbitol, 10+ M HDTA, 0 05 M. B-mercaptoethanol, 
sodium citrate-phosphate, pH 6 8) and incubated with 25 uL glusulase 
(Endo Laboratories) at 87° O. After 60 mun, the spheroplasts were washed 
twice with buffer A lacking S-mercaptoethanol and lysed b? rapid 
resuspension into 0 25 ml. ice-cold 0 01 M tms buffer contaming M 
magnesium acetate, 005 M fmercantosthanoi and 0 4 mg/mL gelatine. 
Ribosomes were dissociated into subunits by dialysing the crude lysates 
for 16 h ın buffer B o 01 M potassium phosphate pH 69, 0:06 M 
B-mercaptoethanol™). ollowing & 15 mın centrifugation at 5,000, 
the supernatants were layered on 12 5-19 6 per cent isovelocity sucrose. 
gradients* (125 mj) in buffer B containing 01 mg/ml. gelatine and 
cen at 5° O for 6 8 h in an International $B288 rotor at 41,000 
rp.m. Fractions (forty-five per gradient) were collected on filter paper 
squares which were dried and counted fn a liquid scintillation spectro- 
meter. Cells labelled with *H-uridine in heavy medium were trans- 


ferred to light medium and growth was continued for 0 1 generati A 


and five tions (B). Extract from an untransferred **P-labe 
heavy c was algo red on the gradients to provide a marker. 
‘Arrows indicate the positions of Ught 609 and 405 particles run in a 


parallel gradient. 
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seen to sediment in the region mtermediate between 
heavy and light, where hybrid ribosomes are expected 
(Fig. 2B). Four generations after transfer, this label 1s 
found almost exclusively in ribosomes sedimenting as 
hybrids (Fig. 20). 

Because in the 0-1 generation sample essentially no 
°H label is found at hybrid density and because it was 
shown that heavy subunits retain their original density 
for at least five generations after transfer, the material 
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in the hybrid region must consist of complexes containing 
a heavy and a light subunit. The notion that conversion 
of heavy ribosomes to hybrid density reflects the exchange 
of subunits is strengthened by the observation that 
essentially no further shift of °H label to lighter densities 
occurs between four and eight generations after transfer 
(Fig. 2D). The decrease in radioactivity in this sample may 
reflect a leas efficient recovery of ribosomes from cells 
grown to high titre. 
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The fractions (forty-nine per gradient) were proceased, as described 
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The two expected hybrid mbosome species are not re- 
solved in this experiment. Hybrid ribosomes originating 
in growing E. colt, however, display essentially the same 
patterns. Though not resolved in sucrose gradients, 
these hybrids may be separated into two species by density 
gradient equilibrium centrifugation}. 

The rapid conversion of heavy ribosomes to hybrids 
suggests that hybrid ribosomes are formed as soon as 
newly synthesized light subunits become available. Four 
generations after transfer, few, if any, heavy mbosomes 
remain (Fig. 20); therefore all ribosomes seem capable 
of undergoing subumt exchange. 

The proportion of free heavy subunite seen in Fig. 2.4 
does not increase after transfer, indicating that subunits 
retain their capacity to recycle through ribosomes. 


The Ribosome Cycle in Eukaryotes 


The experiments presented here show that mbosomes 
in the cytoplasm of growing yeast cells frequently undergo 
subunit exchange, apparently by dissociation mto their 
60S and 40S subunits and re-formation from a pool of 
free subunits that remain intact durmg growth and con- 
tinuously recycle through ribosomes. There is no evidence 
for a fraction of yeast mbosomes unable to dissociate, 
nor for the acoumulation of subunits incapable of cycling 
through ribosomes. 

Identical conclusions were derived for bacterial ribo- 
somes from heavy isotope transfer experiments of essen- 
tially the same design!. In that cage, it could be shown 
in vitro that subunit exchange is an essential part of the 
mechaniam of protein synthesis, presumably occurring 
after each passage of a ribosome over a polyoistronic 
messenger RNA molecule or over a single cistron®. In 
view of the strong correspondence observed in vivo, we 
may infer that cytoplasmic yeast mbosomes also must 
undergo subunit exchange between successive rounds of 
protein synthesis. 

The finding that the same ribosome cycle operates in 
bacteria and in yeast cytoplasm despite qualitative 
differences among ribosomes and other components of 
protein synthesis, described in the introduction, lends 
credence to the view that all ribosomes found in nature 
undergo subunit exchange during protein synthesis. 


New Unstable Haemoglobin Boras: 


Leucine—-Arginine 


by 
a HOLLENDER 

popa artment of Clinical Chemistry, 
Lidköping, Sweden 


P. A. LORKIN 
H. LEHMANN 


MRC Abnormal Haemoglobin Unit, 
Unlversity Department of Biochemistry, 
Cambridge 


B. SVENSSON 


Department of Geriatrics and Rehabilitation, 
Skara, Sweden 


molecule. 


Tum unstable haemoglobin haemolytic anaemias (UHHA) 
are caused by mutational changes in the haemoglobin 
molecule which affect ite tertiary structure. Of particular 
importance for the stability of the polypeptide chains 
which form the haemoglobin molecule is the hydrophobic 
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B88 (F4) 


Haemoglobin Boras has a mutation in which arginine is substituted 
for leucine In the haem pocket. 
charge Into the haem pocket Is probably avoided by the accom- 
modation of the guanidinium group In an external crevice of the 


The introduction of a positive 


nature of the haem pocket with its haem contacts. Several 
unstable haemoglobins have been described in which small 
differences in one of the amino-acid residues forming this 
pocket cause the haem to be less firmly bound and a 
UHHA results. Perhaps the most striking example is 
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Fig. 1. Electrophoresis of the haemoglobin of the propoattas (mtag leas) 
Two abnormal tions are seen in old haemolysa 
text. Left, control with normal HbA,, nght, control with mance HbA. 


haemoglobin Sydney disease. Here a valine in position 
67 of the B cham—the eleventh residue of the E helix, which 
forms an important haem contact, 1s altered to alanine, 
and this slight shortenimg of the amino-acid side chain 
results in instability of the haemoglobin. 

B. 8. and Strand? reported a UHHA in a Swedish 
family and described the case histories of a brother and 
sister, and one child of each who were affected. The 
symptoms included anaemia, increased tendency towards 
methaemoglobin formation, jaundice and red cell inclusion 
bodies following splenectomy. We have confirmed that 
the condition is caused by the inheritance of a new unstable 
haemoglobin Borås 688 (F4 ın the helical notation) 
leucine—-argmine, which has its amino-acid substitution 
at the same site as haemoglobin Santa Ana 688 (F4) 
leucine—proline?. It 1s remarkable that the disease pıc- 


7 “gdminoethylated. 
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ture of haemoglobin Borås disease is strikingly similar to 
that of haemoglobin Santa Ana disease. 

The methods used for the identification of the new 
haemoglobin were the same as used for haemoglobin 
Santa Ana’. Fig. 1 shows an electrophoretic separation 
at pH 8-6 of the haemoglobin from an affected mdividual. 
Fresh solutions showed, m addition to haemoglobins 
A and A,, an abnormal band, amounting to 10 per cent 
of the total haemoglobin, which migrated more slowly 
towards the anode than haemoglobin A. There was also 
a small fractaon in the area where free « chams would 
migrate. Older haemolysates showed a second slower 
band which may represent the fraction of the abnormal 
haemoglobin which, because of impairment of haem bind- 
ing, lost some of its haem groups. Both fractions gave 
precipitates when mcubated at 50° C4, and identical 
fingerprints. The heat precipitates were converted into 
globin and aminoethylated®, digested with trypsin and 
fingerprinted according to standard techniques*. Fig. 2 
shows a fingerprint of the aminoethylated (AE) globin, 
and Fig. 3 the AE B chain separated by ion exchange 
chromatography on carboxymethyl cellulose’. The 
fingerprints differed from those of haemoglobin A by the 
presence of a new spot (Figs. 2 and 3, No. 1) which gave a 
transient yellow colour with ninhydrin and a reaction for 
arginine with the Sakaguchi reagent. Further, the spot 
representing AE BIpX (residues 83-95 of the B chain) 
was absent from its usual position (Fig. 2) and replaced 
by a new spot (Fig. 3, No. 2) which gave the same staining 
reactions as AE TpX with the Pauly reagent (histidine) 
and the chloroplatinate reagent (B ammoethyl cysteime) 
but had a lower chromatographic mobility. Table 1 
shows the analyses of acidic, neutral and basic amino-acids 
from acid hydrolysates of these two peptides. Peptide 1 
contained one residue each of glycine, alanine and phenyl- 
alanine, two of threonme and one of arginine. Because 
the peptide gave a yellow colour with ninhydrin the glycine 
was assumed to be N-terminal, and arginine would be C- 
terminal in a tryptic peptide. Peptide 2 contained one 
residue each of aspartic acid, serine, glutamic acid, leucine, 
histidine and lysine, and also aminoethyl cysteine. Fig. 4 
shows how these findings are accounted for by a sub- 
stitution of leucine by arginine at position 88 of the # 
chain. The substitution introduces a new site sus- 
ceptible to tryptic hydrolysis, so that two new peptides 
replace AE BTpX: 1, 883-88 with N-terminal glycine 
and C-terminal arginine, and 2, 889-95 containing histi- 
dine and AE cysteme. The substitution of leucine 
by the positively charged argmine lowers the net 
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Fig. 2. 
(688-95) is missing and rep 


“Fingerprint” of the aminoethylated globin of Hb Borås. 1, Arginine- staining peptide, a yellow colour with ninhydrin. paTpX 
by what seems a new f 
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Fig 8 


“Fingerprint” of the tryptic peptides of the aminosthylated 8 chain of haemoglobin Borås. 1, 888-88, 2, 889-95. 


For detalls seo text. 


negative charge of the molecule and accounts for the 
decreased electrophoretic mobility of the haemoglobm 
at pH 86. We have observed, however, that unstable 
haemoglobins with neutral mutations often show a de- 
creased electrophoretic mobility. This can be explained 
on the basis of secondary structural changes m the mole- 
cule and partial loss of the haem. Haemoglobin Borås 
is the second example of a haemoglobin with a leucine 
arginine mutation; in haemoglobin Sogn the same substi- 
tution occurs at position 14 (A11) of the B cham’. The 
side chain of the leucine at position 688 (F4) is part of the 
hydrophobic lining of the haem pocket and is m direct 
contact with the haem molecule’. In haemoglobin Santa 
Ana $88 (F4) leucme—- proline the loss of this contact 
weakens the hold of the 8 chain on the haem which readily 
becomes detached. 


the molecule’. Examination of the model of horse 
haemoglobin shows that the guanidinium group in 
haemoglobm Borås can be accommodated m a crevice 
at the outside of the molecule, while the 8 carbon of 
the arginine can make at least one of the two 8 carbon 
hydrophobic contacts which are normally provided by 
leucine. In the case of another substitution of a neutral 
residue Iming the haem pocket by a charged residue— 
haemoglobin M Milwaukee—(67 (E11) valine—>glutamic 
acid!1—the y carbon of glutamic acid ıs considered to 
form the same hydrophobic bond with the porphyrin 
ring as valine, and its negatively charged carboxylate 
group to form an ionic bond with the haem iron which 
thereby stabilizes ıt in the ferric form and causes the 
pigment to be a haemoglobin M (ref. 12). For haemoglobin 
Sogn, in which a leucine residue at an internal non-polar 


B-Chain 
Residue number 83 84 85 86 87 88 89 90 91 92 93 94 95 
Helical notation EFT EF8 Fl F2 F3 F4 F5 F6 F7 F8 F9 FGI FQ@Q2 
Hb A t Gly Thr Phe Ala Thr LEU Ser Glu Leu His AE-Cys Asp Lys + 
Hb Borås + Gly Thr Phe Ala Thr ARG + Ser Glu Leu His AE-Cys Asp Lys t 
Peptide 1 Peptide 2 


+ Indicates pomt of tryptic hydrolyms. 


Fig. 4. Tryptic peptide fX of haemoglobin A and the corresponding peptides in haemoglobin Borås 


As a general rule ıt is thought that mutations which 
introduce charged residues nto the haem pocket would 
cause such drastic structural changes as to be incompatible 
with the existence of a viable haemoglobin molecule. In 
the case of haemoglobin Zirich the distal haem-linked 
histidine of the B chain 863 (E7) is replaced by an argin- 
ine’, and it has been pointed out that this residue cannot 
be accommodated within the haem pocket but that argin- 
ine can fold in such a way that the positively charged 
guanidinium group can protrude towards the surface of 


Table 1. AMINO-ACID COMPOSITION OF PHPTIDES 1 AND 2 (SHB FIGS, 2 AND 8) 


Peptide 1 Peptide 2 
Found Found Bxpected 

Asp — 10° 1 
Thr 20 <2 — 

Ber (01) 0 0 85 1 

Glu — 10 1 

Gly 09 1 (0 3 0 

Ala 10 1 (01 0 

Leu — 11 1 
Phe 105 1 — 

L (0 2) 0 0 95 1 

His (01) 0 08. 1 

11 1 — 0 

* — 05 1 


* Am{noethylcysteine is partly destroyed on aqd hydrolysis. 


site is replaced by one of arginine’, the formation of a salt 
bridge with the glutamic acid reaidue at position 6121 
(GH4) has been suggested??. 

We thank Dr M. F. Perutz for permitting us to examine 
his model of the horse haemoglobin molecule and for his 
advice. 


Received April 28, 1969. 


1 Carrell, R. . Lehmann, H., Loikin, P. A, Raik, E., and Hunter, B., 


Nature, 15, “026 (1967). 
2? Svensson, B , and Strand, L, Scand. J. Hasmatol., 4, 241 (1967). 


* Ore i W., Lorkin, P. A., and Lehmann, H., J. Med. Genest., 5, 292 

968). 

‘Dacle, J. V, Gnmes, A. J , Meisler, A., Steingold, L., Hemstead, H 
Beaven, G. H., an White, J. C., Brit. J. Hasmatol., 10, 308 (1064), 


* Jones, R. T., Cold Spring Harbori Symp. Quant. Biol , 28, 207 (1064). 
* Clegg, J. B., and Weatherall, D. J , J. Mol. Biol ,19, 91 (1906). 
ears 59 E, Gaffney, P. J., and Lehmann, H., Scand. J. Hasmatol., 5, “853 
1968) 
t Perutz ILE, Muirhead, H., Cox, J. 3L, and Goaman, L. O. G., Nature, 219, 
131 (1968). 
* Muller, O J., and Kingma, 8 , Biochim. Biophys. Acta, 50, 595 (1961). 
1° Perutz, M F., and Lehmann, H., Nature, 219, 902 (1968). 
1t Gerald, P. 8., and Efron, M L., Proc. US Nat. Acad. Ser., 47, 1758 (1961). 
u Watson, H. C., and Kendrew, J. O., Nature,190, 668 (1961). 


956 


NATURE, VOL. 222, JUNE 7, 1969 


Metabolism of the Angiotensins in Isolated Perfused Tissues 


by 
Y. S. BAKHLE 


A. M. REYNARD* 
J. R. VANE 


Department of Pharmacology, 
Institute of Basic Medical Sciences, 
Royal College of Surgeons of England, 
Lincoln’s Inn Fields, London WC2 


ANGIOTENSIN II, the physiologically active component of 
the renin—angiotensin system, 1s formed from angiotensin 
I through the action of the endopeptidase(s), converting 
enzyme!. Skeggs et al.' isolated and purified converting 
enzyme from horse plasma and this enzyme(s) has since 
been detected in the blood of other species*. Blood also 
contains enzymes which inactivate angiotensin M, and 
it had long been assumed that the concentration of 
circulating angiotensin II is governed by the relative 
activities of converting and imactivating enzymes in 
blood. 

Ng and J. R. V.*:5 have shown that in vivo the pulmon- 
ary vascular bed contains much more converting enzyme 
activity than circulating blood. Moreover, other vascular 
beds, such as the kidney, hindquarters and head, inactivate 
both angiotensin I> and angiotensm II*"’ and the in- 
activation is too fast to be caused by angiotensinases ın 
the blood. The high enzymatic activities of pulmonary 
and peripheral vascular beds may be the result of either 
activation of the blood enzymes as they pass through the 
organs, or of enzymes located ın the tissues. To distmmguish 
between these two possibilities we have studied the 
metabolism of angiotensin I and angiotensin IT in isolated 
vascular beds perfused with Krebs solution; the meta- 
boliam of angiotensins in these blood-free tissues 1s 
quahtatively similar to that in vivo. 

We used rate, guinea-pigs, dogs and cats of either sex. 
Rats and cate were anaesthetized with pentobarbitone 
and dogs with halothane. Heparin (1,000 ru/kg) was 
injected intravenously and the animals were then bled. 
Quines-pigs were killed by breaking their necks. 


* Present address: Department of Pharmacology, State University of 
New York at Buffalo, New York, USA. 
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Enzymes in Isolated vascular beds can fully account for the meta- 
bolism of angiotensins | and Il in vivo. Enzymes in the blood may 
not be physiologically important. 


To perfuse the lungs, the chest was opened and the 
trachea and pulmonary artery were cannulated. In cats 
and dogs the bronchus and pulmonary arterial branch of 
one lobe of the lungs was cannulated. The left heart was 
cut away and the lungs (or lobe) dissected out; they were 
perfused at a rate of 10-30 ml./min via the pulmonary 
artery with Krebs solution at 37° C and gassed with 
96 per cent O, and 5 per cent CO;. The lungs were then 
partially mflated via the tracheal cannula and the cannula 
clamped. 

Isolated kidneys from cats and dogs were perfused 
through the renal artery. This was cannulated directly 
and the renal vem cut to provide an exit for the perfusate. 
In rats, both kidneys were perfused by tying a cannula 
retrogradely into the abdominal aorta below the origins of 
the renal arteries. After the perfusion had started, the 
abdominal aorta was tied above the renal arteries and the 
aorta and Indneys were removed. In one experiment, 
the hindquarters of a rat were perfused by cannulating 
the aorta below the kidneys and transecting the body just 
above the cannula. 

The lungs or kidneys were suspended in a ‘Perspex’ 
chamber from which the perfusate dripped directly over 
an assay organ. The rat hmdquarters were placed on a 
perforated sheet of stıff plastic and the drops of perfusate 
directed into the ‘Perspex’ chamber. To assay angiotensin 
TI, the perfusate superfused a rat colon’, the longitudinal 
contractions of which were recorded by an auxotonic 
lever® with a 16: 1 magnification. In experiments where 
more than one assay tissue was used, the perfusate was 
divided to superfuse two banks of tissues with three 
tissues m each bank. The contractions and relaxations of 
the tissues were transduced with Harvard transducers and 
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recorded on a Beckman Offner dynograph. Infusions of 
drugs dissolved ın sterile isotonic saline were made, either 
into the arterial cannula supplying the perfused organ 
(acrosa the tissue, AT) or directly (DIR) into the perfusate 
just after 1t had left the perfused organ. At the end of the 
experiment cardio-green was injected into the arterial 
cannula to check the degree of perfusion. The peptides 
used were Val'-angiotensin -amide (Hypertensin CIBA) 
and Ileu-angiotensin I. The angiotensm I usually used 
was only 60 per cent pure and no correction has been 
made for this. In some experiments, prostaglandins E, 
and F,a were also used. 

The metabolism of the peptides by the isolated vascular 
beds was demonstrated by comparing the biological 
activity of infusions made directly to the assay organ 
(DIR) with that of mfusions passmg through the vascular 
bed (AT) before reaching the assay organ. Thus if an 
infusion given AT contracted the rat colon less than the 
game infusion given DIR there must have been inactiva- 
tion ın the vascular bed. Angiotensin IT 1s ten to twenty 
times more active on the rat colon than angiotensin I, 
so any increase in activity of an infusion of angiotensin I 
gven AT, compared with the same infusion given DIR, 
represents conversion to angiotensin II or possibly the 
release of another substance which contracts the rat colon. 
All infusions were given for 4-8 min so the assay organs 
reached plateau contraction. 

The peripheral vascular bed most studied was the 
kidney. In vivo, the renal circulations of dog*:” and rats’® 
remove 70—75 per cent of the angiotensin IT and 70-80 
per cent of the angiotensin I passing through them. In 
the present experiments, either dog or cat kidneys per- 
fused with Krebs solution removed 90-95 per cent of an 
infusion of angiotensin II. Thus in an experiment with a 
cat kidney an infusion of angiotensin II (0-2 ng/ml.) made 
directly to a rat colon was more active than ten times the 
concentration after passmg through the kidney. When 
angiotensin I was used in similar experuments, there was & 
similar loss of activity in dog and cat kidneys. The 
perfused rat kidney showed much less ability to inactivate 
angiotensin II; mdeed, no inactivation could be detected 
in five experiments and only 25 per cent and 30 per cent ın 
the two others. Because the kidneys were well stained by 
dye injected at the end of the experiment, the low level 
of inactivation of angiotensm IL was not the result of 
insufficient perfusion of the tissue. This unexpectedly low 
inactivation of angiotensm IL made possible studies of 
the postulated intra-renal conversion of angiotensin I to 
angiotensin II, which has been lmked with renal auto- 
regulation!!"*, In kidneys, which inactivate most of the 
angiotensin IL passing through them, conversion of 
angiotensin I to angiotensm IL might escape detection 
because any angiotensin I formed might be imactivated 
before reaching the venous effluent. In the rat 
kidney, however, the inactivation is so low that it should 
be possible to detect in the perfusate any angiotensin IL 
synthesized intra-renally. When angiotensin I was 
infused through rat kidneys an average of 30 per cent was 
removed; there was never an crease in contractor 
activity of angiotensm I. Fig. 1 shows an experiment 
which the rat kidney did not inactivate any angiotensin IT; 
even in these favourable conditions no activation of 
angiotensin I given AT could be detected. Our experi- 
ments do not support the hypothesis that angiotensm II 
may be formed from angiotensin I and elaborated mto 
the blood stream by some cellular component of the rat 
kidney. The rat hindquarters removed 50 per cent of 
either peptide; this is in agreement with the results of 
in vivo experimente’’. 

The unique property of the pulmonary circulation is 
that ıt activates angiotensm I, that 1s, converts it to 
angiotensin II, which then appears in the arterial circula- 
tiont*13,44, The isolated perfused lungs from cat, dog, 
rat and guinea-pig algo convert angiotensin I to angiotensin 
II. Most of our experiments were with guinea-pig lungs 
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(Fig. 2). An infusion of angiotensin I (10 ng/ml. DIR) 
was much less potent than angiotensin JI (1 ng/ml. DIR). 
When angiotensin I (5 ng/ml.) was given through the 
lungs (AT) it was equipotent to the angiotensin II 
(1 ng/ml.). This represents about 20 per cent conversion 
of angiotensin I to angiotensin II. In later experiments 
we used another preparation of angiotensin I (Schwarz 
Biochemical Inc.) which was 93 per cent pure according to 
spectrophotometric measurement and 90 per cent pure 
according to biological activity. This preparation of 
angiotensin I was also converted to a similar extent in 
pessing through the guinea-pig lung. Average values for 
conversion of angiotensin I were 8 per cent (n=7) for the 
rat, 20 per cent (n=3) for the dog, 25 per cent (n= 1) for 
the cat and 21 per cent (n= 23) for the guinea-pig. 


10 min 
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Eig. 2. Guinea-pig lungs were perfused with Krebs solution. The 
effluent superfused a rat colon, the contractions of which are shown. 
There was no destruction of angiotensin II on passage through the | 

ff pep. lungs) when compared with the same infusion rate direc 
D to the rat colon. Angiotensin I (10 ng/ml. DIR) induced a anah 
contraction of the rat colon when given directly, but half the concentra- 
tion infused the lungs (5 ng/mL lungs) induced a much larger 
contraction indicating conversion to angiotensin IJ. Time, 10 mun, 

vertical scale, 5 cm. 


Conversion of angiotensin I to angiotensin IT by con- 
verting enzyme in dog lung is inhibited tn vitro by EDTA 
and by bradykinin potentiating factor (BPF)"*, an in- 
hibitor of plasma!’ and lung!’ ‘‘bradykininases”’. Further- 
more, BPF will inhibit the formation of angiotensin II 
from angiotensm I infused intravenously in the rat 
(Ng and J. R. V., unpublished results). We have therefore 
tested both EDTA and BPF as mbhibitors of converting 
enzyme activity ın the Krebs perfused lungs. 

The highest concentration of EDTA im the Krebs 
solution that did not affect the contractile responses of 
the rat colon to angiotensin I and iotensin IL was 
5x10 M. This concentration of EDTA did not affect 
conversion in the perfused lung although it did inhibit the 
in vitro conversion catalysed by the cell-free extract. 
By arranging a by-pass, it was possible to perfuse the 
lungs only with a higher concentration of EDTA 
(3x 10-* M) while superfusing the colon with normal 
Krebs solution. The EDTA infusion was maintained 
for 10 min and then the lungs were perfused with normal 
Krebs solution for 1 mm before reconnecting to the 
stream passing over the colon. The lungs still retained 
full converting activity. 

It was possible that the EDTA was binding the caltium 
and magnesium ions in the Krebs solution, ın preference 
to another cation which may be necessary for converting 
enzyme activity. The lungs were therefore perfused 
through the by-pass circuit with isotonic saline (buffered 
with potassium phosphate, 0-05 M, pH 7) contaiming 
6x 10-4 M EDTA for 10 min, returned to normal Krebs 
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Fig 8. Guinsa-pig lungs were perfused with Krebs solution. * The 
angiotensin I was through the | 1 ml., 2 
angiotensin IT. This conversion was abo! by 


solution, and the infusion of angiotensin I given AT 
immediately. Even with this treatment, the conversion 
of angiotensin I to angiotensin IZ was not reduced. 

The lack of mhibitory effect of EDTA in these experi- 
ments may still be lmked with the presence of calum 
and magnesium m the Krebs solution. In the exper- 
ments with cell extracts, these concentrations of EDTA 
were strongly inhibitory towards lung converting enzyme 
but the incubations were carried out m phosphate buffer 
without calcium and magnesium and EDTA was present 
throughout. 

We were, however, able to show that BPF inhibits 
converting enzyme activity m the lung. This factor m 
concentrations of up to 10 ug/ml. has no effect on the 
direct response of the rat colon to angiotensin I or angio- 
tensin II, but it abolished the activation of angiotensin I 
(four experiments). Such an effect is seen ın Fig. 3; 
BPF (10 ug/ml.) was mfused through the Jungs and 
prevented the formation of angiotenam II from angio- 
tensin I in the lung. In nime other experiments, lower 
concentrations of BPF (5 and 2 ug/ml.) caused a partial 
mhıbıtion of the conversion. This mhibition by BPF was 
readily reversible. Thus when the mfusion of BPF was 
stopped before the infusion of angiotensin I, increased pro- 
duction of angiotensin II was apparent within 1 mın. The 
concentrations of BPF required for mnhibition of the con- 
verting enzyme in the perfused lungs and sn vivo (Ng and 
J. R. Y., unpublished results) are higher than those neces- 
sary to show inhibition of convertmg enzyme activity in 
cell extracts’. 

The pulmonary circulation also fails to activate 
angiotensin II. Thus intravenous and intra-arterial 
infusions of angiotensin II are equipotent in vivot4.?. 
Isolated lungs at the beginnmg of the perfusion showed 
similar characteristics; there was usually no loss of 
angiotensin II in the pulmonary vascular bed. Ango- 
tensin Il, however, disappeared later in the experiment. 
This loss, which was never greater than 50 per cent, 
occurred when the lungs became oedematous. With 
higher perfusion rates (up to 20 ml./mm) the lungs became 
oedematous more quickly. The loss of angiotensin IT 
was related to the progress of this visible degeneration 
because, in experiments m which the higher perfusion 
rates were used, the lung showed inactivation of angio- 
tensin II sooner than in experiments with low perfusion 
rates. Tho “angiotensinase” activity was expressed not 
only as inactivation of angiotensin IT but also as a decrease 
in apparent conversion of angiotensin I. This moreased 
inactivation may be due to the liberation of “angioten- 
sinases” from inside the cells, as the membranes are 
distorted or disrupted by oedema, for “‘angiotensinases”’ 


a rat stomach strip (RSS) and a rat colon (RO). When 
tissues showed that there was conversion to 
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in the lung are probably intracellular rather than mem- 
brane-bound!s, 

Throughout these experiments the angiotensins have 
been assayed by their contractor effect on the rat colon. 
Prostaglandins E, and F,, also contract this tissue. 
Furthermore, isolated perfused lungs from sensitized 
guinea-pigs liberate prostaglandms E, and Fy, when 
challenged’. We have therefore looked for prosta- 
glandins in the lung perfusate, especially during the 
passage of angiotensin I or angiotensin I through the 
lung. To distmguish the prostaglandins from angiotensin 
II, various other isolated organs in addition to the rat 
colon were superfused in series. All gave similar resulta, 
but the distinction between the prostaglandms and 
angiotensin IIT was best seen on the chick rectal caecum. 
There was no detectable release of prostaglandin after 
infusion of angiotensin I or angiotensin I through the lung. 
An infusion of angiotensin I (2-5 ng/ml.) through the isolated 
lung gave the usual increased contraction of the rat colon, 
but there was no concomitant response from the chick 
rectal caeca, which responded to both prostaglandin E, and 
F.a at a concentration of 1 ng/ml. It1s therefore most likely 
that the moreased contractions of the rat colon after 
angiotensin I infusions were due to the formation of 
angiotensin II. 

In conclusion, when vascular beds are perfused with 
Krebs solution instead of blood they metabolize angio- 
tensm I and angiotensin II in a manner qualitatively 
similar to that which occurs tn vivo. Only the lungs show 
conversion of angiotensin I to angiotensin II; the kidney 
and hindquarters show inactivation of both peptides. 
There are quantitative discrepancies between the results 
obtained in vivo and ın the perfused tissue, which could 
be a reflexion of the non-phystological state existmg im 
perfused tissues. The low level of activation by the per- 
fused rat kidney has made ıt possible to test for formation 
of angiotensin IT by some component of organized kidney 
tissue; no evidence for such formation has been found. 

The enzymatic activities exhibited by the various 
vascular beds themselves can fully account for the 
metabolism of angiotenam I and angiotensin IL that 
occurs tn vivo; it 1s not necessary to postulate an 
activation of the blood enzymes on passage through 
vascular beds and the activity of the enzymes in blood 
may not be physiologically important. 
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Removal of Angiotensin by Isolated Perfused Organs of the Rat 


by 
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Oxford 


Kwowziepas of metabole processes ın individual organs 
has grown. considerably since the mtroduction of the tech- 
niques of isolated perfusion. We have applied these 
techniques to the study of angiotensin removal ın the rat. 

We used female Sprague-Dawley animals, weighmg 
180 to 250 g, fed on a standard small animal diet (Spillers 
Ltd, Banbury, England), and given unrestricted access to 
water. Rats were anaesthetized by intraperitoneal 
mjection of pentobarbitone (Vetermary Nembutal: 
Abbott), 60 mg/kg. Perfusion of the liver and kidney was 
performed as described by Hems eż al.1 and Nishiitsuteuje- 
Uwo et al.? with some modifications. 

A technique for the perfusion of ret lung was developed 
(Woods and W. P. L., unpublished work) in which the 
chest of an anaesthetized rat was opened and small bags of 
crushed ice applied to the lungs and heart. The inferior 
vena cava was tied and a nylon catheter introduced into 
the cavity of the right ventricle through the superior 
vena cava and secured by a ligature around the right 
atrio-ventricular groove. A catheter was placed in the 
left ventricle by way of the ascending aorta which was 
then tied off. Medium was circulated through the right 
heart catheter and the 5 to 10 ml. of blood washed out 
in this way was discarded before perfusion was started 
using the same medium and apparatus that 1s used m 
liver perfusion. All glass surfaces were coated with silicone. 
No more than 10 min elapsed from thoracotomy to lung 
perfusion with angiotensin. 

All three organs were perfused in situ and Asn’ Val’ 
Angiotensin II was added to the medium to provide an 
acourately measurable concentration of 133 ng per ml. 
Organs were perfused at rates ranging from 2 to 4 ml./g 
of tassue per min. In the case of liver perfusions the effect 
of adding washed aged human red cells, rat red cells and 
concentrations of angiotensin of up to 1,100 ng per ml. 
was assessed. The time course of angiotensin I destruc- 
tion by medium alone and by perfused liver, kidney or 
lung was determined by bioassay of serial samples of 
perfusate using techniques previously described**. De- 
struction was expressed in ng of angiotensin per g wet 
weight of tissue and corrected to a standard flow rate. 
Perfused organs did not produce detectable pressor 
or depressor substances, nor did circulatmg medium 
destroy angiotensin m the absence of liver or kidney. 
The addition of washed aged human red cells or rat red 


Tissue peptidases are the enzymes chlefly responsible for the removal 
of angiotensin Il in rat liver and kidney. 


cells did not alter the angiotensmase activity of the 
medium, nor of the perfused organs. 

Three other methods of assessing angiotensin destruo- 
tion in vascular beds have been deseribed*-’. The tech- 
niques favoured by Biron and his colleagues have draw- 
backs which the authors themselves have emphasized’. 
The method of Regoli and Vane‘, involvmg superfusion of 
a series of assay organs, is perhaps the most physiological 
technique available, but ıt is complex. 

The techniques of Hems et al.1 and Nishiitsutsuje-Uwo 
ef al.* can be quickly mastered and the apparatus required 
1s simple. A perfusion can be set up and an experiment 
completed ın less than 1h. Results are remarkably repro- 
ducible so that small numbers of experiments produce 
definitive answers. Pharmacologically active substances 
can be added or subtracted at will. 

Rates of destruction of angiotensm II are shown ım 
Table 1. The inability of the lung to extract angiotensin IT 
has previously been noted**. Survival of the peptide 
recirculating through the lung for up to 10 min adds weight 
to the view that this tissue bed plays no mmportant part mn 
angiotensin II disappearance in vivo. 

The perfused liver and kidney both extracted angio- 
tensin II rapidly, depending on the amount of peptide 
added. At a concentration of 133 ng per ml. the kidney 
removed angiotensin II at a faster rate than the liver 
(P <0-001). From 0-5 to 1 per cent of the total angio- 
tensin II lost could be detected as vasoactive substance in 
the urme collected during kidney perfusions. It was not 
possible to determine the concentration of inactive peptide 
fragments. The mechanism of the disappearance of 
angiotensin II in the liver and kdney is not known. 
B Aspartyl-angiotensmn II has been found reastant to the 
action of plasma aminopeptidases, but is lost in tissues 


Table 1. DISAPPHARANCE OF ASN! VAL’ ANGIOTENSIN I STANDARD HRROR 
OF THE MBAN IN THE FIRST 6 MIN OF PHRFUSION 


Angiotensin lotenain No. of 
Organ concentration Inhibitors added lose ( 8 - 
(ng/ml ) g/min ments 
Lang 188 — No loss detected :3 
Liver 67 —_ 238 9+ 11-6 14 
67 Bdetic acid 3x107M 174841290 4 
138 s= 498-1451 5 
183 Dimercaprol 4 x 10-* M No loss detected 2 
1,100 _ 4,475 64180 87 2 
Kidney 183 — B414 +36 5 8 
183 Edetic acid 3x10*M 38964807 4 


960 


at the same rate as its a analogue’. Such loss could be 
caused by tissue enzymes distinct from those identified in 
plasma or, as suggested by Biron, to storage at receptor 
sites. The destruction of 8 aspartyl-angiotensin II 
reported by Biron et al.* had been previously investigated 
with conflicting results!*. Edetic aad and dimercaprol 
are potent inhibitors of angiotensin destroying enzymes". 
Addition of these compounds to the ing medium 
resulted in significant reduction in the logs of angiotensin IT 
suggesting a dominant if not exclusive role for tissue 
peptidases. 

The techniques that we have used provide a simple 
and reproducible means of examining organ destruction 
of angiotensin in a variety of situations. Preliminary 
worki! has indicated that the rate of angiotensin dıs- 
ap ance can be altered profoundly by changes in 
asnes balance or blood pressure in albino rats. 

We thank Sir G. Pickering and Sir H. Krebs for 
making facilities available and Drs H. F. Woods, 
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Non-Holographic Associative Memory 
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THe remarkable properties of the hologram as an m- 
formation store have led some people!:1 to wonder whether 
the memory may not work on holographic principles. 
There are, however, certain difficulties with this hypothesis 
if the holographic analogy is pressed too far; how could 
the brain Fourier-analyse the incoming signals with 
sufficient accuracy, and how could it improve on the 
rather feeble signal-to-noise ratio? of the reconstructed 
signals? Our purpose here is to show that the most 
desirable features of holography are manifested by 
another type of associative memory, which might well 
have been evolved by the brain. A mathematical in- 
vestigation of this non-holographic memory shows that 
in optimal conditions it has a capacity which is not far 
from the maximum permitted by information theory. 
Our point of departure is Gabor’s observation‘* that 
any physical system which can correlate (or for that 
matter convolve) pairs of patterns can mimic the per- 
formance of a Fourier holograph. Such a system, which 
could be set up in any school physics laboratory, 1s shown 
in Fig. 1. The apparatus is designed for making “correlo- 
grams” between pairs of pinhole patterns, and then using 
the correlogram and one of the patterns for reconstructing 


D L 


A B C 


. 1. Constructin n cortelogram: D is a dıffose light source, L a lens 
me and O tha plano o the correlogram of A with B. 


The features of a hologram that commend it as a model of associative 
memory can be improved on by other devices. 


its partner. One of the pinhole patterns is mounted at A, 
and the other at B. The distance between them equals f, 
the focal length of the lens L. A viewing screen 1s placed 
at O, at a distance f from the lens, and a diffuse light 
source is mounted behind A. The pattern of bright dots 
appearing at O is the correlogram between the pattern at 
A and the pattern at B. Formally, Q= A * B, where the 
asterisk stands for convolution and A is the result of 
rotating the pattern A through half a turn round the 
optical axis. If A and B were mterchanged, the pattern 
at O would be B* 4=A * B=, so that the correlogram 
would be inverted. This is clear enough if B is a pinhole, 
and shows that the order of the patterns is important. 

To recover pattern A from pattern B we convert the 
correlogram into a pattern of pinholes in a black card and 
place the light source behind it, so that the hght shines 
through O and B on to a viewing screen at A (Fig. 2) A 
pattern of spots now appears on the viewing screen. All 
the spots of the original pattern A are present, but a 
number of spurious spots as well. If the pinholes were 
infinitesimal and there were no diffraction effects the 
reconstructed pattern would be 0 * B=.A * B * B, just as 
in Fourier holography. If B were a random pattern, one 
could argue, B * B would approximate to a delta function 
at the origin, so that the reconstructed pattern would look 
like a slightly bespattered version of the original pattern 
A. How can we pick out the genuine spots from the 
others ? 

To solve this problem let us simplify the set-up by 
removing the lens (Fig. 3). Suppose, for example, that 
A has two holes and B has three. Then the pattern C 
will consist of six bright spots (barring coincidences). 
When these spota are converted into pinholes and 
illuminated from the right, a total of 18 (=6 x 3) rays will 
emerge from B and impinge on the screen at A. But we 
shall not see eighteen spots on this screen, because six of 
the rays will converge, in sets of three, on to the two points 
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Geosciences Titles from Elsevier 


ATLAS OF THE GREAT 
BARRIER REEF à 


W. H. G. Maxwell, Associate Professor of Geology, 
University of Sydney, Sydney, Australia 

CONTENTS: Introduction; regional setting of the Great 
Barrier Reef; geological framework; bathymetry and 
hydrology of the Great Barrier Reef province; climate and 
weather; morphology and distribution of reefs; biological 
observations; sediments; conclusion; references; index 


1968 258 pages 166 illus. £10 15 0 


PICTURE ATLAS OF THE 
ARCTIC 


Ragnar Thorén, Expert and Consultant in Special Technique, 
Swedish Research Institute of National Defence, Stockholm, 


Sweden 

CONTENTS: Preface, the Arctic Ocean; drifting ice 
stations; the arctıc region of Alaska; the Canadian arctic; 
Greenland (Denmark); Iceland; Norwegian islands in the 
arctic; arctic Scandinavia; The Soviet arctic; references; 
index. 


1969 449 pages 568 photographs £19 0 0 


A COASTAL POND 


K. O. Emery, Woods Hole Oceanographic Institution, 
Woods Hole, Mass., U.S.A. 
CONTENTS: Introduction; geology; human occupation of 
the region; topography; sediments; water; life; animals; 
plants; bacteria; productivity; budget of organic carbon; 
summary; references; index. 


1969 80 pages 41 illus. £2 10 0 


DIRECT CURRENT 
GEOELECTRIC SOUNDING 


P. K. Bhattacharya and H. P. Patra, Department of 
Geology and Geophysics, Indian Institute of Technology, 
Kharagpur, West Bengal, India 

CONTENTS: Preface; introduction; theoretical foun- 
dations; Schlumberger sounding; Wenner sounding; 
dipole sounding; geological applications; references; 
index. 


1968 135 pages 47 illus. £3 15 0 


DICTIONARY OF 
HYDROGEOLOGY 


Hans-Olaf Pfannkuch, Department of Geology and Geo- 
physics, University of Minnesota, Minneapolis, U.S.A. 


CONTENTS: This dictionary covers the wide range of 
words and technical terms occurring In the fields of hydro- 
geology, geo-hydrology, and aquifer exploration and 
development. In addition, supporting and over-lapping 
disciplines are included, such as hydrometeorology, surface 
hydrology, hydrogeochemistry, water quality control, 
water resources planning and new analytical approaches. 
It unites terminology usually to be found, if at all, widely 
dispersed in several dictionaries, into one easy to use 
reference. Definitions of English entries provided addi- 
tional information for the user who is not acquainted 
with all aspects of hydrogeology and the related sciences. 


1969 180 pages £3 10 0 








MIGMATITES AND THE ORIGIN 
OF GRANITIG ROCKS 


K. R. Mehnert, Professor of Mineralogy, Freie Universitat, 
Berlin 


CONTENTS: Preface; system and nomenclature; mega- 
scopic structures of migmatites; microfabric of migmatites; 
experimental results; temperature of formation (geological 
thermometry); microgration of mobile components 
within the earth's crust; geochemistry of granitic rocks; 
migmatic formation of granitic rocks; anatectic formation 
of granitic rocks; metasomatic formation of granitic 
rocks, summary and conclusions; appendix; nomenclature 
of migmatites; references; index. 


1968 393 pages 138 illus. £9 10 0 


INTRODUCTION 
TO PALEOLIMNOLOGY 


C. C. Reeves, Jr., Department of Geosciences, Texas 
Technological College, Lubbock, Texas, U.S.A. 


CONTENTS: Introduction; Part |. The lake basin; forma- 
ation of lake basins; quantitative description of lake basins; 
shape and development of lake basins; Part Il. The lake; 
the lacustrine environment; lacustrine sediments; chemical 
precipitates, lacustrine sediments; clastic; lacustrine 
structures; depositional and erosional; Part Ill. The 
paleolake basin; pleistocene chronology; distribution, 
cause and recognition of paleobasins, paleoclimatic 
methods; sampling methods; future paleolimnological 
applications; references; index. 


1968 228 pages 125 illus. 
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A B c 


Fig. 2. Reconstructing a pattern. Paths traversed ın Tig. 1; 
- - - , paths not traversed in Fig. 1. 





of the original pattern. The other twelve rays will give 
riso to spurious spots, but (again barring coincidences) 
these spote will be fainter than the genuine ones. We can 
therefore expect to be able to pick out the wheat from the 
chaff with a detector with a threshold slightly less than 
three unite of brightness. 

Tins reasoning apples equally to the “‘correlograph”’, 
with lens, illustrated ın Figs.1 and 2. So, having found 
how to get rid of the unwanted background in recon- 
structing A from B and O, we can now envisage the 
possibility of constructing multiple correlograms, 
compnsing all the spote present m 0,=A,*B, or m 
O,=A,* B,, and so on. The presentation of B, should 
evoke A,, presentation of B, should evoke A,, and so on, 
up to the limit set by the information capacity of the 
system. But what 1s this limit ? 

To answer this question let us evade the complicated 
(and bascally irrelevant) issues raised by the finite wave- 
length of light, edge effects and so on, and pose the 
question in terms of a discrete, and slightly more abstract, 
model. We suppose A, B and O to be discrete spaces, each 
containing N points, a, to ay, b, to by, and c, to en. The 
point-paur (ai, 6;) is mapped on to the point c, if*—j=k or 
k—N. Conversely, the pomt-pair (cz, by) is mapped on 
to a; 1f the same condition is met. Imagine now that we 
have R pairs of patterns which we wish to associate 
together, each pair consisting of M points selected from 
A and another M selected from B. The total number of 
point-pairs determined by all the pairs of patterns will be 
RN}, and we may think of this number of “rays” striking 
O. Ifthey impmge at random, the probability of any point 
cr not being struck will be : 

The correlogram for the whole set of R pairs will then 
consist of the remaining pN points of O. 

Now consider the reconstruction process. One of the 
B-patterns, comprising M of the pomts b, to by, is 
selected, and combined with the correlogram to produce 
pNM “rays” impinging on A. Each pomt of the original 
'‘A-pattern will receive exactly M rays, so that we should 
set the threshold of our detector at M ıf we want to pick 
up all the original points. Now consider any one of the 
N-—M other points in A. It may receive a ray through 
any one of the M “holes” in B; the probability that it 





Fig. 8. Showing that origina spots are generally bnghter. 
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receives a ray through a given hole is just p, for this is the 
chance that the point on O “behind” the hole belongs to 
the correl . The chance of an unwanted pomt 
reaching the threshold is thus pM, and the probable 
number of spurious points of brightness M is consequently 
(N—M)p™. If M is a fairly large number, this will be a 
sensitive function of p, and for given N and M the critical 
value of p above which spurious points begin to appear 
may be found from the relation 

(N—M)pM =1 
Alternatively, this may be viewed as a relation which sets 
a lower limit to the value of M for given values of N and p. 
A slightly safer estimate 1s given by 

NpM =1, or M = —logN/log p 

If M falls below this value, the reconstruction will be 
marred by spurious points. 

Next we enquire about the amount of information 
stored in the memory when R pairs have been memorized 
and M satisfies the aforementioned condition for accurate 
retrieval. We can evoke any one of R A-patterns by 
presenting the appropnate B-pattern. There are (7) 
possible A-patterns altogether, so the amount of informa- 
tion needed to store any one of them 1s log (7), which 
1s roughly M log N natural unite of information. The 
total amount of information stored is, therefore, approxi- 
mately 


I=RM log N natural units 
But according to our original calculation of p 
RM*= —N log (1—p) 
and if we are working at the limit of accurate retrieval 
M = —log N] log p~log, N (see below) 
It follows immediately that 
I=N log p log (1—p) 


As one might have anticipated, this expression has ite 
maximum value when p is 0-5—when the correlogram 
occupies about half of O. 

What 1s remarkable 1s the size of I max. 

Imax=N(log 2)! natural umts=N log 2 bits. The 
maximum amount of information that could possibly be 
stored ın 0 18 N bits. So the correlograph, ın this discrete 
realization, stores its wnformation nearly (log.2=69 per 
cent) as densely as a random access store with no associa- 
tive capability. 

As described, the discrete correlograph, like the holo- 
graph, will “recognize” displaced patterns. If an A- 
pattern {m} and a B-pattern {b;} have been associated, 
then presentation of the displaced B-pattern {bj4a} will 
evoke the displaced A-pattern {a1+a}. 

But the resemblance does not cease there. Just as in 
holography, the information to be stored is laid down (i) ım 
parallel, (1) non-locally and (ii) in such a way that it can 
survive local damage. In parallel, because each mapping 
(ai,b;)>ce can be effected without reference to any other ; 
the same apples to the reconstructive mappings (cr,bj)>-a1. 
Non-locally, because the presence of a; in an A-pattern is 

i d at M separate points on the correlogram, one for 
each point of the B-pattern. And robustly, because if the 
system is not stretched to its theoretical limit it can (as we 
shall show elsewhere) be used for the accurate reconstruc- 
tion of A-patterns even when some of the correlogram 18 
“ablated” and/or the B-patterns are inaccurately pre- 
sented. But it can only be made secure against such 
contingencies by sacrificing storage capacity—as one 
would expect. 

In our discussion of the process of reconstruction We 
had occasion to note that a point cr might owe its presence 
on the correlogram to the joint ocourrence of (aibs); but 
that if a pattern were presented containing the point bj+a, 
the “ray” (cz,bj44) would light up the pomt Gis, which 
might never have occurred in any A-pattern. It was 
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this feature which underlay the ability of the system 
to recognize displaced patterns; but the same feature 
is a slight embarrassment when ono comes to consider 
how a discrete correlograph, with the reconstructive 
facility, could be realized in neural tissue. We will 
not dwell on this point, except to acknowledge that 
1t was drawn to our attention by Dr F. H. C. Crick, to 
whom H. C. L.-H. is indebted for provocative comments. 
But ıt led us on to a further refinement of our model, in 
which a given point cz is admitted to the correlogram 
only if the particular pair (a;,bj) occurs ın one of the pairs 
of patterns, and not otherwise. On this assumption there 
might be as many as N? separate point-pairs to take into 
account, and a correspondingly large number of points 
in the space O 

In this form our associative memory model ceases to be 
a correlograph, having lost the ability to recognize dis- 
placed patterns, but its mformation capacity is now 
potentially far greater than before. To show this, we 
will adopt a rather different type of representation, in 
which the points of A become N4 parallel lines, and those 
of B become Np parallel lines. The pomts of 0 are the 
NaN3 intersections between the lines a; and the lines by. 

In this network model, as before, a particular point of 
C is included im the active set if the pair of lines (ai,b;) 
which pass through it have been called mto play in at 
least one association of an A-pattern with a B-pattern. 
Let us suppose thet R pairs of patterns have been 
associated ın this way, each pair comprising a selection of 
Ma lines from A and Mz lines from B. Then the chance 
that a given point of C has not been activated by the 
recording is 

exp(—RM.sM3/Nc)=1—7, say 


where we have written Nc for NuNz. If B-patterns are 
being used to recall A-patterns, then there will be a 
minimum value of Mx such that if the threshold on the 
A-lines is set at Mps (s0 as to detect all the genuime lines) 
spurious lines will begin to be detected as well. (The 
argument is Just the same as that applied to the correlo- 
graph earlier on.) This mmimum value of Mz is given by 


Nap! 2= 
or Ms= —log Na/flog p~log, Na 


Now the amount of information stored in the memory 
when R pairs of A-patterns have been memorized 18 
roughly 
=RM, log Na 
But from our equation for 1— p 
RM j«Ms;= -Nc log (1 —p) 
therefore 
Ia=Nc log p log (1—p) 


showing that, as in the correlograph, the density with 
which the associative net stores information is 69 per cent 
of the theoretical maximum value. We may note, in 
passing, that Ip, defined as RMs log Nz, is also equal to 
Nc log p log (1—p). 

An associative network of this kind also operates (1) in 
parallel (11) non-locally and (ui) ın such a way that local 
damage or maccuracy is not necessarily disastrous. We 
intend to go into the details of (ii1) elsewhere. We now 
succumb to the temptation of indicating how such an 
associative memory might be realized in neural tissue 
though, as Brindley has pointed out*, function need not 
determine structure uniquely. 

The system we have in mind 1s represented diagram- 
matically in Fig. 4. The horizontal lines are axons of the 
Ns input neurones b,,b,, . . , while the vertical lines are 
dendrites of the N output neurones a,,a,,.., . At the 
intersection of b; with a; is a modifiable synapse cy. This 
synapse is initially mactive, but becomes active after a 
coincidence in which a; and b; are made to fire at the same 
time by some external stimulus. Such a coincidence is 
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Input lines 





An associative net. 


Hig. 4. 
supposed to occur if an A-pattern containing a; 1s presented 


in association with a B-pattern containing b;. After the 
activation of cą (which we regard as a permanent effect) 
the firmg of b; will locally depolarize the membrane of 
a; The output neurone a; is then supposed to fire if 
Mpg or more input cells depolarize it simultaneously. 

In Fig. 4 we indicate what the state of the network 
would be after it had learned to associate the following 
pairs of patterns: 


B-pattern, A-pattern 
1,2,3 4,6,7 
2,5,8 1,5,7 
2,4,6 2,3,6 
1,3,7 3,4,8 


The synapses indicated by solid semicircles would be 
active, those indicated by open semicircles being stall 
inactive. In this particular example, Na and Np are 
both 8, and My (~log,N z) and Ms (~log,N 4) are both 3. 
R, the number of pairs of patterns associated, has been 
chosen so as to make p, the proportion of synapses active, 
close to 0°5; in fact p equals 0-5 exactly. These various 
numbers illustrate the system working near 1t8 maximum 
capacity. The reader may verify that every B-pattern 
except the first evokes the correct A-pattern at a threshold 
of 3; the only mistake the system makes is that when 
supplied with the B-pattern 1,2,3 1t responds with an 
A-pattern 3,4,6,7 containing four elements. 

To summarize, we have attempted to distil from 
holography the features which commend it as a model of 
associative memory, and have found that the performance 
of a holograph can be mimicked and actually ımproved 
on by discrete non-linear models, 1amely the correlo- 
graph and the associative net just described. Quite 
possibly there is no system in the brain which corresponds 
exactly to our hypothetical neural network; but we do 
attach importance to the principle on which ıt works and 
the quantitative relations which we have shown must 
hold if such a system 1s to perform, as it can, with high 
efficiency. 

Recelved March 17, 1969. 

1 Van Heeden, P. J., App. Optics, 2, 808 (1963). 

* Pribram, K. H, Sei. Amer., ren 78 (1069). 

’ Wilshaw, D, and Longus H. O., Machine Intelligence 4 (odit. by 
Hichi yCedinbergh U raity Press, 1969). 

t Gabor, D, Taure, 217, 1288 (1988). 

* Gabor. D., Nature, 217, 684 (1968). 

* Brindley, G. 8., Proc. Roy. Soe., B, 168, 861 (1967). 








NATURE, VOL. 222, JUNE 7, 1969 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Three New Pulsars 


PursaR surveys carried out at the Molonglo Radio 
Observatory durmg February and March, 1969, have 
resulted ın the discovery of three new pulsars. They have 
been designated MP 0450, MP 1642 and MP 1818. The 
last two were found in areas of the sky which had not 
previously been searched for pulsars using the Molonglo 
radio telescope. The position of MP 0450, however, 
had been searched twice before during the pulsar survey 
programme, but the pulsar was not detected presumably 
because of long term variations of its pulse amplitude. 

The physical parameters of the three pulsars are given 
in Table 1. MP 1642 has a small ratio of pulse width to 
period of 1-3 per cent compared with the average of about 
4 per cent}. Only three or four other pulsars have pulse 
width to period ratios as small as this. In other respects, 
the values of the parameters of these pulsars are well 
within the ranges of values covered by other pulsars’. 
Using the dispersing layer model proposed by Mills* in 
which the electron density at a pomt z away from the 
galactic plane is given by 

No 
1 + (z/a)* 

with n,=0-1 em and a=100 pe, the dispersion measure 
and latitude of MP 1818 place it well within the layer at 
a distance of about 700 pe from the Sun. The same 
model indicates that MP 0450 and MP 1642 are in the 
outer regions of the dispersing layer at distances from the 
Sun of about 1 kpc and 2 kpe respectively. 


Table 1. PHYSIOAL PROPERTIES OF THH PULSARS 


MP 0450 MP 1642 AMP 1818 
8+2 228 278 168 
ao ô O4h50m22s 16h42m25s 18h18m 148 
t28 tles t1s 
2° 2268 23 8 128 
Sr eso —18°+1° —$°+2° —5°+2° 
I 217° 14° 25° 
b — 84° 26° 5° 
P(B) 0 548 + 0-005 0 388 + 0-005 0 597 +0 005 
Wp (ms ~ 20 ~5 ~ 20 
rja s72) ~ 860 ~ 250 ~ 120 
ndl (cma po) 25 +10 8845 70410 
p (x10 J m+ Hx") ~O1 ~0O1 ~01 


The technique used in the Molonglo pulsar programme 
has been described before’, and has been used consistently 
except ın the discovery of the first two Molonglo pulsars? 
and also some restricted use of a two channel dispersion 
remover’. As a result, twenty pulsars have now been 
discovered at Molonglo and it seems appropriate to con- 
sider the extent to which the search is complete in the area 
of sky observable with the instrument (§= + 20° to — 90°). 

At the present time about 33 per cent of this area of 
sky has been searched more than once. The sensitavity 18 
a function of pulsar period and dispersion’ and it 1s reason- 
able to expect that we have found most of the pulsars in 
this area with flux densities, periods and dispersion 
measures falling well within the sensitivity mits of the 
system. An unknown number of very erratic pulsars may 
have been missed, however, for transit drifts at Molonglo 
give only a few seconds’ observation at each point. Even 
m extensively searched regions few points have been 
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observed for a total tıme exceeding one minute. A 
further 41 per cent of the observable sky has been searched 
only once and it is almost certam that there are still 
several pulsars ın these areas which are within the sen- 
sitivity lmmits of the search but have not been found 
because they are not active all the time. 

The remaining 26 per cent of the available sky which has 
not been observed at all includes most of the sky south of 
declination — 70° and several other smaller areas. Nearly 
all the ungearched sky is at high galactic latatudes. On 
the basis of discoveries already made at Molonglo it seems 
likely that the continuation of the present search’ will 
reveal several more strong pulsars. 

We have noted many suspected pulsars on the chart 
records. These are very near the signal to noise limit of 
the system and are very difficult to confirm. It 1s therefore 
hkely that a significant increase in sensitivity would lead to 
the discovery of many more pulsars. At Molonglo there 
is ttle scope at present for a general morease in sensitivity 
but some improvement could be obtamed for restricted 
ranges of period and dispersion. 

We thank Professor B. Y. Mulls for his continuing 
interest ın this work, which is supported by the Australian 
Research Grants Committee, University of Sydney 
Research Grants Committee, the Science Foundation 
for Physics within the University of Sydney and the US 
National Science Foundation. A. E. V. is in receipt of a 
Commonwealth Postgraduate Studentship. 

Note added in proof. The pulsar PSR 1642-03 (MP 
1642) was announced by G. R. Huguenm and J. H. 
Taylor on March 5, 1969 (LIAU Circular No. 2135). 

A. E. VAUGHAN 
M. I. Lares 
R. WIELEBINSEI 
Cornell-Sydney University Astronomy Centre, 
University of Sydney. 
Received April 28, 1989. 
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Unsuccessful Pulsar Search 
at 1,400 MHz 


A PULSAR search at 1,400 MHz was carned out in March 
1969 using the Nancay transit telescope. A third of the 
galactic plane was scanned between plus and minus two 
degrees in galactic latitude. No pulsars were discovered. 
The aim of the survey was to search for pulsars with 
spectral maxima at high frequencies (OP 0328, for 
example), and for pulsars of very high dispersion. Plotting 
the distribution of known pulsars in the sky, Large et al.? 
found a zone of avoidance along the galactic plane and a 
concentration some degrees to the south. They suggested 
that a thin layer of ionized hydrogen in this plane produces 
very hıgh dispersion. Individual pulses from pulsars 
situated m such a layer would not have been resolved by 
the low frequency surveys but, because the pulse transit 
time in a given bandwidth is proportional to v*, the pulses 
can be resolved at 1,400 MHz with a large bandwidth. 
The receiver had a bandwidth of 5 MHz and a time 
constant of 10 ms. After removing the slowly varying 
components, the output of the recerver was recorded for 
visual inspection and digitized by an on-line computer for 
tests. These tests were performed every 5 8 on the nearest 
20 s of data and searched for periodicities between peaks of 
twice the r.m.s. noise. Records with a 10 ms constant 
show a peak to peak noise fluctuation equivalent to a 
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flux density of 1 to 2x 10-** W m- Hz-1, depending on 
the declination of observation. 

The zone of observation in the galactic plane was a 
strip 4° wide extending from /II=96° to I= 152°, and 
eighteen squares 4° wide in latitude and about 4° m 
longitude. The declination step was the halfpower beam- 
width. Out of the galactic plane, a strip 4° wide was 
scanned between «= 8h 30mand 17h 00 m, 8=0° and — 4°, 
crossing some nearby globular clusters. When a signal 
was suspected, the area was scanned again. If some doubt 
remained, up to twenty scans were performed by moving 
the focal antenna. As a check, CP 1133 and OP 0328 
were scanned many times, and every time were detected. 
The mean peak signal to noise ratio was about four for 
OP 1133 and more than six for OP 0328. 

No new pulsars were found. It seems that the pulsar 
lists established at lower frequencies are also almost 
complete, as far as strong pulsars are concerned, at 1,400 
MHz. The sensitivity of the survey was not sufficient to 
extend this conclusion to the weakest pulsars. The fact 
that no strong pulsar with a high dispersion was found 
seems to mean that observed dispersions are chiefly 
related to distance. 

G. Boura@ois 

M. GUÉLIN 

Neuran Quanc Rizv 
Observatoire de Meudon, 
92 Meudon, 
France. 


Recelved April 18, 1969. 
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HII Regions and the Distances to 
Pulsars 


Ir is well known that estimates of pulsar distances are 
based on their dispersion which is a direct measure of 
Jnedl, where na is the density of electrons cm~ and where 
the integration is along the lme of sight from the pulsar 
to the Earth. Usually, as a rough estimate, the value 
0-1 cm has been used for ne, but there have been 
indications that this may be much too high in most cases. 
It should be possible to do better, however, for the 
positions of pulsars in the sky are quite well known and it 
18 suspected that most of them lie relatively close to us, 
within perhaps 1 kpc. We can therefore use our knowledge 
about stars along the line of sight and about the general 
distribution of hydrogen in our galaxy to give an approxi- 
mate calculation of ne along the line of sight and thus to 
see at what point the observed {n-di runs out of distance. 
It is clear that the position of a hot star or association will 
materially affect the resultant distance l, estimated in this 
way, for m HII regions the value of ne will be at least an 
order of magnitude higher than 0-1 om. 

To carry out this programme we first of all compiled a 
catalogue of all stars hotter than O9-5, all supergiante 
hotter than AO, and clusters with their earliest member 
hotter than B5, for a region of radius 1 kpe around the 
Sun. Using Morton and Adams’s recent calculations! 
of stellar atmospheres and absolute magnitudes from the 
Landolt-Bornstein tables? we calculated the Strémgren 
radii for these objects. We assumed a hydrogen density of 
2 om>, which is a minimum value according to Murdin and 
Sharpless?. Although the Strömgren radi: depend on the 
hydrogen density, the contribution, of the resultant HII 
région to fnedl is to a large extent independent of this 
density, a smaller Strömgren radius being compensated 
by a larger value of ne, and vice versa. Although a 
smaller Strömgren radius might mean that a line of 
sight might miss an HII region, which it would hit if 
we assumed a smaller hydrogen density, this effect was 
important for very few pulsars (see notes to Table 1). 
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Table 1. PULSAR DISTANCE ESTIMATES 
Sredi 
Pulsar m bI (cm> pe) (pe) Notes 
OP 0328 145 -1 27 480 1 
NP 0527 184 -7 49 1,600 2 
NP 0682 185 —6 56 1,700 2 
MP 0628 238 -17 5 100 
MP 0786 254 -9 100 370 3 
OP 0808 140 32 6 180 
AP 0828 +26 197 32 19 > 900 4 
R 0833-45 264 -3 68 410 5 
CP 0834 220 26 13 390 
MP 0885 260 0 120 420 6 
PSR 00H +77 185 34 — — 7 
0040 279 -38 145 480 8 
PP 0043 228 42 17 > 700 4 
OP 0050 229 44 3 60 
MP 0959 281 -1 80 490 <} < 1,700 9 
OP 1188 242 69 5 
MP 1426 818 -5 60 210 <} < 1,800 10 
MP 1451 814 —8 — àma 7 
HP 1506 91 52 20 > 600 4 
MP 1727 841 -9 140 > 1,300 11 
MP 1747 -11 40 1,300 <} < 1,900 11 
PSR 1749-28 2 -1 51 960 12 
OP 1919 56 4 13 230 
PSR 1929+10 47 -4 8 140 
JP 1983+16 52 -2 143 2,000 <} < 4,000 18 
AP 2105+28 68 —4 14 260 
PSR 2045-16 31 — 33 11 390 
PER 2218+47 98 -8 1,400 


1 This pulsar was at one time thought to be at a distance of 4 kpe (ref. 10), 
pis recent orir -placea it noafer than the Parsens arm: 
mine in the Orab nebula which 1s at a distance of about 2 kpe 

3. line of sight of this pulsar hits the HIT 1egions of ¢ Pup and y? Vel. 

4. These pulsars seem to lie out of the galactic HI plane and we therefore 
can 0 give a lower limit for |. 

5. line of sight of this pulsar hits HII regions of »* Vel and ¢ Pup. 
It has been tentatively identified with 


t hits the HII region of y? Vel. 
t Just misses the HII regions of y* Vel and IO 2602 


which constitute lower bound to J. 
10. The line of sight skirts the HII regions of £ Cru and Lower Centaurus- 


Crux which should account for most of the dispersion. Otherwise l~ 1,800 

11. The line of sight very close to I Scorpius, at 1,300 pe, which 
could account for most of the dispersion. 

12, Guélin has placed an upper bound of 1 kpc on this pulsar. 

13 The line of sight passes within about 8° of WR star No. 98 (ref. 13 
which hes at 2 kpe. 


The contribution from the remaming stars in the sky 
(main sequence stars and giants cooler than O0-9) was 
taken mto account statistically, for we felt that the number 
of these stars was sufficiently large to warrant such a 
treatment. We used catalogues of bright starst to obtain 
a lummosity function for every spectral subdivision and 
we found that the statistical contribution per pe to the 
dispersion of the galactic plane caused by HII regions 
around the stars not treated separately 1s 0-004 pe cm~, 
where we used an average density of 21 cm~? in the HO 
regions, following Murdin and Sharpless’. 

Finally we considered the level of ionization in HI 
regions following Pottasch® to be determined by the 
cosmic rays. This means that essentially np is deter- 
mined by the equilibrium between ionization by cosmic 
rays and recombination. This results in ne being pro- 
portional to the square root of the density in HI regions, 
ny. We assume that nyy fals off exponentially with 
height z above the galactio plane 


nui=N, exp (—|2|/76) (1) 


where z 1s in po. This dependence seems reasonable both 
in the light of Kurochkin’s study of the space distribution 
of early stars? and of the work of Murdin and 
Sharpless? on the distribution of HI regions. 

Combining the results for the HII contribution from 
main sequence and other not too hot stars and those for 
the contribution from HI regions, we find the following 
expression for Jnedi, provided the line of sight does not 
intercept the Stromgren sphere of any member of the 
catalogue of very hot objects 

jinai- 1182 
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where b is the galactic latitude of the pulsar considered. 
We are here treating n, as a disposable parameter. Once 
this parameter 1s known, we can find the distance J of the 
pulsar by solving equation (2) after having convinced 
ourselves that there are no hot objects along the line of 
sight. Otherwise we must subtract from the observed 
fnedl the contribution from the Strémgren spheres before 
applying equation (2). The value of n, was obtamed by 
considering pulsars with a high galactic latitude so that 
we could assume that I|sinb| was probably much larger 
than 152. In fact, it turned out that we could find a 
consistent value for n, of about 0-05 electrons em~. We 
used this value to evaluate the distances of the other 
pulsars. ‘The results of our calculations are given m 
Table 1. We hst there, respectively, all pulsars of which 
we were aware, their galactic longitude and latitude, the 
value of fned? obtained from their dispersion, and our 
computed distance. We append notes on special features 
which we feel deserve mention. 

From our table we can draw a few tentative conclusions. 
First we note that the quantity Jnedi/l, which in earlier 
articles was assumed +o be a constant and often to be 
equal to 0-1 om~, varies considerably from 0-01 to 0-3 em~ 
with perhaps clustering around 0:03-0:05 cm~. It 
therefore seems, to say the least, dangerous to assume that 
one can use %.~0-1 em uniformly. Second, most of 
the pulsars observed so far lie withm a distance of about 
1 kpe from the Sun. From this we can speculatively infer 
that if all pulsars are supernova remnants, if all super- 
nova remnants are pulsars, if we may assume one super- 
nova outburst per century in our galaxy, and if we may 
assume a lifetime of about 10’ yr for a pulsar, then we are 
observing approximately 10 per cent of all the pulsars. 
This puts some restrictions on possible pulsar models. 
Fimally, we want to stress that although we feel that our 
distance determinations are an ımprovement on earlier 
ones, they could be rmproved by, for instance, using 
detailed data on hydrogen densities. Details of our 
calculations will be published elsewhere. 

After the bulk of this article was written we saw articles 
by Grewing, Mebold and Rohlfs* and by Davidson and 
Terzian®, which we hope to comment on in detail elsewhere. 
The first article chiefly considers the effect of HI regions, 
and ıs not directly germane to our discussion. The 
second article 1s very much along the same lines as our own 
calculations, but whereas our discussion is based on 
empirical data, thers is based on theoretical models. 
Moreover, Davidson and Terzian do not arrive at any 
detailed conclusions about pulsar distances. 

We thank Wolfson College, Oxford, and the Royal 
Commission for the Exhibition of 1851 for supporting 
A.J. R. P.; L. M. Hall, F. K. Lamb, M. F. Ingham and 
J. V. Peach for useful discussions and A. G. Lyne for 
making available the latest pulsar data. 


A. J. R. PBENTIOn 
D. TER HAAR 
Department of Theoretical Physica, 
University of Oxford. 
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Pulsars and Magnetic Amplification 


Tas identity of pulsars with supernova remnants was 
ındicated by tho Vela X source! and confirmed by the 
location of pulsar NP 0532 within the Crab Nebula? 
and by observations of optical pulses from a central 
star’. It ıs probable that the source is a rotating, magnetic 
neutron start’. In concentrating on the pulsar we should 
not, however, overlook a second, equally significant 
problem m the case of the Crab. My purposes here 
are, first, to show that such a star may generate magnetic 
flux and energy and account for the large flux which 
exists within the nebula; second, to show that we now 
have almost direct observational evidence of conversion 
of gravitational to magnetic energy as required in radio 
galaxies and quasars; third, to propose an explanation 
of pulsars as omnidirectional pulsed signals excited by 
a rotating star. 

The magnetic field imside the Crab Nebula has an 
average strength BS10~ G (ref. 6), and polarization 
which indicates a large scale, ordered field’ to which 
a magnetic flux Y=BL* may be attributed, where L 
is a characteristic dimension, about 1 pe, so that JS 10 
G cm!. This flux could not have passed through the 
central star before the explosion*. Nor could it comprise 
compressed interstellar field as has been proposed’; 
the observed concentration of field and synchrotron 
emission near the centre, the outward motions of hght 
whisps’, the outward acceleration of the shell?*11, and 
energy considerations preclude this origin. There remains 
the possibility of flux amplification by hydromagnetic 
action within the nebula. 





Auroral zone 
and plasma 


Fig. 1. A schematic representation of a star commencing contrachon 

towards the neutron state, and a supernova shell expanding- Tho section 

1s through the rotational axis, arrowed, and the dipole field 1s oblique. 

Field lines O and S have reconnected and se ted while lines P are 

still connected to the shell. The effects on the field of stellar rotation are 
not shown. 


Shortly after the supernova explosion the Crab com- 
prised a partially collapsed star moving towards the 
neutron stage and an expanding shell, shown in Fig. 1 
in a section through the axis of rotation and the axis 
of a dipole-type magnetic field. Initially, most magnetic 
field lines emerging from the star linked through the 
conducting plaama of the shell. As the two separated, 
lines leaving the star at low magnetic latitudes were 
drawn out into long tongues and a magnetic neutral 
sheet formed in the equatorial plane. This separated 
oppositely directed fields, which reconnected across 





966 


the sheet to form a corotatmg magnetosphere C and a 
shell field S. Some polar field Imes P remamed connected 
to both star and shell, the configurations 0 and P being 
separated by “auroral zones”. Stellar rotation, which 
speeded up to more than 80 revolutions 8-1, wound up 
the P field into spiral forms in the regions near X and Y 
and helical forms near the rotational axis. There is 
evidence, discussed later, of plenty of plasma within the 
shell cavity; field lnes are frozen into this plasma and 
amplified by shear motuons V(r,6) imposed by the rotating 
star. In anr, 0, p system the well known frozen-in equation 
expands to 

3Bọp . ( dw 2) 

2 sin ð | Bg 5 +r B, p 

where w (r, 6) is the plasma angular velocity. 

Now suppose that a fraction 8 of the total magnetic 
flux }, through the star remains connected to the shell 
or to plasma within the shell. At each stellar revolution 
the nebular flux ) increases by 84s, so that after n revolu- 
tions 


(1) 


P = nöps (2) 
If tho average rotational rate was equal to the present 
rate of 30 s-1, then n~ 10! and Sps~ 1031 G cm? (about 
that of an average sunspot). If the starting point had 
been a typical mam-sequence star with a surface field 
of one G, so that pa~ 10% G em}, only one or two per cent 
of this flux remains connected to the shell. Hence these 
polar-cap fields would extend to magnetic colatitudes 
~ 7°-10°. We have been conservative in nominating the 
spin rate and star magnetic field so that there is no diffi- 
culty m accounting for the enormous flux within the 
Crab. 

An earlier model? was similar except for the power 
source, which was radioactive decay, now known to 
be imadequate!*, The present direct source 1s kinetic 
energy, but the original source ıs the gravitational 
energy of stellar collapse with partial conservation of 
angular momentum. Here ıs strong evidence for the 
conversion of gravitational energy to magnetic energy 
as required for and in the same manner proposed for 
radio galaxies and quasars!®14, Furthermore, the model 
18 most efficient in the generation of fast particles. The 
more or less rigid, corotating magnetosphere is scarcely 
a figure of revolution. Indeed, from the evidence of 
magnetic variable stars it 1s likely that it is much more 
complex than that shown, perhaps even showing reversals 
m localized areas. This rotating field end ita plasma, C, 
are completely enclosed by a non-rotating field and 
plasma which extend from the outer boundary of C to 
that of the nebula itself. The boundary between the 
two configurations oscillates violently as the star rotates, 
and radiates hydromagnetic waves outwards, removing 
energy and angular momentum from the star at the 
rate observed. This model seems more realistic than 
earher discussions of an oblique rotator. The waves 
are also likely to be efficient generators of cosmic rays 
by the mechanism of magnetic pumping'*. Thus in the 
process of generatmg magnetic field, cosmic rays are a 
byproduct. In the Crab, as in radio galaxies and quasars, 
the main problem raised by the observed synchrotron 
emission has been to explain the conversion of gravi- 
tational to magnetic energy—the cosmic rays follow 
inevitably. 

The model may also account for pulsed optical and 
radio emissions, provided that there 18 asymmetry in 
m the non-rotating field or plasma (m addition to that 
imposed by pressure of the Q region). During the violent 
compression and decompression of this field the magnetic 
moment of its cosmic rays will be conserved so that the 
frequency of maximum synchrotron emission varies 
as B’. Hence the total, more or leas omnidirectional, 
optical and radio synchrotron emission must almost 
certainly vary in unison with the stellar rotation, An 


NATURE, VOL 222, JUNE 7. 1969 


explanation of pulses lasting only a few per cent of the 
pulsar period may require a rather localized plasma 
or field inhomogeneity. The rotating configuration 
would “flap” against this region once or perhaps twice 
per revolution, setting up collisionless shock waves and 
ther accompanying space-charge waves and electro- 
magnetic emissions. 

There is ample observational evidence of plasma 
in the central region of the Crab. The low-frequency 
radio source! seems to require & coherent emission mech- 
anism and hence a substantial plasma density. Plasma 
inhomogeneities are revealed by the light whisps, some 
moving north-westward away from the centre, and one 
anchored’. The mternal line-emitting filaments are also 
plasma concentrations”. It 1s likely that an asymmetric 
plasma and field extend inwards to the vicinity of the 
star, where they convect violently under the influence 
of gravitational, inertial and electromagnetic forces. 
Suppose, for example, that plasma is moving radially 
outwards in the CG region, es in Gold’s model. It experi- 
ences azimuthal acceleration to speeds wr sin 0 until 
it reaches the local Alfvén speed, when calculations 
indicate that 1b 13 capable of tearmg out the field lines 
into the region of non-rotation. These limes form spirals 
and spiral neutral sheete in the XY region, and subse- 
quent reconnexion across these sheets allows the lines 
to rejoin the Ọ region and so complete a cycle of convec- 
tion. 

This pulsar model retains the clock and energy features 
of the “lighthouse” models!” but avoids the difficulties 
of stringent beammg requirements and a large sweep 
of the direction of polarization during each pulse!*. In 
the above model this sweep might result from the passage 
of a disturbance across the boundary of the O region, 
where the magnetic vector must change abruptly. The 
model also explains the origin of the Crab magnetic 
field and the outward acceleration of the shell m 
the manner previously suggested’, the shape of the nebula 
(a prolate spheroid, because a toroidal field exerts max- 
mum force along the axis of symmetry), and the motions 
of the hght whisps. It may explam the X-ray source, 
which extends for about 0-3 po from the centre and 
probably has a synchrotron origin”. If the electrons 
responsible (energy {10% eV) were all released near the 
centre of the nebula the source would probably be much 
smaller than observed. In my model they result from 
the acceleration of electrons of lower energy and longer 
lifetimes (optical synchrotron electrons with lives of 
200 yr) by hydromagnetic waves travelling outwards. 

J. H. Prmpineton 
CSIRO Division of Physics, 
National Standards Laboratory, 
Sydney, Australia 2008. 
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Limit on the Angular Size of Cyg XR-! 


Bots nebular and stellar objects have been identified as 
discrete sources of cosmic X-rays. Representative of the 
first 1s the Crab Nebula, the size of which has been meas- 
ured to be 1 to 2 aro mim im the energy range 1-6 keV 
according to observations durmg a lunar occultation’ and 
with a modulation collimator’. This size is comparable 
with the optical size of the nebula. Representative of 
stellar sources is Sco X—1, the X-ray size of which has 
been shown to be less than 20 aro s by a measurement 
with a modulation collimator, also in the energy range 
1-6 keV (ref. 3). The optical counterpart of Sco X-1 is 
an irregularly variable blue star‘. The tentative identifica- 
tions of Cas XR-1 with the supernova remnant, Cas A 
(ref. 6, and of several other X-ray sources with blue stars 
(Cyg X-2 (ref. 6), Cen XR-2 (ref. 7)) obviously suggest 
that these particular sources can be assigned to the 
nebular and the stellar classes, respectively. 

The bright X-ray source Cyg XR-1 presents an 
especially interesting problem for size measurement 
because it has a hard ‘‘power-law” X-ray extend- 
ing to 100 keV and beyond’ lke the Crab Nebula, and 1s 
apparently highly variable® like Sco X-1. Moreover, no 
optical counterpart of Cyg XR-1 has been identified. Thus 
a direct measurement of its X-ray size may be the only way 
to determine whether it 18 a variable X-ray nebula or & 
stellar object emitting X-rays with a power law spectrum 
extending beyond 100 keV. 

This article reports an observation that places an upper 
lmit of 1-4 min of arc on the angular diameter of the 
X-ray source Cyg XR-1 in the energy range from 25 to 
100 keV. This result is based on data from a balloon 
experiment on July 16, 1968, with an instrument com- 
prising a pair of X-ray telescopes with gyro-stabilized 
modulation collimators. 

Each collimator consists of two parallel grids of 10 mil 
gold wires mounted 36 inches apart in a cylindrical tube. 
When an X-ray source passes across the field of view along 
an arc perpendicular to the wires, the transmitted intensity 
is modulated with a period of 2-0 aro min and an amplitude 
that depends on the angular diameter of the source. For 
a point source the modulation is nearly 100 per cent, and 
for a source much larger than 2 arc min it is nearly zero. 
A slow and steady source scan is achieved by an mertial 
stabilzation system. Two rate integrating gyroscopes are 
used to stabilize the collimators against random motions 
of the balloon gondola while rotating them at a uniform 
rate of several arc minutes per minute. 

The X-rays transmitted by the collimators are detected 
by two Nal (Tl) crystal scintillator detectors which are 
mounted behind the collimators. The total effective area 
of the instrument in the direction of a transmission 
maximum is 280 cm*, Ite overall field of view is 10° by 
10°, full width at half maximum. The instrument is 
orientated in azimuth and elevation and is controlled by 
radio command from the ground. The X-ray counting 
rate ın each detector ıs telemetered to the ground once 
per second and recorded. 

The instrument was launched from the National 
Center for Atmospheric Research (NCAR) balloon base 
at Palestine, Texas. Command and telemetry systems 
were provided by NCAR. The data gathermg portion of 
the flight lasted for 5 h 30 min at an atmospheric depth 
of 3-74 g cm. A source was observed when the 
telescope was pointed in the direction given by Giacconi 
et al.}° for Cyg XR-1. The intensity of Cyg XR-1 at the 
altitude of observation was found to be 0-056+ 0-007 
photons cm-? s- in the 25 to 100 keV energy range. 
Because the command equipment malfunctioned during 
most of the flight, only one good scan, of 8 mm duration, 
was made of Cyg XR-1 by the collimators. A Fourier 
transformation of the data recorded during this scan 
revealed a strong periodicity in the X-ray mtensity at a 
frequency consistent with the scan rate, which was 


967 


determined independently from telemetered engineering 
data. The probability that random fluctuations were 
responsible for the periodicity 1s 10-*; equivalent to & 
3-456 deviation on the normal distribution curve. Possible 
instrumental effects which could cause an apparent 
modulation of X-ray intensity were investigated and 
found to be negligible. The same analysis was apphed 
to data taken durmg the remaining 5 h 24 min of the 
flight when the instrument could be pointed toward and 
away from the source, but the collimators could not be 
stabiized. No evidence of significant periodicity was 
found ın these other data. The Fourier coefficients com- 
puted from these other data followed the predicted 
probability law very closely which indicates that the 
statistical analysis ıs vahd and that the probability 
quoted here ıs realistic. The observed periodicity 18 
therefore attributed to a modulation of the Cyg XR-1 
intensity by the collimators. 

The amplitude of the periodic component indicates that 
the source diameter is less than 1-4 arc min. The result 18 
actually consistent with the hypothesis that Cyg XR-lisa 
point source, but the Lmited observing time and relatively 
poor statistics introduce too much uncertainty to justify 
setting a smaller limit than 1-4 are min at this time. 

Given sufficient observing time, this instrument 1s 
capable of measurmg diameters of high energy X-ray 
sources down to 0-1 aro min. Flights are planned for 
both Cyg XR-1 and the Crab Nebula. 

I thank Professor George Clark for the original concept 
of this work, and Professor Herbert Schnopper and other 
members of the staff of the MIT Center for Space Research 
—chiefly Messrs T. Dawson and E. Mangan—for their 
help. This work was supported in part by a NASA grant. 
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Interferometric Observations of the 
Radio Source VRO 42 22 Ol 


Sommırr! has emphasized the outstandingly mteresting 
properties of VRO 42 22 01 and its associated optical 
counterpart BL Lac*. Further mterest has been aroused 
recently by the supposed detection of variable circular 
polarization at a frequency of 2,695 MHz (refs. 3 and 4). 
We have observed VRO 42 22 01 at various times and 
frequencies during 1968 with the interferometer of the 
Owens Valley Radio Observatory, always in conjunction 
with other programmes. 

Tho results are summarized in Table 1. The orientation 
of the interferometer is specified in the second and third 
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columns by giving the projected antenna separation in 
wavelengths and the direction along which resolution is 
obtained. Flux densities and phases were calibrated 
using several small diameter sources in the usual way 
for Owens Valley observations (see, for example, ref. 5). 
Because of pointing errors, gain variations and an uncer- 
tain high frequency flux density scale, the flux densities 
at 8:3 and 9-6 GHz may have errors of 15 per cent. At 
1-420 GHz, however, the uncertainty is only + 0-2 flux 
units. The degrees of linear and circular polarization are 
designated by P, and Po, respectively, and x ıs the 
position angle of the electric vector. 


Table 1. INTERFBROMBTBR MRASURHMENTS OF VRO 42 22 01 


P.A.  Flox Pu & Pot 
Date (wave- (de- density Phase* (per (de- (per 
(1968) lengths) grees) (¥.U.) (lobes) cent) grees) cent) 
(a) 9 600 GHz 
June 11 2863 181 3 10-5 0 064 
June 21 21528 1701 11-4 0 152 
21806 152-1 117 0 354 
21924 150 8 115 0 875 
June 22 21789 158-7 11-5 0 282 
21789 157-4 12-2 0 222 
Sept. 15 8760 329 4 82 —0 266 18+1:5 86420 —0:9418 
(b) 8-800 GHz 
May 29 5050 61-1 61 0-018 
May 30 6031 68-1 72 —0028 28+05 11410 06+41:3 
June 1 4108 40-3 72 —0 005 
Sept. 18 3322 837-9 87 —0 053 1813 66426 0441-1 
Sept. 19 3316 336-8 81 —0 075 
(e) 1:420 GHx 
Nov. 18- 142-144 80% 42 — >3 — 034+ 
22 99-0 030ł 


* June phase measurements at 9 6 GHz relative to ass = 22 h 00 m 38 %0 s, 
Sime 42° 02’ 090”. AN other phase measurements relative to ass= 
22h 00 m 80 08, d =42 02 12:0. 


tA Hels sign indicates right-handed circular polarization (radio 
convention). 


t Unpublished work of G. A. 8. 


From the 9-6 GHz observations ın June ıt seems that 
the fringe visibility 1s æ 1 between 2,363 and 21,800 a 
in position angle 150°. The source diameter therefore 
18 S 2". Thusin all our subsequent deductions we consider 
VRO 42 22 01 a point source. This ıs consistent with the 
reported variations in flux density with time?. The phase 
Measurements can be combined to yield the following 
Position: o1959= 22 h 00 m 391 8 + 0:2 s, $= 42° 02’ 07-1" 
+20”. This position agrees well with that of MacLeod 
and Andrew’, so the suggested identification’? is not 
disturbed. 

Although the uncertainties in our flux densities are 
large, it seems that there were significant variations 
between June and September at both 8-3 and 9-6 GHz. 
Furthermore, accordmg to the spectrum deduced during 
the winter of 1967—68?, the flux densities at both 8-3 and 
9:6 GHz were between 6-7 and 7-9 flux unite and hence 
have apparently increased during 1968. Finally, our 
measurement at 1-420 GHz is considerably smaller than 
that reported ın 1967 by Willams and Stewart at 1-417 
GHz (ref. 6). Flux variations have therefore now been 
found at frequencies of 1-420, 2-695 (ref. 3), 8-300 and 
9-600 GHz. 

The source is only weakly linearly polarized at 8-3 and 
9-6 GHz. The degree of lmear polarization at 4:5 cm 
wavelength? is slightly larger than those at shorter wave- 
lengths. VRO 42 22 01 may therefore be another example 
of a source with an “inverted” depolarization rate’. There 
is a suggestion that the linear polarization parameters at 
8-3 GHz have changed between June and September. 
This may explain why the position angles reported here do 
not agree with the rotation measure deduced by MacLeod 
and Andrew’. 

We did not detect circular polarization with certainty at 
any frequency or time. The limits established at 8-3 and 
9-6 GHz are not low, however. Furthermore, we have not 
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observed at the same time nor at the same frequency as 
when circular polarization was supposedly detected?-+. 
We do believe, however, that until additional measure- 
mente detect ciroular polarization in VRO 42 22 01 it 1s 
premature to conclude that it contains a very strong 
magnetic field (~ 1-100 G). 
Some of the measurements reported here were made by 
G. L. Berge and E. W. Greisen. 
Q. A. Bararstap 
K. B. Yr 


Owens Valley Radio Observatory, 
California Institute of Technology. 
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New Hypothesis on Atmospheric Tides 


Lozgp KeLvm! seems to have been the first to suggest 
that the equatorial wave of the semi-diurnal oscillation of 
the atmosphere of Earth may be explained by the resonant 
tidal effect of the Sun on an atmosphere with a natural 
period of oscillation close to 12 h. In the thirties, Taylor? 
and then Pekeris? were able to support the concept of a 
natural period of 12 h by consideration of the then known 
vertical distribution of temperature in the atmosphere. 
This theory is no longer satisfactory for the following 
reasons. (1) Recent measurements of atmospheric tem- 
perature do not lead to a period of 12 h. The work of 
Limdzen‘ on the classical theory, however, suggests that 
the thermal excitation provided by the ozone and water 
vapour absorptions in the atmosphere may be adequate to 
yield the proper magnitude for amplitude of the migratory 
wave at the equator without a critical dependence on the 
vertical profile of temperature. (ii) The predicted varia- 
tion of amplitude from equator to pole ıs substantially 
different from the observed one. (ii) There 1g nothing in 
the theory to account for the polar semi-diurnal oscillation 
observed at high latitudes. 

I submit here an alternative hypothesis. Inside an 
autobarotropic fluid in quasi-static equilibrium, there 18 
no buoyancy resistance to the motion of a fluid parcel. 
If inside such a fluid resting on the rotating Earth a 
fluid parcel is displaced in a plane perpendicular to the 
polar axis, then neglecting friction the parcel will perform 
an inertial oscillation m this plane with a period of 
exactly half a day. Thus an oscillation with a period of 
half a day 1s very natural for an autobarotropic atmosphere 
resting on the rotating Earth. In such an oscillation, the 
particle motion is chiefly in the vertical plane near the 
equator and principally in the horizontal plane near the 
poles. The restorative coriolis force in such an oscillation 
is 2Q cos pọ near the equator and 2Q sin 9 near the poles, 
where Q denotes the Earth’s angular velocity and ọ its 
latitude. I postulate that both the equatorial and the 
polar semi-diurnal oscillations observed m the Earth’s 
atmosphere belong to this class of inertial oscillations. I 
also expect similar oscillations in the atmospheres of other 
rotating planets. The semi-diurnal oscillation in the 
Earth’s core manifesting itself in the observed semi- 
diurnal undulations of the Earth’s sold surface may also 
belong to this class. 

I show here that a deep layer of the Earth’s atmo- 
sphere, perhaps above 120 km, oscillates like an autobaro- 
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tropic fluid with its natural period of 12 h. The underlying 
layers of the atmosphere expand or contract horizontally, 
consistent with quasi-static conditions along the vertical. 

Detailed mathematical derivations will be published 
elsewhere. For the equatorial migratory semu-diurnal 
wave 


4? cos’ ọ 
— pr P? 


vip = ET, 


(1) 
where vy? ıs the horizontal Laplacian, p perturbation 
pressure and T, molecular scale temperature at the bottom 
of the autobarotropic layer and R ıs the universal gas 
constant. 

Below the base of the autobarotropic fluid up to sea 
level, I postulate that an atmospheric column expands 
or contracts horizontally, consistent with the hydrostatic 
equation. These expansions and contractions could be 
isothermal because their period is large; they could also 
be adiabatic because their horizontal extent ıs large. The 
respective formulae would be 


PE isothermal oh 2 
Z = 5, (isothormal changes) (2) 
cs ( ign h 3 
a 5) (adiabatic changes) (3) 


P and P, are equilibrium pressures at the base of the auto- 
barotropic layer and at sea level respectively; p and p: 
are corresponding perturbations. Op and O» denote specific 
heats at constant pressure and volume. 


Neglecting horizontal variations of P and Ps, I infer’ 


from equations (2) and (3) that p 1s proportional to pz. 
Thus (1) gives 


4% cos? p 

2 — Te, 
V Ps RT, Ps (4) 
Equation (4) was solved numerically on a computer for 
various values of T, ranging from 300° K to 600° K. At 
the boundaries, ps was kept fixed as 1 mbar at the equator 
and zero at the pole. The computed profile of p, between 
equator and pole was found to be very close to the 
observed one when 7,=467° K. In a standard atmo- 
sphere (US Standard Atmosphere, 1962) this 1s 123 geo- 
potential kilometres (gpkm). Thus 120 gpkm 1s approxi- 

mately the base of the sutobarotropic layer. 

Knowledge of layers above 120 gpkm 1s very limited. 
But diffusion of major constituents and very steep tem- 
perature lapse rates are known to start at about this 
level, above which the physical diabatic processes mam- 
taining these conditions are perhaps so active that a 
vertically displaced air element will very soon assume the 
physical properties (including temperature) of ite new 
environment. As such, temperature would tend to 
become a unique function of pressure and the layer of the 
ones would tend to behave hke an autobarotropic 

uid. 

Computed variations of p, with latitude are shown in 
Table 1. Figures in the first four columns are adopted 
from Wilkes’. 

Variations of p with height up to 10 mbar level (~ 30 km) 
are shown in Fig. 1. Crosses m the diagram correspond 
to observations of Harris* over the Azores, scaled to 
give 1 mbar at sea level. In spite of lmmitations of observa- 


Table 1. VARIATION OF AMPLITUDE WITH LATITUDE, AT SBA LEVEL 
Theoretical 
Latitude value Observed value Theoretical value 
(Pekeris) Schmidt Simpson (new hypothesis) 
80° 0 0000 0 000 00 0 000 
80° 05x10? 138x107 5x10? 18:4 x 10° 
60° 0 040 0142 125 0170 
40° 0 27 0 45 0-45 047 
20° 073 0 82 0 88 0-82 
Equator 100 100 100 1-00 
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Fig. 1. Variation of amplitude with height. 


tions, there 1s a fair degree of agreement between observa- 
tions and the hypothesis. Perhaps the atmosphere follows 
a course between two extremes represented by equations 
(2) and (3). 

Above 30 km, observations are few. The classical theory 
demands a reversal of phase at 30 km which should act as 
a nodal level. My hypothesis does not expect any such 
nodal level. A recent review of observations by Haurwitz’? 
does not seem to reveal the existence of any such nodal 
level at least up to 100 km from sea. level. 

I expect analogous “semu-diurnal”’ oscillations in the 
atmospheres of other rotating planets. 

G. C. AswANT 
Institute of Tropical Meteorology, 
Poona-5, India. 
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Semi-annual Variation in Density 
at a Height of 90 km 


A SEMI-ANNUAL variation in upper-atmosphere density. 

with maxima in April and October and minima in January 
and July, was first detected ın 1961 by Paetzold and 
Zschörner! from the analysis of satellite orbits at heights 
of 210-650 km. By 19665 it seemed that the main features 
of the semi-annual variation had been established. Using 
observational values of density obtamed at heights 
between 350 and 750 km, Jacchia? found that the variation’ 
with height of the semi-annual effect was smular to that 
shown by other types of upper-atmosphere variation. 

He therefore suggested that the effect could be represented 
by assuming temperature variations in the thermosphere, 

the magnitude of the temperature variations being propor- 

tional to the average 10-7 cm solar radiation flux, which 

is often used as the best available index for solar extreme 

ultraviolet radiation. 
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On analysing the orbit of Echo 2 for the years 1964-65, 
I found? that the semi-annual variation was the dominant 
feature of the exosphere at heights near 1,100 km, with 
the maximum density exceeding the minimum by a factor 
approaching three. This 1s much too large to be explamed 
entirely by assumıng temperature variations in the thermo- 
sphere, and I suggested‘ that the large magnitude is 
partially attributable to variations in the boundary condi- 
tions near the turbopause, the level where drffusive 
equilibrium begins, which ıs between 100 and 120 km. 
More recently, a semi-annual variation in density by a 
factor of about 1-5 has been detected by King-Hele and 
his colleagues“: at heights near 190 km between June 1966 
and July 1967, and also by a factor of about 1-2 at heights 
near 170 km during the second half of 1968. These magni- 
tudes are also too large to be represented entirely by 
temperature variations ın the thermosphere. 


850 
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of 80-100 km. Most of the data were obtained during 
1965 and 1966 from rocket grenade and pitot-static tube 
experiments, conducted jointly by Goddard Space Flight 
Center and the University of Michigan, although results 
from several other sources for dates between 1961 
and 1966 have also been included (see ref. 8 for details). 
At a height of 80 km the density undergoes a marked 
annual variation with a maximum in June and a mmimum 
between October and January. Most of the data are 
for the northern hemisphere, so this can be interpreted as 
the well known seasonal variation with maximum density 
in summer and minimum in winter. 

When densities at 90 km, shown in Fig. 1, are examined, 
it seems that the annual variation at 80 km has given way 
to something resembling the semi-annual variation at 
greater heights. While the magnitude of the seasonal 
variation at 80 km is a factor of at least 1-6, the magnitude 


? WOOMERA 
# CARNARVON 
+ VARIOUS POSITIONS IN S HEMISPHERE 





120 140 160 


180 200 220 240 260 


Day of year 
Fig. 1. Values of density and temperature at 90 km. 


Early models of the Earth’s upper atmosphere were 
based on constant boundary conditions at a height of 
120 km. This restrictive assumption was relaxed in the 
U8 Standard Atmosphere Supplements, 1966, which 
tabulate’? atmospheric properties for three separate sets 
of conditions at 120 km corresponding to spring—autumn, 
summer and winter. For heights between 80 and 120 km, 
density measurements by falling spheres provided most 
yf the data on the seasonal and latitudmal variations 
incorporated in the model. A seasonal variation probably 
exists at 120 km, with the winter density exceeding the 
summer density, but the variation given in ref. 7 may be 
too large. The most unsatisfactory feature is the pre- 
ponderance of northern hemisphere data, with November 
values of density for wmter conditions and July values for 
summer conditions. Values obtained at these dates could 
be affected by the semi-annual effect if it occurs at these 
heights. 

I have recently examined data from numerous rocket 
flights for evidence of a semi-annual vanation at heights 


of the semi-annual effect at 90 km is considerably leas, the 
maximum density exceeding the mınımum by a factor of 
about 1-25. The existence of a corresponding variation in 
temperature at 90 km can neither be confirmed nor denied ; 
if 16 18 there, 1t may be slightly out of phase with the 
density. It is mteresting to note that 90 km is often 
regarded as an isopycnic level (that 1s, a level of constant 
density). 

This variation at 90 km could give rise to a semi-annual 
variation in density by a factor of about 1-25 at heights 
up to 200 km without the need to postulate a large 
temperature variation near 120 km. This direct evidence 
for a semi-annual variation at 90 km, the base of the thermo- 
sphere, seems to confirm my earlier suggestion that the 
enhanced magnitude frequently observed at heights 
above 900 km is caused by variations in the boundary 
conditions where diffusive equilibrium begs. To explain 
the large magnitude observed in the 350-700 km region, 
however, ıt still seems reasonable to assume temperature 
variations m the thermosphere as suggested by Jacchia’. 





NATURE, VOL. 222, JUNE 7, 1969 


Because the effect ıs present down to a height of 90 km, 
ite real origin may be ın the mesosphere, or possibly at 
even lower heights, in the stratosphere. 
G. E. Coox 

Royal Aircraft Establishment, 
Farnborough, 
Hampshire. 
Received April 11, 1969. 
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Velocity of the Earth with Respect to 
the Cosmic Background Radiation 


Tus discovery of the 3 K background radiation has pro- 
vided a new tool for studying the universe. The radiation 
exhibits a black-body spectrum over a frequency range of 
280 to 1 (ref. 1) and 1s highly isotropic*+, which supports 
the hypothesis that the radiation was produced at an 
early stage ın the expansion of the universe. If this is 
correct, the radiation defines an extremely distant refer- 
ence frame—that of the matter which last scattered it’. 
If the Earth has a total velocity v with respect to this 
frame, there will be an apparent excess of radiation in the 
direction of motion" of magnitude (v/c) cos 8. Preliminary 
expermental results at Stanford show a definite excess 
with this kind of angular variation. Assuming that 
intrinsic anisotropy of this type is negligible, a large value 
for the Earth’s motion is indicated ın addition to rotation 
around the galaxy. 

The equipment consists of a radiometer operating at 
8,000 MHz with è 1,200 MHz bandwidth. The theoretical 
noise fluctuation at the output is 6 mK r.m.s. for a 60 8 
averaging time; measurement confirms this value. The 
input to the receiver is Dicke-switched between two horn 
antennae with 12° beamwidths. The antennae are 
directed east and west respectively, at a 30° zenith angle, 
so that the receiver thus measures the difference in antenna 
temperatures between pomts about 5 h apart nm mght 
ascension and at a constant declination, ın this case + 32°. 
Because the path lengths through the atmosphere are the 
same for each antenna, the atmospheric radiation 18 
nearly cancelled. The effect of radiometer drift is made 
negligible by rotating the antenna and preamplifier 
assembly through 180° about a vertical axis every 5 min, 
thus periodically reversing the direction of the two 
antennae. Data were taken by recording the difference of 
the readings ın the normal and reversed positions as the 
sky drifted through the antenna beams. 

Preluminary tests at sea level showed that daily varma- 
tions ın atmospheric attenuation severely lmited the 
sensitivity of the system but this difficulty was largely 
eliminated by observing at an altitude of 3,800 m, at the 
White Mountain Research Station of the ‘University of 
California. Fig. 1 shows the mean of 23 days of data, 
taken in October 1968. There are no data for approxi- 
mately 8 h of mght ascension, for daytime observation was 
prevented by solar radiation ın the low-level sıdelobes of 
the antennae. The peak A occurs when the galactic 
plane passes through one antenna beam and the trough B 
when it passes through the other; 1t is clear that non- 
thermal galactic radiation contributes significantly to the 
entire observation. A galactic map’ at 404 MHz was 
therefore convolved with a 12° Gaussian beam, and 
extrapolated to 8,000 MHz using an average spectral 
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Fig. 1. Mean of twenty-three observations, the data have been averaged 

over 1 h of 1ight ascension. The dotted line indicates estimated values 

the broken line shows the observations after subtraction of non-thermal 

contnbutions. Zero level 1s arbitrary; total length of error bars 18 two 
standard deviations. 


14 12h 


index’ of —0-8; small corrections for the effects of 
Taurus A and the Cygnus X region were made. The 
behaviour of this map between 9h and 17 h right ascension 
provided a preliminary estimate of the missing 8,000 MHz 
data. The broken line m Fig. 1 shows the data after 
subtraction of the non-thermal component. 

The data ın Fig. 1 represent a finite difference of the 
temperature distribution ın the given declination zone. 
Differencing has the effect of changing the amplitudes and 
phases of the Fourier components ın a known way; the 
components of interest are stronger than if observed with 
asingle antenna. Any anisotropy produced by the Earth’s 
motion will appear as a 24 h sine wave; Fourier analysis 
of the observed data gives a mean value for the 24 h 
component, corrected for the differencing process, of 2-05 
mK with a maxmmum at 19 h right ascension. After sub- 
tracting the non-thermal galactic contribution estimated 
from the 404 MHz map, there remains a 24 h component of 
1-60 mK with a maximum at 13 h, as shown in Fig. 2, 
vector OB. The broken lne in Fig. 1 has a maximum at 
about 19 h instead of 13 h because of the particular method 
of differencing used. The formal standard deviation of 
the mean 1s 0-17 mK, but trial and error solutions with 
several different reasonable interpolations of the missing 
data mdicate that the probable error, as shown by the 
eircle in Fig. 2, may be as great as 0-75 mK. Ifa galactic 
spectral index of — 0-9 is used for extrapolation, the point 
B moves to B’. A similar analysis of the background 
radiation for harmonics of the 24 h component shows no 
amplitude significantly different from zero. 

Assuming neghgible intrinsic anisotropy, the vector OB 
imphes a velocity component for the Earth of 160 km/s 
towards 13 hright ascension and declination 32°. Vector 
OA in Fig. 2 shows the expected anisotropy resulting from 
the Earth’s motion in the local group of galaxies; it 1s due 


gh 





Fig. 2. Polar diagram of the 24 h component of the background radia- 
tion. Corrected values for ındividual days are shown, the large 
gives the probable error of the mean. 
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primarily to rotation m our own galaxy. The magnitude 
of OA is 1:85 mK, derived from an assumed velocity of 
315 km/s towards (M= 95°, bu — 8°) (ref. 9). Subtraction 
of these two vectors yields a remainder of 3-2+0-8 mK 
directed towards 11 h 20 m (vector AB); this implies an 
additional velocity component for the local group of 
320 + 80 km/s as observed at 32° declination. 

An analysis of solar motion ın the local superoluster of 
galaxies® agrees with this value, and suggests that with 
respect to the supergalactic coordinate system, the local 
group has a total velocity of 590+170 km/s towards 
(a=11h, 8=—42°), Projecting this vector along §= 32° 
gives a value of 3704100 km/s towards «=11 h; the 
anisotropy which this velocity would produce 1s shown 
by vector AC in Fig. 2. 

The measured velocity for the Earth of 160 km/s 
towards (x=13 h, 3=32°) thus indicates that the local 
supercluster does not have a large velocity with respect to 
the background radiation m the plane of observation. It 
1s possible that unexpected atmospheric effects affect the 
conclusion, although observations m widely v 
conditions show no significant correlation with the weather. 
Intrinsic anisotropy in the radiation 1s also a possibility, 
but would be expected to show harmonics of the 24 h 
period which are not seen. It is important that this 
measurement was made in a plane of constant declination, 
as Was & previous determination of an upper limit?; the 
hour angle of the Earth’s total velocity vector 1s deter- 
mined, but not its declination or magnitude. Additional 
observations at different declinations are necessary to 
determine the entire vector. 

I thank Dr R. N. Bracewell for many useful discussions, 
and the staff of the White Mountain Research Station for 
their assistance. This work was supported by the US 
Air Force Office of Scientific Research. 


E. K. CONKLIN 
Radio Astronomy Institute, 
Stanford University, 
Stanford, California. 
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Thermal Convection in the Archaean 
Crust? 


In an article by Talbot! he compares two models for a 
tectonic pattern typical of undisturbed remnants of the 
Archaean crust. The discussion concerns the map of 
Rhodesian Archaean structure published by Macgregor’, 
which implies that all the granite batholiths shown are of 
the same age and type, an assumption used by Talbot as a 
basis for his argument. There is reason to believe that 
the granites are not all of the same age, type or structural 
environment. 

Macgregor believed that the evolution of the Rhodesian 
Basement Complex was non-orogenic and regarded the 
structure of each schist belt as being dependent on its 
Position relative to neighbouring batholiths. Though this 
view still stands, recent mapping in the Basement Complex 
has revised the structural picture as presented by Macgre- 
gor. An attempt to summarize the existing knowledge of 
the Rhodesian granites is presented in Fig. 1, which is a 
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simplified version of a more detailed, but unpublished, 
map of Rhodesian granites. 

The granites have provisionally been divided into three 
types: 


(1) The ancient gneiss complex which comprises 
gneisses and migmatites varying ın age from pre-Sebak- 
wian to post-Bulawayan (Table 1). There can be little 
doubt that numerous episodes of metamorphism and 
granitization will be found within this complex, the 
unravelling of which 1s only just starting. 

The ancient gneiss complex outcrops in the southern 
two-thirds of the Basement Complex with a possible 
extension towards the north-east of Rhodesia. 

These gneisses are generally tonalites and granodiorites 
in composition and are composed of oligoclase, quartz, 
biotite or more rarely hornblende, with microcline a rare 
constituent. They are mtrusive into the neighbouring 
schist belts but the contacts are conformable, that 1s, 
they run parallel to the lithology and structure in the 
schist belt. This would follow from Macgregor’s view that 
the deformation ın the schist belt was due to the mtrusion 
of the batholith and therefore ın effect the two were being 
deformed together. 

These gneisses would correspond to the gregarious batho- 
hths of Macgregor? which in an earlier paper? he compared 
to Suess batholiths. 


(2) Intermediate stage granites which are massive to 
lightly fohated phases of the ancient gneiss complex from 
which they are possibly derived as a result of local heating 
and melting of the crust. These rocks have very mixed 
compositions and generally form a link between the 
tonalites and granodiorites of the ancient gneiss complex 
and the adamellites and granites of the later intrusive 
batholiths. 

The mtermediate granites have been mapped in the 
southern part of the ancient gneiss complex, where they 
are found generally to have mtrusive gradational contacts 
to the enclosing host rock. Mineralogically they vary in 
composition; the feldspar ıs an albite—oligoclase or oligo- 
clase, and microcline may or may not be present. 

This division is the least definite of the three. For the 
purpose of a general review it 1s convenient to place certain 
granites that can be distinguished from the gneisses on the 
one hand, and from the later intrusive granites on the 
other, mto one group. This tends to disregard local aspects 
of geology that may be important in determming the 
nature and characteristics of these intermediate granites. 

The Zwimba, Chindamora and Madziwa batholiths, 
while retaining some of the features typical of the gregari- 
ous batholiths, have markedly transgressive contacts with 
the encirchng schist belts. This suggests that they might 
be gregarious batholiths that are exposed at a different 
structural level to those of the ancient gneiss complex. 
It is possible that they are exposed at a deeper level, 
where rheomorphism has been replaced by anatexis. If 
this is correct these batholiths should be classified with the 
intermediate stage granites. 


(3) Late granites intruded into the schists and gneisses, 
against which they have sharp transgressive contacts, 
are found throughout the Basement Complex. They 
outcrop around the margin of the ancient gneiss complex 
as extensive bodies of granite except in the south-west 
where the mapping is incomplete. They post-date the 
major deformations of the schist belts. 

The late granites are generally massive or porphyritic, 
although they tend to be gneissic along their contacts 
with the schist belts. They correspond in composition to 
adamellites and granites (s.s); quartz, albite or albite— 
oligoclase, microcline and biotite are the major constitu- 
ents. They were likened by Macgregor? to Daly batholiths. 

Where field or geochronological evidence is available 
the late granites are found to be post-Shamvaian Group in 
age and some at least may not belong to the Basement Com- 
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plex. The upper age lmt to the Basement Complex has 
not been defined (Table 1), and for practical purposes 
at the present time all granites outcropping within the 
craton are considered to belong to the Basement Complex. 

The terrain m the east of Rhodesia is largely unknown 
geologically and there ıs httle evidence at the moment 
that the batholith boundaries tentatively shown by Mac- 
gregor actually exist. They may, but until mapping 1s 
completed ıt is unwise to assume so. The Chilimanzi 
batholith, a late mtrusive granite, has been partly mapped 
by Wuson"*® and Bliss*. The eastward extension is 
unknown and ıt 1s possible that ıt links northwards towards 
the southern portion of the schist belt surrounding the 
Chindamora batholith. 

Northwards numerous later granites have been intruded 
so that very little remains of the original ancient gneiss 
complex. Events associated with the younger northern 
metamorphic zone have further complicated the picture. 

Thus we find that the Rhodesian Basement Complex 1s 
composed of numerous types and ages of granite batholith 
not all of which are likely to be exposed at the same 
structural level. A mathematical theory based on Mac- 
gregor’s origmal map ignores differences of space and 
time. Thus for Talbot to conclude that “This work 
unplies that the development of each of the gregarious 
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batholiths in Rhodesia was very roughly but essentially 
contemporaneous” needs amplification. The gregarious 
batholiths as considered by both Talbot and Macgregor 
have been reclassified into the ancient gneiss complex, 
intermediate stage granites and late granites which are 
diverse in character, environment and age. Radiometric 
age determinations indicate that the earliest recorded 
igneous activity occurred before 3,300 million years and 
thus the time span of the three types of granites is of the 
order of 1,800 million years (Table 1). 

The bathohths of the ancient gneiss complex which 
alone correspond to those considered by Macgregor as 
gregarious batholiths do present features indicative of a 
common origin but the indicated time span is still of the 
order of 500 million years. In the context of Pre-Cambrian 
time it might be argued that such a time span could be 
considered to indicate contemporaneity or at least forma- 
tion mn the same cycle of igneous activity. 

There are further statements m Talbot’s article that 
need clarification. He states: ‘“The gregarious batholiths in 
Rhodesia are essentially mantled gneiss domes and there- 
fore formed the basement on which the sediments and 
volcanics of the schist belts were deposited”. This 1s a 
widely made assumption, but 1s it valid until such time 
as either a basal conglomerate of one of the Basement 
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Table 1. SIMPLIFIED TABLE OF GEOLOGIOAL EVENTS IN THE RHODESIAN PRB-OAMBRIAN 
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Complex groups is found overlying the gneisses or a dis- 
tinct unconformity 1s demonstrated ? Certainly even if a 
conglomerate or unconformity were once present 1t might 
well have long since vanished as a result of deformation 
and granitization, but 1b would seem unwise to use the word 
“therefore” in this context until such evidence is forth- 
coming. 

Talbot also states that large amounts of acid volcanics 
of Archaean age are absent. Extensive acid volcanics 
are present in the Gatooma, Hartley and Que Que dis- 
tricts’4. They are normally highly sheared (quartz— 
mica schists), but the thicker and relatively undeformed 
exposures leave little doubt as to the origin of the rocks. 
It is hard to understand the significance of the presence or 
absence of these volcanics to Talbot because he states: 
“That these appear to be absent leads to difficulties m 
accepting & primary convective model for Macgregor’s 
gregarious batholiths”; accepting such a model is m fact 
what he does. 

Furthermore, Talbot states that “Cyclic convection 
would have led to the homogenization of the original 
basement to the schist belts, and the possibility that un- 
homogenized equivalents exist in places . . . should not be 
ignored”. Is he implying that all the gregarious batholiths, 
that is, those of the ancient gneiss complex, are homogen- 
eous? This is far from true. The gneisses mapped at 
Mashaba by Wilsont and at Selukwe by Stowe! are 
not only of a variable chemical composition but 
crowded with remnants of Sebakwian and pre-Sebakwian 
rocks. 

The mathematical basis for Talbot’s hypothesis may well 
be correct but it would appear that there are some incorrect 
geological assumptions. The gregarious batholith map of 
Macgregor? 1s out of date and it is suggested that the 
batholiths of the ancient gneiss complex only correspond 
to what Macgregor considered as gregarious batholiths 
and thus that the number and extent now differ from 
what was originally depicted. The Rhodesia Geological 
Survey has not yet published a single map to replace 
Maceregor’s, but an examination of some of the more 
recent geological survey maps mentioned in the text 
shows how ideas have been developing. 

I thank Dr J. W. Wiles, the director of the Rhodesia 
Geological Survey, Mr A. E. Phaup, former director 
of the Rhodesia Geological Survey, and Mr P. R. 





Leyshon for critically reading the manuscript of this 
communication. 
N. W. Briss 

Rhodesia Geological Survey. 
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I waLoomm Bliss’s new data and admit that they modify 
the views I expressed}, but I do not think that the 
possibility of thermal convection in the early Archaean 
crust? has been ruled out. 

I interpreted the synformal schist belts in the Rhodesian 
remnant of “more or less undisturbed Archaean crust” 
as outlming former convection cells in their underlying 
granitic crustal rocks. Bliss demonstrates that the granitic 
rocks surrounding the schist belts include large additions 
which post-date the structures in the schist belts. The 
relevance of these late granites to the question of early 
Archaean convection depends on how much their em- 
placement disturbed the large scale crustal structures 
which preceded them, and what the rocks they replaced 
consisted of. The northern and southern halves of Bliss’s 
new map of part of the Rhodesian Basement Complex 
are sufficiently similar for me to suggest that the develop- 
ment of the late granites did not much alter a large 
scale structural pattern of the schist belte already in 
existence, a pattern which must have been developed 
by at least 2,600 millon years ago. If this suggestion 
ig anywhere near correct then the schist belts could 
still outline the sites of early Archaean crustal convection 
cells and my original arguments are still relevant, even 
though the rocks which may have convected are not 
necessarily in their mmmediately post-convective form 
in many places. Indeed the simplest explanation for the 
situation could be that the late granites are local 
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remobilzations of the ancient gneiss complex or their 
equivalents, a possibility which could probably be checked 
by isotope ratio studies. 

The relevance of the Archaean acid volcanics depends 
on whether or not they were produced during the develop- 
ment of the structural pattern of the schist belts. I 
argued that had the gregarious batholiths been classical 
diapirs they might be expected to have reached the surface 
and produced such volcanics. I considered it to have been. 
less likely that the low temperature convection cells, 
which I suggested the batholiths might have been, 
would have fed any lavas, although degassing and the conse- 
quent production of tuffs may be possible at low tem- 
peratures. If the early Archaean structural pattern was 
due to the remobilization of the basement to the schist 
belts, any associated volcanics would presumably be, 
at least partially, unconformable on rather than in the 
schist belt sequences. 

The confusion concerning the implcations of the 
acid voleanics probably arose because, in the absence 
of a geological term (apart perhaps from diapuirism ?) 
for the production of diapirs driven by primary, rather 
than thermally mduced, unstable density gradients, 
I referred to the process of gravitational readjustment 
ag primary convection. The use of this term may seem 
perverted when the transfer of heat may be a very 
subsidiary, or even non-existent, aspect of the mass 
movement; in some cases (for example, in movements 
involving salt) heat may not even be necessary to make 
the rocks ductile enough for readjustments to occur. 
The term primary convection might, however, serve 
to remind geologists of the mechanical similarity of 
the two processes and that both primary and secondary 
unstable density gradients may be responsible in any 
proportion for any particular case of gravitational re- 
adjustment. Needless to say, 1t remains to be seen whether 
simple thermal convection 1s applicable to any crustal 
rocks other than magmas within individual plutons. 

I would hke to take this opportunity to correct a 
foolish mistake on p. 555 of my omgmal article. After 
finding that, 1f Macgregor’s gregarious batholiths are 
considered to have developed as Bénard convection 
cells, then the viscosity of the Archaean crust predicted 
by the model was in the order of 4:5x10* poises, I 
suggested that a higher viscosity would imply a higher 
Rayleigh Number; the opposite is obviously the case. 
The experimental test of the model suggested is there- 
fore whether the viscosity of crystalline tonalite turns 
out to be anywhere near as low as 4:5 1018 poises at 
temperatures below 100° C on the scale of tens of kilo- 
metres. 

The simplest test of early Archaean cyclic convection 
in the basement to the schist belts probably les ın 
the structures and stratigraphy of Bliss’s ancient gneiss 
complex. If the structures and stratigraphies are 
found to map with symmetries essentially concentric 
or radial within each batholith then convection is a 
possibility. The problem would then be to decide whether 
the convection had been cyclic or not, and then whether 
it was of a thick crustal layer or was confined to within 
individual diapirs. If the stratigraphies and structures 
of the ancient gneiss complex are anything but radially 
or concentrically disposed withm particular batholiths, 
and, for example, are found to he in broad zones linearly 
continuous from one batholith to another, then the crustal 
model involving early Archaean thermal convection is 
unnecessary. 


CHRISTOPHER J. TALBOT 
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Quest for a P Travel Time Standard 


Arrmmpts have been made recently! to revise the 
Jeffreys—Bullen (J.-B.) travel time tables‘ and Herrm 
et al.®:* have published a set of tables which are intended 
as a new standard. But these new tables fail to predict 
the P travel times for some explosions with known 
epicentres and origin times. Most notably, the P waves 
generated by the Longshot (Aleutian Island) explosion 
arrive earlier than predicted at stations to the north 
of the Aleutian arc and later than predicted at stations 
to the south. This bias m the P wave travel time results 
ım a mislocation by about 25 km when the epicentre of 
Longshot is computed by standard methods. The 
cause of this travel time bias is usually attributed to 
the effecta of structure beneath the Longshot firmg 
site—and the term source bias has been proposed by 
Herrin and Taggart’ to describe the phenomenon. 

Here we expand a brief note? ın which we found httle 
evidence for source bias. We show that the jomt epicentre 
method of Douglas’ can be extended to compute a set of 
P travel times and station corrections which are in good 
agreement with the observed travel times for events with 
known epicentres, that any source bias 1s probably much 
less than others have postulated, and that the failure of 
the Herrm tebles to predict the Longshot travel times 
could have arsen because of the method of analysis. 

In Herrin’s*-!° analysis, events well distributed around 
the world are located mdividually usmg an existing 
travel time curve and standard methods. Explosions 
and earthquakes are treated m exactly the same way: 
information on the true positions of the explosions 18 
ignored. The time residuals after location are then 
analysed mto a distance term and a station term—the 
station terms are allowed to vary with azimuth from the 
station. The original travel time curve 1s then corrected, 
station corrections apphed, the epicentres of all the events 
recomputed and a new set of residuals found from which 
further corrections can be computed. 

Now this process of successively correcting epicentres, 
and then travel times and station terms may not converge 
to unbiased estimates, so that although discrepancies 
such as those observed for the Longshot data may indicate 
source bias, they may equally point to errors in the travel 
tıme curve and station terms. We have therefore preferred 
to compute the travel time curve and station terms that 
show the closest agreement with the observed travel time 
data for events with known epicentres. 

In the jomt epicentre method? epicentres, origin times 
and station terms are computed simultaneously for a large 
number of events. If an extra term 1s now included in 
the second equation of condition of A. D.?, travel time 
corrections can be estimated along with all the other 
epicentre parameters and station corrections, provided 
the constraint 18 apphed that the mean travel time correc- 
tion is zero. From this it follows that the true baseline 
of the travel time curve cannot be determined without 
other information. 

Using this modified equation of condition, data from 
146 stations for eighty-one well distributed events have 
been analysed. Only events within 110 km of the surface 
were used so the effect of error ın depth could be ignored; 
the event depths were all restrained to their USCGS 
depths. Six of the events are explosions of known origin 
tumes and epicentres. To remove gross errors, readings 
that gave residuals of magnitude greater than 3 s after 
convergence were discarded. The remaming data, com- 
prising 4,181 readings, were used in all the subsequent 
analyses. Travel time corrections every two degrets 
from 20° to 105° were computed and only readings falling 
into this range were used. 

Two variations of the joint analysis were tried: the 
first restrained six explosions with known epicentres 
to their true positions (method 1). In the second no 
restraints were applied (method 2). Comparison of the 
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results of these two methods shows how the restramt 
provided by the explosion data affects the resulting travel 
time curve. Aziuthal station terms, estamated by fitting 
gine curves to the residuals (after convergence) for each 
station, were applied to the orginal arrival tıme data and 
the jomt analysis repeated. Ideally the smusoidal terms 
would be estimated simultaneously with the other un- 
knowns, but this results ın a matmx that is too big to 
invert. Drfferences between the true and calculated 
origin times of the explosions are the sum of the error 
m the baseline of the travel time curve used, together 
with the effect of the geological structure beneath each 
source. A baseline of — 1:7 s was assigned, this being the 
mean difference m origin times for the four sites used. 
These sites are in geologically different areas so (it is 
hoped) the effects of structure will tend to cancel out. 
Fig. 1 (solid histogram) shows the travel time curve, 
obtamed with the six explosions restrained, plotted as 
differences from J.~B., together with the curve obtamed 
by Herrin‘. The curve derived when the explosion 
epicentres are unrestrained does not differ by more than 
0-05 s (typically 0-02 s) from that which meludes the 
restrained data. Allowmg for the baseline shift, the 
Herrin curve will approximate ours if it is rotated by 0-5 s 
over the total distance. The 95 per cent confidence limits 
on our travel time curve are less than 0-2 s over almost the 


whole range. 


Distance in degrees (A) 
20 80 40 50 60 70 80 90 100 


Differences from J —B. (s) 


Fig. 1. ‘Travel time curves estimated by joint method shown as differ- 
ences from J.-B. The Herrin‘ curve 18 shown for comparison. 


The reliability of the travel times and station terms 
estamated by the joint method has been investigated using 
seven explosions with known epicentres and three earth- 
quakes with what are thought to be well determined 
epicentres. Two of the earthquakes, one in Alaska and 
the other in Hawaii, were located by local networks1!-18, 
The third, in Kamchatka, is the largest earthquake in a 
series that accompanied the explosive eruption of the 
Sheveluch volcano; followmg Herrin and Taggart? the 
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true epicentre of this event is assumed to be the centre 
of the crater. Table 1, column 1, shows the differences 
between these known (or well determined) epicentres, 
and the epicentres computed by the standard method 
and using the travel time curve and station terms obtamed 
by the joint analysis method 1. (The first six explosions 
in Table 1 are the explosions that were restrained to their 
true epicentres when estimating the travel time curve.) 
Column 2 shows the differences between known and com- 
puted epicentres using the travel time curve and station 
terms estimated by method 2. For comparison with the 
results of the jomt analyms, the next three columns of 
Table 1 show respectively differences bétween known 
epicentres and computed epicentres given by the uncor- 
rected travel tame curve with no station terms applied 
(column 4), the travel time study of Herrn et al.1° (column 
5) and the source bias study of Herrm and Taggart’ 
(column 6). 

The results usmg joint method 1 are very satisfactory. 
The errors in the computed epicentres are generally less 
than 11 km, the lergest errors being for the earthquakes 
the true epicentres of which are least accurately known. 
Only for the Nevada explosion Bilby is the error obtained 
using the Herrin et al.*'* travel times and station terms 
significantly less than the error obtamed using the results 
of joint method 1. But the small error of 4-5 km SE 
obtained by Herrin and Taggart’ for Biby ıs the result 
of a special study; the error for Bilby obtained by Herrin 
e al.1° m, their travel time study is 21 km NNW, an error 
twice that which we find. : 

Even using the results of jomt method 1, however, the 
true epicentres of the Longshot and Buby explosions are 
stall outside the 95 per cent confidence regions of the 
computed epicentres, mdicating that there 1s probably 
some source bias at these two firing sites; for Longshot 
this bias is much less than others have postulated’. 

ining the explosions seems to have only a small 
effect on the travel time curve and station terms— 
epicentres computed using either the results of method 1 
or method 2 are not markedly different. This suggests 
that the methods have an mtrinsic advantage over that 
used by Herrin et al.*1°: the Herrin analysis was also 
made with the explosions unrestrained yet the final 
epicentral errors are, usually, greater than those of joint 
method 2. 

To estimate the effect of systematic errors in epicentres 
on the computed travel time curves and station terms, the 
joint analyms was repeated with all the events restramed 
to their epicentres as determined by the standard method, 
and with no travel times or station corrections applied 
(the Herrin 1961 travel times (report of Dallas Seis. 
Observatory, Texas) were used). This roughly simulates 
the first iteration of the method of analysis used by 
Herrin et al.1°, The travel time curve obtained from 
this simulation is also shown in Fig. 1 (dotted histogram). 
Apart from a baseline shift, the Herrin curve and that of 
the simulation are very similar, and show that the rota- 
tion of the Herrin curve is what might be expected if the 
events used in the Herrin study had not converged to 
unbiased estimates of their epicentres. 7 


Table 1. RELIABILITY OF THE TRAVEL TIMMS AND STATION TARMS 
Jointmethod1 Joint method 2 Standard Herrin Herrin No. ofstations 
Event region Date Origin time (explosions (no restraints) method (no travel time! plas" used ın 
segs Testraimed) (1) (2) corrections) (8) (4) (5) (1) to (3) 
27.02.65 11-30-00 0 55N TENT 155N Not available Not available 35 
Sahara” 20 10.63 18-00-00-0 10-0 E 1108 9-5 NE Not available Not available 39 
Novada (Bilby) 18 09.868 17-00-00-1 10-5 8E 140 ESE 110 ENE 210 NNW 4 5 8E 26 
Bikint Mean of several events 60 8Et 80 ESE 150 NW 60 NNW 60 NW 33 
ankee 
Eniwetok* Mean of several events 5ONWt 55Nł 12 0 NNW 10N y Not rails blo 27 
(Apache) 
Longshot* 20.10.65 21-00-00-1 11-0 NNE 145 NNE 28 0 NNW 255 N 230 N 
Kamchatka (Sheveluch) 11.11.64 19-07-00 115 8W 90 WSW 14:0 W 8-0 WSW 80 WSW 40 
Alaska | 1.06 67 18-04-60 0 150 NW 140 NNW 24:5 NNW Not available Not avallable 60 
Sahara 01.05.62 10-00-00 0 65 ENEt 70 ENET ONT 95N 6-4 SSE 36 
Hawai 28 06.62 04-27-15 0 18 0 NNWt 16-5 Nt 235 NNW Not available 425 NNW 37 


* Indicates explosions with known epicentres. 


t Indicates the epicentre inside 95 per cent confidence regions: details of 95 per cent confidence regions not available for columns (4) and (5). 
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A fuller description of this work, listmg station terms 
and tables of P travel times, is in preparation and will be 
published elsewhere. 
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MgSiP,: a New Member of the II IV V, 
Family of Semiconducting Compounds 


SINoE the first members of the ILIV V, family of compound 
semiconductors were synthesized by Goodman! there has 
been an increasmg interest in these ternary analogues of 
the IML V compound semiconductors, particularly in the 
USSR. Until recently only fourteen members of the 
family were known to exist with the diamond-like chal- 
copyrite or sphalerite structures*+ out of a posable total 
of 125 (ref. 3). In particular only one compound contam- 
ing magnesium, MgGeP, (refs. 3 and 5), had been identified. 
As with the ILI V compounds, there is a general tendency 
for an increase of energy gap with decreasing average 
atomic number and, m consequence, the magnesium 
compounds would be expected to have higher energy 
gaps (ın excess of 2:0 eV) than many of the other members 
of the famuly. 

Major difficulties are experienced in the synthesis of 
those compounds containing phosphorus from stoichio- 
metric mixtures of the elements‘ due to the high 
phosphorus pressures developed before complete synthesis, 
and the high dissociation pressures at their melting points. 
These difficulties can be overcome using the technique of 
solution synthesis in molten metallic medium at relatively 
low temperatures. After synthesis, slow cooling of the 
resultant melt can lead to the growth of large crystals?:*. 
As has been noted elsewhere*:* molten tin fulfils the role of 
solvent admirably for many of these compounds, and one 
of us (A. J. 8.) has reported the synthesis and growth of 
orystals of nine of them from tin solution’. Early attempts 
to prepare MgSiP, using the same technique*’ led to the 
formation of orthorhombic SiP,. (This failure was due 
to a reaction between magnesium and the silica ampoule.) 
The solution synthesis of MgSiP, m molten tin has been 
investigated further using carbon lined ampoules and 
crystals of the compound have now been obtained. 

Since this work was started, Goryunova® has indicated, 
in an oblique reference, that MgSiP, exsts, having the 
chalcopyrite structure with a tetragonal compression 
{2—c/a) of 0-23 (corresponding to a lattice parameter 
ratio c/a~ 1-77). In common with much of the Russian 
work in this field, however, no details of preparation 
were given. 
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In our method of preparation, stoichiometric quantities 
of the constituent elements and sufficient tin to form a 
resultant 10 mole per cent solution were placed inside a 
2 mm wall, 2 cm diameter, high purity carbon tube, which 
was sealed inside an evacuated clear silica tube. This 
sealed ampoule was then heated n a vertical resistance 
furnace at 60° C/h to~ 1,150° C (from ~ 400° ©), followed 
by slow coolng at 6° C/h to ~ 400°C and air quenching. 
Because MgSiP, was found to be readily decomposed by 
water and mineral acids (as is its DI V analogue AIP) ıt 
was not possible to extract the crystals from the tin 
matrix using hot concentrated HCl (the technique used for 
the more inert members of the family*), and instead an 
excess of hot mercury was used’. 

The separated crystals were predcmunantly extremely 
brittle, orange-yellow, hexagonal prisms, typically 
2x 0-5 x 0-5 mm’, the prism axis being the [111] axıs of 
the chalcopyrite unit cell. This growth habit is the same 
as that of tm-solution grown ‘crystals of ZnSiP, and 
CdSiP, (ref. 3). X-ray powder photography confirmed 
the structure as chalcopyrite with the following lattice 

tera: a= 5-721+0-001 A, c= 10-095 + 0-002 A, c/a= 
1-764. ‘The degree of tetragonal compression of MgSiP, is 
thus 0-236, in good agreement with Goryunova’s reported 
value’, and consequently it has the most highly compressed 
unit cell of the IL IV V, family. 

Optical transmission measurements, carried out on an 
unpolished as-grown crystal plate, indicated a sharp rise 
in absorption coefficient ın the region of 5500 A, corres- 
ponding to an optical energy gap of ~ 2:24 eV at 300° K. 
The energy gap of MgSiP, is thus higher than for any of the 
other members of the family grown from tin solution’, in 
agreement with the observed trend to higher energy gap 
with decreasing average atomic number. 

The fragile nature and small size of the crystals have so 
far prevented meaningful measurement of the electrical 
properties from bemg carried out. 

Attempts to prepare the other two possible magnesium 
compounds (MgSiAs, and MgGeAs,) using the solution 
synthesis technique have not been su . 

Wo should like to thank Mr R. F. Stroud for carrying 
out the optical transmission measurements. This work 
has been supported by a Ministry of Defence contract. 
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Surface Self-diffusion of Tungsten ; 


Here we describe briefly the results of some recent experi- 
ments on the diffusion of tungsten atoms over an atomic- 
ally clean surface of tungsten. The method used was that 
of following the decay with time of a series of sinusoidal 
grooves ın the surface of the specimen at various tempera- 
tures. Mullins! has shown that the depth of the grooves 
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at a time ¢ 1s given by 

a=a, exp — ((Aw!+ Cw? + Bot)t) (1) 
where w= (2n/the wavelength of the groove). The terms 
in the exponent are the contributions to the smoothing 
process due to evaporation, volume diffusion and surface 
diffusion respectively. A, B and Ọ are functions of tem- 
perature, so that by careful choice of temperature and 
wavelength it 18 possible to make surface diffusion the 
dominant mechanism of mass transfer, corrections being 
made for the other two processes. B 1s given by 


QD 
2 (2) 


D,=D, exp (— Qs/RT), where Qs is the activation energy 
for surface diffusion, vs is the specific surface free energy, 
O the atomic volume and N the number of atoms per 
unit surface area. Thus from the decay constant in 
equation (1) it 1s possible to obtain the surface self-diffusion 
coefficient, Ds. 

Experiments have been carned out in the temperature 
range 2,560° K to 3,150° K. Single crystals of high purity 
were used and the diffusion direction was <110> on 
the (100) face. The experiment was carried out ın an ultra- 
high vacuum chamber, mecorporating a reflexion high 
energy electron diffraction system. The surfaces were 
cleaned by a combination of heating in a vacuum and 
in an atmosphere of 1 x 10 torr of high purity oxygen. 
All high temperature diffusion anneals were carried out 
1n & vacuum of 3 x 10-* torr or better. The electron diffrac- 
tion patterns after cleaning were characteristic of the 
clean (100) surface. No evidence was found that any 
impurities were diffusmg to the surface during the high 
temperature anneals. 

The grooves were formed on the surface by a photo- 
etching technique. Their separation varied from 8 to 
12 microns and ther mitial depth was about 0-6 microns. 
The depths of the grooves during the experiment were 
determined without removing the specimen from the 
vacuum system by means of the laser diffraction method 
suggested by Bonzel and Gjostein® and Blakely®. The 
beam from an He/Ne gas laser 1s directed on to the grid of 
parallel grooves which act as a reflexion diffraction grating. 
The intensity envelope of the diffracted orders ıs related 
to the geometrical form of the diffracting grooves, thus 
enabling the depth of the groove to be determined by a 
comparison between the measured intensity distribution 
(obtained by running a photomultiplier across the diffrac- 
tion pattern) and the computed envelope. Bonzel and 
Blakely calculate the intensity profile using the theories 
formulated by Stroke‘, and Senior’ and others in which the 
theory of the diffraction of an incident plain electromag- 
netic wave by a perfectly conducting sinusoidal surface 
has been developed from Maxwell’s equations. In this 
work a somewhat simpler approach has been adopted in 
which the problem has been treated from the standpoint 
of simple diffraction theory. The di ing surface 
consists of a sinusoidal scatterer which is convoluted 
with a series of delta functions a distance s apart. Thus 
the diffraction pattern consists of a number of sharp 
spots (due to the large number of grooves ın the gmd), 
the angular separation of which is given by 28 sin 0=nÀ; 
the spots are enveloped by the transform of a single sine 
wave. This can be shown to be 


+ P : 
| explig(0,z))dz 

where (6,x) is the phase difference between light scattered 
by an element dz at x and from the origin of-the coordinate 
system. The integral is over a single sine wave (x= + 2/2). 

The relative intensity is proportional to the square of 
the modulus of this quantity. The relative mtensity is 
computed at values of 0 given by sin 6=n/2s for values 
of n from 1 up to the highest order which can be observed 
through the window of the vacuum system. 
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For the groove wavelengths and depths used in the 
experiment the results of our calculations agree very well 
with those of Bonzel. There is also good agreement 
between the calculated intensity profile for a given 
groove and the expermentally determined mtensities, 
the groove depth in this case being determined inte1fero- 
metrically. It turns out that there 1s an almost lnear 
relationship between the groove depth and the position of 
the final maximum ın the intensity envelope expressed in 
terms of n. This fact greatly simplifies the interpretation 
of the laser diffraction patterns. 

Fig. 1 shows the diffusion results obtamed ın this 
investigation as well as those of Barbour et al.*. The 
latter results were obtaaned by the observation of the rate 
of blunting of a tungsten field emission tip. There 18 
some indication of a change in diffusion mechanism but 
this may not be the case because, as we shall mdicate 
later, the activation energy should vary significantly 
from plane to plane. With the range of orientations 
present in Barbour’s experiment it is difficult to make 
any direct comparisons. The activation energy obtaimed 
from the present data is 128 kcalories/mol compared 
with 72 kealories/mol reported by Barbour for the low 
temperature region. The two pre-exponential factors 
are 76x 10‘ cm* s- and 4 cm? s-! respectively. 


In Ds 





30 38 446 54 


10/7 
Fig. 1. Arrhentus plot of the diffusion coefficient, Ds. O—O, This 
work; ---, Barbour et al.‘, 


A break in the Arrhenius plot such as that shown in 
Fig. 1 has been observed with a number of face centred 
cubic metals’, the break occurring at about 0-75 of the 
absolute melting pomt; ıt has been suggested that the 
two mechanisms observed are adatom diffusion at high 
temperature and vacancy diffusion at low temperature. 
Whereas fairly good agreement is obtained between 
experimental data and a simple bond-breaking model for 
adatom diffusion, the same is not true for vacancy diffu- 
sion. For a surface vacancy, relaxation effects could be 
of great importance. Recent computer calculations made 
by Wynblatt*, however, in which relaxation effects were 
considered failed to provide a fit between the adatom/ 
vacancy model and the experimental data. 

For a terrace-ledge-kink (t.l.k.) model of the surface it 
can be shown that for adatom diffusion 


Prater EH) mg 


where « 1s the geometrical factor, 1 for a (100) surface, 
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l the mean jump distance, Va the surface vibrational 
frequency for an adatom, AS; and AH; the entropy and 
the heat associated with adatom formation, and ASn 
and AH, are the entropy and the heat associated with 
adatom migration. This model predicts Qs= AH:+ 
AHm. We calculate the two heat terms using a simple 
bond brealang approach and making use of the method 
proposed by Stranski and Suhrmann’ for calculating the 
energy of a surface atom as a function of ıts site. If 9, 
1s the nearest neighbour binding energy (interatomic 
distance = 4/3/2 a, in body centred cubic metals) and 9, 18 
the next nearest neighbour binding energy (interatomic 
distance=a,), then Stranski and Suhrmann have given 
9,=0°5@, for tungsten. On the basis of this model the 
energy of formation of an adatom from a kink site in a 
<110> ledge on a (100) plane 1s given by 


Ar= (49, + 392) — (401+ 19s) = 292 
Sımılarly 
Hm= (491+ 192) —291= 2914+ Pa 
Therefore 
Qs = 29, + 3p: = 3-59, 

Now the heat of sublimation of tungsten 1s approximately 
200 kealories/mol. If evaporation takes place from kink 
sites we have (49,+39,)=200 kcalories/mol; that 1, 
9,=36 kealories/mol. This gives Qs=126 kcalories/mol. 
This ıs in excellent agreement with the experimental 
valuo, but it may, to some extent, be fortuitous. 

The value of D, predicted by the t.1.k. model 1s given by 


Dy= att wexp( Aa) 

R 
Hirth’ has suggested that the entropy term is due only 
to the vibrational partition function, but for such large 
values of D, this model predicts an unreasonable variation 
in vibrational frequencies for different sites. Shewmon 
and Choil! have considered an adatom to have transla- 
tional degrees of freedom and ıt can be shown that this 
model predicts 

Do= avyl'm2n/kT 
where m 18 the mass of an atom and vy the vibration fre- 
quency for an atom in a kink site. For D)»=7-6x 10 
cm? s-! and assuming vy to be 10" s-!, we obtain a value 
for the mean jump distance, l, of about 36 A or about 
eleven atomic displacements. H11? has carried out a 
statistical mechanical study of the transition from a 
localized to a translational state of an adsorbed species 
at very low coverages. He finds that the general tempera- 
ture region in which the transition takes place is of the 
order AHm/10R. In this case AHm(= 291+ 93) is about 
90 kcalories/mol and RT is of the order of 6 kcalories/ 
mol. Thus on this basis such long jump distances are not 
too unreasonable. 

These results suggest that in the higher temperature 
range studied in this investigation (2,560°-3,150° K), the 
diffusion of tungsten atoms over a clean (100) tungsten 
face is prmarily a result of an adatom diffusion process. 
On this model a jump distance of the order of ten atomic 
displacements is consistent with the measured values of 
the actavation energy and pre-exponential factor. It is 
evident that the activation energy should be markedly 
dependent on the crystallographic plane. This forms the 
subject of a further investigation. 

We thank Dr D. Tabor and Dr P. G. Fox for much useful 
discussion, and the Science Research Council for an equip- 
ment grant and a mamtenance grant to one of us (K. E. 8.). 

F. P. Bowpzn* 
K. E. SINGER 
Surface Physics, 
Cavendish Laboratory, 
University of Cambridge. 


Received February 24; revised March 14, 1969. 
* Professor Bowden died recently. 


979 


1 Mullins, W. W., J Appl. Phys., 30, 77 (1959). 

* Bonzel, H. P., and Gjostein, N. A., J. Appl. Phys., 39, 3480 (1968). 
3 Blakely, J. M., and Okon, D. L., J. Appl. Phys., 39, 8476 (1968). 

1 Stroke, G. W., Rev. d'Optiqus, 39, 291 (1980). 

* Senior, T. B. A., Qanad. J. Phys., 37, 787 (1959). 


* Barbour, J. P., Charbonnier, F. M., Dolan, W. W., Dyke, W. P., Martın, 
E. E., and Trolan, J. K., Phys. Rev., 117, 1452 (1960). 


1 Gjostein, N. A., m Fundamentals of Gas-Surface Interactions (edit by 
Saltsburg, H.), 42 (Academic Press, 1067). 

3 Wynblatt, P., and Gjostein, N. A., Surface Sci.,12, 109 (1968) 

* Stranski, L N., and Suhbrmann, R , Ann Physik, 1, 153 (1947). 


1¢ Hirth, J P , Energetics in Metallurgical Phenomena, 2 (edit. by Mueller 
W AL) (Gordon and Breach 8cience Publishers, NY, 1965) 


u Shewmon, P. G., and Chol, J. Y., Trans. A.I.M.E., 280, 128 (1964). 
u Hill, T L., J. Chem Phys., 14, 441 (1946). 


BIOLOGICAL SCIENCES 


Substructures in Ribosomes of E. coli? 
A Hypothesis for the Attachment of 
Transfer RNAs 


RereoENT structural models! for ribosomes give no msight 
into the interaction between ribosomal components 
and {RNA and mRNA during translation. We propose 
a structural model for the F. coli mbosome which does 
this through substructures, consisting of protein and 
RNA, which are spatially organized ın the 70S mbosome 
and direct dividual {RNAs to a common peptide 
bond formation site. 

The model proposes that in 70S ribosomes from E. colt 
a total of some forty substructures are present which 
are arranged cylindrically around a central axis shared 
by the two subparticles; there are approxmately 
thirteen substructures in the 30S mbosome, and twenty- 
six in the 50S ribosome. Each substructure contains 
on average two predominantly double-helical RNA 
regions, each of forty nucleotides’, and a non-double- 
helical, G-rich region of thirty nucleotides*4 which 
interacts preferentially with proteins and is consequently 

against nuclease. The lnk between the two 
double-helical regions is assumed to contain another 
ten to twenty non-double-helical residues. Each sub- 
structure ıs thus composed of one protein and an RNA 
cham of 120 to 130 nucleotide residues of which some 
60 per cent are base-parred$ (see Fig. 1a). 

Our estimate of the number of substructures per 
ribosome and that of the number of nucleotides per 
ribosomal protein is based on the following considerations. 
A likely number average molecular weight for ribosomal 
protein in Æ. coli 1s 20,000 (Mw= 23,000, Mz = 27,000, and 
Wn ws Ma?/M,**). For a lower estimate of 15,000, 
see ref. 9. Usmg the molecular weight of 20,000, a 
protein/RNA ratio of 0:5, and the accepted values for 
the molecular weight of 169 and 23S RNA, we find 
an average of thirteen proteins in the 30S subparticle 
and twenty-six proteins in the 508 subparticle. Recently, 
twenty proteins have been isolated from the 30S particle 
(personal communication of C. G. Kurland), but their 
molecular weights suggest that some of them may be 
present in less than equimolar amounts, and they may 
reflect heterogeneity in the mbosome population. Con- 
cerning RNA, it 1s easily shown that the estimated 
numbers of both protems and nucleotides? in 50S and 
30S subparticles indicate an average number of nucleo- 


tide b l protein, of 120 to 130 (7 
nt 8, per TIDOSOMAE. pro 1n, (6) 13 x 330 


Direct support for a substructure of this type comes 
from recent electron-microscopy studies of Bruskov and 
Kiselev!! on the morphology of 50S ribosomes of F. colt. 
Furthermore, Aronson and McCarthy’* found that on 
dialysis mbosomal RNA from E. colt degraded to a 
minimum sized product of 4-49 (sedimentation co- 
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Fig. 1. a, Pro outhne of part of the unfolded nbonucleopiotein 
strand of the ribosome from #. coli. The proteins are assumed to be 
globular in suu‘ with an average diameter of 36 A on the basis of a 
molecular welght*, M+ = 23,000, and ofa specific volume’, V =0 74. 
Average of the double-halical R. A ons 18 assum:d to be 60 

(correspond with two turns of a double-stranded RNA helix); 
width of the double-helical RNA regions 20 A. Dotted lines indicate 
proposed width of one substructure (100-105 A). 6, View of the pro- 
posed ribosome model along the central channel of the 


growing polypeptide chain is 
assumed to be present ın the central channel of the 50S particle and 
thus protected from protease. 


efficient, S3).w, Measured at room temperature in 0-1 
M NaCl plus 10 mM iris buffer at pH 7-4). Subsequently 
it was shown! thet traces of ribonuclease remaining 
in the RNA preparation were responsible for specific 
cleavage of the RNA chain. Finally Rosset et al. 
isolated from 60S subparticles of E. cols a unique, low 
molecular weight fragment of 120 nucleotides, referred to 
as 5S RNA. Interestingly, its sedimentation coefficient, 
Sio.w, measured at 26° C in 0-1 M NaCl plus 2 mM 
phosphate buffer at pH 7-2 is 4-42 + 0-048". 

A model for the completed 30S subparticle is given 
in Fig. 1b. The 50S subparticle ıs assembled in a similar 
way, but with two 30S structures, each consisting of 
two concentric horseshoes, placed above one another. 
This does not imply that either the protems or the RNA 
of the 50S and 30S subparticles are similar. The 705 
ribosome model is obtained by placing a 50S subparticle 
above a 308 subparticle. A model of the 70S mbosome 
having overall dimensions of 250 x 200 A (length x radius) 
has been built. 

This structure is an open one and seems freely accessible 
to small ions and dyes. The average distance between 
the proteins is 50 to 60 A and this distance may be small 
enough to enable the attractive forces between proteins 
to cause the folding up, in synthesis and reconstitution, 
of the linear RNA strand into its cylindneal configuration. 

One special feature of this ribosome model is that 
preferential breakage of the nucleotide chain i 
the two disk-like structures may explain why 50S particles 
often yield a mixture of both 16S and 23S RNA". 

Although at present the model 1s speculative, 1t enables 
us to consider & possible function of ribosomal substruc- 
ture in translation. The mbosomal RNA and «RNA 
may have evolved to a stage at which distinct substruc- 
tures ın ribosomes combine with specific aminoacyl 
RNAs to produce a kinetically efficient and spatially 
confined condensation of amino-acids. The RNA con- 
figuration of a particular substructure, say spacer RNApne, 
may depend on whether the {RNApne is bound to it or 
not; such binding may induce the cleft and the bendmg 
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of the spacer inwards (1t would thus resemble the keys 
of a typewriter and bring different {RNAs to a common 
centre near the peptidyltransferase enzyme). In this sense, 
mibosomes may be considered dynamic structures, the 
total configuration depending on the tRNAs bound 
and therefore mdirectly on the base-sequence of the 
messenger. 

The selective release of one spacer RNA from the 
large H. cols subparticle may have occurred in the form 
of 6S RNA™. It certainly constitutes two per cent of 
the total ribosomal RNA (Geroch et al.15), and its cham 
length of 120 nucleotide remdues* corresponds closely 
with that of the hypothemzed spacer RNAs. Perhaps 
the location of 5S RNA from Ë. cols is chain terminal 
and therefore more sensitive to removal from the 239 
RNA chain. Certamly the release of this 5S molecule hes 
not been shown to be a biologically reversible event and 
the evidence for a mode of synthems distinct from large 
RNA 1s inconclumve!™18, 

In the absence of a well defined function for 5S RNA 
we assign it a spacer function. We have calculated the 
amount of possible complementarity between 5S RNA 
from Æ. cols and a number of non-mammalian tRNAs 
of known primary structure. The results of this comple- 
mentary matching are: (1) much larger antiparallel 
complementarity was found for an assumed 5S RNA- 
suppressor Sut 4RNA complex then for any other 
E. coli 5S-tRNA combination (see Table 1). The 
Sut RNA contains 51 base pairs ın stretches of no 
less than five (60 per cent of the total bases) which can 
be paired with 59 RNA in a non-parallel and non-over- 
lapping form (see Fig. 2). It is not known whether 
sequences which overlap the anticodon regions (that is, 
including bases 36-37) are available for pairing with 
regions m 5S RNA during peptide bond formation. 
(2) Maximum non-overlapping complementarity exists 
when {RNA and 5S RNA are aligned in an’antaparallel 
rather than in a parallel way (last column Table 1). 
(3) Matching the Su+ır tRNA with 200 different, random 
sequences of 120 nucleotide residues, chains with a base 
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Fig. 2, Possible complementarity scheme of suppressorty tRNA from 
E. colt ¢ Inner sequence refers to the cloverleaf model of the 





suppressor tRNA. Outer sequence refers to the non-overlapping regions 

of five and six nucleotide adjacent residues in 5S RNA from E coh 

(- - - - ) which can be paired in an antiparallel way with the suppressorty11 
tRNA from E. ooh. 
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Table 1. NUMBER OF COMPLEMENTARY BASE SEQUENOES BETWEEN (RNA 
AND BE. coli 6S RNA 


No. of Total No Total No. 

No.of No. of hepta of of non- 
Type of Source penta hexa nucleo comple- over- 
(RNA nucleo- nucleo- tidesand men lapping 

tides tudes sequences sequences 
SutyrfRNA™ #.colé 10 (9) 4 (2) -- 14 (11) 10 (5) 
Su-pptRNA” #. col 9 (10) 4 (2) -- 18 (12) 9 (6) 
ValltRNA* B.coh 7 (8) 8 (8) -- 10 (11) 6 (6) 
Mot tRNA,” E.coli 8 (5) l1- - (1) 4 (6) 3 (8) 
MetiRNAu™ K.colt 5 (4) 4 (8) -- 9 (7) 6 (5) 
Ala tRNA" Yeast 6 (3) 1(1) - (1) 7 (5) 6 (4) 
Ser II t{RNA™ Yeast 4 (8) 2 (1) -- 6 (4) 4 (8) 
PhetRNA* Yeast 5 (3) 1 -- 6 (3) 5 (2) 
Tyr (RNA* Yeast 5 (3) 1 (1) 1- 7 (4) 4 (2) 
Val tRNA” Yeast 5 (8) 2 (4) -- 7 (7) 3 (5) 


Unbracketed numbers refer to the antiparallel pairing scheme, and brack- 
eted numbers refer to the parallel scheme. 

In applying the pairing rules, modified nucleotides in tRNAs were assumed 
to as follows: pseudo urdine as uridine, inosine as guanosine, 2’-O- 
methyl nucleotides as unmethylated nucleotides, A*, bly thio adenosine 
as adenosine, T, ribo thymidine as uridine , 5,é-dihydro uridine as uridine; 
dine as oytidıne; N-methyl guanosine as guanosine, N’- 
methyl in as X, N*(4*-1sopentenyl) adenosine as adenosine, 5’-methyl 
as oytadine, U, possibly thio uridine, as uridine; N*-acetyl cytidine 
; 7-methyl cosine as guanosme, 1-methyl guanosine as X; 
lenosine as X; N*-dimethy: osine as X. 

B. G., personal communication. 


composition of 5S RNA gave a maximum number of 
seven non-overlapping complementary regions of not 
less than five base pairs long and none of eight regions. 
The probability of having ten non-overlapping sequences 
as found in an assumed 6S—Sutin tRNA complex was 
estimated between 10— to 10-5. 

No doubt exists that the amount of complementarity 
found between 5S RNA and the suppressorii tyrosme 
tRNA. is significant beyond that found for random sə- 
quences of a similar length whereas the amount of comple- 
mentarity between any of the other known tRNAs 
and 5S RNA was found to be within the range expected 
for sequence unrelated molecular species. 

Finally, our proposal of distinct *RNA-spacer RNA 
complexes could be tested by comparing relative bmding 
affinities of different tRNAs for different ribosomal 
RNA segments or fragments. 

I thank Professor J. A. Cohen for his interest and 
erticiam, Mr J. Roukens of the Biomedical Department, 
Leiden, for computing complementarities and Dr R. A. 
Garrett for general discussion and suggestions. 
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Geographical Distribution of the 
Dermaptera and the Continental 
Drift Hypothesis 


Tua Dermaptera (earwigs) are a group of insects which 
live in litter, under bark, in soil, compact vegetation, 
hollow plant stems and have retirmg habits. Many of 
the primitive subfamilies are wingless, and only a few of 
the winged species are known to fly. Popham and 
Brindlet? have given details of the geographical distri- 
bution of each species. The Dermaptera seam to have 
undergone speciation as a result of local geographical 
barriers, so that most species have limited distributions; 
a handful of species have become cosmopolitan, largely as 
a result of human influence, but we have ignored 
these in this investigation. Popham and Brindle’s 
records: show that all the less specialized Dermapteran 
subfamilies have a circumtropical distribution while only 
the more specialized subfamilies such as the Labiinae, 
Anechurinae and Forficulmae are abundant in the 
northern hemisphere. There are two possible explanations 
for this distribution: erther the Dermaptera evolved in 
the northern hemisphere and subsequently spread into 


Table 1. OOB¥FIOIENTS OF ASSOCIATION BETWEEN THE DBRMAPTERAN 


GENERA OF THE PAIRS OF ARHAS INDICATED 


Labi- Forficu- Pygidi- 

Aleas oldea lordea cranoidea All 

No. of genera 46 81 15 genera 
Europe and Asia with Africa 0 24 0 47 — 0 30 
Europe and Ama with the Orent 0 382 012 — 0 23 
North and South Amera 0 28 0 43 052 0 30 
Average 0-26 0 34 0 52 0-80 
Africa with Madagascar 0 50 0 38 0 67 0 50 
Afnca with Onent 058 0 42 0 67 050 
Madagascar with Onent 0 56 0 40 100 0 54 
Madagascar: with Australasia 0 62 0 80 0 58 0 50 
Orient with Australia 079 0 38 0 58 061 
Afnca with Australa 0 47 0 25 061 0-40 
Average 0 59 0 85 0 68 061 
South America with Africa 014 -0-11 0-26 009 
South America with Madagascar 0 21 —0-16 0-41 014 
South Amenca with Australasia 0 21 -012 0-00 011 
Average 019 —0:13 0 23 011 
Now Zealand with Australa 017 — 015 
New Zealand with § America 015 O14 
New Zealand with Madagascar 011 — — 011 
New Zealand and Africa 0 03 — 0 04 
New Zealand and Orient 0 04 — 0:03 
New Zealand and North America —0 12 = — —0 06 
New Zealand and Kurasa —0 07 = — —0 04 
Eurasia with Madagascar 011 021 — 014 

Eurasia with Australasia 0 36 0 27 = 030 - 
Eurama with South America 016 —0 12 _— 0 02 
Eurasia with North America —0-12 —0 08 — —0 09 
Africa and North America —0 04 —016 008 —0 06 
Madagascar with North Ameilca 0 08 —0 11 0 29 0 05 
Orient with South America —0 06 —0 55 0-41 -016 
Orient with North America —0 05 —0 45 0 20 —016 
Australasia with North America 0 00 —0-05 0 29 003 
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Table 2. COBFFIOIENTS OF ASSOCIATION OF DERMAPTBRA 


Labioidea Forficuloidea, 
Eu N Am 8 Am Eu NAm 8 
Africa 0 24 —004 014 047 —016 
Madagascar 0-11 008 021 0 21 -O11 
Orien 0 32 —0 06 —0 06 012 —0 45 
Australasia 0 36 0 00 021 027 —0-05 
New Zealand —0 07 -012 015 _ _ 


the southern continents, or the earwigs were evolving 
throughout the proto-continent of Gondwanaland as it 
disintegrated during the late Jurassic and early Cretaceous, 
possibly as suggested by Lester King*. If the first explana- 
tion is correct, there should be a greater similarity between 
the Dermapteran faunas of North and South America, 
Eurasia and Africa and between Eurasia and the Oriental 
Region, than between the faunas of the southern conti- 
nents. On the other hand, if continental drift has been 
the major factor responmble for the distribution of the 
Dermaptera, there should be greater similarity between 
the faunas of the southern hemisphere than between those 
of the northern and southern hemispheres. 

The average number of species in each genus is 16-6 in 
the Pygidicranoidea, 13-5 in the Labioidea and 4:8 in the 
Forficuloidea. The genus is therefore a useful evolutionary 
unit for this study. The distribution of each genus of the 
Dermaptera in (a) Europe and Asia, (b) Africa, (c) Mada- 
gascar, the Seychelles and the Cormoro Islands, (d) the 
Oriental region, (¢) Australasia excluding New Zealand, 
(f) New Zealand, (g) South America and (h) North America, 
has been determined. The coefficients of associations 
between the faunas of these eight areas are summarized 
in Table 1. The coefficients of association range from 
+1:0 (complete agreement) to —1:0 (complete disagree- 
ment). For convenience, we have organized the coeff- 
cients of association into four groups: (1) between adjacent 
lands of the northern and southern hemispheres; (2) 
between the land masses associated with the Indian 
Ocean; (3) between South America and other land 
masses; (4) between New Zealand and other land masses; 
and determined the average of the coefficienta of each 
group. 

The average coefficients of association between the 
lands of the northern and southern hemisphere is 0-26 
for the Labioidea, 0-52 for the Pygidicranoidea and 0-30 
for all Dermapteran genera (Table 1). The corresponding 
average coefficients of association between the lands 
associated with the Indian Ocean are 0-59, 0-68 and 0:61 
respectively. In each case the coefficients between 
Indian Ocean territories are substantially larger than the 
coefficients between northern and southern hemispheres. 
This implies that the rate of faunal interchange between 
North and South America, between Eurasia and either 
Africa or the Onmental Region has been significantly less 
than between the lands associated with the Indian Ocean. 
With the continents ın their present positions these results 
are inexplicable, first because the lands of the Indian 
Ocean are now separated by many miles of sea and 
second because they are only indirectly connected by 
way of the northern hemisphere. These high coefficients 
of association are, however, consistent and can easily be 
explained if the Dermaptera were evolving in the eastern 
half of Gondwanaland as it started to disintegrate. It 
appears that the present distribution of these insects is 
a result of continental drift and that they have subse- 
quently invaded the northern hemisphere from the south. 
The centre of evolution was in the eastern half of Gond- 
wansland and it is significant that in the Forficuloidea, 
the leas specialized subfamilies, such as the Allostethinae, 
Apachyinae and Chelisochina, which show affinities with 
the Labioidea, are at present virtually restricted to the 
land masses which origmally formed this area. It 1s also 
significant that the most primitive of all the Dermaptera 
subfamilies, namely the Pamsolabinae, occurs on the 
former mountain girdle of Gondwanaland. The average 
coefficient of correlation between the genera of the 


Pygidicranoides, All genera 
N Am 8 Am Eu N Am S Am 
-011 — 0 08 026 0 80 —0 06 0 09 
—0 16 — 0-29 041 014 0 05 014 
—0 55 — 029 0-41 0 28 —0 16 —0:16 
—~0 12 — 0-20 000 030 0 03 011 
= — — = —0 04 — 0-06 014 


Forficuloidea of the northern and southern hemispheres is 
the same (+ 0-34) as the average for the lands associated 
with the Indian Ocean. This mdicates that in each genus 
faunal interchange between the various areas has been on 
a comparable scale: a conclusion which is only explicable 
in terms of the continental drift hypothesis. 

The coefficients of association between South America 
or New Zealand with the southern land masses are all of 
the same order though less than the average coefficients 
of association between the lands of the northern and 
southern hemispheres. In the case of the Dermapteran 
fauna of New Zealand, the low coefficients of association 
are correlated with the small number of genera. These 
facts are statistically insignificant, but they suggest that 
the Dermapteran fauna of New Zealand, like that of 
Australia (Table 1), 18 the result of continental drift. 

The earwig fauna of South America may have been 
derived either from the Dermapieran fauna of Eastern 
Gondwanaland by migration across Africa or the Antarctic 
before continental drift occurred, or from the Old World 
tropical regions by migration by way of Asia and North 
America after the continents had assumed roughly their 
present positions. Table 2 gives the coefficients of asso- 
ciation between the Dermapteran faunas of the lands of 
the Indian Ocean with those of (a) Eurasia, (b) North 
America and (c) South America. 

In four cases the coefficients between the faunas of the 
lands of the Indian Ocean with North America are greater 
than with those of South America (although in three cases 
the coefficients are negative). In two cases they are 
approximately the same although in both cases the coeffi- 
cients of association have negative values. In twelve cases 
the coefficients with South America are greater than those 
with North America and in eleven instances the South 
American coefficient is positive (Table 2). This is all the 
more remarkable because most of the coefficients of associa- 
tion between the lands of the Indian Ocean with Europe 
and Asia are greater than with those with South America. 
The low coeffiaents of association with the faunas of 
North America make nonsense of any suggestion that 
earwigs initially reached South America as the result of a 
north-south migration through Central America. The 
data indicate that the opposite took place, which supports 
the hypothesis of continental drift. 

We conclude that the Dermaptera were evolving in 
Eastern Gondwanaland just before this protocontinent 
started to disintegrate in the late Mesozoic and that the 
circumtropical distribution of most of the subfamiles is 
a result of this geological phenomenon. The Dermaptera 
present in the northern hemisphere arrived there after 
continental drift had been completed and the continents 
had assumed their present positions. Unfortunately, the 
fossil record of the Dermaptera ıs so imperfect that the 
palaeontological evidence neither confirms nor contradicts 
these conclusions. 

E. J. PopHam 
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Antimicrobial Activity of some 
Marine Sponges 


TH evaluation of marine plants and animals for potential 
use ın chemotherapy poses problems of procurement of 
materials and of techniques of screening for significant 
drug activity. We have been studying antimicrobial 
actavity ın marine sponges both from the viewpomt of 
marine ecology and in an effort to develop new drugs, and 
report on our methods and some of the results obtained 
with collections from the Caribbean Sea, Mediterranean 
Sea and the Pacific Ocean. 

We collected marme invertebrates by scuba diving in 
shallow waters to depths of about 30 m. The animals 
were either frozen at low temperature or dehydrated by 
gentle heating. For systematic study additional speci- 
mens were fixed in 10 per cent formalin m seawater and 
preserved in 70 per cent ethanol. A collection of forty-one 
Mediterranean sponges consisted of small samples, each 
comprismg about 1 g wet weight. The samples were 
freeze dried and transported by air to the laboratory at 
Lamont Geological Observatory, where they were screened 
for antimicrobial activity. The dried specimens were 
ground to a powder with a glass mortar and pestle and 
then moistened with citrate-phosphate buffer adjusted to 
pH 7-0. Small portions of the resultant slurry were 
transferred on one-quarter inch filter paper disks to the 
seeded ‘Difco’ nutrient agar test plates. For Candida, 
2 per cent glucose was added to the medium. Incubation 
was at 32° C overnight. Nutrient seawater agar was 
used for all the marme bacteria. Results of tests for 
activity of Mediterranean sponges against five moro- 
organisms are shown ın Table 1. Of thirty-one species of 
sponge, eighteen showed antimicrobial activity agamst 
one or more of the test organisms. The marine bacter1um 
B-746 showed greatest susceptibility to growth inhibitors 
of these sponges, and Candida albtcans exhibited the least. 
Some of the sponges, for example, Verongia aerophoba, 
Orambe crambe and ‘Aplysilla sulfurea, apparently contam 
substances capable of mhibiting both Gram positive and 
negative bacteria. 


Table 1 ANTDOOROBIAL ACTIVITY OF SPONGES FROM THE MEDITERRANEAN 
SEA 
Esche- Alyeobac- 
Sponge species Bacillus icma Candida tenum Manne 
subtils coh albicans phlei 746 
Perongia aerophoba (O 

Schm.) 15 11 0 12 18 
Crambe crambe (O. Schm ) 3 3 3 6 4 
Aplysilla sulfurea F E. 

Schulze 4 partial 3 0 6 5 
Spongia mrgultosa (O. Bchm.) 4 0 0 4 7 
Dena variabilts O. Bchm. 4 partal 0 0 4 85 
Hemumycale columella (Bow) 2 2 0 4 partial 35 
Chona carters (Bidl.) 0 1 0 5 partial 3 
Anchwnoe fictiowus (Bow) Spartial 0 0 8 partial 2 
Spirastrella cunctatits O. 

Schm. 0 0 4 85 
Irerma fasciculata (Pallas) 2 0 0 8 partial 2 
Petrona flerformis (Poiret) 0 0 0 4 25 
Placospongia decoritcans 

(Hanitsch) 0 2 0 0 4 
Chona copiosa Sard 6 partal 0 0 0 0 
Fasciospongia cavernosa (O. 

Schm )} 35 0 0 0 0 
Pelhna semtubulosa (Lie 

berk.) 0 0 3 0 
Olathria toxistyla (Sard) 0 0 0 0 25 
Orella rosea (Tops.) 0 0 0 0 2 
Geodia cydoniwm (Jam.) 0 0 0 0 2 


Values are expressed in mm radius. 


The ecological significance of inhibition and promotion 
of microbial growth by sponge extracts 1s illustrated ın 
these simple experiments with laboratory and marine 
cultures of bacteria grown in ‘Difco’ nutrient agar. Al- 
though the nutrient medium allows good growth of com- 
mon strams of bacteria, nearly all of the sponge slurries 
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Table 2. IXHIBITION OF MARINE BACTERIA BY PUERTO RIGAN SPONGES 


Manne bacteria tested Number of sponges 14- 

Group Isolate Origin hibiting each bactenum 
I 151 S. Georgia 9 
ang 156 8. Georgia 6 
m 170 8. Orkney 11 
IV 260 Puerto Rico 10 
v 171 8. Georgia 6 
VI 219 8. Orkney 8 
Wit 247 8. Orkney 8 
vo. 105 8. Paclfio 4 
IX 176 8. Pacific 6 
Ba 123 Sapelo Is. 12 
WH 802 Woods Hole 15 

Twenty were tested against eleven bacteria, and the zones of 
inhibition varied from 0 to 60 mm radius. 


produced greater growth zones around the paper disks 
or outside the areas of antibiosis ın the culture plates of 
B. subtilis, E. cols and the marine bacterrum B-746. This 
marine organiam requires thiamine, biotin and either 
vitamin B,, or methionine, and appears to be very sensl- 
tive to biologically active substances. Although all these 
sponges exhibited growth promotion, some failed to show 
any inhibition. Non-antibiotic sponges were: Ircima oros 
(O. Schm.), Ircinia (Sarcotragus) spinosula (O. Schm.), 
Gellius fibulatus (O. Schm.), Hymedesmia versicolor Tops.. 
Suberites domuncula (Olivi), Oliona viridis (O. Schm.), 
Tethya aurantium (Pallas), Erylus discoporus (O. Schm.). 
Pachastrella monolifera (O. Schm.), Chondrilla nucula 
(O. Schm.), Leuconia solida (O. Schm.), Leucosolenia 
complicata (Mont.) and Olathrina blanca (Mıkl.—Maclay). 
In those species where antimicrobial activity was weak, 
not all specimens produced zones of inhibition. 

Another group of antibiotic sponges selected from 
shallow waters around Puerto Rico was collected and kept 
frozen until tests against marine bacteria could be made. 
Cultures of bacteria typical of the nine computer groups 
sorted m a numerical taxonomy program? were used 
as indicators of sponge antimicrobial activity. Two 
additional marine strains, Sa 123 requiring biotm and 
thiamine, and WH. 302 requiring cyanocobalamine, were 
included because of their apparent sensitivity to sponge 
antibiotics. The results of this survey, shown in Table 2, 
indicate that marine bacteria isolated from widely different 
geographic areas (for example, Woods Hole, Massa- 
chusetts; Sapelo Island, Georgia; Puerto Rico and South 
Orkney Islands) were inhibited by extracts of many 
sponges. Some bacteria are more susceptible than others, 
and the number of sponges mhibitıng growth of each 
bacterium was in the range from four to fifteen out of a 
total of twenty sponges tested. Among the most active 
sponges were species of Verongia. 

Comparative studies of antimicrobial activity of marine 
animals collected ın the Great Barrier Reef of Australa 
and in the Caribbean Sea have been made with essentially 
the same methods, except that the assays were performed 
with fresh material. A summary of the screening results 
is shown in Table 3. About the same percentage of 
animals in the two oceans are found to be active against 
the three types of microbial indicators shown in Table 3, 
although the species of animals are different in the two 
widely separated geographic regions. In both oceans, 
more animal extracts inhibit Gram-positive than Gram- 
negative bacteria or yeast. Some of the active animals 
provide antimicrobial substances that can be isolated, 
characterized and synthesized*. Articles dealing with the 
results of further work on isolation and characterization 
of some new compounds are 1n preparation. 


Table 8. RESULTS OF SORBENING MARINE ANIMALS (CHIEFLY SPONGES) 
FROM THE PAOIFIO AND ATLANTIO OOHANS FOR ANTIMIOROBIAL ACTIVITY 
Number Antimicroblal activity 
Region oi Candida 
samples Gram+ Gram— sp. 
Atlantic Ocean (Caribbean) 717 85% 15% 10% 
Pacific Ocean (Great Barrier Reef) 464 89% 12% 11% 
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Bacterial Metabolites trigger Sporophore 
Formation in Agaricus bisporus 


THE beneficial effect of one fungus on another was first 
reported by Heald and Pool! and has since been noted 
frequently. It was soon discovered that the contammating 
organism supplied growth factors which the other organ- 
ism failed to synthesize. Agaricus bisporus produces 
abundant sporophores in natural soil but not m aseptic 
environments. This suggests that certain microorganisms 
in soil trigger the formation of sporophores of A. bisporus. 
Fungi, bacteria, actunomycetes and yeasts were therefore 
isolated from. the test soul and the role of these ın the forma- 
tion of sporophores was studied. It was interestmg to 
find that only the presence of certain bacteria stimulated 
the formation of sporophores of A. bisporus. Using these 
bacteria or their metabolite(s), the production of mature 
sporophores of A. bisporus was achieved for the first time 
in aseptic environments. 

The formation of sporophores of A. bisporus was studied 
m autoclaved soil (15 pounds/inch? for 48 h), gamma 
sterilized soil (2-5 x 10° rads of gamma ray for 48 h), and 
in soil extract medium’. The sterility of both the soils 
was confirmed on potato dextrose agar. Soil (10 g) or 
soul extract agar medium (20 ml.) was transferred to a 
9 om Petri dish. The soil moisture was adjusted to 40 
per cent water holding capacity. Before inoculation the 
bacterial cells, growmg on soil extract agar medium, were 
suspended in sterile water, and the suspension was centn- 
fuged at 1,000g for 5 min to sediment the spores and to 
remove any water soluble metabolites. The spores were 
then suspended in 20 ml. of 1 mM potassium phosphate 
buffer at pH 6-5 or double distilled water. Each medium 
was inoculated with 2 ml. of bacterial suspension. The 
Petri dishes were incubated in the dark at 21° C. 
Primordia of sporophores appeared on the surface of 
medium as pin heads in 6 to 10 days and after 15 days 
produced mature fruiting bodies. Table 1 clearly shows 
that the presence of bacteria influenced the formation of 
sporophores, which was also dependent on the kind of 
medium; autoclaved soil and soil extract medium were 
superior to gamma sterilized soil. In general, Arthrobacter 
terregens, Bacillus megaterium and Rhizobium meliloti 
stimulated abundant production of mature sporophores of 
A. bisporus. 

We have examined further the question of whether 
the formation of sporophores of A. bisporus was 
dependent on the presence of bacterium on or in its 
metabolite because Zentmyer*? reported that the asso- 
ciation of Ohromobacterium violaceum was indispens- 
able for the production of sporangia of Phytophthora 
ctnnamomt. Bacterial colonies were suspended in sterile 
water, shaken vigorously for 5 min, passed through a 
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Table 1. PRESENCE OF DIFFERENT BACTERIA ON SPOROPHORE FORMATION OF 


A, bisporus 
Autoclaved Gamma Soil 

Bacteria soil sterilized soll extract 
Bacillus megaterium +++" = +++ 
B. cereus ++ + + 
Arthrobacter terregens ++++ ++ +++ 
Rhizobium meliloti ++++ - tet 
R. leguminosarum ++ - ++ 
Azotobacter vinelandii ++ - + 
Control - - - 


* Index of sporophore formation. + (1-2); ++ (3-5); +++ (8-10), 
+++ + (11-16). 
‘Millipore’ filter (0-45 micron pore size), and 2 ml. of 
filtrate was added to each medium. The control plates 
received 2 ml. of sterile water. The results showed that 
the initiation of sporophores was actually dependent on 
bacterial metabolite(s), for no sporophores were produced 
in the control. The present study concludes that soil 
bacteria (Table 1) produce some metabolite(s) that trigger 
the formation of sporophores of A. bisporus. 
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Prevalence of Leptotrombidium 
deliense, the Scrub Typhus Vector, in 
the Eastern Himalayas 


MALARI apart, scrub typhus is the most important 
hazard to the health of troops operating in many parts 
of South-East Asia. This is well documented in the 
medical history of the Second World War'?. As a result 
of the Chinese aggression in 1962 the eastern Himalayas 
has assumed great military importance to India. Scrub 
typhus 1s known to be endemic in the entire range of the 
Himalayas, but systematic surveys of the various regions 
of the Himalayas where troops are likely to operate have 
not so far been made. I report here a survey of scrub 
typhus vectors m the eastern Himalayas. 

During July 1966-May 1967 I surveyed in the State of 
Sikkim and Darjeeling and Jalpaiguri Districts of West 
Bengal up to altitudes of 3,840 m for Leptotrombidium 
deliense (Trombicula deliensis), the well known vector 
of scrub typhus, and for other trombiculids and ecto- 
parasites. In all, 573 wild rodent and inzectrvore hosts of 
thirteen species were trapped and exammed. Of the 283 
rodents, 62 per cent were Rattus rattus, 13 per cent 
Bandicota indica and 6 per cent B. bengalensis; and all 
but one (Lupta glis) of the 290 msectivores were Suncus 
murinus: 357 (62 per cent) of the host specimens were 
infested with trombiculid larvae. Forty-nine were used as 
a source of seeding material for breeding an L. deliense 
colony at the base laboratory at the Armed Forces Medical 
College, Poona. The other 308 specimens yielded over 
24,000 trombiculid larvae; 9,000 of these were examined 
and classified. ZL. deliense formed 22 per cent, Lepto- 
trombidsum spp. 13 per cent, Gahrliepia spp. 64 per cent, 
and Schongastta spp. 1 per cent. L. akamusht, a close 
relative of L. deliense but very uncommon in the trombi- 
culid fauna of India’, was found in the survey. 

L. deliense larvae were recovered from all the areas 
surveyed including the high altitude areas: Kalimpong 
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(1,219 m), Gangtok (1,828 m), Padamchen (2,316 m), 
Dzuluk (2,805 m), Lungthu (3,688 m) and Nathang 
(3,840 m). All the host species were found infested wıth 
L. deliense; rodents and insectivores are apparently 
equally good hosts, but the chief host is Rattus ratus. At 
heights of up to 380 m, 46-100 per cent of the rodents and 
insectivores were found infested with L. deltense; the 
average number per host was 17 to 60. At higher altitudes 
the corresponding figures were 100 per cent and 17 to 22. 
In sharp contrast to their heavy infestation with trom- 
biculid larvae, the 573 rodent and insectivore hosts yielded 
a poor harvest of other ectoparasites (mesostigmatid mites 
(560), fleas (184), rxodid ticks (84) and lice (340)). 

, The terrain of the areas surveyed, with a good cover of 
vegetation, moist soil and a large rodent population, is 
well suited for the natural propagation of L. deltense. At 
higher altitudes ‘mite islands” were found in ravines, 
near seepages and on the banks of streams. L. deltense 
was common in forest areas, a significant point in the 
epidemiology of scrub typhus, for a number of cases of 
scrub typhus had occurred in these forests. Also, Traub 
et al.* have reported a sylvatic focus of scrub typhus ın 
the forests of Malaya. L. deliense is prevalent and cases 
of scrub typhus occur throughout the year in the foot- 
hill areas of Bengdubi-Siliguri-Hashimara. 

I found L. deliense up to 3,840 m during the dry cold 
weather in the Himalayas. ‘Traub ef al.' reported the 
isolation of Rickettsia orientalis from rodents at an alti- 
tude of 4,108 m ın the Himalayas in West Pakistan. Both 
these findings suggest the possibility of autochthonous 
infection at such high altitudes. 
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Interaction between Gibberellic Acid 
and Kinetin in Overcoming Apical 
Dominance, Natural and Induced by 
IAA, in Tomato (Lycopersicum 
esculentum Mill. Cultivar Potentate) 


Tam growth of lateral buds can be affected in plants by 
many different treatments'*. Contrary to earlier pro- 
posals‘ recent studies suggest that & principal controlling 
factor is the direct effect of auxin from the apex®*»*. Other 
hormones may also play & part in the control of lateral 
bud growth. In peas’-*, indole acetic acid (IAA) and 
kinetin interact and exert opposing effects. Gibberellic 
acid (GA,) enhances apical dominance ın the pea, possibly 
by its effect on IAA transport’®; apphed together with 
TAA to the cut surface of decapitated tomatoes it also 
enhances the effect of this substance in preventing lateral 
bud growth (unpublished results of H. F. Taylor). Gub- 
berellins have also been implicated in apical dominance 1n 
soybean and redwood". 

‘We have found an interaction between GA; and kinetin 
in the release of lateral buds of tomato from apical domin- 
ance, both natural and mduced by IAA. 

Plants were grown in a mixture of peat and silver sand 
in a glasshouse, wiithout supplementary light, between 
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April and September, and watered with a nutrient solu- 
tion contaming 180 p.p.m. of nitrogen, which was usually 
reduced to 60 p.p.m. of nitrogen at the tıme of treatment. 

Plants at the four to five leaf stage were decapitated 
above the insertion of the second leaf. The chemicals, mn 
anhydrous lanolin, were applied to the out surface and 
to the axils of leaves 1 and 2, and replaced every 4 days. 
Five or six replicates were used, with 1,000 p.p.m. of 
IAA, 100 p.p.m. of GA, and 300 p.p.m. of kinetin. IAA 
apphled to the cut surface always reduced the growth of 
lateral buds by between 50 and 80 per cent compared 
with controls, to which lanolin only was applied, during 
the experimental period of 14 days. Inhibition was usually 
complete for 5-6 days or longer; within this period 
treatments causing lateral bud growth usually had a 
visible effect. 

GA, and kinetin apphed together to the leaf axils of 
decapitated plants, which had been treated on the cut 
surface with IAA, interacted strongly and promoted lateral 
bud growth when the plants had been treated with two 
different concentrations of nitrogen (Table 1). Applied 
separately, JAA and kinetin had significant effects at 
the higher concentration of nitrogen. 


Table 1. HFFEOTS OF GA, AND K ON LATERAL SHOOT GROWTH WITH TWO 
CONOENTEATIONS OF NITROGEN AFTHR TREATMENT 


Sums of lengths of lateral shoots 1 and 2 


Axllary bud treatment after 14 days (means of six plants, mm) 
60 p.p.m. N* 180 p.p.m. N 
Lanolin 05 28-0 
GAs 22 85 OT 
Kinetin 146 551} 
GA,+ kinetin 30 6 171 5§ 


* Statastical analysis was precluded by the large number of zero values in 
the results 


+ Significantly different from control (P <0 05). 
t Significantly different from control (P <0 001). 
$ Interaction of GA, and kinetin was significant (P <0 01). 


Other tests showed that GA, and kmetin together 
increased lateral shoot growth ın LAA-treated, decapitated 
plants to a level at least equal to that of controls recerving 
lanolin only on the cut’ surface and the axillary buds. In 
plants treated with lanolin on the cut surface, however, 
GA,+kmetin on the lateral buds greatly increased the 
growth of lateral shoots, indicating that subsequent 
growth as well as mitial release from TAA-mduced m- 
hibition were being affected. 

Effects of treating lateral buds of intact plants with 
GA, and kmetin were inconsistent; m some cases no 
growth was observed, while in others there was the same 
interaction observed with decapitated plants. In one 
experiment, application of kinetin alone also caused signi- 
ficant growth of lateral shoots. These mconsistent 
responses are being investigated further. 

Pretreatment of [AA-inhibited lateral buds with kinetin 
or GA, before both were applied together, showed that 
the growth promotion caused by the mixture was much 
more rapid after pretreatment with kinetin, suggesting 
that the action of the two substances may be sequential, 
GA, promoting lateral shoot growth after kinetin has had 
an effect. This interpretation is consistent with that of 
Sachs and Thimann’® after their experiments on peas. 

These observations suggest that in intact tomatoes lateral 
shoot growth may also be under the control of the endo- 
genous gibberellin-hke and cytokinin-like substances 
which are known to occur in this plant’*"4. The highly 
specific and localized mteractions through which this 
control is likely to operate could be investigated further 
with tomato cultivars that have various degrees of natural 
apical dominance. 

We thank the Itahan National Research Council for a 
NATO science fellowship for M.C., Professor I. W. 
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Status of the Teesdale Rarities 


BELLAMY et al.1 discuss two hypotheses to explain the 
remarkable associations and abundance of “arctic alpine”’ 
plants in Upper Teesdale, based on their detailed field 
survey. One involves a boundary mstability which creates 
favourable opportunities for the “arctic alpme” species in an 
environment where there is reduced competition from 
other species because of low plant-productivity. 

On several occasional visits to the area, most recently 
on April 13, 1969, a very windy day, I have seen striking 
evidence of another instability, that of partly bare 
substrate under the action of wind and the run-off of 
precipitation. Wind erosion seen there has not usually 
taken the form associated with blowing of the desiccating 
peats of the Pennines south of Teesdale, or the similarly 
wide scale movement of humus and grit off ploughed or 
burnt moorland m north-east Yorkshire. Blowing in 
Teesdale does not seem restricted to dry spells and is more 
localized, sometimes being restricted to the least stable of 
substrates there: the powdery Sugar Limestone. The 
edges of such blown areas, and the restricted new deposits 
resulting from this apparently short range (low trajectory, 
large particle size) movement, seem to be favoured sites 
for Minuartia verna (L.) Hiern. Water, especially freshet, 
movement and deposition of gravels also might prove a 
significant factor in environmental mstability. Gentiana 
verna L., Minuartia verna and Thalictrum alpinum L., 
among others, are associated with some freshet deposits. 

The authors (page 240) state that “many Teesdale 
communities which contain ‘arctic alpine’ species have a 
total vegetation cover of less than 30 per cent”, but they 
do not discuss such communities further, although on 
page 242 they list potential further causes of such bare 
places—“‘tracks, spoil heaps, concentrated grazing”. 
Perhaps a oritical study of the bare areas is in progress, or 
has it appcercd ? 
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Another Source of Cellulase 


CELLULASES Classified as Cx attack soluble derivatives of 
cellulose, such as carboxymethylcellulose or hydroxy- 
ethylcellulose, and also substrates such as alkali or acid 
swollen cellulose. Highly ordered cellulose as ın the cotton 
fibre is, however, not attacked. The attack on native 
cellulose is a two-step process and the first of these steps 
probably involves an enzyme (so-called C,) which attacks 
the native cellulose in some unknown fashion to produce 
a reactive cellulose!. 

Truly cellulolytic mucro-organisms are therefore be- 
lieved to produce both C, and Cx enzymes, while pseudo- 
cellulolytic micro-organisms elaborate only the Cx en- 
zymes. Unfortunately, however, the problem has been’ 
further complicated in the past by the fact that while 
cellulolytic fungi were themselves capable of extensive 
attack on native cellulose the cell-free filtrates were able 
to degrade the same substrate only to a very minor extent. 
Such was the position until recently when Mandels and 
Reese* and Halliwell? found that certam species of Tri- 
choderma (T. viride and T. koningii respectively) were 
capable of producing cell-free culture filtrates which 
showed a high capacity for solubilizing cotton fibres. No 
other cell-free filtrates with comparable activities have 
been produced to date. 

We can now report that cell-free filtrates of the fungus 
Fusarium solani contain a highly active cellulase. 

The organisms mentioned m Table 1 were grown on 
native Texas cotton fibre saturated with the salts medium 
of Saunders, Siu and Genest‘, according to the method 
described by T. M. W.5. After 34 days’ incubation at 27° C 
the culture medium was filtered, centrifuged at 66,000g 
for 20 min at 8°C, made 0:005 molar with respect to 
NaN, and stored at 1°C. 

In the solubilization assay 2 mg of cotton fibre, erther 
native or dewaxed, was incubated for 7 days or 14 days 
in conical centrifuge tubes with 2 ml. of culture filtrate, 
2-5 ml. 0-2 M acetate buffer, pH 4-8, and water, to give a 
final volume of 5 ml. The cellulose remaining after en- 
zymatic attack was estimated with dichromate-H,SO, 
reagent as described by T. M. W.*. Carboxymethylcellu- 
lase activity (Cx) was assayed according to the method used 
by T. M. W.!. 

F. solani produced the most active filtrates although 
the filtrate of F. javanicum was highly active towards 
dewaxed fibres (Table 1). Of the five strains of F. solani 
tested, C.M.I. 86,169 and C.M.I. 95,994 were the most 
active. The activities in these cases were comparable 
with T. koningii culture filtrates when dewaxed cotton 
fibres were used as substrates, but appreciably higher 
when assayed with native cotton fibres. 

The relative C, activities of each enzyme preparation 
were compared by varying the volume of culture filtrate 
added in the standard assay so that each assay contained 
1,000 units of carboxymethylcellulase activity. The results 
which are shown in column 6 of Table 1 indicate that the 
culture filtrates of F. javantoum and several of the strains 
of F. solani contain approximately the same amount of 
C, activity relative to the carboxymethyicellulase activity. 

Solubilization of 2 mg of a selected size of particle 
(53-75 um; sieved) of ‘Avicel’ (a microcrystalline hydro- 
cellulose marketed by Honeywill and Stein, Ltd, London) 
by one of the most active culture filtrates of F. solani 
(C.M.I. 86,169) was 49-5 per cent and 61-8 per cent after 
l1 week and 2 weeks respectively. The same size of 
Whatman cellulose powder particle was solubilized to the 
extent of 73 per cent (7 days) and 85 per cent (14 days) by 
the same culture filtrate. 

Mandels and Reese? assay C, activity by measuring the 
glucose produced after incubating 40 mg of cotton with 
buffer and enzyme (total volume 1 ml.) for 24 h at 
40°-50° C. For comparative purposes we have carried 
out this short term assay with the culture filtrates of the 
fung: mentioned m Table 2. All the culture filtrates of 
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Table 1. AOTIVITY OF MISORLLANEOUS CULTURE FILTRATES TOWARDS OOTTON: LONG TERM SOLUBILIZATION ASSAY 
* Solubilization of * Solubilization of Carboxymethyl- + Solubilization of dewaxed 
dewaxed cotton native cotton callulase activity cotton/1,000 units carboxy- 
Fungus 7 days 14 days 7 days 14 days anite/m], methylcellulase 7 days 
(1) (2) (3) (4) (8) 
(per cent) (per cent) (per cent) (per cent) (per cent) 
Fusarium avenaceum  C.ALI. 184,729 20 19 14 23 227 16:0 

P, javanicum C.M.I. 29,817 57 65 22 48 202 69 
F. equisets st. Nil 2 5 — == 
F. latentum st. 2 5 8 82 = 
oxysporum C.ALI. 107,510b 23 82 36 270 27 
F. semttectum at. 4 6 10 118 =_ 
F. solam C RILI. 86,189 76 87 88 880 62 
F solani C.MLI, 95,904 74 91 87 825 61 
F. solam OM I. 105,884 42 62 35 57 330 56 
F solani C M.I. 107,511 56 69 63 1,176 38 
F. solan (Walsh) 56 60 58 144 65 
Tiichoderma koningis O.I. 78,022 70 91 69 1,500 64 


* 2 ml. of culture filtrate, + Volume of culture filtrate adjusted (either b; dilaton ka concentration) 60 that each assay contained 1,000 units of carboxy- 
vity. 


methyleell 


Table 2. ACTIVITY OF MISORLLANKOUS OULTURE FILTRATES TOWARDS COTTON. 
SHORT-TERM O, ASSAY* 


Reducing sugars, as glucose, 


Fungus from 40 cotton 
Dewaxed cotton Native cotton 
F. avenaceum C M I. 184,729 1-14 mg 071 mg 
F. javamcum O.M.I. 20,817 0 98 mg 1 02 mg 
F, oxysporum O.M.I. 107,510b 0 47 mg 0 62 mg 
F. solam C.M.I. 86,169 146 mg 1.35 mg 
F. solani O.M.I. 95,004 1 64 mg 1-78 mg 
F. solam C.M.I. 105,884 0 87 mg 1-12 mg 
F. solani C M.I. 107,611 187 mg 1-60 mg 
F. solani aish) 0 79 mg 0 87 mg 
T. kon (8) 73,022 0-44 mg 0 37 mg 


0-6 ml. of culture filtrate used except with 7’. koningii (0 01 mL). 


F. sp. showed a very low activity compared with T. 
koningii culture filtrates. In this regard it is noteworthy 
that Mandels and Reese* also observed that the correla- 
tion between the short-term C, assay of miscellaneous 
culture filtrates and the long term solubilization of cotton 
was not very good. 

We thank Dr J. Walsh of the Department of Buo- 
chemistry, Manchester Institute of Science and Tech- 
nology, for the gift of a culture of F. solani and Miss 
Janice Steven for technical assistance. 
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Angiotensin accelerates Catecholamine 
Biosynthesis in Sympathetically 
innervated Tissues 


ANGIOTENSIN interacts with the sympathetic nervous 
system. Among the interactions which have been described 
are stimulation of ganglion cells!?, central activation 
of the sympathico-adrenal system‘, and a potentiation 
of vasoconstrictor responses caused by indirectly acting 
sympathomimetics® and by sympathetic nerve stimula- 
tion’-*, It 1s possible that an interaction between the 
renin-angiotensin and the sympathetic system could play 
an important part in the development of primary renal 
hypertension. We have been investigating the effecte of 
circulating polypeptides on sympathetic nerve function, 
and in particular on the biochemical events involved m the 
synthesis and release of noradrenaline. Here we report 
that angiotensin amide-II has a potent stimulating effect 
on catecholamine biosynthesis in a number of tissues. 
We assayed catecholamine synthesis in the rat vas 
deferens and in the rat and guines-pig atria. The vasa 
deferentia from each rat were paired; one vas deferens 
was taken as a control and the contralateral was subjected 


to drug treatment. Uniformly labelled “C-tyromne (New 
England Nuclear Corporation, specific activity 362 mCi/ 
mM) was purified before use by passing through alumina 
columns'*. Angiotensin-5-valine-amide-II (Ciba) was 
dissolved and diluted in sterile distilled water before use. 
Tissues were incubated at 37° C + 0-5° C in Krebs-Henseleit 
solution continuously aerated with 95 per cent O,+ 5 per 
cent CO,. All the incubating solutions contained 6 x 10-*M 
tyrosine with a final specrfic activity of 10 mCi/mM. At 
the end of the incubation period the tissues were removed, 
blotted and frozen on dry ice. The tissues were then 
weighed and homogenized in 4 to 5 ml. of ice-cold 15 per 
cent trichloroacetic acid and assayed for labelled cate- 
cholamines and tyrosine’. The catechol metabolites 
were further separated by gradient elution of the orginal 
alumina eluate from 120x4 mm ‘Amberlite-CG-120° 
columns??, 

Initial expermmente showed that catecholamme syn- 
thesis was linear for at least 4 h m the vas deferens and for 
up to 2 hin the rat and guinea-pig atria. Table 1 shows the 
effects of varying concentrations of angiotensin on the 
production of labelled catechols after incubation for 1 h. 
There was a significant crease in the labelled catechol 
content at concentrations of angiotensin as low as 10° M. 
By contrast, the levels of radioactive tyrosine present ın 
the tissues did not vary significantly. The results with the 
rat and guines-pig atria were sumular although the thresh- 
old for stimulation in guinea-pig atria was somewhat 
higher than ın the rat. In spite of the faot that there was 
only a small increase in the stimulation of synthesis of 
catechols in the guinea-pig atria when the concentration 
of angiotensin was increased from 5x 10-* to 6x 10-7 M 
we found that with the higher doses 75 per cent more 
catechols were recovered from the bath fluid (tentatively 
identified as deaminated metabolites) than from control 
bath fluid. This suggests that there was a further ım- 
crease in the rate of synthesis of catechols with doses of 
5x 10-7M angiotensin but that the effect was masked by 
the loss of newly synthesized amine through metabolism 


Table 1. AFFECT OF ANGIOTENSIN ON NORADRENALINE* AND TYROSINE 
CONTANT OF TISSUES INCUBATHD WITH “0-TYROSINE FOR 1 H 
Tyrosin d. Pan iget t 
e p.m, er cen 
Dose No. d.p.m./g x10 + SEAL E change 
tS.E.M. from 
control 
Rat atria 
Control 6 1,205 + 60 5,189 + 388 = 
5x 10° M 8 1,285 + 76 6,155 + 349 t +186 
6x10* M 1,268 + 29 7,829 + 1,000 t +50 9 
Rat vas 
Control 6 2324+9 2,846 + 188 — 
1x10°M 8 230+ 19 8,574 + 181§ +218 
1x10* M 8 208 +4 4,877 + 6359 +36 2 
Guinea-pig atria 
Exp. Control 4 930 + 80 39,262 + 1,767 — 
5x 10° M 4 0374+28 36,699 + 1,363 n.8. -70 
5x10” M 4 946 + 40 62,077 41,3149 +326 
Exp.2 Control 5 924+40 40,4624 8,214 — 
5x10* M 5 977458 51,19% Ł2,489ł +267 


i as >80 per cent intact noradrenaline by column chromato- 
graphy. 

Comparison of drug treated with control tissues: t= P<01; $= P<005; 
§=P<0-025; {=P <0-01. 

n.8., Not significant. 
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and release into the medium. Separation of the 1C- 
labelled catechols recovered from the atra (two experi- 
ments with sixteen atria) on ‘Amberlite’ columns showed 
that about 80 per cent of the labelled catechol fraction 
was intact noradrenaline. 

The time course of the angiotensin effect was followed 
in the rat vas deferens and the guinea-pig atria. The vasa 
deferentia were incubated with labelled tyrosine for 0-5, 
1, 2 and 4 h and then removed and analysed as described. 
Angiotensm (10-*M) had little effect in 0°65 h, but after 
1 h meubation the angiotensin treated vas contamed 
75 per cent more labelled catechols than the correspond- 
ing control group. With the atria we observed an increase 
of 27 per cent in the labelled catechols after 1 h in the 
presence of 56x10-*M angiotensin compared with the 
control group; a 10-20 per cent increase in the content 
of labelled catechols was seen after 0-5 h. 

The mechanism of this angiotensin effect is unknown; 
the polypeptide, at the concentrations used, caused little 
or no sympathomimetic change in either the atria or vas 
deferens. Thus the effect does not seem to depend on a 
massive release of endogenous noradrenaline. The 
possibility remains, however, that angiotensin may 
deplete a small “strategic pool” of noradrenalme in the 
nerve terminal region, which is in close proximity to 
tyrosine hydroxylase, and thereby release this rate 
lamiting enzyme from end product inhibition’. A gan- 
glionic site of action presumably could be involved m the 
vas deferens, but not in the atria. It is known that the 
rate of noradrenaline biosynthesis in sympathetically 
innervated tissue varies with the degree of sympathetic 
nerve stimulation. For example, after nerve stimulation 
at twenty-five pulses/s, for 5 s every min for 1 h the 
content of newly synthesized noradrenaline is 30—70 per 
cent more than in unstimulated controls“. Our finding that 
angiotensin, in physiological concentrations, can also 
accelerate the biosynthesis of noradrenaline, in isolated 
sympathetically innervated tissue, provides yet another 
possible mechanism for the regulation of noradrenaline 
biosynthesis. 

Angiotensin may have a direct or an indirect action on 
these tissues. It is possible that the peptide selectively 
releases a small pool of newly synthesized noradrenaline; 
this would not produce a marked sympathomimetic 
response but might be sufficient to release tyrosine 
hydroxylase from end product inhibition. Alternatively 
angiotensin itself may have a direct action on the enzymes 
imvolved in catecholamine biosynthesis; the stimulation 
of aldosterone synthesis'® by angiotensin is an interesting 
parallels, 

This work was supported in part by a grant from the 
US Public Health Service. 
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Activator of Plasminogen in Saline 
Extracts of Human Thrombi 


Sinos the discovery of an actıvator of plasminogen in 
anımal tissues', and in saline extracts of human tissues*, 
its presence ın endothelial cells of human veins has been 
convincingly demonstrated many tımes?—*, Todd’? has also 
shown focal areas on plasmmogen activator activity in 
fibrnolysis autographs of human thrombi. Our purpose 
here is to describe the nature and properties of an activator 
of plasminogen found ın saline extracts of human thrombi, 
which appears to have a separate identity from other 
known activators. 

A 7 micron frozen section from a fresh (less than 1 week 
old) unorganized native human thrombus, when directly 
placed on an unheated bovine fibrin plate, possessed 
marked fibrinolytic activity; no activity was detected 
on a heated plate (Table 1). This venous thrombus, 
recovered by operative mtervention from a 58 year old 
white female, was of uniform composition ın ite entire 
length, consisting chiefly of red cells with a few leucocytes 
and platelets in a loose meshwork of fibrm. The patient 
had not recerved any thrombolytic therapy, and no 
fibrinolytic activity could be demonstrated in her red cells 
or platelet-rich or platelet-depleted plasma. Results of 
thromboelastograph and routine haematological tests 
were within normal limite. 

In sterile conditions, a portion (660 mg) of this thrombus 
was washed three times im isotonic saline, and then finely 
pulverized in 10 ml. of cold saline buffer at pH 7:4. 
Significant fibrinolytic activity was present in the filtered 
supernatant fluid, obtained after centrifuging the resus- 
pended homogenate at 3,000 r.p.m. and 4° C for 30 min. 
After further centrifuging (17,000 r.p.m., 4° C, 1 h), the 
supernatant still retained more than 90 per cent of the 
original activity: this was called the thrombus eluate 
(TE). An identical portion of thrombus was treated ın 
a similar way, but the pH of the saline extract was reduced 
to 2 for 15 min and then readjusted to 7-4; this was called 
acidified thrombus eluate (ATE). The TE was divided 
into three equal parts of 3-2 ml. each—a, b and c: 0-2 ml. of 
saline—buffer was added to a (control), 0-2 ml. of strepto- 
kinase (‘Kabikinase’) to give a final concentration of 
3,000 U/ml. was added to b (SK treated), and human 
plasmin (grade A, KABI), giving a final concentration of 
10 casein units/ml., was added to c (plasmm treated). 
Equal portions of ATE treated in a similar way were 
designated d (acidified control), e (SK treated) and f 
(plasmin treated). The fibrinolytic activity of the various 
mixtures was assessed by the fibrin plate method of Astrup 
and Millertz® and the results obtained from unheated, 


Table 1. YFIBRIXOLYTIO AOTIVITY* O¥ VARIOUS TEST FLUIDS OX BOVINE 
FIBRIN PLATH* 
Type of fibrin plate 
whan With 
Test solution Heated EACA AMOHA 
(0 08 mL) Unheated (85° O, (6x (6x 
1h) o= 10+ M) 
Buffered saline (0 15 M, pH 7 4) Nil Nil Ril Nil 
Thrombus (10 mm x 2 mm x 7) 
Untreated 442 Nu 284 Nil 
Acidified + 82 Nil Bil 
Thrombus eluate 
ntrol 236 Nil Nil Nu 
WEK troated i 556 Nil 324 Nil 
225 164 225 100 
Acldlfied + thrombus eluate 
d—Contro Nil Nil Nil Nil 
e—SK sata 824 Ril 100 Nil 
f= treated 450 400 400 400 
Uro. (Leo) 
Untreated ee Ploug gial) 483 Nd 224 Nu 
Acidified ¢ (25 Ploug u/mL 486 Nil 248 Nil 
uman (grade A, KABI) 
Untrested—10 c.u/ml. 150 144 148 144 
Acidified {—10 o.u./ml. 180 164 178 164 


HACA, epsilon amino ca) 
cyclohexane carborylio acid 

* Fibrinolytio activity, od as mm’ area of digestion zones, derived 
from mean of several de 


pee to lowering the oH to 2 for 15 min, and then readjusting 


re ere acid (KABI), AMCHA, amino methyl 


o 
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Fig. 1. Fibrinolytic activity of thrombus eluate (TE) 









125 ujmi) and @t+A/SK is at treated 
treated with urokinase (25 Ploug U/mi.). 
and A/SK = 120 mm 


with AISK (125 





heated (85° C, 1h), epsilon amino caproic acid (HACA, 
5x 10-* M) and amino methyl cyclohexane carboxylic acid 
(AMCHA, 6 x 10°? M) plates are summarized in Table 1. 

The fibrinolytic activity of the untreated TE-a was 
completely mhibited in the presence of low concentrations 
of EACA (5x 107 M). and was not detected on a heated 
fibrin plate. The enhanced fibrinolytic activity of b 
(556 mim?) was presumably a surnmation effect of control a 
(236 mm?) and SK treated-e (324 mm*): inherent activa- 
tor activity found in a was destroyed during acidification 
ote. ‘This increased activity was significantly depressed 
in the EACA plate (5x10 M) and no fibrmolytiec 
activity could be detected on the heated fibrin plate 
(Table 1 and Fig. 1). A similar relationship was also 
observed with urokinase. Neither a nor b, when incubated 
at 387° C for 60 mm in a medium of 2 per cent casein solu- 
tion, produced a significant release of acid soluble tyrosine, 
and therefore caseinolytic activity similar to that of 
plasmin or SK activated plasminogen was not present. 
During zone electrophoresis, the fibrinolytic activity of a 
was recovered in the region of alpha,, globulin, and this 
did not react with rabbit antihuman plasminogen serum 
or with rabbit antihumnan plasmin serum. Like strepto- 
kinase, the thrombus eluate a was not able to hydrolyse 
a synthetic ester of L-arginine (benzoyl-L-arginine ethyl 
ester, BAKe), but separately or together they were 
eapable of activating human plasminogen to plasmin 
which in turn rapidly hydrolysed BAKe (Fig. 2). Thus 
the fibrinolytic activity contained in the TE-a seemed to 
be caused by an activator of plasminogen. 

This activator of plasminogen was stable at 0° to — 2° C 
at neutral pH for more than 6 months, but when incubated 
at 56° C to 60° C for 10 mun, it lost all activity. Lowering 
the pH. of the saline extract from 7-4 to 2-0, for only 15 
min, also destroyed its fibrinolytic activity (Table 1). 
| activator of plasminogen, on the other hand, is 
known to be fairly thermostable in an acid medijum, 
and similar acid treatment of streptokinase, urokinase. 
plasminogen and plasmin did not significantly alter their 
fibrinolytic properties, The activator of plasminogen 
found im saline extracts of human thrombi therefore 
differs in some respects from streptokinase, urokinase, 
and from tissue activator of plasminogen. 

This activator of plasminogen could be eluted from the 





















; ; ity ¢ 3 and various preincubated mixtures, on unheated (BF/BT) and heated (H / BE) b 
fibrin plates; atisa 134 dilution of TE-a, and 6 is SK treated undiluted a (for details, see text). 
Cimi). ( 
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thrombus by prolonged perfusion with saline, and so we 
believe that it was probably in an adsorbed state. Further 
studies have shown that many recently formed human 
thrombi (arterial or venous), even with comparable cyto- 
architecture and a similar content of leucocytes and red. 
cells, do not always contain such an activator of plasmino- 
gen: and if it was not present in saline extracts, it could 
not be found in thiocyanate extrac ther. In this case 
use of an agent known to induce a “peptone effect’’® did 
not bring out any concealed activator activity. 

Further work is in progress, and only after the thrombus 
activator of plasminogen has been isolated in a relatively 
pure form and free from all other contaminants will it 
be possible to compare it with the labile plasma activator 
of plasminogen. 
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Increased Bilirubin Conjugation in 
Heterozygous Gunn Rats treated 
with Phenobarbital 


THE mechanism by which phenobarbital lowers serum 
bilirubin levels in some patients with jaundice is un- 
defined!-* although there is some evidence of enhanced 
synthesis of bilirubin glucurony] transferase*-7, the hepatic 
microsomal enzyme which mediates the conjugation of 
bilirubin before it is excreted into bile. It is also possible, 
however, that phenobarbital acts by augmenting other 
excretory pathways involving the degradation of bilirubin 
to polar breakdown products'!-3. If phenobarbital 
enhances the capacity of the liver to conjugate bilirubin, 
response to drug therapy should be associated with in- 
ereased excretion of bilirubin into bile. If, on the other 
hand, phenobarbital augments the other excretory path- 
ways, bile bilirubin should remain unchanged. I have 
investigated this in male heterozygous and homozygous 
Gunn rats and Sprague-Dawley rats, weighing 350-500 g. 

Experimental animals receiv “ed subcutaneous injections 
of phenobarbital (William S. Merrell Co.) 6 days of each 
week for 4-6 weeks. Control animals received injections 
of solvent. With the rats under ether anaesthesia the 
eormmon bile duct was cannulated with polyethylene 
tubing, and the capacity of the liver to excrete bilirubin 
was assayed’. A solution of unconjugated bilirubin 
(Pfanstiehl) was administered by continuous intravenous 
infusion at a rate of 90-120 ug bilirubin per min per 100 g 
of body weight for 70-90 min. Bile samples were collected 
at 10 min intervals, the volumes were measured, and the 
samples were then diluted with water for determination of 
bilirubin concentration!’. The maximum rate of bilirubin 
excretion (Tmax) was usually reached at 30-40 min, and 
the mean of all subsequent values was calculated for cach 
experiment. 

In untreated Sprague-Dawley rats, the mean Tmax was 
58-3 ug bilirubin excreted in the bile per min per 100 g of 
body weight (Fig. 1), a figure comparable with that 
reported by Weinbren and Billing’. Phenobarbital did 
not alter this value, in contrast to the small rise reported 
by Roberts and Plaat, In homozygous Gunn rats, which 
are jaundiced because of lack of bilirubin glucuronyl 
transferase’ 2-15, the mean Tmax was only 0:3, and this 
was not affected by treatment with phenobarbital; only 
small amounts of unconjugated bilirubin were found in the 
bile by thin-layer chromatography. Heterozygous Gunn 
rats, on the other hand, are anicteric and have only a 
partial defect in bilirubin conjugation, Maximum 
bilirubin excretion in these animals averaged 30-9, 
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Fig. 1. Maximum excretion of bilirubin into bile in rats given pheno- 


barbital or contro! solution. The height of each bar indicates the mean 

value for that group. Numbers refer to the daily dose of phenobarbital 

in mg per kg body weight; subscripts differentiate animals which received 
similar doses of phenobarbital. 


approximately half that in the normal controls, but 
increased to normal levels after barbiturate therapy 
(mean 56-7). The increased pigment in the bile of these 
rats was identified chromatographically as conjugated 
bilirubin. 

Phenobarbital increased bile flow in rats in all three 
experimental groups (Fig. 2). The average concentration 
of bilirubin in bile was therefore only slightly greater in 
drug-treated than in control heterozygous Gunn rats, 
9-5 (S.E. 1-2) compared with 7:2 (S.E. 0-2) ug per ul. The 
rises in bile flow and excretion of conjugated bilirubin 
appear to be independent effects of drug treatment. Bile 
flow was increased in two of five heterozygous Gunn rats 
given phenobarbital, whereas pigment excretion was 
enhanced in all five. Conversely, the elevated bile flow 
observed in several Sprague-Dawley and homozygous 
Gunn rats was not associated with a rise in bilirubin 
excretion. 

The failure to raise Tmax in homozygous Gunn rats 
confirms the absence of a phenobarbital effect in animals 
lacking bilirubin glueuronyl transferase, an idea previously 
based on measurements of serum bilirubin concentration®’, 
Barbiturate treatment of normal animals has been shown 
to enhance hepatic bilirubin conjugation in vitrots, 
and the lack of response in intact Sprague-Dawley rats 
is probably the result of limitation of the rate at which 
conjugated pigment can be secreted mto the bilet®17, 
Thus, an effect in vivo is found uniquely in animals such 
as the heterozygous Gunn rat, in which partial impairment 
of bilirubin conjugation, resulting from a genetic defect in 
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enzyme synthesis, is ameliorated by treatment with 
phenobarbital. This is a unique example of the induction 
of an enzyme in clinical therapeutics. 

This work was supported by a grant and a career 
development award from the National Institutes of 
Health, US Public Health Service. I thank Miss L. 
Lavidor and Miss M. Tsong for assistance and Dr R. 
Schmid for supplying the Gunn rats. 
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Blood Platelet Nucleotides in Man 
and Other Species 


Human platelets contain large amounts of adenine nucleo- 
tides! of which an unusually high proportion is in the form 
of ADP?-?7, The ratio of ATP to ADP in human platelets 
is about 2 compared with a value of 9 in red celis? and 
il in muscle’. Incorporation of radioactive precursors 
into platelet nucleotides and the selective retention of 
labelled nucleotides in the platelet during nucleotide 
release induced by thrombin or collagen*!° have demon- 
strated that the bulk of the ADP in human platelets is 
metabolically inert and that it is the inert fraction which 
is released. 

We report differences in the composition of platelet 
nucleotides which distinguish man and some other animal 
species. 

Blood was taken from human volunteers'!. Animals 
were bled under anaesthesia with pentobarbitone or 
pentobarbitone and ether, or without anaesthetic. One 
volume of 3-8 per cent Na, citrate was added to nine 
volumes of blood as anticoagulant. Blood was centri- 
fuged in siliconized tubes at room temperature for 10 min 
at 320g, or for longer if necessary. The platelets were 
counted by phase contrast microscopy. 

Two series of estimations of the nucleotide content of 
platelet-rich plasma were made by different techniques. 
In the first series platelet-rich plasma was extracted at 
0° © with one-third the volume of perchloric acid (final 
concentration 0-5 N). The extract was neutralized with 
5 N KOH and buffered to pH 7-4 with triethanolamine. 
After standing at 0° C for 30 min the extract was decanted 
from precipitated KCIO, and stored at — 20° C for up to 
2 days before assay. Nucleotides were measured spectro- 
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photometrically by means of enzymes coupled to the 
oxidation of NADH®, ATP was measured with glycer- 
aldehyde phosphate dehydrogenase and phosphoglycerate 
kinase, in 0-5 ml. samples of extract in 10 mm light path 
cells of 1-0 ml. capacity. A blank cell was included with 
each three sample cells. ADP and AMP were measured 
in 0-8 ml. samples of extract with lactate dehydrogenase, 
pyruvate kinase and adenylate kinase. The presence of 
AMP in the NADH used in the assay was allowed for by 
including 0-005 umoles ATP in each cell and by subtract- 
ing the changes observed in a blank cell containing water 
in place of extract. All enzymes were obtained from 
Boehringer (London), Ltd. 

In the second series platelet-rich plasma was treated with 
an equal volume of 1 per cent ‘Triton X-100 containing 
0-01 M EDTA, followed by two volumes of absolute 
ethanol. After removing proteins by centrifuging, the 
supernatant was used for the assay of ADP and ATP by 
firefly luminescence": +3, : 


Table 1. PLATELET NUCLEOTIDES MEASURED IN PLATELET-RICH PLASMA 

BY A: PERCHLORIC ACID EXTRACTION AND NADH-COUPLED SPECTROPHOTO- 

METRIC ASSAY, AND B: BY ETHANOL EXTRACTION AND FIREFLY LUMINES- 
CENCE ASSAY 

Ratio Confidence 


Species on. ATP ADP AMP ATP: limits 
ADP (P=0-05) 
{A) Human 13 7044+037 4-0140-27 0484016 176 159-124 


Rabbit 6 *8:854+0-42 #1334017 0234008 666 534-917 
Guinea-pig 6 7234+043 4271+029 0714017 267 326—415 
Rat 9 6234062 *1-704£0-19 01940-0090 3:67 216—350 


{B} Human 12 5594060 3544044 1-58 1-25— 1-38 


Rabbit 17 6833+049 *1-07 4011 5-01 284-12-56 
Guinea-pig 18 5644+029 *1-86+019 303 269-383 
Pig 4 6784124 332+106 2-04 


* Results differ significantly from corresponding human levels at P = 0-01, 


Results are expressed as pmoles/10" platelets S.E.M. The confidence 
limits of the ATP : ADP ratio were calculated according to Goldstein’. 


Platelet nucleot.de levels estimated by the two proce- 
dures are given in ‘Table 1. The results in the first series 
were higher by about 30 per cent than comparable results 
in the second. We have not been able to attribute this 
difference to any particular step in either of the methods 
which were used in two different laboratories. The amounts 
of ADP and ATP found in human platelets in both series 
lie within the range of values quoted in recent literature?’ 
and confirm the low ratio of ATP to ADP. In the other 
species, with the exception of the pig, the ATP: ADP 
ratio was higher than in man; the highest ratios were 
found in rabbits. The differences in the ratio were caused 
by variations in the ADP concentration. 

We have found that the difference in nucleotide content 
of rabbit and human platelets is the result of a difference 
in the inert or storage fraction. In the experiment shown 


Table 2. RELEASE OF NUCLEOTIDES FROM WASHED PLATELETS 


Human (4-65 x 10° umoles/10# platelets Ratio — 
platelets/ml.) ATP ADP AMP Total ATP/ADP 
Cells 37 0-6 M1 44 618 
Medium 2-8 36 O ög OTA 
Total 65 42 5 12 158 
Rabbit (7-04 x 10° 
platelets/ml.) 
Cells +5 1-0 0-0 55 +50 
Medium ot 1-0 0-3 6-7 5-40 
Total 9-9 2-0 0:3 12-2 4-96 


Platelets were isolated from platelet-rich plasma (20 mil.), after adding 
0-005 M EDTA and cooling to 4° C, by centrifuging for 10 min at 1,009 
at 4° C, and washing once in cold saline (0-14 M Natl containing 0-015 M 
tris HCI, pH 7-4, and 0-001 M EDTA). They were resuspended (carefully 
avoiding red cells) in 10 ml. of 0-14 M NaCl containing 0-015 M tris HCI, pH 
7-4, 0005 M KCI and 0-005 M glucose. Samples of the suspension were 
incubated for 10 min at 37° C with 1-0 U/ml, bovine thrombin (Parke, Davis 
and Co.). Platelets were separated from the suspension medium by centrifug- 
ing for 5 min at 30,000g at 0° C, and nucleotides were measured spectro- 
photometrically in perchloric acid extracts of pellet and supernatant. 
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in Table 2 a similar proportion of the total nucleotides was 
released by thrombin from human and from rabbit washed 
platelets. With human platelets the ATP : ADP ratio in 
the released nucleotides was lower than the ratio found in 
the nucleotides which remained in the cells. In contrast, 
with rabbit platelets there was little difference between 
the ATP: ADP ratio in the nucleotides which were 
released and those which were retained. In three experi- 
ments we found ATP : ADP ratios in the released nucleo- 
tides of 0-62, 0-78 and 0-92 in humans, and 5-4, 3-9 and 
6-5 in rabbits. A similar difference has been observed by 
Ireland (personal communication). 

In a second experiment the metabolically active nucleo- 
tides of rabbit platelets were labelled by preincubating 
platelet rich plasma with 1 uM UO adenosine (0-86 Ci/ 
mole) for 1 h at room temperature before isolating the 
platelets (Table 2). Radioactivity was estimated in the 
pellet and in the supernatant by scintillation counting. On 
incubation, with 1-0 u/ml. bovine thrombin for 10 min at 
37° Cy 55 per cent of the total nucleotides were released into 
the suspending medium, accompanied by 24 per cent of the 
radioactivity. In a control incubation without thrombin, 
4-6 per cent of the nucleotides and 15 per cent of the radio- 
activity were released. The specific activity (counts 
min umole“) of the nucleotide specifically released by 
thrombin, calculated from the difference between the 
incubations with and without thrombin, was 2-0 com- 
pared with 12-1 in the whole suspension and 19-9 in the 
nucleotides which remained in the platelets. 

These results show that the difference in the ADP 
concentrations between rabbit and human platelets is due 
to a difference in the composition of the storage pool of 
nucleotide which in man contains more ADP than ATP 
and in rabbits contains mainly ATP. This may be related 
to the known differences in the amine storage characteris- 
ties of human and rabbit platelets“. 

Pig blood was kindly supplied by Dr Stanley L. Robbins. 
Mallory Institute of Pathology, Boston, Massachusetts. 
D. P, T. acknowledges support of a USPHS medical service 
grant and of a grant-in-aid from the American Heart 
Association, 
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Host Resistance against 
Isotransplantation of Lymphomas 
induced by the Radiation 
Leukaemia Virus 


A LEUKAEMOGENIC virus has been isolated from radiation- 
induced lymphomas in C57BL mice’ and from various 
tissues collected 5-10 days after stopping irradiation®, and 
serially passaged in isologous mice. This virus is 
apparently present during post-natal life in non-irradiated 
C57BL mice, and irradiation “releases” the virus and 
contributes in other ways to radiation leukaemogenesis*-+. 

IT have examined the possibility of building up resistance 
in isologous mice against lymphomas induced by the 
radiation virus, by pretreating C57BL mice with the 
radiation leukaemia virus. 

I used the C57BL strain of mice. The virus was isolated 
from radiation virus induced lymphoid tumours, and the 
leukaemic thymuses of these animals were homogenized 
in four volumes of chilled phosphate buffered saline 
(PBS). The homogenate was centrifuged for 15 min at 
10,0009 and the pellet was discarded. This procedure was 
repeated three times, and the final supernatant was used 
for inoculation. 


Table 1. EFFECT OF INOCULATION OF THE RADIATION LEUKAEMIA VIRUS 
INTO NEWBORN C57BL MICE ON TAKES OF SYNGENBIC LEUKAEMIC CELL GRAFT 


Inoculation of i 
virus or PBS Takes after subcutaneous inoculation of cell dose*: 
into mice 10° 108 u 





1+ Virus 55 per cent 3/10 =30 per cent 0/10 

PBS 90 percent 4/10=40 percent  1/19= 10 per cent 
il Virus WT 7 = 14 per cent OF o/10 

PRS 9/10=90 percent 4/10=50 percent O/ 10 
HH Virus 7i10=70 per cent 4/8 =50 per cent ays 

PBS 810 =90 per cent 4/10=40 percent 0/10 


* Subcutaneous leukaemic cell challenge was performed when the mice 
were 30 days old. 

+ Mice were inoculated intraperitoneally, within 24 h of birth, with 6-05 ml. 
of three different virus extract preparations or PBS. 


Newborn mice (up to 24 h old) were injected intra- 
peritoneally with 0-05 ml. of cell free extract containing the 
radiation leukaemia virus, or with PBS as a control. These 
mice were challenged 30 days later with doses of between 
10 and 10° leukaemic cells taken from isologous lymphoid 
tumours induced by the same virus and injected sub- 
eutaneously (Table 1). In two of the three groups tested, 
inoculation of the virus into newborn mice induced resis- 
tance to further isotransplantation of leukaemic cells: the 
incidence of tumour takes in the groups challenged with 
108 leukaemic cells was 55 per cent in the first group and 
14 per cent in the second, compared with 90 per cent in the 
control mice. In the third group challenged with 10° cells, 
the results were not significant, 70 per cent takes in the 
pretreated mice compared with 90 per cent in the controls. 
Only one of the three groups challenged with 105 leukaemic 
cells showed transplantation resistance, compared with a 
50 per cent incidence in the control group. No tumours 
developed in the different groups challenged with 104 
leukaemic cells. 

The leukaemogenic radiation virus was introdueed into 
adult male C57BL mice, 8-10 weeks old, by either the 
subcutaneous route (0-5 ml, extract), or directly into one 
lobe of the thymus (0-02 ml.). Control groups were 
similarly injected with PBS only. One month after virus 
or PBS inoculation, different doses (10%, 10° or 104) of 
leukaemic cells taken from radiation virus induced lym- 
phomas in C57BL mice were injected subeutaneously, and 
the extent of tumour takes in the different treated groups 
was evaluated. Subcutaneous inoculation of the virus did 
not affect tumour cell takes, all mice developed tumours. 
But there were no takes when the virus was introduced 
directly into the thymus although the amount of extract 
injec ted into this organ was only 0-02 ml., compared with 
0-5 ml. injected subcutaneously (Table 2). These results 
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Table 2. TRANSPLANTATION RESISTANCE TO LEUKAEMIC CELLS INDUCED 
IN ADULT C57BL MICE BY THE RADIATION LEUKAEMIA VIRUS 


Takes after subcutaneous inoculation 
of cell dose*: 


Inoculation of virus or 
PBS into mice 


Route Dose 10 10° 10* 
Experiment 2 
Subcutaneous—-virus 05 mi. — 8/10= 1/lv= 0/10 
80 per cent 10 per cent 
Subeutaneous—-PBS 05ml. TIJ = 1/9= Q/10 
i 100 per cent 11 per cent 
Thymus— virus 0-02 ml. 0/10 0/10 0/10 
Thymus—P BS 0-02 mi. 9/10= 1/12 = 0/11 
90 per cent 9 per cent 
Experiment 3 
-—{Control) — 16/20 = 2/20 = 0/10 
80 per cent 10 per cent 
Thymus—virus 0-02 mi. 4/22 = 0/20 0/9 
18 per cent 
Spleen--virus Oi mh 16/20 = 4/20 = 1/10 = 
80 per cent 20 per cent 10 per cent 
Kidney—-virus 01 ml 8/20 = 0/20 0/10 
40 per cent 
Subentaneous—virus 0-5 ml. 14/20 = 0/20 0/10 
70 per cent 
Intravenous—-virus 03 mi. 12/16 = 0/20 1/10= 


75 per cent 10 per cent 


* Subcutaneous challenge with leukaemic cells was performed 30 days 
after virus or PBS injection, 

Male mice, 8-10 weeks old, received one virus or PBS injection via different 
routes or sites, 


indicate that the route of virus administration is important 
for inducing immunization in C67BL mice by the radiation 
leukaemia virus. 

A third experiment confirmed this. The virus was 
injected directly into the thymus (0-02 ml. extract), spleen 
(œl ml.) or kidney (0-1 ml.) as well as subcutaneously 
(0-5 mal.) or intravenously (0-3 ml.). The mice were 
challenged with leukaemic cells 30 days after virus inocula- 
tion. Introduction of the virus via the subcutaneous or 
intravenous route did not induce host resistance, 70-75 
per cent tumour takes were obtained m such pretreated 
mice, compared with an 80 per cent incidence in the control 
group not pretreated with the virus (Table 2). Injecting 
the leukaemogenic virus into the spleen was also not 
effective: an 80 per cent tumour cell take was obtained in 
this group. 

The most effective route for inducing host resistance was 
by direct inoculation of the virus into the thymus. An 
incidence of only 18 per cent of positive takes was recorded 
in these mice. Introducing the virus into the kidney also 
decreased tumour takes to 40 per cent, compared with 80 
per cent in the non-treated controls. 

It seems therefore that introducing the virus directly 
into the thymus results in host resistance to further iso- 
transplantation of leukaemic cells induced by the same 
virus, whereas inoculation of the radiation leukaemie virus 
by the subcutaneous or intravenous route does not induce 
this resistance. The comparatively low incidence of 
tumours in the group in which the virus was introduced 
into the kidney suggests that organs other than the 
thymus might serve as effective routes for the administra- 
tion of virus to induce immunization. 

From some preliminary studies, I believe that to obtain 
host immunization the radiation virus must first reach 
the thymus. This is best achieved by injecting the virus 
directly into the thymus. When the virus was introduced 
into the spleen, subcutaneously or intravenously, it could 
not be isolated from the thymus of the mice 1 month after 
inoculation. 

Several investigators’* have suggested that certain 
strains of mice in which the leukaernogenic virus is 
vertically transmitted, or mice inoculated when newborn 
with different leukaemogenic viruses, are tolerant to virus 
associated antigens. Other studies® have demonstrated 
that infection of embryos or newborn mice with DNA 
oncogenic viruses did not induce immunological tolerance. 
My work indicates that mice of the C57BL strain, which 
have been presumed to earry the virus through vertical 
transmission during post-natal life, can be made resistant 
to further iso-transplantation of leukaemic cells induced by 
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the radiation leukaemic virus, provided they are immun- 
ized by introducing the virus directly into the thymus. 
Intraperitoneal inoculation of the radiation leukaemia 
virus into newborn mice rendered them, to different 
degrees, resistant to further tumour isotransplantation. 
These results are contrary to the observation of Ferrer 
and Kaplan‘, but they are consistent with the observation 
of a strong complement fixing antibody response! with 
sera taken from C57BL mice immunized, when newborn, 
with extracts of radiation virus induced lymphomas. 

This work was supported by a grant from the Leukemia 
Research Foundation, Chicago. 
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Radiosensitization of Ehrlich Ascites 
Tumour Cells by a Specific Antibody 


AN antibody against the mouse Ehrlich ascites carcinoma 
(EAC) can be conjugated with enough I to prevent the 
in vivo growth of EAC cells exposed in vitro to the radio- 
iodinated antibody’. To avoid the introduction of more 
than the minimum tumour-suppressive dose of the radio- 
iodinated antibody into EAC-bearing mice, it is necessary 
to determine the minimum EAC-suppressive dose of 
ionizing radiation acting alone or in conjunetion with the 
anti-EAC antibody. The results presented here show 
that exposure of EAC cells to the anti-EAC antibody 
rendered them more susceptible to the tumour-suppressive 
effeet of X-irradiation. 

The EAC was maintained by serial intraperitoneal 
passage in adult (20-25 g) BALB/c mice. Inoculation of 
25x108; EAC cells into the peritoneal cavity of these 
BALB/c mice invariably resulted in the development of 
ascites tumour and death of the tumour-bearing mice 
in about 16 +2 days. We produced the heterologous anti- 
EAC antibody in rabbits; the same antibody was used in 
previous work!, This antibody bound to the surface of 

EAC cells, but did not, by itself, inhibit the growth of 
EAC in BALB/c mice or damage EAC cells in vitro’. 
Freshly collected EAC cells suspended in balanced salt 
solution (BSS) in a plastic culture bottle were irradiated by 
a single field beamed vertically upwards through the 
bottom of the bottle. The X-ray beam was generated by 
a Philips deep X-ray machine operating at 250 kV, 15 mA 
with a filtration of 1 mm aluminium. The measured dose 
rate to the cells at a focus-incidence distance of 20 em, 
measured with ferrous sulphate dosimetry, was 1,270 rads/ 
min. Different samples of EAC cells received 10,000, 8,000, 
6,000, 4,000, 2,000, 1,000, 800, 400 and 200 rads respec- 
tively. Each sample of EAC exposed to these doses of 
X-irradiation was subdivided into three parts and each 
part was subsequently incubated for 30 min in phosphate- 
buffered saline (0-01 M phosphate, pH 7-1) (PBS), normal 
rabbit serum (NRS) and the anti-EAC serum respectively 
(0-25 ml. of PBS or serum per 2-5 x 10° EAC cells). Before 
use, all sera were heated at 56° C for 0-5 h to inactivate 
complement. Groups of five mice received 2-5 x 10° cells 
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per mouse intraperitoneally from each of the three types of 
incubated cells obtained from every sample of EAC cell 
suspension exposed to the different doses of X-irradiation. 
No tumour developed in any mouse which was inoculated 
with EAC cells exposed to more than 800 rads. Irrespective 
of the amount of radiation received, at any given dose of 
irradiation there was no significant difference in survival 
between the groups of mice which were transplanted with 
EAC cells incubated in PBS and NRS. Table 1 shows the 
details of survival, 120 days after tumour inoculation, of 
those groups of mice which received EAC cells exposed to 
0, 200, 400 and 800 rads. When EAC cells were exposed to 
200 rads there was no increase in the survival time of 
mice if the cells were incubated with NRS whereas the 
incubation of these irradiated EAC cells with anti-EAC 
serum increased the average survival time of the mice to 
36-0+9-4 days. At 400 rads EAC cells incubated with 
NRS killed all the mice in 18-0+0-0 days, whereas on 
ineubation of the tumour cells with the anti-EAC serum 
only one mouse died with tumour 98 days after tumour 
inoculation. At 800 rads one out of the five mice which 
received EAC cells incubated with NRS died on day 67 
with ascites tumour: none of the mice which received 
these EAC cells after being incubated with anti-EAC serum 
developed tumours. A subsequent experiment in which 
EAC cells received 100, 300 and 600 rads of X-irradiation 
also revealed an increase in the survival of those mice 
which received EAC cells exposed to anti-EAC serum as 
well as to 300 and 600 rads of X-irradiation (Table 1). 
The failure of EAC cells to proliferate after irradiation 
doses above 800 rads agrees with Kelly’s observation®. 
Most of the mice which died more than 40 days after 
inoculation of variously treated EAC cells had, in addition 
to ascites, solid intraperitoneal tumours. Investigations®, 
in our laboratory, of the growth of EAC in BALB/c mice 
show that 25x10 viable EAC cells constitute the 
“eritical moeculum’™! for the production of ascites in 
100 per cent of the mice: the presence of less than this 
number of viable EAC cells in the peritoneal cavity of 
mice tends to give rise to solid intraperitoneal tumours?+. 
Thus the development of solid intraperitoneal tumours in 
the mice inoculated with 25x 10° treated EAC cells is 
another indication of the loss of viability of part of the 
inoculum. The mechanism by which exposure of EAC cells 
to anti-EAC serum renders them more susceptible to the 
inhibitory effect of X-irradiation remains to be determined. 
One possibility is that the anti-EAC antibody, which has 
been demonstrated to localize on the surface of EAC cells!, 
might help the effect of X-irradiation on EAC cell mem- 
bane? interfering with its permeability. This idea is 
supported by the observation that incubation of EAC 
cells for an hour in vitro in anti-EAC serum (107 EAC eells/ 
l ml, of 50 per cent anti-EAC serum), immediately after 
exposure to 100, 200, 300, 400 and 600 rads, renders about. 
50 per cent of the EAC cells permeable to trypan blue, 
whereas the proportion of cells permeable to trypan blue 
after incubation in PBS or NRS did not exceed 20 per cent. 
The correlation between the “durability of the response 


Table 1. SURVIVAL OF BALB/C MICE 
Mean survival time (days) of groups of BALB mice 


EAC cells _ inoculated with EAC cells pretreated with 





exposed to PBS NRS Anti-BAC serum 
0 rads 178405 
100 rads* EJ? 
200 rads Ls Q- 
300 rads* +09 t 1 died on day 53, 
4 alive day 120 
400 rads 1000 t 1 died on day 98, 





4 alive day 120 
AH alive day 120 





600 rads* 


. 


3 died on 21-3 day; 
the other two t died 
on day 67 and day 
49 f 

1+ died on day 84,4 14 died on day 67, 4 
alive day 120 alive day 120 
* These figures were obtained from a subsequent experiment. 

+ In addition to ascites these mice also had solid intraperitoneal tumours. 
Data were collected 120 d after Intraperitoneal inoculation of 2-5 x 10° 

Ehrlich ascites carcinoma (EAC) cels incubated in phosphate-buffered 

saline (PBS), normal rabbit serum (NRS) and anti-EAC serum after exposure 

of EAC cells to 0, 100. 200, 300, 400, 600 and 800 rads of X-irradiation. 


2 died on 22-5 
the other 
on days 4 


day: 
died 
5l and 





3800 rads All alive day 120 
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to chemotherapy in a Burkitt’s lymphoma patient” and 
the observed frequency of “preferential binding of a 
globulin fraction” on the tumour cell surface’ may suggest, 
a similar role of the tumour specific globulin in increasing 
the susceptibility of the Burkitt tumour cells to cytotoxic 
agents. 

This work was supported by grants from the Anti- 
Cancer Council of Victoria. We thank Mr W. M. Burch, 
Peter MacCallum Clinic, Melbourne, for help with irradia- 
tion of EAC cells and Professor R. C. Nairn, Department 
of Pathology, Monash University, for facilities. 
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Induction of Plasma Cell Tumours in 
BALB/c Mice with 

2,6, 10,14-Tetramethylpentadecane 
(Pristane) 


THE induction of monoclonal, plasma eell tumours which 
produce immunoglobulin in the inbred BALB/c strain of 
mice is a unique form of carcinogenesis". Mouse plasma 
cell tumours have been produced by intraperitoneal im- 
plantation of solid materials, such as plastic diffusion 
chambers, polymethylmethacrylate plastic shavings** and 
arcular disks‘, and by intraperitoneal injection of various 
high and low viscosity white mineral oils!5. White 
muneral oils comprise a poorly defined mixture of saturated 
hydrocarbons, including normal and iso-paraffins, and 
naphthenes*, and such oils contain many hundreds of 
different molecular species (C. Steenbergen, personal 
communication). Because of the chemical heterogeneity 
of the oils used, it has been impossible to identify or trace 
the particular chemical species involved in plasma. cell 
tumour induction. Since the discovery that the immuno- 
globulin. products of some human Waldenström macro- 
globulinaemias’, multiple myelomas® and some mouse 
plasma cell tumours?:*)!° exhibit antibody activity, it has 
beeome important to elucidate more fully the factors 
involved in the carcinogenesis of the murine plasma. cell 
tumours. 

Using 2,6,10,14-tetramethylpentadecane (pristane, nor- 
phytane), we have successfully induced murine plasma 
cell tumours. Because pristane has been shown to be a 
powerful and very long acting immunological adjuvant, 
we thought it might be possible to compare adjuvant 
activity of this compound in the normal plasma cell 
immune response with its carcinogenic activity in the 
neoplastic plasma cell tumour response. Treatment of 
thirty fernale BALB/cAnN mice with three intraperi- 
toneal injections (0-5 ml. cach, 2 months apart) of 
2,6,10,14-tetramethylpenta-decane (97-99 per cent pure, 
Aldrich Chemical Co., Milwaukee, Wisconsin) has resulted 
m the induction, to date, of nine plasma cell tumours 
and one thymic lymphocytie leukaemia, One of the plasma 
cell tumours, which has been found to produce an IgA type 
immunoglobulin myeloma protein, is well established in 
serial transplantation. Sixteen injected mice remain 
alive at 9 months. Fourteen mice have been killed and 
examined to date (Table 1). 
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Table 1, OBSERVATIONS OF BALB/c MICE KILLED AFTER INTRAPERITONEAL 
INJECTION OF 1:5 mi. OF 2,6,10,14-TETRAMETHYLPENTADECANE (PRISTANE) 


Mouse Weeks after 


No. first dose Microscopic diagnosis Serum protein studies 

634-1 10 Oil granuloma Unremarkable 

634-2 10 Oil granuloma Unremarkable 

664-20 18 Oil granuloma, lympho- Unremarkable 
eytic leukaemia 

634-7 27 Oi granuloma Unremarkable 

TEPC-1t 26 Plasma cell tumour, Myeloma protein, IgA 

: advanced type : 

TEPC-2 26 Plasma cell tumour, Myeloma protein, IgG 
advanced type 

TEPC-3 27 Oil granuloma, ? early Unremarkable 
focal plasmacytoma 

TEPC-5 29 Plasma cell tumour, Diffuse hyperimmuno- 
advanced globulinaemia* 

TEPC-6 29 Plasma cell tumour, Diffuse hyperimmuno- 
advanced globulinaemia* 

TEPC-7 29 Plasma cell tumour, Diffuse hyperimmuno- 
advanced globulinaemia* 

TEPC-8 29 Plasma cell tumour, Myeloma protein, IgA 
advanced type 

TEPC-9 33 Plasma cell tumour, Myeloma protein, [IgA 
advanced type 

TEPC-10 36 Plasma cell tumour, Myeloma protein, IgF 
advanced type 

TEPC-11 36 Plasma cell tumour, Diffuse hyperimmuno- 
early globulinaemia* 


*In the BALB/c mouse plasma cell tumour system, distinct type-specific 
myeloma proteins frequently cannot be demonstrated in animals with 
primary tumours, but become clarified only on examination of sera from 
animals bearing first or second generation tumour transplants. 


+ TEPC-1 grew in four of four primary transplant recipients, each develop- 
ing an IgA myeloma protein, and the line is now in the third transplant 
generation, 


Microseopie examination of fixed tissues from mice with 
tumours induced by pristane revealed a widespread peri- 
toneal oil granuloma reaction very similar to that seen 
after plasmacytoma induction with white mineral oils??, 
with typical neoplastie plasma cells throughout the 
granulomatous tissues and growing on all peritoneal 
serosal surfaces, especially in the mesentery. The mor- 
phology and widespread intraperitoneal distribution of 
the plasma cell tumours after pristane was indistinguish- 
able from that induced by mineral oils. There was no 
parenchymal invasion of any intra-abdominal organs by 
neoplastic plasma cells? and no signs of metastases out- 
side of the abdominal cavity (except for frequent involve- 
ment of the superior mediastinal lymph nodes which drain 
the peritoneal cavity in the mouse). No tumour cells were 
found in central mesenteric lymph nodes, liver, spleen, 
lungs or in vertebral bone marrow. As in spleens of animals 
with plasmacytomas induced with plastic disks or mineral 
oils, the spleens of animals with pristane-induced tumours 
were only slightly enlarged, with relative enlargement of 
the red pulp, which was filled with pyroninophilic lympho- 
reticular cells, and marked reduction in the size of splenic 
lymphoid nodules and few or no splenic germinal centres. 
Compared with the mineral oil granuloma, the reaction 
after pristane shows more prominent foci of fibrinoid 
degeneration of the mesentery and more frequent areas 
of mesenteric fat necrosis and calcification, with more 
granulocytic infiltrations. In early stages, perivascular 
infiltration of lymphoid cells around blood vessels in the 
granuloma and mesentery is seen, with pronounced fib- 
rinoid degeneration and elastin disorganization, particu- 
larly around small and medium-sized arteries in late 
stages. These vascular inflammatory signs after pristane 
are about equivalent to those seen in the fibroproliferative— 
granulomatous response following plastic disk induction 
of plasmacytomas, and more intense than those seen 
after treatment with white mineral oils. 

Because peritoneal plasma cell tumours do not occur in 
untreated BALB/c mice", the development of nine plasma 
cell tumours among thirty mice by the ninth month after 
intraperitoneal injection of 2,6,10,14-tetramethylpenta- 
decane indicates that this pure compound is a powerful 
inducer of plasmacytomas in BALB/c mice. 

Saturated hydrocarbons of the types found in the white 
mineral oils usually used to induce BALB/c mouse plasma- 
eytomas have been found in the non-saponifiable lipid 
fractions of human tissues'*5, Pristane has been found 
in small quantities in human (as well as rodent and bovine) 
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tissues and serum?*, and it has been suggested that this 
type of saturated branched-chain hydrocarbon is not 
metabolically inert in animal tissues’*. The carcino- 
genicity of pristane in the BALB/c mouse therefore indicates 
the necessity of further investigation of its possible in- 
volvement in human carcinogenesis. 

We thank Dr John K. Boitnott, Department of Path- 
ology, and Dr Simeon Margolis, Department of Medicine, 
The Johns Hopkins University School of Medicine, Balti- 
more, Maryland, for discussions on the biology and 
pathology of saturated hydrocarbons. 

Note added in proof. In the 16 weeks following those 
tabulated above, ten more of the thirty mice treated with 
pristane have developed microscopically confirmed ad- 
vanced plasma cell tumours. This results in a total of 
nineteen tumours from thirty mice within the first year. 
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National Cancer Institute, MICHAEL POTTER 
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Chloroma Regression induced by the 
Granulocytic Chalone 


Ir has been demonstrated recently that in four different 
malignant tumours cells responded by mitotic inhibition 
to their own tissue-specific chalone when the chalone con- 
tent was artificially increased either in vitro or in vivol. 
It has also been shown that when extracts containing 
melanocyte chalone? were injected into animals bearing 
malignant melanomata, the tumours regressed?, We 
have tried to treat malignant chloroma in rats by means 
of the granulocytic chalone. 

We used a subline of Shay’s myelocytic chloroleukaemia* 
different from that we used before®. First we examined 
the properties of the leukaemic cells using a short term 
assay system in vitro®®. Results showed, first, that 
granulocytic chalone was present in the chloroma cells, 
and second, that the cells could respond by mitotic 
inhibition to added chalone. Thus we confirmed that this 
second subline of chloroleukaemia had properties, with 
respect. to the chalone mechanism, similar to those of 
chloroma used earlier?. 

The granulocytic chalone we used was obtained partly 
from normal granulocytes and partly from subcutaneous 
chloroma tumours. A crude extract was prepared in 
aseptic conditions?* and the material was purified by 
dialysis overnight at 4° C (the molecular weight of granulo- 
cytic chalone is 2,000-4,000 (ref. 5)). Dialysates were 
collected and stored at — 20° C until used; before injection 
the material was sterilized by passage through a ‘Millipore’ 
filter. “The continued presence of chalone in the prepara- 
tions was occasionally checked by means of the short 
term assay system in vitro? >, 
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Between three and ten intraperitoneal or subcutaneous 
daily injections were given. The total chalone given 
to a 20 g rat each day was prepared from 6 g of chloroma 
tumour. Control animals were given equal volumes of 
Hanks solution or, in one experiment, dialysates prepared 
analogously from normal rat liver. 

Granulocytic chalone causes a serious suppression of 
normal granulocyte production?“, although when chalone 
treatment. is discontinued, normal granulocyte production 
is resumed without the need for bone marrow transplanta- 
tion. It was therefore necessary to protect the animals 
agai bacterial infection by injecting penicillin and 
streptomycin. In one experiment streptomycin was 
omitted and all rats treated with chalone died within 
4-5 days from respiratory infection and septicaemia 
caused by Pseudomonas. 

In another set of experiments a homogeneous group of 
12 day old Sprague-Dawley rats was implanted subcu- 
taneously with 106 leukaemic cells. Before the start of 
an experiment the rats were divided randomly into two 
groups and the treated group was selected by tossing a 
coin, Control and experimental animals were then housed 
together, ten to twenty in a cage. In two cases the 
experiment was started on rats in which distinet sub- 
cutaneous tumours had developed (10-14 days after 
implantation). In the third experiment chalone treat- 
ment was started on the first day after implantation and 
in this case most of the regressions involved lack of growth 
of the primary inoculum rather than disappearance of 
visible tumours. 

The behaviour of untreated chloroma tumours which 
began to grow after implantation followed two principal 
courses. First, 10-30 per cent of the tumours started to 
regresss spontaneously in some stage before the tumour 
reached about 1 em in diameter (measured in multiple 
axes). In our experiments the largest control tumour 
which regressed had a diameter of about 1-3.em. All these 
regressions were complete within the first 3 weeks. The 
other growth pattern was a continuous progression of 
malignancy. When the tumour began to approach 2 cm 
in diameter, it was large enough to kill the host either 
“directly” or through metastases; in a few animals 
tumours with a diameter of 2-5-3 em developed before 
they killed the host. Most deaths occurred 2-4 weeks 
after implantation. The longest survival ef control rats 
bearing a chloroleukaemic tumour was 42 days. 

One way to confirm the significant effect of chalone 
treatment was to pool all three experiments and to 
estimate the difference between the numbers of surviving 
rats at any one time after the death of the last tumour- 
bearing control rat. The results are summarized in 
Table 1. It should be noted that the eighteen surviving 
control rats represent the combined frequency of a few 
spontaneous regressions of visible tumours and lack of 
growth of primary inocula. 














Table 1. BFFBCT OF GRANULOCYTIC CHALONE ON THE SURVIVAL OF RATS 
BRARING SUBCUTANEOUSLY TRANSPLANTED MALIGNANT CHLOROMATA 


No. of No. of 
Group survivors deaths Total 
Controls 18 33 Sl 
Treated 28 14 42 


ge P86, P< O01, 
Data refer to 44 days after transplantation. 


One distinet difference between spontaneous and in- 
duced regressions was their time of appearance. All 
spontaneous regressions occurred within the first 3 weeks 
of implantation while some complete regressions in the 
treated group took place as late as 7-8 weeks after 
implantation. 

Perhaps the most impressive difference between spon- 
tancous and induced regressions concerned tumour size. 
All tumours which disappeared spontaneously were small 
(diameter %1 em) while some induced regressions involved 
tumours which were large enough to kill the contro! 
animals (diameter >2 em). During treatment these 
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Fig. 1. Effect of granulocytic chalone on subcutaneously transplanted 
chloroleukaemia in rat (Shay chloroma). Tumour regression is accom- 
panied by extensive ulceration and subsequent healing of the wound. 





tumours became soft and necrotic, regressed and ulcer- 
ated; after a few more days the wound healed and the 
animals appeared healthy (Fig. 1). These events are 
apparently identical to those deseribed by Mohr et al 
with melanomata. 

Regressions of the large chloroma tumours are pre- 
sumably neither spontaneous nor caused by immunological 
factors. These possibilities seem to be excluded because 
when chalone treatment was discontinued in three rats 
for 4 days before the tumour had completely disappeared, 
tumour growth progressed rapidly. When treatment re- 
commenced regression was induced again. In one rat 
regression was complete after 4-5 days and in the other after 
about 2 weeks. In the third rat numerous detectable 
metastases had developed in various parts of the body 
and the rat did not respond equally well to the renewed 
treatment. Nevertheless, the progression of the meta- 
stases was retarded and the animal lived longer than any 
of the tumour-bearing controls. 

When cells from a subcutaneous chloroma tumour 
are injected imtraperitoncally into young rats a generalized 
leukaemia results, and this has been fatal in all cases 
studied so far. Treatment of generalized leukaemia by 
granulocytic chalone has not been as effective as in the 
ease of the local tumours, but prolongation ef the mean 
survival times has already been observed. 

This work was supported by grants from the Hallonblad 
Foundation, Helsinki, and from the J. K. Paasikivi 
Foundation, Helsinki. 
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Xenotransplantation of a Burkitt 
Lymphoma Culture Line with Surface 
Immunoglobulin Specificity 


Tissve culture lines of human tumours, including leukac- 
mias and Burkitt lymphomas, have been successfully 
transplanted into newborn rats (ref. 1 and private com- 
munication from ©. M. Southam). Those lines which 
produced human serum proteins in vitro (HEp 2 and 
RPMI 41; HEp 2 is derived from an epidermoid carcinoma? 
and RPMI from an osteogenic sarcoma*) continued to do 
so in the xenogeneic host, for human proteins could be 
demonstrated in the serum’. 

Most established lines from human leukaemias and 
lymphomas, and some Burkitt lines, secrete immuno- 
globulins*-*. Biopsies and the cultures derived from 
three Burkitt lymphoma patients, however, have been 
found with cell membrane-bound immunoglobulin®-'° 
detected with anti-IgM and anti-kappa sera, both by 
immunofluorescence and cytotoxic assay. Although this 
characteristic is maintained (after 18 months), radio- 
immunoelectrophoresis gave no indication of immuno- 
globulin secretion (unpublished results of R. van Furth). 
Some of these cells from a patient known as Daudi were 
injected into newborn rats. 

Altogether, 10x 10° cells were injected intravenously 
into each of twenty-eight Fisher rats, 2-5 h after birth. 
One litter had been thymectomized at birth. Seventeen 
days later one of these animals was found dead with 
tumour growth in the kidneys, one adrenal, the lungs. 
eervical and axillary lymph nodes and the brain. 

Twenty-one days after inoculation, one of the non- 
thymectomized rats developed symptoms of central 
nervous system dysfunction and had palpable tumours 
around the neck and upper parts of the back. The animal 
was killed, and massive tumour growth was found in the 
abdomen. thoracic cavity and subcutaneously around the 
neck and down the back. One ovary, one adrenal, the 
lungs, the thymus, cervical and axillary lymph nodes, 
thyroid, salivary glands and the brain were involved. The 
spleen was about one eighth normal size. Histologically, 
the characteristics were those of Burkitt tumours (Fig. 1). 
The areas of tumour growth were not encapsulated and 
there was no evidence of a cellular reaction around the 
tumour. A cytogenetic study revealed a diploid human 
male karyotype in the tumour cells. A Coulter counter 
showed a peak at 640 mmicrons, identical to the distribu- 
tion of the original culture line!. 

To test for the presence of cell membrane-bound im- 
munoglobulin, the cells were exposed to fluorescein- 
labelled anti-human immunoglobulin reagents both when 
these were fresh from the rat and after culture for 3 days. 
As Table 1 shows, the cells reacted with anti-[gM and 
anti-kappa. but not with IgA or anti-lambda serum. 








Fig. 1. 
The medulla is replaced by tumour having the ' 
(Haematoxylin and eosin, x e. 70.) 


Photomicrograph of Burkitt lymphoma in the adrenal of a rat. 


sky” appearance. 
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Table 1. REACTIVITY OF THE RAT-GROWN DAUDI CELLS WITH FLUORESCEIN- 
CONJUGATED ANTI-HUMAN IMMUNOGLOBULIN SERA* 


Cells counted 


Antiserum Dilution Neg. Pos. o% Pos. 
Anti-human [gM 1:18 4 43 92 
Anti-human kappa 1:15 4 43 92 
Anti-human IgA 1:15 30 4 12 
Anti-human lambda 1:16 30 0 9 


* Obtained from Hyland Laboratories, Los Angeles, California, USA. 


Reactivity was similar to that usually seen on the Daudi 
tissue culture cells. 

If the xenotransplant secreted any immunoglobulin, the 
serum would inhibit the reactivity of the fluorescein- 
labelled anti-[gM serum with the Daudi cells from the 
original culture line. Twenty pl. of rat serum, or a control 
rat serum or normal human serum, was therefore added to 
5x 10° Daudi culture cells and immediately afterwards 
30 ul. of anti-IgM reagent was added. Results are given 
in Table 2. The human serum inhibited the reaction 
completely, but no rat sera did, indicating that in the 
serum from the tumorous rat there was no human IgM 
molecule present which would bind the anti-IgM-anti- 
bodies. 

EFFECT OF THE SERUM FROM THE TUMOUR-BEARING RAT ON THE 


BETWEEN TISSUE CULTURED DAUDI CELLS AND FLUORESCEIN- 
CONJUGATED ANTI-HUMAN-IgM SERUM 


Anti-human-IgM Cells counted 


Table 2. 
REACTION 





Serum specimen dilution Neg. Pos, % Pos. 
Tumour-bearing rat 1:60 3 29 85 
Tumour-bearing rat 1:120 3 19 86 
Normal rat 1:60 9 28 76 
Normal rat 1:120 4 32 89 
Normal human 1:60 23 0 0 


As a model experiment the normal human serum was 
diluted in normal rat serum and used for the inhibition of 
the reactivity of anti-human IgM with Daudi cells, as we 
have just described. Results are shown in Table 3. 
A l to 25 dilution completely inhibited the staining of 
Daudi cells and even a 1 to 125 dilution was effective, for 
it markedly reduced the intensity of fluorescence. The 
serum from the tumour-bearing rat did not therefore have 
1/125 of the amount of IgM in normal human serum. 
Similarly. double diffusion and immunoelectrophoresis in 
agar gel revealed no evidence of human serum proteins in 
the rat serum. 





Table 3. EFFECT OF HUMAN SERUM ON THE REACTION BETWEEN TISSUE 
CULTURED DAUDI CELLS AND FLUORESCKIN-CONJUGATED ANTI-HUMAN-IgM 
SERUM 

Cells counted 
Serum specimen Dilution* Neg. Pos. %, Pos. 
Human serum — 55 4 7 
Human serum 5 ee 50 0 0 
Human serum i 37 0 ü 
Human serum tr i 50 96t 
Human serum $: 53 20 





2 
: 6 0 
Rat serum —_ 15 61 80 
No serum added 1 49 98 
* 30 jd. of 1 : 60 dilution of anti-human-IgM serum mixed with 20 ul. of 
normal human serum diluted in normal rat serum. 
+ Markedly reduced intensity of fluorescence. 


No anti-human antibodies were detected in the rat 
serum by human erythrocyte agglutination or indirect 
immunofluorescence with Daudi culture cells as target. 

The proliferative capacity of these cultured cells in 
the rat is consistent with that of a malignant cell. The 
fact that all the cells from the biopsies, as well as the 
cultured cells, had the IgM membrane-bound component 
has been taken as strong evidence that the cultures 
represent the true tumour cell population”. 

Morphologically, Burkitt tumours have a “starry sky” 
appearance due to macrophages"! which has been sug- 
gested to indicate host reaction’. Macrophages were 
present in the tumour of this presumably tolerant rat, 
and they either represent the only sign of an imm unological 
attack by the host or, more probably, are merely 
scavengers. 

The absence of human IgM in the serum in spite of a 
heavy burden of IgM-kappa reactive cells is another 
indication that the immunoglobulin in the Daudi cell 


998 


membrane is not part of a secretory process. It is interest- 
ing that a rat injected with cells from a human leukaemia 
line and with tumour growth amounting to less than a 
tenth of that in the rat with the Daudi tumour, was shown 
by immunodiffusion to have human immunoglobulin in its 
serum (personal communication from C. M. Southam). 

The accumulation of immunoglobulin in the cell mem- 
brane may either be a consequence of a defect in the 
secretory mechanism, or, as suggested earlier’, this 
Burkitt cell may represent a malignant growth from a 
clone of naturally occurring lymphocytes with this 
property. If lymphocytes which mediate cell-bound 
immunity or function in antigen recognition have im- 
munoglobulin receptors in the cell membrane, the Daudi 
cell could be considered to be a monoclonal outgrowth of 
such a lymphocyte. This would then be analogous to 
myelomas which represent a malignaney derived from a 
plasma cell. 
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In vitro Evaluation of Immuno- 
suppressive Drugs 


In vivo testing of immunosuppressive drugs is possible 
only in animals and the results cannot be extrapolated to 
humans. None of the in vitro tests used so far has proved 
satisfactory. The new in vitro method described here is 
sensitive enough for the testing of metabolites present in 
human serum after the administration of drugs. It is 
based on the inhibition of spontaneous rosette forming 
cells (RFC), the nature of formation of which may differ 
from that of immune rosette formation. This spontaneous 
phenomenon is usually supposed to result from natural 
antibody producing cells, and the number of spontaneous 
RFC in mice with sheep red blood cells (SRBC) is more 
than ten times smaller than in mice immunized with SRBC!. 
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Table 1, In vitro ACTIVITIES OF SEVEN IMMU PPRESSIVE DRUG 
























Thera- 

Inhibition of rosette forming cells peutic 

Drugs tested Non-immunized Immunized Cytotoxicity index 
mouse mouse value 
6-Mercaptopurine 0-0078 mg/ml. 0 5 mg/ml. 128 
thioprine 0-00125 mg/ml. 0-125 mg/ml. 400 
Thioguanine 0-078 mg/ml. 0-125 mg/ml. z 13 
5-Fluorouracil 0078 mg/ml. 0-0625 mg/ml. 1-25 mg/ml. 16 
Actinomycin C 000031 mg/ml, 0000625 mg/ml, 0-001 mg/ml. 3 
Puromycin 0-032 mg/ml. 0-125 mg/ml. 0-125 mg/ml. 4 
Amethopterin 0-015 mg/ml. 0-250 mg/ml. 1 mgiml. 60 





The concentrations given for each activity are those with which more than 
25 per cent of cells were modified (respectively inhit ited or killed). The 









therapeutic index value is the ratio inl 





Rosette formation was achieved by incubating 6x 10° 
mouse spleen cells with 25 x 10° SRBC and centrifuging for 
5 min at 200g. The number of RFC was counted in a 
haemoeytometer after gentle agitation, and expressed 
as a percentage of the total number of spleen cells. Inhibi- 
tion of rosette formation was achieved by incubating 
spleen cells with drugs in Hanks solution for 90 min 
before the addition of SRBC. Mice (Swiss and C57 BL6 
strains) were immunized by the intravenous injection of 
200 x 10° SRBC 5 days before testing for rosette formation 
(see Table 1 for list of drugs tested). Each experiment 
was performed in triplicate. 

Inhibition of spontaneous RFC occurred with very low 
concentrations of drugs~—as low as 0-0078 mg/ml, for 
6-mercaptopurine (Fig. 1). This minimal inhibiting con- 
centration (mic) is defined as the concentration which 
inhibits more than 25 per cent of RFC. The steep gradient 
of the curve at this concentration allows accurate and 
reproducible determinations of the mic. With concentra- 
tions above the mic, a plateau is always observed which is 
analogous to that observed with inhibition by antilympho- 
cyte sera?}, This plateau might result from the existence 
of a specific population of cells. The mechanism of the 
inhibition of spontaneous RFC is unknown and is being 
studied at present. Inhibition of RFC in mice immunized 
with SRBC occurred with all drugs tested. With the 
exception of actinomycin and puromycin. the mic were 
much smaller with spontaneous RFC than in immunized 
mice (Table 1, Figs. 1 and 2). On the other hand, cyto- 
toxicity, defined by the trypan blue exclusion test and 
studied with spleen cells according to Dausset’s techniques, 
was observed only with concentrations greater than the 
mie (Table 1); identical results were obtained with im- 
munized and non-immunized spleen cells. 

The concentration in serum of drugs and their meta- 
bolites was evaluated by testing the potency of the serum 
in inhibiting spontaneous RFC as shown in Fig. 3. If the 
immunosuppressive activity of the serum tested were due 
to 6 mercaptopurine only (as opposed to 6-mercaptopurine 
and its derivatives), the concentration of 6-mercaptopurine 
in serum could be ascertained by reference to the in vitro 
mie (0-0078 mg/ml.). The calculated maximum concen- 
tration should be 0-0078 mg/ml. x 128=1 mg/ml. for an 
injection of 0-5 mg. This concentration in the serum 





















a 









5 2 0-31 0-08 0-02 0-005 
2-5 0-62 O15 0-04 0-01 0-002 
Drug concentration (mg/mil.) 
Fig. 1. dn vitro activities of 6-mercaptopurin on mouse splenic cells. 


Cytotoxicity (a) was defined by the trypan blue exclusion fest. REC 
were obtained from non-immunized (¢) and immunized (4) mice (200 x 10° 
SRBC 5 days before the test). 
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No. of non-modified splenic 
cells/100 splenic calls 
a 
o 
a 
o~ 
O 


1:2 03 0:0625 0 0156 
0-6 0-15 0812 0-0 
Drug concentration (mg/ml.) 


In vitro activities of ame term. a, Oytotoxicity; b, inhibition 
imate mouse RFO, ¢, inhibition of non-immunized mouse RFO. 


0 0089 
078 


corresponds to a distribution volume of 6-mercaptopurme 
of 0-5 ml.—that is, less than the plasma volume. This 
proves that inhibition of RFC in the serum of animals 
treated with 6-mercaptopurin is not only due to 6-mer- 
captopurin but also to its metabolites, or to inhibiting 
substances released by the cells after contact with the 


Inhibition of the anti-SRBC rosette-forming cells, 
often present in human peripheral blood, was obtained 
with 6-mercaptopurine and amethopterin (Table 2). 
These RFC were studied with the technique described 
previously, using peripheral lymphocytes isolated by 
EN sedimentation and by passage through a nylon 
column‘. 


Table 2. MINIMAL CONOBNTRATIONS OF AZATHIOPRINE AND AMETHOPTERIN 
INHIBITING HUMAN AND MOUSH ROSHTTE FORMING CELLS 


Azathioprine Amethopterin 
Mouse 0 0012 mg/ml. 0 015 mg/ml. 
Human 0 02 mg/ml. 0 2 mg/ml. 


Inhibition of RFC by various immunosuppressive drugs 
of different types can be compared with the inhibition of 
haemolytic plaque formation observed by Amiel® and 
Rose’ with similar drugs. As suggested by Amiels, 
inhibition of antibody-produemg cells should be compared 
with cytotoxicity. This comparison indicates a net 
advantage for 6-mercaptopurine and azathioprine. As 
found by Elion’, azathioprine appears to be a slghtly 
better mbhibitor than 6-mercaptopurme; moreover, a 
good correlation has been found between rosette inhibition 
titres and the rmmunosuppressive potency of antilympho- 
cyte sera’. The sensitivity of the inhibition of spontaneous 
RFC suggests another way of evaluating immunosuppres- 


sive drugs: the maximum dilution of the serum of animals 
1/1,024 | 
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= 1/612 
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5 0.5 mg (15 mgg) 
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0 12 8 4 12 24 48 
Time after injection of 8-mercaptopurn (h) 
ig. 3. Immun presatyo acivity. ini thejsoruni of a motse weighing 
aG g mjected with @-imsreaptoporia, The activity was evaluated by the 
dilution corresponding to the concentration which inhibited 
spontansous mouse RFC. 
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gs 1/8 ` 
| 1/4 . 
1/2 
0o12 4 8 16 u 


Time after oral administration of imuran (h) 


Fig. 4. Immunosuppresmve activity in the serum of a human male 
50 kg after oral administration of azathioprin (150 mg). The 

activity was evaluated by the dilution corresponding to the minimal 
concentration which inhibited spontaneous mouse RFO. 


treated with the highest non-toxic dose of a drug which 
inhibits RFC can be used to evaluate the mmmuno- 
suppressive activity of the drug. This method has been 
applied to 6-mercaptopurine, actmomycin, amethopteri 
and 6-fluorouracil, which were administered to mice 
with a dosage of a quart of LD,, calculated for 6 day 
administration (as given in ref. 6). Maximum dilutions 
of the serum of animals treated which inhibited RFC 
were 1/128 for 6-mercaptopurine, 1/32 for amethopterin, 
1/16 for 5-fluorouraci and less than 1/4 for actinomycin. 
There is no satisfactory in vitro test of immunosup- 

pressive drugs in humans. Inhibition of rosette forming 
cells found in the peripheral blood can be used and com- 
pared with cytotoxicity, but this inhibition 1s not sensitive 
enough to enable the concentration of the drug and ita 
metabolites ın serum to be detected. It is, however, 
possible to test the serum of humans treated with the 
drug, on mouse REC, as shown in Fig. 4. Usmg tho serum 
of humans treated with the highest non-toxic dose of a 
drug, determination of the maximum dilution of the 
serum which inhibits mouse spontaneous RFC seems to 
be a sound method for evaluating the immunosuppreasive 
potency of the drug m humans. 
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Failure of Synovial Fluid to Cushion 


SYNOVIAL fluid is highly viscous and it has been thought 
this property aids in the protection of articular cartilage 
from compressive forces!-?. If synovial flud does function 
as a cushion, it would probably be most effective at times of 
rapidly applied load that occur, for example, during run- 

ning, jumping or kicking. To test this hypothesis tn vitro we 
constructed an “impacting sleeve” (Fig. 1) which permitted 
the reproducible dropping of weights. The force trans- 
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mitted through the specimens was registered by a force 
transducer, displayed on an oscilloscope, and photographed. 

Plugs of apparently normal articular cartilage from the 
phalangeel surface of the metatarsal—phalangeal joints of 
freshly slaughtered adult cows, aged 3-5 yr, were obtamed 
with a cork borer. The diameter of all plugs was 0-24 
inches. The plugs’ height varied from 0-020 to 0-030 
inches, measured with a ratchet micrometer accurate to 
with 0-001 mch. Seta of plugs from the same joint, 
matched for height, were immersed for 1-2 h ım either 
cell-free bovine synovial fluid or neutral isotonic veronate 
buffer. The synovial fluids had relative viscosities of 
between 4-8 and 6-7, measured by a capillary flow visco- 
meter. The plugs were held ın the impacting sleeve by a 
- plug holder (Fig. 2). At peak dynamic loads of 50, 100 and 
150 pounds, synovial fluid and veronate buffer coated 
plugs showed exactly the same force ings. 

To rule out completely the idea that synovial fluid has 
a cushioning effect, fresh whole joint preparations were 
tested. In the cow the metatarsal is a amgle bone with 
paired condyles, each of which articulates with a proximal 
phalanx. Joints composed of the sagittal half of the 
metatarsal and its matching phalanx were mounted in 
methyl-methacrylate so that their natural alignment was 
maintained and their bony ends, machined flat, protruded 
above the polymer. Their cartilagenous ends were free 
and articulating. Each joint was subjected to multiple 
impactions, lubricated on alternate tests with either 
synovial fluid or veronate buffer. Peak dynamic loads of 
125, 250 and 500 pounds were achieved. Synovial fluid 
showed absolutely no advantage over buffer in force 
attenuation in these conditions. 

Synovial fluid’s high viscosity remams an enigma. Fric- 
tion testing of hyaluronidase digested synovial fluid in 
both the glass-rubber system‘ and in dog ankle’ has 
shown this property is not essential for lubrication. Our 
experiments suggest that synovial fluid adds no demon- 
strable ferce attenuating capacity to either articular 
cartilage plugs or whole joints. The large (10°) molecular 
size of the hyaluronate-protein® undoubtedly makes 
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Fig. 1. The impacting sleeve showing a mounted joint In place. 
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Cartilage Plug 


Fig. 2. The plug holder. 


synovial fluid visco-elastic when examined in the cup of 
a Couette viscometer’, but synovial fluid probably exists 
in the load bearing areas of a joint as a thin film, at best 
a few thousandths of an inch thick. Because damping 
requires deflexion, it is difficult to conceive of any layer 
this thin having significant force attenuating capabilities. 
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Competitive Inhibition and the 
Sodium Pump 


Ix a recent article! Dr J. D. Robinson questions Priestland 
and Whittam’s? conclusions (which extend previous 
findings by Sachs and Welt? and Glynn and myself*) 
on the kmetics of the potassium activation of the sodium 
pump in red cells. Dr Robinson states that competitive 
inhibition cannot account for the fact that the effector— 
velocity curve for potassium is hyperbolic ın the absence 
of sodium but sigmoid when sodium is present. This 
statement would be true if the transport system had to 
react with only one potassrmm ion m order to induce 
ion translocation or ATPase activity. The available 
experimental evidence suggests that more than one 
(probably two) potassium ions are involved in each 
transport cycle’. If the occupation of more than one 
site is necessary for 10n transport there is no need a priors to 
postulate, as Robinson does, indirect interactions between 
separate sites to account for S-shaped activation curves’. 
Moreover, if in the absence of sodium the affinity of the 
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transport system is such as to allow one site to be completely 
saturated with potassium even at low potassium con- 
centrations, n a two site kinetics simple competitive 
inhibition can account for the change mnduced. by sodium 
1n the shape of the potassium-activation curves. 
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Delayed-type Hypersensitivity in Mice 
after Skin and Tumour Allografts and 
Tumour Isografts 


ALLOGRAFT rejection is usually grouped with delayed 
hypersensitivity, acquired cellular resistance to infection 
and some types of auto-immune disease as a form of cell- 
mediated immunity, implying that all these phenomena 
may share a common immunological mechanism. The 
rejection of skin allografts is generally accompanied by 
the development of delayed-type hypersensitivity to 
graft antigens. Reactions having the time-course and 
macroscopic and microscopic features of skin reactions in 
delayed-type hypersensitivity have been elicited by 
injecting donor antigen (in the form of lymphoid cells or 
extracts thereof) into sensitized humans, guinea-pigs, 
hamsters, dogs and rate!. Similar reactions could not 
be elicited in mice’. Here we describe the induction of 
delayed hypersensitivity reactions in the footpads of 
mice. Because resistance to isografts of chemically 
induced tumours in mice may also be a form of cell 
mediated immunity‘, we have also tested whether similar 
reactions can be elicited after tumour i ing in mice. 

We used inbred mice of strains C57 Bl/6J, A/J, Balb/C, 
OBA and DBA/I. The A/J specific tumour Sarcoma I 
(Sal) was obtained from the Jackson Laboratory and 
maintained im an ascites form. Suspensions of normal 
lymphocytes were obtained from lymph nodes and thymus 
or, ın one experiment, lymph nodes, thymus and spleen. 
The cells were washed three times and suspended in 
0-9 per cent saline. Erythrocytes were obtained from 
whole blood taken from the severed axillary vessels of 
anaesthetized mice and pipetted directly into Alsever’s 
solution. The erythrocytes were separated by centri- 
fugation and washed three times in 0-9 per cent saline. 
Crude “soluble” transplantation antigen was obtained 
from A/J lymphocytes by exposure to hypotonic saline’. 

Footpad tests for delayed-type hypersensitivity were 
carried out as follows’: 0-05 ml. of lymphocytes (10° cells 
per ml.), erythrocytes (a 10 per cent suspension in saline) 
or different amounts of soluble transplantation antigen 
were injected into the right hind footpads of the mice. 
Each test group usually comprised four to six mice; a 
similar number of control mice (not grafted) of the same 
age, strain and sex were tested at the same time. The 
thicknesses of the right (injected) and left (uninjected) 
hind feet was measured with a Schnelltaster dial gauge at 
4, 24 and 48 h after injection. The specific increase in 
footpad thickness was calculated from the ‘mean per- 
centage increase in thickness of the injected compared 
with the uninjected foot at each time. 

Ten C57 mice were given allografts of A/J skin and 
footpad tested with 5 x 10! A/J lymphocytes (from lymph 
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nodes and thymus) 14 days later. Ten normal mice 
served as controls. Table 1 shows the actual increase in 
footpad thickness; the mean specrfic increases in footpad 
thickness were 1 per cent, 23 per cent and 13 per cent at 
4, 24 and 48 h respectively. These reactions were de- 
layed in onset and usually persisted to 48 h, albeit with 
some diminution; they probably represent delayed-type 
hypersensttivity. In a later experiment we examined the 
histology of 48 h reactions from several test and control 
mice. In the footpads of control mice the injected lym- 
phocytes could still be seen, with a slight polymorphonu- 
clear cell infiltration, in the deep subcutaneous tissue. In 
the test mice there was ın addition an intense mono- 
nuclear cell infiltration in the more superficial: sub- 
epidermal tissue. 


Table 1. POOTPAD REACTIONS IN 057 BL/6J MICH TESTED WITH A/J LYMPHO- 
OYTRS 


Percentage actual increase in footpad 
thiokness (mean + standard error) at 
4h 24h 48h 


Ten recipients of A skin 
grafte er days er) 10 
Ten normal mice 9 


Mice 


2 1 


7438 642 
444 841 

The timing and appearance of the reactions are both 
characteristic of delayed-type hypersensitivity. Further- 
more, the negligible reactions in control mice at 24 and 
48 h (Table 1) and, in this and other experiments, at 3 and 
7 days after injection, make it unlikely that a normal 
lymphocyte transfer reaction contributed to the footpad 
swelling. 

In another experiment, C57 mice were given allografts 
either of A/J skin or of 10? Sal cells injected subcuta- 
neously. Groups of mice were footpad tested with 5 x 10* 
AJJ lymphocytes (from lymph nodes, thymus and spleen) 
4, 9, 14 or 28 days later (Fig. 1). No reactions occurred 
in mice tested 4 days after grafting. Delayed reactions, 
with 10-40 per cent specific swelling of the footpads 
24 and 48 h after injection, occurred in the mice tested 9, 
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Fig. 1. Footpad reactions to A/J lym: 
all er) or ma I (lower). 


ografts of A/J skin (upp 
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14 or 28 days after grafting. Generally the reactions were 
strongest in mice tested 9 days after grafting and stronger 
in mice which had received skin grafts than in those which 
had received tumour grafts. Specific increases in footpad 
thickness at 4 h, probably caused by Arthus reactions, 
occurred in mice tested 28 days after skin grafting and 14 
and 28 days after tumour grafting. 

Delayed reactions could also be elicited by A/J erythro- 
cytes injected into the footpads of C57 mice 9 or 14 days 
after skin grafting. The specific increases in footpad thick- 
ness were, however, only one half to one third as great as 
those following the injection of lymphocytes. Crude 
“soluble” transplantation antigen from A/J mice elicited 
no delayed reactions in C57 mice which had received Sal 
allografts 14 days earlier and very weak delayed reactions 
(about one quarter the intensity of those elicited bylympho- 
cytes) in C57 mice which had received A/J skin grafts 9 or 
14 days earlier. Two preparations of “soluble” antigen 
were used. In one case the amount injected into each 
mouse represented the yield from 1:3 x 10? lymphocytes. 
The second preparation had a total protein content of 
2-9 mg/ml. and had antigenic activity revealed by its 
ability to reduce eight-fold the apparent titre of a C57- 
anti-A/J alloantiserum in immune adherence tests’. These 
disappointing reactions to “soluble” antigen stand in 
marked contrast with the strong reactions elicited in guinea- 
pigs by soluble transplantation antigen!?. The reasons 
for the differences between the two species are unknown. 

The specificity of the footpad reactions was investigated 
in another experiment. C57 mice received grafts of A/J 
akin. Nine days later groups of four to six mice were 
footpad tested with lymphocytes from different strains: 
AJJ, Balb/C, DBA/1 and CBA. The results are shown in 
Table 2, together with the known H-2 alloantigenic 
specificities common to the A/J (donor) and test strains 
but absent from C57 Bl/6J mice*. Delayed reactions of 
similar intensity were elicited by A/J, Balb/C and DBA/1 
lymphocytes. No reactions were elicited by CBA lympho- 
cytes. This suggested that the C57 mice had responded to 
some but not all of the foreign H-2 determinants present in 
AJJ tissues. It is impossible to decide whether the response 
and the delayed-type hypersensitivity reaction were 
elicited by a single determinant}* common to A/J, Balb/C 
and DBA/1 but absent from CBA lymphocytes, or whether 
the antigenically active site(s) is a larger mosaic absent 
from CBA lymphocytes. The specificity of the delayed 
reactions was, however, consistent with the known H-2 
alloantigenic specificities of the strains tested. 

Table 2, FOOTPAD RBAOFIONS IN 057 B1/6J MICH TESTAD WITH LYMPHOCYTES 
F DIFFERENT STRAINS 9 DAYS AFTER A/J SKIN GRAFTS 


H-2 specificities common to Specific Increase in footpad 


Test strain, A/J and test strain, absent thickness (per cent) 
H-2 type from 057 B1/6J 4h 24h 48h 
AJJ a 1,8, 4, 8, 10, 11, 18, 25 0 26 20 
Balb/O d 8, 4, 8, 10, 18 0 21 14 
DBA/1 q 3,11, 18, 7 25 5 16 21 

A Kk 8,8,11 5 5 8 


Balb/C and CBA mice also showed delayed reactions 
when footpad tested with A/J lymphocytes 9 days after 
receiving A/J slain The mean specific increases in 
footpad thickness at 24 h were 27 per cent and 18 per 
cent respectively. 

Following these findings we wished to see whether the 
rejection of tumour isografts was accompanied by de- 
layed-type hypersensitivity. 

There is evidence that resistance to isografts of 
chemically induced tumours is a form of cell-mediated 
immunity‘ and that resistance can be increased by 
non-specific stimulation of the reticulo-endothehal system, 
fox example, by BCG*®. Tumours were induced in A/J 
mice by subcutaneous injection of 1 mg of 20-methyl- 
cholanthrene (MC). One large tumour which resulted in a 
female mouse was dissected and minced to give a sus- 
pension of tumour cells. 1-7x10* cells were injected 
subcutaneously into forty female A/J mice. Of these, 
sixteen were injected with 0'5 mg live BCG vaccme 4 
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weeks before and on the day of tumour transplantation; 
and twenty-four mice received tumour but no BCG. 
Tumour incidence and size were recorded at regular 
intervals. At 95 days, 63 per cent of the control mice but 
only 32 per cent of the BCG-treated mice had tumours, a 
reduction m tumour incidence similar to that observed 
by Old et al.!°. The mean size of the tumours was also 
reduced by about half ın the BCG-treated mice, compared 
with the control mice. At 95 days fourteen mice with 
medium to large tumours (two BCG-treated and twelve 
controls) and eighteen tumour-free mice (ten BCG- 
treated and eight controls) were injected subcutaneously 
with sheep erythrocytes in Freund’s complete adjuvant; 
this procedure induces marked delayed-type hypersen- 
sitivity to sheep erythrocytes in 1 week*. One week later 
(that is, 102 days after tumour transplantation) a tumour- 
bearing mouse was killed and a suspension of cells was 
prepared from the solid tumour. The cells were irradiated 
(1,200 rad, 45 min 35 s), washed and resuspended to a 
concentration of 3:7 x 107 per ml. The mice which had 
been immunized with sheep erythrocytes were injected 
with 0-06—-0-08 ml. of irradiated tumour cell suspension in 
one hind footpad and 0:02-0:03 ml. of 10 per cent sheep 
erythrocytes m one front footpad. Six normal mice were 
similarly injected. The footpad reactions were measured 
at 4, 24 and 48 h. Eighteen days later nine of the same 
tumour-free mice and six normal females were footpad 
tested with a similarly irradiated suspension of Sal cells. 


Table 3. 24-H FOOTPAD REACTIONS IN A/J MIOE AFTER ISOGRAWTS OF A 
METHYLOHOLANTHRENE-INDUOED TUMOUR 
Specific Increase in footpad thickness 
Test antigen er cent) in 
Tumour-free mice Tumour-bearing mice 
Irradiated MO-tumour 40 0 
Sheep erythrocytes 50 24 
Irradiated Sarcoma I 0 Not done 


Table 3 shows the mean specific increases in footpad 
thickness at 24 h. These figures represent the actual 
increases minus the increases in normal controls; for all 
three antigens the actual increases in normal controls at 
24 h were of the order of 10 per cent. 

The tumour-free mice exhibited strong delayed re- 
actions to sheep erythrocytes and to irradiated MC-tumour 
cells, and no reactions to Sal. The tumour-bearing mice 
had weaker reactions to sheep erythrocytes and no 
reactions to MC-tumour cells. A generalized depression of 
immunological responsiveness or of delayed reactivity may 
have contributed to their lack of reactivity to MO-tumour, 
but the fact that they reacted moderately well to sheep 
erythrocytes and not at all to tumour suggests a specific 
absence of response to the tumour. The lack of reaction 
of tumour-free mice to Sal suggests that the reaction 
to MC-tumour was specific, but further investigation 
of the reactions to other methylcholanthrene-induced 
tumours are needed to confirm this. The results also 
suggest that BCG may increase resistance to tumour 
isografts, at least in part, by facilitating the development 
of a specific (cell-mediated) immune response. Isografts 
of chemically induced tumours are considered weakly 
antigenic ın micet:®10, Nevertheless, the delayed footpad 
reactions elicited by irradiated tumour cells in mice which 
had rejected tumour grafts were as strong as those elicited 
by sheep erythrocytes and stronger than those elicited by 
allogeneic lymphocytes in allografted mice. Conceivably, 
tumour-specific antigens, while weakly immunogenic and 
differing only very slightly in chemical structure from 
normal host tissue components, are sufficiently well 
represented on tumour cells to elicit a strong reaction in 
hosts which have become immune to the tumour. 

The results of both series of experiments confirm the 
association between delayed-type hypersensitivity and 
other manifestations of cell-mediated immunity. They 
are consistent with the idea that these manifestations 
may share common mechanisms. They also confirm and 
extend recent reports of delayed reactions elicited or 
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detected in other ways in allografted mice" and mice made 
resistant to a strain-specific tumour", and of weak 
delayed footpad reactions in mice made resistant to non- 
strain specific tumours!*. Footpad reactions provide an 
additional convenient and potentially very useful para- 
meter of cell-mediated mmmunity in the study of trans- 
plantation and tumour mmunity in mice. 

After the submission of this article, Oettgen et al.14 
described the occurrence of delayed skin reactions to 
soluble antigens of chemically induced tumours in speci- 
fically immunized inbred guinea-pigs. 

This work was supported by grants from the Austrahan 
Research Grants Committee, the National Health and 
Medical Research Council and the Postgraduate Medical 
Foundation of the University of Sydney. 
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Radiation Sensitivity of Rodent Species 


WILD species of rodents are reported to be more resistant 
to acute radiation exposure than laboratory strams!. The 
LDyoao) acute exposure dose for the old-field mouse (Pero- 
myscus polionotus), the cotton mouse (Peromysous gossy- 
pinus) and the harvest mouse (Reithrodontomys humilis) 1s 
1,100 to 1,200 r., for the cotton rat (Sigmodon hispidus) 
1,200 to 1,500 r. and for pocket mice (Perognathus formosus 
and P. longymembris) 1,300 to 1,500 r.. LDgora9) values 
for laboratory rodents range from 450 to 850 r. when the 
radiation is delivered as a single acute dose*. Ecologists 
have tended to interpret this as an advantage conferred by 
the “wild” condition. Chronic exposure over a long time 
is, however, less damaging than the same dose given in a 
short time’, but new results show that wild mice are quite 
sensitive to damage from chronic exposure in terms of 
life shortening and reduced fertility. 

Laboratory-born descendants of wild deer mice (Pero- 
myscus maniculatus) were paired ın laboratory cages for 
breeding. They were divided into a control group, an 
irradiated group and a second irradiated group, the off- 
spring of the original irradiated group. Here members 
of the group conceived and born in the radiation field are 
compared with the control group. 

A small source (1 mCi ™'Cs) in the shelter (a 5 inch 
diameter coffee can) in each cage of the irradiated group 
gave a dose rate of 45-50 mr./h inside the shelters. 
Exposure of individual animals, measured by attaching 
microthermoluminescent dosimeters‘, averaged 1-23 r./day 
(range 0-8 to 2-9 r./day). 
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Data on survival and natalty were analysed to deter- 
mune the effect of chronic low level radiation exposure on 
the intrinsic rate of natural increase of a population’. 
The intrinsic rate of natural increase is a measure of the 
success of a species in a particular environment. In this 
experiment a change in the rate represents a summation 
of the total radiation damage to the population’. The 
intrinsic rate of natural morease was 0:1897 in irradiated 
Peromyscus and 0-3134 in the controls. 

The average life span, or the average life expectancy 
at birth, was significantly greater (P<0-001) for males 
(28-31 + 1-34 months) than females (22:18 + 1-54 months) 
of the control group. Irradiation reduced the average 
life span in both sexes (Table 1). The difference was 
highly significant (P < 0-001) in each case. 

Table 1. INTRIXSIO RATE OF NATURAL INORHASE, THN BIRTH RATH AND THE 
P iculatus 


DEATH RATE FOR FEMALB Peromyscus mani IN THB LABORATORY, 
AND THE AVERAGH LIFA MXPHOTANOY IN MONTHS AT BIRTH 


OA 


r b d és ge 
Control 0-3134 08885 00751 2881+134 6 22-18 + 1-54 GR 
Irradiated 0:1897 08166 01259 1992+1-44 (80) 15'862 + 1:58 (28 


ga ites raa iea coy birth rate; 6o, average life expectancy. 

Life shortening of Peromyscus receiving an average of 
1-23 r./day was 207 days per r. per day in males irradiated 
since conception. In females, life shortening was 162 days 
perr.perday. Life shortening of laboratory mice resulting 
from chronic irradiation was 22 to 24 days of life lost per 
r. per day’. 

The reprodustive life span of female Peromyscus was 
shortened by radiation (Fig. 1). Some control females were 
still reproducing when 40 months old. In the group 
irradiated since conception, no females older than 27 
months were fertile. Age-specific natality (average pro- 
duction of young by females of each age group) was also 
reduced in the irradiated group. 
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Fig. 1. Production of female young by females of different age groupe. 


Laboratory mice showed a significant reduction in 
mean hitter size at birth and significantly higher mortality 
before weaning age when chronically exposed to lr. or 
less per day’?-4, Latter sizes of Peromyscus varied and the 
differences between groups were not statistically signifi- 
cant. Survival (Fig. 2) from birth to weaning age in 
Peromyscus was reduced in the group irradiated since 
conception (0-6436) compared with the controls (0:8128). 
Survival in the post-weaning age groups was greater in 
the irradiated animals. Regression analysis of the two 
groups between the ages of 10 and 40 months showed 
a highly significant difference (P<0-001). A theory of 
radiation-induced protection agaimst infectious diseases 
has been proposed}. 

It is misleading to compare LDsq9) values of different 
species and interpret the resulta as relative radiation 
sensitivities. For species comparison it is essential to 
relate life shortening by radiation to the control life span’. 
Two species may have similar LD,«3.) values, but if the 
controls of one have a mean life span of 1 yr and the other 
species has a control life span of 2 yr, then in terms of life 
shortening greater damage was done by irradiation to 
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Fig. 2. Survival expressed as fraction of the original cohort. Sexes 
approxima: 


were not distinguished until tely one month of age. 


the long lived species. When expressed in terms of frac- 
tional life shortenmg, there may be little difference among 
species of mammals m sensitivity to acute gh level 
radiation exposure". Data presented here, however, 
suggest that species may differ considerably in sensitivity 
to chronic low level radiation exposure. 

To investigate the significance of this radiation damage 
to a natural population of Peromyscus, age-specific 
survival of the laboratory control group was adjusted to 
represent survival of wild populations of this species?®. 
Production of young by the wild population during the 
breeding season was similar to the laboratory colony. 
With computer simulation, the members of a hypothetical 
population with the mortality and natality characteristics 
of the wild population were allowed to breed and die over 
a 10 year period, and their numbers counted at the 
beginning and the end of each breeding season. 

The computer sumulation (Fig. 3) indicates that a 
reproductive season of 4 or 5 months’ duration, such as 
that at high elevations in California, is barely adequate 
for continued survival of the population. With a constant 
4 month season the population steadily declines; with a 
constant 5 month season the population regularly mereases. 
At the more mild climate of lower elevations, the repro- 
ductive season is longer and the mean life span of wild 
mice is shorter. With this survival schedule the computer 
simulation was unable to maintain a population that did 
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Fig. 3. Computer simulation, starting with 1,000 animals, of growth 
over a 10 yr period of a wild population o of Ris agit mamoulatus 
at high elevations in the White with an annual 
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not decline to extinction, even when the length of the 
reproductive season was increased to 11 months (Fig. 4). 

The simulation study suggests that natality ee 
mortality in the wild populations are closely balanced in 
any particular environment; the population maintains 
itself with minimum population energy devoted to 
production of young. If the population over-responded to 
a favourable season, or a long reproductive season, by 
excessive production of young, the resulting over- 
population and the mortality required to keep the size 
nearly constant would be wasteful of population energy 
and resources. 

In these conditions a small change in exposure of sensi- 
tive organisms to radiation or other ing agents for 
an extended period of time would be detrimental to the 
population, perhaps to the point of extinction if no 
compensating change ın population growth processes 
occurs. In Marshall’s!® laboratory, populations of 
Daphnia compensated for increased death rate resulting 
from irradiation by increasing the brood size. In addition, 
average dry weight per animal that died increased with 
increasing radiation exposure, so the net biomass of the 
population was unaffected. Whether populations of 
higher organisms can compensate in similar ways remains 
to be seen. 

These studies were supported by the US Atomic Energy 
Commission and the University of Oalifornia. I thank 
Herbert Hill, Howard Kaaz and Leonard McWilliams for 
technical assistance, and the staff of the UCLA Campus 
Computing Network for advice and instruction in pro- 


gramming techniques. 
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Book Reviews 


HISTORY OF THE WILD WEST 


The Great Columbia Plain 

A Historical Geography, 1805-1910. By D. W. Meinig. 
Pp. xxi + 576. (University of Washington Press: Seattle 
and London, April 1969.) $15; 143s. 

PROFESSOR Muzia’s book is one of three very recent 
additions to a small but important group of historical 
geographies of North American regions}. Written by 
academic geographers and published by university presses 
they represent a further stage in the development of a field 
of scholarship which came of age in 1948 with the publica- 
tion of Ralph H. Brown’s Historical Geography of the 
United States. Together they indicate that at least one 
branch of regional geography has withstood the shock 
waves of the quantitative revolution which has affected 
so much American geography during the present decade. 
Indeed, the field would seem to have survived intact, 
there being little evidence of new procedures or techniques. 
On, reflexion this is not perhaps surprising because whilst 
innovators may occasionally find sources of historical 
data with which to demonstrate sophisticated techniques, 
historical geographers concerned with specific areas over 
a particular past period will'only rarely have date in a 
form amenable to such types of analysis. 

The Great Columbia Plain 1s a scholarly but eminently 
readable book about a little known part of the American 
West. During the years covered by the study the area, 
in the central and eastern regions of Washington and 
Oregon, experienced a rapid succession of linked demo- 
graphic, cultural and economic changes. In tracing these 
changes the author emphasizes the ecological relationships 
between man and his physical environment and, more 
particularly, the spatial strategies by which men organized 
the area. To the extent that it is concerned with change 
through time it is historical. In that the focus ıs con- 
sistently on the ways ın which a particular area of the 
Earth’s surface has been dealt with by man, however, ıt 
is basically geographical. 

The author is a native of the area, having been born 
there some fifteen years after the end of the period covered. 
He claims to have visited every district and almost every 
hamlet and locality mentioned in the text. This mtimate 
knowledge of and feeling for the region is evident through- 
out the book especially in the vitality of the descriptions. 
This is, however, not a parochial study or a latter day work 
of topography. Perhaps its most distinctive and valuable 
characteristic is its ever changing perspective. The 
author changes the scale of study iy wath the frequency and 
ease that a biologist changes the magnification of his 
microscope. One moment the reader is re-experiencing 
the conditions of life in a small new railroad settlement in 
the 1880s and at the next he is removed, as if by earth 
satellite, to view the same place as but part of a far more 
significant regional, national, continental or global 
system. These systems are effectively summarized in 
Inghly generalized maps of such diverse phenomena as 
the competing spheres of influence of service centres for 
mining areas and the diffusion of dryland agriculture. 
These maps reflect Meinig’s mastery of the art of teaching. 
They are generalizations, however, based on a real 
knowledge not only of the land and its people but also of 
the literature of and on the area. The bibliography 
occupies 38 pages and footnotes occur with a frequency 
of more than one per page. The range of sources 18 
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exceedingly wide and they are marshalled in a masterly 
fashion. 

The book is expensive, but reasonably well produced. 
The specially drawn thematic maps are pleasing and 
effective, but as a reference map the more detailed folded 
pictorial relief map (after Erwin Raisz) is less satisfactory. 
Furthermore, it is inserted in such a way that it is m- 
convenient for reference. There are a few trivial errors 
of a kind which almost inevitably occur in the first 
edition of a book of this significance and the biblio- 
graphy fails to include one of the most basic works of 
reference for anyone working on any aspect of the 
historical geography of the American West before 1861: 
Carl I. Wheat’s Mapping of the Transmississippi West, 
(San Francisco, 1957-1963). These are minor weaknesses, 
however, and the author is to be congratulated on pro- 
ducing a work of scholarship on an important and Little 
known region. (It is regrettable that Professor Memig 
has no intention of writing a sequel to cover the period 
since 1910.) Presented in a lucid and jargon-free style it 
deserves a wide audience and should do much both to 
further understanding of the region and to enhance the 
reputation of historical regional geography. 

G. Matcoim LEWIS 
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SUICIDE AND DEPRESSION 


The Epidemiology of Depression 

By Charlotte Silverman. Pp. xviii + 184. (Johns Hopkins 
Press: Baltimore; Oxford University Press: London, 
March 1969.) 71s 6d. 

Te author, who is now chief of the Populations Studies 
Program, National Center for Radiological Health, and was 
formerly at the Epidemiologic Studies Branch, National 
Institute of Mental Health, has written a masterly review 
of the available literature on the incidence and prevalence 
of depression and ite mortality (that is, suicide). She has, 
however, done much more than this, because she con- 
siders critically classification, diagnostic criteria and 
reliability, various personal and environmental character- 
istics of depressed people and recent work on the heredity, 
biochemistry and psychodynamics of depression. Finally, 
there are some pertinent reflexions on perspectives for 
future research. This intrepid undertaking, daunting to 
anyone with a narrower viewpoint, has resulted in a 
remarkably balanced, lucid and highly readable account 
of much current knowledge on the subject. 

What emerges most clearly is the very great range of 
morbidity rates, depending on whether hospital statistics, 
medical practitioners’ patients or general population 
surveys are the source of information. ‘The number of 
people with depressive symptoms in the community at 
any one time (some 10-20 per cent) is about 1,000 times 
more than the number admitted annually, indicating that 
hospitals merely scratch the surface. Medical practi- 
tioners may see in a year about seven men and seventeen 
women with depression per 1,000 population. It is also 
a remarkable fact that first admissions to hospital with 
manic depressive disorder are much higher in the United 
Kingdom than in the United States—0-18 per 1,000 in 
Maryland and 2-4 per 1,000 ın Bristol, for example—e 
discrepancy which (though the author does not consider 
this possibility) might be connected with the high cost of 
hospital care ın the United States where nearly half the 
admissions with depressions are to private hospitals. 
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Apart from the mental anguish of depressive illness, 
vividly portrayed in a quotation from William James, 
its recognition is vital because of the risk of suicide. 
Indeed, the author suggests that ıt is possible to thmk 
of suicide as the specific case fatality of depression. There 
are, however, several interesting distinctions, as well as 
parallels, between suicide and depression. 

While depressive illness 1s commoner in women, men 
are universally found to have higher rates of suicide. In 
both sexes, however, the rates of both conditions increase 
with age. Depression and suicide are reported to be rare 
in Africans, but both may be mereasing in American 
negroes, particularly so in the north. In England and the 
United States suicide is associated particularly with the 
two extremes of the social scale, while depression shows 
no consistent trend, ın this respect differmg strikingly 
from schizophrenia which is most frequent at the lower 
end. Again, the widowed and divorced are prone to suicide 
but not especially to depression. Both conditions are 
commoner in urban rather than im rural areas and both 
have a predilection for the spring. While depression 
is not known to have a consistent preference for any 
occupational groups, doctors and lawyers have among 
the highest and clergymen and teachers among the lowest 
rates of suicide. Attempted suicide, which is about ten 
times commoner, differs from actual suicide in & number 
of respects. The reasons for most of these differences are 
at present conjectural. 

This book summarizes a wide range of information in a 
very handy form and is recommended to all who are 
interested in the subject. There are 358 references (up to 
1967), tables that enable the reader to compare at a glance 
the results of different studies and a useful index. The 
cost, however, is decidedly depressing. D. W. K. Kay 


BIG SISTER WATCHES 


The Computer and Medical Care 
By Donald A. B. Lindberg. Pp. xi+210. (Charles C. 
Thomas: Springfield, Ilinois, May 1968.) $12.75. 


Tms is one of the few books about the application of 
computers to medicine that is likely to be understood by 
doctors, nurses and. all those who help contribute to the 
care of patients, includmg computer personnel engaged 
on hospital projects. The presentation is both clear and 
lucid with little jargon, and technical terms are used 
discreetly. The author gives a very balanced view of the 
whole picture of the application of computers to the many 
facets of the hospital, indicating ite difficulties and mailing 
plain that success in business does not necessarily imply 
success in the hospital world. Although the author has 
essentially a laboratory orientation, he does not let his 
training and interest obtrude into the description of other 
parte of medical care in the hospital. 

The book begins with a review of the need to apply 
computer techniques to medicine in the everyday care 
of the patient and in teaching and research, for unless 
such methods are used the explosion of information will 
overtake the ability of doctors to deal with it. This then 
can only be met by rapidly increasing the number of 
personnel engaged in caring for patients. The umportance 
of patient records is discussed as a key to the whole area 
of medical care and the ability of nurses, as well as doctors, 
to contribute essential information. The author is right 
when he suggesta that the size of the medical record will 
increase with the increase of information about the patient, 
and 1t will need computer techniques to manipulate these 
data. The importance of a standard nomenclature in 
relation to spelling, synonyms and searching diagnostic 
records is well stated. The use of patient questionnaires 
as well as physicians to collect and record symptoms is 
discussed. The importance of all information being 
collected on to a central individual patient record is 
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essential both for on-going patient care and for interpreta- 
tion and analysis at will. 

Hospital laboratory systems and other investigative 
departments need computer techniques and the author 
in his own personal work shows how essential they can 
be. Nevertheless, he stresses the importance of distin- 
gushing between aspirations and achievement, and this 
coun is carefully made and amplified throughout the 

The description of the various teaching computer 
programs which he has made available to Missouri 
illustrates the usefulness of the computer system, not 
only m undergraduate but also in postgraduate teaching. 
Followmg a discussion of the applications of computer 
techniques to a biochemical laboratory, there is a simple 
but effective discussion of the application of pattern 
recognition techniques to medical diagnosis. 

The millennium has not arrived in this subject although 
it has been given much publicity ın recent years. Neverthe- 
less, this 1s one of the most interesting, clear and exciting 
expositions of the application of computers to the care of 
patients and deserves to be read by all doctors. It will 
be of interest, too, to computer personnel interested in 
the application of computer techniques to hospitals and 
will give them much needed background about the areas 
of application and the difficulties they are going to face in 
implementing a hospital rather than a business system. 

J. ANDERSON 


WATER MAMMALS 


The Biology of Marine Mammals 
Edited by Harald T. Andersen. Pp. xii+611. (Academic 
Press: New York and London, January 1969.) 200s 8d. 


Marine mammals were examined extensively by com- 
parative anatomists and ın recent years there has been a 
new burst of research activity on a much wider biological 
scale. So far ag the smaller Cetacea are concerned this 
work has been helped by the introduction of large aquaria 
where an enthusiastic fee paying public supports the 
enormous expenses of keeping a potential laboratory. 
This has been amphfied by the needs of naval research. 
But even before the Second World War, Gawn, a British 
Admiralty constructor, was attempting to find answers 
to naval architectural problems in porpoises in parallel 
with Sir James Gray’s pioneer studies on locomotion. 

The results of work on marinemammals have tended to be 
hidden ın the specialist journals and ın publication of 
symposia, or handled broadly in more popular works. The 
editor states that his book “will serve as an advanced 
text for teachers, researchers and students”. Those 
aspects particularly associated with problems of marine 
life are presented by specialist authors. A. Jonsgard 
deals with age determination and effectively summarizes 
the means of ageing Cetacea by such means as laminations 
in ear plugs and mandibles. But, strangely, he considers 
that because a review of ageing in Pinnipedia is available 
elsewhere he need do no more than mention them as an 
appendix. 

The chapter on locomotion by Hertel amounts to the 
author’s study on “hydrodynamics of swimmmg and 
wave-riding dolphins”, but the almost total neglect of 
distinguished work ın the English language lterature 
could hardly be accepted even in & specialist journal let 
alone a reference book ın Englsh. Practically half the 
chapter 1s on wave riding which m any case amounts to 
no more than surf ridmg. The hydrodynanffes of a 
popular dolphm sport equivalent to a human seashore 
pastime seems hardly a feature of importance when 
locomotion in the larger whales, Pinnipedia and Sirenia, as 
well as a great deal of Cetacean information from othe 
workers, is totally ignored. 

Deep diving is dealt with by the editor and G. L. 
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Kooyman and they cover the field concisely and well. 
The sections on blood (Claude Lenfant), cardiovascular 
adjustmente to diving (Robert Elsner) and temperature 
regulation (Laurence Irvine) are fascinating discussions. 
Tt is these fields that have fascmated so many physio- 
logists. Any mammal that has to cope with such a foreign 
environment as the sea for its everyday life has an 
enormous problem. Although there are similarities, 
Pinnipedia and Cetacea often tackle the problem 
differently. For instance, when a seal dives circulation 
is limited to essential organs such as the brain, in a far 
more dramatic way than in the Cetacea. But expermmental 
work m this field is difficult, as is shown ın this book. 
Early work on diving seals had shown a dramatic reduction 
in heart rate to something in the order of 1/12~-1/18 of 
that of the surface: fright could also duce this effect. 
In more recent experiments using trained seals to dive 
freely, rather than being forcibly dunked, the respiratory 
rate, although markedly reduced, was of the order of 
18-25 beate a minute mstead of 6-8. In porpoises, the 
effect of restraming compared with free swumming was 
even more dramatic. A free dive led to a drop of some 
90 down to 12 beats a minute later increasing to 20 beats 
per minute, but forced diving a porpoise may lead to 
death, the anımal refusing to breathe again. 

It is hardly surprising that the brain of such intelligent 
creatures as dolphins should have been studied with 
enthusiasm and be so well reported by Jan and J. K. 8. 
Jansen, who have done such outstanding work in the 
field, but unfortunately the other marine mammals are 
neglected, though work has been done on the brams of 
seals admittedly to a much smaller extent. Echo- 
location (Kenneth Norris) is also a field of activity in 
which a highly developed brain 1s important. Such 
observations as the superior olive bemg highly developed 
in both the main users of echo-location, Cetacea and bats, 
must obviously strmulate new interest in the neuro- 
physiology and anatomy of this field. That the temporal 
lobes should be highly developed as acoustic analysers 1s 
a logical expectation. 

Eoho-location is not only a fascinating zoological study 
but one with wide human interests as well ın naval 
research. Whether the Pmnipedia use echo-location 
still remains unproven; there is good possibility, but at its 
best it must be of a much lower quality than the dolphins 
and more drfficult to prove effectively. 

The more social aspecta of communication and other 
ecological factors are well treated by W. E. Evans and 
Jarvis Bastian. They have had a difficult task collecting 
information of widely different character, and they make 
an effective contribution. R. J. Harrison has also made 
an. excellent compilation of the reproductive and endocrine 
systems, a field in which he has made outstanding advances 
himself. 

In general, this book, with its specialist authors, does 
as the editor intended and can be highly recommended. 
But, equally, an editor should attempt to bring all his 
chapters up to the same level and it is unfortunate that 
an early chapter should be well below the level of the 
others. K. M. BackHousn 


IRREGULAR ECHINOIDS 


The Systematics of Sympatric Species In West Indian 
Spatangolds 

A revision of the Genera Brissopsis, Plethotaenia, Paleo- 
pmeustes, and Saviniaster. By Richard H. Chesher. 
(Studies ın Tropical Oceanography No. 7.) Pp. viit+ 
168+35 plates. (University of Miami Press: Coral 
Gables, Florida, January 1969.) $12. 

ALTHOUGH this study deals primarily with only ten 
species of irregular echinoids from the east and west 
tropical Atlantic, many of the implications arising from 
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it are applicable to the world-wide problem of the inter- 
relationship and distinction of sympatric species (affliated 
species occupying the same habitat). In addition, the 
detailed accounts of growth changes and their effects 
on taxonomic characters, notably those based on the 
fascioles or belts of fine ciliated spmes and the part 
these play ın life, are relevant to the study of the biology 
and taxonomy of spatangoids in general. The descriptive 
format for echinoids in current use 1s mainly that 
developed by Mortensen, which included tabulations 
of plate numbers and relative proportions of apical 
system and peristome as well as whole test measurements 
for regular echinoids but rarely more than the last for 
the irregular forms. Chesher, however, has developed 
elaborate statistical tables based on at least forty precise 
measurements and counts derrved from each specimen, 
including even estimates of fasciole length achieved 
by “walking” along them with dividers, which is possibly 
more accurate though surely more time-consummg 
than the usual twisted strmg method for 
devious lengths. Because he was able to base his studies on 
extensive new collections of tropical echinoids, including 
over two hundred specimens of one species and at least 
twenty-five of seven others, at an estimated time of 
15-20 minutes for each specimen an impressive total 
of basic work has clearly been done. Analysis of the 
resultant figures has brought him to the concluson that 
there are two sympatric species of both Plethotaenia 
and Paleopneustes in the tropical Atlantic where only 
one of each was previously thought to oceur. The imph- 
cation from this is that if the same high standard of 
detailed examination were applied to other spatangoids 
still more new species are likely to be established. Un- 
fortunately, there 1s but a single specimen of the new 
species which Chester refers to the little-known genus 
Saviniaster, previously recorded only from the Eocene 
of France and based on poorly-preserved material which 
prohibits a proper comparison. The melusion of this is 
not really relevant to the main study of the book. Some 
rearrangement of the genera and species involved is 
carried out and their relationships with other spatangoids 
discussed. There are also some interesting notes on the 
habitats and behaviour of some of the species, notably 
of Brtssopsis, adding to the literature on this subject 
initiated largely by Nichols. The illustrations consist 
mainly of numerous photographs showing growth changes 
and entire and denuded tests, as well as enlargements of 
details such as pedicellariae and tube feet, some of which 
might have been more clearly represented by drawings. 
Apart from this small criticism, I think Chesher is to 
be congratulated for setting a new high standard for 
the treatment of this interesting group of animals. 
ATSA OLABEK 


FUNGAL GUIDE 


A Pictorial Guide to the Identification of Fusarium 
Specles according to the Taxonomic System of Snyder 
and Hansen 

By T. A. Toussoun and Paul E. Nelson. Pp. 51. (Pennsyl- 

vania State University Press: University Park, and 

London, April 1969.) 6568 6d. 


Experts accepting different systems of classification of 
species of Fusarium differ very greatly in the number of 
species which they recognize. For example, Wollenweber 
and Reinking recognized sixty-five species, fifty-six varie- 
ties and twenty-two forms, whereas Snyder and Hansen 
recognize nine species with no varieties but use formae 
spectales to denote pathogenicity to plant species or groups 
of plant species. Other present day workers accept that 
several morphological types should be i within 
some of the nine species recognized by Snyder and Hansen 
although the number of species worthy of recognition is 
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less than sixty-five. These substantial differences in 
taxonomic concepts are particulerly unfortunate in a 
genus such as Fusarium which contains so many patho- 
gens of crop plants which are of great signrficance in both 
temperate and tropical countries. 

In their elegantly produced guide to the species of 
Fusarium, Toussoun and Nelson accept the species concept 
of Snyder and Hansen. A simple key to the species based on 
the shape of microconidia, occurrence of chlamydospores 
and shape of the basal cell of macroconidia 1s given. In 
six pages of text there is useful information on methods 
by which species can be cultured and examined. Fifteen 
plates of particularly high quality show the spore morpho- 
logy of each species, but no attempt has been made to 
show the complete variation in spore shape which exists 
in each species. No reference is made to formae spectales, 
races or cultivars. A printer’s error occurs in Plate 16. 

Plant pathologists, m particular, will regret the absence 
of reference to cultivars. It is generally accepted that 
many of the pathogenic cultivars of F. roseum as defined 
by Snyder and Hansen can be regarded biologically as 
separate entities. Importance must be attached to the 
precise identification of pathogenic isolates in communica- 
tions involving taxa of the F. roseum (sensu) Snyder and 
Hansen complex. While the very great variability in 
shape of macroconidia in the F. rosewm complex is well 
illustrated in three plates, research workers will have to 
look beyond this guide for assistance ın attaching more 
precise labels to isolates. JOHN COLHOUN 


BUILDING HIGH 


The Stanford Two-Mlle Accelerator 
Edited by R. B. Neal. Pp. xiii+1169. (Benjamin: New 
York and Amsterdam, 1968.) $35. 


Tae Stanford Two-Mile Accelerator 1s the largest of its 
kind in the world. The central feature of the accelerator 
consists of 960 10-feet sections of disk-loaded waveguide 
fed by 245 high-power microwave pulsed klystrons. 
Because of the unprecedented size, complexity and impor- 
tance of this project—to quote ite director, Dr Panofsky— 
members of Stanford Linear Accelerator Center (SLAC) 
felt a real responsibility to publish in full the technical 
features of the installation. With the assistance of ninety 
co-authors, the editorial committee headed by Dr Neal, 
associate director of SLAC, has compiled a complete 
factual record of the project up to mid-1967. 

Preliminary studies for a multi-GeV electron accelerator 
first took place in 1955, but it was not until 1961 that 
authorization to construct the accelerator—known as 
““Project-M” or the ‘“Monster’—was finally obtamed. 
Several factors contributed to this choice of machine. 
Electron energies above 10 to 12 GeV are difficult and 
expensive to obtain with circular machines because of 
energy loss by radiation. The maximum energy so far 
produced in an electron synchrotron is 10 GeV. It 1s 
likely, therefore, that the SLAC accelerator will be unique 
because electron energies of 20 GeV and more will be 
obtained only with linear machines. Although there has 
usually been a strong preference for protons for strong- 
interaction physics, predictions made by Drell suggested 
that enhanced secondary particle production would take 
place with electrons. This has now been confirmed and 
widens the scope of the SLAC accelerator. 

Undoubtedly, one of the main reasons why this particu- 
lar machine was built at Stanford stems from its pre- 
dominance in this type of accelerator. The early chapters 
of the book deal with early history, the growth of the 
project, project administration, general descriptions of 
the accelerator and a simple but lucid account of the 
objectives of particle physics research. This part of the 
book—a mere 100 pages—is absorbing and should appeal 
to all those involved in project management. 
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Three important phases of lnear accelerator develop- 
ment are in evidence. During the immediate post-war 
years, 1946-49, research at Stanford and elsewhere 
established the basic principles of particle acceleration 
using disk-loaded waveguides. Several small accelerators 
were built during this period, the largest of which reached 
an energy of 35 MeV. Of particular significance was the 
pioneer work by Hansen on the development of the high- 
power pulsed klystron. This was the key to future 
progress and soon replaced the magnetron favoured by 
other accelerator groups. 

Success with low energies encouraged Stanford to set 
its sights on a one-gigavolt machine. So began the 
second phase of development in 1949. In es— 
200 MeV by 1951, 600 MeV by 1955, 1 GeV by 1957—the 
energy was pushed up until it reached its present value of 
1-2 GeV. During most of this time an active programme 
of particle physics research was pursued. Thus work on 
this machine became the test-bed of experience which laid 
the foundations for the multi-GeV machine. Although 
there was no change in basic principle, improved techniques 
for fabricating waveguides, increased reliability and con- 
tinued development of the klystron were established. 

Construction of the multi-GeV machine started in 1962. 
Electrons were accelerated along the entire length of the 
accelerator to the Phase I design energy of 20 GeV in 
1966. It is proposed to extend this to 40 GeV at some 
future date by moreasing the power. At peak, the total 
manpower on site during construction was 2,000. The 
cost of the project was 120 million dollars. The greater 
part of the book is concerned with technical details of the 
system. With the same remorseless thoroughness that 
attended the construction of the machine, each component 
part of the system is analysed, less promising solutions 
are discarded, and reasons for the final choice of para- 
meters upheld. The only major surprise in operation 
was the occurrence of the phenomenon known as beam 
break-up. This phenomenon has been familiar to electron 
accelerator physicists since 1957 and occurs at relatively 
high currents on low energy machmes. The reasons are 
properly understood and care was taken to avoid this 
trouble ın the design of the SLAC machine. Much to their 
surprise, however, beam break-up occurred at the rela- 
tively low current of 10-20 mA. A very excellent account 
of theory, and observation, together with a discussion of 
possible remedies is given in the chapter on beam 
dynamics. 

This book should be of interest to all accelerator builders 
and users. There is also a fund of technical material of 
interest to microwave engineers, including problems of 
fabrication, high-power pulse techniques with klystrons, 
multiple feeding, phasing and control of large systems. 
Beam control in this machine is a formidable problem. 
Ancillary equipment, such as large magnets and spectro- 
meters, receive brief mention but are of general interest to 
accelerator users. W. WALKINSHAW 


ORGANIC RADICALS 


Organic Chemistry of Stable Free Radicals 

By A. R. Forrester, J. M. Hay and R. H. Thomson. Pp. 
xi+405. (Academic Press: London and New York, 
October 1968.) 1208; $18. 


For the purpose of this book, “‘stable’’ free radicals are 
(sensibly) defined as those which can be prepared by 
conventional chemical methods and exist long enough 
for utilization in a subsequent chemical reaction or for 
examination by normal spectroscopic techniques. These 
days, this definition embraces a romarkably wide variety 
of species, all of which are dealt with in detail and with a 
literature coverage up to about the end of 1967: triaryl- 
methyls and other carbon radicals such as aromatic 
hydrocarbon radical-anions, diarylamino radicals, hy- 
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drazyls, nitroxides, other nitrogen radicals such as 
aminium salts and nitro-radical-anions, aroxyl radicals, 
and some of the less well studied species in which the 
unpaired electron is associated with, for example, a boron, 
phosphorus, or sulphur atom. 

Each group of radicals is discussed from the point of 
view of preparation and both chemical and physical 
properties. Under physical properties, thorough attention 
is paid to the electron spin resonance spectra of the radicals 
and the information they provide about the structures of 
the species; there ıs also an adequate introduction to this 
spectroscopic technique. Indeed, the blend of physical 
and organic chemistry which the authors have achieved is 
unusually good and provides stimulating reading. 

There are probably few undergraduate courses which 
will require so detailed a treatment as this book gives, but 
for graduate work it should be an excellent source of 
material. For anyone doing research into the physical 
and/or chemical properties of organio radicals in solution, 
the book must be close at hand. R. O. C. Norman 


Correspondence 


Science, Industry and Government 


Sm,—In his article (Nature, 222, 421; 1969) Professor 
Flowers states that the average American income, 
measured by added value, is about £5,000 per annum, or 
four times the correspondmg average British income of 
£1,300 per annum. The conversion of the American 
ancome from dollars to pounds sterlmg appears to have 
been carried out using the standard rate of exchange of 
$2.4 to £1; this is not a valid basis for such a comparison, 
because £1 in Britain buys much more goods and services 
than does $2.4 ın the USA. 

During several months in the USA over the last three 
years I have made a detailed comparison of relative costs 
an the UK and in the USA, ın order to determine how 
many dollars are required in the USA to buy what £1 will 
‘buy in Britam; the result is as follows: housing: buy, 
$6 per £1; rent, 10; food, 4.7; alcohol and cigarettes, 
2.0; clothing, 4.0; fuel and hght, 4.3; motoring, 7.1; 
manufactured goods, 3.5; services, 8 to 11. 

(In motoring, petrol costs have been reckoned on miles 
necessarily driven per year, which are three tumes larger 
in the USA than in Britain on account of the lower popu- 
lation density; the cost is also based on American cars, 
which have a high petrol consumption and rapid deteriora- 
tion; these factors account for the apparently unexpec- 
tedly high cost ratio; they make no significant difference 
to the final result obtained below.) 

The average of these values, weighted according to the 
distribution of spending among these various goods and 
services in Buitain (Manchester Guardian Weekly, April 
1969) gives a rate of exchange corresponding to the 
relative purchasing powers of the pound sterling in the 
UK and the dollar in the USA. The result is $5.2 to £1. 

Sales and purchase taxes are included in this figure (if 
they were not it would be more than 5.2); income taxes 
aro similar in the two countries. The average British 
income of £1,300 is thus equivalent to $6,760 in the USA. 
To this must be added the value of medical services and 
higher education which in Britain 1s paid for almost 
entirely by taxation: if I remember rightly (I do not have 
access to the exact figures here) they amount to about 
£2,000 million per annum or £100 per annum per employed 
person, equivalent to $1,000 in the USA (because the rate of 
exchange for professional services ranges from 8 to 11). 
The average British income is therefore worth $7,760 in 
the USA. 
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The average US income (March 1969) is $9,430 (New 
York Times, April 27, 1969). 

Thus the average British mcome is equivalent, in 
purchasing power, to 80 per cent of the average US 
income. A similar survey recently carried out by the UN 
Secretariat estimated it at rather more than 70 per cent, 
but may not have mcluded medical services and higher 
education. 

Can we this directly with the “standard of 
livmg”? I think that before doing so we should add 
something for the value of public services, utilities and 
buildings, and these are better by far in Britain than, in 
the USA. How much 1s added depends on how much 
weight is to be given to quality of environment; I doubt 
that British people would rate it below consumption of 
manufactured goods. The British “standard of living” is 
then 90 per cent or more of that in the USA. 

American wealth is a myth; 1t serves no useful purpose 
to Britain to perpetuate it. 

Yours faithfully, 


V. ©. REDDISH 
Town House Motel, 
15661 Euclid Avenue, 
East Cleveland, 
Ohio 44112, USA, 
and Department of Astronomy, 
Univermty of Edinburgh. 


The Seychelles 


Srr,—In the article “Morphological Continental Drift Fit 
of Australia and Antarctica” by W. P. Sproil and R. 8. 
Dietz (Nature, 222, 345; 1969) reference is made on p. 347 
to the ‘“Seychelle-Islands’”’. 

This usage is incorrect. The islands are named for the 
Marquis de Séchelles and should be referred to individually 
or collectively as the “Seychelle”. 


Yours faithfully, 


R. POOKLINGTON 
Institute of Oceanography, ' 
Dalhousie University, 
Halifax, Nova Scotia, Canada. 


Sclentific Training in Africa 


Sm,—On leave from Botswana, I have only just read the 
letter from Gustav Jahoda (Nature, 220, 1356; 1969) in 
which evidence was given that neither “university educa- 
tion ın general . . . nor any particular type of course, 
including scientific study, had any discermble impact on 
magico-mythical beliefs entertained by the (African) 
students”. The writer suggested that more direct methods 
of reducing such beliefs might have to be explored if the 
prevalence of such beliefs is an obstacle to the growth of 
scientific activity. 

At Swaneng Hill School in Botswana there are two 
main lines of attack on this problem. One hes in teaching 
science so that three main points are explicit: . that 
physical happenings have a physical cause, that a know- 
ledge of science leads to a mastery of the environment 
and that superstitition hibits progress by reducing self- 
confidence and the will to tackle physical problems. 
Wherever possible there are free discussions where new 
material encountered in science lessons conflicts with 
traditional beliefs. We try to lead our students to reach 
their own conclusions over a period of time, rather than 
to call for an instant rejection of long-held beliefs. : 

The science teaching 1s remforced by a course m 
development studies taken by all students. This course 
traces the ways m which primitive societies have de- 
veloped into modern industrial nations. There is a section 
dealing with scientific development, in which the achieve- 
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mente and limitations of earher cultures are discussed, 
modern scientific method is studied and the relevance of 
the successful study of the physical world to economic 
development made clear. 

This course, origmally confined to Swaneng Hill School, 
has now been accepted for the syllabus of the Junior 
Certificate of the Examinations Council of the University 
of Botswana, Lesotho and Swaziland for a trial period of 
four years and a textbook will shortly be published in 
draft form. 

It is too early to assess fully the results of this combined 
approach to the problem of magico-mythical beliefs. To 
date we find that most students go through a phase in 
which they accept what is learnt in school without 
entirely relnquishmg ther earlier beliefs, but the balance 
between the two attitudes changes until, by the end of 
the fifth year, there is an active lookmg for physical 
causes of events and a real eagerness to apply their 
knowledge of science to the solution of local economic 
problems. i 

True, our students retain a great many superstitious 
beliefs, but then so do many European students—it is 
surely the balance which is important. 


Yours faithfully, 


SHeLA BAGNALL 
Swaneng Hull School, 
Serowe, 
Botswana, 
and 22 Nevern Road, 
London SW6. 


Potent LSD 


Sim,—John Tooze’s review of The Day of St Anthony's 
Fire by John G. Fuller (Nature, 222, 495; 1969) is an 
entertaining story of what has been thought to have been 
an outbreak of ergotism which struck 230 habitants of 
Pont-Saint-Esprit ın August 1951 and lulled five. Since 
most people have only access to the review but not the 
book, I would like to clarify some of the points which 
may not have been available to either author or reviewer, 
both of whom believe that LSD in the flour was the 
culprit. 

LSD-25 ıs not “produced by Claviceps purpurea m 
some conditions of fermentation”, but Olaviceps paspals 
in submerged culture can yield lysergic acid methyl 
carbinolamide, a derivative of LSD. The mass powoning 
through flour, however, has been shown to be entirely 
unrelated to ergot and its derivatives—includmg LSD— 
as evidenced from the unequivocal negative findmgs on 
bread samples which were collected personally by Dr A. 
Hofmann—the discoverer of L8D—immediately after the 
catastrophe. (According to æ personal letter dated August 
7, 1960, from Dr Artur Brack, Vice-Director of Research 
at the Pharmaceutical Departments at Sandoz, Basel, and 
a friend and colleague of Dr A. Hofmann.) The culpable 
compound was in fact identified as a mercury guanidine 
derivative (trade name ‘Panogen’) intended for the pro- 
tection of grain from insects. 

The initial rise in the number of overly favourable 
publications on æ new medical discovery 1s usually 
followed by a nearly exponential decay as a function 
of tame and an overly critical attitude. No wonder, then, 
that LSD is now the fashionable scape-goat for dramatic 
evils past and present. 

Yours faithfully, 


ROLAND FISOBER 


Departments of Psychiatry and Pharmacology, 
College of Medicine, 

The Ohio State University, 

Columbus, Ohio 43210. 
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University News 7 


Dr M. H. Harmel has been appomted chairman of the 
newly created department of anaesthesiology at the 
University of Chicago. 


Dr R. N. Zare, University of Colorado, has been appointed 
professor of chemistry at Columbia University. 


Dr M. S. Losowsky has been appointed professor of 
medicine at St James’s Hospital, University of Leeds. 


Dr A. K. Holliday has been appointed to the Grant 


professorship of morganic chemistry at the University 
of Liverpool. 


The title of professor of biochemistry has been conferred 
on Dr J. B. Jepson in respect of his post at the Middlesex 
Hospital Medical School, University of London. 


The title of professor of industrial sociology has been 
conferred on Miss Joan Woodward in respect of her 
post at Imperial College of Science and Technology, 
University of London. 


Professor Sir Hedley Atkins has accepted the invitation 
of the council of Queen Elizabeth College, University of 
London, to become its chairman in succession to the late 
Sir Thomas Creed. 


Dr P. E. Palmer, University of Capetown, has been 
appointed professor of radiology at the University of 
Pennsylvania. 


Dr A. H. Jackson, Univeraty of Liverpool, has been 
appomted to the chair of organic chemistry at University 
College, Cardiff, University of Wales. 


Dr D. Bellamy, Univermty of Sheffield, has been 
appointed to the chair of zoology at University College, 
Cardiff, University of Wales. . 


Dr A. Sabin, Cincinnati University, has been elected 
president of the Weizmann Institute of Science, 
Rehovot, Israel. 


Appointments 


Dr R. J. Mackin, jun., has been appointed manager of 
the Jet Propulsion Laboratory’s Space Sciences Division, 
California. He succeeds Dr D. P. Burcham, who has 
been named development manager for space science in 
the laboratory’s office of Research and Advanced 
Development. 


Dr W. E. Duckworth has been appointed director of 
research at the Fulmer Research Institute m succession 
to Mr E. A. G. Liddiard, the first director, who will 
remain on the board as a consultant to the mmstitute. 


Announcements 


Professor S. T. Butler, University of Sydney, Professor 
G. W. K. Cavill, University of New South Wales, Professor 
D. P. Craig, Institute of Advanced Studies, Australian 
National University, Professor A. R. Main, University 
of Western Australia, Dr D. Metcalf, Walter and Eliza 
Hall Institute of Medical Research, Melbourne, Dr B. 
Morris, Australian National University, Professor 
Hanna Neumann, School of General Studies, Austrahan 
National University, Dr H. C. Coombs, Australian 
National University, and Sir Maurice Mawby, Conzinc 
Riotmto of Australa, Limited, have been elected fellows 
of the Australian Academy of Science. Dr D. F. 

has been elected president of the Australian Academy of 
Science, Professor A. J. Birch has been elected treasurer, 
Professor G. M. Badger secretary (physical sciences), 
Professor R. J. Walsh secretary (biological sciences) 
and Dr A. L. G. Rees secretary (international relations). 


Professor Ephraim Katchalski, Weizmann Institute of 
Science, has been selected as the second recipient of the 
Linderstrgem-Lang Gold Medal. 
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Sir Barnes Neville Wallis has been awarded the Kelvin 
Gold Medal for 1968 of the Institution of Civil Engineers 
in recognition of his work in the application of science 
to engineering, including the design of the Airship R100, 
the invention of the geodetic form of aircraft construction 
and the design of the ‘‘skip’’ bomb. 


Mr R. E. Hollingsworth has been presented with the 
Distinguished Service Award of the Atomic Energy 
Commission for his contributions to the US atomic energy 
programmes. 

CIBA Laboratories, Limited, Horsham, has donated 
a silver medal and a prize of £50 to be awarded annually 
by the Biochemical Society for outstanding research 
in any branch of biochemustry. The award 1s intended to 
be for work carried out in Great Britain and Northern 
Ireland, but is open to candidates of any nationality. The 
Colworth Medal has been donated by the Unilever Re- 
search Laboratory, Bedford, and is awarded annually 
for work of an outstanding nature by the Biochemical 
Society to a young British biochemist. Nominations are 
invited for both these awards; further details can be 
obtained from the Executive Secretary, The Biochemical 
Society, 7 Warwick Court, London WC1. 


The Proceedings of the VIth International Congress of 
Animal Reproduction and Artificial Insemination 
(Paris, July 21-26, 1968) have been published in two 
volumes contaming articles in English, German, French 
and Russian. 


CORRIGENDUM. J.T. O. Kirk has written to say that ın 
the article he wrote with Dr Baxter, “Base Composition 
of DNA from Ohloroplasts and Nuclei of Phaseolus 
vulgaris” (Nature, 222, 272; 1969), “there was a minor 
error concerning the GC content of Phaseolus vulgaris 
DNA as calculated from its buoyant density m CsCl 
solution. The average buoyant density, estimated from 
the data of Wolstenholme and Gross!, is in the region of 
1-696-1-697 g cm. For a non-methylated DNA this 
would indicate a GC content of 37-38 per cent. Phaseolus 
vulgaris nuclear DNA, however, is methylated (3:7 moles 
per cent 5-methyloytosine). Having stated (correctly)? 
that methylation lowers buoyant density, we went on 
to say that application of a methylation correction to 
the buoyant density gave a caloulated GC content of 
35 per cent. In fact, the correction was made in the 
wrong direction, and we should have said that the calcu- 
lated GC content is 39-8 per cent. Thus, the calculated 
value of the GC content is somewhat higher than our 
measured value of 37-3 per cent (not somewhat lower 
as we previously said), the actual size of the discrepancy 
being about the same ın either case. It should be pointed 
out that this error in no way affects the findings or conclu- 
sions of our paper (which was concerned with the measured 
base compositions of chloroplast and nuclear DNA). 
I wish to draw attention to it, however, as it may lead to 
confusion about the effect of methylation on estimates 
of base composition based on values of buoyant density 
in CsCl.” 

bide ce D. R., and Gross, N. J., Proc. US Nat. Acad. Sci., 61, 245 
1 Kirk, J.T. O., J. Mol. Biol., 28, 171 (1967). 


EszatuM. In the article by Travers and Burgess, ‘“‘Cyclic 
Re-use of the RNA Polymerase Sigma Factor” (Nature, 
222, 537; 1969), the third sentence of the third paragraph 
should read: “After addition of rifampicin to polymerase 
which was actively synthesizing RNA, the average extent 
of elongation ...”. In Table 2 the times of incubation in 
lines four, sıx and eight should have been 3 min, 2 min 
and 3 min respectively. The last sentence of the seventh 

ph should read: “The molecular weight of the 
139-145 complex’? is too small for there to be two o 
chains in each complex”. 
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International Meetings 


June 17-20, Exhibition—Physics at Work, Paisley 
(Mr G. M. Somerville, Department of Physics, Paisley 
College of Technology, High Street, Paisley, Scotland). 
June 20, High Speed Photography in USSR, Tedding- 
ton (Mr R. J. Cox, Treasurer, Association for High Speed 
Photography, 44 Gade Avenue, Watford, Hertfordshire, 
UK). 


August 31September 4, Annual Meeting of the 
American Psychological Association, Washington 
(Mr K. Goodall, Director of Public Affairs, American 
Psychological Association, 1200 Seventeenth Street, NW, 
Washington, DO 20036, USA). 

September 27, Biochemical Identification of Species 
and Races of Fish, Dublin (Hans Tambs-Lyche, Secre- 
tary-General, International Council for the Exploration 
of the Sea, Charlottenlund Slot, Charlottenlund, Den- 
mark). 

September 28-30, European Association of Anti- 
Poison Centres, Madrid (Professor G. T. Nunez, Instituto 
Nacional de Texicologia, Farmacia 9, Madrid 9, Spain). 


September 29-October 1, Chemistry of Liquid Poly- 
mers and Thermoplastic Co-Polymers, London (Mr 
R. H. Craven, Institute of Rubber Industry, 4 Kensmgton 
Palace Gardens, London W8). 


September 29-October 2, Military Medicine and Phar- 
macy, Dublin (Office of Director, Army Medical Corps, 
c/o Army Headquarters, Parkgate, Dublin 8, Ireland). 
September 29-October 2, Pressure Vessel Technology, 
Delft (Mr J. van Kruiselbergen, Department Secretary, 
Koninklijk Instituut van Ingemeurs, Prinsessegracht 23, 
The Hague, Netherlands). 


September 29-October 10, 34th Physicists’ Conference, 
Salzburg (Dr K. H. Riewe, General Secretary, German 
Physical Society, Heracustrasse 12-14, 645 Hanau/Main, 
Germany). y 

September 30—October 4, Rural Medicine, Japan (Organ- 
izing Commuttee of CIMA, Nokyo Buildmgs, Zenkoku- 
Otemachi Chiyoda-Ku, Tokyo, Japan). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of familles about to 
take up perlods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 
Vacant: From September 1, 1969, to summer 
1970 (probably for @ further year), 3 bedroomed, 
furnished, detached bungalow, in Hornchurch, 
Essex. Solid fuel central heating, large garden in 
pleasant area. Easy access to commuter trains to 
Please contact 
Dr N. P. Bishun, Department of Medical Genetics, 
722 Weat 168th Street, New York, New York 10032, 
USA. 


Wanted: From July 1 for 1 year, furnished flat 
with 2-3 bedrooms and central heating. Please 
contact Dr H. Ginsburg, Department of Pathology, 
St Mary’s Hospital Medical School, London W2. 


Wanted: 3-bedroom house or apartment in Oxford,. 
February—August 1970. Could offer in exchange an 
attractive house within walking distance of Yale 
University campus. Please contact Professor Alan 
Garen, Department of Molecular Biophysics, Yale 
University, New Haven, Connecticut 06520, USA. 


Liverpool Street (20 minutes). 
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BRITISH DIARY 


Monday, June 9-Friday, June 20 


IMPERIAL COLLBGH OF SOIENOH AND TEOHNOLOGY, APPLIED OPTICS 
Senta ne Consort Road, London, 8W7)}—Summer School on 
“ADP pties”. 


Tuesday, June 10 
UNIVERSITY OF MANCHESTER (in the Astronomy Department) from 10 a.m. 
to 6 p.m.— Linked Colloquia on Sr the Ast Plasmas’, 
ZOOLOGICAL SOOINTY OF LONDON (at Regent’ Park, London, NW1), at 
5 p.m.—Professor H. E. Hinton: “An U. usual Respiratory Adaptation in 
Tnseota and Mitea”; Dr J. D. Carthy: “tho Field Stie sonnel: To-day"; 
: “Operation Osprey” and “Snowy Owls of Shetlan 


Ta COLLEGE LONDON (in the Anatomy es Gower Street, 
London, Won, at 5. ba p.m.—Dr Bernice Grafstein “Transport of Matertals 


Wednesday, June 11 


UNIVERSITY OF LONDON (at Chelsea College of Salence and Techno 
Manresa Road, London, 8. 8), at 11 am.—Dr M. Machover: “Belec 


Topics ın Recursion 
U.: OF LONDON (at the Ro Postgraduate pool Du Cane Road 
sendon, nit a at 2 pm—Dr J ig Tos A a ae ‘Advances in the 
of Ru 


a aeo aid Techno 


UNIVHRSITY oF LONDON (at Obels a Coll 
esgor Arthur Fine: 


Manresa Road, London, 8W8), at 2 46 p- m.—. 
sophical Problems of at Grane Physics 
UNIVERSITY Oo. B LONDON (ic to Physics Theatre, Gower Street, 
London, WO1), ai B 20T 80 p. m D A. P. Wu:more: “X-rays from the Stars”. 
UNIVHRAITY OF LONDON (at the Warburg Institute, Woburn Square, 
pommel Thotgh ar om” p.m.—Mr Peter Dionke: ‘Uses of Myth in Twelfth- 


Thursday, June 12 


BRITISH SOCIETY FOR RESHAROH ON AGHING, in conjunction with the Ciba 
Foundations (at the Royal Society of Medicine, 1 Winipolo Street, Londo: 


Wi), at 2 ‘Vascular ing”. 
pam br a ohne tonlar ohang os Dining Agata 88 
8th (Annual) esas on Sonne Pesearch), 


o of Science and Techno! 
fessor M. Strauss: “ 0- 


UNIVERSITY OF Tonnon at Chelsea Co 
Manresa p at 2.15 DnP 
sophy of Quan 

ROYAL Sooty (at 6 Ganton House Terrace, London, SW1), at 4.80 p.m— 
Professor R. H. Dalits, FRS: Particles and Tn Interactions—the Problems of 
High-Energy Piyala (The Bakerian Leo 

UNIVERSITY OF LONDON (at EEI Medical School, Horseferry 
Road, London, BW. at 5.15 p.m.—Mr Miles Irving: “Shock”, 

Thursday, June [2-Friday, June 13 


WOOLWICH POLYTEOHNIO, Division oF MATERIALS MOLEOULAR 
jee (at Wellington Street, Londen: SE18)— Symposium on “Liquid 


Monday, June 16 


UNIVERSITY OF LONDON (at the Middlesex Hospital Medical 8chool, 
Mortimer r Biros London, W1), at 5.80 p m.—Professor D. R. Curtis (Can- 
Li M logy of Synapses” (farther lectures on June 17 and 
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Cellular Immunology 
(Book 1 and 2) 

and 

Self and Not-Self 


SIR MACFARLANE BURNET, 0.M., F.R.S. 


For the past ten years Sir Macfarlane Burnet has 
advocated the clonal selection theory of immunology; 

it is now widely accepted as a basis on which the 
theoretical interpretation of immune processes wi 
develop. Books 1 and 2 give a comprehensive account of 
the whole field of immunology, based on this theory. 
Book 1, Self and Not-Self, is an essay for biologists who 
are interested in immunology but who are not 
necessarily concerned directly with immunological 
research. Book 2 is for the specialist and cites all the 
documented evidence for the theory as outlined in Book 1. 


Cellular Immunology (Books 1 and 2) £5 10s. net 
Self and Not-Self: Cellular Immunology Book 1 
Cloth sos. net; paperpack 18s. net 


Published in Australia and New Zealand by Melbourne 
University Press. 








Cambridge Chemistry Texts 


Mass Spectrometry and 


lon-Molecule Reactions 
P. F. KNEWSTUBB 


A general introduction to both mass spectrometry and to 
the reactions between ions and neutral molecules, 
showing the close relationship between them. In his 
discussion of ion-molecule reactions the author includes 
a survey of the theories that have been put forward to 
account for them. For senior undergraduates and those 
beginning graduate courses or research. 


Cloth 40s. net; paperback 15s. net 


Cambridge Tracts in Mathematics 58 


Stochastic Approximation 
M. T. WASAN 


Dr Wasan presents a rigorous mathematical treatment 
of the subject, drawing together the scattered results of 
a number of authors. His discussion and proofs of 
theorems are given in sufficient detail to make them 
easy to follow, and he cites a number of examples of the 
applications of the method. 


70s. net 


Science and Technology 
in Developing 
Countries 


Edited by CLAIRE NADER and 
A. B. ZAHLAN 


The proceedings of an international conference held in 
Beirut at the end of 1967 which discussed the role of 
science and technology in the agricultural and economic 
advancement of the developing world. Eleven papers 
surveyed the national organizations for science and 
technology in Turkey and the Arab world, while other 
papers discussed more general matters such as the ‘brain 
drain’, attitudes to science and health needs. An edited 
version of the discussion following most papers is 
included 

£5 net 
To be published on June 19th, 1969 
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clinical 
biochemist 


Applications are invited for a post involving interesting and varied 
work in a department engaged in the development of methods and 
reagents for clinical analysis. Initiative in the innovation of such methods 
is the essential quality of the successful applicant, who may, therefore, 
have a background of postgraduate experience In enzymology or a 
related field. Previous experience of practical clinical blochemistry and 
a familiarity with automated systems of analysis will be an advantage. 


The factory is situated near Poole harbour in the Purbeck district 


of Dorset within a short distance of Bournemouth. 


A realistic salary will be offered together with life assurance and pension 


provisions. 


Please reply giving age, qualifications and present salary to: 


The Personnel Manager, 
BDH CHEMICALS LTD., 
Poole, Dorset. 


MOREDUN RESEARCH INSTITUTE 
Comparative Neuropathologist 


graduate this summer will be considered. 
Officer-Senfor Scientific Officer grades. 


Salary 
according to age and quaiificanons. FSS. 


experimental 
H of chemistry (including mdro- 
biology), nucrobfology, parasitology and phymology is encouraged. 
Previous experience is not essential and appticavons from students expecting to 


Appointment wiH be to within the Scientific 


scaks from £1,020 to £2,372 with entry 
Superannuation. 


Diseases Research 


Further particulars from The Secretary, Animal 
Association, 408 Gilmerton Road, Edmbargh EH17 73H. 2179 


UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 


Appications be received by June 30, 
1969. Further may bo obtained 
the Secretary, Univerrhy of Belfast, 





UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF PREVENTIVE MEDICINE 
AND PUBLIC HBALTH AND 
POSTGRADUATE DEAN’S OFFICE 


RESEARCH ASSISTANT 


A recent honours graduate, or student about 
o graduate, in mathematics or science requted 


tion of postgraduate in a hospital n. 
Candidates should be able to show initiative in 
solving an important practical probem. Sakry 
in the range £1,240 to £1,930, with F.S.S.U. 


Further pacticulars from the Registrar, 
whom apphcations (3 copies) shonid be 
June 23, 1969. Quote Ref. R.97/G. (146) 


For further Classified advertisements see p. iv 
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UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF GEOLOGY 
Applications are inwted for the post of 

or ‘ANT LECTURER 

of Geology. Candidates 

shoukl have qualifications in X-ray crystal- 
lography. 

scales: Lecturer, £1,585 to £2,850 


Salary 
wath a merit bar at £2,045; Assistant Lec- 
turer, £1,240 to £1,470. The inital salary 
walt 


applicants) should be sent not Inter than 
June 21, 1969, quoting Reference N. 
(21589) 





THE BRITISH COUNCIL 


CEYLON 
COMMONWEALTH EDUCATIONAL 
CO-OPERATION 

The OF 
COLOMBO, requires SENIOR LEC- 


Lectureship ‘should have the above qualifi- 
cations together with research and profes- 
sional experience. 


Salary: £2,616 to £3,145 or £1,955 to 
£2,616 per annum. Oversea allowances 


year contract guarameed by the 
Council. 


Write for further particulars and apni- 
cation form, quoting title of post and refer- 
ence number 90U50 to: 


APPOINTMENTS DIVISION, 
THE BRITISH COUNCIL, 

65 DAVERS STREET, 

LONDON WIY 2AA. (2139) 


PLANT BREEDING INSTITUTE 
MARIS LANE, 
TRUMPINGTON, CAMBRIDGE 


phbotosynthess and 

translocation of radio-tracers in wheat. 
The work w part of an expending pro- 
gramme to study the effects of varietal 
characters in 


differences in physrological 
determining ylekl. 


Salary : tal Officer, £1,514 per 
angum, rising to £1,910 per annum ; Assis- 
tant Officer, £830 at age 21, 
£1,150 at age 26 or over, rising to £1,385 
per annum. Contributory superannuation 


Applications, naming two referees and 
staung age, quahfications and a erry 
should be sent to the Secretary by June 30, 
1969. Q178) 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
CLINICAL CHEMISTRY 


Applications are invited for the post of 
LECTURER in the above Department. 
Candidates may be eather science or medr 
cal graduates Previous experience of 
hosp&al laboratory work, akbough desir- 
able, is not essential. The South-Eastern 
Regional Hospital Board (Scotland) will be 
prepared to grant the appropriate honorary 
status to the successful candidate. 


Salary scalo: £1,590 to £3,235 per 
annum, with placement according to quali- 
fications and experience, and with F.S S U. 
prowsion. 


Further particulars may be obtained 


9YL, wath whom applications (three copies), 
giving the cames of two referees, should 
be lodged not iater than July 5, 1969. 
Please quote Reference 1056/53. (2126) 





UNIVERSITY OF EDINBURGH 
SCHOOL OF ENGINEERING SCIENCE 


LECTURESHIP 
Applications are invited from weil-qual- 
candedates having relevant industrial 

or more of che followme areas. 


1. Active Circuito 

2. Electronic Systems 

3 Efectronc Instrumentation 

4. Computer Engineering 
Salary according to qualifications 


expencace wrhin the scale £1,585 to £2, 
per ennum, wah FSS.U. 


Badge, Echo 
SYL, wot wtec than July 14, 1969. 
quote Reference 1057/53. 


BROOKE BOND LIEBIG 
RESEARCH CENTRE 
BLOUNTS COURT, 


SONNING COMMON 
READING RG4 9NZ 


In addition to an attractive salary, 11¢ 
offers excellent working cond 


Company 
tons and facilities, superannuation scheme, 
canteen, social club, etc. 


Please write, for an applcatlon form, to 
The gre Boras Officer the above 
address, quoting Ref. S17A-U. (2133) 
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MINISTRY OF HOUSING AND LOCAL GOVERNMENT 


Chemical 
Inspector 


This appointment is based in London but will Involve considerable 
travel. Chemical Inspectors (a) advise on problems of river pollution, 
sewage and Industria! effluent disposal, and water supplies: (b) conduct 
local inquiries and hearings of appeals under certain Acts: and (c) 
occasionally carry out other duties relating to chemlcal and blological 
matters. 


It is most likely that candidates (men and women) will have acquired 
the breadth and depth ot appropriate experience In“the relevant 
fields (elther by research or In large scale practice) by about the age 
of 40. A Ist or 2nd class honours degree in Chemistry (or equlvalent 
or higher qualification) is normally required: a knowledge of one or 


more of the biological sclences would be an advantage, 


Starting salary at age 40 or over Is £2,971 (possibly higher for candidates 
aged at least 41) and rises to £4,050. Non-contributory pension. 


Fuller details of this appointment may be obtained by writing to the Civil 
Service Commission, 23 Savile Row, London, WIX 2AA, or by telephoning 
01-734 6010, ext 229 (01-734 6464 “Ansafone” service after 5.30 p.m.). 
At all times please quote S/7184/U. Closing date 25th June 1969. 


(2161) 


THE NATURAL RUBBER PRODUCERS’ 
RESEARCH ASSOCIATION 


Tequires an experienced 


ELECTRON MICROSCOPE TECHNICIAN 


to take charge of the operation and maintenance of its Siemens Elmiskop 


MK1 and ancillary pment. The 


aged between 25 and 


position is suitable for candidates 


s with experience in biological and physical work 


and with a sound ehe of replica embedding and sectioning tech- 


niques. 


salary may be between £980 Sid £1,470 per annum 


The starting 
or £1,540 and £1 900° per annum, depending on age, experience and qualifi- 


cations, There is a pension scheme, and 


help with housing may 


be granted. Opportunities for further study are given in suitable cases. 
Please write giving details of qualifications and experience to: 


The Director of Research, 


The Natural Robber Producers’ Research Association, 
56 Tewin Road, Welwyn Garden City, Herts. 


UNITED SHEFFIELD HOSPITALS 


NON-MEDICAL SCIENTIFIC OFFICER 
required to take part an research in human cyto- 
. in. cytogenctics ke 
but not casenoal. Councd Terms and 


United Sheffield Hospitals, 10 Beech Hil Road, 
Sheffield S10 2RZ, by June 14, 1969. (217D 





LONDON BOROUGH OF BARKING 


BARKING REGIONAL COLLEGE OF 
TECHNOL oroar 

Longbridge Road, Dagenham, Essex 

Consutnent CoMege of tbe proposed North-East 

London Polytechnic 

Required from Septembe 1, 1969, or as soon as 
possible thereafter 

SENIOR LECTURER IN PHARMACOLOGY ° 
To teach degree and M.I.Biol. students. Indus- 
trial experience mw essential and research experi- 
ence demrable. 

Salary £2,280 to £2,595 per annum @nder re- 
view) plus £85 London Adlowance 

Apolication forms and further perticulars avail- 
able from the Principal. (2208) 
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UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF THEORETICAL 
MECHANICS 


Glaxo Laboratories Ltd. 
Greenford, Middlesex 


& 


Applcations are inwted for a TEM- 
ASSISTANT LECTURESHIP 


within this Depertment. 
shouki be qualified in any 


. The appointmeat ıs for one year 
from September 1, 1969. The duties io 
clude teaching mathemahes and/or stets- 
tics to students of cogmeedng and theo- 
retical mechamecs. Salary with the range 
£1,240 to £1,470 (Assistant Lecturer), or 
£1,585 to £2,850 per annum (Lecturer). 

Further particulars and forms of appl- 
cation, returnable not later than June 27, 
1969, from the Staff Appointments Officer. 


(2211) 


Senior Bacteriologist 


We are looking for either a man or woman with a degree in bacteriology 





who has had several years experience of bacteriological work. TO a N 


The position is based at Greenford in the Analytical and Quality LIVBRPOOL REGIONAL COLLEGE OF 
TECHNOLOGY 


Control Department and the responsibilities include bacteriological BYROM STREET. LIVERPOOL 13 3AF 
matters relating to the manufacture of the company’s food and phar- DEPARTMENT OF CHEMISTRY AND 


maceutical products. Moderately frequent visits to other factories ın Apia Hone hee wanted dads eRe names 
the U.K. and the Republic of Ireland would be entailed and there will | IN ee eee a cs * 
be occasions when advice on bacteriological matters is sought from | participate in teaching from Higher Natlonal Cer- 
overseas companies within Glaxo Group. expecied to conmnibute to the posteraduate peo- 
Some knowledge of microbiological assay of antibiotics and/or vitamins | i physical chemistry is dherefore 

would be an advantage. date conid underieke specie teaching of chec- 


The company offers excellent conditions of employment including a ali Sameicinated that, the candidate wal under- 











3 e research: the main physical chemistry pro- 
Pension Scheme and Bonus Scheme, jects under r investigation in the Deparment are 
Please write, quoting ref. U.852, to the Personnel Manager, Glaxo with radaron and ‘photochemstry. 
Laboratories Limited, Greenford, Middlesex. SALARIES OA el eet aa 

Assistant Lecturer £800 to £1,500 per annum, 
Lecturer Grade I £1,035 to £1,735 (with addı- 
(2202) tions for approved traming and quahfications. 
Lecturer Grade II £1,725 to £2,280 pec annum 
(the commencing salary will be asseased accord- 
ras ny nS ee ee ee ee eee ee ee 
2 ; 3 a Senior Lecturer £2,280 to £2,595 per annum. 
į} National Agricultural Advisory Service ļ Peera Leeurer aE ERS io ERSO pet eee 
be obtained from the Dwector of Education, 14 
Sw Thomas Street, Liverpool L1 6BJ, on receipt 
| . | of an addressed foolscap envelope 
| Ẹ not later than June 23, 1969. 
STANLEY HOLMES, 
| Town Clerk. 
| 0 r Q197) 
a . l COMMONWEALTH 
| Advisory and Experimental Work AGRICULTURAL BUREAUX 
l l VACANCY FOR SCIBNTEIFIC 
INFORMATION OFFICER 
Posts for men and women aged at least 20 (Grade IV) or normally ] at the 
l at least 26 (Grade IM). COMMONWEALTH FORESTRY BUREAU, 
QUALIFICATIONS: Degree in horticulture or closely related OXFORD 
l subject; or National Diploma in Horticulture (sections I to V); or I aces et Ee ia Fece cor miodem 
an equivalent or higher qualification. l a reading knowledge of some foreign language(s), 
DUTIES: To provide technical advice and information on horti- Dunes a i dexing 
l cultural matters or to investigate problems of horticultural production. Iherature’ searches, Opportunies “for further 
l Most advisers serve in the counties or at regional centres but some l training an languages and forest saence, 
work at experimental horticultural stations and have prospects of a aker Zasa e Gee t0 £26757. Saning 
i permanent career at these stations. | penenee. | Provision for’ superannuation. 
FINAL YEAR STUDENTS may apply. Pere Tae ad (o De eee (n dinli 
SALARY : Grade IV £990-£1,415, Grade ITI £1,540-£2,413, Starting [trom the Director’ Commonmeatia Eory 
I salary may be above minimum in both cases. Non-contributory Bureau, South Parks Road, Oxford. (2195) 
I pension. motion prospects. | OF OXFORD. RESEARCH 
WRITE to Civil Service Commission, Savile Row, London W1X 2AA, ASSISTANT chomi o ote 
p Taielepbone 01734 4010 Ext 229 (after 530 pm. 01-734 646i I Post sulable for apoheant withing 19 Eady for 
one ” service), for application form, quoting 345/69. Closi a Starting salary up to £900 per 
date July 1, 1969. aey ee, accordang «2 oper + Berge ger Ee 
L. Nuffield Laboratory of , Walton 
— eee r m m mem Street, Orford OX2 SAW. imn 
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UNIVERSITY OF READING 


RESEARCH ASSISTANT 
required in Department of Soil Science for 
pedological 


and/or geomorphology is required. 
pointment for 18 months with posnble 
period. 


read for a higher degree wil 
per annum with increments of £40 per 
annum, 


Applications, pe M.45, to Assistant 
University of Reading 
Reading, cron ‘with the names 
addresses of two referees before the Cloe 
date of June 30. (2149) 





ROYAL VETERINARY COLLEGE 
UNIVERSITY OF LONDON) 


LECTURER IN THE 
DEPARTMENT OF PHYSIOLOGY 


Applications are «nvited from  vetermary, 
medical and science graduates for the post of 


person appointed will also 
with the Horours B.Sc. course and 10 
which need not be confined to the field 


Tesearch, 
of pharmacology. 


Salary scale £1,240 to £2,850 per annum plus 
£60 London Allowance The intial gare will 
be determmed according to experience and 
qualificatons. FSSU 


Applicauon forms are obtainable from The 
, The Royal Veterinary College, College 
Street, London N.W.1, and should be returned 
by June 27. The appointment will be effective 
from October 1, 1969, or as soon as possible 
thereafter. (2134) 





UNIVERSITY OF ESSEX 
DEPARTMENT OF PHYSICS 


for one year to assist in research on the 

application of CO, lasers in spectroscopic 

techmaues. Further details are 

ble from the Registrar, Univernty 

of Essex, Wivenhoe Park, Colchester, 

Essex, to whom applications (two copies, 

quoting Reference PS/16/N) should be 
sent by June 28, 1969. 

(2198) 





BIOCHEMIST 
Required 


at the Technological Station, Grande Riviere, 
ee an area where the French language pre- 
dominates. Must hold a doctorate or master’s 

degree in biochemistry. Experience in enzymo- 
a2 or ae physiology desirable. To carry out 
nombacterial spoilage of fish by 

sce the isolanon and characterization of 
Muscle and digestive enzymes; to determine the 
extent to witch they are responsible for spol- 


Submit written application, inctuding trans- 
scrim and names of referees, to: 


Dr. D. R. Idler, Director, 


Fisheries Research Board of 
Canada, 

Halifax Laboratory, 

P.O. Box 429, 

Halifax, Nova Scotia. 





Wellcome 


Technician 


... for the Bacteriological Control Department of 
the Quality Control Division. The work in the 
laboratories is concerned with microbiological 
monitoring in pharmaceutical production areas 
and the development of tests of sterility and 
microbiological purity of pharmaceuticals. 


The successful candidate will supervise the 
routine monitoring programme but will be able to 
spend a large proportion of his time on 
development work. He should preferably have an 
H.N.C. in microbiology and chemistry and 
experience in the identification of bacteria would 
be desirable. 


Please write, quoting reference U.211, to the 
Personnel Manager, 


BURROUGHS WELLCOME 
Millpond Road, Dartford, Kent. 





chemist 
(drug metabolism) 


A vacancy exists in the Department of Drug Metabolism 
& Kinetics for a Chemist possessing sultable post- 
graduate ex xparienee: The Department is concerned with 
the study of the absorption, distribution and elimination 
of drugs. The present appointment relates largely to the 
qualitative aspects of drug metabolism and to the 
Identification of drug metabolites. 

Applicants, probably in the age range 25-35, should be 
skilled In techniques for the Isolation and characterlsa- 
tion of smal! molecules from biologica! materials, and 
should be conversant with the application of modern 
physical methods to these problems. Familiarity with 
radio-chemical techniques would be advantageous. 

An attractive salary will be paid depending on experl- 
ence. Additional benefits include non-contributory pens- 
ion and life assurance schemes. 

Write giving brief details to: 


K. $.Woodford, Personne] Manager 


NICHOLAS RESEARCH INSTITUTE 


225 Bath Road, Slough, Bucks. 
A MEMBER OF THE ASPRO-NICHOLAS GROUP 
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NATIONAL INSTITUTE OF 
AGRICULTURAL 
ENGINEERING 

The Nationa! Institute of 


CISRO 
RESEARCH SCIENTIST 


AUSTRALIA 
DIVISION OF ANIMAL GENETICS 


Rescarch Council. k Ues mid-way between 
Bedford and Luton in 200 acres of formal 


Applications are Invited for appointment as Research Scientist with the 
Division of Animal Genetics of the Commonwealth Scientfic and Industrial 
Research Organization. The appointee will be located at the Division's 
Cattle Research Laboratory, Rockhampton, Queensland. 


GENERAL The Cattle Research Laboratory is engaged in studies of 
physiological characters of cattle affecting their general performance and 
adaption to a tropical environment. It is well equipped and air-conditioned. 
It operates In association with the National Cattle Breeding Station, “Belmont”, 
which caries about 1,400 head of well-controlled experimental cattle 
derived from Brahman, Africander, Hereford and Shorthorn breeds. The 
breeding programme Is designed to facilitate studies of genetic differences. 
Good facilities for experimentation are available, and facilities for slaughter 
and associated work are belng provided. 


t, etc, and may 
The work is aimed first at 


them 
tion of simple cases of two-dimensional or 
axisymmetric flow. 


A knowledge of continuum 
veaco-clasticty; 


ecrnces will be avauable. 


Appointment will be in the Senior Scien- 
tific Officer/Sclentific Officer grades. 


Salaries: Senior Sclentific Officer £1,925 
to £2,372, Gcfentlfic Officer £1,020 vo £1,740. 


DUTIES The appointee will be required to undertake research on structure 
and function of hair follicles, sweat glands and sebaceous glands and 
related aspects of skln physlology. Results of research have attached parti- 
cular significance to structure and function of the skin. There is scope for 
related work on other organs. 


QUALIFICATIONS Applicants should have a Ph.D. degree or have had 
postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. A basic training 
in physiology and experience in histological studles in a related field are 
also required. 


N.ILA.E. Wrest Park, 
Reference ED/69/16B. 





UNIVERSITY OF LEEDS 
DEPARTMENT OF CERAMICS 


SALARY Depending upon qualifications and experience, the appoint- Appliatione are fovited from chemists or 


ment will be made wrthin the salary range of Research Scientist, $A5,321— 
$A6,693 p.a. or Senior Research Scientist, $A6,693—$A8,045 p.a. Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination. An initlal probationary period of 
twelve months may be specified. Fares paid for the appointee and his depen- 
dent family. Further particulars supplied on application. 


August 31, 1 
RHODES UNIVERSITY 


(2192) 





Applications, (quoting Appointment No: 676/248), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
detalls of qualifications and experience, together with the names of not 


GRAHAMSTOWN, SOUTH AFRICA 
LECTURER/JUNIOR LBCTURER IN 
ANB4AL PHYSIOLOGY 


more than four persons acquainted with the applicant’s academic and Apphcatons are invited for the 


professional standing, should reach :— 
Mr. R. F. Turnbull, Chlef Sclentiflo Liaison Officer, 
Australian Sclentiflo Lialson Office, 
64 Kingsway, LONDON, W.C.2. 


Applications in U.S.A. and Canada should be sent to 
The Scientific Attaché, Australian Embassy, 
1601 Massachussetts Ave, NW, WASHINGTON DC 20038. 


by the 4th July, 1969. 


an allowance equal to 10 per com 
Note: Rl=apprommately lls. 7d. 





period three years with of pro- 
motion to a post of Lecturer there- 
after. The salary in either grade will be 


UNIVERSITY OF SINGAPORE 
Applications are invited for the following ap- 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


intments FACUL BNGINBBR- particulars, application forms and de- 
ING: noe FA AOE DEPARTMENT OF ZOOLOGY teils reiating to staff benefits, etc., may bo ob- 
(2) Char of Mechanical Engineering i i tained from re karpa e a 
©) Senor irs, or c Unatveralty invites applications for the post Co: » 
) Lectureships in Ctvil Engineering, Biectri- Of DBMONSTRATOR to work in the Depert- Square, London, W.C.1. A close on 
cal , and Mechanical Engineer. ment of Zoology and the Dove Manne Labora- June 30, 1969. (2219) 


@) at in ASSISTANT EXPERIMENTAL OFFICER 


Setary salk: mange 
° S$21,240 to S$25.560 pec annum, (b) S8$16,200 


scale : £1,240 to £1,470 (extendable to teference to the use of tissue culture 
per annum to S$19,800 per annum, (c) S$11.040 £1,815), according to ns ex- virus cfiminetion stuckes. Degree or equiva- 
Le aah as pe annum. (S$735=£1 stering . Membership of F.S.S.U. is required, botany, or re- 
us wances ; superannna i 'urther particulars obtained the 
family passages; regular overseas leave r marb von 


9 together with the 
Tottentam Court Road, London WIP ODT. three referees, should be lodged not Secretary, 
Closing date June 30, 1969. (2169) later than June 13, 1969. 2159 
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AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 
COMPTON, NR NEWBURY, BERKS 


A vacancy exisis within the Department 
of Biochemistry for a SCIENTIFIC ASSIS- 
TANT. 


. The person appoumted will be 
mainly involved in whe programme of re- 
search on Gcraple, with perticular empha- 
gs on the chemical nature of the agent and 
its mode of repHcation. Candidates should 
bave obtained at ieast 5 “O” levels in- 


. “A” level 
passes and practical laboratory emperience 
would be an advantage 


Salary in the range £430 per annum (age 
16) to £1,100 per anmum with good pros- 
pects of advancement to higher grades for 
people with appropriate qualifications. 
Hostel accommodation is available. 


Applications shouki be sent to the Secre- 
tary together with the names of two 
referees, quoting Ref. 104, as soon as pos- 
nibke. (2217) 





IMPERIAL CANCER RESEARCH 
FUND 
LINCOLN'S INN FIELDS, LONDON, W C.2 
SCIENTIFEC OFFICERS 

Salary range : £1,355 by £155 to £1,585 @ro- 
mouon bar) by £115 40 £2,275 phs London 
Allowance £60 a year 

Three-year appoutments, eterting in October 
1969, with a poesibic two-year extension, are 
offered in the following ficide : 

1. mdocainolbgy Group Post-doctoral Pro- 
tem Chemist to work on nuclear protean meta- 
bolim in relauon to mechansam of hormone 
action. 

2. Department of Hormone Physiology. Post- 
doctoral or Postgraduate Btologist or Biochenust 
to work on control of growth of female repro- 
ductive tract. 

3 Department of Cancer Chemotherapy Post- 
graduate with interest in cancer chemotherapy for 
work on expenmental cancer. 

4 Deparment of Ountcal Endocraolosy 
Junior Postgraduate Assistent to work on deter- 
mination of steroid fommones in blood amd 
tissues 

Placing in the ebove salary range will depend 
on experience, 

Further details may be obtelned from the 
Director of Research at the above address. 

Applicants siould send details of qualifications 
and experience, with the names of two referees, 
aml quote the above reference numbers, to the 
Secretary, Cancer Research Fund, Lin- 
coln’s Inn Welds, London, WC 2, not later than 
Monday, June 30, 1969. (2212) 


BARNSLEY HOSPITAL 
MANAGEMENT COMMITTEE 
BIOCHEMIST 


Apphcations ate inmted for the above post at 
the developing Barnsley Datruct Genera! Hosp 
tal Selary scale for new entrants: £960 to 
£1,355 per annum, additional increments to per- 
sons holding certain qualifications. 

Further details and application forms from the 
Group Secretacy, 33 Gawber Road, Barnsley, 
Yorkshire. (2159) 


ROYAL DENTAL HOSPITAL OF LONDON 





the opportunity to undertake a dmited number 
of sesmous ın a climcal department The appom- 
mont will be for three years and there will be 


superanouation benefits. 
date will be required to take up duty as soom as 
possible —Carmhdates should forward their 


from whom further information may be obteaned. 
2137 


UNIVERSITY OF MANCHESTER 





RADIOLOGICAL 


PROTECTION SERVICE 


EXPERIMENTAL OFFICER. A Chemist 18 required to take charge of a 


new central Radiochemistry Laboratory which will be opened shortly and to develop 
the central radiometric services at present offered to all University departments, Candidates 
should have experience erther ın radiochemlstry or in the calibration and use of nucleonic 
Instrumentation They should be qualified to the standard of NHC tn Chemistry. 
Salary range £1,000 to £1,660 per annum. FSSU membership. 


CHIEF TECHNICIAN. Applications are Invited for the post of Chlef Technician 
responsible for the day to day operation of the service in the Unrveralty, Technical 
Colleges, Schools and Teaching Hospitals in Manchester. The duties include radiation 
monitoring, contamination surveys, supervision of radio-actrve waste disposal, cali- 
bration of nucleonic equipment and assistance wrth health physics teaching The 
Chief Technician will direct a small group of technicians. 


Expenence in radiological protection ts necessary and a current driving licence ts 


essantial. 


The salary scale is £1,294 to £1,708 per annum with a five day 374 hour week and 


contributory superannuation scheme. 





Further details and application forms for the above posts are available from J C. Collins, 
Esq, University of Manchester Institute of Science and Technology, Sackville Street, 


Manchester M60 10D Telephone 061-236 3311, extension 361 


The closing date 


for applications is 20th June, 1969 Please quote ref. 116/69/Na, and post for which 


details required. 


Wolverhampton 
College of Technology 


(PROPOSED POLYTECHNIC) 


Department of Applied Science 


LECTURER I 
IN BIOLOGY 


Pos Ref. 01511 


Applications are invited for the above 
post. 


The successful apphcant will teach to 
Final Honours fevel end may asmst in 
courses Jeadmg to H N.D and MI Biol 


There æ mo restriction as to specsakty, 
but candidates with an interest in ammal 
ecology wil be preferred. 


Application forms and further details 
from: 


College Secretary, 

Wolverhampton College of Technology, 
Wulfruna Street, 

Wolverhampton. 


Telephone’ 27371. (2201) 












UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 


TUTOR IN APPLIED 
MATHEMATICS 


Applications are invited for the above 

. Sakanes are in the range £1,000 to 
£1,110 per annum Applicants should pre- 
ferably be eqmpped to give a course of 
lectures to the third-year Honours class on 
Numencal Analys. 


Apphcation forms are obtamable from 
the Registrar, to whom ail apphcations 
should be sent by Juse 20, 1969. (2186) 












(2154) 





ROWEIT RESEARCH 
INSTITUTE 
Bucksburn, Aberdeen AB2 9SB 


NUTRITIONAL BIOCHEMISTRY 
DEPARTMENT 


Aepkeations are invited from Blochemusts 
or Poysiologists with e good Hons degree 
and preferably with research experience, 
for two Scientafic Officer class posts ın 
the above department. These are tenable 
for a period of three years om the first 
instance, 


1, Nitrogen Metabolism Unit. To under- 
take studies of factors tnfluencing she 
metabolic fate of amino acids and other 
low molecular weight nitrogenous com- 
pounds in anmals. 


Trace Element Umt where the work 
will involve the development of mudies 
of the absorpuon, transport and storage 
of trace metals in animal tissues. 


Salary m the Scientific Officer scale— 
£1,020 «ching to £1,740 with placing 
according to qualifications and experience, 
Five-day week. FSS U_ superannuation 
Excellent working conditions 


Applications containing partrculars of 
qualifications and experience, together 
with the names of three referees, should 
be lodged with the Secretary of the Insti- 
tute by June 24, 1969. (2077) 


UNIVERSITY OF READING 
GEOLOGY DEPARTMENT 
ROCK ANALYST 


; practical 
ledge of atomic absorption analysis an 
advantage. Minimum quahfication degree 
or equivalent i eppropriate subjectis). 


Salary in Expermmental Officer range 
£1,514 to £1,910 per annum. 


Farther details may b: obtained from 
Asustam Bursar (Personnel), Universay of 
Reading, Reading, Berks, to whom appli- 
catons should be sent before June 30 quot- 
ing M 46 (2147) 
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GLOUCESTERSHIRE TRUST 
FOR NATURE 
CONSERVATION 


Apolicattons are mvited for a NER.C, 
post of RESEARCH ASSISTANT to carry 
out @ eurvey of blue butterfhes in Glouces- 
terstire, The am 3s to find and classify 
breeding sites and to colect data on the 
status of hese butterflies, 


The appointment is for one year com 


menang September 1, 1969, at a salary of 
additio 


£530 per annum with nal expenses, 
The appointee will be eligible to register 
for the aa of MSc. in the Umversity 


Applications, stating age and qualifica- 
tone (degree in zoology preferred) together 
with the names of two referees should be 
sent by June 20 to Dr M. H. Martin, 
Botany Department, The University, Bras- 
tol, from whom further information may 
be obtained (2221) 


UNIVERSITY OF MANCHESTER 


LECTURER OR ASSISTANT 
LECTURER IN PSYCHOLOGY 


Applications invited for this post from candi 
dates with mmeresta ın expermmental, 
oe ee oc mathematical psychology. Salary 

annum Lecturer, £1,585 to £2,735 
(under "review ; Assistant Lecturer, £1,240 to 
£1470. FSS.U. 


‘urther particulars and applicauon forms tre- 
turnable by June 27) from the R 


egisirar, The 
Umvermty, Manchester M13 9PL Quote Ref. 
120/69/Na (2184) 





UNIVERSITY OF BIRMINGHAM 
THE MEDICAL SCHOOL 
Appkcations are invaed for the post of 
Research Assistant in phymology of animal 
behaviour An honours degree in Physiology 18 
Opportumties will be available to 


Applications end “De. A. W. 
Zbcozyna, | t of Physiology, The 
Medical School, Brmingham 1 (2142) 





UNIVERSITY OF SINGAPORE 


Appbcationa are invaed for (@) LECTURE- 
SHIPS or (b) ASSISTANT LECTURESHIPS IN 
DEPARTMENT OF ANATOMY. Sakhry scales: 
medically qualified (@) S$12,480 to 8$18,720 per 
apoum, (b) S$11,040 to $$12,000 per annum ; 
non-medically quahfled (a) S8$11,040 to S$17,100 
pec apaum, (b) S$9,600 to 8$10,560 per annum. 
(S$7.35=£1  sterhng ) Verious allowances ; 
superannuation scheme ; family passages ; 
overseas kave. 

Application forms and further particulars ob- 
tainable from Inter-University Couned, 90/91 
Tottenham Court Road, London WIP ODT. 
Closing date June 30, 1969. (2165) 


UNIVERSITY OF BRISTOL. DEPART- 
ment of Animal Husbandry Applications are 
invited from Sctence, Vetemnary or Agriculture 
medoaics for the post of Research Assistant. 

The successful apphcant wH] be required to assist 
in a befavioural project concerned with the long- 
term effects of population densxy and wH} be 
expected to register for a Higher. degree. Salary 
will be £690 per annum ptus fees —Applicatrons, 
giving the names of two referees, to : The Pro- 
fessor of Andmal Husbandry, Langford House, 
Langford, Bristol BS18 7DU (2179 


APPLICATIONS INVITED FOR RESEARCH 
ASSIST. nks iu Chemical Patho- 





of data from laboratory instruments to ea form 
suitable for input to the computer. There will 
also be some routine maintenance of equinmem 
in the iaboratory. The salary scale is £1,825 to 
€2,175 plus £90 London Weighting, and the post 
will in the first instance be held for two years. 
Residence may be avaiable for a single person. 
—Appheations, giving details of age, qualifica- 
tions and expenence, together with the names of 
two referees, should be sent as soon as pain 
to the Chef Technical Officer, Group Laborato: 
St. Stephen's Hospital, Chelsea, SW.10. A 
cans are welcome to visit the Laboretory by 
appointment. (2194) 





QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 
ASSISTANT DIRECTOR OF THE 
NUCLEAR-THERMAL LABORATORY 


The CoHege has recently completed a Labora- 
tory of 6,000 sq ft. for the study of heat trans- 
fer an nuckear reactors and mwtes applications 
for the post of Assmtant Director. The Assistant 
Deector wl be officer-in-charge of the Labora- 
tory aad will report to the Head of the Nuclear 

Department, who is the Director of 
the La bOO, The Assusta will 


FSS U. participation It us 
hoped that the successful candidate wall ee able 
to take up he dates on October 1, 

Application forms obtainable from the the Regis- 
trar, Queen Mary College, Mile Ead Road, 
London, E1, to be ceturned by June Daip 





ST. MARY’S HOSPITAL MEDICAL 
SCHOOL 
DEPARTMENT OF IMMUNOLOGY 

TECHNICIAN and JUNIOR TECHNICIAN 
required to assit with research en cellular mmu- 
nology. Previous experience preferred in immu- 

biochemistry or cell biology 

within the scale $51.025 to £1,285 or for Jumor 
Technician £640 to £970 per annum 

Apply, etving names of two referees, to Secre- 
tary, St Marys Hospital Medical Sobool, Pad- 
dington, W 2 (2213) 


UNIVERSITY OF EDINBURGH 


LECTURESHIP IN APPLIED 
MATHEMATICS 


Applications are invited tor the post of 
Lecturer in Appned Mathematics. Prefer- 
ence will be given to applicants whose field 
of research interest is Fluid Dynamics. 


Salary scale: £1,58> to £2,850 ver anaum 


Applications, by letter (three copies), 

ving the neme of two referees, should 
be sent to the Secretary tu she Univermty, 
Old College, South Bridge, Edmburgh BH8 
9YL, from whom «urther parteculars may 
be obtained The closlog date for appli- 
cations 1s June 3U, 1469 Please quote 
Reference 1061/53. (2214) 





SOUTH-WEST WALES RIVER 
AUTHORITY 


APPOINTMENT OF DISTRICT INSPECTOR 
(POLLUTION CONTROL AND FISHERIES) 


A P.I (£1,265 to £1,485) 
Applicants should have had experience of 
trade waste and sewage purfication. They 
should be of H.N.C. standard in chenustry or 


Wal befor art least fve: years, 


nt ates 
uher maridi and ápplicarion forms (re- 
tomate June 20) from 





UNITED MANCHESTER 
HOSPITALS 


Applications are invited from science graduates 
(oreferably wath an Honours degree in Chemutry 
or Biochemmtry) for ap appointment as Research 
Biochemist io the Department of Gastro- 
emterology and the recently built 
laboratones 


from whom further details can be obtained. 
(2136) 


YOUNG MANAGER REQUIRED BY GO- 
ahead company for busy high street pet shop in 
Fulham (London). Shop has mst beeo com- 
pletely modernised. Commencong salary £1,000 
per annum plus substantial bonus Z01937 0011. 





UNIVERSITY OF GUELPH 
ONTARIO, CANADA 


DEPARTMENT OF MICROBIOLOGY 
ELECTRON MICROSCOPIST 
An Ekctron pie ont with a Ph.D. 


or appropiate expenence, 1 required in 
the Department “ot Microbiology to take 


Ontario, 
ons sbould be addressed. 
(2204) 


whom applica 





UNIVERSITY OF THE - 
WITWATERSRAND 
JOHANNESBURG 
Vacancies : 

(A) DIRECTOR OF THE DENTAL HOSPITAL 
AND DEAN OF THE FACULTY OF 
DENTISTRY 

@) THE BLINDNESS RESEARCH FOUNDA- 
TION CHAR OF EXPERIMENTAL 
OPHTHALMOLOGY 

(C) OTTO BEIT CHAIR OF PHYSIOLOGY 

Applications are invited for appointment to 
the above posts The salary scale attached to 
post (A) is R8,100 by R300 to R9,000, and in 
addwtfon a pensionable allowance at the rate of 

10 per cemt pec annum 18 payable in terms of 


scale attached to post (C) 
tm R6,900 by R300 to R8,100 plus a pensionable 
allowance of 10 per cemt per annum, and it is 


improvement of at least 4 per cent w expected 
from Apal 1, 1970. An annual vacation savings 
bonus of up to R260 ıs payable subject to 
Government regulations, and pension and medi 
cal aid faciities are avadabie 

Intendmg applicants are advised to obtain a 
copy of the relevant anformation sheet from the 


than July 31, 1969 (2189) 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW 
Applecationas are invited for e Post-doctoral 
Research Worker in a Medical Research Coun- 
ci Group directed by Professor A. Korner work- 
ing on the mechanism and control of biosyo- 
thesis of proteins and nuckic acids in mammalen 

ussuts 
Applicants should wnte to Professor Korner, 





three referees. Please quote Reference 183/1. 
Q170) 








GRADUATE, REQUIRED AS PERSONAL 
Assistant to the Managing Director and Director 
of ‘Research of a Pharmaceutical 
Laboratory. An 
Pharmacology zi 
ence an advantage —Please write n confkience 
to The Manegng Director, Biorex (Laboratories 
Limued, Blorex House, Canonbury Villas, Lon- 





don, N 1. (2141) 
BUREAUCRAT REQUIRED 
(Macem, enih youngster) Work to 


growing anit in group of Scientfic Companies. — 
Maybridge Chemical Company, Tintagel, Corn- 
wall (2215) 





SENIOR TECHNICIAN REQUIRED TO 
take over the running of the Electron Microscope 
in the Department of Expernmental Pathology at 
Obaring Cross Hospital Medecal School, London, 
W C2—Please telephone TEMPLE BAR (01- 
836) 7788 for further details Extention. 28. 
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UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 


TECHNICIAN 
required in the Department of Botany, pre- 


aad experteace, on the scale £683 to £968 
per annum 

Application forms are obtainable from 
the Remstrar, to whom all apphcauons 
shoukd be sent as soon as possibie. 


(2185) 


UNIVERSIDAD DE LOS ANDES 
MERIDA, VENBZUBLA 


PROFESSORS IN ORGANIC AND 
ANALYTICAL CHEMISTRY 


There are vacancies for Organic and cig haa 


posis should be able to ongaosze research groups 
in their specialties as well as to programme basic 
and advanced courses. Salaries are m the range 
of Bs} 000/4,500 (US. $1=Be 4,50) appeal 
Camdsdat 


ae their duties not later than January, 
Further particulars and Iinfornmetron can be 
obtained from Centro de Ciencias, UL.A. 


Ménda, Venezuela, to whom applications should 
also be sent. (2028) 





NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
QUNIVERSITY OF RIKADING) 
ASSISTANT EXPERIMENTAL OFFICER 
required to supervise the cunaing of experimental 
anemal colomes in the Physiology department. 
Candidates should have previous experecnce m 
the breeding management of expermenmal 
animals LAT. qualifications, although not 
essential, would be preferred. Excellent oppor- 
tumiues exw for farsher sudy. Stacorg salary 

‘up to £1,150 per annum according to age. 
Apply on forms obtainable from the Secretary, 

NIRD, Shinficld, Reading RG2 9AT. Quote 

reference 69/22 (2068) 





UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Appheations arte invited for two posts of (a) 
LECTURBR or (b) ASSISTANT LECTURER 
IN GEOLOGY to teach the following : (a) Sedh- 
memary petrology/Sedimentology and may also 
be required to lectore in the fields of stratigraphy 
and/or palacontology and in apphed geology. (b) 
Suructural geology 


Family 


sume 
(2163) 





aspects of biological electron microscopy, and be 
capable of co-ordinating the actwites of ancil- 
lary technical staff. Terms and conditions sub- 
yect to negotiation within the Whatley Council 
scale for Senior IL Technicians (£1,440 to £2,002 
inclusive of London Weghtng). The successful 


Laboratory Superintendent, Kennedy 
Bute Gardens, Landon, W.6. 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BIOCHEMISTRY 


ions are inwted for the post 
OR i the above De- 


Testetch 
is desirable. Facitties exist for research. 
Salary scale £1,060 to £1,445 per annom. 
Applications, by letter (three copies), 


applications is Joly 12, 1969. Please quote 
Reference 1059/53 (2207) 





SCOTTISH PLANT BREEDING 
STATION 
ASSISTANT EXPERIMENTAL OFFICER 
Apphcations ere invited for an 
Experimental 


Quakficationg: A degree, dipfoma or Higher 
National Certrficate én agriculture or biology. 
Selary: According to age on the scale £770 
per annum eat age 20 to £1,150 at age 26, mang 
thereafter to £1,385. 
Other conditions: Five-day week; three weeks 
annual leave; superannuation scheme; canteen 
Forma of applcatoom may be obtained from 
the Secretary, Scottish Plant Breeding Station, 
‘Roslin, Midlothian, to whom they 
should be returned not Sater than June 16. 2203: 





GRASSLAND RESEARCH 
INSTITUTE 
HURLEY, MAIDENHEAD, BERKS 
SCIENTIFIC OR SENIOR SCIENTIFIC 
OFFICER 
Research Officer required in the Ammal 


Producnon Dept. of the Anmal Sciences Divnon 
to conduct a progamme of expammenis to 


en agricutture o! 
scence. Salary range: 3.O. £1,020 to £1,740; 
SSO. £1,925 to £2,372 per annum, 
Applications, with curmculum vitac aad names 
of three referees, should reach the by 
June 30, 1969. Quote A.A/9/2 (18). (2129) 


UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Agplrauons are invited for the post of (a) 
SENIOR RESEARCH FELLOW or () RE 
CHEMISTRY 





SBARCH FBLLOW IN APPLIED 

10 IDepartment of Cheametry Candidates should 
preferably have en interest im work on essential 
os or fermentation processes. Salary scales : 
(a) £2,250 to £3,405 per annum, (6) £1,550 to 
£2,630 per annum. Child allowance. F.8.S.U. 


passages. 
a tions (6 copies), 


oaming 3 

referees, by July 1, 1969, by hving m 

the Americas bbean aree to Registrar, 

Unavermty of the West Inches, Kingston 7, 
all others to 





UNIVERSITY OF READING 


Applications are invited for a THMPORARY 
LECTURESHIP IN CROP FRODUCTION in 


years. The person appointed shouki take up bis 
dutes on August 1, 1969, or as soon as posuble 
after that date. 

Further information may be obtained from the 
Regstrar (Room 208, Whiteknights House), The 
Wiutekughis, Reading RG6 


be received not 
hace iad Face a0, 103. (2173) 


ROYAL DENTAL HOSPITAL OF LONDON 
School of Dental Surgery (University of London), 
Leicester Square, WC.2. 


2cieace, denustry or medicine with interests pre- 
ferably’ in the fields of bistology, husto-chemustry 
Previous research 


hig! intemal student at London 
Umvecsity; salary £700 to £1,200 per annum 
according to age end expenence 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF SURREY 
RESEARCH STUDENTSHIP IN 
EXPERIMENTAL PHYSICS 


A Science Research Council Research 
will be available fn the DE- 


gramme of research 
PROPERTIES OF GASES being 
ee ‘Gas Conoci- agd: thie, Untrer- 


The student will register for the degree 
of Ph.D. of the Umversity end will attend 


pect to obtain a first or upper second class 
honours degree in Physis, Chemical Phy- 
sics, Chemical Hngineermng or other mmt- 
able subpect. 

Applications should be made as soon as 
posmbic to Professor L. R. B. Bhon, De- 


UNIVERSITY OF READING 


TWO RESEARCH 
STUDENTSHIPS 


Applications are inmted from suitably 
ualified candidates to work for a higher 
m Vacuum Spectroscopy in the De- 
partment of Physics. 
Foll detasis from the Assistant Bursar 
(Personnel), University of Reading, Read- 
ing, Berks, quoung M.43. (2148) 





UNIVERSITY OF BIRMINGHAM 
RESEARCH VACANCIES IN THE 
DEPARTMENT OF INDUSTRIAL 

METALLURGY 


RESEARCH STUDENTSHIPS 


A number of vacancies exit in established re- 
search teams working ın the following arcas ° 
El Machining, Metal 


For further formation apply, before June 30, 
1969, to the Head of the 
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UNIVERSITY OF WARWICK 
SCHOOL OF MOLECULAR SCIENCES 
PH.D. RESEARCH 


STUDENTSHIPS IN 
CHEMISTRY 


The School has three SR.C. Studem- 
under awards 


ASN PHARMACEUTICALS DIVISION 
Alderley Park Research Laboratories 


a 


Research 
Fellowship 


A Fellowship will be available this autumn for a period of one 
or two years for a post-doctoral biochemist or chemist to work esl 

; veraity of Warwick, Coventry CV4 7AL 
with Dr. P. L. Walton. We are looking for a person interested in oe (2182) 
the mode of action of enzymes and specific site directed inhibitors. 
The work would initially be concerned with group transfer 
enzymes, 


some tme at the co-operating firms 
Sidem wlio hues. Cor Gass wo Tea 


UNIVERSITY OF SURREY 
RADIATION UNIT 
RESEARCH STUDENISHIP 
Appheations are invated for a Research 


The stipend, depending on qualifications and experience, would 
probably be in the range £1,500-£1,800, plus £100 allowance for 
superannuation/life assurance cover. 


Enquiries, grving brief details of age, qualifications and experience, 
should be addressed to: 


J. Leak, Assistant Personnel Manager, 
Imperial Chemical Industries Limited, 
Pharmaceuticals Division, Mereside, 
Alderley Park, 

Macclesfield, Cheshire, SK10 4TG. 


locality. Applicants must have (or expect 
to obtain) at least an upper second class 
honours degree. 
Further particulars and en apphcation 
from the Directo 





THE TERS AWARD 
NDUSTRY 


1988 1967 1369 1969 Bettersca 
Ted. oe 3191, ext. 124. 





UNIVERSITY OF OTTAWA UNIVERSITY OF WARWICK 


NATURAL ENVIRONMENT CANADA SCHOOL OF PHYSICS 
RESEARCH COUNCIL POST-DOCTORAL SeLLOW SUE IN RESEARCH STUDENTSHIP IN 


INSTITUTE OF COASTAL 
OCEANOGRAPHY AND TIDES 
(formerly Liverpoo] Tidal Institute) 


RESEARCH STUDENTSHIPS 


It is expected that the Instimte of 
Coastal Oceanography and Tides wall bave 
a limited number of Research Stndentshaps, 
tenable from October, 1969 for work in 


THE THEORY OF 
ELECTRONIC PROCESSES IN 
NARROW ENERGY BANDS 
The School of Physics bas a Science Re- 


search Council Studentship under the co- 
operative awards scheme. 


Applications ae invited for a Post-doctoral 
Fellowship ın the Department of Chemistry for 
Tesearch on the epphcation of spectroscopic 
methods for studying adsorption at kquid-metel 
interfaces. This appointment is for one or two 
years starting m the autumn. The stipend wih 
be $6,000 per annum tax free and travel expenses 


will be considered. 

Interested appaicamts should forward a curd- 
culum vitae to Dr. B. A. Morrow of the above 
department. (2203) 


The Studentship 
ws for theoretical work, for a Ph.D. degree 
concerned wath the behaviour of ciectrons 
ın narrow energy bands found m com- 
pounds of the ¢ranmtion clemeats and 
other materials. 


Students who have (or expect to receive 


Oceano 
tides in the solid earth. From April 1, 
1969, the Inetitute bes been a component 
body of the Natural Environment Research 
Council, end cecogomed es an affikated 
institution of the Univeadty of Liverpool ; 
successful candidates will therefore be 
registered for the degree of Ph.D. an that 


UNIVERSITY OF YORK 
DEPARTMENT OF PHYSICS 


University, subject to its regulatsons. 


A verley of rescarch projects are m 
progress, applications will be con- 
sidered from candidates posscssing a fim 
or upper second class bonours degree, or 
sanlet qualification, in the following 


Applied mathematics, numerical analysis, 


The studentstips wiH be tenable for two 
years, possible renewable for a third The 


SRC CO-OPERATIVE AWARD 
IN PURE SCIENCE 


Applications are invited from graduates 
of umverstics m the UK. or students 
graduating in 1969 for an S.R.C. Research 

, tenable for three years from 
for work on “ Hydrogen 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 





eupend (basic £530 plus fees) and con- 
ditions of service are those for NERC 
Studentshaps. 

Apolcations, with detas of education, 
ctc., and she names of two referees, 
should be sent to the Director, Instaute 
of Comal Oceanogrenby and Tides, Kd- 

, ston Observatory, Burkerhead, 
L43 MRA, 


Project ın the Wembley laboratories of the 
Geacrai Electric Company. 


Application forms, which can be ob- 
tained from the Graduate Office, Unaver- 
aity of York, Heslington, York Yoi SDD. 
should be completed and returned not later 
thar July 10, 1969. Please quote reference 
CS/1/C. (2157) 


Science. The student 


properties of new types of sem-conducting 
materials. 

Further particulars can be obtained from Dr. 
E. E. Schneider, School of Physics, The Univer- 
sky, Newcastle upon Tyne NBI 7RU. (2153) 
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UNIVERSITY OF STIRLING 
BIOLOGY 


S.R.C. STUDENTSHIPS 

Appheations are invited from Honours 
graduates or prospective graduates in the 
Biological Sciences (including Agriculture 
and Forestry) for two studentships, leading 
to the degree of Ph.D. on 

(1) an economic evaluation of seed test- 

wig methods indicative of the field 
establishment of crop seeds in co- 
operation with the Offic! Seed Test- 
mg sation, Cambridge 

@) an economic analysis of plant breed- 

ing programmes, in co-operation with 
the Scottish Plant Breeding Station, 
near Edinburgh. 

This m= a ocw category of studentship 
recently initiated following the Swann Re- 
port to enable graduates to obtain experi- 
ence and training in economic aspects of 
technological problems Secondment to an 
orgamsation outside the Umversity for 
some part of the research programme 
would be expected. Value of the student- 
ships: £530 per annum plus fees. 

Further particulars and application 
forms Professor F G T Holliday 
(NAT), Department of Biology, The Uni- 
versty, Surung. (2151) 





MISCELLANEOUS 


WANTED ACCOMMODATION, PREFER- 

in private household, for biochemistry 

un duate for 2 months July 4 to end of 

August Near NASA Ames Research Center, 

Moffett Field, Mountain View, Calif. Please con- 

tact A. J. Thomas, Balliol College, Oxford, 
Engiand, OX1 3BJ. (2130) 


START YOUR OWN BUSINESS WITHOUT 
experrence in association with and with the help 








Apply ın wring to Telepress Franchise, 184 
West Regent Street, Glasgow C 2. (2193) 


VACANT. VICTORIA, BC., CANADA, 4- 
bedroom furnished house for approxmatcly six 
months from late February 1970. Convenient to 
schools, shops, and bus routes Less than two 
miles from University —Please wnte to Dr A H 
Batten, Dominion Astrophysical Observatory 
RR7, Victona, BC (2206) 








GRANTS & SCHOLARSHIPS 


UNIVERSITY OF WARWICK. 
SCHOOL OF ENGINEERING SCIENCE 


U.K.A.E.A. RESEARCH 
SCHOLARSHIP 


for experemental and theoretical work on 
ELECTROMAGNETIC DEVICES FOR 
THE PUMPING OF LIQUID MELALS 


Appheations are invited fot a Research 
Scholarship financed by the United King- 
dom Atomic Energy Authority for research 
into novel electromagnetic techniques for 
pumping liquid metal coolants in the 
nuclear industry. The project, which 18 
already under way, involves theoretical and 
expermmental work on the performance of 
now devices, with particular emphasis on 
thelr behaviour so very large sizes 


Extensive facilities for experimental work 
cast m the maegnetohydiodynamics labora- 
tery at the University and at the labora- 
tones of the U.KAEA 


Applicants should have a good degree in 
Engincereng or Physics, and preferably some 
mdustnal experience The holder of the 
Scholarship will be encouraged to work for 
a higher degree 


The value of the Scholarship is up to 
£1,100 per annum, depending oo qualifi- 
cations and expenence 


Application forms and further particu- 
lars are available from the Registrar, The 
University of Warwick, Coveatry CV4 
7AL, to whom completed applcauions 
should be returned by June 16, 1969. 


(2183) 





U.K. PANEL ON GAMMA AND 
ELECTRON IRRADIATION 


RESEARCH GRANT 


EFFECTS OF IONIZING 
RADIATION ON MEDICAL 
MATERIALS 


The UK Panel on Gamma and Electron 
Irradiation proposes to award grantsin-aid 
for research into the interactfons of foniz- 
ing radiations with medical products (m- 
cluding pharmaceuticals and broproducts) 
or ther flora 

This grant will be in the amount of £800 


to £1,000; they will be given for one year 
m the first place but could be renewed 
for up to three years. 

Applications shoukd be in sufficrent detail 
to aHow evaluation of Whether the pro- 
posod proyect can reasonably be expected 
to be completed within the Pt of time 
and funds. 

Any concurrent support for the project 
should be indscated and where possible the 
scientific personnel to be engaged on the 
project should be named. 

Applications should be sent to the Tech- 


arnve by June 30, 





TENOVUS INSTITUTE FOR CANCER 
RESEARCH 


THE WELSH NATIONAL SCHOOL 
OF MEDICINE, CARDIFF 


TENOVUS RESEARCH 
SCHOLARSHIP 


This Scholarship sw available for an 
Honours graduate ın biochemistry. The 
proposed study 1 an investigauon into the 
biochemistry and hormone dependence of 
spomtancous adrenal tumours The work 
m suitable for the submussion of a thesis 
for a higher degree. The Scholarship is 
for £700 per annum for three years and is 
normally tax free University fees of the 
scholar wil also be paid. 


Applications as soon as possible to the 


Supervisor, Tenovus Institute, Welsh 
National School of Medicine, Heath, Car- 
(2200) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


S.R.C. CO-OPERATIVE 
AWARDS IN PURE SCIENCE 


Applications are invited from students 
graduating by July 1969 for an S.R.C. 
postgraduate award to join a small group 
working on the Development of Dignised 
Sealed Spark Chambers. 


Durham Unrvermty and International Re- 
starch and Development Limited, New- 
castic, are co-operating in the development 
of sealed spark chambers for use in cosmic 
Ray and Nuckar 


Physics 
the successful apphcant, who 
an interest ın problems relateng to indus- 
try and also of an academic vature, will 
be expected to work in Durham and I.R.D 


The mimmum qualification required for 
the award ıs an upper 2nd class Honours 
Degree m Physics or an acceptable equrva- 
lent The maximum period of the award 
is three years and the successful applicant 
wi be expected to register for a higher 
degree 

Candidates should write as soon as pos- 
sible, staung full particulars and the names 
of two referees, to Dr J. M. Breaie, from 
whom further information can be obtained. 

(2187) 
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SYMPOSIUM 


KINGSTON COLLEGE OF TECHNOLOGY 
SYMPOSIUM 
SPECTROSCOPIC METHODS IN 


ORGANOMETALLIC CHEMISTRY 
July 17 to 18, 1969 


Plenary lectures will be given on the appie 
cations of the following: 


Dr. W. McF.: 


In addition there will be twelve contribu- 
tons on recem research work in these 
methods 


Symposium Fee £7 15s. inclusive of Lunch, 
Coffee, and Tea 


Further details and application forms from: 
Dr. W. O. George, Department of Chem- 
itry, Kingston CoHege of Technology, 
Perrhya Road, Kingston upon Thames, 
Sarrey. (2131) 





LECTURES AND COURSES 


Brunel 
University 


Applied 


Immunology 


Experimental 
Virology 


Weed Biology 


Full-time and part-time courses 
leading to the degree of Master 
of Technology and to Certificate 
of Advanced Study 


Details from: 
Biology Department, 
Acton, London, W.3 


(2180) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues al a 
Park Farm Rd, œ- 


Cannon 


England, 
Tel: Folkestone 57421. 





Offer top es for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HOMANETIBS. 
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USA. 
U.S.A, 


FROM NE 


We are particularly proud of our vigorous R & D programme at NE and, in 
case you were not able to visit our Physics Society Exhibition stand in 
London in March we would like to tell you about the new equipment we 
had on display For further details of particular products, just return 8 
completed coupon or call us at 031-443 4060 


NEW SCINTILLATORS: 

Including ultra fast plastic NE 111 (pulse width 1.54ns), Zn0(Ga) alpha 

particle detector NE 843 (decay time 0 4ns), thermal neutron detector NE 

423 incorporating ZnO(Ga) and ‘Lı, and neutron radiography detector 

NE 425. 

INSTALLED BETA/GAMMA MONITOR ICM1 

For rapid detection of beta and gamma activity on clothing or body surfaces 

of personnel (Developed in conjunction with AE R E., Harwell) 

PORTABLE BETA MONITOR Type PBM2 (NIS 377) ° 

A surface beta dose rate meter for monitoring work benches, clothes etc, 

light-weight, self-contained, uniform in beta response, relatively low 

sensitivity to gamma radiation. (Developed in conjunction with A W.R.E., 

Aldermaston). 

144-CHANNEL ANALYSER Type 6900: 

Integrated circuits featuring 10MHz address and 8 microsecond memory 

cycle with count capacity 2% 

COINCIDENCE SPECTROMETER: 

Measures Ge(Li) detector rise time using Na! detector-photomultiplier 

assembly and units from the versatile International NIM Series 

NON-DISPERSIVE X-RAY SPECTROMETER: 

Ge(Li) cryostat system with International Series NIM Modules permitting 

simultaneous mult-element analyses at rate of 60 per minute Resolutions 

of 275eV possible. 

4096-CHANNEL ANALYSER: 

Full use of integrated circuits, highly flexible design enabling wide range of 

input/output devices and automatic operation by patch programming. 

CAMAC SYSTEM: 

Modular data transfer system for rapid bi-directional communication 

between experiment and computer for ‘on-line’ control of experiments and 

procesres (7000 Series Range developed in conjunction with A.E R.E., 
arwell). 

PORTABLE MOISTURE & DENSITY MEASURING SYSTEM: 

For rapid non-destructive measurements in laboratory and field using 

light-weight portable Scaler NE 6013 and high efficiency detectors of 3He 

and Li glass. 


NUCLEAR 
ENTERPRISES LIMITED 


Sighthlll, Edinburgh EH11 4EY, Scotland 

Telephone. 031-443-4060 Cables Nuclear Edinburgh Telex 72333 

Also at Bath Road, Beenham, Reading RG7 5PR England 

Telephone 07-3621-2121 Cables Devisotope Woolhampton Telex 84475 
vee Germany: Nuclear Enterprises GmbH, Perfallsu 4.8 Munich 80 Tel 44-37-36 
(West): Nuclear Enterpnses Inc ,935 Terminal Way San Carlos Calif 94070 Tel 415-693-1455 
(East): Capinteo Inc, 63 East Sandford Blvd, Mt Varnon, N Y 10560, Tal (212) 752-2440-1 
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10. AUTOMATIC BETA/GAMMA 


SPECTROMETER NE 8312: 

Highly versatile, compact 400-sample, counts 
beta-emitting liquid scintillation and gamma 
emitting samples tn same standard 20ml vial 
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SPECTROSIL FOR OPTICAL COMPONENTS 
erat ; K nem ; 


17) 





For applications In the infra-red regions THERMAL SYNDICATE LIMITED 
optical “Vitreoell” grades are avaliable. P.O. Box No. 8, Wallsend, Northumberland, England. Tolaphouor Wallsend @25311. Telex: EISH 
London: 9 Berksley Street, W.1. Telaphene: 81-493 1711 


ICA INDUSTRIAL WARE e LABORATORY WARE « OPTICAL COMPONENTS + HIGH TEMPERATURE OXIDE CERAMICS 
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Of potential interest to qualified investigators 


. NB 


Co’s Puromycin... 


the great inhibitor 


Puromycin has been tested 
against a variety of experimental 
tumors in various animals (1) (2). 
It showed significant cytotoxicity 
in vitro against a series of tissue 
cultures derived from normal cells 
(8) (4) (5). 

Puromycin completely inhib- 
ited protein synthesis, but not 
nucleic acid synthesis in Pseudo- 
monas fluorescens (6). In experi- 
ments with Escherichia coli it was 
concluded that Puromycin pre- 
vented the final condensation of activated amino 
acids to peptides (7). 

It was reported effective against Trypanosoma 
equiperdum infections in mice and rabbits. It was 
partially effective against T. cruzi (8) (9). 

Tobie tested Puromycin for its trypanocidal 
properties against six species in mice. Four hours 
after inoculation with the trypansomes, Puromycin 
had a strong suppressive effect against all species 
except T. congolense (10). 


PUROMYCIN DIHYDROCHLORIDE 


1 gram bottle . .. ...., gram $450 
600 mg. ampule ...,....,.... ampule $285 
100 mg. ampule . .. ....... ampule $47.50 


25 mg. ampule ampule $13.25 


To order, phone 216 662-0212 collect (USA only). 
If desired, 24-hour delivery anywhere in the conti- 
nental USA; 80 hour delivery anywhere in the world. 
Send for our free catalog containing over 3500 items. 





(1) Troy, W. Smith, S. Personeus, G. 
Moser, L. James, E. Sparks, S. J. 
Stevens, M. Halliday, S. McKenzie, 
D. and Oleson, J. J. Antibiotics Annual 
1958-1964: 186:190. 


(2) Sugiura, K. J. Stock, C. C. Reilly, 
H. C. and Schmid, M. M. Studies in 
Tumor Spectrum. Cancer Res. 18: 66-77, 
1968. 


(8) Cobb, J. P. Trans. N. Y. Acad. Se. 
Ser. 2, 17: 287-249, 1955. 


(4) Eagle, H., and Foley, G. E. Am. 
J. Med. 21: 789-749, 1956. 


(5) Foley, G. E., and Handler, A. H. Ann. 
N. Y. Acad. Se. 76: 506-512, 1958. 


(6) A Sanvma, K. Chem. Abstr. 63: 7820d, 1959. 


(7) Nathans, D. and Lipman, F. Proc. Natl. Acad. Sci. U.S. 
47: 497-504, 1961. 


(8) TRINCAO, C. Noguelra, A. R. and De Almeida Anais. 
Inst. Med. Trop. Lisbon 18: 429-481, 1956. 
(9) Agohni, G. Boll. Soc. Ital. Biol. Sper 33: 877-880 1967. 


(10) Tobie, E. J. Am. J. Trop. Med. 3: 852-859, 1954. 


The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory research animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 


N utritional 
Biochemicals 
Corporation 


26201 Miles Road • Cleveland, Ohio 44128 
Phone 216 662-0212 
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MAYBRIDGE CHEMICAL CO. LTD. 


TINTAGEL, N. CORNWALL, U.K. 


offers: 
CoH 


S 
S m.p. 236° 
at $12/10g 


...and 


zone refined to 
99:996% purity 
at $20/50¢ 


The above are 2 of our 100 items per month 
listing. Most items are new but an increasing 
number of zone refined items are included. 


Maybridge Chemical Company is a Div. of Maybridge International 
Enterprises, Skibberean, Co. Cork, Irish Republic. 





CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 

in organic and 
Inorganic chemical 
analysis 

Precise chemical analysis to 
parts-per-billion made In lese 
than a minute, with storage 
ane. for detailed waveform 


veral models are 
e, with such features 





Other Chemtrix insiAiments 
Type 800 

aveform Source for 
Electrochemistry 
rangle and rectangular 
waveforms, variable slope with 
wide-range control) 


operation for dynamically con- 
trolled IR compensation. 
Polarographic Systems 
Model] SSP-2 

3Electrode System. ... 


Model SSP-3 Digital 
Readout System 


Ptug-In units available separ- 
ately. Tektronix oscilloscopes gion where DM 
lable locally worldwide. prohibrted) 


For Information on these and other polarographic Instruments and 
systems, contact your looal representative, or write directly to: 


All prices f o.b. factory. 


CHEMTRIX, INC. 
P.O. Box 725 Beaverton, Oregon 97005 u.s.a. (503) 648-1434 


in anodlo re- 
operation Is 


(For voltamme 





TLC. RADIO SCANNER 


FEATURING 


WINDOWLESS, GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


EXACT SYNCHRONISM OF 20x20 cm. PLATE 
AND CHART TRACE. 

AUTOMATIC MULTIPLE LANE SCANNING. 

TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


PAPER SCANNING ATTACHMENT. 
INTEGRATOR WITH PRINT-OUT OPTIONAL. 
SCINTILLATION HEAD FOR GAMMA SCANNING. 


™~ 
E 
} 

1 
id 





TY ete oe Pacer er 
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The scanner accommodates a single 20x20 em. radiochromato- 
gram plate or several plates up to the same area, and uses a 
standard recorder providing perfect synchronism of the radio- 
active spot and chart trace. The very low gas consumption 
detector can be programmed to completely scan In sequence 
as many different sections of the plate as required. At the 
end of each scan the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 





APPLICATIONS FOR OVERSEAS 


AY AGENCIES INVITED 
FURTHER DETAILS: 


PANAX EQUIPMENT LIMITED 


Holmethorpe industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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This is one slave just waiting for 
someone to put it to work. Do you 
have something for it to do? 
It’s not for sale. It’s for rent - by 
the hour, day or week. Not that we 
want to discourage you from investing 
in your own some day - but think of 
the time and investment you might 
save by putting this mechanical slave 
to work on your research programme 
“a week from next Monday, rather than 
having to wait for that doubtful bud- 
get appropriation. 
This is not all we have available to 
you in our Cyclotron and Isotope 
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this slave 
at our hot lab 


save money! 


Laboratories in Petten, the Nether- 
lands. There’s also the modern, Philips 
Universal Cyclotron, providing a 
choice of four types of accelerated 
particles... a variety of beam currents 
and energies... internal, separated or 
external beams. And there’s a fully- 
equipped laboratory, for research ac- 
tivities in the field of isotopes, radiation 
chemistry, activation analysis, mate- 
rials studies and radiobiology. 

So come be the master... not only 
of this mechanical slave, but of the 
most modern facilities of their type 
available in Western Europe. The full 








story is in our brochure, entitled “How 
to put more energy into your research 
programme”. 

Ask for your free copy now. 


Cyclotron 
and Isotope 
Laboratories 





N.V. Philips-Duphar, 
Cyclotron and Isotope Laboratories, 
Petten, The Netherlands. 
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who are merely re-sellers, we at 
Worthington Biochemical Corpora- 
tion make all our own enzyme prod- 
ucts. We keep absolute control and 
detailed records of each step of 
their preparation. 

Our raw materials, except for 
some fireflies supplied by children, 
are collected for us by specialists 
who understand and respond to the 
sometimes unusual needs of the 
biochemist. 

We use specialized analytical 
techniques, including chromatogra- 
phy and electrophoresis, in the rou- 
tine production of high purity 
enzyme products. Many of our en- 
zymes have purity and activity 
levels far exceeding that of any 


W hin other supplier. 
ort gton The preparation of an enzyme is 
followed, from raw material through 


provides 198 enzymes multiple purifications steps to final 


packaging, by the one person at 
Worthington who best understands 
for research the particular procedure. His rec- 
ords provide the complete history 


: g of each batch, They can be used 
and keeps genealogical record to trace it back to its source, if 


on every one of them necessary. 
Our strict control and rigorous in- 

sistence on preparing all our own 

products is your guarantee of en- 

zyme quality. Use the attached cou- 

pon to obtain your copy of our 

complete list of products. 


Ml ‘i Unlike other suppliers of enzymes 
1 | 


WORTHINGTON 





Worthington Biochemical Cofporation - Re 
_ Dept..K ax 
Freehold, New Jersey 07728." 
E Send WORTHINGTON © "7 
ENZYMES FOR RESEARCH 
- booklet. : 
D: "Send the Somiplöte Worthington. - 
` Enzyme Manual. I am a new 
- customer. 


f Title 


_ Institution ` 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisemants at their discretion. 
The Publishers will not be liable for any loss 
occasioned by che failure of any advertisement 
eres from. aay cuss whatever, nor do 
accept ity for printers’ errors, 
although every care ts taken to avoid mistakes. 
Se isplayed £6 par single column inch. 
Minimum £3, each additional [/12th of an inch 
lOs. Full page £158, Half a across £80. 
Colour (orange) £20 extra. 6 ıs charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 


South Australian 


Institute of Technology 
North Terrace, Adelaide, S.A. 5000 


The S.A.LT. is a rapidly expanding autonomous college of advanced education 
which is developing a new campus at “The Leve's” north of Adelaide. 


School of Chemical Technology 

The School is responsible for the training of Dip. Tech. and B. App. Sc. students 
at undergraduate and post-graduate level. The Schoo! will be established 
on the new campus by 1972 and is currently being re-equipped. 


01-405 4743. Telegrams: Textualist, London, 
W.C.2, 





LECTURER in Physical Chemistry 


LECTURER in Chemical Engineering 
or Applied Chemistry 


Dutles: To lecture to advanced classes; to undertake research and/or 
consulting work under prescribed conditions; to assist in the planning of 
new courses; to develop areas of special interest to the successful applicant- 


Qualifications: An appropriate degree preferably with Honours or equiva- 
lent. Preference will be given to applicants with Industrial experience or 
post-graduate qualifications, 

Annual Salary: Within the salary range $4,650-$7,000. 

Progression beyond a salary of $6,150 subject to qualiftcations and aptitude. 
Other Conditions: Long service leave after 15 years service. 


Appolntees will be eligible to join the S.A. Superannuation Fund or to con- 
tinue with F.S.S.U. arrangements. 


APPOINTMENTS VACANT 


NEW ZEALAND 


University of Canterbury 
Christchurch 


UNIVERSITY POST-DOCTORAL 
FELLOWSHIPS 
Apphcatons are invited for two University 
Post-Doctoral Fellowships in any of the follow- 
ing general fields of research: 
BOTANY 
Field studies of indigenous vegetation ; morpho- 
genesis and cellular differentiateon. 
CHEMISTRY 


Structural and conformational studies (:oclnd- 
ing X-ray crystallography), biological chemstry, 
kinetics and mechanwms, molecular spectroscopy, 
atomic reactions. 


CIVIL ENGINEERING 


Structural Engineering, including Concrete 
Technology, Earthquake Engineering and Shell 
Structures 


EDUCATION 


Participation in the Teachmg Research Project, 
commng on the study of teaching processes as 
they occur in the classroom. 


GEOGRAPHY 


Coastal or Mountain Resource use and erosion 
processes ; locational analysis of urban systems; 
rural landscape morphology and evolution. 


ZOOLOGY 


Ecology of rocky shores and shallow littoral 
substrates ; Limnology of lakes especiafly rooted 


At the completion of slx years service, appointees may apply for paid leave of 
absence for up to one year to obtain further experlence. Financial assistance 
may be granted at the discretion of the Council. 


All members of the staff may be required to lecture not more than two 


evenings per week, for which appropriate free time is granted during the 
day. 


Assistance will be given with travel and removal expenses. Overseas applicants 
to take up duties by January 31st 1970 at latest. 


Applications giving personal, academic and professional details, together 
Sata ay Ot ey roo with names and addresses of two referees, should reach the Assistant 


The emolument will be SNZ4,000 per annum. Director (Administration and Finance), not later than June 30, 1969. " 
FeHowships are tenable normally for one year, (224 
bot with the possibilty of extension 

Particulars, inchiding information on travel 
allowance, may be obtained from the Secretary- 
Gencral, Association of Commonwealth Unuver- 
sities Anes 36 Gordon Square, London, 
W.C.1. 


Appkcations close on July 22, 1969. 





(2266) 


UNIVERSITY OF EAST AFRICA 
MAKERBRE UNIVBRSITY COLLEGE— 
UGANDA 

Applications are invited for the post of PRO- 
FESSOR AND HEAD OF THE DEPARTMENT 


OF ANIMAL SCIENCE AND PRUDUCIICN 
tenable from September 1, 1969. Appointment 








ULSTER MUSEUM 


Modelmaker 


Applications are invited for the above post, which will entail prepara- 






TAY ey ee a a a nat tion of models for display in the New Extension. Emphasis will be 
amum. n of £505 per on Natural History material and applicants must have experience in 
annum in appropriate case under 






producing models of invertebrate animals—e.g. insects, plants, and 
topography, and possess a thorough knowledge of modern methods 
and materials, including waxes and resins. 

Salary scale : to be negotiated. Applicants should state present salary. 


Application forms may be obtained from the Administrative Officer, 
Ulster Museum, Stranmillis, Belfast BT9 5AB. Closing date : June 28, 


(2255) 


Brith tion Scheme. 
Simstar allowances are paid in certain other cases 
depending on appointee’s country of ongin. Ap- 
@Pcopnate supplementation available from other 








lea 
Detaded a tions (six copies), nammg three 
referees by July 4, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom 
tained. 
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Soil Association 
Research 
Laboratories 


Applications are invited from experi- 
enced male animal 


TECHNICIANS 


to work with small mammals. The post 
carries considerable responsibility and pre- 
ference will be given to applicants who 
have same mechanical or electrical know- 
ledge. Accommodation is available. 


Apply to Scientific Officer, Soil Asso- 
ciation Research Laboratories, Walnut 
Tree Manor, Haughley, Stowmarket, 
Suffolk, giving age, qualifications, experi- 
ence and the name of two referees. 


(2303) 





EXPERT IN LOW LEVEL 
COUNTING 
TEHERAN UNIVERSITY NUCLEAR 
CENTRE, IRAN 
Applications are invited from Chemists 


with experience in low level counting 
especially C-14 and tritium. 





Duties: to install and operate A 
benzene synthesiser and scintillation count- 
ing of samples. 


Salary in the range £2,500 to £3,250 per 
annum, Overseas allowance in the range 
£638 to £1,435, according to domestic 
circumstances. Contract two years. 


Candidates should apply to: 


Appointments Officer, 

MINISTRY OF OVERSEAS 
DEVELOPMENT. 

Room E.301, 

Eland House, 

Victoria, 

London, S.W.. 


quoting ref. RC 











UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


Applications are invited for the post of 
SENIOR RESEARCH ASSOCIATE to 
work in the field of organic electrochemical 
synthesis in the liquid phase. The success- 
ful candidate will be part of a team work- 
ing on the development of new processes. 
and the design and scale up of novel elec- 
trolytic flow reactors and electrode 
assemblies. The post would suit a Ph.D. 
Physical Chemist who is interested in the 
more applied aspects of the field. 


The post is tenable for three years in the 
department of chemical engineering amd 
will carry the normal privileges for Staf of 
the University inchiding F.S.S.U. The 
commencing salary will be on the lecturer's 
scale within the range £1,585 to £2,850 
depending om age, qualifications and ex- 
perience and the post will be available by 
September 1, 1969. 


Informal inquiries should be addressed 
to Dr. F. Goodridge, Department of 
Chemical Engineering, Merz Court. Appli- 
cations (three copies), giving details of pre- 
vious experience and qualifications and the 
names of two referees, shoukd be addressed 
to the Registrar, the University, Newcastle 
upon Tyne, NE! 7RU within three weeks 
of the appearance of this advertisement. 

(2247) 





CSIRO 


AUSTRALIA 


RESEARCH 
SCIENTIST 


DIVISION OF PLANT INDUSTRY 


BAAS BECKING GEOBIOLOGICAL LABORATORY 


Applications are invited from biologists with research training in microbiology and/or 
biochemistry for appointment to a position with the Division of Plant Industry's Baas 
Becking Geobiological Laboratory of the Commonwealth Scientific and Industrial 
Research Organization. This Laboratory is concerned with the contributions made by 
bacteria and other micro-organisms to geochemical processes, particularly those involved 
in the genesis of base metal sulphide minerals. 


GENERAL The current research programme includes studies on--(1) the physiology 
and biochemistry of suiphate-reducing and sulphide-oxidizing bacteria; (2) the 
effects of environmental factors such as heavy metals, salinity, pressure on biological 
activity; and (3) mineralization processes in biological environments. The Organi- 
zation’s Laboratory is housed in the Bureau of Mineral Resources Building in Canberra 
and is well equipped for basic microbiological and biochemical research. In addition, 
the unit has access to the major analytical facilities of the Bureau and of the Division 
of Plant Industry. 


DUTIES The appointee will be required to work within one of the three general areas 
outlined above. A special interest in halophilism would be desirable but not obli- 
gatory. Opportunities would be provided for field in addition to laboratory activities. 


QUALIFICATIONS Applicants should have a Ph.D. degree in biochemistry and/or 
microbiology or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. Though not essential some geo- 
logical background would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, £A5,321 ~£46,693 p.a., or Senior 
Research Scientist, EA6.963—£A8,045 p.a. Salary rates for women are [A428 p.a. 
less than the corresponding rates for men. Promotion within CSIRO to a higher classi- 
fication is determined by merit. 


CONDITIONS The appointment will be for an initial period of three years with the 
possibility of extension beyond this period if mutually desired, it will be conditional 
upon passing a medical examination and an initial probationary period of twelve months 
may be specified. Fares paid for the appointee and his dependent family, Further particu- 
jars supplied on application. 


Applications, (quoting Appointment No. 130/1006), and stating full nama, place, date 
and year of birth, nationality, marital status, present employment. details of quali- 
fications and experience. together with the names of not more than four persons 
acquainted with the applicant's academic and professional standing should reach = 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 


64, Kingsway, LONDON, W.C.2. by the 77th July, 1969 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attache, Australian Embassy, 1601 Massachusetts Ave. NW, 
WASHINGTON, DC 20036. 


(2309) 





UNIVERSITY OF THE 
WEST INDIES 


DISTILLERS COMPANY 
LIMITED 


GLENOCHIL RESEARCH STATION 
RESEARCH CHEMIST 


A Chemist with postgraduate experience 
of fat chemistry is required to initiate 
fundamental studies of the chemistry of 
edible fais and oils as affected by process- 
ing and subsequent storage. The work is 
part of a wider study already in progress 
concerned with flavour assessment. Salary 
will be dependent on qualifications and ex- 
perience but will be comparable with that 
of an equivalent university appciniment. 
Non-<ontributory pension scheme. 

Applications should be addressed to the 
Manager, Gienochil Research Station (The 
Distilers Company Limited), Mensirie, 
Clackmannanshire, Scotland. (2260) 





JAMAICA 


Applications are invited for two posts of (a) 
LECTURER or (b) ASSISTANT LECTURER 





IN EPARTMENT OF PHYSICS. Research 
facilities exist in various branches of geophysics. 





particularly in radio measurements of the upper 
aunosphere and in probing the atmosphere using 
hi techniques. Experience in electronics is 
particularly useful in these two fields, although 
a theoretical interest is also sought. There are 
possibilities of starting research in biophysics or 
in branches of oceanography. Salary scales; 
fa) £1.550 to £2.630 per annum, £1,250 to 
£1,410 per annum. Chiki allowance. F.S.S.U.% 
Family passages. Triennial study leave. 

Detailed applications (6 copies), naming 3 
referees, by July 3, 1969, by persons Hving in 
the Americas and Caribbean area to the Regis- 
trar, University of the West Indies, Kingston 7, 
Jamaica, and by all others to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT. Further particulars obtainable simi- 
larly. (2164) 











For further Classified advertisements see page xxxvi 
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Were planning a population explosion. 


When you build a better rat, the world beats a path to your door. 


To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS® rats. 

In Elbeuf, our rat production will double in early 1969. In Wilmington, we're 
just completing an expansion that will increase production substantially. 
But the important things won’t change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls, With 
pasteurized food. Sterilized bedding. Continual virus monitoring. And a 
nucleus stock maintained in germfree isolations. 

Which are the reasons you ordered Charles River rats in the first place. 
Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 






Here we grow again. 











Frontiers of Biology 


General Editors: A. NEUBERGER, London, and E. L. TATUM, New York. 


A series of research monographs on an advanced level presenting coherent and up-to-date 
views of the fundamental concepts which dominate modern biology. 


Lysosomes in Biology and Pathology (2 volumes) 


Edited by J. T. DINGLE and HONOR B. FELL, Strangeways Research Laboratory, Cambridge 
1969. Approx. 1267 pages. Complete in 2 volumes. Total price Hfl. 210.~ (490 s.) 


Lysosomes are now known to be not just a collection of isolated organelles of interest only to the 
biochemist, but part of a complex, dynamic, membranous system as essential to the cell’s economy 
as the mitochondria or the polysomes. The lysosomal system has been shown to be very sensitive 
to changes in the intra- an extracellular environment, and consequently is involved in many physi- 
ological and pathological processes, The original discovery of lysosomes as discrete biochemical en- 
tities has been rapidly followed in many laboratories by studies on the role of lysosomes in a wide 
variety of normal and pathological phenomena. These investigations have proved so fruitful that 
during the past decade a large mass of information has accumulated, which is distributed in a wide 
variety of biological and medical journals. The time seemed opportune for an authoritative review 
of recent progress in these diverse fields. The present work was undertaken with the aim of present- 
ing in broad outline the present position of lysosomal research, and indicating its chief ‘growing points’. 


CONTRIBUTORS: J. M. Allen - A. C. Allison — A. J. Barrett - H. Beaufay ~ F. Beck - W. E. Bo- 
wers — P. Brederoo — Z. A. Cohn - R. R. A. Coombs — W. Th. Daems —S. Dales ~ J. T. Dingle ~ H. 
M. Dott — D. de Duve — J. L, E. Erisson — M. G. Farquhar -M. E. Fedorko — H. B. Fell - H. G. 
Hers — E. Holtzman ~ F. van Hoof - A. A. Iodice - P. J. Jacques - H. Koenig - C. H. Lack -~ J. 
B. Lloyd - R. A. Lockshin — J. A. Lucy — Ph. Matile - A. B. Maunsbach — D. P. Page Thomas — 
J. J. Reynolds — O. A. Roels - T. F. Slater - A. D. Smith - A. L. Tappel — W.Tessenow — G. Vaes ~ 
R. Weber — I, M. Weinstock — G. Weissmann — H. Winkler — E. Wisse - J. F. Woessner Jr. - S. H. 
Wollman -- M. R. Young 


The Biological Code 


M. YČAS, State University of New York. 1969. 368 pages. Hfl, 38. -{(89 s.) + 


Although much remains to be learned about the chemistry of the transfer of genetic information, 
our knowledge of the formal aspects of biological coding, the problem of what base sequences in 
nucleic acids correspond to what amino acid sequences in proteins, is now essentially complete. 
In this monograph the author has summarized for the first time and in detail the evidence on which 
this knowledge is based. After a historical introduction which enumerates both the successes and 
the mistakes of the early work, the conclusions reached on the basis of work with intact organisms 
are discussed. This is followed by a description of the results obtained using cell free systems, a 
summary of the evidence for each codon assignment, the messenger hypothesis and problems of 
direction of reading and ambiguity. Two chapters are devoted to punctuation, the nature of transfer 
RNA and its bearing on suppression. Finally, the existing evidence on universality and the evolution 
of the code is discussed. There is an extensive bibliography. This monograph will be of value to those 
wishing to acquaint themselves not merely with the results of the studies on the biological code, but 
also with the evidence on which these results rest. 


Macrophages and Immunity 


D. S. NELSON, University of Sydney. 1968. 350 pages. Hf. 60.~ (140 $.) 


This monograph presents a survey of our current knowledge of macrophages, with special reference 
to their immunological activities. The early chapters include discussions of the structure, biochemical 
activities, distributions and life history of macrophages considered as a rather heterogeneous family 
of cells, Recently acquired knowledge of the properties of antibodies cytophilic for macrophages 
is discussed in some detail. Throughout the book the possible significance of these antibodies in a 
variety of immunological reactions is considered. 
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The JEM-T7 is still the only medium 
resolution electron microscope 
with the double gap condenser lens 
which gives better control 

over the illuminating beam with 
less specimen damage. 


The result—Better performance 
all round. 





PRINCIPAL FEATURES INCLUDE: 
Resolution—7A lattice spacing 
Magnification—-600 to 80,000 times 
Accelerating voltage—60kV 


No routine alignment, except for illumination 
shift 


Absolutely simple operation 
Full range of accessories 
But there’s much more to it than this— 


Contact Jeolco (UK) for a detailed 
specification 


NOW, DIRECT SALES & SERVICE BY 


— Shakespeare Road 
RULARE London n3 
Telephone: 01-346 7211 






A subsidiary of Japan Electron Optics Laboratory Co. Ltd. 
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The Vickers M85-a new advance 
in Scanning Microdensitometry 





The M85 is a scanning microdensitometer for the measurement of the light absorption properties of 
transmitted light microscope preparations. The specimen is scanned by a flying photometer spot, 
1.0 in diameter with a 40X objective. The spot density measurements, spaced 1.0u in the y axis and 
0.33 in the x axis over the whole specimen, are integrated and fed to two eye level digital displays 
presenting total integrated density, and the area of the specimen having an optical density greater 
than a set value between 0.0 and 1,3. Exact control is exercised over the scanning mode by a pre- 
cision prismatic monochromator, an indirect specimen masking photomultiplier system and four 
interchangeable objectives. Integrated circuitry is employed throughout for absolute stability and 
reliability. 


Density range 0.0 to 1.3; Specimens measurable down to 0.71 diameter; Reproduc- 
ibility 0.5% standard deviation; Wavelength range 390 to 700 nm approx. 


VICKERS LTD . VICKERS INSTRUMENTS 
HAXBY ROAD YORK Y037SD PURLEY WAY CROYDON CR9 4HN 
Telephone : 09-04 24112 { Telephone: 01-688 3845 
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OLYMPUS moas FH 


... the researcher’s best assistant 


The OLYMPUS FH research microscope which has 
a fine focusing sensitivity of 0.0005mm can perform 
quick and accurate focusing. There's no fiddling. 
Other ways the FH makes manipulations easy in- 
clude coaxial coarse and fine focus knobs; an inter- 
changeable 360° revolving mechanical stage with 
concentric controls on two sides; built-in illumina- 
tor; and revolving, interchangeable viewing heads. 
Various optional accessories such as photogra- 
phing equipment, phase contrast accessory, 
dark field condenser and fluorescent light 
source are available to always keep up with 
the continuously progressing researches. 
And this high grade, high quality micro- 
scopes and accessories are available 
for far less than you'd expect such 
quality to cost. 

The OLYMPUS FH research micro- 
scope is the result of over 50 years of 
optical research and achievements. 
OLYMPUS’ unique precision tech- 
niques are evident everywhere in 
this FH which is designed with the 
userin mind. This easy-to-use and 

extremely accurate research microscope is 
now highly recommended by researchers in 
many countries. 




























lf you need a microscope without the FH’s 
0.0005mm sensitivity, our model EH (with 0.001lmm 
sensitivity) includes the same optics, illuminator and 
condenser at a lower cost. Full details on the com- 
plete line of OLYMPUS instruments for biological and 
research use—and on microscopes for your particular 

application —are yours for the asking. 
OLYMPUS also produces cameras, respective 
series of metallurgical and stereo 
microscopes, optical measuring 
apparatus and medical instru- 
ments including optical fiber 
endoscopes. 





model FHF-Tr 


l OLYMPUS 


OLYMPUS OPTICAL CO., LTD., 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO. (EUROPA) GmbH, 2, Hamburg 1, Steindamm 105, West Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A. 
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GILFORD UV & VIS 
SPECTROPHOTOMETERS 


O MATCH YOUR 


OVER 300 READINGS PER HOUR . . . 
with the model 2443 RAPID SAMPLER 


The Gilford vacuum operated rapid sampling system 
requires samples of only 0.5 mi and can process over 300 
per hour. The cuvette remains in the measuring beam for 
both filling and cleaning, minimizing sample handling and 
cuvette breakage. Construction of chemically inert Kel-F 
permits the use of a wide variety of reagents. 

With this increased productivity available, transcription 
time becomes a limiting factor. A permanent record of 
absorbance or concentration can be printed out automati- 
cally by adding the Gilford Model 410 Absorbance/Concen- 
tration Meter and Model 4006 Data Lister. 


UV or VIS .. . STAINED OR UNSTAINED 
with the model 2410 LINEAR TRANSPORT 


Separation of ribosomal RNA by gel electrophoresis has 
made a powerful technique available. The development of 
the Gilford Model 2410 Linear Transport permits you to 
scan such gels in the ultraviolet directly. You get increased 
accuracy with high resolution. The time consuming staining 
process is eliminated. 

Unstained and stained materials may now be analyzed, as 
both ultraviolet and visible energy can be used. With the 
Model 2410 Linear Transport you will be able to handie 
materials such as polyacrylamide gel cyclinders and slabs, 
cellulose acetate membranes, and photographic emulsions. 


RECORD 4 INDIVIDUAL REACTIONS WITH 12 
POINTS PER REACTION EVERY 3MINUTES... 
with the model 2441 AUTOMATIC POSITIONER 


Your spectrophotometer equipped with the Gilford auto- 
9 matic sample handling system will produce more data than 
s before, while maintaining the precise alignment demanded 
when using micro cuvettes. In the automatic mode up to 16 
plot points, four per individual cuvette, can be recorded in 
one minute. The exclusive offset feature permits individual 
baseline adjustment for each cuvette position. 








® All Gilford UV/VIS Spectrophotometers and : 
most quality. monochromators are readily 
adapted to use these accessories. Find out. 


instrument Laboratories Inc. 
Oberlin, Ohio 44074 





DISTRIBUTED IN GREAT BRITAIN EXCLUSIVELY BY: 
WRIGHT SCIENTIFIC LTD., 3 LOWER ROAD, KENLEY, SURREY C-r2 5NH ENGLAND Telephone: 01-668 4611 
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THIS MARK SPELLS 
ANALYTICAL INSTRUMENT 
PERFECTION 





Wherever you see this mark you can be sure of 
unequalled stability, performance and reliability 
which are inherent in all JEOL products... 

electron microscopes, NMR, ESR, mass spectrometers, 

amino-acid analyzers, liquid chromatographs, gas 
chromatographs, X-ray analytical instruments, laser 

equipment and a host of others. The recent 

addition of JEOL's computer to the world of 
analytical studies enhances the performance 

of each instrument as well as automating 

the laboratory itself. If it’s perfection 
you're looking for, it starts with JEOL. 


For further information, write to: JEOLCO (U.K.) LTD. 4 Shakespeare Road, London N3. 
Telephone: 01-346 7211 





-+ JEOLCO (U.K.) Ltd., has been formed as a subsidiary of JEOL, 
Tokyo, to provide sales, installation and service facilities in the 
United Kingdom and Eire. The Company incorporates the former 
Delviljem organisation. A new Applications Centre willbe opened to 
display and operate a wide range of equipment and to facilitate inves- 
tigation of prospective users’ particular problems and applications. 


4 Shakespeare Road 
London N3. 
Telephone: 01—346 7211 


JEOLCO (U.K.) Ltd. 
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GLASSWORKERS’ 
STAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 54” x5”. 
Price: £15 10s. 6d. 


As above but without colour 
analyser showing strains against 
black field. Price; £11 Us. 0d. 


Immediate delivery 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W:1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS Tel. : 01-222 6713 


DILLON’S UNIVERSITY 
BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
WRITE NOW FOR OUR NEW GEOGRAPHY CATALOGUE 


| MALET ST., LONDON, W.C.1. MUSeum 2128 








FIRE INVESTIGATION: including Published by 
Fire-Related Phenomena: Arson, Ex- i 
plosion, Asphyxiation. John Wiley 
by Paul L. Kirk, University of California. & Sons Ltd 
Presents the basic principles of com- Baffins Lane 
bustion and properties of fuels in the > ž 
practical investigation of fires, ‘ Chichester 
due June 1969 266 pages 84s. Sussex 








M Proceedings of the IIC London Conference 1967 
useum Air pollution — humidity control — lighting — 
museum design in the tropics 


Climatology Price £2 10s, (U.S. $7.50) incl. postage 


Obtainable from 


THE INTERNATIONAL INSTITUTE FOR CONSERVATION 
OF HISTORIC AND ARTISTIC WORKS 


176 Old Brompton Road London SW5 





Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clements inn, London WC2 
TEL: 01-405 4743 

Full details of rates and 
circulation supplied on request 








The Climatic Physiology 


of the Pig 


(Monographs of the Physiological Society 
No. 78) 


L. E. MOUNT 75s. net 


‘This is a clear and comprehensive account of the pig 
in relation to its environment. The author is an 
acknowledged authority in the field... . This book 
will be invaluable for all scientists interested in the pig 
and for all environmental physiologists concerned with 
large animals. But it can also be regarded as dealing 
successfully with the basic principles of climatic 
physiology by reference to the pig as a standard 
example, and as such it takes its place as a first-class 
reference book for anyone concerned with mammalian 
thermoregulation.’ —Animal Breeding Abstracts. 


The Geological History 
of the British Isles 


GEORGE M. BENNISON 50s. net paper; 
and ALAN E. WRIGHT £5 net boards 


‘... the authors have provided a useful and compre- 
hensive summary of all the relevant facts about the 
geological history of the British Isles. It will be much 
used, not only as an undergraduate text, but also as a 
means of surveying the recent advances in knowledge 
in the subject by lecturers in stratigraphy both in 
Britain and in other parts of the word. —New Scientist 


Towards an Understanding 


of the Mechanism of Heredity 
Second Edition 
H. L. K. WHITEHOUSE 65s. net 


‘The 250 new references, incorporated in the second 
edition, enrich it considerably and make it an up-to-date 
source of information for biologists, who can learn how 
far our understanding of the molecular basis of the 
hereditary mechanism has progressed since the first 
edition. .. . | would recommend the book to research 
students specialising in a restricted field of molecular 
genetics who wish to gain a panoramic view of modern 
genetics. —Nature 


Plant Anatomy: Experiment 


and Interpretation 
Part 1: Cell and Tissues 


ELIZABETH G. CUTTER 24s, net paper; 
48s. net boards 


This new edition to the Contemporary Biology series 
relates the structure of plants to the processes of 
growth and metabolism occurring within” them. 
Emphasis is placed on evidence obtained from modern 
experimental studies, and this is integrated with 
existing knowledge of plant structure. The gaps in 
our knowledge are pointed out and suggestions for 
possible investigations put forward in an endeavour 
to stimulate interest in a dynamic and rapidly developing 
field of botany. 


Edward Arnoid 


41 Maddox Street, London, W.1 
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There is a place in your lab for the 


MSE HIGH SPEED 25 
CENTRIFUGE 




















IT FILLS THE GAP — between ‘general purpose’ and ‘preparative’ centrifuges 


Even before the introduction of a 6 x 15 ml swing-out 
rotor developing over 110,000 x'g' the High Speed 25 
with its tremendous versatility proved invaluable 
wherever there was a need for centrifuging at high speeds 
with accurate temperature control in the O°C to -40°C 
range—even at maximum speed. 


Where else can you find a centrifuge of such compact 
form which caters for zonal centrifuging, sophisticated 
density gradient techniques and up to 1,500 ml capacity 
with angle rotors —to list but a few of its capabilities ? 
Please ask for Publication 48114 which gives full details. 


LONDON S.W.1. ENGLAND 


Cables: Emesetool, Sowest, London 





3 MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, 
Telephone: 01 -834 7373 Telex: 22666 


INCORPORATED, 811 


P400 In USA: MSE 





Tht cutie è Awan 
1 OVE TAT 


SHARON DRIVE, WESTLAKE,. OHIO 44145 
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We're rarely 
closed— 





~to new applications. In fact the uses you find for the 
Unicam SP800 ultraviolet and visible recording 
spectrophotometer often outrun even our expectations. 
Of course, the SP800 system was built with versatility in 
nind, but you've taken advantage of every accessory we 
can produce and will probably soon demand more. 
We've already thought of the important features which 
make a good instrument: flat bed recorder with 
preselected wavelength scanning, linear absorbance 
presentation with beam balance adjustment, high 
resolution thermostatted prism monochromator, and the 
unique second-sample position. And the accessories 
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include scale expansion up to 20 x on the SP20 recorder, 
fixed wavelength scanning, repeat scanning, sample 
changer for 4 sample and 4 reference cells, thermostatted 
cell housings, diffuse reflectance and spectrofluorescence 
accessories, and a full range of sample cells. The list 
expands continuously~-the latest additions being the 
SP876 Temperature Programmer and SP877 Cel! Holder’ 
designed specifically for D.N.A. and R.N.A. analysis. 
Write or telephone Pye Unicam today for full details of 
the Unicam SP800 spectrophotometer and some of the 
applications we know about 

You may know of more! 








Precision Instruments 


Pye Unicam Ltd 
York Street, Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 
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Fire and Car-Park Buildings “3 i N mien: PA 
Fire Note 10 *% Big Revisions for 3rd Edition, Vol I 
This illustrated booklet describes tests designed to simulate Kendall € Stuart 
conditions in a car-park building, and shows that the fire- 
resistant requirements for these buildings can be very consid- 
erably reduced, thus effecting appreciable savings in their A d d 
construction costs, van Ce 

20s. (20s. 6d. by post) Th of St t e t . 
Soil Biology Y 
A UNESCO publication reviewing the research already Vol I: Distribution Theory 452pp June 27 £4 10 


carried out in various parts of the world concerning soil 
biology. Among the many aspects of the subject dealt : : 
with is the methodology, including the systematic Dr MAURICE KENDALL & Pror ALAN STUART 
determination of microflora and principal bacteria _ have made extensive changes to keep abreast of progress 
of the soil population, the relationship between the biology of in theory, and added 50 exercises and 130 references. 
the soil and its structure, pedological type and development a . 
and the study of ecological associations in the soil and their Yet they have kept this modern classic to the same 
effect on plant pathology. eminently handable compass. 

48s. (49s. 8d. by post) 


TERRE TNR ST DESO SE STEED ERETTE TTAR 
The Chemical Industry 1967-1968 


Deals with the situation in the chemical industries in OECD 
countries during the calendar year 1967 and gives some 
information on developments during the first six months of 1968 


SECOND EDITIONS 
Vol I: Interference & Relationship 
1967 700 pp £7 58. 





and views on the trend for the rest of the year. Vol IM: Design & Analysis; Time Series 
48s. (49s. 4d. by post) 1966 560 pp £6 16s. 
Free lists of titles (please specify subject/s) are available A ins Statistics Eet: SPR aSS, ; details f 
K from Her Majesty's Stationery Office, P6A (NAT), Atlantic Chas Griffin's Statistics list is uns MDE Write Jor gear 
House, Holborn Viaduct, London E.C.1 42 Drury Lane London W C2 
Government publications and those of UNESCO and 
OECD can be purchased from the Government Bookshops 


in London (post orders to PO Box 569, S.E.1), Edinburgh, 
HMSO Cardiff, Belfast, Manchester, Birmingham and Bristol, G R I F F I N 


or through any bookseller la 















Announcing— 
A New Spectro-polarimeter 


The Spectro-C, ORDograph* 


* A combined polarimetric and circular dichroic spectrograph 








An entirely new instrument for the measurement of Optical Rotatory Dispersion and Circular Dichroism 
over the wavelength range 180-800 nm of samples of optical density in the region 0-5. The data is 
stored photographically in an exposure time of | second for samples of O.D. 2; higher densities take 
a little longer. Both O.R.D. and C.D. data recorded simultaneously thus enabling studies of rapid 
reactions to be made in successive exposures. The elimination of electronics gives a low cost, trouble 
free, highly stable instrument with unique features. 


We now have the capacity for aluminising certain 


types of mirrors, at short notice. 





SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 
E enanas SO 
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Policies for Pollution and its Cure 


Nopopy can tell why the past few years have seen 
such public concern for the environment and for the 
way in which it can be polluted by chemicals, noise 
and even, sometimes, by people, but nobody would 
deny that this development is a cheerful one. In the 
long run, it may seem that the late Miss Rachel Carson 
played a big part with her book The Silent Spring, for 
the pesticides with which she was chiefly concerned 
remain more or less at the centre of public attention. 
This, certainly, is borne out by the way in which the 
Swedish Government has banned the use of DDT 
and similar pesticides for a trial period of two years, 
and a number of states in the United States—Arizona 
and Ilinois, for example—are following suit. But 
Miss Carson’s propaganda, like that of people like 
Dr Barry Commoner, although valuable, has often 
seemed like preaching to the converted. Quite pro- 
perly, governments and taxpayers have had forced on 
them a host of problems which are chiefly occasioned 
by the complexities of modern urban life. From this 
point of view, the current wave of anxiety about 
the environment has more ancient roots—Ebenezer 
Howard, for example, set about building garden 
cities in the late nineteenth century because of his 
view that deliberate planning for the preservation of 
the environment had already become a necessity. 
The problem now, however, is that the fabric of 
industrial societies is already too intricately constructed 
for forward planning to be a sufficient remedy. Clean- 
ing up the spoilage of the past is urgent. 

For several reasons, the question of how pollution 
of the environment should be avoided has become a 
topical issue of public policy simultaneously in several 
advanced industrial states. In the United States 
there is a general concern for what is sometimes called 
the “quality of life’ which has its roots as much in 
the teasing urban problems of colour and poverty as 
in the presence of too much smoke in the atmosphere 
or too much sewage in the rivers. Whatever the 
motives which have given the movement for a more 
carefully regulated environment its strength, however, 
there should be unstinted admiration for the way in 
which severa] agencies of government in the United 
States have taken on themselves responsibility both 
for research and for the administration which is a 
necessary instrument of environmental control. By 
the same tokens, many European governments can 
take credit for vigorous and sometimes imaginative 
measures intended to improve the environment. 
Sweden and the Scandinavian governments have 
always been models of good practice, but it should not 
be forgotten that the legislation against the burning 
of smoky fuels in Britain has for practical purposes 








put an end to the classical industrial fogs of the cities 
and has, no doubt, in the process saved the lives of 
many people who would otherwise have been dead of 
the equally classical bronchial troubles which go with 
fogs. In spite of these suecesses, however, it is plain 
that the struggle against pollution of the environment 
is still a piecemeal business, which is why there is 
now an obligation on governments to work out more 
closely coordinated strategies against pollution. 

The most obvious risk is that governments will 
attempt to deal with the problems of the environment 
by creating research programmes. In the decades 
since the Second World War, the temptation among 
governments to call for more research when there are 
problems to be faced has become as real as the readi- 
ness of film cowboys to reach for their guns at the 
slightest sign of danger. In the present circumstances, 
however, increased expenditure on scientific research 
has only a modest contribution to make to the solution 
of immediate problems. So much is illustrated by the 
clamour there has been in Britain since the wrecking 
of the Torrey Canyon two years ago about the risk 
of oil pollution around the coast. For all the careful 
studies since carried out, by organizations as different 
as the House of Commons Select Committee on Science 
and Technology and by Sir Solly Zuckerman’s unit 
at the Cabinet Office, there has emerged no simple 
remedy for trouble. The result is that the now familiar 
hosepipes laden with detergent made their appearance 
again at Southend, in the Thames estuary, when 100 
tons of crude oil came ashore three weeks ago. The 
moral is that if coastal pollution is to be controlled, 
it will be necessary to find more effective ways of 
preventing oil tankers spilling oil at sea. To be sure, 
none of this implies that research has no part to play, 
and it is also only fair to acknowledge that several 
public and private laboratories in a great many 
countries are already engaged on valuable but neces- 
sarily long-term research. 

Another common pitfall is the common assumption 
that all forms of pollution are intolerable. This, unfor- 
tunately, is where Miss Carson undermined her own case 
by too much exaggeration. The truth is, of course, 
that it is always necessary to strike some kind of 
balance between the cost of pollution and the cost of 
getting rid of it. To be sure, these quantities are often 
incommensurable. Who, for example, is to estimate 
numerically the value of the nuisance caused by noisy 
aircraft engines to the people who live near airports ? 
Fortunately, however, society is well provided with 
devices for striking a balance between incommensurable 
quantities. This is what governments and politicians 
are for. And it follows that ifthe British Government 
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is really anxious to see some better regulation of the 
environment, it should begin by making its own 
administrative machinery more suitable for the tasks 
it needs to undertake. One obvious folly of the present 
arrangements is the fragmentation of responsibility. 
One ministry regulates river pollution, but another is 
responsible for the coasts. All this implies that the 
most urgent need is closer coordination within the 
government machine. The best device would be some 


ee i 
Dr Dainton’s Bookkeeping 


Wuen the British Government had the temerity to say 
that the British Museum would not be allowed to annex 
a new site in Bloomsbury on which to build a new 
extension, for the library, it seemed for a time as if the 
foundations of British society would collapse. The 
trustees of the museum were, of course, entirely right 
to be offended at the way in which the Department of 
Education and Science hed acted arbitrarily, and it is 
still not clear why the Government thought it necessary 
so urgently to interfere with the museum’s plans. Was 
there genuine concern about the destruction of a 
picturesque but tatty mixture of dwelling houses and 
offices? Did the Government really suspect. the 
wisdom of the trustees’ plans for development but dare 
not say so, with Lord Eccles breathing down their 
necks ? Or was the Government simply acting in- 
eptly + Whatever the motives, the outcome seems 
to have been unexpectedly constructive. In Deeember 
1967, the then Minister of Education and Science, 
Mr Michael Stewart, appointed a committee under 
Dr F. S. Dainton to make a study of the needs of 
library users. The report now published (Cmnd 4028, 
HMSO, £1 8s) is indeed the promised reappraisal of 
the problem of managing a national library service. 
To do the committee credit, the report is only a little 
later than the promised deadline. And with admirable 
agility, the committee seems to have threaded a course 
between the powerful interests concerned respectively 
with doing nothing and with over-rapid revolution. 
To be sure, many of those embedded in the contro- 
versy about the British Museum will be astonished to 
see that the Dainton committee has lightly set off 
bombshells such as the proposal that the library should 
be separated from the collection of unprinted objects 
in a mere fifty words of dry prose. 

Historically the development of the national libraries 
in Britain has been a concatenation of accidents, few 
of them happy. The fact that the best reference library 
in London, and the best public library in Britain, 
which specializes in science and technology should 
have grown up around the Patent Office is as much a 
proof of the neglect of central planning fifty years 
ago as a token of the industriousness of patent agents. 
This library, renamed the National Reference Library 
of Science and Invention, and incorporated within the 
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unit with power to intervene in the affairs of separate 
ministries on matters of pollution in much the way 
in which the Treasury is empowered to intervene on 
money. Such a unit would also be able to coordinate 
the research programmes now under way and thus be 
equipped to anticipate the consequences of new 
pollutants of the environment. Is this, perhaps, where 
Sir Solly Zuckerman’s unit will at last inherit a lasting 
job to do? 


British Museum library in 1966—after a decade of 
furious complaint by the old Advisory Council on 
Scientific Policy—has been shockingly mishandled 
both by the British Museum and by the British Govern- 
ment in the past few years. In spite of rapid 
growth and an enlightened policy of open shelving 
which made it particularly convenient to use, promises 
of a new site have repeatedly been broken. Now the 
collection of books is divided between two sites in 
central London half an hour apart by taxi. Since the 
row about the new site for the main library at the 
museum, the future of the National Reference Library 
for Science and Invention has inevitably been unde- 
cided. The Science Museum Library at South Kensing- 
ton, in limbo ever since it has been functioning more 
as a college library for Imperial College than as an 
adjunct of the Science Museum, has been further 
handicapped for lack of decent premises. In cireum- 
stances like these, it is inevitable that there should 
have been fears that the scientific reference libraries 
would be overtaken and even replaced by the National 
Lending Library for Science and Technology—a vigor- 
ous enterprise in Yorkshire which lends books and 
journals and which has created its own characteristic 
blend of scholarship and retail trade. 

The Dainton committee’s solution to all these 
troubles is a National Libraries Authority. Briefly, 
this would lump together not merely the library at 
the British Museum, the National Reference Library 
for Science and Invention and the National Lending 
Library for Science and Technology, but also the 
National Central Library (which maintains loan stocks 
in the arts and the humanities), the British National 
Bibliography and even the Office of Scientific and 
Technical Information, by means of which the Govern- 
ment has been trying to stimulate research or at least: 
selfconsciousness about the use of libraries. At the 
same time, the committee would put the Science 
Museum Library out of its misery by letting it be 
known as what it has become—the college library at 
Imperial College. All this makes sense even if there is 
almost certain to be fury in some quarters at the brash 
dismissal of the British Museum’s argument that close 
integration of its two disparate functions is intel- 
lectually desirable. This is nicely given the lie by the 
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discovery that during the periods of two surveys carried 
out in April and August 1968, only six visits were made 
by members of the museum staff to the museum 
library and reading rooms. The case for absorbing 
OSTT is also strong—in the brief span of its existence, 
this organization has been too imitative of what 
happens elsewhere and too unconcerned with the 
practical uses made of the scientific literature. If it 
can be kept from being too uppish in a new organiza- 
tion, it could help to provide the long-term research 
which the library services need. 

It is less sure that the new authority should be as 
much under the thumb of the Department of Education 
and Science as the Dainton committee suggests. The 
Dainton committee comes out for a management 
board appointed by the Government and organized 
very much as if it were a nationalized industry. Quite 
explicitly, the committee says that it does not want to 
see the management of the libraries left in the hands 
of trustees as at the British Museum under present 
arrangements, chiefly because it wants there to be 
full-time and efficient management. All that is fair. 
The danger is that direct dependence on the Govern- 
ment will perpetuate the traditions of parsimony which 
have literally beggared the libraries in the past few 
years while, at the same time, serving to isolate them 
still further from the university libraries up and down the 
country. So is there not at least a case for asking 
that the new service should be run by a management 
board appointed by trustees on which the universities 
and the research councils are strongly represented, or 
even for asking that funds should come not directly 
from the Department of Education and Science but 
from the government agencies responsible for the health 
of scholarship—the UGC and the research councils ? 

On two other points, the Dainton committee is 
entirely sensible. First, it asks that both the British 
Museum library (to be renamed the N ational Reference 
Library) and the National Reference Library for 
Science and Technology (which should not be called the 
Central Science and Patent Collection as Dr Dainton 
suggests) should be rehoused in central London. 
Second, it suggests that even though both of these 
should be independent units within the National 
Libraries Authority, there would be advantages in 
having them close together. The most urgent practical 
need occasioned by the report of the committee is that 
the Government should find somewhere to build these 
two institutions, and Covent Garden is an obvious 
place. The strongest case for having them adjacent 
to each other is a point the importance of which the 
committee has underestimated—the need that collec- 
tions in the history of science should be easily accessible 
not merely to historians, as at present, but to scientists 
as well, 

What the committee has to say about research and 
the future development of national libraries is also 
sensible. Perhaps the greatest need is that arrange- 
ments should be made for handling bibliographies by 
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computer. Centralization will obviously help. The 
ideal is that the new libraries authority should go much 
further than librarians (and even Dr Dainton’s com- 
mittee) would wish in devising means of compiling 
bibliographies based on usage as well as formal rele- 
vance. In the long run, however, the development of 
tools for the more efficient use of libraries requires not 
merely that there should be a more efficient central . 
network within Britain, but also that British practices 
should be closely married with those of other countries. 
In this sense, the Dainton committee does less justice 
than it might have done to an important cause, Is it, 
for example, sensible to make heavy weather of the 
problem of storing enough literature in foreign 
languages when there are obvious opportunities for 
coordinating national library systems within western 
Europe ? 

The implications of what the Dainton committee has 
to say about the cost of running the National Libraries 
Authority will, quite understandably, cause a great 
deal of anguish. The management board which the 
committee would like to see would be expected to 
operate more or less commercially, making hardheaded 
decisions about the point at which it would be economic 
to store library material in outlying stores, not central 
London. By the same test, it would be necessary to 
decide that some material should be stored on film, not 
in the flesh. Undoubtedly this will affront a great 
many users and of course there is always a danger that 
boards of management given unduly commercial terms 
of reference will skimp on the convenience of readers. 
Yet the Dainton committee is right to emphasize that 
the cost of operating the libraries now in service is 
alarming. At the National Lending Library for 
Science and Technology, for example, the total cost 
works out at £1-15 for each loan of a book or journal. 
The cost of storing books seems to vary enormously 
from one site to another, but works out at about £0-25 
per volume per year. Given that, in libraries like the 
British Museum, many volumes are used only once in 
ten years, the cost for each use works out at £2-5. In 
circumstances like these, it might have been entirely 
proper for the committee to have gone the whole hog 
and to have suggested that many books should be kept 
but never lent. In the long run, the answer to a great 
many of the problems with which the Dainton com- 
mittee has been concerned may be a method of repro- 
duction which is cheap enough to provide a potential 
borrower or user not with a sight of an original book, 
but with the gift of a copy of it. 


ENRICHED URANIUM 


Slow Spin for Centrifuges 


THERE is plainly some disappointment among. the 
governments of Germany, the Netherlands and the 
United Kingdom about the progress made in Bonn 
on June 9 towards a tripartite agreement on the 
development of plants for separating fissile uranium 
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by the use of gas centrifuges. The communiqué issued 
after the meeting is heavy with phrases such as ““ques- 
tions of substance still to be decided”. What seems 
to have happened is that the ministers of the three 
countries—two from each side—were presented with 
a report on progress so far towards the solution of 
technical and political problems together with a draft 
of a treaty. Some points in the documents prepared 
by the officials have plainly been accepted by the 
politicians, although the communiqué says that the 
draft treaty will have to be amended in the light of 
the discussions at Bonn. Enough progress towards an 
agreement seems to have been made for the three 
governments to have agreed that industrial enterprises 
~—ineluding public corporations such as the British 
fuel manufacturing company—should be brought into 
the discussions. (From the beginning, the intention 
has been that industrial companies should be tightly 
integrated with the plans for making centrifuges.) But 
there is no longer any of the optimism which allowed 
people to say, as recently as March, that it might be 
possible to sign an agreement in principle at the 
meeting which took place earlier this week. 

What lies ahead? Although it has plainly been 
something of a surprise that the negotiations have 
turned out to be as tough as Monday showed them to 
be, cheerfulness is still the order of the day among the 
negotiators. Most probably it is a combination of 
technical and political considerations which has made 
the going unexpectedly difficult, and certainly there 
will be great rejoicing among those who make and sell 
fissile materials when eventually it is possible to under- 
stand the commercial advantages of the bulk produc- 
tion of uranium-235 by gas centrifuge. Certainly 
there seems to be no doubt that the intervention of 
Euratom has been unimportant. Nobody seems to be 
concerned at the clarion call from Brussels that the 
use of this technique should be organized on an inter- 
national basis, preferably within the EEC. This, how- 
ever, probably explains the statement in the Bonn 
communiqué that there would be consideration for 
the participation of other governments once the tri- 
partite enterprise had become a going concern. 


DRUG CONSUMPTION 


Eating More Pills 


PrOPLE seem to have an insatiable appetite for pills, 
and the richer they are the more they take and the 
more they are prepared to spend on medicines in 
general. Doctors seem equally happy to prescribe 
more medicines. These apparently universal trends, 
which carry the risk of sickness through excessive use 
of drugs as well as waste of money, prompted the 
Swedish Government in the spring of 1964 to suggest 
that the World Health Organization should make a 
survey of European drug consumption. The report of 
a pilot survey in six European countries—Austria, 
France, Hungary, the Netherlands, Sweden and the 
United Kingdom—will do nothing to dispel the 
Swedish Government's alarm. 

In all six countries, the increase in drug consumption 
and its cost is now a cause for anxiety. The WHO 
consultants say that the amount of information they 
were able to collect was insufficient to suggest how 
best to obtain the optimum level of drug consumption 
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or to make strict comparisons of the situation in 
different countries. 

As would be expected, there is considerable variation 
in the pattern of drug consumption not only between 
but within the six countries. In general, urban com- 
munities consume and spend more on medicaments 
and medical care than their rural counterparts. The 
people of Budapest spent 349 florints on medicines 
in 1965, while the average spending in the rest of 
Hungary was 200 florints. There are also considerable 
differences in the amount spent on drugs in the six 
countries and the types of drugs used for particular 
diseases. 

The rise in cost of prescribed drugs in the past ten 
vears has generally outstripped the increase of national 
incomes, and is more evident in general practice than 
in the hospitals. One common cause is the tendency 
of generel practitioners to prescribe proprietary 
drugs. The clearest example of this trend is in Britain. 
In 1949 the average cost per ingredient in the 202 
million prescriptions was 16-4 pence, but by 1965 the 
comparable figure had increased to 84:4 pence. And 
in Sweden, the average cost per prescription rose from 
6-49 to 12-36 kroner between 1955 and 1964. The 
increasing consumption of proprietary drugs—in 
Britain in 1964-65 they constituted 75 per cent of all 
drugs prescribed—is familiar enough. The report 
notes, for example, that several committees in Britain 
have commented on the fact that the medical profession, 
while stoutly defending the right of each doctor to 
have maximum freedom to prescribe any drug for his 
patient, too often succumbs to advertising and ends 
up by prescribing costly proprietary medicines for which 
there are cheaper alternatives. 

Among the six countries surveyed, the number of 
prescription items per head of the population correlates 
with the number of doctors per head of the population. 
There was no correlation between consumption of 
prescription of over-the-counter drugs with the number 
of pharmacies. The survey also could find neither 
evidence that rigid government control of manufacture 
or marketing of drugs influences total consumption, 
nor evidence for the assumption that the availability 
of a large number of drugs affects total consumption. 
On the other hand, a liberal policy of admitting drugs 
to the market increases the risk of consumption of less 
effective drugs. The report also calls for more non- 
commercial communication about drugs in addition 
to the ever growing “commercial communication” — 
its euphemism for advertising. This is steadily intensi- 
fying in Europe, although it has not yet reached the 
levels in the United States, where the drug companies 
spend about $4,000 a year per physician. 





PHARMACEUTICALS 


Keeping Watch on Drugs 


Ir will be interesting to see whether the Dunlop Com- 
mittee becomes known as the Frazer Committee now 
that Sir Derrick Dunlop has resigned the chairmanship 
of the British Government's Committee on Safety of 
Drugs and Dr A. C. Frazer has succeeded him. Cer- 
tainly that is likely to be the most noticeable change. 
Sir Derrick, who has been chairman of the committee. 
which acts as a watchdog for the British Government 
on the new drugs and formulations put on the market 
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Sir Derrick Dunlop. 


in Britain, since it was set up in 1963, has now become 
chairman of the Medicines Commission, to be estab- 
lished under the 1968 Medicines Act. As such, he is 
likely to preserve close relations with Dr Frazer, who 
is expected to take the chair at the next meeting of 
the main committee later this month. 

Dr Frazer is no newcomer to the Dunlop Committee. 
Like Sir Derrick he joined it, as a member, in 1963 
and for some time has served as chairman of the sub- 
committee dealing with the toxicity, clinical trials 
and therapeutic efficacy of new drugs and formula- 
tions. He is a strong advocate of the principle that the 
pharmaceutical industry, and for that matter the food 
industry-—he is director-general of the infant British 
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Nutrition Foundation and president of the British 
Food Manufacturing Industries Research Association 
—should be responsible for the safety of its products. 
He does not believe, for example, that developing the 
Dunlop Committee or any other government agency 
along the lines of the US Food and Drug Administra- 
tion would serve any useful purpose when the gentle- 
man’s agreement between the drug companies and the 
Dunlop Committee has worked so well. The Dunlop 
Committee receives about 800 new formulations or 
new drugs each year and the industry for the past six 
vears has been careful to submit all its new prepara- 
tions for vetting both at the stage of clinical trials and 
when it intends to market them. It also voluntarily 
supplies the committee with an adverse reactions 
register covering the first two years after the prepara- 
tion is marketed. Dr Frazer said he could only recollect 
two or three occasions when a company had dodged 
this procedure and in these cases a quick word from the 
committee to the Government quickly brought the 
offenders to heel. There was a tinge of regret in his 
voice when he explained that, when the Medicines 
Act comes into full force, this informal but successful 
arrangement will be replaced by a more formal and 
rigorous, but inevitably more bureaucratic, procedure. 


METEOROLOGY 


Still Cooling Down 


A survey of the world’s weather conditions during 
1968 (WMO Bulletin, 18, 72; 1969) has shown that 
for much of the globe it was considerably colder than 
normal last year. In Franz-Joseph Land, indeed, 
average temperatures were about 7° C less than during 
the period 1931-60. To what extent this fall of tem- 
perature reflects a reduction in the amount of solar 
radiation reaching the surface of the Earth is not yet 
clear, but the slight cooling of the large Eurasian and 
North American land masses is likely to be directly 
linked to the amount of incoming radiation from the 
Sun. 

The temperature on the surface of the Earth has 
been falling slowly for the past twenty to twenty-five 
years. Dr J. M. Mitchell of the US Weather Bureau 
carried out a survey a few years ago of the global 
temperature for the eighty years up to 1960, and he 
found a general rise for the period up to the early 
nineteen forties and a steady decline thereafter. This 
analysis has been extended by Professor R. A. Bryson. 
and his team at the University of Wisconsin to include 
the past decade, and they have found a continuation 
of the downward temperature trend. 

Particular features of the world’s weather during 
1968 were the heavy precipitation in the northern 
hemisphere and the very widespread subnormal tem- 
peratures. The only areas in the northern hemisphere 
to experience above normal temperatures were a belt. 
across the Soviet Union from southern Siberia to 
central Europe and a few parts of Canada. In contrast 
to the abundance of rain in Europe, the Soviet Union 
and North America, many subtropical areas in Asia 
and North Africa experienced unusually light rainfalls, 
and droughts seem to have been widespread in the 
southern hemisphere. 

The study of radiation climatology is still in its 
infancy. Meteorologists differ on the extent to which 
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incoming solar radiation affects temperature, but the 
new theory of climatic variations put forward by Dr 
Budyko of the Soviet Union at the Symposium on 
Radiation at Bergen last August has already provoked 
some searching questions. There has been a reduction 
of between three and four per cent during the past 
twenty years in the amount of solar energy reaching 
the surface of the Earth, and Dr Budyko interprets 
this as the result of an increase in the quantity of dust 
in the Earth’s atmosphere. This view is not universally 
held, however, for variations in the intensity of the 
source radiation could also account for the observed 
pattern of monitored radiation. Before the present 
period of decreasing solar radiation, there was one of 
about thirty years when the radiation stood at a 
constant level, but before that it had again been at a 
lower level. 

If the latest trend is a consequence of increased 
atmospheric dust, it is hard to see how the dust could 
be of volcanic origin. The first major voleanic eruption 
since the Second World War took place in 1963, which 
is well after the beginning of the declining radiation 
period. It is more probable that exhaust gases from 
various artificial sources are the cause of the offending 
dust particles if, that is, the dust serves as a radiation 
shield as Dr Budyko suggests. 


TRANSPLANTATION 


Life without Kidneys 


from our Social Medicine Correspondent 


THE social and ethical problems posed by the effective 
but expensive treatment of kidney disease were the 
subject of the lecture delivered by Dr George E. 
Schreiner, director of the renal and electrolyte division, 
Georgetown University Hospital, Washington, DC, at 
Newcastle upon Tyne on June 5. Precisely how many 
people die annually from kidney disease in the United 
States is unknown, but a crude death rate of 14-3 per 
hundred thousand has been suggested. Oddly enough, 
it is the only medical subject on which a White House 
commission has convened. Although Dr Schreiner 
could name five methods used for treating uraemia, 
dialysis and kidney transplants (substitution tech- 
niques) are, he said, the most effective. 

Patients preferred for dialysis are those with vascular 
problems, or with azathioprine toxicity, or who have 
experienced repeated transplant failures. But, even 
with the choice thus narrowed, the decision as to who 
should receive dialysis is far from easy. Among the 
factors to be considered are freedom of consent on the 
part of the patient, the emotions of the parents or 
relatives, the drain on the energy of the family, and the 
demand on professional skills, on funds, time and 
space. Although few of his colleagues agree with him, 
Dr Schreiner firmly believes that the patient should 
have the right to withdraw from treatment if desired. 

On the subject of kidney transplants it was encourag- 
ing to hear that, in spite of the immunological barriers 
yet to be overcome, there has been a great improvement 
in the survival rate of transplants during the past two 
years; Dr Schreiner attributed this improvement to 
experience alone. Quoting percentages for the survival 
of 2,321 patients after one year, he said that this was 91 
per cent where a kidney has come from a monozygous 
twin, 73 per cent from a dizygous twin, 72 per cent from 
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siblings, 64 per cent from parents, 67 per cent from 
other blood relatives, 25 per cent from living unrelated 
donors and 36 per cent from cadavers. 

Dr Schreiner said that patients preferred for trans- 
plants are young children, sterile adults wanting to 
have children, those who have responded poorly to 
dialysis and those with difficult shunt problems (for 
example, clotting). On the one hand, transplantation 
may bring many benefits—to the donor and recipients; 
to the doctors and staff (who get a sense of accomplish- 
ment); to medical students (who derive an increased 
knowledge of human biology); and to the public (who 
welcome a tangible return for their financial support). 
But kidney transplantation may also do harm-—the 
donor could suffer as a result of having one kidney 
only; the recipient could suffer from infection, radia- 
tion exposure, medical complications of transplanta- 
tion or psychiatrie problems; and the doctor could be 
taken away from other work that might be more 
productive. 

Finally, Dr Schreiner discussed briefly the cost 
effectiveness of the two chief forms of treatment. He 
quoted the cost per year of life of dialysis at a centre as 
$11,600, that of dialysis at home as $4,200, and that 
of a transplant as $2,600. 


PLANT BREEDING 


New Wheat and Potatoes 


Tue unravelling of the mechanism that controls 
meiosis has been taken a step further during the past 
year at the Plant Breeding Institute in Cambridge. 
In the latest annual report, Dr Ralph Riley and his 
colleagues in the cytogenetics section describe how 
they found that a single locus controls the pairing of 
chromosomes in hexaploid wheat, Triticum aestivum. 
This wheat has six sets of chromosomes and normally 
during meiosis only chromosomes of the same set pair 
with each other. This homoeologous pairing is con- 
trolled by one chromosome, called 5B. Using ethyl 
methane sulphonate to produce mutant wheat in 
which chromosomes from different sets pair with each 
other, Dr Riley and his colleagues have shown that 
just one locus on 5B is responsible for the maintenance 
of homoeologous pairing (the Hp locus). 

By suppressing the activity of 5B it has been possible 
to introduce new characters into Triticum aestivum 
through crosses with closely related species. Last year 
‘Compair’ was described with resistance to the yellow 
rust fungus (Puccinia striiformis), introduced from 
Aegilops comosa, and this year attention has centred 
on introducing quantitative characters into T. aestivum. 
Crosses with Aegilops bicornis have produced striking 
modifications of the parent wheat variety ‘Holdfast’. 
The most important improvement is an increase in 
yield which does not affect the quality of the grain. 

The importance of ‘Compair’ was underlined last 
year by a collaborative pathological investigation 
carried out in Cambridge, the Netherlands, Germany 
and Kenya. Although ‘Compair’ turned out to be 
susceptible to yellow rust in Kenya and to two races 
of the fungus in Turkey and Japan, it maintained 
resistance to all races isolated in western Europe, as 
well as to races from the north-west United States. 
‘Compair’ has also remained resistant in field tests 
carried out in Mexico. 
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The breeding of potatoes at the Plant Breeding 
Institute is now well oriented to the needs of the 
processors. Makers of crisps, frozen chips and instant 
mashed potato all have similar requirements: a potato 
with a large content of dry matter but not much 
reducing sugar. ‘Record’, the variety now used most 
for crisps, was found to have as high a dry matter 
content as most varieties tested last year. 

Potatoes for canning, on the other hand, should have 
as small a content of dry matter as possible, so that 
they do not break up when cooked. Although the 
acreage devoted to these potatoes is never likely to 
exceed 2 per cent of the total acreage of potatoes, 
it is considered worthwhile to select suitable clones, 
many of which have been discarded in the past for 
having tubers that were too small. Some canners 
have already found the Cambridge variety “Maris Peer’ 
suitable for their needs, and more and better varieties 
are expected in the future. 


EDUCATION 


New Technological Institute ? 


By stressing the importance of industrial! cooperation, 
Cranfield, the aeronautical and automobile post- 
graduate engineering college, succeeds in giving its 
students a training that is immediately applicable 
in seeing through research projects of potential value 
to industry. Students come to the college with univer- 
sity degrees or equivalent qualifications and preferably 
some experience in industry. They then take one-year 
or two-year diploma courses in the College of Aero- 
nautics, the School of Automotive Engineering or the 
School of Management. In some fields, the Cranfield 
diploma has long been internationally recognized as 
equivalent to a master’s degree, and the college is 
hoping soon to be able to award higher degrees as an 
Institute of Technology. This was one of the specific 
recommendations in the Robbins Report and the Privy 
Council’s decision on it is expected within the next 
few weeks. The college also runs a number of short 
courses. 

One of the attractive features of teaching at Cran- 
field is the range of experimental equipment available— 
students in the Flight Department, for instance, spend 
at least one day a week actually flying. The aircraft 
owned by the department include Hawker Siddeley 
Doves, which are used as flying classrooms, a turbo- 
jet used to look at the effects on the aircraft structure 
of turbulence during flight, Canberras for investigating 
aquaplaning and attempting to measure slush drag, 
a helicopter and two gliders. The college has a large, 
32K-word ICL digital computer which, it is hoped, 
can be linked to the 100 amplifier analogue com- 
puter. 

The college with its 500 students is supported by a 
direct grant of about £1 million from the Department 
of Education and Science and there seems to be no 
lack of money for research projects. The Science 
Research Council is supporting research into the vibra- 
tion of road vehicles to the tune of £100,000 and also 
a number of smaller projects including the study of a 
particular type of welding failure. There is some money 
from industry—Rolls-Royce, for instance, is support- 
ing work on air spray burners for gas turbines—and 
the college is hopeful that more will be forthcoming. 
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Pergamon Press is putting £10,000 towards a two-year 
information retrieval project. The Ministry of Tech- 
nology is helping with some ambitious feasibility 
studies including the much publicized use of carbon 
fibre resins to save weight in the primary structure of 
airframes. Work done this year on the wings of an 
airbus suggests that these could be made 50 per cent 
lighter than conventional wings by using a basic carbon 
fibre resin structure filled in with lightweight foam, 
and this sort of design is likely to be equally useful 
for the tailplane and fins where stiffness is of para- 
mount importance. Next year the Department of 
Aircraft Design intends to look at the whole airframe 
design in terms of carbon fibre composites. 

The Ministry of Technology has given large grants 
-~£50,000 for aquaplaning trials and a similar amount 
for runway friction and slush drag trials—to the 
Department of Flight over the past “five years or 80 
and the Materials Handling Research Unit is hoping 
for a large grant for a study of track-powered air 
cushion vehicles. A particularly interesting section is 
the unit for precision engineering—-one of five units 
intended by the Ministry of Technology to bridge the 
gap between academic and industrial institutions. The 
unit provides a consultancy service for industry and 
the director, Professor J. Loxham, hopes that it will 
be self-supporting by 1970. 


CHEMICAL WARFARE 


All Peace at Porton 


I¥ you grasp a nettle hard, it won't sting. At any rate, 
that seems to have been the theory of the Chemical 
Defence Experimental Establishment at Porton when, 
for the first time in its history, it held open house last 
week. Previous requests for public access to the 
laboratories have always been refused on the grounds 
of national security, but this time the story was very 
different. “If you find a locked door, just ask and 
we'll open it,” said the director, Dr Neville Gadsby, 
and this tone was maintained throughout the public 
exposure which followed. 

Colour videotapes flickered in the laboratories, 
marquees clustered on the lawns outside, and the 
fairground atmosphere was completed by a jovial 
mixture of staff and public relations men who tended 
their martial exhibits like barkers at their stalls. In 
fact, the grislier the exhibit, the more jovial were its 
attendants, though this may have been coincidence 
rather than design. 

All the staff were ready with Porton’s justifying 
syllogism: “Even if we don't develop new weapons, 
they will, so we have to explore all the possibilities in 
order to know what we have to defend ourselves 
against”. This argument is unanswerable in its own 
terms, and it is true that everything on show at the 
open day was at least consistent with a defensive 
function. Nerve gases and the like were clearly being 
made, but there were no signs of stockpiling, nor of 
research into delivery systems. The laboratory 
displays also made much of the civil spin-off from 
Porton’s work. Use of a caeruloplasmin assay system 
has sparked off what may become another pink spot 
saga—the detection of specific compounds in the urine 
of schizophrenics. A marvellous infrared spectro- 
photometer, with a forty-metre light path, was there 
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to demonstrate the fact that cigarette smoke contains 
a foul catalogue of compounds, hydrogen cyanide, 
carbonyl sulphide, diethyl ketone and styrene among 
them. Also on show was the germ-free isolator, 
developed at Porton, in which a human baby was 
recently born and reared for a few weeks. 

But such work is clearly the icing on the cake. The 
main business of the Chemical Defence Experimental 
Establishment. continues to be the assessment of new 
weapons, the design of detection and decontamination 
systems, and the development of chemical therapies. 
One obvious difficulty is that if Porton is working on 
new chemical weapons, it would be expected to keep 
quiet about them. The only weapons revealed were 
the familiar triumvirate of nerve gas (cholinester- 
ase inhibitors), tear gas (for example, chloraceto- 
phenone) and psychedelic (for example, BZ, and 
perhaps LSD). 

Two nerve gas detectors were on display. One, 
electrolytic in nature, depends on the reaction between 
cyanophosphonate nerve gas and an oxime, while 
another, more specific but rather temperature-sensitive, 
depends on the reaction between purified cholinesterase 
and the gas. Therapies for nerve gas poisoning seem 
to have made little progress for some time. A com- 
bination of oxime, to dislodge the nerve gas residue 
by nucleophilic substitution, and atropine, to block 
acetylcholine, is still the mainstay of treatment. But 
some nerve gas residues readily dealkylate into a 
form which is immune to oximes, while administering 
the highly poisonous atropine poses a few problems 
of its own. At the open days, Porton took some credit. 
for showing that Russian accounts of antidotes to 
nerve gas are misleading. The clear implication, for 
Porton’s chemical Kremlinologists at any rate, is that 
the Russian publications may be covers for more 
successful unpublished work. 

More straightforward progress has been made in 
designing protective clothing, masks and the like, 
and the displays here were clear, and in the case of 
gas masks, striking. The open days made an unex- 
pected contribution to social history by showing for 
the first time a film of a military exercise by a platoon 
of Commandos who had eaten 160 micrograms of LSD 
(200 micrograms of LSD tartrate’. Discipline collapsed 
as the drug took its effect, and one hour after ingestion 
the soldiers were giggling, climbing trees and feeding 
the birds. The troop commander tried to maintain 
his authority but eventually he too abandoned himself 
to the effects of the drug. The metamorphosis of 
these highly trained men into a species of flower child 
was remarkable—and all the more so because it 
happened in 1963, years before there were any civilian 
experiments with the drug. 

All in all, Porton’s exercise in self-exposure can be 
counted a success. Three thousand people attended 
the open days, of every shade of opinion, and there 
were signs of suspicions being allayed on all sides. 
A booklet issued for the occasion caught the tone of 
the proceedings: its cover featured a painting of allied 
soldiers routed by a German chlorine attack in the 
First World War, and the painting was captioned: 
“Past. sorrows, let. us moderately lament them. For 
those to come, seek wisely to prevent them.” Inside 
was another quotation, scarcely apt but still effective: 
“In fall, fair tide, let information flow. That evil is 
half-cured whose cause we know.” 
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ARCHAEOLOGY 


Archaeology at Royal Society 


THE announcement that the Royal Society and the 
British Academy are to hold a joint symposium on the 
“Impact of Natural Sciences on Archaeology” next 
December marks a further step in the changing atti- 
tudes at Carlton House Terrace. Traditionally the 
Royal Society seemed to have decided that archaeology 
was not a science and was therefore outside its purview. 
Whether or not archaeology is a science is still an open 
question, but in the past twenty years archaeologists 
have come to rely increasingly on techniques based on 
new developments in the natural sciences. Indeed. the 
December symposium is a celebration of the most 
important of these, the coming of age of the radio- 
carbon-14 dating method. 

It is hoped that Professor W. F. Libby of the Univer- 
sity of California, who discovered the carbon-14 tech- 
nique, will open the symposium by reviewing radio- 
carbon datings of specimens from Egypt and Arizona 
and the discrepancies between these dates and those 
derived from astronomical evidence and analyses of 
tree-rings. The discrepancies may be the result of 
changes in the Earth’s magnetic field, which will also 
be discussed by Professor Libby. Forty vears ago 
nobody dreamed that changes in terrestrial magnetism 
were relevant to archaeology. 

As well as Professor Libby, the symposium promises 
an impressive list of speakers from Europe and the 
United States; the British Museum and the Universi- 
ties of Oxford and Cambridge are well represented with 
such people as Drs A. E. A. Werner, F. E. S. Edwards 
and M. J. Aitken and Professor H. Godwin: Dr I. 
Scolla from Bonn and R. E. Linington from Rome have 
been invited as well as Professor A. Sachs from Brown 
University, Professor B. Bannister from Arizona and 
Professor R. Berger and Dr V. Bucha from California. 
Their topics range from critical assessments of carbon 
14 datings and absolute datings from Mesopotamian 
records to magnetic methods of prospecting, analysis 
of metals and magnetic field studies. 

The symposium clearly promises to be of great inter- 
est to both scientists and archaeologists; it should 
also prove a great fillip to those who argue that 
archaeology needs to be classed as a science if only to 
put it under the wing of a research council-—NERC 
is the obvious choice—and so guarantee respectable 
financial support. And perhaps once the archaeolo- 
gists have proved their scientific mettle the Royal 
Society will open its doors to them more often. 





NORTH SEA GAS 


Shore Terminal 


THE processing plant at Bacton, Norfolk, for purifying 
up to 4,000 million cubic feet a day of North Sea gas 
was officially opened on Tuesday, June 3. By 1972, 
the Gas Council estimates that the plant will be 
handling about 2,000 million cubic feet a day of natural 
gas, about twice the present average consumption of 
the whole of Britain, and by 1974 the rate of flow is 
expected to reach the maximum capacity of the plant 
of 4.000 million cubic feet a day. 

The Bacton site has two functions. The gas piped 
to shore from the North Sea rigs has to be purified to 
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meet the specifications of the distributors, and there 
are three purification plants at Bacton operated by the 
production companies with rigs in the Leman, Inde- 
fatigable and Hewitt gas fields. Clean natural gas from 
each of the three plants is then passed on to the Gas 
Council terminal, where it is filtered, metered and 
blended so as to remove variations of composition. 

There are also facilities for odorizing the gas and for 
injecting methanol to prevent the formation of methane 
hydrate. North Sea gas contains about 95 per cent 
methane. 

The purification process is straightforward, involving 
the removal of water, liquid hydrocarbons and dust 
particles, mainly sand. Most of the gas piped to Bacton 
is free from sulphur, but one of the fields which the 
Phillips-Arpet group is exploiting contains sour gas 
from which the hydrogen sulphide has to be removed 
by conversion to sulphur dioxide. The hydrocarbons 
will be separated from the water and refined for sale 
as a light oil. 





The North Sea gas installation at Bacton, Norfolk. 


With so much of the British gas supply being chan- 
nelled through Bacton, precautions are being taken 
against mishaps. The Gas Council terminal is equipped 
with two independent power supplies, one under- 
ground, and each has a back-up system in case of 
failure. There is only one feeder main leading to the 
national grid near Rugby, but four others are planned 
for full operation in 1974. 


LINNEAN SOCIETY 


Journals Redesigned 


Av their anniversary meeting on May 24, Fellows of the 
Linnean Society heard that the appeal for redevelop- 
ment has already exceeded the target of £55,000 now 
that the anonymous benefaction of £25,000 can be 
claimed. This gift was conditional on the society 
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itself raising an equivalent sum, and it now has promises 
of £34,000. But in spite of this good news, the society 
is still living above its income. The treasurer, the Earl 
of Cranbrook, prescribed three remedies. An increase 
in subscriptions is the least desirable, and leaves the 
possibility of increasing the number of fellows—there 
are not even twice as many as a hundred years ago— 
and making the society’s publications pay. 

The third remedy is already in hand, and for the 
second time the publications have made a small profit 
this year. An important contribution to the efforts 
has been the redesigning of the socie.y’s journals. 
The Botanical and Zoological Journals of the Linnean 
Society, with new covers in the old colours of green 
and orange, replace the Journal of the Linnean Society 
(Botany) and the Journal of the Linnean Society 
(Zoology). A new journal with a yellow cover, the 
Biological Journal of the Linnean Society, replaces the 
society’s Proceedings. Domestic information will now 
be published annually as a pamphlet for insertion into 
the Biological Journal. 

The journals have the same page and text size as 
before, but a clearer modern type is being used. 
Appreciating the value of good illustrations, the society 
is prepared if necessary to use a very fine screen (175 
instead of the usual 150) for half-tone illustrations, 
and will accept colour pictures that are essential and 
suitable for publication. There are two colour plates 
in the first issue of the Biological Journal, a double 
number just out containing the proceedings of the 
symposium on speciation in tropical environments, 
held jointly with the British Ecological Society last 
November. Although this issue contains both numbers 
one and two of the Biological Journal, the three 
journals will normally all appear quarterly. 

The Society’s first journal, the Transactions, was 
published from 1791 until 1955. The Proceedings of 
the Linnean Society of London was published between 
1838 and 1857 before it split into the Journal of the 
Proceedings (Botany) and the Journal of the Proceedings 
(Zoology). In 1857 these two became the Journal of 
the Linnean Society (Botany) and the Journal of the 
Linnean Society (Zoology) and the Proceedings were 
published separately. Towards the end of its 111 years 
the Proceedings no longer truly recorded the proceedings 
and activities of the Society and often contained papers 
that had not been read at a meeting. 

Since its foundation in 1788, the Linnean Society of 
London has tried to meet the growing demands of 
biology. In its publications it achieved this by publish- 
ing varying volume sizes at irregular intervals. This 
is no longer appropriate and the present arrangement 
of regular annual volumes gives authors quicker and 
more reliable publication of their scientific work. The 
journals, published for the society by Academic Press, 
contain original papers in experimental and descrip- 
tive biology, palaeontology, systematics and taxonomy, 
and by so doing fulfil the society’s aims laid down in its 
Royal Charter of 1802—the “Cultivation of the Sciences 
of Natural History in all its Branches”. 


TECHNOLOGY 


Tungsten-coated Carbon Fibres 


Tue Fulmer Research Institute has jumped on the 
carbon fibre bandwagon by successfully coating carbon 
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fibres with a thin tungsten film using a vapour deposi- 
tion technique which it has perfected over the past 
twenty years. The idea behind coating the fibres with 
a metal is that they can then be incorporated into a 
metal matrix to form a tough stiff composite that can 
be used at higher temperatures than the more con- 
ventional fibre reinforced plastics. Coatings of light 
metals like aluminium are being tested at the Atomic 
Energy Research Establishment at Harwell and at 
the University of Nottingham, but the trouble with 
aluminium is its low melting point which means that 
the composites can be used only at medium tempera- 
tures—up to 400° C at most. Dr J. A. Coiley, the 
development officer at the institute, hopes that tung- 
sten-coated fibres could be used at much higher tem- 
peratures, possibly as high as 1,000° C. 





Tungsten-coated carbon fibres. 


The FRI is a self-supporting research institute, 
owned by the Institute of Physics and the Physical 
Society, which undertakes research on contract for the 
Government and various industries. 

The Ministry of Technology assisted in the develop- 
ment of the vapour deposition technique by sponsoring 
a project to protect the nose cones of small experimental 
rockets by coating them with tungsten, but the institute 
wenteahead on its own with adapting the process to 
carbon fibres. It is hoped that with the current vogue 
for fibre technology and the potential value of high 
temperature composites, someone will be found to 
support a thorough investigation of the properties of 
these tungsten-coated fibres. 
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The main doubt expressed about tungsten coating, 
apart from its density, which is twelve times that of the 
fibre itself, seems to be its tendency to form a brittle 
alloy—tungsten carbide—with the carbon. Dr Coiley 
is confident that no carbide is formed during the vapour 
deposition process, but it is too soon to be sure that it 
will not be formed during further heat treating pro- 
cesses or with continued use at high temperatures. 
Aluminium coatings do not suffer from this disadvan- 
tage and they have the further advantage that they are 
light and can be easily incorporated in an aluminium 
matrix, but on the other hand their low melting point. 
reduces the range of application. Dr A. A. Baker, on 
secondment from Rolls-Royce to the University of 
Nottingham, is working on a chemical vapour deposi- 
tion technique for aluminium which is probably similar 
to that used at the FRI. 


MEDICAL RESEARCH 


Picking Up Pieces 


Lone stop is not a coveted position—even on the 
cricket field—and not unnaturally the Wellcome Trust 
does not relish the prospect of acting solely as long 
stop for the British Government when it comes to 
financing medical research. The seventh report, for 
1966-68, of the Wellcome Trust, which is the largest 
private source of funds for medical research in Britain, 
says as much and warns that its senior awards scheme 
designed to fund “men of real promise in medical 
research who might otherwise decide to emigrate” 
must be regarded as “a stop-gap measure and not a 
permanent subsidy”. 

The scheme was started in April, 1968, when the 
trust found itself coming under increasing pressure to 
provide money for important research projects which 
had become victims of cutbacks in Government 
support of the universities. This situation has, of 
course, been exacerbated by reductions in overseas 
spending by the US National Institutes of Health, 
which are also feeling the pinch. But in Britain, apart 
from the Wellcome Trust, there is little organized 
private philanthropy to cushion the effects of a Govern- 
ment squeeze. In response to this situation Lord 
Franks, the chairman of the trustees, wrote to the 
university vice-chancellors in April 1968, offering £2-5 
million over the subsequent five years, and seven 
awards have been made so far. 

The scheme is bound to become an increasing part 
of the trust’s work and is in line with the general 
policy of inereasing research assistance and reducing 
the proportion of funds going to provide new buildings 
and equipment. Of the £2-7 million given in the two 
years 1966-68, 57 per cent has gone on research 
assistance, including the setting up of units (several of 
which are overseas), fellowships and university awards, 
compared with 16 per cent for buildings and 12 per 
cent for equipment. 

Among the fields of medical research which the trust 
believes are inadequately supported are dermatology, 
diseases of the eye, ear and nose and some sectors of 
neurology. These and a few other subjects have been 
singled out for special attention and the trustees have 
also decided that it is an opportune time to foster 
greater research cooperation with Europe. But like 
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many another organization with the same intentions, 
the trust is not at present sure how best to do this. It 
has an exchange fellowship scheme which can always 
be extended but it is seriously investigating more novel 
proposals, including the direct support of research in 
Europe. 

Another of its declared policies—support of inter- 
disciplinary research—has proved. “difficult to foster in 
the context of university departmental specialization’. 
That is no doubt a polite phrase describing hours of 
sterile committee bickering, but the trust can at least 
point to one success, the new Department of Experi- 
mental Pathology at St Mary’s Hospital, London, 
which is particularly concerned with the pathology of 
tissue rejection and has received £100,000 from the 
trust. 

One of the advantages of the sponsoring by private 
philanthropy of research is that it can quickly come to 
the support of new areas of research which need 
money to achieve an initial impetus. The Wellcome 
Trust has provided its fair share of such support in the 
past two years. Professors R. Fraser and I. MacIntyre 
at Hammersmith, for example, have received a grant of 
£100,000 spread over the next five years for work on 
calcitonin, the newly discovered thyroid hormone. 
Work on another new family of hormones, the prosta- 
glandins, has also been supported and so has work on 
the transplantation of organs at several universities as 
well as at St Mary’s Hospital. 





MARS 


Viking Invasion Planned 


Wrrn two Mariner spacecraft due to fly by Mars in 
seven weeks, two Martian orbiters planned for 1971 and 
two soft landings in 1974, the question of life on Mars 
could be settled in the next decade. Although this 
year’s Mariners are programmed not to detect life 
but rather to ascertain whether conditions are favour- 
able for life, the 1974 landers are to be set down in 
the wave of darkening where a colour change which 
may be biological occurs in the Martian spring. Called 
the Viking Project, the 1974 plan is for two orbiting 
spacecraft based on the Mariner configuration, but 
with an extra soft-landing component which will be 
detached after ten days in orbit. Last month, a $280 
million contract for the landing system and technical 
integration of the project was awarded, as expected, 
to the Martin Marietta Corporation of Denver. It was 
announced in April this year that Jet Propulsion 
Laboratory was to be responsible for the orbiting part 
of the spacecraft, and for tracking and data acquisition. 
The NASA Langley Research Center at Hampton, 
Virginia, is managing the project, which has a total 
cost of about $400 million. Viking is to be launched 
by the Titan 3 Centaur vehicle during the summer of 
1973 and will arrive at Mars early in 1974. Out of the 
weight of 7,000 Ib, a retro-rocket system will account 
for 4,000 lb and only 400-800 Ib of equipment is to be 
landed. It is to be hoped that by 1973 fears about the 
contamination of Mars will be allayed by the develop- 
ment of a workable sterilization system for spacecraft. 
According to Dr G. E. Mueller, associate admini- 
strator for manned space flight, NASA already con- 
siders the Moon to be a contaminated body, and it 
would be a disaster if the same fate befell Mars. 
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The two orbiters planned for 1971 are also to be of 
the Mariner type, and will orbit the planet for three 
months. Each spacecraft will weigh about 2,000 Ib, 
of which about 900 Ib will be propellants so that 
1,100 Ib containing 125 lb of scientific instruments 
will be orbited. Launch, by an Atlas-Centaur rocket, 
will probably be in May 1971 for arrival at Mars in 
November. The first of the two spacecraft will examine 
about 70 per cent of the planet’s surface from an 
orbital inclination of 60°, while its successor will be 
at an inclination of 80° to get a better view of the polar 
caps, and possibly of the two Martian moons, Phobos 
and Deimos, difficult to observe from the Earth 
because of their small size and close proximity 
to the planet. Last November, management of 
the project was assigned to the Jet Propulsion 
Laboratory. 

The Jet Propulsion Laboratory is also managing 
Mariners 6 and 7, at present en route for a Mars 
fly-by mission and due to arrive on July 30 and August 
4 respectively when Mars will be 60 million miles from 
the Earth. As well as a programme of atmospheric 
measurements, the two spacecraft are to transmit a total 
of 141 pictures of the disk of Mars as they approach, 
followed by a sequence of 24 close-ups each, from 
distances down to 2,000 miles. With a resolution of 
900 feet, the best of the close-ups should show in 
what form the Martian canals exist. 


POWER GENERATION 


Tue publication of a book on the research carried out 
by the Central Electricity Generating Board on mag- 
netohydrodynamic power generation will be a reminder 
of the CEGB’s unhappy association with this project 
between 1964 and 1968. The book (Open Cycle MHD 
Power Generation, by J. B. Heywood and G. J. 
Womack, Pergamon, £15) is a monument to a research 
effort which was from the beginning a race against time, 
and which finally came up against the telling truth 
that MHD power generation would not be economic 
in comparison with nuclear power generation in the 
late nineteen-seventies, 

The study of MHD power generation was started 
by the CEGB in 1959 at the research laboratory at 
Leatherhead. The basic mechanism of the system is 
to extract the energy generated by an electrically 
conducting fluid flowing through a region of magnetic 
field and to translate this energy into normal electrical 
energy. Most of the principal research problems had 
been identified by 1964, when it was decided to proceed 
with building an experimental plant at the CEGB site 
at Marchwood, Hampshire. By 1967, however, it had 
become clear that MHD would not be economically 
competitive with nuclear power generation, and by the 
middle of 1968 all work on the project had been 
terminated. 

The CEGB has spent about £2-5 million on research 
into MHD power generation. Of this, about £750,000 
was for the capital cost of the Marchwood plant. 
Although the CEGB has stopped work on this form of 
power generation their experience may prove of value 
to generating boards in other countries whose economic 
situations make it worthwhile developing an MHD 
plant. 
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Framework for Forward Planning 


CANADIAN science is now well on the way to being the 
best managed, or at least the most self-consciously 
managed, of any country in the West. In their latest 
report, The Role of the Federal Government in Support 
of Research in Canadian Universities, the Science 
Council of Canada and the Canada Council put forward 
far-reaching suggestions for the reorganization of the 
policy-making bodies concerned with Canadian science. 
The report is the outcome of a study carried out under 
the chairmanship of Dr J. B. Macdonald. 

In several ways, Canadian science has been doing 
well in recent years. In 1963-64 the total expenditure 
on research and development in Canada amounted to 
$425 million, about half what was then spent in France 
but only a fiftieth of the comparable expenditure in 
the United States. Since then, however, Canadian 
expenditure has grown rapidly and, in the National 
Research Council and the Medical Research Council, 
the sums of money allocated for university research 
increased by between 30 and 35 per cent a year in the 
past four years. The result is that the university 
budget. of the two research councils has multiplied 
fifteen times in a decade to $88 million. In the social 
sciences and the humanities, growth is even faster, the 
total expenditure doubling each year. Much of the 
argument in the report is based on an assessment of 
the problems of relating research and social goals, 
which entails meticulous examination of the part 
played by the universities. The Macdonald committee 
is happily sensitive to the need that governments 
should not regard universities as “a pool of talent 
automatically on call and at the service of society” 

In general, the committee considers that the depen- 
dence of Canadian research and development on 
government funds is not yet the danger that some 
critics have argued it may become—one sign of this is 
that university projects for research and development 
are growing more quickly than those for government 
research. But the committee does consider that there 
is “a deplorable lack” of information on research in 
the humanities and the social sciences. One of the 
themes running through its argument is that there 
should in future be a much closer link between science 
and the social sciences and that the latter should get a 
larger share of the funds available. 

On the organization of research in Canada, the 
committee has a lot to say about the relationship 
between the federal research councils. For one thing, 


Table 1. TOTAL EXPENDITURE ON RESEARCH AND DEVELOP- 
MENT IN CANADA, 1965 


Higher Private 


Source of funds Govern- Indus- eduea- non- Total 
i ment try tion profit 
Government 241-5 49-9 57-0 26 351-0 
Industry l4 208-5 3-0 O} 213-0 
Higher education -— =- 710 — TLO 
Private non-profit OT — 9-0 44 14-1 
Foreign 03 25-5 6-0 0-8 32-6 
Totals 243-9 2839 146-0 79 681-7 


following its policy of generosity towards the humani- 
ties and the social sciences, the report says that the 
responsibilities of the Canada Council for the support 
of some research in these fields should be handed 
over to a body called the Humanities and Social 
Sciences Council equipped to provide decisive manage- 
ment of research expenditure in universities. One of 
the difficulties in the present arrangements is that the 
Canada Council is responsible for the patronage of the 
arts as well as for the support of university research. 
The committee accepts much of the criticism which 
has been made of the Canada Council on this score and 
considers that the arts and the humanities will be 
better served if the Canada Council becomes simply a 
patron of the arts. The amounts of money concerned, 
although not large, are growing rapidly—the council 
spent $5-5 million in 1966-67 and more than twice as 
much in 1967-68. 

The Medical Research Council, the newest of the 
devices for supporting Canadian research, is also 
growing quickly—expenditure on extramural] research 
increased by 25 per cent to $20-5 million in 1967-68. 
The committee takes the view that the terms of 
reference of the Medical Research Council should be 
broadened so as to cover research in all branches of 
science related to health, particularly in public health 
and nursing. This recommendation fits in with that 
of the Royal Commission in 1964 which argued that 
the Medical Research Council should be renamed the 
Health Sciences Research Council. What the committee 
has taken as its model is the National Institutes of 
Health in the United States, but it is at pains to point 
out that the involvement of a broadened Medical 
Research Council in health sciences research should not 
inhibit executive agencies of the Canadian government, 
particularly the Dep artment of National Health and 
Welfare, from nec af research of direct interest to 
themselves. 

Underlying the committees argument on the 
research councils is its objective that three councils 
should be responsible for the support of university 
research but should be left comparatively free of other 
responsibilities. The National Research Council, by 
now heavily engaged in various kinds of industrial 
research and, in particular, responsible for a number 
of laboratories of its own, is the most directly affected 
by the new proposals. The committee has the grace 
to recognize that the National Research Council has 
been pushed this way and that by government policy 
since it was first established in 1916, first having its 
industrial activities fostered and then finding itself 


more at the beck and call of the universities. The 
committee points out that the National Research 


Council’s expenditure on university research has been 
increasing at a rate of about 334 per cent a vear for the 
past few years and now amounts to more than 50 per 
cent of the total budget. The question is whether the 
National Research Council should keep its laboratories 
and the committee argues that it should not. For one 
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thing, the scale of university support, running at $45 
million in 1967-68, is expected to grow quickly in the 
next few years and in particular is likely to grow to 
several times the size of the budget for the laboratories 
by the mid-seventies. In these circumstances, the 
committee argues, the laboratory work is likely to be 
neglected, particularly if the National Research Council 
takes on extra responsibilities for the support of 
students in research. The committee also wants to see 
the grant-giving functions of the council managed by 
full-time professionals and not, as at present, with 
substantial help from members of the council’s staff 
mostly engaged in laboratory work. This leaves open 
the question of what would happen to the laboratories. 
The committee off its own bat suggests that a “new 
Crown corporation” might be a solution. Much of 
course will depend on how the Canadian government 
considers support for industrial development in manu- 
facturing industry should be provided. 

The committee has made somewhat heavy weather 
of the argument by which it concludes that the number 
of research councils with responsibility for university 
research should be neither increased nor decreased but, 
rather, deliberately left unchanged. The claim that 
there should be a single council is rejected on the 
grounds that such a body would be emasculated by 
the need to encompass everything—‘‘the one strong 
voice would in all likelihood have become a pathetic 
squeak”. The committee is against the establishment 
of further research councils, however, because, it says, 
proposals for these are usually stimulated by concern 
for national problems and because “we have reached 
the conclusion that it is inappropriate to clothe a 
problem area in the organizational garb of a research 
council’. What the committee offers, instead, is a 
coordinating committee and it is only proper that the 
committee recognizes the inevitable limitations of such 
a body. 

What should be the policy of the research councils ? 
For one thing, the committee asks that there should 
be a flexible approach to the expenditure of money 
and it raises the question whether the natural sciences 
deserve 40 per cent of all that is spent in Canada on 
university research. Although it is inevitable that the 
research councils should devote much of their funds to 
fields already well developed, the committee asks that 
they should seek a balancing function, spending 
money on disciplines not well supported by other 
government agencies. 

The committee argues for a greater variety of grants 
for university research than can be obtained at present. 
Much of the committee’s argument is analogous to 
that of the National Science Board in the United 
States which, earlier this year, came out strongly in 
favour of a new pattern of grant giving. The Mac- 
donald committee was less radical. On the making of 
individual project grants the committee argues that 
there should be a uniform system of review committees, 
with independent temporary members from the 
universities, to pass judgment on grant proposals. 
The committee also argues for research council grants 
to support the work of a group of investigators or of a 
research programme as a whole as well as for what it 
calls “major grants’ such as those needed to build 
and operate large pieces of equipment such as the 
meron accelerator now being built. Much in the spirit 
in which the US National Science Board argued for 
departmental grants to build up centres of excellence 
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in universities, so the Macdonald committee asks that 
there should be “negotiated development grants” of 
the kind already awarded by the National Research 
Council for the establishment of institutes such as a 
materials research centre (British Columbia, McMaster 
and Toronto) and a pestology centre (Simon Fraser). 
What the committee has in mind seems to be a pattern 
of grant giving in which sums of between $200,000 
and $1 million are set aside for a period of a few years, 
but it also wants to see smaller sums of money paid 
for the development of new forms of activity. 

Overheads and their place in research grants have 
exercised the Macdonald committee and it has laid 
down the principle that university salaries should be 
paid by universities and not by the research councils. 
In the committee’s view, however, it would be proper 
that the research councils’ grants should cover the 
direct cost of research programmes, including equip- 
ment and the cost of running it, travel and research 
assistants. What alarms the committee is that the 
rapid increase of the scale of sponsored research in 
universities may lead to a situation in which universities 
will not be able to “control their own destiny”. But, 
even so, the committee considered that the dangers 
that universities will fight shy of research for fear that 
they cannot afford the overhead costs leads the 
committee to the view that research councils should 
also pay the indirect costs associated with research 
grants. On the basis of detailed studies carried out in 
recent years, it is concluded that 35 per cent of the 
direct cost of a research project should be added to 
cover overheads. One striking feature of the Mac- 
donald report is its analysis of the legal framework for 
the relationships which still exist between a research 
council and its pensioners. 

The report has rather less to say about the relation- 
ship between government laboratories and Canadian 
universities, although there is an exhortation about the 
desirability that government laboratories should be 
sited near universities and, where possible, managed 
by universities. The committee also wants to see 
government departments able to award grants for 
research in universities in fields which interest them, 
but it is firm on the distinction between mission- 
oriented money for large projects (“major proposals”), 
which are legitimate, and other forms of support 
intended to support particular university departments 
or fields of research which, the committee says, should 
be left to the research councils. The committee does 
however take the view that neither the government nor 
the universities should undertake sponsored research 
from a government department the results of which 
cannot be published. “Any exception to this principle 
should be subject to the most formal review procedures 
in both the university and the agency concerned.” To 
be sure, the committee acknowledges that it may on 
many occasions be proper for sponsors to ask that raw 
data should be kept confidential—that is already 
common practice. It is also proper that sponsors 
should sometimes ask for the postponement of publica- 
tion although the committee is inclined to take a stand 
on a one year rule. But the notion that research 
should be classified “at the sole discretion of the 
sponsoring agency” may do “irreparable violence to 
the most fundamental objectives of academic research”. 

The committee is downcast by the machinery and 
the scale of support for buildings at Canadian universi- 
ties. It says that the point has almost been reached 
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where Canadian universities will have to close their 
doors to would-be entrants to graduate schools for lack 
of buildings. It reports the way in which it was 
assailed by witnesses to the need for more buildings. 
The committee calculates that the real need of buildings 
for research in Canadian universities would predicate 
an expenditure of $117 million a year for the next 
seven years, representing about 40 per cent of the total 
cost of university building. In practice, actual expen- 
diture in 1963-64 amounted to $8 million and in 
1964-65 to $14-5 million—‘“‘far short of any reasonable 
goal”. A part of the trouble is that the need of build- 
ings has been consistently under-estimated. What the 
committee wants to see is a separate programme for 
the construction of research facilities at Canadian 
universities with public money. 

The committee takes a bullish view of the future 
‘development of graduate education in Canada. In 
the decade to 1966, graduate enrolments grew from 
4 per cent of the university student population to 
roughly 9 per cent, and graduate students now number 
more than 30,000. The committee has estimated that 
the growth of recent years will continue well into the 
seventies, and calculates that graduate students will 
number more than 60,000 by 1975, when they will be 
close on 12 per cent of the whole student population 
at the universities. As things are, financial support 
for graduate students is provided in almost equal 
amounts by the provincial governments and by the 
central government, chiefly through the research 
councils, and the committee recommends that the 
governments should openly acknowledge that these 
costs are a necessary part of education and therefore 
allowable in calculating the balance of expenditure on 
education between the federal and the provincial 
governments. 


PRIZES 


Harvard honours its Own 


Professor Wally Gilbert and Dr Mark Ptashne have 
been awarded Harvard University’s George Ledlie 
Prize, a biennial prize, which since 1955 has gone to 
the faculty members making “the most valuable con- 
tribution to science or in any way for the benefit of 
mankind”. The prize, more honour than cash (it is 
worth $1,600), is for their work on the isolation of 
repressor protein molecules which proved the hypo- 
thesis of genetic regulation proposed by the French 
Nobel Prizewinners F. Jacob and J. Monod. In 
bacteria and bacteriophages at least, repressor pro- 
teins bind to a gene or group of genes and as a result 
prevent the genetic information from being expressed. 
This repression is not, of course, irreversible. The 
repressor can also bind to small molecules of meta- 
bolites, and when this happens it is released from the 
gene, which can then be expressed (Nature, 217, 507: 
1968). 


INFORMATION TRANSFER 


Organizing the Literature 


THe number of research reports in all fields of science 
and technology is fast approaching two million a year, 
which appear in about 30,000 specialized journals. 
The amount of new research published each year has 
been doubling about every 10-15 years. With this 
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flood of information new policies and methods for 
coordinating scientific communication are becoming 
crucially important. The US National Academy of 
Sciences—National Academy of Engineering’s Committee 
on Scientific and Technical Communication (SATCOM) 
has just published a summary of its solution of the 
problem after a three-year study. 

The ideal day when each research worker can have 
his own tailor-made information service is not in sight, 
but SATCOM believes that the immediate strategy 
must be the provision of “need group services’-— 
in other words, effective information services for 
professional groups of about 1,000 people, all sharing 
common information requirements. This means devel- 
oping services to sift, evaluate, simplify and consoli- 
date primary information and reprocess and repackage 
it, and SATCOM believes the existing abstracting 
services are not only too few but too superficial. 
The committee’s grand strategy for adequate “need 
group services” hinges on establishing a Joint Commis- 
sion on Scientific and Technical Communication, 
responsible to the councils of the two academies and 
with recognition by the Federal Government and 
private industry of the national importance of these 
services. They must foot the bills for information 
programmes developed along the lines of NASA’s 
International Aerospace Abstracts and Scientific and 
Technical Aerospace Reports, both of which clearly 
impressed SATCOM during its enquiries. An integral 
part of this strategy, of course, is the acceptance by 
the research sponsors of the principle that they must 
finance publication and, if necessary, further processing 
of the results of the research. 

The scientific and technical societies will play their 
part by identifying what critical reviews and compila- 
tions are really needed for their members, because 
SATCOM believes that simply supplying long ref- 
erence lists is of little use. The report says that “what 
the research worker needs is something that will 
organize and evaluate what is known about a subject 
and present it in a language that he can understand 
and at a level of detail he wants”. The societies must 
take the initiative by proposing to the sponsors of 
research costed arrangements for providing their 
members with adequate information services. 

How do the classical services, ranging from abstrac- 
ting to organizing meetings, fit into this picture ? 
These, according to SATCOM, should be increasingly 
financed by Federal Government grants to the soci- 
eties and libraries. In particular, the committee 
advocates direct government grants to strengthen 
research library services. Until a comprehensive 
survey of the economics of learned journals has been 
made, the committee also recommends that govern- 
ment grants to cover page charges should be continued. 
The importance of meetings and personal contacts 
has not been overlooked and SATCOM recommends 
not only that meetings should be fostered but also 
that institutions and companies should encourage 
leave, sabbatical policies and international visits 
and exchanges. 

Finally, the report calls for large scale experiments 
to test the usefulness and functioning of information 
services. It believes thatthe Federal Government should 
establish a single group to plan such a programme of 
critical experiments in scientific communication and 
then find, guide and support contractors to do the 
experiments. 
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Electrodynamics and the Universe 


One of the more important trends last year was the 
way in which the battle for the steady state cosmology 
was taken into the parochial world of sub-atomic 
particles, and the process has now gone a step further 
with the publication this week of the latest paper 
by Hoyle and Narlikar in their investigation of the 
relationship between cosmology and quantum electro- 
dynamics (see page 1040). What their efforts boil 
down to is an attempt to distinguish between rival 
cosmologies by experiments which previously had been 
the province of the atomic physicist. Although at 
first sight far-fetched, this concept has a noble history 
going back to the late 1940s and the work of Wheeler 
and Feynman, and perhaps even further to earlier 
this century when it was shown that Maxwell's field 
theory of electrodynamics could be expressed in terms 
of interactions between particles and thus integrated 
with quantum theory. Yet quantum electrodynamics 
has always seemed less than satisfactory, chiefly 
because of infinities which arise in some of the calcula- 
tions of the interaction of a particle with itself and 
have to be dealt with by some rather dubious reason- 
ing. Wheeler and Feynman tried to plug some of the 
gaps, not entirely successfully, by saying that what 
seemed to be the interaction of a particle with itself 
was really the influence of the distant universe. 

Last year Hoyle and Narlikar used a fresh approach 
based on a stronger connexion between the universe 
and the electrodynamics of particles (Nature, 219, 340: 
1968). In that paper they dealt with a feature of the 
hydrogen spectrum called the Lamb shift, which is 
considered a feather in the cap of quantum electro- 
dynamics because it can be accounted for precisely 
despite the shaky reasoning at the foundations. What 
Hoyle and Narlikar did was to show that the Lamb 
shift can also be described as owing its origin to the 
response of the universe. This avoids the concept of 
self-interaction, with all its attendant difficulties. This 
also means that the steady state cosmology more easily 
leads to the correct result. 

But last year Hoyle and Narlikar were unable to 
deal with the extension to relativistic quantum theory, 
and one of the criticisms of their paper was that the 
derivation of the Lamb shift would be more valuable 
if this extension could be made. This has now been 
done, and Hoyle and Narlikar are able to approach 
the problem of the self-interaction of a particle through 
cosmology without becoming involved in awkward 
infinities and the questionable methods of dealing with 
them. Once again, the calculation only seems to work 
with the steady state cosmology, and Hoyle and 
Narlikar go so far as to say that this approach to a 
solution of the cosmological question is sounder than 
the astronomical data. 


Even so, however, the pair of papers which have now 
appeared are sketch maps of the steps which have to 
be taken rather than comprehensive guides, and Hoyle 
and Narlikar have still not published the details of 
their calculations. One criticism has been that the 
papers use an elaborate delta function technique which 
is difficult to follow. Until the details are published, 
many cosmologists may prefer to reserve judgment. 
Meanwhile the papers are restoring some interest in 
the steady state theory, although not necessarily the 
version in common currency twenty years ago. 


PULSARS 


Gravitational Waves Next ? 


from our Astronomy Correspondent 
Ix a paper in the Astrophysical Journal (156, 529; 
1969), Dr Freeman J. Dyson puts forward the case for 
pulsars as a source of detectable gravitational waves. 
But with a predicted seismic response which is 10° too 
small to be detected with existing instruments, the 
argument is not persuasive, unless account is taken 
of Dyson’s claim that pulsars are capricious enough to 
upgrade the signals by a factor of 104, and gravitational 
waves are such a dark horse anyway that it ought to 
be possible to pick up the odd factor of ten elsewhere. 
The starting point of Dyson’s research is an article in 
Physical Review Letters (21, 395; 1968) last year in 
which Weber considered the possibility of gravitational 
radiation at pulsar frequencies, on the assumption 
that pulsars are rapidly rotating binaries or, alterna- 
tively, oscillating superdense stars. Weber concluded 
that a search at pulsar frequencies might be worth- 
while--hitherto, for reasons partly of expediency, the 
search for gravitational waves from cosmic sources 
has concentrated on hilohertz and millihertz wave- 


lengths. What prompted Dyson to look again at 
intermediate wavelengths corresponding to pulsar 


frequencies was Weber’s conclusion that it will be 
difficult to detect these waves seismically because of 
the background noise. (Weber suggested the use of 
the Moon, or apparatus of the type which he and his 
colleagues have developed (Physics Today, 21, No. 4, 
34; 1968) at the University of Maryland.) Dyson seems 
to have decided that the rewards of the detection of 
gravitational waves from pulsars would be so great 
that it is worth going through the calculations in greater 
detail—first for a flat Earth and then for a spherical 
rotating Earth. He assumes a homogenous Earth 
on the basis that the absorption of gravitational waves 
at the surface will be the prime contributor to seismic 
motions. 

The object is to see whether the predicted seismic 
displacement due to a gravitational wave exceeds the 
background seismic noise, which is a function of the 
square root of the bandwidth of the detection system. 
Both authors expect a peak displacement of roughly 
10-7 em, but Dyson is more optimistic of the band- 


1028 


width which can be achieved. Weber talked of a 
bandwidth of about 3x104 Hz, which means that 
noise exceeds the signal by a factor of 108, whereas 
Dyson suggests that by recording signals over a few 
years and looking for Fourier components at pulsar 
frequencies it should be possible to attain a bandwidth 
of 10-8 Hz. This brings the discrepancy between noise 
and signal to 10°, and to 105 if an array of 100 seismo- 
meters is used. 

At this stage Dyson seems to be whistling to keep 
his spirits up. He reverts to the now dormant binary 
theory of pulsars to enhance the predicted seismic 
displacement by a factor of 104, and looks for special 
geological conditions to amplify the signals by reflexion 
or resonance to pick up another factor of ten or so. 
And it may be possible to improve the noise level by 
selecting only vertically propagating waves, as expected 
of gravitational waves. But few astronomers now 
expect to find that pulsars are the binary stars with 
components of solar mass (describing circular orbits 
with periods of two seconds and at a distance of 30 pe 
from the Earth) which Dyson needs to make the seismic 
search less than hopeless. In the circumstances, it is 
hardly surprising that the search for pulsar periodicities 
in seismic data which Dr Frank Press is reported to 
have begun has so far met with negative results. 





ARTIFICIAL INTELLIGENCE 


Making Machines Behave 


from a Correspondent 

PeorLe interested in the construction of machines to 
execute tasks which, so far, have required human intel- 
ligence gathered in Washington from May 7 to9. This 
was a large conference, and the fragmentation of the 
subject into highly specialized sub-areas was one of 
its chief impressions. Although the conference was 
intended to be international, attendance from countries 
other than the United States was not large, which 
perhaps accurately reflects the distribution of activity 
in this line of research. 

Those working on machine intelligence are visibly 
torn between two conflicting desires: to produce some 
tangible systems which demonstrably perform some 
“interesting” functions in an observable fashion; and 
to tackle the deep mathematical and intellectual prob- 
lems involved in creating intelligent machines. Two 
visible manifestations of these approaches are, on the 
one hand, the construction of robot systems capable 
of analysing the environment visually or by other 
sensors and manipulating simple objects, like stacking 
building blocks; and, on the other hand, formal 
enquiries into the branches of symbolic logic capable of 
providing a language in which these problems can be 
formulated and solved, that is, theorem proving. 

For the uninitiated the most comprehensible results 
undoubtedly come from the robot projects, several of 
which were described. The best known are in progress 
at Stanford University, at the Stanford Research 
Institute (SRI), and at MIT. Most of the projects are 
at the stage where a mechanical arm or wheeled robot 
is coupled to some artificial “eye” such as a TV camera, 
and under computer control the system can perform 
some simple locomotion and/or manipulation tasks. 
Cordell Green from SRI described his QA3 theorem 
proving program which is used for problem solving in 
a robot. The team at SRI have also developed a 
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program for communicating with the robot in English. 
This translates English statements into the first order 
predicate calculus, performs deductive inference and 
generates English output sentences. The deductive 
component of this program is Cordell Green’s QA3 
program. The general conclusion from the various 
projects seems to be that even such simple tasks 
require an enormous amount of information processing, 
heavily overloading even the powerful computing 
systems available today. 

On the other hand, some of the theoretical problems 
underlying the construction of such systems are 
beginning to be identified. There is now a clearer 
understanding of the nature and use of heuristics in 
problem solving, of the way in which symbolic logic 
can be used as a language for the internal representation 
and manipulation of problems, of the difficulties 
involved in trying to make a machine understand 
human language, and of the problems of pattern 
recognition. The only theoretical contribution to the 
conference seemed to be from Eric Sandewall (Univer- 
sity of Uppsala), who talked about heuristic search. 
He analysed the types of operators oecurring in problem 
solving, together with some of the best. known heuristics. 
He then extended the interpretation of heuristic search 
from a tree search to a lattice search, and later applied 
the concepts developed to the analysis of Slagle’s 
integration program and to a specific method of 
resolution. 

The conference gave the impression that early great 
expectations for spectacular advances, such as a 
champion chess playing machine, have died down con- 
siderably, and given way to a sober contemplation of 
the very deep problems to be solved, even for the 
mechanization of the lowest levels of true intelligence. 


ELECTRONICS 


On the Small Scale 


from a Correspondent 


Tue conference on microelectronics, sponsored by the 
Institution of Electrical Engineers at Eastbourne from 
June 3 to 5, was concerned with various aspects from 
circuit design to the technology of semiconductor 
fabrication. 

There was considerable interest in multilayer 
metallization in the fabrication of complex function 
integrated circuits. R. J. Gelsing (Philips Research 
Laboratories), C. Pons (Società Generale Semicondut- 
tori, Milan) and P. G. Eldridge (Standard Telecommuni- 
cation Laboratories) all described different approaches 
to the problem. Eldridge and Pons described devices 
using aluminium as the conductor material, the layers 
being separated by silicon nitride deposited in a glow 
discharge vapour deposition process in one case, and 
radio frequency sputtered silicon dioxide in the other. 
Gelsing’s more novel approach used aluminium as 
the first interconnect layer and gold as the second, 
separated by silicon dioxide. To avoid “‘purple plague” 
problems a strip of molybdenum was used to provide 
contact between the gold and aluminium where neces- 
sary. One advantage of the use of gold in the top 
layer is the ease of forming gold beam leads on the chip 
surface. 

Beam lead assemblies were also discussed by A. E. 
Sarson (Marconi—Elliott Microelectronics), who talked 





NATURE. VOL. 222, JUNE 14, 1969 


about the reliability of hybrid computer circuits using 
these devices, and by R. Naylor (Ferranti), who com- 
pared the thermal impedance of flip chip and beam lead 
assemblies, and showed little difference in thermal 
properties between the two methods. In the ensuing 
discussion it was generally accepted that more use 
would be made of flip chip and beam lead devices, 
although Dr J. Evans (Standard Telephone Labora- 
tories) expressed some reservations about the cost. 

Large scale integration (LSI) has been the subject of 
controversy for some time, and LSI devices using unit 
cell and modular systems were described. A metal 
oxide semiconductor transistor (MOST) memory using 
discretionary wiring was discussed by A. F. Beer 
(Mullard Research Laboratories), in which calculations 
were presented showing a discretionary wired array, 
with a basic sixteen-bit word unit, giving a lower cost 
per bit than fixed wired arrays. 

The combination of MOST devices and bipolar 
transistors in a common. integrated circuit would allow 
circuit designers a much more flexible approach by ex- 
ploiting the better characteristics of each device, and 
this was the aim of work discussed by D. J. Burt 
(General Electric Company). The standard triple diffused 
bipolar transistor integrated circuit fabrication sequence 
was followed closely, using the shallow p-type base 
diffusion for the MOST source and drain regions. To 
ensure an adequately low threshold voltage, the thick 
oxide over the gate regions was removed by an extra 
photo resist stage, and regrown during the drive in 
for the bipolar transistor emitters. 


NUCLEAR PHYSICS 


The CP Puzzle Again 


from a Correspondent 

Ix 1964 Christenson, Cronin, Fitch and Turlay reported 
the observation of a two-pion decay mode of the long- 
lived neutral K-meson K?—a mode forbidden by the 
law of CP invariance. Subsequent experiments have 
confirmed the original observations, adding gradually 
and painfully to knowledge of this unprecedented 
effect. The most notable feature of the phenomenon 
is its insignificance. Compared with the violation of 
parity invariance discovered in 1957 of one part in two, 
CP is only violated by one part in 500. Consequently 
the experimental difficulties are daunting and progress 
has been slow. 

There are many possible explanations for the observa- 
tions, ranging from long range cosmological effects to a 
breakdown of the laws of quantum mechanics. This 
array of possibilities has been steadily whittled down 
by ingenious and delicate experiments. Today we are 
left essentially with two broad alternatives: the 
effect is either due to some superweak or milliweak 
interaction which is CP non-invariant, or quantum 
mechanies is wrong in some unknown way. The latter 
possibility seems to be the only means of maintaining 
CP invariance while still remaining consistent with the 
experiments. 

A recent spate of communications in Physical Review 
Letters has shown how little this experimental evidence 
is understood. In a letter entitled “Additional 
Experimental Proof of CP Non-conservation ? Who 
Needs It?” (Phys. Rev. Lett., 22, 213; 1969), H. J. 
Lipkin has discussed the possibility of yet another 
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Bubble chamber photograph of the decay of a K® meson 
into two charged 7 mesons. 


explanation which still maintains CP invariance. 
His claim was that the so-called particle mixture 
theories (P. K. Kabir and R. R. Lewis, Phys. Rev. Lett., 
15, 306, 711, 908; 1965) have not been excluded by 
experiments. These theories postulate the existence 
of an additional particle with the same properties as 
K$, except for a slightly different mass and the opposite 
CP properties. 

Lipkin’s comments have been provoked by an earlier 
letter from D. I. Lalovié (Phys. Rev. Leit., 21, 1662; 
1968) discussing possible tests for the breakdown of 
quantum mechanies. Lipkin’s forceful criticism of the 
latter point of view has been effectively answered by 
Kabir in a short article in Physical Review’ Letters 
(22, 1018; 1969). Kabir summarizes the fairly decisive 
evidence against the particle mixture theories, em- 
phasizing the importance of interference experiments. 
He then goes on to explain that difficult but not im- 
practical interference experiments will make it possible 
to test the quantum mechanical Jaws used in the 
analysis of the K° complex. 

This account perbaps illustrates two typical symp- 
toms of particle physics today. Kabir’s analysis is 
not new: all his arguments appeared almost a year 
ago in his book The CP Puzzle (Academic Press, 1968), 
and should be known to all interested workers. Even 
more important is how easy it is to ignore the evidence 
which so. many patient experimentalists have been 
accumulating during the past five years. Their some- 
times unrewarding efforts deserve admiration and 
attention. 


NUCLEAR PHYSICS 


Quarks in Absentia 


Two more experiments can now be added to the list 
of unsuccessful attempts to find the first real crumb 
of direct experimental evidence for the existence of 
quarks. For those who hope to find a quark—with its 
characteristic fractional charge—within the lifetime of 
the impending 200 or 300 GeV accelerators, the 
emphatically negative results of the latest two experi- 
ments will be particularly disappointing. 

At Serpukhov, Y. Antipov et al. (Phys. Lett, 29B, 
245: 1969) used the highest energy proton accelerator 
at present available, which is capable of accelerating 
protons up to an energy of about 70 GeV. This means 
that quarks and antiquarks with masses up to about 
4:8 GeV/c (five proton masses) could in theory be 
produced in collisions between protons and stationary 


1030 


nucleons. This compares with a mass limit of about 
2-8 GeV/c (three proton masses) for the 30 GeV accel- 
erators. The Russian team has looked for quarks in 
nucleon interactions at zero angle, using an aluminium 
target. They arranged conditions that were designed 
for finding quarks of charge 2/3e and less favourable 
for those of charge 1/3e. Thirty-eight events were 
selected to determine whether they obeyed five specific 
conditions for quark production, but in each case the 
events turned out to be background. All the selected 
events were rejected by at least two criteria, and a 
very low limit on the differential cross-section for 
quark production in nucleon nucleon collisions at 
these masses was obtained. 

In the same discouraging vein, Y. Fukushima et al. 
(Phys. Rev.,178, 2058; 1969) have studied the products 
of high energy but sporadic cosmic ray particles. 
An array of twelve scintillation counters and a streamer 
spark chamber were used to search for quarks by 
recording the shape and height of pulses in the set of 
counters. When all the pulse heights were in the range 
1/27 to 2/3 of the pulse height for a minimum ionizing 
particle, the event was recorded. Twenty-five such 
events satisfied the criteria for particles with charge 
1/8e, but when they were subsequently subjected to 
other pulse height and transit time tests, as well as a 
check with the streamer picture, only one event 
remained valid and this occurred when the streamer 
chamber was shut off. This event was considered 
fully consistent with the accidental coincidence rate 
estimated from a Monte Carlo calculation. 

The measurable quark mass increases quite slowly 
with incident proton energy, going roughly as the 
square root, and it is instructive to estimate what 
sort of rise in quark production cross-section with mass 
will be necessary to locate these particles on a 300 
GeV accelerator. It may turn out that the extra 
energy afforded by the ISR at CERN will be crucial 
in reaching the threshold energy, but the scarcity of 
measurable events is bound to make such an experi- 
ment very difficult. On balance it is more likely that 
quarks will be found on the 300 GeV machine than 
on the ISR, provided that the threshold energy is 
actually within the limits of obtainable energy. 


PROTEINS 


Sequences and Structure 


from our Molecular Biology Correspondent 


Mvcu information is now available on the manner in 
which protein sequences may change in the course of 
evolution. Only to a limited extent, however, has it 
been possible to relate changes in sequence to the struc- 
ture of the protein, and to determine what conforma- 
mational rearrangements can be accommodated. An 
interesting case, involving proteins of closely related 
sequence but apparently disparate functions, was 
brought to light by Brew and others : lysozyme and 
a-lactalbumin are more closely related than many 
exercising the same function in different species, even 
though the one is a hydrolytic enzyme and the other a 
modifier operating on another protein, the two together 
makifig up the lactose synthesizing system. 

This similarity clearly invites an attempt to fit 
the lactalbumin sequence to the lysozyme structure, 
determined by Phillips and co-workers: such a study 
has now been described by Browne et al. (J. Mol. Biol., 
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42, 65: 1969). Making adjustments for a few deletions, 
about fifty residues out of 129 (in lysozyme) are identi- 
cal in the two chains. Of the remainder, most replace- 
ments are conservative—-polar for polar, or hydro- 
phobic for hydrophobic. Whereas the greater part 
of the chain can be fitted satisfactorily with little 
ambiguity, it is interesting that at several points there 
is a considerable margin of choice. Thus, for example, 
to preserve homology, one residue, lys-33, is best left 
out of the lactalbumin sequence, and another, a threo- 
nine, inserted between positions 35 and 36. The total 
number of residues in this region is then unchanged, 
but if the backbone conformation is preserved the 
position of the common side chain of phe-34 is dis- 
turbed. Moreover, three threonines are here intro- 
duced in lactalbumin, all at internal sites. This raises 
the possibility that the geometry of the backbone 
may not be conserved in this segment. Similar am- 
biguities arise elsewhere, notably near the C-terminal 
end. The most convincing arrangement requires the 
deletion of one residue and the insertion of three; 
these operations introduce constraints which are 
relieved by changing the sense of the disulphide bridge 
6-127 from left to right-handed (lysozyme having 
two disulphide bridges of either chirality). 

In general, the non-polar side chains pack well in 
the interior, and where one is changed there is a com- 
pensating change at another position, so that the total 
volume remains constant. There are considerable 
differences in the active centre cleft, however: of 
the six sites for successive sugar residues in a chain, 
the first two are occluded in lactalbumin, largely by 
a tyrosine ring, replacing ala-107. X-ray studies on 
a-lactalbumin have, it seems, been set in train, but are 
evidently not far enough advanced to cast any shadow 
over the pleasures of enlightened speculation. 

A similar entertainment is offered by some new 
myoglobin sequences. Gurd and his co-workers 
(Bradshaw and Gurd, J. Biol. Chem., 244, 2167; 
1969, and two foregoing papers) report the sequences 
of seal and porpoise myoglobins. A comparison with 
sperm whale myoglobin—the subject of the crystallo- 
graphie work by Kendrew and his group, and the only 
other myoglobin of known sequence—shows a very 
extensive homology, with 124 out of 153 residues 
invariant. It is striking that the substitutions seem 
to occur at the same positions. In nearly all cases 
they correspond to locations at the surface of the 
molecule and do not involve the haem site. A partial 
sequence of human myoglobin is given by Hill et al. 
(ibid., 2182): it is reported to be one residue shorter 
than the three known myoglobins. The substitutions 
again seem to occur in the same positions, and to 
involve principally polar residues. 

Harris and Hill (‘bid., 2195) have made an interesting 
attempt to confirm the conformational identity of the 
human and whale proteins by examining the reactivity 
of the side-chains towards bromo and iodoacetate. In 
the native human myoglobin the three methionines, 
which should be in the interior, are not modified. 
All lysines, by contrast, are available, again as ex- 
pected. The histidines, which are distributed between 
the interior and the surface, also behave essentially 
as predicted. Whereas in whale myoglobin eight out 
of twelve histidines can be carboxymethyvlated, four 
out of nine react in human myoglobin. The reacted 
residues were identified by peptide mapping, and it 
was found that those common histidines which are 
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clearly accessible in the whale protein all react, whereas 
those equally apparently masked do not. Only in two 
uncertain cases do corresponding residues have largely 
different reactivities. These results demonstrate an 
interesting approach to the exploration of structural 
similarities. 


HEART DISEASE 


Arterial Enzymes 


from our Medical Biochemistry Correspondent 


In arteriosclerosis, or atheroma, the arterial walls 
become clogged with lipid deposits causing the cardio- 
vascular diseases which are one of the principal causes 
of death in advanced societies. While nutritionists 
argue interminably about possible causes, biochemists 
are looking for changes in enzyme activities which 
might lead to arteriosclerosis. 

Eisenberg, Stein and Stein (Biochim. Biophys. Acta, 
176, 557; 1969) have recently compared the activities 
of three enzymes which hydrolyse phospholipids in the 
aortae of rats and rabbits. Rabbits, in the same way 
as man, are prone to develop atheroma, but rats show 
no tendency to form the lipid deposits. In both species 
the concentration of all phospholipids per unit of DNA 
increased during the first two years of life. The con- 
centration of sphingomyelin increased most, but 
increases in lecithin and phosphatidyl ethanolamine 
were also considerable, particularly in the rabbit. 

There was greater incorporation of labelled precur- 
sors into lecithin and sphingomyelin in older aortae 
taken from both rats and rabbits, suggesting that the 
synthesis of phospholipids increases with age in both 
species. To investigate whether the differences in 
lipid concentrations in the two species are a consequence 
of different rates of degradation Eisenberg et al. have 
examined the activities of three enzymes that degrade 
phospholipids. The activities of phosphatide acyl 
hydrolase (phospholipase A), sphingomyelinase and 
lysophosphatide acyl hydrolase (lysolecithinase) were 
measured in the aortae from rats and rabbits between 
one and twenty-four months old. Apart from lyso- 
lecithinase activity, rabbit aortae always contained 
much lower activities than rat aortae of a corresponding 
age. There was a four to eight-fold increase with age 
in phospholipase A activity in rabbit aortae, but no 
significant change in sphingomyelinase. In rats, on 
the other hand, there was a very clear and much greater 
increase in phospholipase A activity with age; sphingo- 
myelinase decreased on a wet weight basis but remained 
the same when expressed as units per unit quantity of 
DNA, while the activity of Lysolecithinase doubled on a 
DNA basis but remained the same on a wet weight basis. 

The ten to twenty-fold increase in phospholipase A 
activity in rats seemed to be a genuine increase in 
enzyme synthesis, for activity in younger aortae was 
not increased by treatment with proteolytic enzymes 
which would activate a zymogen to an enzyme. 
Rabbits given a diet containing 1 per cent added 
cholesterol for eight to twenty-three weeks developed 
typical atheromatous deposits, and there was a great 
increase in lecithin and sphingomyelin in their aortae, 
but no increase in the activity of degradative enzymes. 
This suggests that species which are liable to atheroma 
are unable to synthesize more degradative enzymes 
to remove the increased quantities of phospholipid 
synthesized with increasing age or certain dietary 
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conditions. Preliminary results with human material 
confirm this hypothesis. 


BRAIN DISEASE 


Enigma of Scrapie 


from a Correspondent 


SCRAPTE is a spontaneous and usually fatal disease in 
sheep, characterized by subacute progressive degenera- 
tion of the central nervous system and associated with 
a transmissible agent which can be used to produce a 
similar disease in rats and mice. Numerous problems 
confront investigators. What relation does the 
experimental scrapie, produced in laboratory animals, 
bear to the naturally occurring inherited disease in 
sheep? Are scrapie agents viruses or “neoviruses” ? 
Are nucleic acids important chemical constituents of 
the transmissible agent ? 

These questions formed the basis of a meeting of the 
Neurochemical Group of the Biochemical Society held 
at the University of Strathclyde on May 29. Professor 
E. J. Field and Dr A. Peat (MRC Demyelinating 
Diseases Research Unit, Newcastle) compared patho- 
logical changes in the brains of affected sheep with 
those seen in rats and mice. In sheep, the disease is 
characterized by vacuolation of nerve cells in the anter- 
ior horn of the spinal cord and in motor areas of the 
brain stem, by astrogliosis and by structural changes in 
myelinated nerve fibres different from those of true 
demyelination. In the mouse the principal pathological 
change is seen in the enlargement and fusion of astroglia 
and their processes. The possibility of an acceleration 
of a normal ageing process was noted, as such structural 
changes in non-scrapie animals are usually associated 
with ageing. 

Major biochemical changes are rarely seen before 
the onset of clinical symptoms (usually about 5-6 
months after infecting mice); those that occur subse- 
quently are considered to be a result of degenerative 
changes. Dr R. H. Kimberlin (ARC Institute for 
Research on Animal Diseases, Compton) reviewed these 
and described changes in carbohydrate hydrolytic 
enzymes during the pre-clinical period which indicated 
some specificity for the disease. Cerebral N-acetyl-p-p- 
glucosaminidase and N-acetyl-8-p-galactosaminidase 
activities increased progressively from about 8 weeks 
after infection to two to three times the normal level 
by the time clinical symptoms or histopathological 
changes were apparent. No change was observed in 
other comparable diseases such as louping-ill, yellow 
fever or herpes simplex or in other tissues in which the 
presence of the agent could be demonstrated. In mouse 
brain infected with scrapie there were similar increases 
in DNase activity and in rates of DNA synthesis 
(thought to be of host type), histone synthesis and 
histone acetylation. This, it was argued, might be 
correlated with increases reported in the number of 
glial cells. 

Dr G. D. Hunter (also from Compton) discussed 
attempts to determine the size of the transmissible 
agent. Although the use of ionizing radiation suggested. 
a smaller size, a tentative conclusion would be a dia- 
meter of 20-40 mmicrons based on filtration, Sedi- 
mentation and exclusion chromatography. Although 
the agent seems to be localized in membrane-rich 
subcellular fractions, no firm conclusions can be drawn 
as to which fraction. The most likely are considered 
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to be the plasma membrane and the endoplasmic 
reticulum, This association with general membrane 
structures has led to suggestions that the disease pro- 
cess, including replication of the agent, might be con- 
cerned with a steric rearrangement of the membrane 
lipoprotein matrix. 
Dr D. L. Mould Institute, 


(Moredun Research 


Edinburgh) made a critical assessment of the state of 


knowledge of the chemical nature of scrapie agent, 
bearing in mind the considerable evidence against it 
being a virus. But deductions about its possible nature 
are complicated by the effects of chemical treatments. 
It is highly resistant to ionizing radiation, ultraviolet 
light and formalin, and is inactivated by strong acid 
or alkali, phenol, urea and periodate. If nucleic acid 
is involved, is it protected by a polysaccharide coat. ? 
The evidence is inconclusive. Fruitful chemical 
exploration must await purification of the agent. This 
in turn depends on the development of improved 
methods of culture and a more sensitive, accurate and 
rapid assay system. 


PLANT PHYSIOLOGY 


Transport through Sieve Tubes 


from a Correspondent 

Procress in many important aspects of plant physi- 
ology is often exasperatingly slow. The reasons are 
complex, but a large part of the answer must lie in the 
organization of plants. Animals may possess exten- 
sively modified organs and tissues for specific functions, 
but similar processes in plants are frequently carried. 
out by relatively unspecialized cells and tissues. Vast 
amounts of data may be collected about a plant 
system, and explanations of its functioning put for- 
ward, but testing these hypotheses may defeat the 
most sophisticated of modern experimental techniques. 

Such a problem is the transport of sugars in plants. 
It has been known for a very long time that large 





A sieve plate in the phloem of Phaseolus (broad bean). The 

membranous material on each side of the plate, and passing 

through the holes in the plate, must be involved in the 
transport of food substances. 
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amounts of sugar are translocated in the sieve tubes of 
the phloem. In 1926, Miinch suggested that bulk-flow 
was the mechanism for transport of the sieve tube 
contents (Ber. Dtsch. Bot. Ges., 44, 68; 1926). This 
means that sugar moves down sieve tubes under the 
influence of a hydrostatic or turgor pressure gradient. 
Although metabolic processes would undoubtedly 
operate at each end of the sieve tube, movement in the 
cell lumen would be effectively passive. Some thirty 
years later, D. ©. Spanner (J. Exp. Bot., 9, 332: 
1958) and D. S. Fensom (Canad. J. Bot., 35. 573: 
1957), recognizing that sugar transport is an active, 
energy-requiring process. independently suggested that 
a metabolic pump is active in the sieve plate area, 
operating by a form of electro-osmosis. Movement in 
the lumen of the sieve tube. however, was still assumed 
to be passive. 

More recently, Robert. Thaine of the Grassland Re- 
search Institute at Hurley has been providing con- 
vincing microscopical evidence that the lumina of 
sieve elements contain cytoplasmic strands which run 
the length of the sieve cell. These strands are con- 
tinuous from cell to cell, the strands in individual sieve 
elements being continuous through the pores in the 
sieve plate. The structure which Thaine has proposed 
for these strands resembles a bundle of fine tubes inside 
a rather larger tube. The walls of this outer tube are 
believed to be made up of rings of protein filaments. 
Thaine’s most recent suggestion (Nature, 222. 873: 
1969), based on microscopic observations from his own 
investigations and those of others, is that these protein 
filaments in the strand wall have a contractile function. 
Rhythmical, sequential contraction of the filaments 
could result in a peristaltic wave passing along the 
strand. Thaine suggests that this mechanism could 
pump the contents of the transcellular strands over 
long distances, at speeds perhaps as great as 300 
em/hour. 

Thaine’s idea is both attractive and provocative. It 
accounts for the speed of sugar transport and for its 
dependence on metabolism, and can explain how 
transport can take place in both directions in the same 
sieve tube. It may even be the basis for a circulatory 
system in the whole plant. There is no doubt that 
sufficient energy is available to run such a mechanism. 
Gardner and Peel using aphid stylets to tap willow 
phloem, and firefly lantern extract to measure ATP in 
the exudate, have been able to demonstrate large 
amounts of ATP in sieve cell sap (Nature, 222, 774; 
1969). Nevertheless there is a stumbling block in the 
way of general acceptance of Dr Thaine’s theory. Each 
of the three most widely accepted hypotheses explain- 
ing phloem transport depends on a particular structure 
of the sieve plate and the sieve plate pores. Trans- 
cellular strands of the type which Thaine suggests are 
responsible for phloem transport have never been seen 
in electron micrographs of mature sieve elements. This 
could be the result of current methods of fixation and 
dehydration for electron microscopes, which may 
degrade the strands. Any kind of blockage in the sieve 
plate pore must count against the mass flow hypo- 
thesis of Münch, but will support the theories of 
Spanner and Fensom which depend on a charged 
osmotically active membrane at the sieve plate. 
Thaine’s hypothesis depends on transcellular strands. 
being seen in the sieve pores. Forty years after Münch 
wrote down his ideas on how plants transport sugar, the 
critical observations have yet to be made. 
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Complementarity and Philosophy 


by 
T. BERGSTEIN 


Dr Margrethesvej 25, 
Aars, Denmark 


WHEN considering the epistemological aspects of quantum 
physics it is vital to realize, first, that classical physics is 
indispensable and in some sense fundamental to any 
physical investigation and, second, that the conceptual 
framework of classical physies is an idealization of the 
part of ordinary language that deals with the material 
objects and events of the external world. 

The idea that physical science deals with a world of 
objects and phenomena which exist independent of obser- 
vation is not valid even in classical physics. Physics is 
discoveries and descriptions of the laws of nature that are 
relations between physical quantities. Though a physical 
quantity is considered primarily an attribute of the object 
under investigation, the need for measurability implies 
that the characteristic features of the relevant instruments 
of observation are an integral part of the quantity. 
Physieal objectivity is not a sharp distinction between 
object and measuring apparatus, but is the unambiguous- 
ness of statements that makes possible unlimited repro- 
duction of experiments. The ultimate source of this 
unambiguousness is the part of ordinary language dealing 
with the external world. The definition of fundamental 
quantities in physics involves descriptions of specific 
manipulations with classical physical objects such as 
measuring rods, clocks, and levers, and these descriptions 
are only possible in ordinary language. As I demonstrate 
later, the language dealing with the outside world is the 
only medium of communication in which it is possible to 
separate in a compatible way the object under investiga- 
tion from the individual observer, and it is the applica- 
tion of this medium which excludes subjectivity from 
science. The unambiguousness of physical description is 
not, as might be thought, primarily due to the use of 
mathematics but to the ordinary language necessarily 
involved in the basic interpretation of the observed 
phenomena as well as in the interpretation of the mathe- 
matical parameters as physical quantities. 

Basic physical quantities and their interdependence in 
classical physics can be considered a mathematical ideal- 
ization of elementary parts of ordinary language. The 
idealization of the concept of time is the representation 
of time as a mathematical parameter continuously chang- 
ing towards greater numerical values. This continuous 
change must of course refer to some observable motion, 
in practice a mechanical system of material bodies in 
relative motion, for example, a clock. Thus the supposition 
of a continuous time, physical time, corresponds to the 
supposition of continuous motions of material bodies. 
These suppositions immediately imply the assumption of 
causality, for the continuous motions of the bodies in the 
time-measuring mechanical system must be determined 
by the state of the mechanical system at any moment. 
Otherwise it would be possible for two clocks of exactly 
the same construction placed at rest in the same system of 
reference to measure out physical time in different ways, 
that is, no objectivity at all could be ascribed to the 
concept of time. The idealization of the concepts of time 
and causality implies furthermore an idealization of the 
conception of space. The quoted continuous motions of 
material bodies and the contmuous existence of objects 





The complementarity characteristic of quantum physics is funda- 
mental to ordinary language. 
many problems for philosophers. 


Failure to realize this has raised 


altogether are necessary for the conception of physical 
space as well as for the conception of physical time. The 
philosophical idea that space and time have an existence 
of their own independent of material objects and events 
can be given no meaning in physics and probably no 
meaning at all. 

The classical physical idealization of ordinary language 
has been very successful in describing many experiences. 
But in quantum physies the phenomena under investiga- 
tion evade any kind of causal analysis and description 
although quantal phenomena are ultimately responsible 
for the physical qualities of macroscopic material bodies, 
such as the qualities of continuous existence in space and 
causal behaviour in time. Furthermore, macroseopic 
bodies are involved in any physical investigation, even 
in the most subtle experiments in quantum physics. To 
extract the physical significance of the marks and signals 
produced by the atomic objects in the sensitive volumes 
of the instruments of observation in atomic physics it is 
necessary to consider all relevant features in the experi- 
mental arrangement, especially the properties of the 
macroscopic bodies defining the experimental conditions. 


Ordinary Language 

The fundamental significance of ordinary language in 
the description of physical phenomena is most evident 
in considering the wave-particle duality of atomic objects. 
In some experiments a definite kind of atomic object acts 
as a particle, whereas exactly the same kind of object in 
other experiments behaves as a wave. As Niels Bohr said, 
this apparent inconsistency disappears as soon as the 
interpretation of observations refers explicitly to all signi- 
ficant features of the experimental arrangement. An 
arrangement in which the object acts as a particle pre- 
cludes the occurrence of a wave phenomenon, and con- 
versely an arrangement in which the object appears as a 
wave precludes any particle phenomenon. Thus the 
macroscopic material bodies primarily defining the experi- 
mental conditions form an integral part of the observed 
quantal phenomena, and the description of the charac- 
teristic properties of macroscopic bodies is only possible 
in ordinary language refined by classical physical concepts. 
To call attention to the fundamental integrity of the 
experimental situation in quantum physics, Niels Bohr 
suggested that the word phenomenon should refer not 
only to the registrations directly observed, but also to 
the properties of the macroscopic instruments ultimately 
responsible for the space-time distribution of the registra- 
tions. He introduced the idea of complementarity to 
describe the fundamental conditions which govern obser- 
vation and description in quantum physics. Two 
mutually exclusive experimental situations appearing as 
aspects of the same atomic object are thus complementary 
phenomena. s 

Not only Heisenberg’s uncertainty relations but also 
the commutation relations of the differential operators 
representing physical quantities in quantum physics, and 
as a matter of fact the whole of transformation theory, 
show clearly that the notion of complementarity is 80 
significant to quantum theory that it might as well be 
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galled the theory of complementarity. But, as I have 
stressed, the concept of complementarity refers first of 
all to the integrity of the experimental situation. Any 
well defined application of quantum theory must refer 
directly to all relevant features in the experimental situa- 
tion. The principal task of quantum theory is to link 
statistically the observed registrations with the atomic 
objects under investigation, and the very concept of an 
atomic object relies as much on the validity of the funda- 
mental elements of quantum theory as on the significance 
of the observed marks and signals. 

Thus the assertion that ordinary language is the 
ultimate source of the unambiguousness of physical 
description is verified most convincingly by the observa- 
tional conditions in quantum physics. The non-causal 
occurrence of marks and signals within the experimental 
arrangements cannot be comprised by classical physics, 
and because.of the complementarity of quantal phenomena 
quantum physics can only be concerned with the distribu- 
tions of registrations relative to the experimental arrange- 
ments. Thus the statement preliminary to any physical 
analysis, that the occurrences of some specific figures 
or signals are registrations of atomic objects, must rely 
on an experience of the individual observer which cannot 
come from physics alone. The registrations and the 
material bodies composing the experimental arrangements 
are the objects directly observable in quantum physics, 
and their deseribability in ordinary language is the basic 
constituent of physical objectivity. Quantum physies as 
well as classical physics is necessarily founded on the 
common experience of observing and describing un- 
ambiguously the phenomena of the external world. 
Naturally this experience has grown up together with 
language itself, 

















Communication by Language 

The necessity of linguistie communication to human 
beings implies a separation of experiences into a private 
and an external world. Naturally this separation is not 
complete. Tt is the very overlapping of the private and 
the external worlds which makes human communication 
possible. But a necessary condition for unambiguous 
linguistic communication is that the differentiation of 
experiences has acquired the quality of consistency. 
When the infant begins to apprehend the significance of 
spoken language as a medium of communication, it has 
to correlate a system of sounds with a field of experiences 
which has not yet been exposed to the demand of con- 
sistency. Language forces on the child the necessity to 
differentiate in particular ways its experiences, and most 
fundamental must be the differentiation that consistently 
separates private phenomena and external phenomena. 
Thus the fixation of the external world and the develop- 
ment of separated human egos are both generated by 
language. A newborn child can hardly be called a human 
being. because it has no self-awareness. From the biologi- 
cal womb the child is born into the womb of language in 
which it develops into a human being. But the child 
would still be a mute creature if it did not to some extent 
retain the integrity of experiences from its prelinguistie 
period of life. The recognition of some particular physical 
phenomena as linguistic symbols and the interpretation 
of these symbols as language are a correlation of external 
world phenomena and private phenomena that could not 
be accomplished if the two kinds of phenomena were 
completely separated, 

The condition of language apprehension is the cause 
of the fundamental complementarity of language itself. 
When a sentence or a sequence of sentences is produced 
or perceived, experiences are separated into subjective 
and objective parts, but at the same time the sentences 
themselves express connexions between the experiences 
thus separated. Both the separations and the connexions 
are equally necessary in the actual communication, but it 
is evident that the stronger the connexions are expressed, 
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the weaker the separations, and, conversely, the weaker 
the connexions are expressed, the sharper the separations 
can be. The choice of words and sentence constructions 
selects a particular balance between the degrees of 
separations and the strengths of connexions, and this 
selection is the non-trivial part of the communication. 
In formal logie, where—apart from the logical constants— 
the choice of words is immaterial and the construction of 
sentences follows strict rules, there is no selection of this 
kind in accordance with the fact that the statements of 
formal logic are all tautologies. The counterpart to this 
situation is the communication of poetry where the choice 
of words and of sentence constructions is utterly signi- 
ficant, corresponding to very subtle selections of the 
balances between separations and connexions of ex- 
periences. 

The complementarity of linguistie communication is 
demonstrated unintentionally in the futile attempts in 
philosophy to define explicitly the basie words and eon- 
cepts of ordinary language. Obviously an explicit defini- 
tion of a word or a sentence implies an application of 
other words and sentences the definition of which claims 
new words and sentences, and so on. To avoid the 
triviality of circular definitions extensive parts of language 
are necessarily involved in the definition, showing clearly 
the fundamental impossibility of defining explicitly the 
elements of language. As a matter of fact, a definition 
process of this kind cannot avoid the implication of 
complementary parts of language, and this very implica- 
tion violates completely the balance between connexions 
and separations of experiences created in the ordinary use 
of language. Attempts to define explicitly the elements 
of ordinary language will always—whatever the starting 
pomt--turn out to be a classification of words and 
sentences, and the further the defining processes evolve, 
the more they will converge towards pure logie, thus 
reducing language gradually to a formal system of 
signs in which nothing but tantologies can be commuuni- 
cated. 





Perceiving a Word 


A statement concerning the meaning of a word can 
never be the separation of a linguistic phenomenon from 
a non-linguistic phenomenon because the statement. itself 
is solely linguistic. Furthermore, the conception that a 
word is a symbol for a phenomenon completely separated 
from language implies a double interpretation of the 
linguistic signs not occurring in ordinary linguistie com- 
munication. For example, the sequence of signs “osaory” 
is not a word until the signs are interpreted. ‘The circum- 
stance that the interpretation is usually spontaneous 
when the signs are turned in the right way: “horse” does 
not alter this condition. An experience unaffected by any 
conscious and subconscious linguistic analysis cannot of 
course be communicated. But almost all perceptions of 
adults are spontaneously analysed and differentiated by 
language in order to secure the continuous comprehen- 
siveness of experiences. A word, therefore, is not a symbol 
but an experience, and as long as a composition of lin- 










guistic signs is not understood there is no word. The 
double interpretation normally introduced in semantic 
investigations, first the interpretation of linguistic signs 


into words, then the interpretation of words into the 
meaning of words, is fundamentally wrong. Evidently 
the complex of philosophical problems concerning the 
description of reality and reality itself conecived as a 
class of non-linguistic phenomena arises from this erroneous 
double interpretation of linguistic signs. 

As Niels Bohr pointed out, psychical phenomena are 
characterized by the possibility of displacing swiftly and 
in many ways the partition between subject. and object. 
Contrary to these phenomena are the phenomena of the 
external world where the subject-object partition is fixed 
almost uniquely. Thus the complementarity of communi- 
cation is normally not observable in this domain of 
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experiences and obviously the particular unambiguousness 
qualifying the part of ordinary language treating external 
world phenomena must be sought in this condition. From 
a physical point of view this unambiguousness originates 
in the circumstance that external world phenomena 
directly observable by the human senses always represent 
actions which are enormously big compared with the 
quantum of action. Certainly ophthalmology has shown 
that a person can experience a light phenomenon if the 
interaction between his retina and the light is only a 
few multiples of the quantum of action, but from pure 
opties it is evident that the interaction necessary to 
create a stimulus complex which can be analysed by the 
brain to form an experience of an external world pheno- 
menon must be immensely big compared with the 
quantum. 

But to avoid the philosophical failure leading directly 
into solipsism I stress that the physical concepts involved 
in the physiological description of the perception processes 
are ultimately based on the part of ordinary language 
dealing with external world phenomena, that is, those 
phenomena which the solipsists claim to be mental pro- 
jections of private sense experiences. The constructions 
of complete signal chains linking together the external 
world object with the sense experiences of the object-—for 
example, the light signal reflected from the surface of the 
red tulip, refracted in the optical system of the eye. regis- 
tered by the retina, converted to nerve impulses, carried 
to the visual centres in the brain and converted to a sight 
experience of the tulip—can be very instructive in some 
respects, but they can be used as arguments for neither 
the existence nor non-existence of an external world. On 
the contrary, the philosophieal question, “Does the ex- 
ternal world exist ?” is a self-contradiction. The external 
world is the one part of a linguistic differentiation of a 
field of experiences and the other part is the individuality 
of the asking philosopher himself. The very oceurrence 
of the concept external world in the philosophical question 
which itself raises doubts on the applicability of the 
concept is the most direct self-contradiction thinkable. 
The scientific results specify certain conditions necessary 
to the occurrence of sense experiences. Certainly a person 
cannot see if none of the light quanta described by the 
physicist strikes his eye, or if he does not have the lens 
or the retina described by the physiologist, or if the 
electrochemical nerve processes accounted for by the 
biologist do not oceur. But the attempt to deseribe the 
entire perception process by simply adding together all 
these necessities will never result in the final understand- 
ing of human sense experiences that the philosophers 
want. On the contrary, the outcome is bound to be self- 
contradiction. 












Philosophical Problems 

Obviously the interdependent philosophical problems 
of consciousness, the external world, and the perception 
processes arise from the lack of cognition of the funda- 
mental complementarity of human comprehension and 
communication. Consciousness and the external world 
are complementary concepts. They are both necessary 
in a comprehensive description of human experiences, 
but are mutually exclusive in the complementary way. 
The particular unambiguousness qualifying the deseription 
of the external world implies the renunciation of linguistic 
reflexions on the observing subject and so excludes any 
reference to psychical phenomena. Conversely, the more 
perception processes and psychical phenomena are in- 
volved in the description, the more the division between 
subject and object is obliterated, and the separation of 
experiences in private phenomena and external world 
phenomena loses its significance. 

Considering the great unification which quantum theory 
has brought to the huge quantity of experimental results 
in atomic and nuclear physics, it is absurd to think that 
any fundamental element of the theory can be false. The 
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opinion, still held by many philosophers, that the statis- 
tical interpretation of the wave-function ascribed to the 
atomic object is not the only possible explanation involves 
exactly this absurdity, for it introduces the possibility of 
determining the position coordinates and the coordinates 
of linear momentum pertaining to the same atomic object 
with greater accuracies than those prescribed by the 
uncertainty relations, As high energy physics has already 
indicated, the observational technique of the future will 
probably confront the physicists with phenomena which 
cannot be comprised by quantum physics, but without 
doubt they will not contradict quantum physics. Any 
more fundamental theory of matter and radiation must 
necessarily contain quantum physics as an inherent sub- 
section just as quantum physics itself comprises classical 
physics (compare the correspondence principle). 

The argument, particularly applied by modern philoso- 
phers, that scientific results are always temporary, cannot 
hold. Since Galileo physical science has been based on 
measurements, and physical description has been con- 
cerned with the simplest possible linking together of the 
greatest possible number of experimental results. Results 
of measurements which can be reproduced as often as 
wanted are incontestable, and so are the unifieations of 
descriptions obtained theoretically. It is the philosophers’ 
conceptions of modern physics that are temporary, 
because they have not yet realized how profoundly the 
discoveries of quantum physies affect the whole of epi- 
stemology. As I have demonstrated, the complementarity 
of quantum physics is not only a well defined model for 
drawing analogies in other fields of investigation, but also 
an incontestable manifestation of a basic condition in our 
situation as observing, comprehending and communicating 
individuals, 

Logie is the cede of classification in language, but 
cannot transcend itself. Obviously the growth of language 
implies the existence of a differentiating principle, which 
is embedded in complementarity of language. Language 
manifests its possibilities of differentiations in the comple- 
mentary words and sentences, and any development of 
language must occur through the uses of language that 
reflect the fundamental! complementary conditions, for 
example, the uses of language in modern science. The 
typical philosophical problem is qualified by the faet that 
it can be solved neither by experiments nor by logical 
analysis and so it is most reasonable to believe that all 
basic problems of philosophy result because the philo- 
sophers lack cognition of the fundamental complemen- 
tarity of human comprehension and communication. The 
futility of traditional philosophy—felt so heavily by many 
modern scientists and humanists—arises first and foremost 
from the combinations of concepts and abstracts which 
should not be combined because of the complementarity 
of language. 

Probably many philosophers will claim that there is 
still a philosophical problem even if an inherent comple- 
mentarity is recognized—a problem is not solved by giving 
it a name, they may say. But if the philosophers are not 
satisfied by the elimination of a problem by demonstrating 
how it violates the complementarity of language, then 
further investigations obviously try to transcend the 
situation of a communicating human creature, and the 
intention behind such investigations must be classified as 
mysticism. The philosophers still writing papers on the 
problem of the external world, the problem of the con- 
sciousness, the problem of language and reality, and so 
on, probably do not consider themselves mystics, and in 
their writing state they are not at all mystics, since they 
are completely tied up in language. Mysticism is first, of 
all the liberation from language, and the experiences 
thereby obtained cannot of course be communicated. But 
the liberation from language is also the removal of the 
usual comprehensiveness of experiences, often causing an 
influx of dread instead of enlightenment. But, of course, 
this is no problem for a paper philosopher. 
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Evidence of Rapid Polar Shift from the Palaeomagnetic 


Record of Eurasia 


by 
B. J. J. EMBLETON 


Department of Physics, 
University of Newcastle 


Ir has been argued! that the divergent nature of the 
Devonian palaeomagnetic data for Europe and the 
Soviet Union can be explained by extensive remagnetiza- 
tion during the later Upper Palaeozoic. This hypothesis 
has now been widely accepted in principle and has been 
used in palaeomagnetism!-4, by those both for and against 
Devonian Pole revision, as a basis for the rejection or 
retention of certain results. What follows is intended 
to demonstrate that a Mid-Devonian polar shift is com- 
patible with existing Devonian palaeomagnetic data for 
Eurasia, and that, furthermore, a period of rapid polar 
shift’ helps to explain apparently conflicting palaeo- 
magnetic results. 

Thermal analysis of Lower Devonian sediments of 
Britain? has revealed two components of impressed 
magnetization—a relatively strong and stable secondary 
component and a weaker primary component. The 
secondary component was acquired during or after the 
Hereynian orogenic movements which affected South 
Wales and the primary component acquired before 
orogenesis, presumably in the Lower Devonian geo- 
magnetic field. This interpretation is in excellent agree- 
ment with other British results for the Lower Devonian®-*. 
An upper Palaeozoic remagnetization of Lower Devonian 
sediments has thus been demonstrated, but careful 
palaeomagnetic investigation has failed to reveal similar 
effects of remagnetization in certain Middle and Upper 
Devonian formations of Norway*'!*. Consequently, it 
seems necessary to assign the relevant palaeomagnetic 
results to shorter intervals of time in the Devonian Period, 
that is to the Lower, Middle or Upper Devonian. 

With this in mind, palaeomagnetic results (taken 
chiefly from reference 14) for Europe and the Soviet 
Union. the ages of which are known to be approxi- 




















Pole nunibers are 

quoted from reference 14, pole “a” is based on results from Lower 

Devonian Lavas of Scotland’ and poles “b” and “e” are based on results 

from the Lower Devonian red beds of the Anglo-Welsh Cuvette’®. Poles 

529, 5-40 and 5-42 are not considered to be reliable representatives of 
the Lower Devonian geomagnetic field—see text. 


Fig. 1. North poles plotted for the Lower Devonian. 


A Mid-Devonian polar shift is shown to be consistent with Devonian 
palaeomagnetic data. 


mately Lower, Middle or Upper Devonian, have been used 
in this analysis. A further limitation is to accept only 
those results which exhibit stability criteria other than 
that they diverge from the present geomagnetic field. 
In Figs. 1-3 the accepted poles are plotted for the Lower, 
Middle and Upper divisions of the Devonian respectively. 
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Pole numbers 


Fig. 2. 
are quoted from ref. 14, poles R and K are based on results from the 
Rerogen and Kvamsheston formations respectively of Norway", 
From remanence stability teste carried out on the Norwegian samples, 
there is more definite palacomagnetic evidence that a polar region 
existed in the area shown here during the Middle Devonian. 


North poles plotted for the Middle Devonian. 
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The polar-wandering curve for Europe based chiefly on results 
reported in ref. 13. The proposed modification shown here is that the 
Lower Devonian polar region was significantly different compared with 


Fig. 4. 


the Middle-Upper Devonian polar region. Support for this proposal 
exists in the palaeomagnetic record of Gondwanaland"'. 


The Lower Devonian poles divide broadly into two groups. 
The most southerly group includes four poles determined 
from United Kingdom formations and one pole, 5-41, 
from a Soviet Union formation. From evidence cited in a 
previous publication’, pole 5-04 may be replaced by pole a. 
The three poles occurring in the second group, 5-29, 5-40 
and 5-42, are based on results from Lower Devonian red 
beds of the type which have been shown to have suffered 
remagnetization. It is therefore suggested that the most 
reliable Lower Devonian polar region was situated, on the 
present latitude-longitude grid, near Borneo. The 
geomagnetic north poles for the Middle and Upper 
Devonian, shown in Figs. 2 and 3. are closely grouped 
within each sub-Period and also are not significantly 
different from each other. The results from which poles 
R and K were computed’ strongly suggest that they 
represent accurately the Middle Devonian polar region. 
Thus a similar Upper Devonian polar region as shown in 
Fig. 3 is quite realistic. A mean Middle-Upper Devonian 
pole for Europe and the Soviet Union is therefore proposed. 
In Fig. 4, the polar wandering curve for Europe is drawn 
based on recently published data’. The Mid-Devonian 
polar shift is included in an attempt to explain all of the 
palacomagnetic data. Having established the possibility 
of the Lower Devonian pole being significantly different 
from the Middle-Upper Devonian pole, let. us now consider 
the polar wandering curve for the same period determined 
from the southern hemisphere continents. It has recently 
been proposed! that a 50° polar shift (or alternatively 
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continental drift), recorded in the palaeomagnetie history 
of South America, Africa and Australia, occurred during 
the Middle Devonian, over a period of about 20 million 
years. The results presented in this article are wholly 
compatible with that proposal and indeed lend support to 
the hypothesis of periods of intermittent polar wander 
(continental drift) separated by “quasi-static intervals”. 
Recent results from North America are also in broad 
agreement? ™ 15, 

It is admitted that as yet, there is no definite proof which 
leads to unique interpretation of the Devonian palaeo- 
magnetic data. But it is important that the proposals 
set out above fit all the existing data, and so help us to 
solve the now ageing problem of Devonian palaeo- 
magnetism. 

A more fundamental question, however, may be 
partially answered, that is, can we explain the palaeo- 
magnetic record of the southern hemisphere and northern 
hemisphere continents by invoking only one mechanism, 
continental drift? If the Mid-Devonian 50° polar shift, 
as has been adequately demonstrated for Gondwanaland, 
is upheld in the palacomagnetic record for Laurasia, then 
unless the two continents existed at that time as a single 
supercontinent, Pangea, polar wander seems to be a much 
more satisfactory explanation for the Palaeozoic polar 
curve. In support, it is therefore important to establish 
the relative positions of Laurasia and Gondwanaland 
during the Palaeozoie era. Continental drift is not ruled 
out, but if Laurasia and Gondwanaland did exist as 
separate continents it is unlikely that they drifted 50° 
independently in 20 million years within the Devonian 
Period. An attempt to establish the reality of Pangea 
has recently been made‘ using a polar wandering curve 
for Eurasia similar to that shown in Fig. 4 (see also ref. 13). 
Before further comparisons are made, however, more 
detailed analyses of Palaeozoic palaeomagnetic data for 
Eurasia and Gondwanaland are being carried out together 
with the compilation of new Palaeozoic data particularly 
for South America. 
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Origin of Fracture Zone Topography 


by 


H. W. MENARD 
TANYA ATWATER 


Scripps !nstitution of Oceanography, 
University of California, San Diego 


FracTURE zones are linear bands of mountainous topo- 
graphy which offset and are roughly perpendicular to the 
crest of the mid-ocean ridge system. They include very 


Fracture zone topography can be accounted for by seafloor spreading 
and plate tectonics. . 


long ridges and troughs, scarps separating regions with 
different depths, and lines of voleanoes!. The zones are 
extensions of transform faults between plates of oceanic 
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Fig. 1. Block diagram of a spreading ridge crest and its descending 

flanks with a ridge-ridge transform fault and fracture zone. The height 

and sense of the scarps of fracture zones on the flanks are simply related 

to the present distance from the crest (and thus the age) and to the 
length and direction of the transform fault. 





crust moving away from centres of seafloor spreading*~>. 
The topography is thus related in some way to shearing 
but the origin of individual features has resisted more 
detailed analysis. In this article we attempt to show that 
the topography is accounted for by seafloor spreading and 
plate tectonics. 


Regional Changes in Depth and Great Scarps 

The crest and flanks of a mid-ocean ridge are offset along 
fracture zones and this produces regional differences in 
depth (Fig. 1). Although they vary widely from region to 
region, flank slopes are similar in any given area. This is 
an expectable consequence of the tectonics of large rigid 
crustal platest5 if the elevation of a mid-ocean ridge is 
largely the product of thermal expansion which decays 
with time®’. Scarp relief is thus directly related to ridge 
offset and to the length of the original transform faults, 
and it varies during spreading. Consider a block moving 
from one ridge toward another on a ridge—ridge transform 
fault®. First the height of the searp decreases and 
then the slope reverses and the height increases as the 
subsiding block approaches the second ridge crest. As 
spreading continues, the two flank blocks subside together 
and the scarp height gradually decreases until only minor 
relief remains. 


Configurations of Transform Faults and Spreading 
Centres and Changes in Spreading Direction 
Fracture zones are topography produced by active 

transform faults and preserved on inactive ridge flanks 

and basin floors (Fig. 2). The orientation of fracture 
zones and related magnetic anomalies in the north- 
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Schematic diagram of an offset, spreading ridge showing relative 
$, earthquake locations, and configuration of transform fault and 
fracture zone: (4) after a long period of unidirectional spreading and 
(B) after a change in spreading direction. The linear ridges and troughs 
produced on the transform fault are preserved while the ridge subsides 
and regional differences in depth vanish (Fig. 1). 
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Fig. 3. Mode of adjustment of spreading rises to a change in spreading 
direction. 4, A segment of a rise has ibeen spreading in a direction 
perpendicular to its crest. The spreading direction changes. B, As 
spreading proceeds in the new direction, the rise crest gradually migrates 
around until it is again perpendicular to the spreading direction. As it 
migrates a zed pattern is formed in the anomalies. C, Spreading 
continues in the new direction. The ridge and its resulting anomalies are 
perpendicular to the direction. A split zed pattern emerges. (After 
Menard and Atwater’) 
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Fig. 4. Mode of adjustment of a transform fault to a change in spreading 
direction in which the change causes it to open. A, Two rigid plates have 
been separating at a spreading ridge and moving past one another along 
a transform fault in a direction parallel to the faults. The solid line 
separates the rigid plates. B, The spreading direction changes and 
the plates move apart in a new direction. The spreading ridges migrate 
around as in Fig. 3. The break which was the transform fault is pulled 
apart obliquely. Volcanic material wells up into the gap and is extended 
and sheared, C, Block motion continues in the new direction. The old 
spreading ridges have reorientated themselves perpendicular to the new 
direction. The gap continues to extend, fill and shear chaotically until 
the active breaks evolve into one or more spreading ridge sections 
interconnected by new transform faults. 
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eastern Pacific varies by small amounts in at least five 
places and this indicates corresponding changes in plate 
motion®. Such small changes are probably characteristic 
of plate motion. When they occur the spreading centres 
between transform faults gradually rotate until they are 
perpendicular to the new direction of motion and thus 
produce a typical “Zed pattern” (Fig. 3). This is not a 
necessary consequence of block motion on a sphere but 
appears to be the usual mode of erustal adjustment’. 
After the spreading direction changes, transform faults 
may either be opened by spreading or closed and broken, 
depending on the direction of the change and the ridge 
configuration. 


Effects of Spreading 


Consider a change in plate motion which causes a trans- 
form fault to open. <A ridge crest is a persistent zone 
of weakness where splitting and dike injection occur 
whenever there is any spreading®. It appears that active 
ridge-ridge transform faults are also persistent zones of 
weakness which behave as ridge crests when there is a 
component of spreading. When a change in plate motion 
is persistent and large, and the spreading in a transform 
fault is large, the spreading may become reorientated to 
form a short new section of ridge bounded by new trans- 
form faults (Fig. 4). When the change in direction is 
small or brief the spreading in the transform fault lacks 
the space and time to become reorientated. It becomes a 
“leaky” transtorm fault. 

The rate of opening of a transform fault is only the sine 
of the angular change in spreading direction times the 


Fig. 5. $ grar 
during the time of anomalies 23-21. 


fault (the Moonless Mountains) were formed as in Fig. 4. 





1039 


spreading rate of the associated ridges, A leaky trans- 
form fault probably opens at only a fraction of 1 em/yr. 
The topography produced at spreading centres is parallel 
to the ridge crests and has a relief which is roughly in- 
versely proportional to the spreading rate’. This may 
indicate that the great ridges and troughs along some 
fracture zones were formed in slowly opening transform 
faults. For example, the western section of the Murray 
fracture zone appears to have been formed by a leaky 
transform fault. Fast spreading at the ridge crests pro- 
duced low hills trending more or less north-south, while 
slow spreading in the transform fault formed elongate 
ridges and troughs at the same time in the same region. 
The direction of spreading changed at the time of anoma- 
lies Nos. 23--21 (ref. 9) in such a manner that the rate of 
opening of the Murray transform fault would have been 
significantly increased. This increase apparently was 
great enough to allow for reorientation of the spreading, as 
decribed, forming a new ridge segment and a new trans- 
form fault, the Moonless Mountains. ‘The existence of a 
small fracture zone just south of the Murray zone was 
suggested by Hess in Submarine Geology and Geophysics 
(edited by W. F. Whittard and R. Bradshaw, Butter- 
worths, London, 1965) and is substantiated by new 
magnetic profiles. 


Effects of Closing 

Consider a configuration of ridges and a change in 
direction of spreading such that the ridges overlap. Even 
if this could be achieved instantaneously, the crustal blocks 
must break or deform before further spreading could 
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Physiographic diagram of the Murray and Mendocino fracture zones showing the effects of the change of spreading direction 
The numbered lines are magnetic ano: 
and troughs of the Murray fracture zone indicate that it was a leaky transform fault until anomaly 
of this fault was such that the change in motion gave ita greater component of opening. A news 
The Mendocino and Pioneer tra 
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sense 80 that the same change in motion caused these faults to close and fracture along the new directions (as we have shown’, Fig. 4). 
These and other events are shown diagrammatically in Fig. 6. 
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Fig. ô. 


Diagram of proposed history of plate motions and seafloor 
spreading in the north-eastern Pacific as deduced from the present day 


configuration of magnetic anomalies and fracture zones. The heavy 
line is the boundary between the plates. A, Configuration of spreading 
mid-ocean ridge at anomaly 26 time, Murray transform fault is leaking, 
ereating great ridges and troughs. B, Configuration at anomaly 21 
time, showing the effects of a change in spreading direction: Pioneer- 
Mendocino ridge segment is shortened, Pioneer, Mendocino and Molokai 
transform faults are reorientated and lengthened, Murray transform 
fault is shortened and widened, forming a new ridge segment and 
transform fault. C, Anomaly 13 time, the Murray-Molokai ridge 
segment has jumped east leaving the disturbed zone behind as a broken- 
off remnant of the east flank of the ridge. 


occur because the overlapping crests could not spread at 
the same rate as the other crests in the region. This 
readjustment may cause only minor deformation and 
breakage near the transform fault. For example, along 
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the Mendocino fracture zone, a change in spreading 
direction at the time of anomalies Nos. 23-21 apparently 
broke off the overlapping ends of the ridges and fractured 
the area of the old fault, creating a transform fault in the 
new direction (Fig. 5, refs. 9 and 12). If the configuration 
of a change is such that a fracture zone is overlapped as 
well as the ends of ridges, the zone may become inactive 
and terminate. This circumstance can account for the 
apparent branching or overlap and termination of some 
fracture zones in the central Pacific. 

It seems that an entire section of ridge may become 
inactive if it is too far away from the general line of a ridge 
crest and a change in plate motion occurs. This explains 
the origin of the disturbed zone in the north-eastern 
Pacific (Fig. 6). Before the time of anomaly No. 21, the 
ridge section between the Murray and Molokai fracture 
zones was out of line so that the eastern crustal block 
formed a projection into the western one. At about 
anomaly No. 21 time this projection appears to have 
broken off, a new spreading centre opening farther to the 
east. Thus a section of the eastern block was left behind. 

With conceptually minor modifications the hypothesis 
of seafloor spreading? can thus account for many charac- 
teristics of fracture zones, including creation and termina- 
tion of zones; variations in length and spacing; regional 
differences in depth; great straight scarps and variations 
in scarp height; occurrence and orientation of rifted zones 
containing great linear ridges and troughs; and existence 
and location of abrupt changes in dir.ction along the 
strike. 
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Cosmology and Quantum Electrodynamics 


by 
F. HOYLE 
J. V. NARLIKAR 


Institute of Theoretical Astronomy, 
University of Cambridge, 
Cambridge 


Ix an earlier article? we discussed a possible connexion 
between the quantum electrodynamics of phenomena in 
the local laboratory and the large scale structure of the 
universe. Such a connexion, on a classical level, was 
established a few years ago?’, following the pioneering 
work of Wheeler and Feynman!*. It was shown, for 
example, that the choice of retarded potentials is not an 
arbitrary one, but is dictated by the expansion of the 
universe. Not all models of the expanding universe are 
able to achieve this result, however. For example, a 
unique choice of retarded potentials results in a steady 
state universe but not in the Friedmann universes®-*-*, 


Further investigations in quantum elctrodynamics show how the 
radiative processes can be described without infinities in terms of 
cosmology and the direct particle theory of electrodynamics. 


This work was extended to non-relativistic quantum 
theory (see ref. 7 for details) and was briefly reported in 
ref, 1. There we considered how the spontaneous transi- 
tions of atomie electrons could be accounted for in the 
theory of direct interparticle action. In this theory the 
transitions occur not because of any special qualities 
assigned to the vacuum-—as in the usual field theory-—but 
because of the response of the universe. This response is 
the analogue of the one which gives rise to the radiative 
reaction on accelerating changes in classical theory. 
The restriction to non-relativistic quantum theory in 
ref. 1 did not arise from any limitation of the direct 
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particle electrodynamics. Indeed, as far as electro- 
dynamics 1s concerned, one can easily write it in a rela- 
tivistio form. The restriction arose from quantum theory. 
The method described ın ref. 1 mvolved the path integral 
approach to quantum theory originated by Feynman’. 
This approach 1s eminently suitable for underatandmg the 
transition from classical to quantum physics, but 1s not 
so successful when discussing relativistic motions of 
spinning atomic particles. At the time of writimg ref. 1 
we had only the methods then available to draw upon. 

Subsequently we have been able to extend the work to 
cover relativistic quantum electrodynamics and the so- 
called radiative corrections. It 1s this work which is 
reported in general terms here. 

In the non-relativistic path mtegral approach the 
amplitude for a particle a to go from point 1 to point 2 in 
space time along a path a(t) 1s given by 

(constant) . exp{i S [a(é)]/4} (1) 
where 3S is the classical action functional. The summation 
of (1) over all paths from 1 to 2 then gives the propagator 
K(2,1). Although it does not seam poasible to generalize 
this concept to spinning relativistic particles, an extension 
can be found which is sufficient for our purpose. This 
extension takes account of the following points: (i) instead 
of defining amplitude along a world line it seems more 
natural to define amplitude along an infinitesumal world 
tube surrounding a given path, (1i) summation of ampli- 
tudes leads to propagators as in the non-relativistic 
theory. If we consider particles (electrons, say) we first 
arrive at the propagator 


a, MOi) (mas ] 2 
[Baa GD] at 
where q2, 18 the square of the interval between pointe 1 
and 2, and y 1s taken with respect to the coordinates of 2. 
This propagator restricta the motion to the mside of the 
future light cone. A similar propagator restricted to the 
inside of the past light cone can be obtained for positrons. 
And if we follow the particle-antiparticle mterpretation 
of Feynman’, we can relate (2) together with the corres- 
ponding form for positrons to the Feynman propagator 


al im 2) poa may] 
Kaz v ben -ai (FF (3) 
It turns out that (2) is sımpler to understand in terms of 
path integrals, while (3) is more convenient to work with ın 
actual problems. (iu) The electromagnetic contribution 
to the amplitude can still be described by the simple form 


(2) 


Fla,a4] 





Fig. 1. Compton scattering. The electron ig scattered by the external 
potential Ai as well as by the response F[a, a'] of the universe. 
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(1). This makes ıt easy to go from the non-relativistic 
theory of ref. 1 to the present relativistic theory. 

“Finite” radiative processes can then be worked out by 
calculating first the influence functional from the universe. 
This 18 the relativistic analogue of F[a(t), a’(+’)] described 
in ref. 1. We illustrate the general situation with o 
specific example, that of Compton scattering. In Fig. 1, 
the electron 6 1s acted on by an external direct particle 
field A; at P. This accelerates the electron, leading to the 
response of the universe F[a, a’], which acts at Q. Thus 
the electron is scattered twice. The order of the prescribed 
disturbance and the response can be interchanged, giving 
another diagram sumilar to Fig. 1. The result of the calcu- 
lation is, of course, the same as that obtained by more 
conventional methods. 

The influence functional F[a, a’] can be obtained in two 
ways. Hither we can follow the method described in ref.1 
and take into account the details of transitions in the 
future absorber; or we can follow a procedure similar to 
the classical Wheeler-Feynman condition of complete 


absorption 

E ${(FY+FQ}00 at infinity (4) 

alla 

Here 4 [F2+F%)] 1s the time-symmetric direct-particle 
field of a typical partacle a. The analogue of (4) relates to 
potentials and paths, but 1s too complicated to quote here. 
It 18 sufficient to state that ıt leads to the influence func- 
tional obtained by the first method. 

We now turn to what may be the most crucial difference 
between the present point of view and the conventional 
point of view. In the latter a great deal of emphasis is 
placed on amplitude calculations. It 1s not amplitudes but 
probabilities that are expermmentally measured, however. 
(The amplitudes are m general complex, whereas the 
probabilities are real.) In the present theory the response 
of the universe appears only through probability calcula- 
tions. This makes a difference when considering radiative 
corrections. 

In the usual method of calculating the self-energy of the 
free electron, for example, one looks for a change of the 
wave-function ın question 

exp[—iHt/h] + exp[—1(H + AE)t/h]. (5) 
The usual calculation leads to AH — oo, and renormaliza- 
tion must be used to obtain a finite value. In the present 
theory, however, such a divergence has no meaning 
because we are concerned only with probabilities. 

In certain cases dealing with external potentials (for 
example, the Lamb shift and the anomalous magnetic 
moment of the electron) a sumilar situation arises but with 
non-trivial resulte. Here the influence functional from the 
universe can be written as a sum of two contmbutions. The 
first, which produces mfinities ın the conventional calcula- 
tions, disappears when probabilities are taken in the 
manner described. The second contribution gives finite 
results and survives when probabilities are taken. These 
finite results agree with those obtamed from the usual 
theories after renormalization. 

The theory has been extended to deal with closed loops 
in the vacuum, and the usual results for vacuum polarize- 
tion have been obtained. We have not so far managed to 
obtain the required finite effect of vacuum polarization, 
however, except through the usual procedure due to Bethe 
and Pauli, a procedure we find difficult to interpret. 
Although an infinity again arises in an amplitude calcula- 
tion ıt again disappears when probabilities are taken. 

Finally, we emphasize that the present theory, besides 
making hitherto divergent processes convergent, yields all 
the usual practical results of radiation theory without 
ascribing independent degrees of freedom to the electro- 

etic field. There are no quanta in the sense of the 
usual field theory. The present theory also makes ıt 
probable that the steady state model of the universe 1s the 
correct form of cosmology. We feel that the quantitative 
successes of the theory, reported here and in ref. 1, form a 
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sounder basis for a cosmological judgment than the 
ambiguous astronomical data available at the present 
time. - 
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DNA Strand Breakage in Cells irradiated with X-rays 


by 
C. J. DEAN 
M. G. ORMEROD 


R. W. SERIANNI 
P. ALEXANDER 


Chester Beatty Research Institute, 
Belmont, Sutton, Surrey 


Onz of the primary effects of the exposure of cells to 10niz- 
ing radiation is the introduction of breaks into the main 
polynucleotide chains of the DNA molecule (compare 
ref. 1). Early studies on radiation induced DNA strand 
breakage demonstrated conmstently that the number of 
double breaks produced (that 1s, mterruptions leading to 
complete scission of the twin helix) 1s not mcreased by 
irradiation of the cells in oxygen. Precise evaluation of 
the number of breaks introduced into the DNA was 
difficult, for the procedures used for isolation of the DNA 
led to shearing . The results are, however, in 
agreement with the data obtamed using isolated DNA? 
and bactenophage® where the radiation damage was pre- 
dominantly by direct action. Although an oxygen effect 
on strand breakage has been reported with isolated dry 
DNA‘, Hagen’ has recently pomted out that the experi- 
mental procedures used ın the earher work were unsatis- 
factory. When pure DNA is irradiated ın dilute aqueous 
solution, however, the effect of oxygen 18 complex (com- 
pare ref. 6) and the data are conflicting, but ın any case 
such conditions may not constitute a realistic model for 
irradiation of DNA within a cell. 

The problems involved in the isolation of DNA from 
cells have been largely overcome with the development by 
McGrath and Willams’ of a method for isolating large 
single stranded molecules of DNA on alkalne sucrose 
density gradients. With this technique the number of 
breaks produced in the DNA of X-irradiated cells can be 
determined more reliably. In studies on the production 
and repair of single strand breaks m the DNAs of L5178Y 
murine lymphoma cells and Miéorococcus radiodurans 
exposed to X-rays, an effect of oxygen on the efficiency 
of strand breakage was reported from this laboratory’, 
but the present communication shows that these data 
have to be interpreted differently. 

In the earlier experuments ıt was found that when cells 
were uradiated in oxygen one single break was produced 
in the DNA for approximately every 50 eV deposited in 
M. radiodurans and for every 70 eV with the murine 
lymphoma cells. This value for the efficiency of DNA 
strand breakage in M. radiodurans 1s the same as the 
recently corrected value for “fully protected” bacterio- 
phage systems’. Unlike the bacteriophage studies, 

owever, where the number of strand breaks was not 
influenced by irradiation in the presence or absence of 
oxygen, with the cell systems the number of single breaks 
found in the DNA was some three-fold lower when the 
cells were urradiated in anoxia at 0° C. 

The measurement of radiation-produced strand breaks 
in the DNA of cells is complicated by the presence of 
enzymatic rejoining processes which restitute the breaks 
intracellularly’)*:19 and by problems inherent in the 
analysis of molecular weight distribution from sedimenta- 


The presence of oxygen during the exposure of mammalian and 
bacterlal cells to X-rays does not affect the efficiency of single strand 
breakage of DNA, but in bacteria it interferes with strand rejoining 
processes which occur during irradiation. 


tion profiles. Studies, which will be reported in detail 
elsewhere (unpublished work of R. W. 8. and C. J. D.), 
have shown that in M. radiodurans the rejoining of broken 
DNA strands is particularly efficient after irradiation, 
and this repair process is wnhibited by 0-02 M EDTA. 
We now find that when M. radiodurans 1s irradiated in 
buffer contaming 0-02 M EDTA no significant difference 
1s Observed ın the number of strand breaks introduced 
into the DNA when the cells are irradiated in either the 
presence or the absence of oxygen. In addition, a new 
method has been developed for the analysis of DNA sedi- 
mentation profiles which gives a more precise and reliable 
method for de i number average molecular 
weights. The application of this analysis to sedimentation 
profiles of DNA from M. radiodurans has shown that 
the molecular size distributions are consistently random 
for all conditions of irradiation. With the L5178Y 
murine lymphoma cells, however, anoxic irradiation 
in the previously reported conditions’ yields sedimentation 
profiles with an abnormal molecular weight distribution 
which led to an overestrmate m the computed average 
molecular weight. Evidence will be presented which 
indicates that the previously observed oxygen effect in 
murine lymphoma, cells was due to this anomaly in the 
DNA distribution. 


Single Breaks in the DNA of Micrococcus radiodurans 

Cells labelled in their DNA with *H (methyl-) thymidine 
were rendered susceptible to lysis in sodium dodecyl 
sulphate (SD8) by treatment with the RI enzyme fraction 
from Streptomyces albus G in 0-04 M veronal buffer pH 8-6 
(ref. 10). This treatment alone does not affect the viability 
or alter the radiosensitivity of M. radiodurans. Following 
treatment with the R1 enzyme the cell suspension was 
exposed at 0° C to 220 kVp X-rays at a dose rate of 104 
rads per min. The irradiated cells were then lysed by 
placing them in 0-1 ml. of a solution containing 0-2 per 
cent SDS and 0-02 per cent sodium deoxycholate m 0-2 M 
citrate-phosphate buffer pH 6:6 previously layered on 
top of a 5-20 per cent alkaline sucrose gradient. When 
lysis was complete the samples were sedimented in a 
Beckman L2-ultracentrifuge at 20° C. When centrifuga- 
tion was completed the contents of the tubes were collected 
as two drop fractions and the molecular weight of the 
sample of DNA was determmed from the distance sedi- 
mented according to the relation given by McGrath and 
Williams’. 

Fig. 1 shows the dose response relationship expressed 
in terms of the reciprocal of the number average molecular 
weight (1/Mn is directly proportional to the number of 
breaks produced) when M. radiodurans ıs wradiated in 
the presence of oxygen or nitrogen, with or without the 
addition of 0-02 M EDTA. It is clear that when the cells 
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t radiation dose for e stranded DNA isolated from X-1rradiated 
terococeus radiodurans. cells were irradiated in: & oxygen z 
@, nitrogen; A, oxygen +0:02 M EDTA, A, nitrogen+0 02 M TA. 


are exposed to X-rays in conditions where the strand 
Tejoming systems are inhibited (that is, when 0-02 M 
EDTA 1s present) the number of strand breaks in the 
DNA 1s the same whether the cells are irradiated in, the 
presence or absence of oxygen. Moreover, cells irradiated 
in oxygen without EDTA also show the same efficiency 
for strand breakage, 50 eV being required to produce one 
single strand break (G=2:0). When cells were irradiated 
in anoxia and in the absence of EDTA fewer single breaks 
are found in the DNA, one single break being introduced 
for every 150 eV deposited (G=0-67). We conclude that 
when M. radiodurans is irradiated ın nox in these 
conditions, where the strand rejoming processes are not 
mhibited, more than 60 per cent of the single strand 
breaks formed are restatuted dumng the course of irradia- 
tion at 0° C. 

Experiments, also to be described in detail elsewhere 
(R. W. S. and C. J. D., n preparation), have shown that 
cells irradiated in oxygen at 0° C are not capable of repair- 
ing the broken DNA strands when held at 0° C post- 
irradiation. This suggests that the end groups at a strand 
break produced in oxygen differ from those introduced as 
a result of irradiation m anoxia. 


Single Breaks in the DNA of Murine Lymphoma Cells 
The molecular weight of the DNA from unirradiated 
murine lymphoma cells cannot be determined by the 
procedure of McGrath and Williams’ because the size of 
the single strands exceeds 10° daltons (compare ref. 8). 
After a dose of 3,000 rads, however, the molecular weight 
of the DNA is reduced sufficiently to be m the range 
of measurement, and sedimentation profiles suitable for 
molecular weight determmation have been obtamed 
in the dose range 3x 10° to 8x 104 rads. As reported 
earlier, murine lymphoma, cells, like bacteria, have the 
capacity for restituting single breaks during post- 
irradiation incubation at 37° C in growth medium. No 
rejoining of broken DNA strands can be detected m the 
conditions of irradiation, which is carried out at 0° C in 
physiological saline, and the sedimentation profile is the 
same for cells lysed on the alkaline sucrose gradient im- 
mediately and 1 h after irradiation if held at 0° C. 
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In the earlier study, usmg & radiosensitive mutant of 
L5178Y (Do=36 rads), the molecular weight distribution 
of the DNA isolated from irradiated cells had been 
assumed to be random and the weight average molecular 
weight (Mw) calculated from the sedimentation data was 
equated to twice the number average molecular weight 
(M,), the latter being used to calculate the number of 
breaks. Whule this was true for irradiation when, oxygen 
was present, under anoxia the distribution was abnormal 
due to the presence of about 20 per cent of the DNA in a 
high molecular weight tail. This resulted in the com- 
puted values of My being too high and in turn led to an 
underestimate for the efficiency of single break formation 
in anoxia. This high molecular weight tail has little 


effect on the value of Mn so that = > 2. 
n 
A new method for the analysis of sedimentation profiles 
has been developed which demonstrates whether or not 
a distribution is random and gives a more reliable estimate 
of the molecular weight. Charlesby1! has shown that after 
five or more breaks per molecule are introduced into a 
collection of molecules, the molecular weight distribution 
is random and is given by 
n 1 
E(aM) Mm? 
where n is the number of molecules of molecular weight 
M and Mn is the number average molecular weight. The 
weight of DNA collected m one fraction in a sedimenta- 
tion experiment is proportional to nMAM where M is 
the mean molecular weight of the fraction and AM is 
the molecular weight range covered by that fraction. 
The amount of radioactivity in each fraction (c) is propor- 
tional to the weight of DNA in the fraction, so that 


c E ~ 
MAM is plotted against M, a 





-M/Ma 


c 
; if In ———_ 
an. Thus if M 





OM AM (x10) 





M (x 10°) 


Fig. 2. Anniyals UE two sedimentation: profles. taken from the data 

obtained by Lett et al. 37 A 18 Proportional to the number of molecules 

of molecular weight M (see text). Radiation dose=20krad; @, oxygen; 
A, nitrogen. 
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random distribution will give a straight line of slope 1/Mn. 
This method of analysis also demonstrates that the 
molecular weight distribution is indeed random. 

An analysis of two typical sedimentation profiles from 
the earlier studies is presented in Fig. 2. The molecular 
weight distribution of the DNA from cells irradiated m 
anoxia clearly deviates from random, and the value for the 
efficiency of DNA strand breakage calculated on the 
assumption M,z=0-5 Mw must therefore be incorrect. 
The data for irradiation in the presence of oxygen, how- 
ever, do not suffer from the same defect (see Fig. 2). 

DNA sedimentation profiles which are accurately 
random have now been obtained from cells irradiated both 
in the presence and absence of oxygen by using a lower 
cell concentration (about 104 per gradient) and lysing 
them in 0-1 N sodium hydroxide containing 0-1 per cent 
‘Nonidet P40’ (a non-ionic detergent from Shell Chemicals 
Ltd) instead of 0-5 N sodium hydroxide as used previously. 
In this study, the more resistant strain of L5178Y was 
used (Do=80 rad). The values of Mn obtained using the 
modified lytic procedure are shown in Fig. 3. It was cal- 
culated that 66 eV per single break (Q= 1-5) are required 
in the presence or absence of oxygen. Previously! a value 
of 70 eV per single break had been obtained for irradiation 
of the sensitive strain of the lymphoma cells under oxygen. 


Relative Radiosensitivity of DNA in Different Cells 


The results given in this communication indicate that 
there is little if any effect of oxygen on the radiation 
induced breakage of DNA in either the very radioresistant 
M. radiodurans or the radiosensitive L5178Y murine 
lymphoma cells. The values for the efficiency of strand 
breakage reported here are compared in Table 1 with 
results of other studies on the irradiation of DNA within 
cells and with data on bacteriophage. The number of 
eV per break have been calculated from the experimental 
data given by the various authors. 

The data reported here for M. radtodurans indicate 
that even at 0° C many of the single strand breaks 
mtroduced into the DNA during irradiation of the cells 
in anoxia may be repaired during the course of irradiation. 
Cells irradiated in o m, however, cannot repair the 
broken DNA strands at 0° C although they do so rapidly 
when the temperature 1s raised to 30° C. The recent 
observation'* that enzymes which repair amgle strand 


NATURE, VOL 222, JUNE 14, 1969 


Table 1. THE EFFIOIRNCY OF SINGLE STRAND BRHAKAGR OF DNA IRRADIATED 
WITHIN A OELL 


Gassing eV per 
Cell DNA cond:- single Authors 
tions break 
M. radiodurans Chromosomal 0,+ or 50 This study and 
-EDTA ref. 8 
Murine lymphoma Chromosomal 0, 66 Thi zdy and 
E. coli K12 4 covalent 0: 74 Boyce and Tep- 
Intact T4 bao- bacteriophage O, 49  Frelfelder”:’ 
teriophage 
Intact T4 bac- bacteriophage N, 49 Frelfelder*’ 
tenophage 
Murine lymphoma Chromosomal N, 66 This study 
M. radiodurans Chromosomal N,+EDTA 50 Thb study 
AI. radiodurans Chromosomal N, 150* Thies mady and 
E. colt DF8 Dac covalent Not stated 94* Frerfelder’ 
ea 
E. ooli K12 4 covalent N: 207* co and 
arcles epper'* 
B. cols Bir Chromosomal Notstated 110-220* McGrath and 
Williams’ 
E. coli Bey Chromosomal 


Not stated 110-220* McGrathand 
‘Williams’ 


* From the expenments reported in this article it is likely that some repair 
Lone wil haye occurred before the isolation of the DNA in 
experimen: 


breaks in double stranded DNA!-1¢ (that 1s, where the 
strands adjacent to the break are terminated by 5’-phos- 
phate and 3’-hydroxyl groups) can operate efficiently at 
low temperature leads to the speculation that similar 
enzymes may be responsible for the repair of broken 
strands observed during irradiation of M. radiodurans ın 
anoxia. Unfortunately, nothing is known at present 
concerning the nature of the end groups produced at the 
site of a strand break although it is not unreasonable to 
expect that scission occurs at the phosphodiester bond?". 

The possibility that strand rejoming may have occurred 
before isolation of the DNA may account in part for the 
differing values for the efficiency of strand breakage by 
ionizing radiation shown in Table 1. Less variation is 
seen where the irradiations were performed m fully 
oxygenated conditions, the values lying between 49 eV 
per break for “fully protected” bacteriophage’ and 74 eV 
per break for 4 covalently closed circles irradiated within 
the host bacterium*®. The values obtained with M. 
radiodurans and the murine lymphoma, cells lie within 
this range and like the bacteriophage show no oxygen 
effect. 

We thank Mr J. Caldwell for making available the 
sedimentation data used in ref. 8 and Miss U. Hornfeldt 
for technical assistance. This investigation was sup- 
ported by a Public Health Service research grant from 
the National Cancer Institute to R. W. 8. and by 
grants to the Chester Beatty Research Institute (Institute 
of Cancer Research : Royal Cancer Hospital) from the 
Medical Research Council and the British Empire Cancer 
Campaign for Research. 
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THE concept of immunological tolerance originates n part 
from Burnet’s' interpretation of Traub’s early work* on 
the harmless carriage of lymphocytic choriomeningitis 
virus (LCM) in congenitally infected mice. This virus has 
recently been found to mduce two extremely different 
immunological responses and disease syndromes in mice***. 
Inoculation of adult anmmals by various routes” usually 
produces a strong immune response followed by acute 
disease or death, whereas congenital infection or inocula- 
tion of newborn mice induces a state of persistent tolerant 
infection (PTI)?4 in which the mouse carries virus at high 
titre for many months without disease. No complement- 
fixing or neutralizing circulating antibody to the virus**;*"7 
18 detectable durmg this time, justifying the conclusion? 
that these animals exhibit life long immunological 
tolerance to the virus. After 9 months, however, LCM- 
PTI mice develop a fatal degenerative “late disease’’*’, 
which is characterized by a dilapidated appearance and 
loss of weight?, and includes chronic glomerulonephritis*?°. 
Because of this, persistent murme LCM has been used as & 
model of virus-induced kidney disease?*:**. 

Adult mice are believed to be unable to produce neutral- 
izmg antibody to LCM virus*-*” in spite of the rapid 
production of complement-flxmg antibody. Recently, 
however, we have shown" that neutralizing antibody does, 
in fact, appear in adult mice which have suppressed non- 
lethal LCM infection, but the process requires almost l yr 
before high titres are reached. Further study showed that 
while neutralizing antibody was produced very late, a 
different antibody could be detected with the indirect 
fluorescent antibody method in man and acutely sick 
LCM infected mice. This test was therefore used for a 
quantitative study of plasma from LCM inoculated adult 
and newborn mice. Contrary to the results of Benda e al.', 
the technique was found to be highly sensitive for detec- 
tion of LCM antibody. 

Mouse plasma was obtamed by orbital bleeding, under 
ether anaesthesia, into heparm solution; it was diluted 
and sappled to acetone-fixed preparations of LCM 
infected BHK,, (baby hamster kıdney) cells'*. The cells 
were then treated with rabbrt anti-mouse serum globulin 
conjugated with fluorescein isothiocyanate. The fluores- 
cence showed. a coarsely granular pattern, readily dis- 
tınguishable from non-specific fluorescence, which lacks 
granularity. The test is specific because: (a) no 
fluorescence was obtained with LCM mouse plasma at 
quarter and eighth dilutions on normal, uninoculated 
BHK,, cells; (b) no fluorescence was obtained with 
quarter and eighth dilutions of plasma from normal 
uninoculated mice, aged 4 days to 1 yr, on LCM infected 
BHE, cell preparations; and (c) the stained slides were 
coded before examination. 

Adult (10 to 12 g) Albany strain mice, which were 
inoculated intracerebrally with one of two different doses 
(6x 10t or 6x 10! LD,,) of neurotropic LDM virus, M/B, 
(ref. 4), produced high levels of detectable fluorescent 


Antibody to lymphocytic choriomeningitis virus has been detected 
by the fluorescent antibody technique in mice in a state of persistent 
tolerant infection. 


antibody by the seventh day. They became ull by the 
seventh day and all died within 14 days. 

When this experiment was repeated using a viscerotropic 
strain of LCM (M/B,L,,)‘ similar fluorescent antibody 
results were obtained (Fig. 1) although the mice did not die. 
This survival after high doses of viscerotropic LCM virus 
has been referred to’ as “high dose mmmune paralysis” 
(HDIP) because the lethal effect and suppression of the 
virus is believed to be due to cellular immunity*:?:* which 
is absent ın the HDIP state, even though lower doses are 
uniformly lethal. The HDIP mice exhibited high titres 
of fluorescent antibody for many months with concomitant 
high virus titres, which only gradually declined We 
therefore concluded that the presence of fluorescent 
antibody in mouse plasma is an index of humoral, not 
cellular, immune response of the host; this antibody did 
not protect against death or neutralize blood virus. A 
simular HDIP state with co-existing circulating virus and 
complement fixing antibody has been described after 
multiple inoculations of LCM virus’’. Preliminary tests 
have shown a high level of y M ummunoglobulin ın the 
serum of partially LCM tolerant mice. This situation 
seems to be comparable with the finding of high levels of 
y M m some children with the rubella syndrome’. 

Fluorescent antibody studies of mice (moculated neo- 
natally and intracerebrally to induce persistent tolerant 
infection) with high LOM virus titres in their blood, 
revealed fluorescent antibody 10 days after inoculation 
with peak titres at 14 to 21 days (Fig. 2). The highest 
titres were caused by the largest virus dose. 

Because mothers of neonatally inoculated PTI mice are 
known to become infected with LCM" they were tested 
for fluorescent antibody to determime whether the PTI 
mouse antibody was autogenous or maternal antibody, 


Plasma dilution (reciprocal) 


CONTROL 





24 6 10 14 21 28 35 41 
Days after Inoculation 
Fig. 1. Development of fluorescent antibody in adult mice inoculated 


intracerebrally with LOM M/B,l4:. Two different virus doses were used” 
1-4 10° or 1-4 x 10 LDys. 


Plasma dilution (reciprocal) 





4 10 14 21 28 85 41 
Days after {noculation 


in infant mice which were 
1 Virus. Mice 
different 


Fig. 2. Development of fluorescent antib 

neonatally inoculated intracerebrally with 

were weaned on day 24 or 27 (4 =mother removed). 
virus doses were used: 10°, 10$, or 10? LDss. 


passively transferred via the milk. The mothers were 
found to have high fluorescent antibody titres (1/64 and 
1/256) by 21 days to 28 days after exposure to infected 
infants. When mother exchanges were made between 
uninfected and LCM-infected litters, the two normal 
litters both developed high titres of LOM fluorescent 
antibody 3 days later (Fig. 3). Control, uninoculated 
infant mice with normal mothers consistently gave 
negative results (titres of <1/4) and high titres were 
maintained in the LOM-infected litters given normal 
mothers 18 days after infection. Thus fluorescent anti- 
body 1s clearly transferred from mother to offspring, where 
it exhibits a half-life of approximately 4 days. When a 
fresh uninfected mother was provided every 7 days to 
neonatally LCM-inoculated mice no antibody was found 
up to 63 days after infection (Fig. 4). Thereafter a per- 
sistent low titre (1/8) was obtained. This late antibody 
could not have come from the mothers, and therefore must 
have been made by the PTI mice themselves. 
Consequently, fluorescent antibody levels were measured 
in twenty-five plasma pools (two mice each) collected from 
stock PTI mice 2 to 14 months after inoculation. Consis- 
tent antibody titres were found which dropped from 1 /64 
at 2 months (passive maternal antibody) to levels between 
1/4 and 1/16 at 6 to 14 months (Table 1). Examination of 
twenty comparable plasma pools from uninoculated mice 
revealed no antibody except in one group which showed a 
titre of 1/4 (confirmed by repeat test on different mice from 


256 


128 


Plasma dilution (reciprocal) 
im 
a 


WEANED 
by WORWAL MOTHER MORMAL NOTHER 


0 8 il 18 28 


Mouse age in days 


Fig. 3. Transfer of fluorescent antibody from ean LOM contact infected 

mother to uninoculated infant mice within a 8 day period. This mother 

had suckled LOM Inoculated infants for 18 days previously, and 
exhibited a high fluorescent antibody titre (1/512). 
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aa 4. Fluoreecent antibody production by LOM-peisistent tolerant 
ected mice (neonatally inoculated with LOM virus) which received 
new uninfected mothers weekly (days 7, 14, 21) untal Weaning on day 28, 


the same cage, which had been kept ın LCM-infected 
mouse quarters for 8 months). Similar control mice kept 
in isolation showed no antibody at all. 

These results show that antibody to LCM virus can be 
detected in LCM-PTI mice by the fluorescent antibody 


Table 1. ¥LUORBSORNT ANTIBODY PLASMA TITRES OF LOM IN PERSISTENT 
TOLERANT INFEOTED MICE OF VARIOUS AGES 
Age at bleeding LDs, LOM virus Fluorescent 
m months dore* antibody tatre t 

108 64 

2 10° GL 

10? 6+ 

10° 8 

10% 16 

8 10° 64 

107 16 

104 32 

4 10° 16 

102 16 

104 4 

6 107 8 

10: 16 

10 16 

9 10t 16 

10t 8 

10 104 + 

10 16 

104 16 

11 104 4 

104 16 

104 16 

12 104 16 

104 8 

14 10° 4 

4 Uninoculated, kept in <4 
LCM mouge room 

<4 

<4 

<4 

8 4 

9 <4 

10 <4 

<4 

12 <4 

<4 

16 <4 

9-12 Uninocalated, kept in <4 

normal mouse room <4 

no contact with LOM <4 

virus <4 

<4 

<4 

<4 

<4 

<4 


* Mice were neonatally inoculated with 0 08 ml. by the intracerebral route. 
t Reciprocal of the a dilution, plasma of two mice pooled. 


NATURE, VOL. 222, JUNE 14, 1969 


technique and that immunological tolerance to LCM 
antigens is not absolute ın these mice. No doubt this low 
level of antibody is responsible for the gradual production 
of glomerular lesions and the y-globulin deposition found 
in the kidneys of LCM-PTI muce*. These lesions were 
postulated to be due to a gradual waning of tolerance to 
LOM virus. Virus titre, which is apparently regulated by 
cellular immune response, and fluorescent antibody titre 
are two important parameters which taken together can 
classify any of the variable levels of LCM infection. In 
neonatal persistent tolerant infection cellular immunity is 
absent and fluorescent antibody concentrations are very 
low; in the HDIP state cellular mmune response 18 
absent or very slight but fluorescent antibody concen- 
trations are high, while ın the suppressive immunity of 
severe acute adult infection both cellular immune activ- 
ity and fluorescent antibody concentration are high. 

Imphcations of these findings for other persistent 
infections and slow virus diseases suggest a search for 
comparable types of antibody in, for example, Aleutian 
munk digease or sheep infected with visna virus. Whether 
the same can be expected of scrapie or kuru* is still an 
open question. 

This work was supported by grants from the National 
Institutes of Health, US Public Health Service, and 
General Research Support Grants of Health Research, Inc. 
Conjugated serum was obtained from the Colorado Serum 
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Co., Denver, Colorado. It was adsorbed with hamster 
liver powder obtained from The Sylvana Co., Milburn, 
New Jersey. 
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AEQUORIN, & protein of molecular weight 21,000 extracted 
from the luminescent hydromedusan Aequorea forskalea, 
emits light on reaction with calcium ion’. It appears to be 
particularly well suited as a calcium indicator for some 
types of biological work: the protein seems well tolerated. 
by cells into which ıt has been injected*.*; the luminescent 
reaction is specific for Ca++ among the substances likely 
to be found in biological systems‘; the reaction requires 
only Ca++ and sequorin, and is independent of oxygen’; 
1b proceeds within the physiological pH range’; and its 
rate varies steeply with caloium concentration between 
10-7 and 10~ M, a range of biological relevance’. The use 
of aequorin. as & calcium indicator, suggested by Shimo- 
mura et al.*, has recently been applied in the detection of 
intracellular calcium movements. Ashley and Ridgway** 
mnjected individual giant barnacle muscle fibres with 
aequorin and demonstrated that the fibres emitted a burst 
of luminescence when stimulated to contract. Rapid 
transients in lummescence have also been obtained from 
other types of cells injected with PiN 

In evaluatıng experiments in w ich rapid calcium 
movements occur, 1b 18 important to know whether the 
kinetics of the luminescent response reflect the rates of 


Aequorin Is a protein which emits light after reaction with calcium, 
The rise time and decay time of luminescence are In the millisecond 
region, making aequorin a useful detector of calcium in blological 


calcrum movement, or something else, for example, chemi- 
cal steps m the bioluminescent reaction rtself. The experi- 
ments reported here provide kinetic data, obtamed with 
rapid mixing techniques, for the bioluminescent reaction 
of aequorin. In particular, experiments are presented 
in which calcium is rapidly removed from a luminescent 
reaction already in progress, thus testing the response of 
the system to rapid decreases in calaum concentration 
such as are thought to occur in muscle and certain other 
types of cells. The results suggest the emstence of an 
intermediate in the luminescent reaction that, once formed, 
leads to the emussion of light without the continued pre- 
gence of free calcium. The lifetime of this intermediate 
(tia 27 ms at 19° C) lmits the ability of the aequorin 

to respond to rapid changes m calcium concentra- 
tion. 

Aequorin was extracted from specimens of Aequorea 
forskalea collected in Friday Harbor, Washington, m 
early September of 1966, 1967 and 1968. A orudé am- 
monium sulphate precipitate of the active material 
was made according to the method of Shimomura 
et al... It was purified by alternate steps of gel filtration 
on fine ‘Sephadex G-50’ and ion exchange chromatography 
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on DEAE ‘Sephadex A-50’, each step performed twice’. 
These procedures were carried out in the presence of EDTA 
(ethylenediaminetetraacetic acid) to protest the protein 
from the neerly ubiquitous calcium ion, which even in 
trace concentrations will result in the ultimate discharge 
of lummescent activity. Unprotected aequorin must be 
handled with extreme care, and kept from contact with 
ordinary glass and other substances capable of liberating 
calc1um ions. 

Reactions were carried out in the Gibson rapid-mixing 
stopped flow apparatus’, with aequorin in one syringe and 
a calcium salt in the other. In no cases did the concentra- 
tion of EDTA in the aequorin solutions exceed one-tenth 
that of the calcium in the solutions with which they were 
to be mixed. An EGTA [ethylenebis (oxyethylenenitrilo) 
tetraacetic acid] “calcium buffer” was used to establish a 
known low calcium concentration in the rapid-mixing 
apparatus. This was done in two ways. In the first, 
EDTA-free aequorin was added to the EGTA component 
of the buffer; this was mixed with the CaEGTA compon- 
ent in the stopped flow apparatus to establish the buffer 
system. In the second, EDTA-free aequorin from one 
syringe was mixed with a complete calcium buffer from 
the other. (Results were similar.) In all experiments 
the reactants were adjusted to pH 7:0, and precautions 
were taken to avoid significant changes in pH from 
the reaction of H,EDTA with Cat+ at the time of 
mixing. 

Light mtensity was detected with a photomultiplier 
tube by fibre optics. The anode current was converted 
to a voltage signal with a Philbriok P2A operational 
amplifier, and the signal displayed on a Tektronix 564 
storage oscilloscope. The amplifier faithfully tracked 
rise times of the order of 0-1 ms. The oscilloscope sweep 
was triggered to start when flow stopped, so that the initial 
reading of light intensity corresponded to the “dead 
time”, estimated in these experiments to be between 1 
and 2 ms. 

A special modification of the stopped-flow apparatus, 
the “double stopped-flow” (Q. H. Gibson, J. W. H. and 
G. M., in preparation), was used to study the response 
of the aequorin system to the sudden wıthdrawal of 
ionized calcium. This apparatus, illustrated ın Fig. 1, 
enabled us to mix a third reagent with the mixture of the 
first two within about 25 ms of the initial mixing. A 
simple catch mechanism permitted the addition of the 
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third reagent to be delayed beyond the 25 ms minimum 
for any period desired. No attempt was made to avoid 
the decrease in pH that occurred when a chelating agent 
from the third syringe was mixed with the mixture of 
calcium and aequorin. The extent of the decrease will 
have varied with the calcium concentration, but this had 
no.apparent effect on the reaction kinetics. 

The time-course of the reaction of saequorm with a 
maximally effective calcium concentration at 20° C 18 
ulustrated in Fig. 24. The onset of light emission is fairly 
rapid with a pseudo-first order rate constant of about 
100 s-? (half rise-time about 6 ms); the decay of hght 
intensity is exponential over at least one decade, with a 
rate constant of about 1:2 8. Both the rate of rise 
and the rate of decay are moderately influenced by 
temperature (rate constant for rise, 46 s-! at 5°, 690 8-1 
at 50° C; for decay 0:5 a- at 5°, 7 8-1 at 50° C). The rate 
of rise is virtually independent of calcium concentration 
over the range that we have examined with rapid mixing 
techniques (dilutions of calcium acetate: 1 M-10- M; 
20 mM EGTA buffer: 2x10-7 M Cat). With other 
methods we have found’ that the rate of decay mncreases 
with increasing [Ca++] from a very low value below 10-7 
M to a maximum which is reached between 10 and 
10“ M. This rate represents the rate of aequorin utiliza- 
tien; the ultimate photon yield is approximately the 
same over a wide range of calcium concentrations. 

Double stopped-flow experiments were performed to 
determine whether the relatively long duration of light 
emission in a great excess of calcium should be attributed 
to the continued presence of free calcium or to the decay 
of some rapidly formed reaction intermediate that could 
yield lght without it. Caleum chelating agents 
(EDTA and EGTA) were added from syringe 3 (Fig. 1) 
to reactions already in progress. The addition of an excess 
of EDTA results in a very rapid exponential extinction of 
luminescence (Fig. 2B), indicating that the light emission 
normally extendmg over a second or more requires the 
continued presence of free calcium. A hypothetical 
reaction scheme (stoichiometry unspecified) that will 
accommodate these results is given here, and includes a 
very rapid and reversible binding of calcium to aequorin 
as a first step 


kı ka k, kı 
A+Cat+ —=> ACa—>X—>- Y*_> Y + hv 
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Fig. 1. The double stopped-flow apparatus. Syringe 4 has twice the volume of syringe 8 per unit linear displacement 
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Syringes 1, 2 and 8 are refilled from reservoirs through valves F,, F, and F;, and the spent reaction 
afte: through E,. The system 1s driven by an air piston CAT) moving syringes 
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Fig. 2. A, Kinetics of reaction of aequorin with maximally effectave concentration (10-* M) of calcium acetate at 20° C in the stopped-flow apparatus. 
‘divigion. 


Aequorn concentration, 5 ug/ml. before m 
time about 2 ms, 1/2 decay eo=0 66 8, k=l: 
1) and calcium (10> M, ın 


Three successive shots were recorded at swee 
s—. B, A double stopped-flow e 
syringe 2) were first mixed together and then mixed 


rates of 5, 50 and 600 ms/ 
ernment at an which seq rin (7 
with 10° M EDTA from syringe 8. Horizon 


per division; vertical scale: light veered in arbi units. Only the signal from the second photomultipher (P.) was recorded here, but 


gnal from the 


In the presence of maximally effective calcium concen- 
trations, the rate at which the overall reaction proceeds 
is hmuted by k, (approximately 1 s-t), in a step in which we 
suppose the intermediate X to be formed. From experi- 
ments of the type shown in Fig. 2B, 1t 18 inferred that this 
intermediate gives mse to an excited singlet state Y* 
(such states typically bave lifetimes of nanoseconds) 
without the continued presence of free Catt, and at a 
rate governed by ks, which is of the order of 100 s~. If 
one did not assume the existence of the intermediate X, 
the rate of decay of hght intensity found on quenching 
with EDTA might be attributed to the rate of dwsociation 
of ACa (governed by k-,). In this case, however, one 
would expect the rise-time of the luminescent reaction to 
be dependent on calcium concentration, and (assummg 
an equilibrium constant for the first step of about 10-* M) 
very much more rapid than we have found it. Thus k- 
may be assumed to be considerably greater than k, 

This argument does not rule out the possibility that the 
rate of extinction of lummescence might depend on the 
rate of removal of Catt rather than on a property of the 
luminescent reaction itself. The experiments of Fig. 3 
indicate that the removal of calcium is not the limiting 
factor. With a fixed EDTA concentration (10-* M) in 
the third syrmge, the decline of luminescence was invariant 
with different calcium concentrations (10> to 10-5 M) ın 
syringe 2. Furthermore, it was no different in an experi- 
ment in which EGTA was used instead of EDTA in syringe 
3. A delay in the mixmg of EDTA beyond the 25 ms 
minimum did not alter the result: an experiment in 
which the addition was made 1 s after the initial mixing 
is also shown in Fig. 3. The activation energy for the step 
governed by k, has been estimated from experiments at 
three temperatures to be about 12 kealories/mole (k, at 
11° C, 55 8-1; at 19° C, 908-1; at 26° C, 140 8"). 

Mg++ has been shown to be a competitive inhibitor for 
the luminescent reaction of aequorin with Cat+ (ref. 5): 
in the presence of Mg**, a higher concentration of Cat 18 
required to produce a given reaction rate, but the max- 
mum rate achievable is unaltered. It seems reasonable 
to assume that Mg™ acts at the initial bmding step only. 
This assumption is supported by an experiment in which 
the rate of extinction of luminescence on quenching was 
found to be unaffected by a concentration of Mgt 
sufficient to slow substantially the reaction with calcium. 
In a double-stopped-flow experiment, aequorin from 
syringe 1 was mixed with 5x 10 M calcium acetate and 
4x 10- M magnesium chloride from syringe 2. The hght 
emission monitored at port 1 exhibited typical magnesium 


t was essentially sımilar to that shown in Wig. 24. 


inhibition. Syringe 3 contained 10 M EGTA. Because 
of the greater affinity of EGTA for Cat+ than for Mgtt, 
the reaction was quenched after the second admixture, 
and the free Mg++ was reduced to a level no lower than 
5x104 M. This concentration of magnesium is enough 
to have a clear effect on the reaction of aequorin with 
calcrum, but it did not imfluence kz. 

The experiments reported here suggest that measure- 
ments of luminescence from cells injected with aequorin 
can give useful information about intracellular calarum 
movements, at least m certain circumstances. In the 
experiments of Ridgway and Ashley’, the decay of lumines- 
cence after stimulation of aequorin-loaded barnacle 


Luminescence (arbitrary units) 





Time (ms) 


Fig. 8. The invariance of the decay rate of the rin bioluminescence 
at 10° C after sudden chelation of calcium is illustrated for e; ta 
(1) at various initial calcium concentrations (10, 10+, 10~ M), and 
104 M EDTA was added at about 20 ms after the initial ming; 
a the DTA addition did not occur until 1 s after the initial mixing; 
8) 2x10" M EGTA was substituted for EDTA; and (4) at least 
5x104 M was present after mixing with EGTA. For comparison, 
Rud an ‘Ashloy's* curves for the decay of luminescence after a 

®) and repetitive (R) stimuli in a barnacle muscle fibre infected 
wi are reread on the same time soale. The first order rate 
constants, calcula by us from their experiments are about 18 s+ 


and 10 s~ respectively (14°-16° O). 
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muscle fibres (replotted in Fig. 3) was much slower than 
we have found in vitro when calcium was rapidly removed 
by chelation. In fact, the apparent first-order rate con- 
stants for decay of luminescence in the muscle (~ 10 s-1) 
lie between that observed in the presence of a large excess 
of calcrum (~1 s-t, reflecting k, and thus the maximum 
rate at which aequorm can be consumed) and that 
measured after the rapid removal of calcium (~ 100 7), 
Although it is conceivable that the slower decay in those 
muscle fibres might have been due to the presence of some 
inhibitory substance (although not Mg++), it seems more 
likely that the transients ın light intensity were primarily 
a reflexion of calcrum movement. In this connexion 
it is interesting to note that in the experiments presented 
by Ridgway and Ashley? the decay of luminescence was 
slower by a factor of two after repetitive stimulation, 
when there is presumably a greater amount of calcium 
present than after a single stimulus (Fig. 3). 

In the reaction scheme that we propose, the response 
time of aequorin luminescence to rapid changes in calcium 
concentration is governed by a famly rapid step (k,~ 
100 a) that is insulated from the initial event by a slower 
step (ka~ 18-1). Because, as we have seen earlier, kı must 
be greater than k, the response time of luminescence in 
this system will be virtually independent of the absolute 
concentrations of calcium or aequorin mvolved in the 
initial step. All of our observations to date indicate that 
this is the case. 

Though it would be of the greatest value to be able to 
interpret luminescence measurements from living systems 
in terms of absolute calcium concentrations, formidable 
difficulties may be anticipated, many of which will be 
apparent from the foregoing discussion. In principle, 
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information might be obtained from the apparent rate 
of aequorin consumption, which is a function of calcium 
concentration over & fairly wide range. In practice, this 
approach can be useful only when the caleium concentra- 


‘tion remams constant for relatively long periods, for 


the rate of aequorin consumption depends on a step in 
the reaction sequence with a rate constant (ky) of the 
order of 1 s-1. It seems likely that aequorin will be especi- 
ally valuable as a means of detecting and locating calcium 
ions, and of following the time course of ‘changes in calcium 
concentration, provided the changes are not too rapid. 
The time resolution of the aequorin system is limited to 
about ten milliseconds; calcrum transients occurring in 
rapidly responding systems, such as vertebrate skeletal 
muscle, are probably too fast to be followed accurately. 
We acknowledge use of the facilities of the Friday 
Harbor Laboratories of the University of Washington. 
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the US Office of Naval Research and the US National 
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Influence of Extra Sucrose in the Daily Food on the Life-span 


of Wistar Albino Rats 


by 

L. M. DALDERUP 
W. VISSER 
Department of Medicine, 


The Netherlands Institute of Nutrition, 
Amsterdam 


In the course of our studies on the effects of various 
sugar diets on rats! we placed two groups of animals on 
a human type control diet and on a modified diet in which 
15 calorie per cent of the starch was replaced by sugar. 

Two groups of weanling (3-3-5 weeks old) albino rate, 
each consisting of twenty-two male and twenty-two 
female animals, wero given the control food Ran-1961 
and the modified ration respectively. The modified ration 
was prepared by omitting proportionate amounts of potato 
and bread from the control ration, and incorporating an 
extra 15 calorie per cent sucrose. Potato protem and wheat 
gluten—both cooked—were resubstituted m order to 
maintain the same protein content and composition. 
Fifteen calorie per cent sucrose more in the Ran ration 
means a doubling of the original sucrose content (14:5 
calorie per cent). Food and drinking water were given 
ad libitum. The composition of the rations is given, in 
Table 1 (ref. 1). a 

The, food consumption was measured during the first 
6 weeks of the experiment and during the weeks 25 and 
26, 52 and 53, and 80 and 81. The calorie contents of the 
foods are slightly different: 4:20 calorie per gram for the 
control, and 4-21 for the extra sugar ration. This difference 
is too small to affect food consumption. 


Male rats fed with a human diet with added sucrose died sooner 
than rats fed a control diet. All animals, male and female, developed 
severe glomerulonephritis, but the males fed extra sucrose acquired 
the disease sooner. 


Body weights were recorded once a week up to the 
tenth week; it was then done once a fortnight. Wileoxon’s 
test? was used for the statistical evaluation of the data. 
Kidney and liver slices from a small number of animals 
were stained with haematoxylin—eosin and with Sudan- 
for microscopical inspection. Won Késsa’s stain for 
calcium, and Masson’s stain for connective tissues were 
also applied in a few cases. 


Effect of the Diets 

The food consumption, weight gain and food efficiency 
data are given in Table 2. The differences between the 
male groups proved to be statistically significant with 
bilateral tail errors of 1, 0-01 and 0-01 per cent respec- 
tavely. The differences between the female groups were 
not significant. The data of the first 6 weeks are tech- 
nically completely comparable with those of the male 
CMC and the female groups of our earlier experiment’. 
In the latter case there were no differences between the 
male groups nor between the female groups. The dif- 
ferences between the males of the present groups became 
gradually smaller and had disappeared after 6 months; 
the differences between the female groups also completely 
disappeared. 
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Table 1. COMPOSITION OF THH RATIONS IX g 
15 calone 
Control per cent 
Ran-1061 extra 
sugar 
Bread (dned and ground) 2,680 1,448 
Potato (cooked) 794 402 
Sugar — 1,375 
t gluten (cooked, powdered) — 189 
Potato tein (cooked, powdered) — 87-5 
Ran-1961 ration without bread and potato powder 6,178 6,178 
Total weight of ts 9,652 9,624 5 
Calorie per gram (calculated) 4°20 4:21 
Fat content of dry matter in per cent (measured in 21-6 210 
three different batches) 20-7 10-4 
198 202 
Protein content of dry matter ın per cent (measured 12-8 124 
in three different batches) 121 126 
180 118 
Vitamin B content of dry matter in ug per cent 
(measured) 2,017 2,001 
Vitamin B, content of dry matter ın ag per cent 
(measured) 215 144 
Vitamm B, content of dry matter in wg per cent 150 165 


COMPOSITION OF RAK-1961 RATION (1/25 OF THR OONSUMPTION/PHESON/YRAR) 
Iv g 


Bread (dried and ground) 2,680 Fresh Edam cheese, 23 per cent 
Rolled oats (ground) 24 fat 78 
Rice (finely ground) 100 Lean meat (dried and ground) 271 
Groats (barney) 36 ‘Liver (dried and ground) 48 
Potato powder 794 Fish meal (commercially dned) 48 
Potato starch 8 powder 114 
Corn starch 96 (cooked and ground) 72 
§ 1,648 Vegetables (dried and ground) 207 
Glucose 160 Apples (dried and ground) 207 
Whole milk ae nd Peanu & eae 53 
Hazelnu 8 
Fresh Gouda deeso, 29 per Cocoa 42 
cent fat 34 Salt (NaCl) 160 


All ingredients are mixed thoroughly. Some have to be dried. Then the fat 
mixture is added and mixed thoroughly with the dry ingredients. The fat 
muxture Is composed of: 


784 
Beef fat 67 Hydrogenated fats (two brands 
Lard 292 together) 144 
Butter 200 Peanut oil 76 


Fresh vegetables to add per day to the above quantities of food. 406 g; 
peeled banana: 148 g. 


Up to an age of 1 yr there was no obvious difference in 
the number of deaths occurring among the groups, but m 
the next 8 months a difference between the male groups 
became clear, the animals on the high sucrose diet show- 
ing a higher death incidence than both the male control 
and the female groups. Again, 3 months later—after a 
total of 1-5 yr—both female groups seemed to be in 
advantage over the male control group, but the difference 
remained small (Table 3). Only when most of the males 
were dead did the female controls start to outlive the 
extra sucrose group. The average life-span in days was: 
for the male control and extra sugar group, 566 and 486; 
for the female control and extra sugar group, 607 and 582. 
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(A female control animal that died at the age of 82 days 
1s excepted from these figures.) The ranges are shown in 
Table 4. The difference ın life-span of both male groups is 
statistically mgnificant at the 5 per cent level. That of the 
females is non-significant, but it has the same tendency as 
that of the males. 

The weight change pattern showed definite similarities 
in both male and female groups, but there was a peculiar 
difference between the sexes. The mecrease in average 
weight of the groups after the age of 9 months was only 
7-10 g for all subgroups (corrected for the weights of those 
not surviving the first year). The maximum average 
weights were reached between 11 and 12 months and 
decreased thereafter. Only the female control group 
reached a second maximum 4 months later owing to the 
continued weight increase of the nine animals surviving 
longest (Tables 4 and 5). 

Of the twenty male control animals living after 1 yr 
only three had not yet passed ther maximum weight; 
of these three, one had just reached it, the others did so 
2 and 7 months later. These three were long survivors: 
in the same order they lived 635, 686 and 730 days. Of 
the eighteen male animals of the experimental group living 
after 1 yr, only four had not yet passed their maximum 
weight, one had just reached ıt, and the others reached it 
after 1, 2 and 2 months respectively. These again were 
rather long survivors: ın the same order they reached an 
age of 621, 478, 540 and 688 days. 

Those dropping out early from the control group were 
neither the heaviest nor the thinnest of the group and this 
applies to the average maximal weights reached, the weight 
reached by the others at the moment a particular animal 
reached its maximum weight—indicating backwardness 
or forwardness—and to the maximal average weight 
reached by the group. In the male experimental group 
the seven surviving after 18 months had much higher 
weights than the average maximal weight of those reach- 
ing maturity, except one that reached about this average 
maximal weight. Similar relations were present with 
regard to the maximal average weight of the group and. 
forwardness or backwardness. 

Of the female control group the number that had 
passed maximal weight when 1 yr old was small (nine)— 
two did this within 1 month, the other seven only 4-9 
months later. These nine survived for 4-10 months after 
maximal weight had been reached. Of the twenty-one 
surviving after 1 yr only nine of the experimental group 
had reached their maximal weight at that point, flve did 
so within 1 month, and three more within 2-5 months; 
the remaining four between 7 and 8:5 months later. Three 


Table 2. AVHRAGE FOOD CONSUMPTION, GROWTH AND FOOD MFFIOIENOY PHR ANIMAL 


Females 
Weight gain, 


Males 
Food consumption, g Weight gain, Food efficlency* Food consumption, g ‘ood efficlency 
mae eas, SE conten REE Goa, ETE nae Perec oui seoa 
cen) per cen ni per cen ni cen! Diy per cen! 
Ran-1061 extra Ran-1961 extra Ran-1961 extra Ran-1061 extra Ran-1961 Pta -1061 extra 
sugar sugar sugar sugar sugar sugar 
a li nae 4782 4103 01-5 
$ 32 k 101: 727 0 214 17 k . 157 
D : the we ae ann E 0-177 416-4 402 1 714 68 8 0171 0- 
$ an d 151 0 045 0-070 161:5 23 2-0 1- 12 0-009 
52 and 58 104 8 182 9 -69 -01 — — 167 4 Waa -19 ian oes = 
80 and 81 167 8 168 0 -4-1 1-8 — — 181:7 158-4 2-4 -17 — on 
* After 26 weeks the term “food efficiency” has no meaning any more. 
Table 8. AVERAGE BODY WHIGHT PER ANIMAL IN RHLATION TO THH AGH OF THE GROUPS 
Females 
Number Weight, g Number Weight, g 
15 calorie 15 calorie 15 calorie 5 calorie 
Control per cent Control per cent Control per cent Control per cent 
Ran-1961 extra sugar Ran-1961 extra sugar Ran-1961 extra sugar Ran-1961 extra sugar 
Initial weaning-weight 22 22 595 60-0 22 22 54 0 54:6 
: 6 weeks 22 22 161-0 132 7 22 22 125 4 1179 
18 weoks 22 22 244-3 213 7 21 22 168-5 162.6 
26 22 22 312 8 307-0 21 22 188-4 1847 
89 weeks 21 21 352 8 3447 21 21 195-4 198 7 
52 weeks 20 18 350 7 349-0 20 21 197 4 203-2 
65 weeks 17 11 317-2 364 6 16 18 197:5 194 0 
78 weeks 18 T 818:8 337-4 13 10 213 2 201-8 
91 weeks 5 1 6 207-0 9 8 223 8 105-1 
104 weeks 2 1 270-7 283 0 4 3 224-0 168 0 
117 weeks 0 0 — _ 3 0 1827 = 
180 weeks 0 0 _ _ 0 0 — = 
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Table 4. AGH IN DAYS, MAXIMAL WEIGHT RRACHED, AVHRAGH WHIGHT OF THE GROUP AT THAT MOHERT, AND THH LAST RECORDED WEIGHT BEFORE DEATH* 


Contro] Ran-1961 15 calors per cent extra sugar Control Ran-1961 15 calorie per éent extra sugar 
A A Tane Ag Max. A tas Max. A ight Age Max. A wae 
ge Verage we: e verage weight Age i vera wo 
m weight, weight before in weight, weight before in weight, weight before in weight, weight before 
days & group, g death,g days g group, g death,g days g& group, g death,g days & group, g death, g 
Less than 256 269 822 210 272 209 202 171 82 186 186 186 285 205 197 194 
lyear 888 212 822 168 806 888 323 289 815 187 192 181 
806 258 389 250 
851 279 820 189 
12-156 379 850 327 197 300 855 835 245 897 169 192 105 422 184 206 171 
months 880 400 366 868 404 877 323 306 418 201 196 188 441 287 208 151 
418 388 830 264 414 255 848 178 427 215 200 171 
426 872 848 188 
483 812 835 187 : 
458 894 346 283 . 
15-18 485 838 854 228 486 851 857 288 468 284 197 197 461 190 197 180 
months 531 861 862 278 478 364 340 353 491 200 202 145 470 286 207 100 
582 488 862 264 518 875 858 228 520 217 202 157 481 287 204 217 
544 852 360 214 588 872 357 231 589 188 195 148 498 194 207 149 
540 804 348 375 509 206 207 140 
612 192 200 180 
526 192 203 185 
587 218 200 193 
544 221 203 178 
18-21 568 891 362 244 568 478 358 288 596 198 197 150 578 250 202 168 
months 686 501 862 381 578 454 357 308 597 193 188 142 597 261 204 176 
588 870 862 214 588 428 848 401 618 214 200 171 
590 382 860 258 621 409 854 295 625 200 202 179 
621 336 860 158 627 441 357 302 
685 411 366 287 628 881 857 267 
637 250 362 171 
21-24 646 819 360 244 650 287 201 166 695 246 205 214 
months 686 418 341 270 670 212 212 155 716 177 193 135 
604 487 860 208 688 288 214 180 722 258 199 178 
780 404 306 287 709 224 212 172 726 240 206 181 
714 280 212 188 
> 24 756 866 360 284 779 408 358 210 817 266 231 176 785 234 206 145 
months 782 435 358 208 828 251 212 174 757 202 200 162 
831 270 222 154 770 216 205 151 
831 216 223 151 818 212 205 158 
Average weight of the 
group at 9 months 353 361 195 198 
A maximal 
‘welaht 866 871 202 207 
Maximal weight 
reached at 11-5 months 11 months 11:5 months 12 months 


* This is not the exact weight at death. 


of the latter were also the three longest survivors and 
lived for about 5 months after passing maximal weight. 

Apart from the normal decrease in weight that is shown 
by all animals surviving for 1 yr, there is a terminal weight 
logs during the weeks or months preceding death in con- 
cordance with final disease of the kidneys. Table 4 
demonstrates the large variety of weight decreases in 
relation to the animals’ maximal weight. 


Autopsy 

At autopsy, changes of the liver and kidneys were evident 
in all animals (except for one control female that died as 
early as on day 82). The liver was swollen, its colour was 
yellowish; the size of the kidneys was about two to three 
times normal, they were greyish, slate coloured, the 
surface was pitted—some having cyste—the tissue was 
friable. Microscopically the liver proved to be a fat liver. 
The liver structure was intact with narrow sinusoids. 
Von Késsa’s stain gave evidence of calcium salt deposition 
in the liver in some of the animals, more or less concordant 
with the presence of calcium contaimmg deposits in the 
kidneys. Masson’s stam revealed nothmg particular. 

The kidneys showed microscopically a severe glomerulo- 
nephritis that had obviously been the immediate cause of 


Table 5. LONGHVITY IN RELATION TO MAXIMAL WHIGHT REACHED IN GRAMS 


Males* Females* 
15 calorie 15 calorie 
Control per cent Control per cent 
Ran-1961 extra sugar Ran-1961 extra sugar 
‘Less than 1 yr (241) 281 (161) (206) 
12-15 months 363 344 195 210 
1§-18 months 384 371 210 214 
18-21 months 877 482 201 256 
21-24 months 395 — 247 280 
>24 months (401) (408) 251 216 
A maximal weight 
“of those surviving at 
least 1 year’ 884 223 221 


he Weights of subgroups of one or two animals only are given in paren- 
OBC, 


death. In animals that died relatively early, as well as in 
those that died near the end of the experiment, there were 
early as well as late symptoms of the disease; all aspects 
described by Snell? could easily be found. The glomeruli 
still appeared fairly normal with haematoxylm—eosin stain, 
but proved to contain heavily sudanophilic matenal, 
leaving no doubt about complete loss of function. 

Grossly abnormal vessels were seen in some animals. 
Near the hilus the arteries were found to have heavy 
sudanophilic medias, visible to the naked eye. Others 
had only fine droplets of fat throughout the vessel wall 
or on a few spots only. 

It is known that Wistar rate are very susceptible to 
nephritis and in a group of older animals few are com- 
pletely free of it. A difference m pathology between the 
present groups was not seen, but the onset and progress of 
disease was definitely different in the male groups. The 
influence of food in these cases can best be sean as an 
influence on resistance to disease. It might well be 
connected with the mdication of a tendency to smaller 
stores of liver vitamin B, and B, in animals on high 
sucrose diets’. On stock food the animals have a longer 
life-span. The average is about 850 days for both males 
and females. They maintain maximal weight for months 
before showing a decrease in weight due to ageing‘. The 
drying of the components of the Ran food is a possible 
cause of quality loss. On the other hand, in the earlier 
work‘ restricted feeding of this Ran food prolonged hfe- 
span to the same length as that reached by the stock 
animals. 
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LETTERS TO THE EDITOR 


ë PHYSICAL SCIENCES a 


lonospheric Effect caused by 
Celestial X-rays 


THs study of variable X-ray sources 18 severely handi- 
capped by the short duration of a single rocket or balloon 
fhght. The advantages of a method of monitoring 
celestial X-ray fluxes from the ground for prolonged 
periods are obvious. Two techniques suggest themselves: 
(1) observation of fluorescent optical and infrared radiation 
to which the atmosphere 1s transparent; (2) radiowave 
observations of those ionospheric parameters (for example, 
electrical conductivity) known to be affected by X- 
radiation. 

We have detected an ionospheric effect, namely an 
enhancement of the nocturnal D-region conductivity, 
which we believe to be caused by X-radiation from the 
strong X-ray source, Scorpius XR-1, and other weaker 
sources in the vicinity of the galactic centre. 

The influence of solar flares on the propagation of very 
low frequency (VLF).radio waves in the Earth ionosphere 
wave guide is well known. It takes the form of a sudden 
advance in the phase of VLF waves propagated over a 
sunlit path. The effect is due to reduction of the effective 
reflexion height of the ionosphere as a result of the increase 
in the ionization density (and therefore in conductivity) 
which follows the absorption of solar flare X-radiation in 
the upper D-region+. 

During the night the electron density in this region 
1s some two orders of magnitude lower than during the 
day? and is presumably mamtained, in quiet conditions, 
by cosmic rays, celestial X-rays and hydrogen Lyman-« 
radiation. The background X-rays are approximately 
isotropic with an imtensity® (for hy>2 keV) of 


y~ 10(Av)-*-* keV/keV cm? s sr 


- such that 2rj,, the hemispherical energy flux, 1s approx- 
mately equal to the measured flux‘ from the strongest 
discrete X-ray source 8co XR-1. 
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Diurnal phase changes (u8) 
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1965 1966 1967 1968 


Fig. 1. 62 day means (+standard dsviation) of the diurnal (night 
minus day) 7) phase difference (Ap) in the WWYL 5 signal received at 
965-63. Arrows indicate when 800 X. ae and the 

mitarmue cluster (4) should produce a minimum in ( Ag). 
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Time of onset (UT) 
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g 





March April May 
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Fig. 2. Onset times (UT) of the nocturnal phase advance in the WWVL 

(Boulder) Feet received at Wellington as determined from 10 da 

means. 1966, 1968. Data from 1967 have been exclu 

because of possible interference from Centaurus XR-2, Times of ground 

star mse of XR-1 at Boulder (~ + — - -- —-+ —) and Wellington (- ---—) 
are also shown. 


We have calculated the 1on production rates m the 
upper D-region and find that ionization by Sco XR-1 
exceeds that produced by either the galactic cosmic 
radiation’ or the celestial X-ray background at altitudes 
between 80 and 90 kn, the altitude range within which 
20 kHz waves are reflected at night*. Ionization by the 
nocturnal Lyman-« radiation may be significant at these 
altitudes but 1ts contribution is difficult to assess in view 
of the present uncertainty in the concentration of nitric 
oxide. For a Lyman-« intensity of ~1 krayleigh® and a, 
nitric oxide concentration as high as 5x10* om (an 
order of magnitude higher than that suggested by Mitra’), 
the Lyman-« electron production rate, g~ 10° em- s-} at 
82 km, 1s about the same as the cosmic ray and X-ray 
background rates and about half the Sco XR-1 production 
rate. 

The perturbation produced by the Scorpius X-radiation 
can be approximately estimated by computing the 
altitude dependence w(h) of the conductivity parameter, 

wo Neo(h)/v(h) =gh) (ph) h) 
where Ne is the electron density, v the collision frequency 
and Ņ the electron loss rate’, for both unperturbed and 
perturbed conditions. 

Following illumination by 8co XR-1, the conductivity 
may increase by as much as 50 per cent between 80 and 
85 km and the perturbed conductivity altitude profile 
may be reproduced by lowering the unperturbed profile 
by increments rangmg from 0'5 km at 80 km to 1:5 km at 
85 km. Assuming therefore a 1 km drop in reflexion 
height and using the results of Galejs* we calculate a 
consequent phase advance of about one rad (8 ps) in the 
20 kHz signal from WWVL in Boulder, Colorado, received 
at Wellngton, New Zealand. This ıs of the order of 
10 per cent of the observed diurnal variation shown in 
Fig. 1 for a 3 yr period. 

The magnitude of the diurnal phase change is somewhat 
less than that computed from the solar minimum ioniza- 
tion profiles of Deeks* by Galejs’s method and in fact 
shows a long term decrease presumably associated with 
the approach to solar sunspot maximum in 1967-68. A 
number of periodicities are present, some of which have 
been suppressed by the 52 day averaging period, but the 
most striking of those remaming is the annual variation 
with mmimum diurnal phase difference occurring in April- 
May. It is in these months, when the period of full 
illumination of the Boulder-Wellmgton path by 8co XR-1 
coincides with solar night over the path, that maximum 
reduction in the nocturnal propagation time 1s expected. 
The magnitude of this reduction (6-10 us) is in good 


- 
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agreement with that approxmmately calculated for 
Bco XR-1. 

An annual variation of this type might be caused by 
seasonal effects, although the equatorial symmetry of the 
great circle propagation path makes this unlikely. The 
celestial origin of the observed effect ıs m any case 
demonstrated in Fig. 2 which shows the sidereal change of 
2 h/month in the time of onset of the phase advance. 
Taking into account the zenith angle dependence of the 
conductivity increase, the time lag between ground star 
rise and the onset time is in reasonable agreement with 
that expected for Bco XR-1 acting alone. The integrated 
X-ray flux from other weak sources near the galactic 
centre, however, may contribute significantly to the 
perturbation. 

The potential utility of this and similar ground based 
techniques for the future (and also retrospective) study of 
strong variable X-ray sources like Sco XR-1 and Centaurus 
XR-2 (ref. 9) is apparent. 

We thank Dr G. F. Preddey for assistance. 
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Interaction between the 
Boundary of the Heliosphere and the 
Magnetosphere of Jupiter 


Broavse of the interstellar medium, the supersonic 
solar wind is believed to undergo a shock transition to 
subsonic flow at a distance Ry from the centre of the 
Sun'*. Estimates? placing the position of this shock 
(heliosphere boundary) at a radius Ry~50 A.U. have 
recently been questioned by both observational‘-* and 
theoretical’ studies which suggest the heliosphere radius 
to be Rn~5-10 A.U. Such a hehosphere boundary 
position could profoundly affect the configuration of the 
Jovian magnetosphere, and the location of the helio- 
sphere boundary may be important in understanding the 
inverse correlation between the sunspot number and the 
probability of Jovian decametric radio emission®. 

If the solar wind velocity V is constant in space between 
1 A.U. and the heliosphere boundary, the radius of the 
heliosphere is given? by 

Rn= V(mn,/P3)t (1) 
where n, is the solar wind plasma density at 1 A.U., mis 
the ion mass and P; is the background preesure equivalent 
to an interstellar magnetic field ~10y in magnitude’. 
The bhckground pressure is presumably a sum of magnetic 
and plasma pressures. 

Within the heliosphere, the shape of a planetary 
magnetosphere is determined by the pressure balance 
between the compressed planetary magnetic field and the 
flow of supersonic solar wind plasma. If the planetary 
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magnetic field 1s assumed to origmate from a centred 
dipole the axis of which 1s perpendicular to the planet’s 
edipi plane, the magnetic field intensity ın the equatorial 
plane is approximately represented’ by the expression 
B=B,(a/r)* + By(a/b)?— B,(a/b)* (rb) cosp (2) 
where a is the radius of the planet, b is the distance from 
the centre of the planet to the subsolar point on the 
magnetopause, r 1s the radial coordinate measured from 
the centre of the planet and ọ is the longitude 
measured from the midnight merdian. The coefficient 
B, is equal to the equatorial field strength of the dipole 
component at the surface of the planet, and the other 
parameters in expression (2) are given numerically by 

B,=0-81 By; By=0-68.B,; (a/b)*=2-59n(nmvt/Ba) (3) 
where n is the solar wind plasma density’. 

Beyond the heliosphere boundary, the shape of a 
planetary magnetosphere is largely determmed by the 
pressure balance between the compressed planetary 
magnetic field and the gas-kinetic pressure of the shocked 
plasma. Another source of external pressure is the 
magnetic field ın which the shocked plasma is mmmersed. 
The plasma flow, being subsonic, exerts a smaller force 
per unit area than the isotropic plasma pressure outside 
the heliosphere. The planetary magnetic field is thus 
compressed in a nearly symmetrical fashion, which means 
thet By<B, in (2). 

A relation between B, and B, may be obtained by 
balancing the dipole component of the magnetic flux 
outside the magnetosphere with the non-dipole component 
of the magnetic flux inside the magnetosphere. This 
balance, which ensures that all field lines emerging from 
the point dipole of the planet are contamed withm the 
magnetosphere, requires that 


© b 
f B.(ajr) rdr = f B (a/b)? r dr (4) 
b 0 


or that B,=2B,. The symmetrical magnetospheric 
configuration is thus defined by (2) with the parameters 

B,=2 B,; B,=0; (a/b)*=0-296n(3P/B}) (5) 
where P is the pressure on the magnetopause. On the 
assumption that most of the energy contained in the 
supersonic super-Alfvénic ion flow in front of the shock 
is transformed into random kinetic energy behind the 
shock, it 18 possible to identify nmv? approximately with 
3P, where n is the plasma ion density outside the planet’s 
magnetopause. 

It follows from (3) and (5) that a change in the solar 
wind parameters n, and V which fails to move the helio- 
sphere boundary in either direction past the position of 
the planet corresponds to an ordinary magnetic storm in 
which (b/a) changes with time but B, and B, remain 
constant. On the other hand, a change in solar wind 
parameters leading to a movement of the heliosphero 
boundary shock past the pomtion of the planet is an 
altogether catastrophic event which leaves the magneto- 
spheric configuration drastically altered. 

The ocourrence of shock movements past the Jovian 
magnetosphere would be favoured when the heliosphere 
radius has a value Rne5-2A.U. Any movement of the 
heliosphere boundary might then result in a sudden 
jump between the Jovian magnetospheric parameters 
specified by (3) and those specified by (5). At those 
times when Rn 1s significantly larger or smaller than 
5-2 A.U., changes in solar wind parameters would result . 
in ordinary magnetic storms. 

The location of the heliosphere boundary may be 
important in interpreting the inverse relationship observed 
over solar cycle 19 between the probability for emussion 
of 18 MHz Jovian radio nowe and the Zurich sunspot 
number®. This negative correlation seems to hold in the 
long term, even though there seems to be a correlation 
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between individual Jovian radio noise storms and large 
solar flare events’. If the decametric radio emission is 
taken as an index of Jovian magnetospheric activity, the 
short term positive correlation and the long term negative 
correlation with solar activity can be accounted for 
qualitatively by assuming that the average position of 
the hehosphere boundary moves inward to about 5 A.U. 
during solar minimum and outward to perhaps 8 or 10 A.U. 
during solar maximum. If this is indeed the case, then 
individual solar events should be positively correlated 
with magnetic events on Jupiter, but the catastrophic 
events should be much more likely to occur when Jupiter 
is nearest the heliosphere boundary shock—that 1s, 
at solar mmimum, 
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Interaction between the Earth’s 
Liquid Core and Solid Mantle 


HORIZONTAL stresses at the interface where the liquid core 
of the Earth meets the surrounding solid mantle prevent 
these two major regions of the Earth from moving 
independently of one another. Speculations as to the 
physical nature of these stresses have been made in 
connexion (a) with the investigation of whether the 
precessional motion of the mantle is significant as a 
possible cause of the fluid motions in the core that produce 
the Earth’s magnetic field, and (b) with the interpretation 
of certain tiny, irregular secular changes in the direction 
and magnitude of the angular velocity of the mantle as 
being manifestations of fluctuations in core motions. 
(fhe books by Munk and Macdonald! and Marsden and 
Cameron‘ give extensive lists of pertinent references.) 

Arguing that the core could only be coupled very 
weakly to the mantle by viscous stresses, Bullard* 
suggested that the electric currents responsible for the 
Earth’s magnetic field leak out of the metallic core into 
the slightly conducting lower mantle‘ and thus give rise to 
significant “electromagnetic” coupling (see equations 
(3a,b)). Accordingly, the fluctuations in these currents that 
manifest themselves at the Earth’s surface as the geo- 
magnetic secular variation might also give rise to torques 
on the mantle of sufficient magnitude to produce detectable 
secular changes in the length of the day (that is, the Earth’s 
period of rotation on ite axis)’. Detailed calculations by 
Rochester’ and Roden’ indicate that changes of about 
1 ms (that ıs, 1 part in 10°) per decade can be accounted 
for in this way, but the nature of the coupling responsible 
for the biggest changes thought to arise in the core, as 
much as several milliseconds in only a few years’’, has 
not yet been discovered. A related difficulty arises in 
the theory of the excitation and damping of the “‘Chandler 
wobble” of the Earth’s axis*“°. 

Because Rochester’ and Roden! based their calculation 
of the strength of eddy currents induced in the lower 
mantle on the observed geomagnetic secular variation, they 
implicitly neglected to take into account eddy currents 
due to magnetic fluctuations in the core that may occur on 
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time-scales so short—lesas than a few years—that the 
magnetic record at the surface of the Earth is unaffected. 
It has been pointed out, in connexion with the suggestion 
that free hydromagnetic oscillations of the core contribute 
significantly to the geomagnetic secular variation, (a) that 
the spectrum of magnetic fluctuations in the core should 
contain components with periods less than a few years, 
and (b) that the concomitant eddy currents in the lower 
mantle should enhance the strength of electromagnetic 
coupling". Thus, contrary to the pessimistic con- 
clusions of Rochester and Roden, it may still turn out to 
be possible to account for the torques on the lower mantle 
implied by the most prominent of the observed secular 
changes ın the length of the day by mvoking electro- 
magnetic coupling only. 

Until further calculations have been carried out, 
however, we cannot be sure that electromagnetic coupling 
will suffice, and it is of interest for this and other reasons 
to consider whether or not some important coupling 
mechanism may have been overlooked in previous, work. 
One such mechanism may be implicitly excluded when the 
assumption is made that the core-mantile interface can 
be taken as a surface of revolution about the Earth’s 
rotation axis. The main purpose of this article is to 
propose that the hydrodynamical interaction between 
core motions and shallow, irregular undulations in level 
(“bunops”’ !) of the core—mantle interface might be more 
effective than any of the coupling mechanisms hitherto 
considered. 

On the assumption that the thickness A of the viscous 
boundary layer at the core—-mantle interface is such that 


A<h (1) 


where h is the height of a typical “bump”, 1t may be 
shown by sample hydrodynamical arguments that the 
magnitude S of the homzontal stresses at the interface 
should satisfy 


S~QoUh (2) 


Here Q is the angular speed of the Earth’s rotation 
(~10- rad 8-1), p is the density of the core (~10‘kg m>), 
and U is a typical relative horizontal speed of flow in the 
core (~ 10— ms-'). Equation (2) is obtained by supposing 
that horizontal pressure gradients in the core are roughly 
sufficient to balance Cortolis accelerations and considering 
the normal pressure forces acting on the “bump”. Com- 
parable expressions for viscous and electromagnetic 
stresses are, respectively, 


S~QpUA, S~ BaBi/p (84,5) 
where By is the vertical component of the magnetic field 
at the interface and B; is the horizontal component, and 
u is the magnetic permeability (4r x 10-* henry m~, that of 
“Free space’). 

A may be shown to equal (v/Q)+ multiphed by a certain 
function of the dimensionless parameter oBn3/pQ, where 
v is the coefficient of kinematic viscosity (an eddy co- 
efficient if the boundary layer ıs turbulent) and o 1s the 
electrical conductivity of the core. Because the numerical 
value of this function is of order unity for the core (a 
result used in deriving equation (3a)) 


A~ 10%} (4) 


h is not yet known, but if we accept one tentative 
interpretation of planetary-scale features of the gravita- 
tional field at the Earth’s surface’* then A might be as 
much as 4 km. By equation (4), the condition expressed 
by equation (1) then requires that v<10? m? s-1, which is 
certainly satisfied if we follow Bullard’ and take v~ 10-7 
mê? s! (but not if v is close to the upper limit of about 
10? m? s- suggested by Jeffreys'*). By equation (2) 
S~ 0-4 nm’, nearly two orders of magnitude greater than 
the value of S corresponding to Roden’s* upper limit 
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to the strength of electromagnetic couplng (compare 
equation (36)). Even if h 1s significantly less than 4 km 
and equation (2) overestimates S by as much as an order 
of magnitude, ‘‘topographic” coupling might still dominate 
over electromagnetic coupling. 

We therefore conclude that detailed studies of specific 
theoretical models of ‘‘topographic”’ coupling could be of 
geophysical interest, especially if they can incorporate the 
specific information on the topography of the core- 
mantle interface that should be forthcoming in the near 
future from seismological studies'*. In formulating such 
models ıt will not, of course, be permissible to neglect 
effects on core motions due to the magnetic fields (and to 
a lesser extent density variations) present m the core. 
Topographic coupling ıs due to the action of normal 
pressure forces at the boundary of the fluid, and such 
forces can change the momentum but not the angular 
momentum or vorticity of an inviscid fluid of uniform 
density ın which either the magnetic field or the co- 
efficient of electrical conductavity vanishes. 

R. HDE 

Geophysical Fluid Dynamics Laboratory, 

Meteorological Office, 

Bracknell, Berkshire. 

Received March 81, 1080. 

1 Munk, W. H., and Macdonald, G. J. F., The Rotatson of the Earth (University 
Press, Cambridge, 1960). 

t Marsden, B. G., and Cameron, A. G. W. (edits.), The Earth-Moon System 
(Plenum Press, New York, 1966) 

* Bullard, E. O., Freedman, OC, Gellman, H., and Nixon, J., PAu Trans. 
Roy. Soc., A, 248, 67 (1950). 

*Runcom, 8. K., Trans. Amer Geophys. Un., 38, 191 (1955). 

* Rochester, M. G., Phl. Trans. Roy. Soo. London, A, 258, 531 (1980). 

* Roden, R. B., Geophys. J. Roy. Astro. Soe , 7, 361 (1968). 

1 Essen, L, Parry, J. V. L., Markovitz, W., and Hall, B. G., Nature, 181, 
1054 (1958). 

: Rochester, M. G., and Smylie, D. E , Geophys. J Roy. Astro. Soc., 10, 289 

* Mansinha, L., and Smylie, D. E., J. Geophys. Res , 72, 4781 (1987). 

Smylie, D. E., and Mansinha, L., J. Geophys. Res , 73, 7661 (1968). 

U Hide, R., Pal. Trans. Roy Soo., A, 259, 615 (1988). 

1: Hide, B., and Horai, K. L, Phys. Barth Planet. Interiors, 1, 305 (1968). 

nJ eraya; H., The Earth (fourth edit.) (Cambridge University Presa, London, 


1 Buchbinder, G. G.R., J. Geophys. Res., 78, 5901 (1968). 


Tectonic Comparison of North Atlantic 
and Middle East Rifting 


THE recent paper by Gass and Gibson draws attention „o 
tectonism related to rifting due to differential velocities 
of adjacent continental segments. 

We wish to compare the fracture patterns related to the 
formation of the Red Sea Rift with those related to the 
opening of the Labrador~Biscay Rift described by Webb». 
In doing s0, striking similarities become apparent which 
may have general significance in the study of rift zones. 

Webb?, using Wilson’s concept of transform faults, 
interprets the sinistral movement along the Great Glen 
Fault, and the dextral movement along its counterpart, 
the Cabot Fault, as due to the ‘““Labrador—Biscay” rifting 
between Western Europe and Newfoundland. Evidence 
from the faulted areas suggests a Devonian—Carboniferous 
age for the mfting. This 1s supported by the geophysical 
studies of Sheridan and Drake’. Unlike the margins of 
the Red Sea Rift it appears that those of the Labrador— 
Biscay Rift moved apart in opposite directions. The 
regional fracture pattern of the western part of the 
“Arabian Segment”, however, appears similar to that of 
the British Isles as mterpreted by Webb?! and Russell’ 
(Figs. 1 and 2). 

Russellt has suggested that north-south geofractures 
and faults which were formed as the result of east-west 
tension related to continental rifting in Devonian— 
Carboniferous times ocour in Ireland. These geofractures 
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Fig. 1. Arabian Segment and Red Sea re-drawn from Gass and Gibson: 
Thick line, continental margin, thinner lines, faults. 


seem to bear the same relationship to the Great Glen 
Fault as do those of the “Arabian Segment” to the Jordan 
Shear. Also included in Fig. 2 is the large north-south 
geofracture in England, taken from Dunning and Stubble- 
field’. The evidence for the geofractures in Ireland is the 
distribution of large base metal deposits’, a fault? and 
monoclines*. The Irish mineralization has been compared 
with that of the western margin of the Red Sea, and that 
in the Red Sea iteelf*. 

We believe that the Irish geofractures may be considered 
as jointing, on a very large scale, ın the Earth’s brittle 
crust, due to east-west tension. The nature of the geo- 
fractures will be determined by the interaction of positive 
pore pressures and the strength parameters of the rocks. 
Tensile failure will result when pore pressures are high, and 
normal fault compressive failure when they are low or 
absent. It 1s probable that im rift areas high positive pore 
pressures may be developed due to mantle degassing. 
The north-south geofractures in Ireland are separated by 
distances of between 50 to 60 km. Kutina et al.}° had 
previously noted geofracture spacings of this range m 
Czechoslovalna. By analogy with the joint model 
proposed by Price!!, regular spacing of the geofractures 
would be expected. 

The wrench faults along the eastern margin of the Red 
Sea are possibly comparable with the east-west dextral 
shears in Ireland noted by Charlesworth?! and Rhoden}. 
This shearing was formerly ascribed to the Hercynian 
orogeny but may now be more easily understood in terms 
of differential movement of the continental margin away 
from the Labrador—Biscay Rift. 

We wish to ask Gass and Gibson if the major north- 
westerly trending faults in the western part of the 
“Arabian Segment” are approximately equally spaced, 
and if so, what are the distances between them? Also, 
are the fault planes characteristic of normal faulting or 
vertical fissuring, or of both these types? A further 
question concerns the basalt feeders in the area under 
discussion. Westoll’* has pomted out that the Carboni- 
ferous basalts in the British Isles may be related to 
continental drift. The basalt lavas were extruded from 
volcanic centres which often occurred along the north-east— 
south-west trending Caledonian lines of weakness. The 
later dykes, however, have an east-west trend and may 
have arisen from shears at the base of the hthosphere 
caused by differential movement away from the rift. Are 
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Wg 2. North Atlantic region fiom Bullard et al., Webb’, Russell‘, 
Dunning and Stubblefield’. Thick line, continental margin; thinner 
lines, faults and fissures. 


there recent dykes with a north-east trend in the Arabian 
Segment ? 

Tf the two areas shown in Figs. 1 and 2 are comparable, 
then the intersections of north-north-east wrench faults 
with north-westerly trending tension fissures, or faults, in 
the Arabian Segment may be favourable sites for mineral- 
ization. The size of any mmeral deposıt would, however, 
depend on the availability of metals and sulphur in the 
crust, as well as the presence of suitable host rocks‘. 

We thank Dr M. Solomon for his help. 
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Fission Track Dating of 
Archaeological Glass Materials 
from Japan 


Tam method of dating by fission tracks! which has been 
applied to glass* depends on the spontaneous fission of 
2350 atoms contained in glass taking place at a constant 
rate, and leaving fission tracks (that is, detectable damage 
trails of nuclear fragments). Once formed, the fission 
tracks in a glass disappear if the glass is heated above 
a critical temperature. It may be assumed that the 
density, ps, of spontaneous fission tracks of **U atoms in 
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a glass ıs proportional to the lapse of time T after the 
glass was either produced or last heated above the critical 
temperature, and to the density of ***U atoms contained. 
ın the glass. The latter can be determined from the 
density of "U atoms, pi, which are mduced by bombard- 
ing the glass with a known dose of thermal neutrons 9. 
Then the lapse of time T is given approximately by the 
simplified formula? 


T = 6:12 x 10-3 p( ps/ pt) 


We have studied a broken piece of obsidian spearhead, 
4-3 om long, which was embedded in a pottery vase from 
a dwelling pit at Tosamporo in Nemuro City, Hokkaido. 
The vase 18 one of the earliest Jomon types in Hokkaido. 
A piece of about 0-2 g was cut out by a water-cooled 
diamond-chaerged saw and dated. The second group of 
materials were an obsidian arrowhead, 3-5 om long, and 
an obsidian flake, 25 cm long, collected from a dwelling 
pit destroyed by a fire at Onnemoto in Nemuro City, 
Hokkaido. The wilted shape of both specimens indicates 
that they were heated at a high temperature. The asso- 
ciated pottery 1s of the Okhotsk type. The last specimen. 
is a potsherd of a glazed bowl, collected at one of the 
ceramic kilns called Tsubaki-gama at Seto City, centrak 
Honshu. Drpped glaze formed a dark brown coloured. 
glass layer more than 1 mm thick. 

The specimens were abraded to expose a fresh surface, 
which was polished and then etched by 48 per cent HF 
solution for 15-25 s at room temperature. The etchant 
dissolves the damaged glass along fission tracks more 
rapidly than the remainder, and conical pits are formed 
where fission tracks intersect the polished surface (Fig. 1). 
The density of spontaneous fission tracks was determined 
by counting the number of etch pits in the field of an 
optical microscope, the area of which was measured with 
an ocular micrometer. To count a sufficient number of 
etch pits, the procedure of polishing, etching and counting 
was repeatedly applied to the same surface of glass. The 
game piece of specumen was then irradiated with thermal 
neutrons and the induced fission track density determined. 
the same way. To determine the critical temperature 
above which fission tracks fade out, a sample irradiated 
with thermal neutrons was polished, etched and observed. 
under a microscope after ıt was heated step by step at 
increasing temperatures until the etch pits became un- 
detectable. 

Details of the experiments are given in Table 1. The 
track fading temperature of the obsidian spearhead from 
Tosamporo was 350°-400° C, suggesting that the fission 
tracks which once existed in the obsidian disappeared 
during the manufacture of the pottery when it must have 
been heated above this temperature. Etch pits at spon- 
taneous fission tracks numbered 175 in a total area of 
37-9 cm!. Charcoal from a neighbouring dwelling pit 
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Fig 1. Etch pits of induced fission tracks in obsidian spearhead 


from Tosamporo. x c. 500. 
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Table 1. EXPRERDOTANTAL DETAILS 


a 
Specimen peri x10! 
(B) (n units) 
{3 Tosamporo Obsidian spearhead 16 18 
2) Onnemoto Obsidian arrowhead 15 0-3 
bsidian flake 16 0-8 
(3) Beto Glaze on a bowl 25 18 


* Errors are tho statistical standard deviation of counts of etoh pita. 
t Values computed according to the formula‘. 


associated with the same type of pottery has yielded the 
radiocarbon dates 3,240+160 (I-1506) and 3,900+120 
(N-266) years B.P. The fission track date was nearly 
1,000 or 2,000 years older than these radiocarbon dates. 

Total counts of pits of spontaneous fission tracks ın the 
obsidian arrowhead and the obsidian flake from Onne- 
moto were 44 in 47-6 cm? and 7 in 7-0 cm? respectively. 
Fission track dates of the two specimens both fall within 
the range of ther standard deviations. The flake con- 
tained many small bubbles which made the counting of 
etch pits difficult and resulted in a rather large value of 
the standard deviation. Radiocarbon dates associated 
with the Okhotsk type pottery from other archaeological 
sites in Hokkaido are 990+140 (Gak-190), 1,180+100 
(TK-9), 1,230 + 100 (TK-2), 1,240 + 90 (TK-54), 1,310 +120 
(Gak-191) and 1,420 +170 (Gak-189) years B.P. In heat- 
ing experiments the temperature at which wilting of 
obsidian pieces occurred was roughly determmed as 
850°~900° C, suggesting that the obsidian arrowhead and 
flake were heated up to such a high temperature when the 
dwelling pit caught fire. 

Twenty-five spontaneous fission track pits were counted 
in 71:0 om? of the glaze of the bowl from the ceramic 
kiln Teubaki-gama at Seto. The Tsubaki-gama ceramic 
kilns are believed to have been used in the period from 
the Kamakura (A.D. 1190-1330) to the Muromach: era 
(A.D. 1330-1570). The fission track date obtained from 
the glaze was A.D. 1450, corresponding to the middle of 
the Muromachi era. The temperature of track fading 
was as low as 170°-230° C. 

Table 1 also gives the uranium contents of the specimens. 
The density of induced fission tracks was determmed by 
counting etch pita on a polycarbonate sheet placed on the 
specimen at the time of irradiation by thermal neutrons. 
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Ordering of Microcraters produced 
by a Laser on a Metal Surface 


Q-SwitpHED laser pulses focused on to a metal cause 
microcraters at the surface!*, This communication deals 
with the formation and arrangement of microcraters 
produced by an unfocused pulse of power density ~ 100 
MW/cm?. The pulses, of width 1-0 x 10-* s, were generated 
by a ruby laser, Q-switched by vanadyl phthalocyanine. 


Uranium 
1 Qs Track fading content by 
xo (cm) (yr B.P.) tem: ture weight t 
(cm) °0) (p p.m.) 

100 462 5,080 + 400* 350—400 8-2 
0-16 0-92 1,060 + 160 350—400 8-1 
016 100 1,150 +440 850-400 81 
0-75 088 520 +110 170-2380 3:8 


A single pulse creates a large number of microcraters 
(~10*-10‘). Two types can be distinguished: type A 
associated with the pure metal and type B associated 
with impure metals (see Fig. 1). Type B, which are larger 
and have a central throat, occur apparently at random 
over the surface at lower power densities than are neces- 
sary for the formation of type A, which form chiefly in 
clusters. The microcratering threshold for a metal is 
noticeably lower ın the presence of impurities and surface 
films of oxide or grease. Type A microcraters tend to 
line up along surface scratches. 

On very pure metals with sufficiently smooth surfaces, 
type A microcraters form in ordered rows as illustrated 
in Fig. 2. Such ordering occurs on surfaces prepared by 
mechanical polishing vacuum melting and cleavage at 
low temperatures. The direction of the rows is independent 
of the polishing direction, the crystal omentation and the 
polarization of the laser beam, and 1s apt to vary slowly 
over the specimen and markedly between successive 
uradiations of different specimens of the same material. 
Type A microcraters usually occur in patches over the 
surface (linear dimensions ~300 um), probably cor- 
responding to filamentary emission from the ruby?. 
Within the patch the row direction appears reasonably 
constant. Electric fields of 3x 10* V/em and magnetic 
fields of 3-5 kG at the surface do not significantly affect 
the microcratering behaviour. i 

Very similar cratering resulting from aro damage is 
observed on electrodes after a single high voltage break- 
down pulse‘. Maitland® has observed two types of anode 
craters similar to the A and B types described, but more 
closely related to the present work are studies of the 
initiation of unipolar arcs on metal probes in a hot low 
density plasma formed by a pulsed gas discharge in which 





Fig. 1. 


Scanning electron micrograph of A and B 
on & mechanically polished surface of commercial 
tivity copper. 
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the probe is biased negatively with respect to the plasma‘. 
The are pitting or cratering is again similar to that 
described here. In both cases, ares form at the sites of 
inclusions in the presence of volatile contamination. 
The theory of unipolar arcs which form on an isolated 
metal plate exposed to a hot plasma has been given by 
Robson and Thonemann’?. The plate sits at a floating 
voltage — V: with respect to the plasma where 
7a) 
ieee 


r m ] 
i 
2e le 


LER mel (1) 
Te is the electron temperature; Me and m are the electron 
and ion masses respectively. If Vr> Ve (~10 V), the 
voltage necessary to sustain a cold cathode are, and if a 
cathode spot’ can form on the surface to act as a source 
of electrons, an are will form between the plasma and the 
plate maintained by the thermal energy of the plasma. 

It is likely that this mechanism operates here and that 
the microcraters are are pits. Ehler® has found an electron 
temperature kTe=30eV in metal plasma formed on a 
tungsten target by a Q-switched laser pulse. The condition 
Ve > Ve necessary for unipolar are formation is thus easily 
satisfied. Type B microcraters can then be tentatively 
identified as arc sites centred on randomly spaced inclu- 
sions, 

It seems unlikely that type A arc sites are located at 
inclusions although oxide and grease films do lower the 
threshold for are formation, presumably by providing a 
more easily vaporizable source of material necessary for 
the are mechanism than the metal itself. To explain the 
ordering of the arc sites, it is assumed that under intense 
uniform irradiation all points on the surface are equally 
likely to be are sites, and that the positions at which ares 
initiate are determined by points of high potential on the 
face of the plasma cloud (or slab) nearest the metal sur- 
face. I suggest that these points of high potential are 
the result of an instability within the plasma, the wave 
nature of which leads to the ordered spacing of the are 
sites. 

Weibel has shown that a thermally anisotropic plasma 
is subject to an instability in the form of stationary 





Fig. 2. Optical micrograph (phase contrast) of a microcrater array 
on a mechanically polished surface of a cobalt single crystal (purity 
99-9 per cent). 
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Fig. 3. Schematic diagram of current pinches and potential distribu- 


tion in a thermally anisotropic plasma slab. Voltages measured with 
respect to metal target taken as zero. Note that 24) <a, 


exponentially growing electromagnetic waves. The per- 
turbing magnetic field has its wave vector transverse to 
the direction of maximum thermal velocity and tends to 
concentrate particles moving in the same direction. In 
this way a series of alternately parallel and anti-parallel 
eurrent pinches is formed". The separation between the 
pinches is the wavelength of the instability (see Fig. 3). 

It seems plausible that in the present experiment the 
thermal gradient normal to the plane of the plasma slab 
due to the attenuation of the beam by the plasma, is also 
the direction of maximum thermal velocity spread, Ehler*® 
reports that in high speed photographs (exposure times 
5 x 10-* s) of the expanding plasma immediately after the 
pulse, the expansion velocities are slightly greater normal 
to the target face than parallel. The plasma electron 
density during the early part of the laser pulse was ne= 
107+ em~. If the instability mechanism operates near the 
boundary of the plasma, there will be an array of points 
of alternately high and low potential at the ends of the 
pinches. Arcing then occurs at points on the surface 
directly opposite the points of high potential on the 
underside of the plasma slab. Conversely the potential 
distribution around seratches on a smooth surface may 
induce local arcing which disrupts an otherwise regular 
pattern. 

For a plasma with unperturbed velocity distribution 





Gs 


where k=27/4 is the wave vector of the unstable mode 
and re=e*/me? is the classical radius of the electron. 
Taking the row spacing of the microcrater to be the 
wavelength of the instability (A= 10 um), condition (2) 
becomes 


-1)>1 (2) 


a 


Jf) 
(= = 1) >1 


so that a velocity anisotropy of the order of 1 per cent 
would be sufficient for instability. The direction of the 
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row (the k vector) is presumably determined by a small 
anisotropy in the plasma in the x-y plane (Fig. 3). 

F: (~ 10 V) develops across a positive ion sheath of 
thickness 


4 
2h = ( Bites Yow 100 À 
4nne e®/ 


so the electric field at the surface will be of order 107 
Vjem, and applied electric fields much less than this will 
have little effect. Furthermore, applied magnetic fields 
will not appreciably perturb the system until the cyclotron 
frequency is of order the plasma frequency 





B = (Anne m cè) ~3 xI G 


The conditions in the plasma formed at a metal surface 
by giant pulses therefore favour the formation of unipolar 
ares and the growth of a self-focusing instability which 
may lead to the formation of ordered arrays of localized 
ares. 

I thank Dr J. P. Dougherty, Dr P. A. H. Saunders and 
Dr G. Francis for useful discussions. This work was 
supported by the Science Research Council. 

T. J. Basrow 
Surface Physics, 
Cavendish Laboratory, 
University of Cambridge. 
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Study of Hot Atom Effects of Cadmium 
Phthalocyanine using a ‘‘Daughter- 
tracing Technique’’ 


ALTHOUGH Szilard—Chalmers processes in metal phthalo- 
cyanine complexes have been frequently studied, difficul- 
ties in the chemical treatanent of cadmium phthalocyanine 
have led to its neglect. It is scarcely soluble in most. 
solvents and it is easily demetalled by sulphuric acid. 
It is, however, important to compare the behaviour of 
recoil atoms in cadmium phthalocyanine in which the 
central atom has ionic character with that in other com- 
plexes where the central atoms have covalent character. 

We have succeeded in observing the Szilard-~Chalmers 
process with cadmium phthalocyanine. We used an 
interesting technique, which we would like to name the 
“daughter-tracing technique’. The principle of this 
technique is based on the fact that the behaviour of a recoil 
'BCd atom can be traced by the behaviour of its daughter, 
i mTn. 

Cadmium phthalocyanine was prepared by the direct. 
reaction of cadmium filings and phthalonitrile at 290° C 
(ref. 2). Irradiation of cadmium phthalocyanine was done 
at dry ice temperature in the nuclear reactor JRR-2 of the 
Japanese Atomic Energy Research Institute for 1 min 
(thermal neutron flux: 6x 10% em s-t). After being 
stored in dry ice for 25 h (necessary for transient equili- 
brium of the ™Cd-5mIn decay chain), the irradiated 
sample was dissolved in cold sulphuric acid. The solution 
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was poured into a mixture of ice and water. The preci- 
pitate of the phthalocyanine complex was filtered, and 
y-activities of min for both the precipitate and the 
filtrate were measured in a TMC Model 1024 channel 
y-ray spectrometer (connected to an Nal (Tl) crystal). 
Though cadmium ions are released, this procedure 
separates indium ions from indium phthalocyanine. 

Cadmium phthalocyanine labelled with Cd was 
prepared using neutron-irradiated cadmium filings in 
the same way and was stored in dry ice for 25 h before use. 

Before application of the “daughter-tracing technique”, 
it was necessary to inve stigate the chemical behaviour of 
ismIn formed “by 8 decay in the crystal of cadmium 
phthalocyanine labelled with '°Cd. The amount of the 
bond rupture due to the 8- decay process was determined 
as the yield of 1°™Jn in the filtrate at the time of chemical 
separation. No liberation of }*mIn ions from the complex 
was found; the average percentage of non-rupture 
obtained in the six determinations was 1007+26 as 
expected from the data of recoil energy for 8- decay and 
for internal conversion of y-rays (< 2-5 per cent)’, 

It is shown in the foregoing investigation that Cd in 
the chemical form of the complex after the (n,y) recoil 
event is transformed to '5mIn-phthalocyanine. On the 
other hand, the free "Cd atom (ion) which is liberated 
from the complex is transformed to the free }45™In atom 
(ion). Formation of 'mIn-phthaloeyanine from the 
145m—n ion produced by 8- decay of the Cd ion is not 
probable because of shortage of recoil energy in this 


case. (This will be proved more rigorously in a full 
article.) We can therefore set up the following formulae 
i 8 
(1) #Cd-eomplex ——~- 15mIn-complex 


g- (in solid) 


(2) free Cd —— 


> free mtn, 


In the “daughter-tracing technique”, the behaviour of the 
chemical species Cd is traced by its daughter 1mIn. 
In the chemical procedure described, the #8mIn complex 
is found in the precipitate and separated from free 'mIn 
in the filtrate. The initial retention obtained in this 
technique is given in Table 1 


Table 1. INITIAL RETENTIONS AND ANNEALING EFFECTS OF NEUTRON 


IRRADIATED CADMIUM PHTHALOCYANINE 


: initial retentions (per cent) Retention after 
“Daughter-tracing re annealing at 20° È 
technique” DMSO method for 4 h (per cent) 


38-5 + 0-6 (20) 41-9-82-5* (6) SUS +1-8t 

Mean values shown. Number of determinations indicated in parentheses. 

* The data are scattered in this region. 

+ Obtained by the “daughter-tracing technique’. 

Initial retention of cadmium phthalocyanine was also 
determined by measuring Cd radioactivity directly. The 
irradiated sample was dissolved in dimethyl sulphoxide 
(DMSO), the solution was diluted with water to precipitate 
the complex and the y-activities of 145Cd in the precipitate 
and filtrate were measured. The initial retentions ob- 
tained in this method are also listed in Table 1, although 
they were not reproducible due to the fact that the scatter- 
ing of the data reflects the low solubility of cadmium 
phthalocyanine in DMSO. Chemical separation therefore 
took more than a few hours, and it was difficult to keep 
the temperature low enough to avoid thermal annealing 
throughout the process. The thermal annealing data 
shown in Table 1 confirm this. 

The “daughter-tracing technique” is very effective in 
that the dissolution temperature is controlled and the 
time of chemical separation shortened. The data obtained 
in this technique are quite reproducible as seen in Table 1. 
Though it is difficult to obtain good reproducibility in the 
DMSO method, it is useful to estimate the enrichment: 
factor of Cd in the solution. We estimate the enrich- 
ment factor in the DMSO method as about 15, This 
represents the first successful Szilard-Chalmers process 
with cadmium, 
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We are continuing our studies of the hot atom effects 
on neutron irradiated cadmium phthalocyanine by the 
use of the “daughter-tracing technique”. Details will be 
reported later. 

KENJI YOSHIHARA 
Hiros Kupo 
Japanese Atomic Energy Research Institute, 
Tokai, 
Tharaki, 
Japan. 
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Heat Loss Compensated Calorimeter 


I HAVE designed a calorimeter intended essentially to 
eliminate systematic errors caused by temperature 
gradients. It is a calorimetric body with the core com- 
pletely surrounded by a thermally isolated jacket of 
equal heat capacity (Fig. 1). Thermistors imbedded 
in both body and jacket, to indicate temperatures, form 
opposite arms of a Wheatstone bridge that is initially 
balanced when the core and jacket temperatures are at 
equilibrium. Unbalanced output voltages for small 
changes in temperature are therefore proportional to 
the sum of the temperature changes of the core and 
jacket from equilibrium. The jacket is surrounded by 
a shield that either remains at a constant temperature, 
or follows the rising temperature of the jacket, depending 
on the mode of operation. 

If power is applied to the core, first by an eecentrically 
located imbedded electric heater and then by a uniform 
absorption of energy produced from a radiation field, 
differences will be produced in temperature gradients 
throughout the core. If the gradients are large, as with 
an eccentrically located heater, the heat lost from the 
core during the application of power may be difficult 
to evaluate with satisfactory accuracy, especially if the 
core temperature is measured at only one point. The 
heat lost from the core that is retained in the jacket, 
however, contributes to the output of the Wheatstone 
bridge just as if it had been retained in the core. (A 
somewhat different method is described in ref. 1.) Com- 
pensation for heat lost from the core by this method 
is nearly independent of the temperature gradients 
produced in the core during power application. Hence 
this method would seem to reduce the systematic error 
when the calorimeter is used to compare power sources 
that produce different temperature distributions in 
the core. The relatively small jacket leakage correction 
that remains can be assumed to be made with good 
accuracy, in the case where the shield is maintained at 
constant temperature, because the rise of temperature 
in the jacket is smaller and more uniform than in the 
core. For the same reasons, in the adiabatic mode, the 
temperature of the shield can be caused to follow 
the rising temperature of the jacket more readily and 
accurately than that of an unjacketed core. 

In a calorimeter used to measure the absorbed dose 
in a radiation field, it is assumed that the shield remains 
fixed at a temperature, and core and jacket are made of 
the same material and have equal heat capacities. The 
sensitivity of the calorimeter is determined from 
calibration runs in which measured power is supplied to 
and dissipated in the core by an imbedded electrical 
heater. No power is supplied to the jacket: its slight 
heating is the result of heat transferred from the core. 
The output voltage of the bridge circuit indicates Tic + 
Tac, where Tic and Tc are, respectively, the temperature 
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changes of the core and the jacket from equilibrium, 
uncorrected for heat losses. 

When radiation measurements are made the jacket's 
thermistor is replaced by a fixed resistor of equal ohmage 
external to the calorimeter. The output voltage ef the 
bridge then indicates Ty, the temperature change from 
equilibrium of the core. The energy. Ex, absorbed by 
the core from the radiation is 


Em = Eo x Ty'u/(Tic + Tac)* 


where Ec is the measured electrical energy, supplied 
during the calibration, and Ty» and (Tic+Zec)' are 
the corrected temperature changes in the two runs. 

I discovered, while calculating the ideal performance 
of the proposed single jacketed calorimeter design, 
that Ty is identical to Tie + Tre, provided that (1) the 
absorbed radiation power converted to heat in the core 
and jacket are the same as the electrical power converted 
to heat in the core during a calibration run, (2) temperature 
changes are small enough that heat capacities and heat 
transfer coefficients can be considered constant, and 
(3) there are no temperature gradients within the core 
or jacket. 








HEATER 


CONSTANT TEMPERATURE 
OR ADIABATIC SHIELD 


THERMISTORS <= 


Fig. 1. Essential elements of the heat loss compensated calorimeter. 


More generally, for a core surrounded by N-1 thermally 

isolated jackets, 

Tum = Tic + wT sc + xTc +o... + anwT ve 

if the same schedule of power, P(t), is applied to the core 
during a calibration run and a measurement run, and 
if o,P(t),o%,P(t),.....evP(t) are the schedules of power 
applied during a measurement run to the first jacket, 
the second jacket and so on, respectively, where 44, 
&g,.-.-,%N are constants. This expression is independent 
of the possibly different heat capacities of the core and 
jackets, and also independent of the time variation of 
P(t), whether P(t) acts as a heater or as a refrigerator. 

I thank Dr Ben Petree for helpful comments. This 
work was supported by the National Cancer Institute. 
US National Institutes of Health, and by the Division of 
Biology and Medicine of the US Atomic Energy Com- 
mission, Washington. A calorimeter of the design 
described for measuring absorbed dose is nearing com- 
pletion in the NBS Center for Radiation Research, and an 
experimental programme is under way. 
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Analysis of Electrical Phenomena in 
Membranes and Interfaces by 
Absorption Changes 


In several biological systems electrical phenomena 
across membranes of 100 Å thickness are important. 
As yet there has been no straightforward way of measuring 
electrical phenomena in such membranes. If these 
membranes are activated, a potential difference of about 
100 mV is usually built up across them, corresponding 
to a field strength of about 10° V/em. 

Fields of this strength can affect several propertie 
of the molecules in the membrane. For instance, they 
ean change eleetronie absorption within the molecules 
(electrochroism!). This would cause absorption changes 
of the order of 0-1 per cent, which would follow the field 
changes without any delay, 

Absorption changes of this order cannot be detected 
directly, especially not in short times (for example, 10 ns), 
because the noise would totally mask the signal. If the 
absorption changes are, however, repeated n-fold and 
averaged, the signal-noise ratio increases proportionately 
to y'n. In this way absorption changes of 0-1 per cent 
have been measured with a time resolution down to the 
10 ns range by averaging about 1,000 signals. Details 
of the measuring techniques are summarized in ref. 2. 

If biological membranes of 100 A thickness are 
pigmented intrinsically or stained artificially and then 
repeatedly activated, this method can be used to measure 
rical field changes across the membranes. In the 
same way electrical currents or displacements which 
change the field can be detected. Thus electrical field 
changes and ion fluxes in photosynthesis have been analysed 
in the membrane of thylakoids’. For a summary see ref. 4, 

Our method may also be a sensitive tool for the analysis 
of eleetrie phenomena in other biological membranes, for 
example of nerves, muscles, mitochondria and photo- 
receptors. The method may also be useful for the analysis 
of artificial membranes and interfaces. 
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BIOLOGICAL SCIENCES 


Identification of Human Trophoblast 

in vitro 

WHILE investigating the antigenicity of human tropho- 
blast and its possible role in the toxaernias of pregnancy, 
we wished to set up pure tissure cultures of trophoblast. 
Placental tissue in explant and monolayer culture gives 


rise to a mixed population of cells, the identification of 


which is difficult because they undergo morphological 
and physiological changes in vitro, Existing methods 
for idantifying trophoblast in vitro include cytology!*, 
enzyme histochemistry! and the 
chorionic gonadotrophin production? 4. Thiede! distin- 
guished three cell types in cultures of chorionic villi: 
fibroblasts, epithelioid cells and giant multinucleated 
cella, He suggested that these originated from 





demonstration of 
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mesenchyme, eytotrophoblast and syneytio-trophoblast 
respectively, but emphasized the unreliability of mor- 
phological criteria. The histochemical localization of 
alkaline phosphatase in epithelioid and multinucleate 
cell types! is considered compatible with an origin from 
trophoblast in view of the distribution of this enzyme 
in the placenta found by several workers*-*, Soma, 
Ehrmann and Hertig? found that the gonadotrophic 
activity of the culture medium declined in concert with 
the disappearance of giant multinucleated cells, suggesting 
that these might be trophoblastic in origin. 

We have attempted a more specific identification of 
trophoblast using the sandwich fluorescent technique 
with specifice anti-trophoblast serum raised in miee, 
and a fluorescent-labelled anti-mouse serumi’, 

Placentae of gestational age 12-14 weeks were obtained 








3 


at the time of therapeutic termination of preg- 
nancy. The tissue was cultured using Thiede’s method', 
Villi were dissected off the chorionic plate, washed in 





Hanks balanced salt solution and incubated at 37° © 
for 30 min with either 0-1 per cent or 0-2 per cent trypsin. 
The suspension was filtered through gauze and the cells 
were collected by centrifugation at 800 r.p.m. for 8 min, 
The cells were resuspended in medium 199 containing 
10 per cent pooled human serum and 0-5 ml. of suspension 
added to stationary culture tubes containing coverslips. 

Coverslips were removed after 7 days, dried in ait 
at room temperature for 3 h and the cultures were stained 
using the “sandwich” fluorescent technique. Cultures 
were washed with buffered saline and incubated for 
30 min at room temperature with mouse anti-serum 
in dilutions of 1:8, 1:16, 1:32. The antiserum was 
washed off the section with three changes of buffered 
saline. Goat anti-mouse globulin labelled with fluorescein 
isothiocyanate was used to stain the cultures for 30 min 
at room temperature. After washing with three changes 
of buffered saline the coverslips were mounted in buffered 
glycerol and examined with a Leitz fluorescence micro- 
scope. The cultures were subsequently re-stained with 
haematoxylin and eosin and examined with the light 
microscope. 

Specific fluorescence was shown by the large syneytial 
masses present in the cultures. fluorescence being confined 
to the cytoplasm (Fig. 1). Stained with haematoxylin 
and eosin such areas of fluorescence appeared as irregu- 
larly shaped cells containing many nuclei (Fig. 2). Cultures 
prepared by disaggregation with 0-1 per cent trypsin 
contained only this type of cell, Cultures prepared by 
disaggregation with 0-2 per cent trypsin contained, in 
addition to syncytial cells, epithelioid cells showing specifie 
fluorescence, and typical fibroblasts and red blood cells 
which showed autofluorescence only. 











(“Sandwich” 
fluorescent preparation with anti-trophoblast serum, x 8003 


Fig. 1. Ultraviolet photomicrograph of syncytium, 
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Fig. 2, Photomicrograph of syncytium ( x 300) stained with haematoxy- 
lin and eosin. 


The specificity of the mouse anti-human trophoblast 
serum hag been demonstrated before!®. Incubation of 
this serum with a heterogeneous cell population cultured 
from early human placenta identified cells with the 
cytological characteristics of syncytiotrophoblast and 
evtotrophoblast when stained with a fluorescent labelled 
anti-mouse serum. Re-staining the same cells with 
haematoxylin and eosin also confirmed the characteristic 
epithelioid and syncytial appearance said to be typical 
of eytotrophoblast and syncytiotrophoblast respectively. 
Non-fluorescent cells seemed to have cytological features 
of blood cells when re-stained with haematoxylin and 
eosin. The absence of fibroblasts in these cultures suggests 
that trypsinization can be used to prepare cultures 
relatively free from cells other than trophoblast. 

We thank the Wellcome Trust for their support. 
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Interrelationship between Plasma 
Luteinizing Hormone and Oestradiol 
in the Human Menstrual Cycle 


OESTROGENS have a feedback action on the central 
nervous system}, They are implicated in the regulation 
of human luteinizing hormone (HLH). high concentrations 
of oestrogen being associated with low concentrations of 
HLH and vice versa’. 

Urinary oestrogen excretion has been compared with 
urinary gonadotrophins® and plasma HLH* during the 
menstrual cycle, a mideycle rise of both hormones being 
reported in each case. 

We have determined HLH and 17§-oestradiol in plasma 
collected daily throughout the menstrual cycle, from five 
regularly menstruating women. HLH was measured by 
double antibody radioimmunoassay’? and oestradiol by 
competitive protein binding®. 
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Fig. 1 shows the results obtained during the first three 
individual cycles on samples collected at the same time 
each day (1000-1030 h). Each point is the mean of 
duplicate determinations with an average error of + 10 
per cent. Where the error exceeded + 20 per cent the 
range between duplicates has been indicated. 

In all five cycles the results demonstrate a midcycle 
rise in the circulating levels of both oestradiol and HLH, 
the peak of oestradiol occurring on the day before the 
day of maximum HLH concentration (P=0-03)7. It 
is noteworthy that the HLH starts to rise before the 
oestradiol peak is reached. 
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Fig. 1. Plasma 176-oestradiol (@— @) and HLH (@ --- @) during the 
menstrual cycle. Hatched bars indicate menstruation, 
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Uterine, Vaginal and Mammary 
Tumours induced by Nitrosoureas 
in Pregnant Rats 


A NUMBER of nitroso compounds have high carcinogenic 
activity. Some of them selectively induce tumours at 
various sites such as the alimentary tract, respiratory, 
nervous and urinary systems!*, The influence of changes 
in the general condition of the organisrn as well as in the 
functional activity of specific organs on the pattern of 
carcinogenesis is virtually unexplored. We report here 
on a peculiar shift in the organotropic carcinogenic effect 
of two alkylnitrosoureas in pregnant rats observed during 
80 weeks after treatment. 

Female rats (140-160 g), of a white non-inbred local 
colony, were used. Their dates of pregnancy were 
aceurately determined by the presence of sperm plugs in 
vaginal smears, and they were treated with methyl and 
ethylnitrosourea (MNU, ENU) for different periods during 
gestation. Both substances were administered in saline. 
MNU was injected intraperitoneally during the first, 
second or third week (3 mg/kg daily for 7 days) or 
during the whole period of pregnancy (2 mg/kg daily for 
22 days). Some rats received single injections of MNU 
on the ninth, thirteenth, fifteenth or twenty-first day 
after coitus (5 mg/kg). Single mtravenous injection of 
ENU was performed on the thirteenth (60 mg/kg), 
fifteenth (80 mg/kg) or twenty-first (150 mg/kg) day after 
coitus. The doses were much lower than the toxic levels 
for adult rats (LD, for MNU=110 mg/kg, intraperi- 
toneally; LD, for ENU=240 mg/kg. intravenously). 
The schedule and dosage of treatment were selected accord- 
ing to the results of previous experiments on the embryo- 














Pig. 1. Tumour of the uterus in a rat that received 21 mg/kg of MNU 
(intraperitoneally) during the last week of pregnancy. 
Table t. 
No, of rats at 
. . Total dose No. of rats time of first No. of rats 
Substance (mg/kg) at start of died with 
experiment tumours 
MNU 34 l 
. (i 3 
33 10 
12 3 1 
ENC 60 (single) 8 6 3 
80 {single} 6 3 1 
120 (single) 10 4 3 
150 {single} 5 2 2 
Total lid 78 24 
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Fig. 2. Multiple polyploid tumours of the vagina and cervix uteri in a 
rat that received a single dose of 120 mg/kg of ENU (intravenously) at 
the fifteenth day after coitus. 


toxic and teratogenic activities of MNU and ENU”: 
MNU was used in the subtoxic dose determined in the 
period of higher sensitivity of the embryo to this agent, 
while ENU was used in maximal tolerant doses for each 
of the indicated days of embryogenesis. There were two 
exceptions: 20 mg/kg of MNU was lower than the sub- 
toxic dose for a 21 day foetus, and 120 mg/kg of ENU 
was highly toxic for a 15 day embryo. A total of one 
hundred and fourteen pregnant rats were used in the 
experiment. 

Seventy-eight rats survived by the time of the first 
tumour detection and thirty-five neoplasms developed in 
twenty-four of them (Table 1). Most frequently (in 
fourteen rats) uterine tumours were found. They were 
usually localized in the body of the uterus and macro- 
scopically appeared as spherical or pyriform nodules, 
2-3 em in diameter (Fig. 1). In eight animals vaginal 
tumours were detected: some were multiple polyploid 
outgrowths of different size and attached to the vaginal 
wall with thin pedicles (Fig. 2). Other tumours appeared 
as nodular formations located on a broad base; m some 
animals large polyps and tumour nodules protruded 
outside the opening of the vagina. Histologically, tumours 
of the uterus and vagina were classified as leiomyosar- 
comas or neurmomas (schwannomas). Final characteriza- 
tion of neoplasms having such morphological patterns is 
possible after examination of the tumour tissue. 

In six rats, mammary tumours were produced, five of 
which were fibroadenomas and one an adenocarcinoma. 
The latter was successfully transplanted. In three rats 
tumours of the ovary were observed after treatment with 
NU. Moreover, in rats exposed to MNU, one tumour of 
the base of the cerebrum (primary spongioblastoma), one 
neurinoma of n. femoralis and two adenocarcinornas of 
the kidneys were revealed. Multiple tumours of various 
localizations were found in nine rats out of the same 
twenty-four. In most cases, the latent. period of tumour 
growth was not less than a year. No spontaneous tumours 
were observed in female rats of our colony with the rare 
exception of fibroadenomas of the mammary gland and 
ovarian cysts, 














INCIDENCE AND LOCALIZATIONS OF TUMOURS IN RATS SUBJECTED TO MNU AND ENU TREATMENT DURING PREGNANCY 
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It has been previously shown that the long term ad- 
ministration of alkylnitrosoureas to rats resulted most 
often in the induction of tumours of the central and 
peripheral nervous system?. A single administration of 
MNU in a high dose (70-100 mg/kg), however, most 
frequently imdueed in rats tumours of the kidney, fore- 
stomach and intestines, and only oceasionally tumours of 
the nervous system}. Papillomatosis of the forestomach 
was observed at a lower dose (20 mg/kg intraperitoneally )°. 
Our results show that organotropism of the carcinogenic 
effect of alkylnitrosoureas is “shifted” towards the 
prevalent induction of uterine and vaginal tumours in 
rats treated with these substances during pregnancy. 
This could be explained by physiological changes in these 
organs in such condition that their sensitivity to the action 
of the carcinogenic agents tested was increased. Further 
systematic investigations are required. 

I thank Dr N. P. Napalkov for his guidance and help. 
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Adrenal Glands and Sexual Receptivity 
in Female Rhesus Monkeys 


Evipence from both clinical and laboratory sources 
suggests that androgens can stimulate receptivity in 
female primates. Testosterone increases “libido” in 
women'-? and enhances the receptivity of ovariectomized 
rhesus monkeys (although the effects on the sexual 
activity of their male partners was inconspicuous)*-*. 
But whether androgens seereted by the female herself 
play a part in regulating receptivity is unknown. Because 
the ovariectomized, oestrogen-treated female monkey is 
usually completely receptive to the male, it follows that 
any androgen secreted by the ovaries® is not implicated. 
We have therefore investigated the role of the adrenal 
cortex, the principal androgen-secreting organ in females®, 
in the hormonal control of receptivity. 

Observations were made on seven adult, bilaterally 
ovariectomized female rhesus monkeys by methods 
described in detail elsewhere‘. Briefly, a female was 
transferred daily for 30 min periods to a male's cage, 
and sexual behaviour observed from behind a one-way 
sereen. The components measured included: for the 
female--the number of “presentations” (that is invita- 
tions to the male to mount), the proportion of male 
mounts initiated by the female’s presentations, and the 
number of refusals to allow the male to mount when he 
attempted to do so; for the male—the number of mounts, 
the mean thrusts per mount, the mean rate at which 
suceessive mounts occurred, and the time taken to 
ejaculate from the first mount (in min). A sequence of 
ten observations constituted a series. Three males were 
used, each female being paired with the same one through- 
out the experiment. Hormones were given daily by sub- 
cutaneous injection, starting 5 to 7 days before and 
continuing throughout each series. 

Six females given first 25 ug/day oestradiol benzoate 
were all receptive, and the males’ sexual activity was con- 
sistently high. The addition of 0-5 mg/day/kg body weight 
dexamethasone-21-sodium phosphate (given in two equal 
daily doses to suppress adrenal cortical function) resulted 
in the females presenting much less to the males, and 
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dayjkg dexamethasone; C, oestradiol + dexamethasone +100 ag — 


200 ug/day testosterone, on the sexual behaviour of six ovariectomized 

female rhesus monkeys. Values given are: (1) and (3), means (+ S.E.) 

per observation; (2), Overall percentage per series, Results of statistical 

analyses were as follows: (1) F=11-80, P< 0-01 (analysis of variance): 

(2) t=5:80: 875, P<O-(1 (paired t-tests); (3) F=457, P<0-05 

{analysis of variance), See text tor definition of behavioural components 
shown. 


initiating a smaller proportion of total mounting activity 
(Fig. 1). In addition, dexamethasone also resulted in four 
of the females refusing sometimes to allow the male to 
mount, whereas only one had ever done so before treat- 
ment (Fig. 1). 

Giving the females 100 ug/day testosterone propionate 
(as well as oestrogen and dexamethasone) completely 
reversed the effects of dexamethasone on their behaviour 
in all but one case, in which 200 pg/day was required: 
this female was also notable in refusing the male’ most 
often (Fig. 1). 

The number of male mounts was unaffected by treating 
the females with dexamethasone (F =0-32, P=ns), but 
other parameters of male behaviour were lowered. The 
time taken to ejaculate lengthened (F =6-41, P< 0-05), 





1066 





4 B í 
2r 
L 
= . 
le 
me . 
ey 
oe . 
a aaa 
13-07 i45 9.28 
Mean 
Fig. 2. Levels of urinary free cortisol in six ovariectomized rhesus 
monkeys. Each point represents the mean of two replicate assays. 


The oestradiol treated females, 4, were given dexamethasone, B, and 
then testosterone, C. See Fig. 1 and text for details 


and the mean number of thrusts (F = 4-58, P< 0-05) and 
the mean mounting rate (F'= 14-16, P < 0-001) decreased. 
All were restored by subsequently giving testosterone 
to the females. There was no change after any treatment 
in the proportion of the females’ presentations effective 
in inducing male mounting (paired t test: t= 0-78, P=ns), 
which indicates that their effectiveness as a sexual stimulus 
was not altered’. This is in contrast to the effects of 
oestrogen withdrawal or treatment with progesterone’. 

Four of these females were again given 25 ug/day 
oestradiol alone after intervals of between 8 and 52 weeks 
without any treatment; their behaviour was statistically 
indistinguishable from the original series in which they 
received oestrogen alone. 

The seventh female was given first oestradiol (25 ug/ 
day), then testosterone (100 pg/day), and finally dexameth- 
asone (0-5 mg/day/kg). Observations in each condition 
showed that pre-treatment with testosterone completely 
prevented the effects of dexamethasone observed in the 
other six animals. 

The urinary free cortisol, a sensitive index of adrenal 
cortical function?:§, was assayed in the six females by a 
competitive protein-binding technique’. Dexamethasone 
suppressed the production of corticoids, and the addition of 
testosterone made no difference to the low levels observed 
after giving dexamethasone (Fig. 2). The serum levels 
of sodium, potassium and chloride, the 24 h urinary 
excretion of sodium and potassium, and the haematocrit. 
were not altered by any of the substances given. There 
was no change throughout these experiments in the colour 
of the females’ sexual skins, or in the cornification of their 
vaginal smears (measured by methods described elsewhere)*. 
Testosterone in the doses used was insufficient to cause a 
statistically significant increase in the size of the females’ 
elitorides. 

Our results suggest that suppression of the function of 
the female monkey’s adrenal cortex by dexamethasone 
markedly lowers her receptivity. Because behaviour 
was restored by very small doses of testosterone, but 
urinary free cortisol remained low, it seems highly prob- 
able that this effect is related to the reduction of adrenal 
androgens, rather than other adrenal hormones. Although, 
im humans at least, androstenedione is the principal 
androgen secreted by the adrenal*, about 50 per cent is 
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converted to testosterone by peripheral mechanisms®*. 
Further experiments using androstenedione and other 
androgenic substances are in progress. 

Because neither dexamethasone nor testosterone cause 
changes in the female’s external genitalia, which are 
thought to be concerned in transmitting her sexual attrac- 
tiveness to the male®!°, it may be that the effects of 
dexamethasone on the male’s behaviour are related both 
to the decreased sexual stimulation received by the male 
as the result of the decreased frequency in presentations 
by the female, as well as to the inhibiting effect. of an 
increased tendency for the females to refuse his attempts 
to mount. 

These observations suggest a significant role for adrenal 
androgens in the hormonal control of receptivity in female 
primates. They also provide an experimental explanation 
for the clinical finding that adrenalectomy combined with 
ovariectomy leads to a more consistent decrease in the 
sexuality of women than ovariectomy alone”. 

This work was supported in part by a grant from the 
Medical Research Council to J. H. We thank Dr W. R. 
Butt and Mr R. Morris for their advice. 
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Protection by some Carbamates against 
the Delayed Neurotoxic Effects of 
Di-isopropy! Phosphorofluoridate 


ADMINISTRATION of a single dose of many organophos- 
phorus esters to hens and other species produces a delayed 
neurotoxic effect characterized by a flaccid paralysis of 
hind limbs developing after a symptomless period of 8-14 
days (for a review see ref. 1). We have studied the effect 
produced by di-isopropyl phosphorofluoridate (DFP) 
because it is a potent neurotoxic compound and does not 
need to be metabolized to produce the active agent. 

Previous work in this laboratory has identified a protein 
in chicken nervous tissue which is phosphorylated in vivo 
by neurotoxic organophosphorus esters, but not by non- 
neurotoxic analogues**, Jn vitro this protein can hydro- 
lyse the phenyl ester of 1-phenylacetic acid (PPA)*5. 
Although the “neurotoxic” esterase is responsible for 
only 3-5 per cent of the total in vitro PPA hydrolysing 
activity of hen brain homogenate, a specific assay system 
has been devised’. Recently we have synthesized some 
carbamates which are active as progressive inhibitors of 
this enzyme in vitro. 

The mechanism of inhibition of esterases by carbamates 
has not been studied in great detail except in the case of 
acetylcholinesterase, where it is clear that the mechanism 
is analogous to that for inhibition by organophosphorus 
esters®. Spontaneous reactivation after inhibition by 
carbamates is well known but reactivation of the enzyme 
after inhibition by DFP is negligible’. In simple terms it 
may be said that inhibition by carbamates is usually 
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temporary, and inhibition by, say, DFP is permanent. 
It is known that animals pre-dosed with eserine are resist- 
ant to otherwise acutely lethal doses of DFP’, and the 
protection is thought to be due to temporary inhibition 
of acetylcholinesterase. Pre-dosing hens with eserine does 
not alter the delayed neurotoxic effect of DFP, but it 
seemed likely that administration to hens of carbamates 
active in vitro against the “neurotoxic” esterase would 
cause temporary inhibition of this enzyme and protect 
against the permanent inhibiting effect of a dose of DFP 
given afterwards: subsequent reactivation of the enzyme 
would enable it to perform its normal function and no 
neurotoxic effects should be seen. This effect has now been 
demonstrated. 


Table 1. Jn vitro EFFECT OF CARBAMATES (R,R,N.CO.OR;) ON THE ACTIVITY 
OF THE “NEUROTOXIC” ESTERASE FROM ADULT HEN BRAIN 


Concentration Activity 
Substituents of inhibitor (per cent of 

Ry R: Ra (uM) control) 
Phenyl H Phenyl 50 54 
Benzyl H Js 50 20 
2-Phenyl-ethyl H e 100 >85 
1-Phenyl-ethyl H ýs 100 >85 
4-Bromophenyl H pe c. 50* 78 
4-Methyiphenyl H $ 100 37 
4-Nitrophenyl H 35 100 > 85 
2-Pyridyl H r 100 >85 
4-Pyridyl H is 100 >85 
Phenyl CH, a 50 > 85 
Benzyl CH, j 50 47 
Pheny! H Benzyl 50 > 85 
i H 4-Bromophenyl e. 50* > 85 
” H 4-Nitrophenyl 50 > 85 


* Saturated solution. 


Hen brain homogenate was pre-incubated with carbamate in 4 per cent 
acetone (ar solvent for the control) for 15 min at 37° and pH 8-0 before 
oe of substrate (PPA). Details of the assay are to be published else- 
where’. 


Table 2. In vivo EFFECT OF SOME CARBAMATES ON HEN BRAIN “NEUROTOXIC™ 
ESTERASE AND ON DELAYED NEUROTOXICITY 


Time of esterase Activity of Degree of 
Dose assay or DFP “neurotoxic” protection and 
Compound (mg/kg) dose after esterase (per number of birds 
carbamate (h) cent of control) + + + 
Phenyl benzyl- 50 1 17 4/4 
carbamate 5 3 29 2/2 
50 6 41 22 
50 10 70 2/2 
50 17 92 1/2 1/2 
10 1 42 2/2 
5 1 56 2/2 
3-5 1 78 2/2 
2-0 1 69 2/2 
Phenyl phenyl- 100 1 — 3/5 1/5 1/5 
carbamate 50 1 — 0/5 5 3/5 2/5 


Carbamates dissolved in dimethylsulphoxide were given intravenously to 
adult hens; control birds received dimethylsulphoxide only. “Neurotoxic” 
esterase measurements were made in vitro using brains from hens killed at 
various times after carbamate administration. In parallel with these 
measurements hens reserved for clinical observation received DFP (1-7 
mg/kg) in 50 per cent ethanol subcutaneously. All hens received prophy- 
lactic treatment against acute anticholinesterase effects 20-30 min before 
DFP: atropine (10 mg/kg) and eserine (0-1 mg/kg) were administered sub- 
cutaneously; this had no effeet on the esterase or on the onset or severity of 
delayed neurotoxic effects. 

Degree of protection was assessed clinically and histologically 3 weeks after 
giving DFP: + +, complete protection; +, reduction in severity; —, no 
significant effect. 


Table 1 shows the ability of some carbamates structur- 
ally related to PPA to inhibit the esterase in vitro. We 
have not found activity in carbamates unless both R, 
and R, are aromatic groups. Phenyl benzylearbamate and 
phenyl phenylcarbamate were particularly active (R,= 
phenyl and R,H in both eases; R,= benzyl or phenyl). 
These two compounds were also active in vive. After 
an intravenous dose of 50 mg/kg of phenyl benzylearb- 
amate ‘neurotoxic’ esterase activity was reduced by at 
least 50 per cent during the period 1 to 6h (Table 2). Hens 
challenged with a neurotoxic dose of DFP during this 
period of temporary inhibition did not develop any 
functional or histological signs of delayed neurotoxicity 
(we thank Dr G. Hard for pathological examinations). 
Control birds which did not receive carbamate were always 
severely affected. Table 2 also shows that partial protec- 
tive effects were seen when DFP was given 10 or more 
h after 50 mg/kg of phenyl benzylearbamate or 1 h after 
smal] doses of carbamate (down to 2 mg/kg). In these 
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cases the inhibition due to the carbamate was about 30 
per cent at the time of administration of DFP and can be 
considered the minimum effective for protection. The 
dose of phenyl phenylearbamate (100 mg/kg) required 
to protect the birds was more than would be expected from 
its inhibitory power compared with phenyl benzylcarb- 
amate in vitro (Table 1). This is probably due to a faster 
reactivation process (unpublished observations), which 
means that a high percentage inhibition due to phenyl 
phenylearbamate i is not easily maintained. 

Separate experiments with [??P]DFP have shown that 
administration of a protective dose of phenyl benzyl- 
carbamate to a hen did not prevent the challenge dose of 
DFP reaching the brain. 

Observation of the protective ability of these carbamates 
strengthens the evidence that inhibition of the specific 
PPA hydrolysing esterase is associated with the delayed 
neurotoxic effects of organophosphorus compounds. 

It seems possible that repeated ingestion of these or 
related carbamates would prolong the “temporary” 
inhibition to such a degree that neurotoxic effects would 
follow. This is being investigated. 

M. K. JoHNson 
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Carshalton, Surrey. 
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Deficiency of an Acid Lipase in 
Wolman’s Disease 


Primary familial xanthomatosis with involvement and 
calcification of the adrenals, affecting three siblings in 
early infancy, was first described by Abramov, Schorr and 
Wolman!? and further reports have appeared**, Failure 
to thrive, severe malabsorption and hepatosplenomegaly 
are early manifestations of the disease. Histochemical 
examination of visceral organs reveals extensive deposition 
of neutral fat and cholesterol, and the widespread occur- 
rence of foamy lipid-laden cells, while analysis of liver 
and spleen shows the stored lipids to be chiefly triglycerides 
and cholesteryl esters. 

We have studied three cases of Wolman’s disease (see 
Table 1) in which as well as a large increase in triglycerides 
and ester cholesterol of both organs we found a less pro- 
nounced inerease in free cholesterol and fatty acids 
particularly in the liver, while the phospholipid content 
was normal, Serum lipids were within the normal range. 
Thin-layer chromatography of tissue total lipid extracts 
on silica gel showed that the concentrations of diglycerides 

Table 1. TISSUE LIPIDS IN WOLMAN’S DISEASE 
umolesjg wet wt of tissue 





Tissue Ester . 
Tri- choles- Free Phospho- Fatty 
glyceride terol cholesterol lipid acid 
Case 1, liver (biopsy) 68 246 22 25 35 
Case 2, liver (autopsy) 80 78 12 3-2 19 
Controls 13-38 0-3 1-5-8-0 19-31 16-28 
Case 3, spleen (autopsy) 110 42 21 33 6-5 
Controls 0-6-1-5 0-1-3 T 8-130 16-34 12-30 
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and monoglycerides were also moderately enhanced. 
Such secondary lipid deposits, which are known to occur 
in other lipidoses’ may be the result of mutual solubility 
effects or more specific interaction between different 
types of lipid. Low levels of non-specific lipolyiie activity, 
confined to the diserete lipid storage bodies, however, 
may also contribute to the minor accumulation of the 
hydrolysis products of the primary lipid deposits in 
Wolman’s disease. 

The familial incidence of Wolman’s disease (Cases 1 
and 3 in our study were brothers) suggested that it arose 
from the congenital deficiency of an enzyme involved in 
the normal metabolism of the major accumulated lipids, 
namely, triglycerides and cholesteryl esters. Hence, 
we investigated relevant lipolytic activities of liver and 
spleen toward these substrates in both neutral and 
acid pH eonditions. Tissues were frozen in solid CO, 
immediately after removal and were stored at — 20° C for 
-18 months before assay. Autopsy specimens were 
obtained within 5 h after death. 

Enzyme assay at pH 72 revealed no deficiency of 
lipolytie activity in homogenates of liver of the Wolman’s 
disease cases. Rates of hydrolysis of cholesteryl acetate 
or oleate fell within a control range of activities, while 
the rate of hydrolysis of ‘Tween 80° (oleate)? was in each 
case considerably greater than control values. 

A lysosomal triglyceride lipase, having optimum 
activity at pH 4-2 in the presence of “Triton X-100’, was 
described for rat liver and kidney by Mahadevan and 
Tappel*. In similar assay conditions we detected in the 
iiver and spleen of all control cases, a lipase, optimum 
activity pH 4-6, which utilized both triglycerides and 
cholesteryl oleate as substrates. The lipase was entirely 
absent from the Wolman’s disease specimens (see Table 
2}. An acid lipase acting on both triglycerides and 
cholesteryl esters has not been described previously, 
but the absence of such activity from tissues in Wolman’s 
disease suggests that a single enzyme acts on both classes 
of lipid at specific intracellular localities. At the present 
time, however, this view cannot be wholly reconciled 
with the variable ratio of specific activities of control 
tissues against the different substrates. It is interesting 
that normal acid lipase activity was found in the ease of 
Type 1 glycogen storage disease, in which the liver was 
extensively infiltrated by neutral fat and cholesterol. 














Table 2, ACID LIPASE ACTIVITY OF LIVER AND SPLEEN 


moles fatty acid liberated/h/g 
wet wt of tissue 











Substrate 
Tissue Subject Diagnosis oe os 
Glyceryl Glyceryl Cholesteryl 
tridec- tripalmit- oleate 
anoate ate 
Liver Control Subphrenic abscess 93 37 47 
(biopsy) Control 2 Type 1 glycogenosis 59 27 Da 
Control 3 (°?) Hepatomegaly 78 49 -= 
Control 4 (%) Hepatomegaly 64 25 oo 
Case 1 Wolman’s disease ü 9 0 
Liver Control 5 Sugar intolerance 57 22 28 
autopsy) Control 6 Tay-Sachs disease 199 133 8-5 
Control 7 ( ?) Generalized 
aminoaciduria 188 79 12-5 
Case 2 Wolman’s disaase 0 0 0 
Spleen Control 8 Portalhypertension 176 132 145 
‘surgical) Control 9 Gaucher's disease 444 163 21-6 
Spi een Control 10 Krabbe’s leucodys- 
autopsy) trophy 226 116 15-6 
Case 3 Wolman’s disease 0 0 0 


The assay medium contained McIlvaine phosphate-citrate buffer, pH 4-4 
(0-25 ml); 15 mM substrate dispersion in 16 per cent ‘Triton X-100 (0-25 
mij; and tissue homogenate in 0-45 M sucrose, frozen and thawed three 
times (0-25 ml.), Homogenates were 5 per cent with glyceryl tripalmitate or 
«cholesteryl oleate as substrate, and 2 per cent with glyceryl tridecanoate. 
Fatty acid was estimated’ at zero time and after incubation for 1 h at 37° C. 


Sloviter et al.’° reported that the incorporation of 
4C-mevalonate and “C-glycerol into cholesteryl esters 
and triglycerides, respectively, by erythroeytes from 
Wolman’s disease patients was 5-10 times greater than the 
incorporation into normal cells. They suggested that the 
accumulation of lipids in this disease resulted from an 
increased rate of synthesis. A decreased rate of lipid 
degradation is an alternative explanation of their findings, 
but. at the moment there is nothing to suggest a possible 
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relationship between such an abnormality in erythrocytes 
and“ that of the acid lipase deficiency demonstrated for 
liver and spleen. 

The widespread and generally rapid development of 
lipid storage in affected infants suggests that the acid 
lipase has an important function in a normal pathway 
of degradation of triglycerides and cholesteryl esters, 
but the source of these lipids has not been defined. The 
intracellular location of the acid lipase and its relative 
distribution in different cell types, which show variability 
in the degree and type of lipid storage in Wolman’s disease, 
are at present unknown, but the acid pH optimum suggests 
that the lipase may be associated with lysosomes. The 
possibility of non-lysosomel location of the acid lipase 
cannot be ruled out, however. A lipase associated with 
the plasma membrane of rat liver parenchyma cells! 
showed optimum activity at pH 4-2 and was supposed to 
function in the absorption and hydrolysis of triglycerides. 
This enzyme differed from the lysosomal lipase in its sus- 
eeptibility to various inhibitors*. 

Evidence of lysosomal involvement in the storage 
process has been obtained from electron-microscopic 
and histochemical examination of affected tissues which 
showed the lipid-laden vacuoles to be delineated by intact 
membranes that were closely associated with acid phos- 
phatase activity. 

From our findings we conclude that Wolman’s disease 
results from deficiency of an acid lipase which thereby 
leads to the progressive accumulation of triglycerides 
and cholesteryl esters in lysosomes of affected tissues. 

A. D. PATRICK 
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Equilibration and Metabolism of 
Ethanol in the Goldfish 


Fıs have recently been used in alcohol research!-* and 
this communieation provides information about the meta- 
bolism and equilibration of alcohol by goldfish and draws 
attention to the possibility of using fish, especially 
goldfish, in alcohol research. 

Thirty-two large fish (15-20 cm) were divided into 
two groups and placed (ten fish individually and twenty- 
two fish in pairs of two) in water alcohol solutions of 
4 mg/ml. and 6-5 mg/ml. respectively, for varying time 
intervals up to 3 days. In addition, five fish of similar 
size were placed (three fish singly and two fish as a pair) 
in a 6-2 mg/ml. solution for 6 h and then in 11 1. of water 
for 1 or 2 h, respectively. A heparinized syringe with 
a 23 gauge needle was used to withdraw heart blood 
via the incised ventral surface of the fish. Both blood- 
alcohol and water alcohol were concomitantly determined 
by the method of Dubowsky’. The blood for twelve 
of the samples was equally combined from two fish in 
the same solution so that an adequate sample could 
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be obtained. The mean of three determinations was 
recorded. The correlation of the blood alcohol and 
water alcohol was expressed as a percentage of the water 
alcohol concentration (Fig. 1) or in mg alcohol/100 ml. 
blood (Figs. 2 and 3). 

To investigate the metabolism of alcohol, eight large 
goldfish (15-20 em) were placed (four singly and four 
in pairs of two) ina covered, aerated and filtered 11 1. 
of 5 mg/ml. alcohol solution for 24 h (tank A) at 70° F. 
This was paired with a similar tank (tank B) which did 
not contain a fish. Water alcohol determinations were 
performed at zero and 24 h. The amount of alcohol 
metabolized was determined by subtracting the differences 
in alcohol concentration between zero and 24 h in tanks 
A and B from each other. Knowing the weight of the 


100 p- 


Blood water alcohol ratios (per cent) 





š $ E 
1 2 3 4 5 6 5 days 
Time (h} 


Fig. 1. Level of blood alcohol expressed as a percentage of the water 
alcohol concentration for varying time intervals up to 5 days. © --- © 
4 mg/ml. ethanol; A — A, 6-5 mg/ml. ethanol. 


> 


Biood alcohol concentration (mg/mi.) 





1 2 
Time (h) 


x Time in which the blood alcoho! concentration, expressed in mg 
ethanol/ml. blood, approaches zero after taking fish which had been in 
6-2 mg/ml, for 6 h and placing them in 11 1. water for 1 and 2 h, respec- 


Fig. 2. 


tively. 


The zero time blood alcohol concentration was calculated by 
multiplying 


the correlation percentage (84-6) known from Fig, 1 by 
the concentration of the water alcohol solution. 
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mg ethanol/ml. blood 





5 days 


Time (h) 


Fig, 3. Blood alcoho! level, expressed as mg ethanol/ml. blood for fish 
placed in 4 or 6-5 mg/ml. after varying time intervals up to 5 days. 
———, 4 mg/ml; -~-, 6-5 mg/ml. 


fish and the small amount of water it contributed to 
the 11 1. solution, the ethanol metabolized in mg/kg/h 
can be determined. 

Fig. 1 expresses the blood alcohol level as a percentage 
of the water alcohol concentration. The levels after 
2, 3 and 6 h in a 4 mg/ml. and 6-5 mg/ml. solution. were 
65:8, 86-2 and 83-6, and 72, 85-7 and 84-6 per cent respec- 
tively. The curves of equilibration (Fig. 1) at both 
alcohol concentrations were found to be similar with 
a rise in blood alcohol up to 3 h and a slight decline 
between 3 and 6 h. Blood alcohol levels (Figs. 1 and 3) 
were found to be similar at 6 h and 5 days in a 6-5 mg/ 
mi. solution. 

Fig. 2 demonstrates that appreciable levels of blood 
ethanol (112 mg/100 ml.) are present after 2 h in water, after 
being in an ethanol solution of 6-2 mg/ml. for 6 h. The 
zero time blood alcohol concentration in Fig. 2 (5-25 
mg/ml.) was calculated by multiplying 6-2 mg/ml. by 
84-6, the correlation percentage known from Fig. 1. 

The decrease in ethanol in tanks A over 24 h was 
5-8 per cent while in tanks B, without the fish, the decrease 
in concentration was 4:4 per cent. Fish of an average 
weight of 87-8 g metabolized 275 mg/kg/h. 

Fig. 1 shows that absorption occurs by passive diffusion 
and that the permeability characteristics of the membrane 
did not change with drug concentration over the con- 
centration range of this experiment. The latter is useful 
in that the experimenter can follow the blood alcohol 
level by simply sampling the water concentration. With 
fish of similar size an approximation of the blood alcohol 
level could be made from Fig. 1 by knowing the length 
of time immersed. 

The alcohol levels at 6 h and 5 days are similar in a 
6-5 mg/ml. solution (Figs. 1 and 3) which is similar to 
earlier findings in a 5 mg/ml. solution. Consequently, 
the effect of alcohol in the goldfish may be studied in a 
steady state condition. 

Significant levels of blood alcohol were still found 
2 h after a fish which had been in a 6-2 mg/ml. solution 
for 6 h was placed in water. Yet, knowing that the blood 
alcohol level is below 2 mg/ml. even after 1 h in water 
(Fig. 2) may allow investigation of drug after-effects 
at that time, as blood levels of 2 mg/ml. do not affect 
observed behaviour or learning’. 

The rate of metabolism for the fish in this experiment 
compares favourably with rabbit and dog, which have 
been found by various investigators? to metabolize 
170-250 and 90-201 mg/kg/h, respectively, and is lower 
than the mouse or rat, which metabolizes 550-650 and 
350-628 mg/kg/h, respectively. 
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Brodie and Maickel’® felt that the goldfish could not 
metabolize drugs in vivo in part because of low liver 
TPNH activity. Because fish liver alcohol dehydrogenase 
(ADH) does not use TPN", Brodie and Maickel’s con- 
elusions are not relevant at least with alcohol metabolism 
in goldfish. 
R. RYBACK* 
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Aldolase C in Brain Tumour 


Turre molecular species of aldolase have been observed 
in mammalian tissues: aldolase A in muscle, aldolase B 
in liver and aldolase Ç in brain. We have already 
reported that the aldolase B found in the normal rat liver 
disappeared in the fast growing and highly malignant rat 
hepatomas and, instead, aldolase A was produced. In 
slowly growing rat hepatomas, aldolase 4, aldolase B and 
their hybrids were observed’. The existence of aldolase 
C in the brain attracted our attention and led us to in- 
vestigate the aldolase isozyme patterns of human brain 
tumours. 

Fresh tumour tissue removed at the operation room was 
homogenized with one volume of 20 mM tris HC! buffer 
(pH 7-4) containing 0-154 M KCl and 5 mM EDTA. The 
aldolase in the supernatant fraction obtained after centri- 
fugation at 105,000g for 60 min was assayed for activities, 
separated electrophoretically and stained on a cellulose 
acetate membrane as described before. 

Fig. 1 shows representative cases of aldolase isozyme 
patterns from cerebral cortex and brain tumour. The 
normal cerebral cortex showed bands of aldolase C, and 
aldolase A with three hybrid bands. The pattern was 
the same in white matter. It is clear that glioblastoma 
possessed aldolase C, aldolase A and their hybrids, and 
meningioma lacked aldolase C or its hybrids with aldolase 
A. 


Table I. ALDOLASE ACTIVITIES OF BRAINS 


FDP FiP FDP/FIP ratio 
Tumours (units/g protein) 
Cerebral cortex 120-8 63 19-2 
Glioblastoma 541 24 20-8 
Meningioma 78-6 28 47-6 


Average values from several determinations. 


The aldolase activities of brain tumours toward fructose- 
1,6-diphosphate (FDP) and F1P are listed in Table 1. The 
average ratio of FDP/FIP was about 50 for meningioma 
but those of cerebral cortex and glioma were far lower 
than 50. These data also show that aldolase in glioblastoma 
consisted of aldolase C and aldolase A peptides and that 
aldolase in meningioma was chiefly aldolase A. Nerve 
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Aldolase of brain tumour (em) 
Origin 


Cerebral cortex 
Glioblastoma 
Meningioma 
Cerebral cortex Glioblastoma Meningioma 
Fig. 1. 








Isozyme patterns of aldolase and their densitometric tracings. 


cells and glia cells originate from the ectodermal com- 
ponent? and it seems reasonable to suppose that glio- 
blastoma has the same aldolase pattern as cerebral cortex, 
and that meningioma, which is thought to be of meso- 
dermal origin, is different in its aldolase pattern. 

Studies on relationships between patterns of aldolase 
isozymes and other types of tumours are now being 
carried out. Aldolase isozyme pattern in brain tumour 
may offer a new biochemical tool for the differential diag- 
nosis of the brain tumours, the histological diagnoses of 
which are equivocal. 
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Chloroplasts as Functional 
Endosymbionts in the Mollusc 
Tridachia crispata (Bergh), 
(Opisthobranchia, Sacoglossa) 


Tue sacoglossan opisthobranch gastropod T'ridachia 
crispata (Bérgh) was reported by Yonge and Nicholas! 
to have symbiotic unicellular zooxanthellae (Dinophyceae). 
It was suggested that there was a functional relationship 
between the algae and the marine slugs. 

I have reinvestigated T'ridachia crispata and have found 
that the “zooxanthellae” of Yonge and Nicholas are not 
present. Instead, the slugs possess free chloroplasts, not 
whole algal cells, as functional endosymbionts. 

The chloroplasts are 2 to 3 microns in diameter and are 
located in the cells lining the tubules of the digestive 
diverticulum. They are like the structures reported in 
Elysia viridis by Brandt? which have recently been shown 
to be free chloroplasts*. The morphological relationship 
between the plastids and the host cells in J’. crispata is 
very similar to that shown in Æ. viridis’ and Elysia 
atroviridis*. Electron microscope studies show that the 
plastids in Tridachia are bounded by double membranes, 
and have thylakoids (Fig. 1) consisting of up to nine 
double membranes. Osmiophiliec granules and what are 
interpreted as starch grains were often seen in the 
chloroplasts. 

The slugs show a dull-red fluorescence under long wave- 
length ultraviolet light. Oxygen consumption measure- 
ments show that they produce more oxygen than they 
consume in the light. These observations are consistent 
with the presence of functional chloroplasts. Whole slugs 
were incubated with MCO, (20 Ci x ml. “1; 25-5°C; 
200 foot-candles) for periods of up to 5 h, and the in- 
corporation of radioactivity detected by autoradiography 
of histologically prepared sections. Control specimens 
were incubated similarly, but in the dark. 

Experimental animals in the light fix appreciable 
amounts of NC. -a HC fixation by the control 
specimens is neg ple 

The tubules of the digestive diverticulum (Fig. 2), the 
renopericardium, “Hpid-like” sheaths surrounding the 
cephalic ganglia, and the entire pedal mucus gland (Fig. 3) 
incorporate “C when incubated in the light. The pedal 
mucus gland showed the highest. level of radioactivity as 
judged by the intensity of silver grain reduction ove plying 
the tissue, 

Because the chloroplasts are the only photosynthetic 
units detected in the animal, my observations are con- 














Fig. 1. Electron micrograph of chloroplasts in a digestive gland cell 
of Tridachia crispata. c, The limiting double membrane surrounding 
the chloroplasts; th, chloroplast thylakoids: a, animal cell membranes 
$ iated with chloroplasts: m, mitochondria in host cell. (Glutaralde- 
hyde fixed, osmium post fixed, uranyl acetate, lead citrate stained.) 
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Fig. 2. Autoradiograph of transverse section of a parapodium of T., 
crispata which was incubated in the light in “CO, for 1 h. Arrows 


point to sections through the terminal portions of the tubules of the 
digestive diverticulum, 





Fig. 3. Auteradiograph of a longitudinal section (unstained) through 
the anterior portion of T. crispata which was incubated in the light 
for 5h. pg, Mucus pedal gland; bm, buccal mass; f, foot. 








sistent with the interpretation that products of chloroplast 
photosynthesis are translocated to the chloroplast-free 
animal organs, where they are probably metabolized as 
animal carbon. 

Pigments extracted from Tridachia (after removal of the 
gut), from the green siphonaceous alga Caulerpa recemosa 
var. uvifera, and from zooxanthellae from the jellyfish 
(Rhizostomae) Cassiopeia frondosa were compared spectro- 
photometrically and chromatographically. A siphonaceous 
alga was chosen for the comparison because Æ. atroviridis, 
another sacoglossan, has been reported to have symbiotic 
chloroplasts derived from Codium fragile (Siphonales)*. 
E. viridis? and the Hawaiian slug Placobranchus iantho- 
bapsus (unpublished results of R. W. Greene) also have 
chloroplasts derived from siphonaceous algae. Fig. 4 
shows that the pigments separated from the slug T. 
crispata and from the marine alga C. racemosa are similar, 
but both differ from those of zooxanthellae. The 
characteristic xanthophyll pigment of zooxanthellae 
(Dinophyceae), peridinin’, is present in control” zoo- 
xanthellae, but was not detected in extracts from 
Tridachia, Furthermore. xanthophyll pigments character- 
istic of the Siphonales (siphonaxanthin and siphonein)* 
have been identified in extracts from Tridachia and 
Caulerpa. This is further evidence that the symbionts in 
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Fig. 4. Chromatographic comparison of total pigment extracts from 

the green alga Caulerpa (Siphonales), the sacoglossan T'ridachkia and 

zooxanthellae (Dinophyceae). Chromatograms were developed in 15 

per cent hexane in diethyl ether. The named pigments were spectro- 
photometrically identified. 


Tridachia are not zooxanthellae; rather, they 
characteristic of chloroplasts in Siphonales. 

Because no unicellular siphonaceous algae of the 
reported dimensions are known, the pigment composition, 
together with data on ultrastructure, establishes that the 


cehlorophyll-containing organelles in T. crispata must be 


are 


chloroplasts. This interpretation is strengthened by the 
observation that sacoglossans feed on siphonaceous 


algae, piercing the cell wall with the radula and sucking 
out the cell contents'**. The precise species of alga on 
which Tridachia feeds is not known, and it is not certain 
that Caulerpa is the food source. 

The way in which the chloroplasts are acquired and 
kept in a functional state is not fully understood’. The 
larvae are chloroplast-free up to the post-veleger stage. but 
the point at which the symbiotic flora is acquired is not 
yet known. Whether the plastids divide in the host cells 
as the host grows, or whether they are digested and 
replaced from the food source is also unresolved. On 
the basis of electron micrographs alone, however, it is 
wrong to propose, as was done by Kawaguti and Yamasu' 
that the plastids are digested by the host. Taylor? shows 
that the resident time of the chloroplasts in Æ. viridis 
is brief, but this may not be the case in all associations. 
In more detailed studies’, I found that the chloroplasts in 
another sacoglossan, T'ridachiella diomedea, remain func- 
tional for up to 6 weeks after the animal is removed from 
a source of plastid replenishment. 

It is significant that the chloroplasts can function 
outside the native plant cell, and that the host can provide 
the necessary milieu for their normal activities. 

It is interesting that the main target organs for the 
photosynthetic products of the symbionts are mucus 
secreting tissues. This phenomenon has been reported by 
Goreau, Goreau and Yonge? in the symbiotic association 
of zooxanthellae with the giant clam Tridacna. They 
réport that the products of zooxanthella photosynthesis 
become associated with “‘secretory organs such as the 
mucus glands. the byssal glands, digestive diverticula, 
heart and intestine, the epithelium secreting the crystalline 
style and the crystalline style”. The crystalline style in 
other clams is known to be composed of large amounts of 
mucopolysaccharide®. 
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The translocation of photosynthetic products from 
symbiotic algae to their host’s tissues is well established 
in other associations where the autotrophic partner in the 
association is whole algae", but it has not been shown to 
occur in chloroplast associations. 

The relationship of invertebrates with chloroplasts is 
very likely a well integrated one, because of the complex 
requirements for chloroplast photosynthesis outside the 
parent cell. The kind of association portrayed by 
Tridachia and the other sacoglossans is consistent with 
the concept of “plasmid symbiosis” as discussed by 
Lederberg!! and Ris'*, and recently reviewed by Kirk and 
Tilney-Bassett’? and Sagan". 

I thank Professor and Mrs T. F. Goreau for help and 
encouragement, and for providing facilities during the 
summer of 1967; Mrs H. Bohm for helping with thin- 
layer chromatography; Mrs B. G. Bystrom for helping 
with the electron microscopy; and Dr L. Muscatine for 
support. I also thank Mr R. W. Greene for discussions. 
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Ethrel (2-Chloroethanephosphonic Acid) 
a Tool for Plant Hybridizers 


Hysrip seed of monoecious cucurbits is costly because 
roguing staminate flowers from seed-parent lines and 
transferring pollen from male to female parents by hand is 
costly. The introduction of a new growth-regulating 
compound, ethrel (2-chloroethanephosphonic acid) (Am- 
chem Products, Inc., Ambler, Pennsylvania), offers 
promise in significantly reducing the labour necessary for 
production of hybrid cucurbit seed. 

Ethrel has profound effects on the sex-expression of 
many plant species and the sex-expression of monoecious 
cucumbers can be altered to resemble that of gynoecious 
cucumbers!. The possibilities of increasing yield by apply- 
ing ethrel to cucumbers have been investigated’. Other 
investigators? have shown that 2-haloethanephosphonic 
acids will induce flowering of pineapple. 

In greenhouse tests many cucurbit cultivars treated 
with ethrel have responded similarly to cucumbers. The 
general effects of ethrel on cucurbits have been stunting 
and an increase in pistillate flowers accompanied by the 
elimination or a decrease in staminate flowers. Thus 
ethrel can be used as a tool for eliminating pollen on the 
seed parent. 
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Eight cucurbit cultivars were treated with one of three 
concentrations of ethrel: 240, 480, 960 p.p.m. Plants 
were sprayed to run-off when the first true leaf was 2-3 cm 
diameter. A second application was made 48 h later. 
Treatment of ‘SC 23’, a monoecious cucumber, always 
delayed staminate flowering at least 30 days and reduced 
the time to pistillate flowering by 20 days by the low 
concentration and 13 days by the high concentration 
(Table 1). 


Table 1, EFFECTS OF ETHREL ON SEX-EXPRESSION OF CUCURBIT CULTIVARS 
Botanical Ethrel Days to first flower t 
classification. Cultivar treatment* Staminate Pistillate 
ppm. 
Cucumis rativus ‘SC 22° 0 33 56 
240 63+ 36 
480 63+ 40 
960 63+ 43 
Cucurbita mazima  “Turk’s Turban’ 0 50 50 
240 72 51 
480 76 57 
960 90+ 63 
Cucurbita moschata ‘Butternut 23° 0 69 2 
240 90 52 
480 90 + B2 
960 90+ 85 
Cucurbita pepo ‘Zucchini Elite’ 0 51 57 
240 8: 64 
Cucurbita pepo ‘Seneca Prolific 0 36 32 
240 72 37 
480 83 40 
960 90+ 43 
Cucurbita pepo ‘Jack O'Lantern’ 0 42 7 
240 42 bt 
480 65 48 
960 72 37 


* Initial application when first true leaf 2-3 cm in diameter, second 
application 48 h later. 


+ Days from seeding to opening of first flower; numbers followed by + 
indicate that no flowering had occurred after that many days. 


With the bush cultivars ‘Zucchini Elite’ and ‘Seneca 
Prolific’ (Cucurbita pepo), staminate flowering was delayed 
at least 32 days by the low concentration and as much as 
54 days by the high concentration (Table 1). Pistillate 
flowers were delayed 5-7 days by the low concentration 
and 11 days by the high concentration. All three 
concentrations of ethrel treatment enhanced pistil- 
late flowers of a vining cultivar of this species, ‘Jack 
O’Lantern’; but staminate flowers were delayed only by 
the two highest concentrations. The low concentration 
enhanced pistillate flowering of the ‘Butternut 23° 
cultivar of Cucurbita moschata while staminate flowers 
were delayed at least 21 days by all three concentrations. 
Pistillate flowers were slightly delayed on “Turk’s Turban’ 
squash (Cucurbita maxima); however, staminate flowers 
were delayed at least 22 days. All flowering of ‘Edisto 47° 
muskmelon (Cucumis melo) and ‘Charleston Gray’ 
watermelon (Citrullus vulgaris) was delayed at all con- 
centrations. 

All three concentrations increased the number of 
pistillate flowers of ‘SC 23’ cucumber and ‘Jack O’Lantern’ 
pumpkin; while two lowest concentrations enhanced 
pistillate flowering of ‘Butternut’ squash; and the highest 
concentration had the same effect on ‘Turk’s Turban’ 
squash. The number of pistillate flowers on ‘Zucchini 
Elite’ and ‘Seneca Prolific’ given the lowest concentration 
were comparable with control plants. No increase in 
pistillate flowering was observed on either muskmelon 
or watermelon. 

With all cucurbits, stunting increased with inereased 
concentration or number of applications. Stunting at the 
lower concentrations was slight, occurred soon after 
treatment and, in all cases, subsequent plant growth 
compared favourably with that of control plants. As the 
treatment rate increased, there was a decrease in staminate 
flowers and an increase in pistillate flowers. 

Pollinations of treated cucumber plants, using pollen 
from untreated plants, resulted in fruit set and subsequent 
seed set comparable with that on controls. The seed 
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germinated readily, and the seedlings appeared normal, 
Our research indicates that ethre! treatment does not have 
deleterious effects on cucumber seed development or 
germination. 

The delay and/or reduction in number of staminate 
flowers, coupled with the increase in number and/or 
earliness of pistillate flowers caused by ethrel, should be of 
great importance to those interested in hybridization. It 
appears that hydrid seed can be produced without much 
hand labour. Ethrel is also useful for speeding up green- 
house breeding programmes. We have advanced female 
flowering 28 days on cucumbers and some of the vining 
Cucurbita pepo cultivars by treating with ethrel. 


R. L. LOWER 
C. H. MILLER 


Department of Horticultural Science, 
North Carolina State University, 
Raleigh, North Carolina. 
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2-Methylithioadenosine-5'-phosphate: 

a Specific Inhibitor of Platelet 
Aggregation 

Certain analogues of adenosine have been found to act 
both in vive as vasodilators and in vitro as inhibitors of 
ADP-mediated platelet aggregation, and Born et al.’ sug- 
gested that this dual activity may preclude the potential 
usefulness of adenosine analogues as antithrombotic 
agents. Work in this institute with 2-substituted adenosine 
analogues showed that, although they have both vaso- 
dilatory and platelet aggregation inhibitory properties, 
some analogues, for example, 2-methoxyadenosine and 
2-trifluoromethyladenosine, were considerably less potent 
as inhibitors of platelet aggregation than as vasodilators 
(Table 1). These observations suggested that it may be 
possible in suitable analogues to separate the two effects. 
2-Methylthioadenosine-5’-phosphate (patent application 
filed) was found to be a potent inhibitor of ADP-mediated 
platelet aggregation but to have no discernible effects on 
the cardiovascular system. 


Table 1. RELATIVE EFFECTIVENESS OF NUCLEOSIDES AS VASODEPRESSORS 
AND INHIBITORS OF PLATELET AGGREGATION 
Inhibition of 
Nucleoside* Vasodepressor potency platelet 
Ratt Guinea-pig} aggregation t 
Adenosine 1 1 1 
2-Methoxyadenosine 0-3 M4 0-02 
2-Methylithioadenosine Ot 0-18 4 
2-'Trifluoromethyladenosine 0-12 0-12 ool 


Data are molar potency ratios. 


* 9.Methoxyadenosine® and 2-trifluoromethyladenosine? were synthesized 
as described before; our synthesis of 2-methylthioadenosine will be reported 
elsewhere. 

+ Means of five or more separate observations. Doses were used which 
produced 25 per cent depression of blood pressure in animals anaesthetized 
with ‘Nembutal’. 

} ADP-mediated platelet aggregation. Means of ten or more experiments 
using sheep platelet-rich plasma at 37°C. The inhibitors were pre-incubated 
in platelet-rich plasma for 2 min before ADP was added. 


2 - Methylthioadenosine-5’ - phosphate (2 - methylthio - 
AMP) was synthesized from the 2’,3’-O-isopropylidene 
derivative of 2-methylthioadenosine by the phosphoryla- 
tion procedure described by Tener?, and was isolated in 
good yield as white needles, melting point 192°~195° C 
(decomposition), which were analytically pure (analysis 
caleulated for C,,H,.N;O,PS-H,O: ©, 32:12; H, 4-41; 
N, 17-03; P, 7-53 per cent. We found: C, 31:77; H, 4°42; 
N, 16-94; P, 7-45 per cent). 
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Platelet aggregation studies were carried out on samples 
of platelet-rich plasma prepared from sheep, dog and 
human citrated blood using the turbidimetric technique 
reported before’. 2-Methylthio-AMP in micromolar con- 
centrations inhibited the ADP-mediated aggregation of 
platelets in platelet-rich plasma from these three species 
and in Table 2 the potencies of 2-methylthio-AMP are 
compared with the potencies of AMP, adenosine and 2- 
rnethylthioadenosine. There was considerable species 
variation in the response of platelet aggregation to in- 
hibition by 2-methylthio-AMP; sheep platelets were the 
most sensitive and human platelets the least sensitive. 
2-Methylthioadenosine was twenty times less potent than 
2- pee AMP as an inhibitor io sheep and dog plite: 
thio- AMP as an m hibitos of DaKa pl latelet  nporeretion: 
When 2-methylthio-AMP was pre-incubated in sheep, 
dog and human platelet-rich plasma for up to 30 min 
before the addition of ADP the potency of the analogue 

vas not affected, in contrast with the results of pre- 
incubating AMP and 2-chloro-AMP in sheep platelet-rich 
plasmat. With increasing periods of incubation the 
potency of AMP decreased while that of 2-chloro-AMP 
increased. This was presumably a consequence of the 
hydrolysis of AMP to adenosine and of 2-chloro-AMP to 
2-chloroadenosine, by plasma phosphatase or 5’-nueleotid- 
ase and concomitant deamination of adenosine to inosine. 
2-Methylthio-AMP can be presumed to be a substrate for 
plasma 5’-nucleotidase. for it has been shown to be a 
substrate for 5’-nucleotidase purified from rat heart, and 
it has a Vmax similar to AMP and a Km rather higher 
than that of AMP (unpublished results of M. Edwards 
and M.H.M.). 2-Methylthioadenosine was less potent 
than 2-methylthio-AMP as an inhibitor of platelet aggrega- 
tion and this suggests that 2-methylthio-AMP acts directly 
on the adenosine-ADP platelet receptor? >, rather than 
acting after hydrolysis to 2-methylthioadenosine. Using 
human platelet-rich plasma the log dose-response curves 
for ADP-mediated platelet aggregation in the absence of 
inhibitors and in the presence of 2-methylthio-AMP, AMP 
and adenosine were parallel, indicating a direct competitive 
mode of action for 2-methylthio-AMP at the adenosine— 


ADP receptor (Fig. 1). 


INHIBITORS OF PLATELET AGGREGATION 


Concentration (M) required for 
50 per cent inhibition* 








Table 2, 


Platelets 
Sheep Dog Human 
2-Methylthio-AMP Oh 1-3 8-6 
Adenosine p2 24 10 
AMP 10-0 18+ 105 
2-Methyithioadenosine 11-0 2OF 12-8 


* The inhibitors were pre-incubated in platelet-rich plasma at 37° C for 
2 min before 0-6 yM ADP was added. 

The values represent the means of results obtained with three or more 
batches of platelet-rich plasma except for two cases when only one batch 
of plasma was used t. 






2-Methylthio-AMP (750 ug/kg) was administered to dogs 
anaesthetized with ‘Nembutal’, and blood was sampled up 
to 3 h later. The response of platelets to ADP decreased, 
indicating that 2-methylthio-AMP in vivo reduces the 
aggregatability of platelets, and that the effect of the 
analogue on the platelets lasts for up to 3h. The aggre- 
gates which formed in this case disaggregated more rapidly 
than aggregates formed in platelet-rich plasma prepared 
from blood samples before the administration of 2-methyl- 
thio-AMP. Such accelerated disaggregation of ADP- 
induced platelet aggregates was not observed in platelet- 
rich, plasma prepared from animals subjected to the 
same experimental treatment, but without receiving 2- 
methylthio-AMP. These observ ations suggest that 2- 
methylthio-AM P induced changes in the platelets them- 
selvi Sheep, human and dog platelets aggregated by 
ADP in vitro in the presence of 2-methylthio-AMP also 
disaggregated more rapidly than control aggregates. 
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2-Methylthio-AMP, given intravenously in doses of 
2 mg/kg, had no effect on the blood pressure of anaesthet- 
ized guinea-pigs and rats, while 680 ug/kg and 1,000 ug/kg 
of 2-methylthioadenosine caused a 25 per cent decrease 
in blood pressure of guinea-pig and rat, respectively. A 
dose of 750 ug/kg of 2-methylthio-AMP had no effect on 
the blood pressure, heart rate or respiration rate of the 
dog. The analogue administered intravenously to mice, 
in a dose of 75 mg/kg, was found to be non-toxic, and 
produced no observable overt effects. 

Inhibitory propertics have been separated clearly from 
vasodilatory properties in the case of 2-methylthio-AMP 
platelet aggregation. The analogue seems to show great 
promise as a drug for use in clinical situations where 
platelet stickiness must be reduced, for exarople, in post- 
operative situations, for heart implants and in rejection 
crises after organ transplants when vascular blockades 
are caused by platelet aggregates. 


Initial rate of aggregation 





we 


1-2 14 
Concentration of ADP (x 10°* M) 


0-3 0-6 


Fig. 1. Log dose-response curves for the aggregation of platelets in 

human platelet-rich plasma in response to ADP alone (@), and in the 

presence of 5 uM AMP (A), 1-2 uM adenosine (©), and 15 uM 2-methyl- 

thio-AMP (A). The initial rates of aggregation were measured as 

described earlier‘. Points shown are results obtained with two different 
batches of plasma. 
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Factor reducing “Fe Incorporation into 
Mammalian Cells 


Arrer local X-irradiation of the spleen of rabbits, a 
factor inducing a considerable drop of the reticulocyte 
number is released into the blood serum’. This factor 
is either gamma-globulin or perhaps a small molecular 
compound attached to :t?. We have investigated whether 
serum or gamma-globulin from X-irradiated rabbits: 
influences iron incorporation into red blood cells in vivo 
and into bone marrow cells in vitro. 

In preliminary experiments, rabbits were given, per kg 
body weight, either serum containing 100 mg protein 
or 3 mg gamma-globulin from X-irradiated rabbits. 
Controls were given the same amount of serum or gamma- 
globulin from unirradiated animals. Three h after these 
injections each animal received 4:5 pCi/kg *Fe citrate 
intravenously. The radioactivity in red blood cells 
withdrawn from the ear vein of the animals and washed 
twice with saline was determined I, 2, 3, 4 and 5 days 
after *Fe injection and was found to be reduced following 
either the injection of serum or gamma-globulin from 
irradiated rabbits, as compared with the controls. 

In other in vivo experiments either serum containing 
60 mg protein or 6 mg isolated gamma-globulin from 
X-irradiated rabbits was given per 100 g body weight 
to five rats subcutaneously. In every experiment the 
same number of control animals received the same 
amount of serum or gamma-globulin from unirradiated 
rabbits. Three h after the injection of the serum and 
2h after the injection of gamma-globulin, each animal 
received 1 pCi **Fe citrate, intravenously. Fe activity 
in red blood cells obtained by the decapitation of the 
rats was measured 24 h after treatment with serum or 
4h after treatment with gamma-globulin. **Fe incorpora- 
tion was depressed after injection of serum or gamma- 
globulin from irradiated animals, as compared with the 
controls (Table 1). 


Table 1. Fe INCORPORATION INTO CIRCULATING RED BLOOD CELLS FOLLOW- 
ING INJECTION OF SERUM OR GAMMA-GLOBULIN FROM SPLEEN X-IRRADIATED 
RABBITS 


Fe activity in 


Number Number of total red blood cells 

of Serum Gamma-globulin in per cent of Decrease 
experi- Irradi- Iradi- injected activity per cent 
mente Normal ated Normal ated Normal Irradiated 

1 26 25 22-5 wd — 38 

2 26 25 38:1 19-0 -5i 

3 30 31 29-8 15-2 — 49 

4 30 31 2-5 13 — 30 

5 38 40 3-5 26 ~ 25 

6 43 41 18 15 — 17 

T 45 44 31 2-0 -35 

& 45 44 36 2-4 — 32 


According to Koch et al.3, the decreased iron incor- 
poration found in circulating red blood cells following 
irradiation indicates a decrease of erythropoiesis. Donati 
et al, however, have shown that reticulocytes may 
incorporate iron not only while they are still in the bone 
marrow but also in the circulating blood. To exclude 
the role of any higher regulatory mechanism, we experi- 
mented with bone marrow cells in vitro. 

Our system consisted of: 1-5— 2-0 x 107 nucleated bone 
marrow cells suspended in 1 ml. 0-15 M phosphate buffer, 
pH 7-4, to which we added 60 mg protein in 1 ml. serum 
or 6 mg isolated gamma-globulin in 1 ml. saline, and 
0-5 pCi 5%Fe citrate dissolved in 1 ml. saline. After 
incubation for 2 h the acidhaematin was extracted® 
and its radioactivity determined. The spectra of these 
extracts were identical with those of crystalline haem®. 
The equilibrium of the *Fe and **Fe incorporations 
is reached after 40-60 min in the in vitro system. No 
deerease of iron incorporation was found with sera or 
gamma-globulin from animals the liver of which instead 
of the spleen was irradiated (Table 2). 

Four gamma-globulin batches (numbers 25, 31, 41 
and 61) used in these experiments were also checked 
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Table 2. HAEM SYNTHESIS IN RAT BONE MARROW CELLS in vitro INFLUENCED 
BY SERUM OR GAMMA-GLOBULIN FROM SPLEEN X-IRRADIATED RABBITS 


Fe activity 


Number of (c.p.m./107 bone De- 
Number Serum Gamma-globulin marrow cells) erease 
Irradi- Irradi- Trradi- per cent 
Normal ated Normal ated Normal ated 
1 26 25 5,818 4,750 -19 
2 26 25 7,176 4,588 — 36 
g 30 31 6,894 5,710 — 25 
4 30 31 6,770 5,212 ~ 23 
5 38 40 3,615 3,501 -Ë 
6 38 4l 8,971 6,189 -— 31 
7 43 41 3,648 3,101 — 15 
& 45 44 6,090 3,471 — 43 
9 49 61 5,740 2,975 — 48 


We found 
reticulocyte count of healthy 


for their influence on the reticulocyte count, 
that they depressed the 
rabbits to 39-70 per centt. 
These experiments show that the factor found in the 
sera of spleen-irradiated animals depresses the reticulocyte 
count?? and reduces **Fe incorporation both into circu- 
lating red blood cells and into the haem of bone marrow 
cells; the latter observation indicates a drop in haem 
synthecis in bone marrow cells. 
We thank Miss Fénagy, Mrs Graf, Mrs Sarlós and Miss 
Tihanyi for their assistance. 
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Sensitivity of Neurones of the 

Insect Central Nervous System to 
lontophoretically Applied Acetylcholine 
or GABA 


NEURONES of the insect central nervous system have 
proved to be relatively insensitive to applied acetyl- 
choline!-*. The threshold to acetylcholine applied to the 
nerve cord ranged from 10-? M to 10° M. An explanation of 
this is that there is a high concentration of choline esterase 
around the nerve cell which effectively reduces the con- 
centration of acetylcholine at the neurone surface to 
considerably below that applied to the whole central 
nerve cord. 

Until recently it has been difficult to penetrate the 
neurones in the insect central nervous system with micro- 
electrodes and obtain stable membrane potentials and 
action potentials. There is now, however, considerable 
evidence that microelectrode recordings can be obtained 
from insect central neurones?~* and it is possible to obtain 
action potentiala from such cells for periods of several 
hours?®, 

Fig. 14 shows the activity of a nerve cell in the sixth 
abdominal ganglion of the cockroach Periplaneta ameri- 
cana. The resting potential was 55 mV and the action 
potential 104 mV. The duration of the action potential 
was 3-5 ms. In many preparations it was possible to see 
post synaptic activity (EPSP and IPSP). When’ the 
microelectrode was filled with Procion yellow, similar 
recordings could be obtained. The cell could then be 
filled with the dye and later histological investigation 
showed the position of the electrode. Fig. 1B shows a 
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Fig. 1. A, Microelectrode recording of spontaneous action potentials from 
a neurone in the sixth abdominal ganglion of the cockroach. B, Photo- 
graph in ultraviolet light of a neurone that had been penetrated with a 
microelectrode Hiled with Procion yellow. The location of the micro- 
electrode can be thus determined. The electrode was in the cell (shown 
white in the photograph) and notin an axon. C, lontophoretie injection 
of acetylcholine (50 nA). D, Iontophoretic injection of acetylcholine 
(120 nA}. Æ, Dose response relationship between amount of acetyl- 
choline injected onto neurone Gontophoretic current) and the response of 
the neurone (mV depolarization). F, Dose response relationship between 
amount of GABA injected onto neurone (iontophoretic current) and the 
response of the neurone (m¥ hyperpolarization). 


photograph of such a preparation. The marked cell 
fluoresces a bright yellow orange colour (white in the 
photograph). Such histological studies show that the 
electrode is actually in the cell body and not in a branch of 
the axon. 

lontophoretic application of acetylcholine from a second 
electrode close to the neurone surface led to a depolariza- 
tion of the membrane. When the amount of acetylcholine 
injected onto the neurone was increased, the depolarization 
increased and the cell fired off a series of action potentials. 
Fig. 1C shows the effect. of passing 50 nA of current 
through the electrode. There was a depolarization of the 
cell and two action potentials followed. When a larger 
current was passed through the iontophoretic elec- 
trode (Fig. 1D, 120 nA) there was a larger depolariza- 
tion and four action potentials. Experiments where the 
solution in the iontophoretic electrode was NaCl showed 
that the depolarization was not caused by the ionto- 
phoretic current but by the acetylcholine. The 
response of the cell was proportional to the amount of 
acetylcholine applied. Fig. 1E shows the relationship 
between the cell’s response and the amount of acetyl- 
choline applied. The threshold to acetylcholine was 
1-31 10-1 M. 

A similar series of experiments was carried out using 
gamma amino butyric acid (GABA) in the iontophoretic 
electrode. GABA hyperpolarized the nerve cell, the 
hyperpolarization being proportional to the amount of 
GABA injected onto the neurone (Fig. LF). GABA also 
stopped any spontaneously active potentials in the nerve 
cel. The threshold to GABA was 1-05 x 10-8 M. 
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The effect of acetylcholine is to increase the membrane 
permeability to sodium ions while the effect of GABA is to 
increase the membrane permeability to chloride ions. 
This was shown by changes in the ionic composition of the 
saline around the neurone and the injection of ions into 
the cell body. 

The sensitivity of the insect neurone to acetylcholine 
or GABA compares favourably with that of the crustacean 
nerve muscle junction! or the mollusc neurones'?, We 
have carried out a series of experiments using the same 
iontophoretic electrode on insect neurones and snail 
neurones and have found that both have a similar 
sensitivity to acetylcholine. Measurements of reversal 
potentials in insect neurones indicate that the EPSP and 
the IPSP are the same as those for acetylcholine and 
GABA respectively and that there is a similar change in 
ionic permeability between the natural transmitter and 
the chemical applied on the post synaptic membrane. 

Our work strengthens the evidence that acetylcholine 
is the excitatory transmitter in the insect central ner- 
vous system and that GABA is the inhibitory trans- 
mitter. The breakdown of the acetylcholine between the 
site of application and the site of action probably explains 
why relatively high concentrations of acetylcholine have 
had to be used in the past to elicit excitation of insect 
neurones. The research has been supported by a grant from 
the Agricultural Research Council. 
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Mechanism of Coupling of Oxidative 
Phosphorylation and the Membrane 
Potential of Mitochondria 


THE existence of an electrical potential difference at the 
mitochondrial membrane is one of the postulates of 
Mitchell’s chemiosmotic theory of oxidative phosphoryla- 
tion'*, A shunting of the mitochondrial membrane leads 
to the uncoupling of oxidative phosphorylation. It has 
been demonstrated that uncoupling agents increase the 
proton permeability of phospholipid micelle membranes* 
and artificial bimolecular membranes‘-?. Mitchell and 
Moyle? showed that uncouplers can operate as proton 
carriers in mitochondrial membranes. 

This communication is an attempt to prove directly 
the existence of a potential difference at the mitochondrial 
membrane. If such a potential exists, compounds 
inducing equal permeability for H+ ions should produce 
equal uncoupling effects. The penetrating cations should 
be actively transported through the membrane into mito- 
chondria while penetrating anions should go out of mito- 
chondria but into sonie mitochondrial particles (SMP) 
which have the opposite membrane polarity. Cation 
transport in mitochondria should decrease the pH of 
extramitochondrial space while anion transport in SMP 
should increase the pH of extra-SMP space. 
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Our methods have been described in refs. 4, 9-12. 
Fig. 1A is a plot of uncoupling efficiency in mitochondria 
against that in bimolecular membranes prepared from mito- 
chondrial phospholipids. The concentrations of uncouplers 
inducing two-fold stimulation of succinate oxidation in 
state 4 are plotted against the concentrations of the same 
agents that increase the membrane proton conductance 
by 5x 10 mho/cm?. There is a good correlation between 
these two parameters for most of the uncouplers. 

A number of synthetic ions have been found which 
possess hydrophobic groups and penetrate the membrane 
without changing the membrane permeability for H*, 
OH- or other ions present in the incubation mixture 
(Fig. 1B). 

Fig. 1C shows the pH responses on the addition of 
such ions to mitochondria and SMP in state 4. These 
results and other tests show that synthetic penetrating 
cations brought about the same alterations in mito- 
chondrial functions as did Catt ions or K+ ions in the 
presence of valinomycin. The active transport of K+ into 
mitochondria in the presence of carriers has been described 
by Pressman and coworkers", Our experiments suggest 
that. such an effect takes place with all penetrating cations. 

To prove that ions are translocated through the mito- 
chondrial membrane under the influence of the electrical 
field it was necessary to demonstrate the active transport 
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of penetrating anions in the opposite direction. The 
result of a typical experiment is shown in Fig. 1D. It is 
seen that anion concentration in the incubation medium 
decreases when SMP hydrolyse ATP or oxidize succinate. 
Approximate calculation of the concentration gradient 
across the SMP membrane after energy dependent accum- 
ulation of the anion gave the value of > 1,000 which corre- 
sponds to a membrane potential of > 180 mV. The total 
electrochemical potential difference across the membrane 
(taking into account pH changes) is more than 200 mV. 
Assuming the membrane potential as proved we must 
consider the following three possibilities. (1) According 
to Mitchell? both the respiratory chain and ATPase are 
H*-pumps. (2) According to Chappell and Crofts! the 
membrane potential is produced by a special H*-pump 
driven by hydrolysis of a high energy intermediate. 
(Mitchell and Moyle’s experiments'® call for a more 
precise definition of this hypothesis: if O, oxidizes, a 
hydrogen donor H* and OH- will appear on the outside 
of the mitochondria; when Fe(CN),‘~ is used instead of a 
hydrogen donor, Fe(CN),?- and OH- will appear outside.) 
(3) Only the respiratory chain can directly produce the 
membrane potential, whereas ATP encrgy is to be utilized 
for this purpose through the reverse electron transfer. 
We thank Mr L. L. Grinius, Mr U. P. Kadziauskas 
and Mrs V. V. Kuliene for help with the experiments, 
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Fig.1, Effects of uncouplers and penetrating ions on bimolecular phospholipid membranes, 


mitochondria and sonic mitochondrial particles. 
mitochondria (Cmito) and in membranes (Cprm). CCCP m 
hydrazone; DCP, 2,4-dichlorophenol; Dic, diconmarol; 
ycarbonyleyanidephenylhydrazone ; 
PCP, pentachlorophenol ; 
TTF, 
in water phase of incubation mixture. B, 


p-trifluoromethox 
MNP, m-nitrophenol: 
phenol; TNP, 2,4,6-trinitrophenol; 
Filled circle indicates Cmite for FCCP 


of membrane conductance on concentration of penetrating ions: 
(2) DDA?* in the presence 


dibenzylammonium cation (DDA*); 


boron anion (TPB); (3) DDAt and 10° M TPB: 
DDAt and 3x 10-7 M phenyldicarbaundecaboran anion (PCB): 


A, Correlation of effects of uncouplers in 
-chlorocarbonylicyanidephenyl- 
DNP, 2,4-dinitrophenol; FCCP, 
MCP, p-methyl-m-chlorophenol ; 
$A, salicylic acid; TCP, 2,4,5-trichloro- 
tetrachlorotrifluoromethylbenzimidazole. 
Dependence 
(1) N,N-dimethyl-VN- 
of 10 M tetrapheny!- 
(4) DDA* and 107 M TPB; (5) 
(6) TPB- (@) and 








PCB- (OC). C, pH responses of beef heart mitochondria (mito) and sonic particles (SMP) 


on addition of penetrating ions. Incubation mixt 
mM Mg80,, 
0-9 mM DDA+, 60 M PCB-, 90 uM TPB- 9 uM 
contained 0-3 uM TPB- 
into sonic mitochondrial particles. Ordinate: “inner” potential of 


sodium succinate, 0-9 mM EDTA, 4-7 
per ml. Concentrations of additions: 
TTFB. Samples with DDA* 
of penetrating anions 


ure contained 0-26 M sucrose, 0-015 M 
2 mg mitochondrial or particle protein 


D, Energy-dependent transport. 


selective “PCB-electrode” and corresponding PCB- concentration in the water phase of 


incubation mixture. Particles (1 mg 
0-005 M MgCl, 0-03 M tris HCI (pH 7-5). 


15 mM succinate, 3x 10-* M TTFB, 2-5 ug/ml. oligomycin. 


rotein/ml.) were incubated in 025 M sucrose, 


Concentrations of additions: 5x10- M ATP, 


PCB- concentration in the 


inner compartment of the selective electrode is 7 x 107 M. 
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Triallelic Complementation and the 
Subunit Structure of Enzymes 


INTERALLELIC complementation makes a genetical 
approach to the problem of enzyme structure possible. Tt 
is expressed as the partial to complete restoration of 
the normal phenotype in heterocaryons or heterozygotes 
derived from different allelic mutants. Detection of com- 
plementation between alleles of any specific gene suggests 
that such a gene controls an enzyme with quaternary 
structure. Moreover, this effect shows that the enzyme 
contains identical subunits. 

Complementation maps are helpful in estimating the 
degree of structural damage to the protein subunits syn- 
thesized under the control of the complementing alleles. 
Modern theory of interallelic complementation? arises 
from data obtained chiefly from investigations using micro- 
organisms. All complementation maps so far constructed 
have been based on the results of interactions of pairs of 
alleles, 

Although it is known that most enzymes with a quater- 
nary structure consist of more than two identical subunits. 
there are no complementation data which reflect the 
degree of complexity found in the quaternary structure 
of enzymes. 

The presence of more than two identical subunits in the 
structure of an enzyme can be recognized provided some 
modifications are made in the usual complementation test. 
It may be possible to study the mteraction of more than 
two types of identical subunits differing in their muta- 
tional damage, that is, to study complementation between 
more than two heteroalleles simultaneously. It might be 
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Fig. 1. Complementation map of the ad, locus in S. cerevisiae” construe- 
ted from data on interactions between pairs of alle Jverlapping and 
non-overlapping lines correspond to non-complementation and comp 
mentation, respectively, Dotted lines represent deviations from lined y 
im this map. Figures at the top and bottom of the complementation 
map show the numbers of complons, Some of the results of the compes 
mentation test could not be represented on this map as overlapping or 
non-overlapping lines. Such cases are listed in brackets near the corre- 
sponding alele number. For example, mutant 219 Teamplons: 8-25] 
cannot complement with mutant 41, although their functional defet s 
are represented as non-overlapping ones. At the same time mutant 219 
does complement with mutant 63, although the functional defect of the 
latter overlaps the functional defect of 219 on this map. This contra- 
diction is shown as follows: 219 (41-63). Mutations 48, 237 and 105 
which were used in the triploid complementation experimenta are shown 
by an open line, =. 


























possible to obtain positive complementation between 
three alleles, for example, which fail to complement. cach 
other in pairs, or, vice versa, to obtain negative comple- 
mentation between three heteroalleles which are capable 
of complementation in pairs, provided the enzyme under 
consideration is composed of more than two identical 
subunits. 

Different. genetical systems can be used to estimate the 
number of identical subunits in the protein in vivo through 
the study of multiallelic complementation: we shall 
mention three. These are multiple heterokaryons in 
fungi’, phage-bacterium systems with multiple infection 
(A. Maysurian. personal communication) and the system 
of polyploid yeast which appears to have some advan tages, 
A polyploid series in yeast can be easily developed? t, 
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Polyploid yeasts are stable in chromosome number during 
vegetative growth, so the number and ratio of alleles under 
investigation can be controlled. We have studied multi- 
allelic (triple) complementation in the yeast Saccharo- 
myces cerevisiae. 

In these experiments we used the series of ad, mutants 
of S. cerevisiae’. The ad, locus codes for the enzyme 
phosphoribosylaminoimidazole carboxylase®?.  Diallelic 
complementation data for this locus were published by 
Soidla et al.*. We studied complementation in triploids 
which were derived from crosses of ad, hetero and isoallelic 
diploids with haploid mutants in the same gene. 

First we prepared the six possible pairwise combina- 
tions for three different alleles (three isoallelic and three 
heteroallelic) which were non-complementing with each 
other in diploids. Two of these alleles (48 and 237) were 
probably produced by missense mutations. Their func- 
tional damage was non-polar and covered complons 25-26 
and 26-27 respectively of the complementation map 
(Fig. 1). The third allele (105), which is supersuppressible, 
probably originated as a result of nonsense mutation. It 
has a polar type of complementation covering complons 
one to twenty-eight of the thirty-six complons on the com- 
plementation map*. All pairwise combinations were 
crossed with 137 haploid mutants for the ad, locus. 

We found numerous instances of “exceptional” negative 
complementation; three different alleles of ad, were non- 
complementary in triploids although they were comple- 
mentary with each other in diploids in at least one or two 
possible combinations. The same experiments revealed 
examples of “exceptional” positive complementation ; 
three alleles of ad, were complementary in triploids 
although they were non-complementary in diploids 
(Tables 1-3). 

Some examples of such “exceptional”? positive comple- 
mentation were found in triploids which contained two 


ATION COMPARED WITH 
s ad, OF S. cerevisiae 






Tables 1, 2, 3. RESULTS OF TRIALLELIC COMPLEM 
DATA FROM DIALLELIC COMPLEMENTATION IN LO 
All of the alleles listed in the lowest line of the right hand eolumn af the 


tables are nou-complementing in triploids with the double dosage of the 
following alleles: 48 or 105 (Table 1), 45 or 237 (Table 2), 105 or 237 (Table 3). 


Table 1 


Complementation in 


Piploids with Triploids with No. of alleles 


45 105 48/105 

+ = Sa 177 10 225 

+ + _ 33 54 191 39 197 220 38 
93 112 152 224 35 135 136 
142 

= - + 37 128 130 131 148 16 120 


150 242 246 60 178 156 
147 126 


Table 2 


Complementation in 


Diploids with Triploids with No. of alleles 


As 237 48/237 

a + = 235 245 101 242 219 
29 98 

+ + - 96 197 102 152 135 136 


142 212 180 18 
37 130 146 148 150 247 


Table 3 


Complementation in 

Diploids with Triploids with 

237 105 237/105 

+ a = 16 120 223 177 164 7 9 
116 235 101 242 248 211 
219 55 238 103 21 96 246 
60 173 29 178 2 97 17 118 
129 98 47 157 156 5 225 
122 163 26 192 12 23 106 
212 180 240 210 222 232 
236 18 63 198 743 159 145 
138 179 206 249 139 209 
245 
33 54 191 39 24 45 197 
220 38 93 102 112 152 224 
205 239 35 78 135 136 20 


= = + 201 


No. of alleles 
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nonsense alleles (polar) and one missense allele (with short 
functional damage), for example, 48/105/37, or 48/105/148, 
where alleles 105, 148 and 37 were supersuppressible, 
belonging to “long” polar complementation groups (105, 
148) or non-complementing at the diploid level (37). These 
results cannot readily be explained by the current theory 
of interallelie complementation. 

Cases of “exceptional? positive complementation in 
triploids bearing three missense heteroalleles of ad, (non- 
complementary in diploids) can be explained if we assume 
that at least three types of mutant subunits take part in 
the assembly of the multimer protein molecule, The 
results cannot be attributed to the general effect of poly- 
ploidy itself or to possible cases of heteroploidy and 
different types of interehromosomal effects in possible 
heteroploid cultures. We made control experiments with 
isoallelic diploids (48/48; 105/105; 237/237) which were 
crossed with all 137 haploid mutants and the mutants 48, 
105 and 237 at the same time. On the whole there was 
no complementation in triploids produced in these crosses, 
but there was constant complementation between ad, 
diploids and two haploid ad, mutants. 

Cases of “exceptional” complementation were not 
caused by variation in the genetic background”? because 
in all tests each ad, locus genotype was used in a range of 
diploids (2-13) differing among themselves at other loci, 
and these yielded parallel results. 

We therefore assume that the “exclusive” positive com- 
plementation at the ad, locus in triploids can be attributed 
to the interaction of at least three types of identical 
subunits having different defects, or in other words we 
suggest that the enzyme molecule controlled by the 
ad, gene (phosphoribosylaminoimidazole carboxylase*®*") 
in the yeast S. cerevisiae consists of at least three identical 
subunits. We have to modify our view of the meaning 
of overlapping and non-overlapping groups on the com- 
plementation map. 

This method will be used in further study of the 
quaternary structure of the enzyme controlled by the ad, 
gene in yeast S. cerevisiae. Work on interallelic comple- 
mentation in cells of higher ploidy is in progress. 

We thank Dr T. Soidla, of Leningrad University, and 
Dr N. Giles and Dr €. Partridge. of Yale University, for 
discussion of our results and Miss J. Graham for assistance 
in preparation of the manuseript. 
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Chemical Transfer of Learned Preference 


Ir has been reported’? that the natural preference of 
mice for the dark can be reversed by injection of brain 
extracts taken from donors trained to avoid a black box. 
This effect was considered to represent a ‘‘transfer of 
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learned fear”. The possibility remained, however, that the 
apparent transfer was caused by a substance produced in 
response to the stress of repeated shocking rather than as 
a result of learning. A test was therefore carried out to 
see whether a similar transfer could be obtained with 
extracts from donors trained to prefer a white box using 
positive reinforcement. 

Sprague-Dawley rats (male, 200 g), deprived of water 
for 24 h, were deposited in the centre box, S, of the three 
connected boxes described by Ungar et al.2. They had 
thus a choice between the black box, B, and the white box, 
W. The time elapsed until the rat found a small black 
cup containing | ml. of water at the far end of W was 
recorded with a stopwatch. Immediately after it finished 
drinking the rat was picked up and the next trial given. 
Control donors were similarly deprived and exposed to 
the training situation but with a dry water cup. They 
received 6 ml. of water per day in their home cage. After 
ten daily sessions of six trials each, during which the 
mean latency of experimental donors decreased from 
more than 20 to less than 2 s, the rats were killed and 
brain extracts were prepared as described by Ungar et al.?. 
The extracts were injected intraperitoneally into 20 g Swiss 
male mice in amounts corresponding to 1-25 g of brain. 
The recipients were tested three times a day for several 
days without reinforcement, and the time spent in B was 
recorded. Seventy-two recipients were tested. The 
results were less dramatic than with negative reinforce- 
ment of donors; however. the intergroup difference after 
72 h was very significant (see Fig. 1). 





20 
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Fig. L Frequency diagram showing the number of animals spending 

less than 100 s and those spending more than 100 s in the dark box as 

mean of three unreinforced tests 72 h after injection. White columns, 

mice receiving extracts from control donors; black columns, mice 

receiving extracts from donors rewarded for going to the white box. 

The intergroup difference is bar ae P <0-0025 (7*-test, one-tailed, 
af =1). 


This experiment thus confirmed that learning rather 
than simple stress in donors is responsible for the transfer 
effect. Because deprivation and exposure to the experi- 
mental environment were also controlled for, the results 
can be explained by a specific transfer of learned infor- 
mation. 

This work was supported by a grant from the US 
Public Health Service. 
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Dry Cerumen—a Prevalent Genetic 
Trait among American Indians 


Wert and dry types of cerumen are believed to be in- 
herited as simple Mendelian traits, in which the dry 
allele is recessive to the wet (sticky) allele’. Petrakis, 
Molohon and Tepper’, and recently, Martin and Jackson? 
reported that certain Indian tribes in the United States 
have high frequencies of the allele for dry cerumen as do 
some Asian populations!. Here I report new data on 
the frequencies of cerumen allele in various Indian tribes 
in North and South America, which indicates that the 
gene for dry cerumen is widely prevalent among American 
Indians. 

The data on the cerumen types of the tribal groups 
reported here were obtained (a) by myself, (6) from 
unpublished observations of others, and (c) from the 
literature. A total of 3,030 Indians from sixteen tribal 
groups were examined. Classification of cerumen into 
wet (sticky) and dry types was based on the criteria of 
Matsunaga'. Kalmus and associates’, however, used a 
different method of classification, in which cerumen 
samples were obtained by curette and examined micro- 
scopically. 

The tribes studied in this report include the following: 
Nootka (N. L. P., obtained at Ahousat, British 
Columbia, March 1968) and Chilcotin obtained at Alexis 
Creek, British Columbia, November 1968 (British Colum- 
bia, Canada); Aleut (unpublished data of Drs G, Maynard, 
George Muratoff and Edward Scott, obtained on St Paul 
Island in the Pribiloffs, Aleutian Islands. Alaska, Summer 
1968), Sioux? (unpublished data of John B. Gregg, MD, 
Sioux Falls, South Dakota, obtained at Rosebud Indian 
Reservation, South Dakota. during 1968), Navaho?, 
Papago (unpublished data of Drs Kenneth S. Brown and 
Jerry Niswander, National Institute of Dental Research, 
Bethesda, Maryland, obtained at Tucson. Arizona, 1968), 
Choctaw’, and assorted US tribes? (United States); 
Chol Maya (unpublished data of Dr Karena Shields 
obtained at Tacalpan, Chiapas, Mexico, Summer 1968), 
Tzeltal Maya‘ (unpublished data of Dr Clyde Woods, 
obtained at Ailigandi Island, San Blas, Panama, 1968), 
Tzotzil Maya‘, Zinancentec!, Mextec? (Mexico); Cuna, 
(unpublished data of Dr Clyde Woods, obtained at 
Ailigandi Island, San Blas, Panama, 1968) (Panama); 
and Quechua (unpublished data of Dr James Law. US 
Peace Corps, obtained at Lima, Peru. during 1968), 
(Peru). For the purposes of comparison, cerumen types 
were also determined in 588 non-Indians residing in San 
Francisco. These included 368 Caucasians, fifty-one 
Negroes and 169 Chinese. 

Table 1 summarizes the data in fourteen tribes for 
observed phenotypic frequencies of dry cerumen, the 
estimated recessive gene frequencies for the dry allele (q), 
and their standard errors. The table also includes the 
concurrent findings in Caucasians, Negroes and Chinese. 
The term “other US Indians” includes 153 individuals 
from a variety of other Indian tribes. 

It is clear that the allele for dry cerumen is distributed 
widely and in high frequency throughout many of the 
Indian tribes of the Western Hemisphere. The findings 
extend the evidence supporting the theory of a Mongoloid 
origin for the American Indians, discussed in a previous 
report? The mean frequency of the dry allele in Indians 
was found to be 0-601. The highest phenotypic percentages 
of dry cerumen were observed in the Quechua of Peru and 
in the Chol Maya of Chiapas, Mexico. 

No attempt was made to separate “full blood” Indians 
from those with known Caucasian or Negro admixture. 
Because the wet allele is dominant and is found in high 
frequency in the latter groups, it was previously suggested? 
that the highest dry gene frequencies are found in those 
populations which have remained relatively isolated and 
are believed to have been unmixed until very recent 
times. No correlation, however, was noted here between 
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the gene frequencies for dry cerumen and the frequencies 
of blood group types believed to be characteristic of 
unmixed American Indians’. 

Kalmus et al.‘ found extremely low frequencies of dry 
cerumen in the Indians of Chiapas, Mexico. By contrast, 
K. Shields (unpublished results), using the direct method 
of cerumen classification, found significantly higher 
frequencies of dry cerumen among the Chol and Tzeltal 
Maya living in more remote villages in Chiapas. It is 
possible that the results of Kalmus et al.4 were influenced 
by the use of a different technique for classification and by 
unrecognized Caucasian admixture, however, blood group 
data reported by Matson and Swanson*? do not indicate 
any significant amount of admixture with non-Indian 
peoples. Using Matsunaga’s methods, Woods (unpub- 
lished results) has found similar high frequencies of wet 
cerumen among the Cuna Indians of Panama. Historical 
and blood grouping studies? suggest the Cuna have re- 
mained unmixed. It is likely that variations in cerumen 
types in Indians of Central America reflect the influence 
of unknown seleetion pressures in the past or the present 
or the result of founder effects or drift. Studies of ear 
wax types in other Indian tribes, in conjuction with data 
on other genetic markers are in progress. 


Table 1, OCCURRENCE OF DRY CERUMEN IN AMERICAN INDIANS AND ESTIM- 
ATED GENE FREQUENCIES (q), STANDARD ERRORS (SQUARE BRACKETS), AND 
AVERAGES FOR THE TOTAL POPULATION (ASTERISKS) 


Number of Dry cerumen 











Tribes subjects No. Percentage (a) S.E. 
Nootka (+) 244 89 0-602 {0-035} 
Chilcotin (+) 261 87 0-577 [0-030] 
Aleut (t) 140 68 0-696 {0-038} 
Sioux (2) 147 54 0-606 {0-031} 
Sioux (+) 186 83 0-667 0-033} 
Navaho (2) 183 116 0-796 0-022] 
Papago (+) 437 261 97 0-772 0-020} 
Choctaw (3) 432 90 3 0-456 [0-022 
Other US Indians (2) 153 78 50-9 O71 [0-628] 
Chol Maya (t) 81 58 716 0-846 0-040) 
Tzeltal Maya (f) 68 39 57-3 0-757 {0-051} 
Tzeltal Maya (4) 61 2 3 0-181 [0-049 
Tzotzil Maya (4) 296 20 7 0-258 0-024} 
Zinancentec (4) 108 5 -7 0-216 [0-040] 
Mextee-Spanish (4) 103 ll d 0-327 {0-046] 
Cuna (+) 96 4 4 0-209 [0-020] 
Quechua (+) 43 33 7 0-876 [0-050] 

3,030 1,098 2" 0-601* 0-008]* 
Non-Indians 
Caucasians 368 5 13 O14 [0-014] 
Negroes 51 0 6-0 0:000 
Chinese 169 99 585 0-764 {0-031} 


+ Unpub- 


Numbers in parentheses refer to sources of data in reference: 
groes and 


lished results. Included are data for comparison in Caucasians, 
Chinese. 
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Racial Differences in the Fate of 
Melanosomes in Human Epidermis 


MELANIN pigment in the skin is located m a very small 
granule, the melanosome!, which is barely visible in the 
light microscope. This melanosome is formed in the 
melanocyte and is transferred into the keratinizing or 
malpighian cell*. 





Fig. 1. Melanosome complexes from a malpighian cell of a Caucasoid. 
The complexes are surrounded by a membrane and contain small particles 
besides the stage IV melanosomes ( x 50,000). 


Fig. 2. 
(Chinese). 


Melanosome complexes from a malpighian cell of a Mongoloid 
There is Jess ground substance between the melanosomes 
than in Fig. 1 ( x 50,000), 


Fig. 3. Melanosomes in the malpighian cell of a Negroid. Almost all 
melanasomes are individually dispersed and are much larger than those 
of a Caucasoid or Mongoloid ( x 50,000), 


It has been generally assumed that the melanosomes are 
incorporated in groups or packages into the malpighian 
cells of the epidermis of mammals. During a detailed 
anthropological study of the human skin when we 
examined five Caucasoids, six American Indians, three 
Mongoloids from Japan and China, and seven Negroids 
we found that the melanosomes in the keratoeytes of 
Caueasoids (Fig. 1) and Mongoloids (Fig. 2) are usually 
grouped together. These groups are surrounded “by a 
membrane. There may be a granular ground substance 
between the melenosomes within each group. Such 
membrane-bound groups (melanosome packages or 
melanosome complexes) are found from the basal cells up 
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to the cells of the stratum granulosum. In the stratum 
corneum, however, the melanosomes are individually 
dispersed inside the fully keratinized cells. These 
melanosome groupings in Mongoloids are usually more 
compact than those of the Caucasoids because there is 
less ground substance between the individual melanosomes, 

The situation in the Negroid basal keratocyte, however, 
is quite different. In this case numerous melanosomes, 
longer and wider than in other racial groups, are not 
usually grouped but mostly individually dispersed 
(Fig. 3). There may be occasional doublets of melano- 
somes closely packed, and very few are in groups. Careful 
inspection of electron micrographs at any magnification 
usually reveals the racial origin of the specimen. Further- 
more, there are very many melanosomes in Negroid skin. 
In all races, however, melanocytes form melanosomes in a 
dispersed configuration. 

We have also investigated the effect of ultraviolet 
irradiation on various racial groups. After irradiation, 
melanosomes increase in the keratocytes of all races. 
But the groupings are maintained in Caueasoids and 
Mongoloids, whereas in Negro skin most melanosomes 
remam individually dispersed. 

It is possible that these groups of melanosomes represent 
lysosomes. Malpighian cells reveal very intensive acid 
phosphatase activity in some of these compound melano- 
somes when viewed through the electron mueroscope*, 
But more evidence is needed before the melanosome 
groups can be considered lysosomes. 

It is interesting to speculate that the individually 
dispersed melanosomes in a Negro ean give the skin a 
more uniform and dense colour than the melanosome 
complexes found in fair skinned Caucasoids. Further- 
more, they ean provide a superior mechanism of protec- 
tion by effectively absorbing, attenuating and scattering 
impinging radiation. Mitchell has found that melano- 
somes are individually dispersed in Australian Aborigines, 
who are apparently unharmed by exposure to the Sun, 
whereas their fellow Australians of reeent European origin 
suffer from a high incidence of skin cancer caused by 
exposure to solar radiation. 

Our data also show that Caueasoids are a very hetero- 
geneous group. At one end of the seale are the almost: 
unpigmented, light blonde Nordic types with very few 
melanosomes in the basal cells before radiation, but with 
melanocytes that can produce pigment efter ultraviolet 
stimulation. At the other end of the seale are the darkly 
pigmented Mediterraneans with well developed melano- 
some complexes even before radiation. 

In summary, racial colour differences are easily 
recognized at the ultrastructural level, most obviously in 
the host cells of the melanosornes, that is, the keratinizing 
malpighian cells. In Caueasoids and Mongoloids the 
melanosomes are dispersed in groups inside the malpighian 
cells, whereas in Negroids most melanosomes are dis- 
persed individually inside the malpighian cells. 
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Preparation of Antihuman Lymphocyte 
Serum by Immunization with Unviable 
Lymphoid Cells obtained from a 
Cadaver and stored for 3 Months 

in a Frozen State 


OUR purpose was to investigate the possibility of the 
preparation of antihuman lymphocyte serum (AHLS) 
in a way which could be industrially applicable, utilizing 
as antigenic material for immunization unviable lymphoid 
cells taken from a cadaver and subsequently stored for 
3 months in a frozen state. Undesired haemagglutinins 
were removed by a single absorption technique. 

Lymph nodes and spleen were removed 2 h after 
death from a 27 yr old, A blood group. Rh (D) negative 
cadaver with clinical diagnosis of systemic lupus erythe- 
matosus (SLE), confirmed by auto The lymphoid 
tissues were preserved in the cold (— 20° C) for 12 weeks. 
Each week 15-18 g was thawed at room temperature, 
passed through a stainless steel wire mesh and resi spended 
in 15 ml. sterile sodium chloride solution (0-9 per cent). 
Smears of the resulting suspension demonstrated that 
most of the lymphoid cells were destroyed. Only 
3-10 x 108 cells were computable per 15 ml. suspension. 
One hundred per cent of the lymphoid cells were unviable 
(stained with Sabraze’s stain), Three horses were injected 
subcutaneously in two sites once weekly with 5 mi. 
lymph node and spleen suspension, incorporated in an equal 
volume of aluminium hydroxide adjuvant with addition 
of penicillin (100 t/ml.) and streptomycin (0-1 mg/ml.). 
The horses were bled (5,000 ml.) 14 days after the twelfth 
inoculation. The sera obtained were decomplemented 
and preserved at — 20° C in flats of 500 ml, capacity, 








Table I. AGGLUTINATING ABILITY OF WHOLE AHLS 


Gamma Agglutination titres against: 
Horse Protein globulin Leuco- Lympho- Red 
serum 2g % #£% eris eytes Platelets cells 
1 
i Ta 17 1,200 1,200 a 1.200 
il 9 2-8 1,600 1,600 16 3,200 
iit 9-5 34 3,200 3,200 32 12,800 


Table 1 shows the agglutination titres (average values) 





of the resulting whole AHLS against fresh human tonsil 
lymphoid cells, peripheral leucocytes, platelets and 


erythrocytes, provided from donors of all human blood 
groups (Amos and Peacoke method modified by Gray 
and coworkers!) and demonstrates the immunogenic 
potency of the antigenie material utilized for immuni- 
zation. Immune electrophoresis of the whole AHLS 
against normal human serum showed one or more faint 
precipitation ares, consistent with the presence of IgM, 
IgA and IgG (Fig. 1). 





Fig. 1. Immunophoresis of whole AHLS with normal human serum. 
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Removal of the undesired haemagglutinins was initially 
performed by the method of multiple absorption? : 1 
volume of AHLS was incubated with 1 volume of fresh, 
pooled, triple washed, buffered, A blood group, human 
erythrocytes. In our material 12-16 incubations were 
necessary for complete disappearance of microscopic 
haemagglutination. This method caused a critical fall 
in serum protein concentration (40-80 per cent). We have 
shown that complete removal of microscopic haem- 
agglutination could also be obtained by a single incubation, 
utilizing 1 volume AHLS to 12-16 volumes of erythrocytes. 
This did not promote formation of soluble antigen—anti- 
body complexes by antigen excess, presumably because 
of the non-solubility of the absorbent erythrocytic 
antigens. ; 

After this absorption, antihuman lymphocyte gamma- 
globulin (AHLG) was prepared by precipitation with 
Rivanol (0-4 per cent) and sodium sulphate (18 per cent). 
Table 2 shows the agglutination titres of the AHLG 
and, in comparison with the agglutination titres of the 
unabsorbed AHLS, illustrated in Table 1, demonstrates 
the efficiency of the single absorption technique. Ouchter- 
lony double diffusion and immune electrophoresis of 
AHLG showed no more precipitation ares than in normal 
human serum. 

Intradermal tests (0-2 ml. AHLG No. 1), performed 
in twelve patients with various hyper and auto-immune 
diseases, were negative in nine and positive in three cases. 
Subcutaneous administration, in cases with negative 
intradermal tests, of a single dose of 0-015 ml. AHLG 
No. 1/kg weight demonstrated the lymphopenic activity 
of this dose. Thirty min later the absolute number of 
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Fig. 2. Effect of AHLG administration on the maximum temperature, 
leucocyte and lymphocyte concentrations. 
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the circulating lymphocytes in all cases decreased by 
22-68 per cent, but increased after another 30 min to 
approximately the initial values. The platelet. erythro- 
cyte, reticulocyte and haemoglobin concentrations showed 
no statistically significant modifications. 


Table 2. AGGLUTINATING ABILITY OF AHLG 


Gamma- Agglutination titres against: 
Horse globulin Leucocy tes Lympho- ed 
AHLG g % 17 cytes Platelets cells 
I 15 400 400 2 0 
I 2-5 600 600 4 0 
HI 2 1,000 1,000 8 0 


Intramuscular administration for 4 months until 
the present time of a daily dose of 0-6 ml. AHLG No. l/kg 
weight, in a severe ACTH dependent case of SLE (23 
yr old woman, blood group O, Rh positive), suggested 
that the AHLG was immunosuppressive. The butterfly 
rash, which had persisted for 2 yr despite uninterrupted 
therapy (daily dose of 150 u ACTH), disappeared 16 days 
after AHLG treatment began. ACTH doses were reduced 
to 100 U/day at the begmning of the AHLG therapy, 
to 75 u/day after 2 weeks, to 50 u/day after 4 weeks 
and to 25 U after 8 weeks (Fig. 2). Temperature, which 
ranged from 38-6° to 40-9° C during the previous ACTH 
therapy, gradually became normal 21 days after AHLG 
was given (Fig. 2) and the clinical and roentgenological 
signs of a chroni¢e interstitial pneumonia improved, 
Two interruptions of AHLG administration led to the 
reappearance of the rash over the cheeks. abdomen and 
extremities and the recrudescence of the fever (Fig. 2). 
A mild leucopenie and lymphopenic effect was observed 
—with decreasing variation in the leucocyte, granulocyte 
and lymphocyte concentrations. During the first months 
of AHLG administration, the ratio of peripheral large 
lymphocytes increased from 7 per cent to 16 per cent, 
the reticulocyte level from 4 per cent to 24 per cent 
and the erythrocyte number from 3-2 millions/mm? 
to 4 millions/fmm*. In the past two months, the ratio 
of large lymphocytes decreased to 2-4 per cent. the 
reticulocyte level to 3-5 per cent and the platelet count 
from 200,000/mm? to 150,000/mm’. Tolerance of AHLG 
was good, with no signs of hepato or nephro-toxicity. 
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Improved Graft Survival 
after Treatment with Bordetella 
and Anti-lymphocyte Serum 


. 
Bordetella pertussis increases the number of circulating 
lymphocytes? and alters their migratory behaviour’, which 
suggests that mice treated with B. pertussis may be 
particularly susceptible to the immumnosuppressive effect 
of anti-lymphoeyte serum (ALS). Here we report that 
combined treatment with B. pertussis and ALS causes 
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B. pertussis ALG Sheep 
D3 ml. 5 mg red blood 
intravenously intraperitoneally eelis. 
Tt D 


Absolute Iymy 





Time (days) 





Fig. 1. Effect of anti-lymphocyte globulin on lymphocytosis in mice 
given B. pertussis, © --- O, B. pertussis alone: @—@, B. pertussis 
+ALG; A -—---- A, ALG alone. Each point is based on 6 mice. 


skin grafts to survive longer, in spite of a strong histo- 
compatibility barrier, than treatment with either alone, 

Grafts were made from male, A strain mice to 2-4 month 
ald male CBA mice?. When more than 50 per cent of the 
epithelium was lost the grafts were scored as rejected. 
ALS was prepared in rabbits’. Antibody response to 
sheep red cells was measured in C57BI mice using strong 
agglutination as the end point. Anti-lymphocyte globulin 
(ALG)! was used instead of ALS to keep these experi- 
ments comparable with other studies. Seven days before 
grafting, B. pertussis (Wellcome brand vaccine, 4x 19! 
organistns/ml.) was given intraperitoneal y: 4 days before 
grafting 0-5 ml. ALS or normal rabbit serum was injected 
subcutaneously; and on the day of grafting (day 6) 
0-25 ml. (0:075 ml. in experiment three) of ALS or normal 
rabbit serum was injected subeutaneously, 

The mean survival time of A skin on CBA mice was 
10-3 days. After treatment with B. pertussis and ALS the 
mean survival times were 18-7, 20-8 and 23 days in three 
Separate experiments. In each experiment when both 


Table 1. EFFECT OF B. pertussis AND ANTI-LYMPHOCYTE SERUM ON MEAN 


SURVIVAL TIME OF SKIN GRAFTS 


Treatment 

B. pertussis 
plus normal 
rabbit serum 


Exp. B. pertussis 
No, plus ALS 


1* 23 +4:15(6) 17 

at 20-8 + 240 (6) 15- 6 (8) 12:1+2-91 (8) 10-1 + 0°83 (8) 

Bt 187 +5-55 (6) 13-74 2-219 12-9 + 3-10 (8) 10-6 + 1-13 (8) 

The figures show the mean survival time + standard deviation. The num- 
ber of mice is shown in parentheses, The mean survival time in mice treated 
with B. eee and ALS is greater than those treated with ALS alone. 
P in the double tail Mann-Whitney test in experiments 1, 2, 3 is =< 0-04, 0-01 
and 0-05, respectively, 


*0-3 mL B. pertussis intraperitoneally 14 days, 0-5 ml. 7 days before 
grafting. 
+ B., pertussis 1 ml, intraperitoneally 7 days before grafting, 


ALS alone Normal rabbit 


serum alone 


D 
caro 





Table 2. 
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Table 3. EFFECT OF B. perlussis AND ANTI-LYMPHOCYTE GLOBULIN ON MEAN 
ANTIBODY TITRE FOLLOWING IMMUNIZATION WITH SHEEP RED CELLS 


B. pertussis Normal rabbit 


Exp. B. pertussis ALG alone plus normal globulin 
No. plus ALG rabbit. globulin alone 
1 15+ 1-76* 324041 57 +105 51+0 04+ 
2 1:741-86* 2:84041 534121 58+ 1-237 
Pooled data 1641-67 3-0+0-39 5-5 + 1-09 5441-12 


The results are expressed as the number of titres positive (log, unit) and 
1-0 corresponds to a titre of }. 


* Three of these sera had a titre of <1. 
t Ten mice. All other groups contained six mice. 


Table 4. LACK OF EFFECT OF B. pertussis ON CONTACT SENSITIVITY TO PICRYL 


CHLORIDE AND OXAZOLONE 


Treatment 
B. pertussis Nil 
Contact sensitivity to pieryl chloride 95 + 2-10 (8) 8-441-82 (7) 
Unsensitized controls 1-5 + 0-82 (4) 
Contact sensitivity to “oxazolone” 23-3 + 4-80 (8) 21-4 + 3-89 (7) 
Unsensitized controls 4-1+1-20 (4) 


The figures are the increase in ear thickness + S.D. 24 h after challenge in 
units of 10-3 cm. The number of mice is shown in parentheses. 


ALS and B. pertussis were given, the mean survival time 
was 5 days longer than when ALS alone was used. This 
difference was statistically significant (see Table 1). We 
concluded that B. pertussis and ALS together were more 
effective in prolonging graft survival than either agent 
given alone. 

Most mice given B. pertussis and normal rabbit serum 
rejected their grafts at the same time as the control mice. 
Seven out of sixteen grafts, however, survived beyond day 
12, whereas none of the sixteen control survived this long. 
The mean survival time in these seven mice was 15-1 +235 
(S.D.) days. The difference between this and the controls 
was statistically significant (7?=6-58 P<0-02). We 
concluded that B. pertussis together with normal rabbit 
serum caused slight prolongation of graft survival in some 
mice. Table 2 shows that the injection of B. pertussis 
caused a leucocytosis with an increase in numbers of both 
mononuclear and polymorphonuclear cells, whereas after 
ALS the mononuclear count decreased. 

Anti-lymphoeyte globulin depressed production of 
antibody against sheep red cells and combined treatment. 
with ALG and B. pertussis slightly enhanced this depres- 
sion (Fig. 1 and Table 3). The results of two experiments 
show that the mice treated with ALG had a mean titre of 
antibody to sheep red cells of 3-0 tubes (that is 1/8) while 
mice treated with ALG and B. pertussis had a mean 
titre of 1-6 tubes. This difference was statistically 
significant (P<0-02). Taken together these two experi- 
ments suggest that B. pertussis alone does not depress 
antibody production but slightly increases the depressive 
effect of ALG. 

B. pertussis alone had no significant effect. on contact 
sensitivity in CBA mice® when it was given 4 days before 
sensitization with picryl chloride or “oxazolone’’ in 
alcohol and the challenge was made 6 days after sensitiza- 
tion. These findings show that B. pertussis increases the 
mean graft survival time in mice treated with ALS as well 
as having a slight effect when given by itself. This comple- 
ments the observations®’ that B. pertussis depresses the 
Mantoux reaction when given at the time of testing and 
diminishes tumour rejection when given at the time of 
transplantation. 


EPFECT OF B. pertussis AND ANTI-LYMPHOCYTE SERUM ON THE MEAN PERIPHERAL WHITE CELL COUNT 


(Exp. 2) 


Timing B. pertussis 
plus ALS 

Mono Poly Mono 
Cell count =~ 10 days 3,500 1,100 3,300 
£ pertussis ~ 7 days 

erum } i f 

Cell count ; ~4 days 8.900 11,000 3,400 
Serum | 0 day 
Graft} SEYE 
Cell count +4 days 5,000 13,000 1.606 


_Differential cell counts were performed in a counting chamber. 
ecnint in cells/mm. 


ALS alone 


Treatment 
B. pertussis 
plus normal rabbit serum 


Normal rabbit 
serum alone 


Poly Mono Poly Mono Poly 
1,000 3,700 1,100 3,400 1,000 
1,100 12,000 15,000 3,300 1,060 
1,600 5,800 7,800 3,500 1,400 


Mono refers to the lymphocyte plus monocyte count and poly to the polymorphonuclear 
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It is not known how B. pertussis achieves these effects. 
The lymphocytosis caused by the organism may be 
involved; alternatively an unknown mechanism, whereby 
adjuvants depress delayed hypersensitivity’, may be the 
explanation. These findings may suggest practical 
measures for controlling immune responses and throw 
light on clinical situations in which immune responses are 
depressed. 

We thank the British Council, the British Empire 
Cancer Campaign, the Medical Research Council 
and the Royal Society for financial support, Mrs B. 
Mosedale and Dr J. Parker for samples of ALS, and our 
technicians Miss J. M. Burke and Mr I. Wells. We also 
thank Dr A. C. Allison for valuable discussions. 

W. PTAK 
Department of Medical Microbiology, 
Medical Academy, 
Cracow, Poland. 


H. FESTENSTEIN 
G. L. ASHERSON 
London Hospital Medical College, 
Turner Street, London El. 


A. M. DENMAN 
Division of Immunology, 
Clinica] Research Centre, 
Northwick Park, Middlesex. 


Received March 6; revised April 15, 1969. 

! Morse, S. I., J. Exp. Med.,121, 49 (1965). 

t Morse, S. I., and Riester, S. K., J. Exp. Med., 125, 619 (1967). 

4 ta H., and Medawar, P. B., Proc. US Nat. Acad. Sei, 56, 1130 

t Denman, A. M., Denman. E. J., and Holborow, E. J., Nature, 217, 177 (1968). 

> Asherson, G. L., and Ptak, W., Immunol., 15, 405 (1968). 

+ Floersheim, G. L., Int. Arch. All., 26, 340 (1965). 

> Ficersheim, G. L., Nature, 216, 1235 (1967). 

e Asherson, G. L., and Alwood, G. G., in Biological Basis of Medical Practice, 
4, 327 (Academic Press, London and New York, 1969). 


Chemical Components in the Cell Wall 
of Salmonella typhimurium affecting 

its Virulence and Immunogenicity 

in Mice 


Te cell wall is the first structure of most bacteria to 
interact with the host, so its chemical constitution may be 
important in the relationship between parasite and host. 
Studies of cell wall lipopolysaccharide (LPS) biosynthesis 
in Salmonella typhimurium have led to the isolation of a 
number of mutants which are defective in enzymes catalys- 
ing different synthetic steps'*. We have examined the 
virulence and immunogenicity of such mutants. 
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Viable Counts 











. Multiplication of infectious organisms of various strains in the 
spleen of mice. The bars represent the average number of viable 
organisms of five mice, and each bar from left to right indicates the results 


Fig. 1 


of 1/4, 3, 7 and 21 days after intraperitoneal infection. 
each strain was 10* organisms. 


Challenge dose of 


The bacterial strains were a wild-type strain LT2 of 
S. typhimurium and its mutant strains, which had altered 
LPS, isolated in B. A. D. Stocker’s laboratory and obtained 
from H. Nikaido of Massachusetts General Hospital. 
The structure of LPS in these strains is shown in Table 1. 

The virulence of each strain in 6 week old male DK1 
mice*, which are highly susceptible to LT2, is shown in 
Table 1. The strains possessing the so-called O side chains 
consisting of abequosyl-mannosyl-rhamnosyl-galactose 
tetrasaccharide repeat units were virulent and killed 
almost all infected mice, while the strains lacking O side 
chains killed none. Leaky rfa 8L1035 and SL1036 con- 
tain about the same amount of O side chain material in 
their LPS as the rfe SL1034 (H. Nikaido, personal com- 
munication), but they were avirulent compared with the 
rfc mutant. Leaky rfa mutants have few O side chains 
and consequently the central portion of LPS (“R core”) 
has a large exposed area. The inaccessibility of the R 
core for agent(s) of host defence might contribute to the 
virulence of the wild-type and rfe organisms. 

To examine the immunogenicity (that is, ability to 
confer protective immunity) of the different strains, mice 
which survived infection with a mutant were challenged 
with 100 MLD of the wild-type. Mice previously infected 
with the mutants, except those vaccinated with SL1181 
and SL1102, were highly resistant to reinfection. We 
examined the correlation between the extent of multiplica- 
tion of each mutant in the mice, and its immunogenicity 
of LPS structure. Mutants, the LPS of which has a longer 
chain of sugars than SL1181 and $L1102, multiplied in 
the mice, though to a lesser extent than the wild-type 
(see Fig. 1). The SL1181 and SL1102 mutants, the LPS of 


Table 1, RELATION BETWEEN THE SUGAR COMPOSITION OF THE CELL bitty AND VIRULENCE OR IMMUNOGENICITY OF VARIOUS STRAINS OF Salmonella typhimurium 
To 
T2 


Sugar composition of cell wall 





Reinfection with 
First infection* 





Strain Characteristics Abe Abe Percent Mean sur- Percent Mean sur- 
i ) ( | ) sur-  vivalday sur- vival day 
Man-Rha-Gal) n-\Man-Rha-Gal-) GNAc- Gle- Gal- `Glce- Hep- Hep- KDO- vival (log)+S.2.4 vival (log) 2 S.E. t 
Wild-type + + + + + + + + + 0 055+ 0-08 
SL1027  SL696 vyl + + + + + + + + + 0 0584004 
SL696 LT2 metA tryB fla str + + + + + + + + + 20 0-99 + 0-04 
$L10384 $1696 rfe - + + + + + + + + 10 0-93 + 0-04 
his-519 LT2 his-rfb (deletion) - ~- + + + + + + + 100 100 
his-695 LT2 kis-rfb (deletion) = - + + + + + + + 100 100 
TV119  SL696 rfb-430 ~ - + + + + + + + 100 100 
TV149 = 8696 rfb-433 - - + + + + + + + 100 100 
SL1035 SL696 rfa (leaky) Trace ‘Trace 2 3 + + + + + 100 100 
SL1036 81.1027 rfa (leaky) Trace Trace ? ? + + + + + 100 100 
TV148 8S L696 rfa-432 ae = co ? + + + + + 100 80 072 
SL1069 $696 rfb-433 galD Eag - = = - + + + + 100 90 0-85 
$1.1004 S1.696 rfb-433 rfaG a = = _ - - + + + 100 100 
SLII81 $L1027 rfa F511 = Gai = - ~ -~ - + + 100 10 08383+0086 
SL1102 SL1027 rfa-543 ja = - - _ ~ ~ - + 100 0 070003 


* First infection was by intraperitoneal injection of 10° organisms of each strain into a group of ten mice. 


+ Reinfection was by intraperitoneal infection with 10* wild-type 


organisms (100 MLD) on the twenty-first day after the first infection. 


Per cent 


survival and mean survival day of an untreated control group were 0 and 0-75 + 0-02. 


+ The distribution of time of death in typhoid In DK1 
Abbreviations: Abe, abequose; Man, D-mannose; 
L-glycero-D-manno-heptose; KDO, 3-deoxyoctulosonate. 


mice fits the logarithmic normal distribution’. 
Rha, L-rhamnose: 


Gal, D-galactose; Glic, D-glucose; GNAc, N-acetyl-p-glucosamine; Hep, 
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Fig. 2. Multiplication of wild-type organisms in the spleen of mice 
which were intraperitoneally immunized with various mutant strains. 
The bars represent the average number of viable wild-type organisms in 
the spleen of five mice, and each bar from left to right indicates the 
results of 1/4, 3 and 6 days after intraperitoneal challenge. ‘The immuniz- 
ing dose of each mutant strain was 10° organisms and the challenging 
dose of wild-type strain was 10° organisms (100 MLD). Wild-type 
organisms were distinguished from mutants by colonial morphology and 
the acriflavine test. 


which contain one heptose plus 3-deoxyoctulosonate 
(KDO) and only KDO respectively, did not multiply. 
Because these strains could not confer protection against 
the wild-type (Table 1), these results suggest that the 
multiplication of the vaccinating strain in mice is necessary 
for the establishment of the protective immunity. The fate 
of the superinfecting wild-type organisms was examined in 
the immunized mice: in mice previously infected with 
SL1181 and SL1102 the multiplication of the wild-type 
was similar to that in control mice, corroborating the 
results shown in Table 1. Vaccination with mutant 
strains with “two heptoses” or longer side chains in LPS 
significantly inhibited the superinfecting organisms, 
however (Fig. 2). 

Our work extends previous observations’:> on the 
avirulence of rough mutants of salmonella, showing that 
the O side chain is an important virulence factor. This 
has been related to the ability of the O side chains to 
resist phagocytosis®. Medearis et al.”, using two mutants 
of E. coli which produce altered LPS, obtained similar 
results. Our findings in leaky rfa mutants indicate the 
importance in the virulence of the number of O side chains 
per bacterium rather than the amount of theside chain mat- 
erial. Lack of a large part of LPS deprived the organisms 
of the capacity to multiply in mice and of their immuno- 
genicity. The mutants which multiplied in mice conferred 
strong immunity, even though their LPS lacked the specific 
O side chains and in some cases a part of the R core. 
These results support our argument’ that O antibodies 
do not play an essential part in immunity to mouse 
typhoid. Results obtained with chromosomal deletion 
mutants validate the argument. 

We thank Dr H. Nikaido for suggestions and discussion, 
and Professor D. Ushiba for his support. 
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Evidence for Genetic Expression of 
Integrated DNA in Lymphoma Cells 


EVIDENCE suggesting genetic transformation in marn- 
malian cells has been reported!-*. To test whether the 
integration of DNA’ is followed by its genetic expression, 
we have studied the transfer of resistance to 5-iodo-2’- 
deoxyuridine (IUdR) to lymphoma cells in culture. 

In our cultures’, both wild type (P388F) and resistant 
cells (P388F/120) have similar doubling times, and the 
latter have maintained their resistance for a year. DNA 
was isolated from (1,000 ml.) cultures of both cell lines by 
treating packed cells with sodium p-aminosalicylate 
(6 per cent w/v) and extracting with phenol (88 per cent), 
containing 8-hydroxyquinoline (0°l per cent), for Lh. 
After centrifugation (3,000 r.p.m. for 1 h at 5° C) the 
supernatant was removed and treated with an equal 
volume of ethoxyethanol. The DNA was spooled, dis- 
persed in sodium acetate (0°001 M), then treated with 
RNase at 2° C overnight. The solution was then made 
4 per cent with regard to sodium acetate and extracted 
with chloroform: n-butanol (3:1) until no further 
denatured protein appeared at the interface. The super- 
natant was then treated with an equal volume of ethoxy- 
ethanol, the DNA spooled, then transferred through 70 
per cent ethanol containing sodium acetate (2 per cent), 
95 per cent ethanol, absolute ethanol, ethanol~ether 
(1:1) and finally ether. DNA was then dried in a 
desiccator and stored at — 20° C. These DNA preparations 
sedimented? at 17-208. 

We tested the DNA preparations for genetic expression 
as follows. Five ml. cultures of wild type P388F cells 
(2x 104/ml.) were incubated in complete medium with 
l ug/ml. of either wild type control DNA (eDNA) or 
mutant DNA (mDNA). Because dehydrated DNA is 
difficult to dissolve, preparations were allowed to stand for 
at least 1 h before addition to the cultures. Control 
cultures received an equal volume of 0-9 per cent saline. 
Cells were incubated with DNA for 2, 4 or 20 h, then the 
medium was removed by centrifugation (800 r.p.m. for 
10 min) and cultures were washed twice in medium without 
serum before resuspension in complete medium. Each 
culture was then divided into two, diluted to 5 ml. and 
IUdR (2x 10-* M) added to one of each pair. After 
incubation at 37° C for 18 h both were diluted in warm 
drug free medium containing 0-4 per cent agar and 1,000 
cells plated in each Petri dish. Five plates were used for 
the control groups (without TUdR) and fifty for each test 
group. Thus, depending on the plating efficiency (82 per 
cent average in twelve experiments), a maximum of 
50,000 cells were screened in each treated group in each 
experiment. The plates were counted after incubation 
for 7 days. 

Table 1 shows the ratios of surviving fractions after 
cDNA and mDNA treatment. The means of these ratios 
were l-1 + 0-223 for cDNA treatment and 1-96 + 0-339 for 
mDNA treatment. The frequency of colonies after cDNA 
treatment was not significantly different from the controls, 
but the increase after mDNA treatment was significant at 
the 5 per cent level. 

The frequency of control colonies varies considerably, 
largely because of the necessity of working with small 
numbers of colonies and hence on the exponential part 
of the dose response curve’. In addition, because the 
numbers of surviving colonies in the test groups are small, 
a few hundred in each experimental group. the sampling 
errors are rather large. Nevertheless, in 9/12 experiments, 
treatment with mDNA produced an increase in survival 
compared with cDNA or saline treated controls. 

Three surviving colonies from each treated group 
(Table 1) were tested for resistance to TUdR (2 x 10- M); 
all showed resistance; 30-80 per cent survival compared 
with 0-1-0-5 per cent for wild type cells. 

There was a decrease in the numbers of colonies in 
4 cDNA and 2 mDNA treated groups compared with 
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Table 1. THE FREQUENCY (PER 10! CELLS) OF COLONIES RESISTANT TO TUdR 
TREATMENT FOLLOWING DIFFERENT PERIODS OF EXPOSURE TO WILD TYPE 
DNA (cDNA) AND TO 1UdR MUTANT DNA (mDNA) 


Colony frequency/16* cells 
Duration of Colony frequency for test 





Experiment exposure to Saline groups with control fre- 
number DNA (h) controls quency normalized to 1-0 
cDNA mDNA 

1 2 927 1-03 2-12 

2 2 FOF 5 1-50 

3 2 81 1:66 

4 2 6-4 g 4-28 

5 2 94-0 52 0-35 

6 2 111-9 99 1-65 

7 2 251-0 “25 0-16 

8 4 25-1 14 3-27 

9 4 30-4 ‘79 1-95 

10 4 19-5 -06 iit 

tl 20 62 0-6: 2-58 

12" 20 31 1-45 2-84. 
Mean 11040223 1-96 +0339 


cDNA compared with saline P=0-7; mDNA compared with saline P= 
< 0-02; mDNA compared with cDNA P= < 0-05. 


Cells were exposed to selective medium 2x 10 M TUdR for 18 h before 
plating in normal medium. 


* Indicates one experiment where cells were exposed to 4x 10-° M IUdR 
for 18 h before plating. 


saline treated controls. This cannot be attributed to 
DNA toxicity, because the plating efficiencies of DNA 
treated cultures in the absence of IUdR were identical 
to those of the control cultures. Depression of colony 
numbers and cell viability after DNA treatment has been 
reported previously®* and it could be caused by integration 
of lethal genes‘. 

Evidence for transformation in somatie mammalian 
cells is difficult to obtain and there have been reports*'® 
of completely negative results. In these studies, however, 
relatively small numbers of cells were screened (1-5 x 10°) 
(ref. 9). On the other hand, several authors have provided 
positive evidence for transformation using widely differing 
incubation conditions and a variety of genetic markers. 
In most cases, however, the actual integration of the 
exogenous DNA was not established. 

We have shown that incubation of wild type P388F 
cells with homologous DNA carrying a marker for IUdR 
resistance, in conditions in which small amounts of DNA 
are known to be integrated, resulted in most cases (9/12) 
in an increased number of resistant colonies. The in- 
crease was significant at the 5 per cent level when com- 
pared with the cDNA treated cultures, and at the 
2 per cent level when compared with the control frequency. 
The variability in the response of cells to DNA treatment. 
(cDNA or mDNA) could be the result of some non- 
specific mutagenesis, but the overall increase in TUdR 
resistant colonies suggests transformation at a single 
marker, particularly if TUdR resistance is considered to 
be a recessive gene. 

We thank Mrs M. Bloomfield for technical assistance, 
Dr C. W. Gilbert for advice on statistical analysis and 
Dr L. G. Lajtha for discussion. 
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Increased Yields of Stomatitis Virus 

from Hamster Cells injected with 
Mycoplasma 

Ar certain times, unexpectedly high yields of vesicular 


stomatitis virus (VSV) have been obtained from infected 
primary hamster embryo fibroblast (HEF) cell cultures, 


-which were later found to have been contaminated with 


mycoplasma. The work reported here indicates that 
this contamination can enhance VSV replication. 

Primary HEF cells were prepared by the cell biology 
section of the Division of Biologics Standards, NIH. 
These cells were maintained in Eagle’s basal medium 
containing 4-8 mM glutamine, 2 per cent foetal calf serum, 
and no antibiotics. 

Mycoplasma arginini (strain G-230), which utilizes 
arginine’ but not glucose for energy, was chosen to initiate 
infection of the cell culture. One millilitre of M. arginini 
(containing an infecting dose ranging from 10%% to 107° 
colony forming units (CFU) per ml.) was added to the 
7 ml. of maintenance medium in each bottle. Fluids 
were changed every 2-3 days. Cell cultures inoculated 
with maintenance medium in place of the mycoplasma 
were used as controls. M. arginini grew rapidly in HEF 
and within 1-2 days reached a plateau with a peak 
titre ranging from 10° to 1075 cru/ml. of medium fluids. 

Infection by M. arginini produced a diffuse granularity 
but no other change in the appearance of the monolayer. 
Viable cell counts indicated that the number of cells 
in the monolayer was usually higher in control bottles 
(range of 0 to 1-5 times the number of cells present in 
the M. arginini infected bottles). 

Infected and uninfected cells were challenged with 
VSV 1, 2, 3, 4, 8 and 10 days after the infection with 
mycoplasma. Approximately 100 pru of VSV was used 
for assay on HEF. The average cell count in contiol 
bottles at the time of virus inoculation was 3-5 x 10° 
cells. After incubation at 37° C for 1 h the cells were 
washed four times. and fed with 7 ml. of maintenance 
medium. After 24 h VSV titres were determined using 
aliquots of fluid medium and chick embryo fibroblasts 
by a modification of Dulbeceo’s plaque technique. 

VSV produced its characteristic cytopathic effect 
in both the M. arginini-infected and the uninfected 
cells, but the effect appeared more rapidly in the infected 
cells. 

The effect of M. arginini infection on VSV yield is 
shown in Table 1. A greater yield of VSV was obtained 
from infected cultures. A difference of 0-5 logio in the 
two titres is considered significant (P=0-05)*, The 
enhancement effect was seen occasionally on the first 
day after infection with mycoplasma and was then seen 
consistently from the second to the tenth day. 


Table 1. ENHANCEMENT OF VSV YIELDS FROM M. arginini INFECTED 


HAMSTER EMBRYO FIBROBLASTS 
Days Post M. arginini infection 
1 2 3 4 


X 10 
Log,, difference in VSV titres a 0 +08 +08 +07 ND +08 
between control and M. ar-b +08 +10 ND +12 +11 ND 
ginini treated cultures c +03 +10 +07 +08 ND ND 


a, b and c constitute separate experiments, 
ND, Not done. 


The growth of VSV in infected and control cultures 
was measured for a 24 h period. Cultures were inoculated 
with VSV as deseribed (multiplicity of infection (MOT) of 
0-00003) and VSV titres were determined 6, 8, 12 and 
24 h after challenge. Table 2 shows that in a typical 
experiment there was no significant difference in titre 
6 and 8 h after challenge but a significantly higher VSV 
titre in the infected cultures after 12 and 24 h. „The 
adsorption and latent period of VSV in various tissue 
culture systems (chick embryo, monkey, swine kidney, 
HeLa, L cells) has been shown to be less than 2 h’, and 
so growth cycles of VSV must occur during the 24 h 
period of observation. Thus these findings suggest 
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that a small increase in yield of VSV is produced during 
one growth eycle in cultures infected with M. arginint 
and that several cycles are necessary to achieve an ampli- 
fieation effect so that the increase in yield of VSV becomes 
significant. Further experiments were carried out using 
an MOT of 0-03, which should mean that more cells are 
initially infected, peak titres are reached earlier and 
there are fewer growth cycles. No significant difference 
in VSV yield was noted with this higher MOT (Table 2). 


VSV REPLICATION IN CONTROL AND M. arginini INFECTED HAMSTER 
EMBRYO FIBROBLASTS 


Multiplicity of infection 0-00003 Multiplicity of infection 0-03 


Table 2, 





h VSV titre og,,/0-L ml.) Logis VSV titre (log,./0-1 ml) Logy, 
after M.arginini difference M. arginini difference 
VSV Control infected from Control infected from 
inoe, cultures cultures control cultures cultures control 

4 0 ð 0) 2-2 2-2 0 

6 0-9 0-9 0 4-4 4-3 —O1 

8 18 21 +03 5-2 S4 +02 

12 33 39 +06 6-4 6-5 +01 
24 59 Tl +42 ND ND ND 
ND, Not done. 


To evaluate the possible role of arginine depletion 
of the medium by M. arginini, cell cultures were grown 
and maintained in medium containing four times the 
usual concentration of arginine (0-8 g/l. instead of 0-2 g/L). 
Yields of VSV were still increased in the M. arginini 
infected cultures. Conversely. mycoplasma-free cells 
which had been maintained in arginine-free medium 
for 3 days did not yield increased amounts of VSV. 

Cantell! has reviewed studies of enhanced plaque 
production and replication of viruses during multiple 
viral infections. This, however, is the first. report that a 
mycoplasma can significantly enhance yields of an RNA 
virus (VSV). Similar results, although of a less consistent. 
nature, have been obtained with M. hyorhinis. VSV. 
at a low multiplicity, is used as a challenge virus in 
certain interferon assays utilizing vield reduction, and 
so it is possible that contamination of interferon prep- 
arations by mycoplasmas could influence the results 
of such studies by masking the effect of interferon. 
Mycoplasma contamination may also influence studies of 
the enhancement of the replication of one virus by another. 

We thank Mrs Margaret Shaffer for technical 
assistance. 
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Recovery of Human Mycoplasmas 
from Simian Tissues 


Four laboratories have collaborated to isolate and 
identify mycoplasmas from the pharyngeal and lower 
urogenital tissues of the African green monkey. Seventy 
mycoplasmas were isolated from fifty-two of 142 specimens 
obtained from seventy-one monkeys. Most of the simian 
mycoplasmas isolated were similar or identical to Myco- 
plasma species previously isolated only from man. 
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The African green monkeys (Cercopithecus aethiops 
pygerythrus) were obtained from Kenya and were quaran- 
tined in the United States for at least 6 weeks before 
use. The animals were killed and the tissues examined 
were removed aseptically. To minimize gross bacterial 
contamination, the tissues were approached through the 
thoracic and peritoneal cavities. Appropriate midline 
incisions were made and the entire larynx and the entire 
cervix or prostatic urethral tissues were removed. The 
mucosal linings of these structures were obtained and 
were cultured for mycoplasma. Duplicate aliquots of 
each tissue were sent at —70°C to the Huntingdon 
Research Center for additional isolation studies and for 
the identification of Mycoplasma species. The tissues were 
thawed, washed with 1:2,000 thallium acetate, and 
streaked directly on agar and placed in a tube of liquid 
medium. The medium consisted of 80 ml. Mycoplasma 
broth (liquid) or agar base (BBL); 10 ml. horse serum 
(BBL, TC select); 10 ml. fresh yeast extract!; 0-02 per 
cent DNA? (calf thymus DNA, Mann); 0-002 per cent 
phenol red and 1,000 u of penicillin per ml. The liquid 
cultures were incubated 2 to 4 days and subcultured to 
the agar medium. Duplicate liquid and agar cultures 
were incubated aerobically and in 5 per cent CO, in N, 
(ref. 3). Agar medium cultures were ineubated for 2 
weeks at 36°+1°C and plates were examined for myco- 
plasma colonies by bright-field microscopy. The isolation 
agar plates containing mycoplasmas were stained directly 
with a series of fluorescent antibody conjugates for 
identification of Mycoplasma species‘. 

Table 1 summarizes the results. Seventy mycoplasma 
strains were isolated from fifty-two of 142 tissue specimens 
obtained from seventy-one monkeys and were identified 
by the plate fluorescent antibody procedure’ as follows: 
there were thirty-eight M. orale type 2 strains (54 per 
cent), eighteen Navel-related strains (24 per cent), eight 
M. salivarium strains (11 per cent), one M. orale type 3 
strain (L per cent} and one M. fermentans strain (1 per 
cent) Four of the seventy mycoplasma strains (6 per 
cent) isolated were unrelated to the nine cstablished 
human Mycoplasma species (Table 1). Mycoplasma species 
were identified on the initial isolation plates in forty-seven 
of the fifty-two (90 per cent) specimens examined. Mixed 
cultures containing two or more Mycoplasma species 
were encountered in eighteen of fifty-two (35 per cent) 
positive specimens (Table 1). The high incidence of mixed 
cultures may reflect the sensitivity of the agar plate 
fluorescent antibody proceduret in identifying the sero- 
species of individual colonies on the isolation plates. 

Mycoplasmas were isolated from thirty-four of seventy- 
one (48 per cent) pharyngeal tissues examined (Table 1). 
The most common simian oropharyngeal isolate was M. 
orale type 2 which was present in thirty-two of thirty-four 
(94 per cent) positive pharyngeal specimens. By contrast, 
M. orale type 2 represents only about 2 per cent of the 
human oropharyngeal mycoplasma flora®:*, but the low 
recovery rate of M. orale type 2 from man may be due 
in part to the medium used. M. orale type 2 was isolated 
much more frequently in the medium described containing 
0-02 per cent DNA than in another medium! commonly 
used for growth of human oral mycoplasmas. The next 
most common simian oropharyngeal isolate was MWM. 
salivarium which was present in six of thirty-four (18 per 
cent) positive pharyngeal specimens. 

Mycoplasmas were isolated in eleven of twenty (55 per 
cent) cervical and seven of fifty-one (14 per cent) prostatic 
urethral specimens examined (Table 1). The most com- 
mon simian urogenital mycoplasma strain was related to 
strain Navel which was present in thirteen of the eighteen 
(72 per cent) positive urogenital specimens. Five Navel- 
related strains were also isolated from pharyngeal tissues. 
By contrast, strain Navel has been isolated from man 
only once”. In our studies, the simian Navel strains were 
similar antigenically to the prototype “human” Navel 
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Table 1. ISOLATION AND IDENTIFICATION OF Mycoplasma SPECIES FROM AFRICAN GREEN MONKEYS 
Mycoplasma species 
No. tissues No., tissues No, myco- M. Strain Immunofluorescent identification 
Tissues examined positive plasmas orale 2 Navel M. M. M. Unidentified* 
isolated salivarium orale 3 fermentans 
Pharynx 71 34 46 32 5 6 1 0 2 
Cervix 20 11 15 3 9 1 0 1 1 
Prostatic urethra 51 7 9 `: 4 1 0 0 1 
Total 142 52 70 38 18 8 1 1 4 


* Unrelated to the nine established human Mycoplasma species including M. 


species listed in the table. 


strain? and metabolized arginine. They differed from the 
prototype Navel strain in their ability to ferment glucose. 

Lemcke’ found that strain Navel was distinct from 
sixteen human and animal mycoplasmas and suggested 
that strain Navel represents a new distinct species of 
Mycoplasma. Our findings support this: strain Navel 
was unrelated to twenty-seven Mycoplasma species by 
the fluorescent antibody and growth inhibition procedures. 
We acknowledge, however, the recommendations of the 
Subcommittee on the Taxonomy of Mycoplasmatales® and 
will not propose a new species designation until an 
adequate description of the simian Navel strains and. 
their relationship to all other established Mycoplasma 
species can be presented. 

Six of the nine established “human” Mycoplasma 
species have now been isolated from simian tissues. M. 
hominis was isolated by Taylor-Robinson et al. and five 
additional species were isolated in this study. These 
findings indicate that some of the human Mycoplasma 
species are frequent inhabitants of simian tissues and that 
A. orale type 2 and strain Navel represent a large part 
of the oral and urogenital mycoplasma flora of the African 
green monkey. Moreover, these findings do not support a 
rigid adherence to mycoplasma host specificity; they 
indicate that certain mycoplasmas (for example, M. orale 
type 2, M. orale type 3, M. fermentans, M. salivarium, M. 
hominis, and the strain Navel) should be referred to as 
“primate” rather than as “human” Mycoplasma species. 
The precedence has been established: M. pulmonis which 
is found in mice and rats is referred to as a “murine 
species”. Nonetheless, information is required on the 
mycoplasma flora of the African green monkeys studied 
in their natural habitat. It is possible that man may 
have infected the monkeys or vice versa. 

We thank A. I. Federline and P. C. Zachary for tech- 
nical assistance. This work was conducted under contracts 
with the US National Institutes of Health. 
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Graft versus Host Reaction modified 
by in vitro Marrow-Erythrocyte 
Preincubation 


Sprciric skin allograft tolerance has been induced in 94 
per cent of lethally irradiated AKR recipients by trans- 
plantation of AKR marrow preincubated in vitro with 
washed allogeneic erythrocytes for 35 min at 25°-26° C1 
It was suggested that tolerance resulted from a failure of 
preincubated marrow to recognize the erythrocyte-donor 
strain as foreign’. The marrow cells were able to dis- 
tinguish between erythrocytes of reciprocal hybrids, but 
not between the parental strains and the hybrid in which 
the female strain used in the hybrid cross was identical 
inbred strains*. The functional capacity of the marrow 
stem cells was altered; however, this modification did 
not affect the protective capacity of the marrow. This 
was the principal difference between the in vitro incubation 
method of inducing skin allograft tolerance and the 
neonatal induction of tolerance in marrow donors? The 
marrow~erythrocyte preincubation method was used to 
determine whether this method of modifying the ability 
of the marrow to recognize and respond to tissue antigens 
would alter the lethal effects of the graft versus host 
reaction. 

(CBAS x AKR3)F, hybrid recipients were exposed to a 
lethal dose of 900 r. of total body X-irradiation at 12-14 
weeks old. Within 2 h after exposure each recipient 
received an intravenous inoculation of AKR marrow or 
a mixture of AKR marrow and allogeneic erythrocytes 
that were preincubated in vitro for 35 min at 25°-26° C+. 
The three types of erythrocyte donors were parental 
strain CBA mice or the reciprocal hybrids, (CBA® x 
AKRS)F, and (AKR? x CBAS)F,. The marrow-erythro- 
cyte mixture consisted of a constant AKR marrow inocu- 
lum from four long bones of one donor for each recipient 
and 0-1 ml. of a reconstituted erythrocyte suspension in a 
total volume of 0-5 ml. of Locke solution for each recipient. 
Strict adherence to critical time and temperature factors! 
limited controllable variables to the genotype of the 
erythrocyte donors. 

Table 1. COMPARATIVE SURVIVAL OF LETHALLY IRRADIATED (CBA x AKR)F, 


RECIPIENTS INOCULATED WITH NORMAL AKR MARROW OR AKR MARROW 
PREINCUBATED WITH ALLOGENEIC ERYTHROCYTES (RBC) 


Onor Per cent survival on days No. 

Marrow RBC 14 30 60 90 treated 
AKR sies 84 55 29 19 31 
AKR CBA 92 78 52 41 27 
AKR (CBAxAKR)F, 100 92 77 69 85 
AKR (AKR xCBA)F, 100 89 79 69 19 


The unaltered 14 day survival values indicated that the 
incubation procedure did not change the protective 
capacity of the marrow (Table 1). The severe graft vessus 
host reaction initiated by the immunologically competent 
AKR marrow against the CBA component of the hybrid 
was already lethal to many recipients within 30 days of 
treatment. The best long term survival and the greatest 
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delay m onset of the graft versus host reaction occurred 
after the preincubation of AKR marrow with hybrid 
erythrocytes. There was no difference in survival when 
erythrocytes of reciprocal hybrids were used. Preineuba- 
tion of AKR marrow with CBA erythrocytes resulted in a 
graft versus host reaction that was intermediate between 
the most severe and least severe reaction both from the 
point of view of the onset of the reaction and long term 
survival. In vitro modification of responsiveness of marrow 
stem cells before transplantation has an innate advantage 
over other methods of preventing the graft versus host 
reaction, for it avoids the toxic side effects of immuno- 
suppressive drugs. 
Derra E. UPHOFF 

Laboratory of Physiology, 

National Cancer Institute, 

Bethesda, Maryland 20014. 
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Immune Tolerance in Calomys callosus 
infected with Machupo Virus 


Macuvpo virus, the aetiological agent of Bolivian haemor- 
rhagic fever, is an ether-sensitive RNA virus immunolo- 
gieally classified as a member of the Tacaribe group of 
“arboviruses’"!-*, Repeated isolation of this virus from the 
cricetine rodent Calomys callosust, the demonstration of 
chronic virus infection with persistent viruria in this 
animal’, and the inability to recover virus from a large 
number of arthropods associated with C. callosus*, led 
to serious doubt that biological transmission by arthropods 
was an important mechanism in the natural maintenance 
of Machupo virus. To facilitate inquiry into this problem, 
a laboratory colony of C. callosus was established’, We 
report here preliminary work on the dynamics of experi- 
mental infection which demonstrates that Machupo virus 
regularly induces immune tolerance in Calomys infants 
and in a portion of animals infected as adults. 

Infant and adult C. callosus were inoculated intraperi- 
toneally with 100-1,000 plaque-forming units (PFU) of 
second passage Carvalho strain of Machupo virus prepared 
from brains of infant hamsters. Procedures used for 
collection, storage and testing of specimens for virus 
content and neutralizing antibodies have been described 
before®®, Infectivity and antibody assays were carried 
out by a plaque technique using monolayers of VERO 
cells, a continuous line of African green monkey kidney". 

Infant C. callosus less than 3 days old developed viraemia 
by the sixth day after inoculation and had virus in oral 
swab specimens and urine by day 11. Virus was isolated 
continuously from these sites during one year. Table 1 shows 
quantitative data concerning these animals 8 weeks after 
inoculation. No neutralizing antibodies were ever detected 
in sera obtained at frequent intervals for up to a year. 

The initial response of 10 week old C. callosus to Machupo 
virus infection was similar to that of infants. There were 
no signs of illness, viraemia was uniformly present, and 
virus was recovered from oral swabs and urine beginning 
on about the tenth day. After 4 weeks, however, two 
distinet patterns were noted. Some animals continued 
to be viraemic and failed to develop neutralizing antibodies 
during one year. As Table 1 shows, this kind of infection 
was designated type A and was qualitatively and quantita- 
tively similar to that seen in newborn Calomys. A second 
group, designated type B, began to show a decrease in the 
amount of virus recovered in blood, oral swabs and urine. 
Neutralizing antibodies were detected in sera beginning 
the fifth week; and by 8 weeks, when antibody titres 
were at least 1:32, viraemia was no longer detectable. 
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Table 1. INFECTIVE AND ANTIBODY STATUS OF Calomys callosus 56 DAYS 
AFTER INOCULATION WITH MACHUPO VIRUS 
Age and No. of Range and mean prv/0-05 ml, Serum, 
C. callosus Specimen neutralizing 
inoculated Oral swab Blood Urine antibody* 
Newborn (13) 900-14 ,000 100-16,500 8300-90, 600 <4 
(4,800) (3,100) (37,100) 
Adults (9): 
Type A (5) 2,000-15,006  2,500-15,000  10,000-17,500 <4 
700) (9,500) (12,500) 
Type BD 15-650 0 500-900 32-256 
250) (700) 


” Endpoint was highest dilution of serum inhibiting at least 80 per cent of 

fifty Machupo virus plaques in VERO monolayers. 
At this time, amounts of virus measurable in the oral 
cavity and urine were significantly less than those present 
in viraemic type A animals (Table 1). Antibody titres 
in Calomys with type B infection persisted at levels of 
1: 128 to 1: 512 for many months. Although some indi- 
viduals became virus negative 4 to 6 months after inocula- 
tion, in others virus was present in urine and oral swabs 
for long periods. 

Haemagglutination-inhibition and neutralizing antibody 
responses to infection by Western equine encephalitis 
(WEE) virus were similar for animals inoculated with 
Machupo virus in infancy and for age-matched control 
animals, indicating that the observed “tolerance” was 
virus-specific. Likewise, both groups developed neutraliz- 
ing antibodies after infection with Indiana-type vesi- 
cular stomatitis virus. These findings, together with 
the data obtained in Type A Machupo infection, satisfy 
the principal criteria proposed by Volkert® for demon- 
stration of viral immune tolerance. 

Immune tolerance seems to provide a biologically 
powerful mechanism for ensuring the survival and trans- 
mission of Machupo or any other mammalian virus. If 
vertebrate fertility is not impaired, it is very likely that 
vertical transmission would occur with a high degree of 
efficiency, either by intrauterine infection or neonatally 
through the milk. Studies to elucidate this possibility 
are in progress. 

Immune tolerance with chronic viraemia also offers a 
unique situation conducive to biological arthropod 
transmission if suitable virus-susceptible vectors exist. 
Thus, although there is no evidence to support the role 
of any arthropod in Machupo virus transmission, this 
possibility has by no means been eliminated. Furthermore, 
because certain “classical” arboviruses seem to resemble 
other tolerance-inducing RNA viruses, such as lympho- 
cytic choriomeningitis and Rous sarcoma, in that virus 
assembly occurs at endo and ectoplasmie host cell mem- 
branes with the outer viral coat consisting of altered, 
hpid-rich cell membrane material!?-45, it is worth asking 
whether some arboviruses may induce immune tolerance. 
The key to such an experimental hypothesis, which might 
help to explain the arbovirus “overwintering” mechanism, 
may lie in selection of the appropriate vertebrate host for 
a given virus, as has been shown by our inability to induce 
tolerant infection to Machupo virus in laboratory mice 
(unpublished observations), and the finding that tolerant 
infection to Junin virus. another member of the Tacaribe 
group, could be produced in mice only when animals were 
thymectomized and infected shortly after birth". 

Finally, the Machupo virus-C. callosus system seems to 
provide an excellent model for future detailed study of the 
mechanisms of viral immune tolerance. The rodent is easy 
to breed in captivity, good methods are available for 
measuring virus infectivity and antigenicity, and the fact 
that some adult animals develop unequivocal virus 
neutralizing antibodies affords the opportunity to com- 
pare the role of both cellular and humoral immune 
mechanisms in the induction, maintenance and termina- 
tion of immune tolerance. The principal obstacle to 
rapid exploitation of this system is the fact that Machupo 
virus Is highly pathogenic to man. 

Addendum. Since the submission of this article for 
publication, Oldstone and Dixon (J. Exp. Med., 129, 483; 
1969) have presented sound evidence to the effect that 
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persistent viraemia associated with chronic lymphocytic 

choriomeningitis virus (LCM) infection induced in neo- 

natal mice does not reflect true immunological tolerance. 

By use of special techniques, these authors found virus- 

specific antibodies in all such mice. We plan to see whether 

Machupo virus infection also induces such antibodies. 
GUSTAVO JUSTINES 
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Discovery of a Multituberculate 
Marsupial Bone 


Tue extinct order Multituberculata was a highly successful 
and the longest lived order of mammals. Multituberculate 
osteology is poorly known, however, because most of 
the fossil remains are teeth. The shoulder girdle of three 
scapulocoracoids' and incomplete pelves of Ptdlodus 
gracilis", Eucosmodon sp.A% and Alesodma thompsoni’ 
have been described. 

During 1968, the Polish-Mongolian palaeontological 
expeditions collected in the locality of Bayn Dzak’ 
(Shabarakh Usu) in the Gobi Desert of the Mongolian 
People’s Republic. There I found in situ in the sandstone 
of the Djadokhta Formation, which is presumably of 
the Coniacian-Santonian age*, a nearly complete skull 
of a multituberculate, associated with a partial post- 
cranial skeleton. This specimen occurred about 1 km 
eastwards from the Main Field, which lies at the foot 
of the Flaming Cliffs’. Recently I deseribed four new 
multituberculate genera from Bayn Dzak, on the basis of 
materials collected by the Polish-Mongolian palaeonto- 
logical expeditions’. The skull and pelvis found in 
1968 belong to one of these genera, Aryptobaatar dash- 
zevegi Kielan-Jaworowska. The part of the postcranial 
skeleton prepared so far consists of the complete right and 
left sides of the pelvis, including right and left marsupial 
bones in situ, associated with right and left hind limbs. 
A detailed ription of the ‘postcranial skeleton of 
K. dashzevegi will be published elsewhere. Here I report 
the presence of the so-called marsupial bone (praepubis 
or epipubis) in the skeleton of K. dashzevegi. This bone has 
never before been found in fossil Multituberculata material. 

The ilium of the pelvis (Figs. 1 and 2) increases in 
width anteriorly from the acetabulum for about two 
thirds of its length and then decreases in width. The 
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Fig. 1. 

with hing limbs. 

B, dorsal view: the ‘vertebrae covering the posterior part of the 
on A have been removed. Photographs slightly retouched, x i, 


pelvis associated 


Kryptobaatar dashzeregi Kielan~Jaworowska, 
A, Lateral view (arrow denotes the marsupial bone); 


pelvis 


gluteal surface is subtriangular, slightly concave, and 
delimited superiorly by the “gluteal line, which is convex 
downwards and extends from the tuber sacrale for about 
half the length of the ilium. In front of the acetabulum 
a faint ridge separates it from the oval rectus fernoris 
pit. Postero-inferiorly the ilium is expanded into a thin, 
coneave plate, which passes into the pubis. The obturator 
foramen is posterior and beneath the acetabulum; its 
longitudinal diameter slightly exceeds that of the acéta- 
bulum. ‘The superior border of the ischium is concave 
and curves up to a prominent tuber ischii. The ischia 
are directed steeply downwards and meet at a very 
acute angle. Seen ventrally the symphysis {has the 
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appearance of a narrow, prominent ridge, which extends 
from the postero-inferior angle of the ischium to the 
anterior end of the pubis. Along the anterior margin of 
the pubis there is a shallow concavity which receives the 
marsupial bone. The marsupial bone is peglike, slightly 
fusiform at the ends, and in lateral view appears sub- 
parallel to the ilium. It is about half the length of the 








Fig. 2. Kryptobaatar dashzevegi Kielan-Jaworowska, pelvis in lateral 
view, showing the marsupial bone in natural position. 








R y 


Comparison of the pelves in Monotremata, Marsupialia and 
A, Tachyglossus, B, Didelphis; C, Kryptobaatar, 
not to scale, 





c 


Fix. 3. 
Multituberculata. 
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iium. In dorsal view the pelvis has the shape of an 
elongated V. In ventral view the marsupial bones meet 
at the symphysis posteriorly and diverge anteriorly. 

The structure of this specimen of Kryptobaatar 
dashzevegi, which is the first complete pelvic girdle found 
in Multituberculata, confirms the opinion of Granger 
and Simpson® that the pelvis in multituberculates is 
quite different from that of placentals and marsupials 
(Fig. 3). In the latter, opposite ischia meet at an angle 
of about 180°, while in the multituberculates they meet 
at a very acute angle and the pelvis is unusually narrow. 
On the other hand, the pelvis of Aryptobaatar is not 
comparable with that of the monotremes, where in spite 
of the oviparity the pelvis is relatively widely open. 
The marsupial bone in Monotremata is relatively large 
and robust and in Marsupialia the size of the marsupial 
bone varies greatly. In Aryptobaatar the marsupial hone 
is slightly smaller, as compared with the ilum, than 
in Didelphis. 

In my opinion, the presence of marsupial bones in 
multituberculates does not imply close relationship with 
the monotremes or marsupials. In spite of the common 
presence of marsupial bones, the structure of the pelvis 
in these three groups differs in other respects. The fossil 
I have found supports the view that the multituberculates 
are a side branch of mammals, not. closely related to the 
monotremes, marsupials and placentals. 

It was commonly accepted that the element homo- 
logous to marsupial bone was lacking in therapsids. 
Gregory and Camp", however, made hypothetical draw- 
ings of the epipubis in Cynognathus and Romer™ supposed 
that extensive praepubie cartilages existed in therapsids. 
But there was no evidence to support these opinions 
until 1962, when Fourie™-!5 described a skeleton of a 
new tritylodontid (Tritylodontoideus maximus Fourie) 
from the Cave Sandstone of South Africa, in which 
the marsupial or praepubic bones were preserved. This 
discovery of marsupial bones has been entirely over- 
looked!® 1, 

The presence of marsupial bones in a tritylodontid 
indicates that this structure might be a feature charac- 
teristic of therapsids. In some representatives of this 
group this structure may have been cartilaginous and 
therefore rarely found. Similarly the occurrence of 
marsupial bones in multituberculates, monotremes and 
marsupials indicates that this element might possibly 
be characteristic of all early mammals, disappearing 
only later in mammalian evolution. 

I thank Dr W. A. Clemens, Department of Paleon- 
tology, University of California, Berkeley, for reading the 
manuscript and for helpful discussion. 
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Newly Recognized Mandible of 
Ramapithecus 


A “new” mandible of Ramapithecus punjabicus from the 
Siwalik deposits of West Pakistan has been discovered in 
the fossil primate collections in the British Museum 
(Natural History). R. punjabicus is the earliest hominoid 
which can plausibly be considered a hominid, and is of 
late Miocene/early Pliocene age'*. This find is important 
because it provides new information on the dental, 
mandibular and symphyseal morphology of this interesting 
Tertiary primate. f 





Fig, 1 





climatic changes from “moister” to “drier” are represented 
by Nagri/Dhok Pathan and Vallesian/Pikermian transi- 
tions. Hipparion species from Nagri and Vallesian beds 
are the most primitive Old World representatives of the 
genus. Although a few Hipparion specimens have been 
reported from beds of Chinji age, their provenance is 
doubtful, and it now seems probable that the earliest 
Siwalik Hipparion appear at the beginning of Nagri 
timest*, Hipparion probably evolved in North America 
approximately 12 million yr ago and probably spread 
quite rapidly to the Old World. If this date is ac epted, 
the Chinji can be dated from around 12 million to perhaps 








Lateral (A), internal (B) and ocelusal (D) views of Ramapitheeus punijadicus mandible BALIN H) 4115428, compared with R. punjabicus 


YPM 13814 (C). 


The mandible (BMNH) M15423) comes from Domeli 
in the Salt Range. It was recovered and donated to the 
Museum some years ago, and it has been unidentified 
until now. According to the Museum catalogue. the 
specimen is from 200 feet above the top of the Chinji 
beds. That is, it comes almost certainly from deposits of 
Nagri age. 

The absolute ages of Chinji and Nagri are unknown and 
their relative ¢ have been in dispute for some time. 
Primitive Hipparion species are known from the Nagri. 
while more advanced species of the genus come from the 
succeeding Dhok Pathan beds. These two species groups 
are said to be similar to those from the Spanish Vallesian 
and Pikermian respectively’. Interestingly. similar 









14 or 15 million, and the Nagri from 12 million to 9 or 
10 million. The Chinji fauna is likely therefore to be a 
correlative of the Fort Ternan fauna from Kenya, dated at 
14 million yr*. 

Ramapithecus punjabicus specimens from India occur 
in both Chinji and Nagri beds. associated with faunas 
suggesting forested rather than open country conditions’. 

The mandible (Fig. 1), although somewhat damaged, 
preserves most of the horizontal ramus. Tt is thus the 
most complete mandible of Ramaptthecus known. The 
principal importance of it is that it confirms for the first 
time that features similar to or foreshadowing those of 
Australopithecus are present in the mandible and mandi- 
bular dentition of Ramapithecus. This confirms deduc- 
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tions made earlier from maxillary specimens. Inferiorly, 
the symphysis is preserved although superiorly the 
mandible is broken away in front of the roots of P3; 
posteriorly, the ramus is broken just behind M3 roots. 
Broken and eroded partial crowns of P4 through M3 are 
preserved. The first and third molars are in particularly 
bad condition, having lost their enamel entirely. The 
roots only of P3 are preserved. The crown of P4 is 
broken lingually, and heavily worn. Most of the M2 
crown is present, although as on P4 the lingual third is 
missing. 

The teeth are quite heavily worn; there are large areas 
of dentine exposed on P4 and MI, and patches 2 to 3mm 
in diameter are present on M2; the degree of M3 wear 
cannot be assessed. The tooth row is crowded, teeth 
being packed tightly together. There are broad contact 
areas between P4, MI, M2 and M3. The roots of P3 are 
closely approximated to those of P. Such crowding is 
atypical of Tertiary Pongidae, but common in Rama- 
pithecus, as well as Australopithecus and Homo. 

All preserved cheek tooth crowns are broad bucco- 
lingually and mesio-distally short, and this can also be 
inferred for P3. The second and third molars are sub- 
equal in length; MI is a little shorter than MŽ. There is 
a small buccal cingulum on M2 between protoconid and 
hypoconid. As far as can be seen, the morphology of 
the crown of M2 is extremely similar to that of R. pun- 
jabicus, YPM 13814. In the size of the cingulum, relative 
proportions of cusps, type of interstitial attrition, and 
steepsided molar crowns with expanded occlusal areas, 
the two specimens are very similar. Relative sizes of 
molars and the depth and robusticity of the mandibular 
ramus in the region of the posterior molars are also 
marked resemblances. For all these reasons, I am con- 
fident that M15423 is appropriately referred to the 
hypodigm of R. punjabicus, 

Mandibles of Ramapithecus described previously have 
only M2 and M3, and the horizontal ramus as far forward 
as the distal roots of P4 preserved. This newly recognized 
specimen gives us considerably more information about 
both teeth and ramus. First, Pd is preserved well enough 
for measurements to be taken. Mesio-distal length was 
6-4 mm and bucco-lingual breadth approximately 9-0 mm, 
giving a length/breadth index of 71-1. The tooth is short. 
broad and lacks both a prominent heel and a pronounced 
anterior fovea. Dryopithecus P4s from the Siwaliks differ 
in morphology and shape; they have more pronounced 
foveas and longer talonids. A sample of nine Dryo- 
pithecus sivalensis Pis yields a mean index of 84-8, with 
a range from 75-6 to 96-6, 

The long axis of the P3 roots is orientated at an angle 
of some 55 degrees to the mesio-distal axis of the rest of 
the cheek teeth. The crown would have been only slightly 
longer mesio-distally than the crown of PF. N othing can 
be said about crown morphology, but it is quite probable 
that the crown was non-sectorial, and it may well have 
been bicuspid. X-ray photographs of the mandible 
(kindly taken by Miss Theya Molleson), show clearly 
that the roots of P3 and PẸ are subequal in size. 

The tip of the canine root can be seen in the X-rays, 
fortunately, and it shows that the canine root (and 
presumably the crown as well) was very reduced, being 
only slightly longer than the roots of P3 and P4. The 
combination of a possibly bicuspid P3 and a small © is 
what might be expected from the known maxillary 
specimens of Ramapithecus: the upper jaws contain small 
canines with crowns which barely project, and such 
crowns would be associated with mesio-distally shortened, 
non-sectorial P3s. 

The horizontal ramus of M15423 shallows posteriorly. 
Below M3, the ramus is 26-6 mm deep; below P4, it is 
31-0 mm deep. At M3 the mandible is thick, a character- 
istic of R. punjabicus mentioned earlier. Snough of the 
symphyseal region is preserved to indicate that the 
anterior symphyseal contour was deep and rounded. 
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Internally, both superior and inferior transverse tori were 
present. The inferior transverse torus projects posteriorly 
in the midline as far as the level of P4; more posteriorly, 
it merges with the marginal torus. As far as it can be 
reconstructed therefore the symphyseal region of R. 
punjabicus seems to have been deep, rounded, and to have 
had a projecting inferior transverse torus. Similar 
morphologies are to be seen in Australopithecus specimens. 

This Ramapithecus mandible is approximately com- 
parable in size with that of a female Pan troglodytes 
paniscus (American Museum (Natural History) No. 86857). 
The cheek teeth are about the same length in both, 
although those of P. t. paniscus are narrower. The ape 
mandible is shallower and less robust posteriorly, and 
it does not deepen anteriorly; the symphyseal region is 
considerably shallower and the face more projecting. This 
mandible reinforces the view that Ramapithecus probably 
had an antero-posteriorly shortened, rather rounded 
dental arcade. The inferior transverse torus is better 
developed in Ramapithecus than in the pygmy chimpanzee. 

This mandible, 4715423, can be assigned with some 
confidence to R. punjabicus, other specimens of which are 
known from the late Miocene and early Pliocene of the 
Siwahk hills. It is important for the new information it 
yields about dental and mandibular morphology in this 
interesting Tertiary hominid. 

Ramapithecus was short-faced, deep-jawed (and pro- 
bably deep-faced) compared with living Pongidae. 
Small maxillary and mandibular canines, small and 
possibly bicuspid anterior lower premolars, and rounded 
dental arcades are all features of similarity to more 
recent Hominidae; relatively flat-crowned and crowded 
molars are other features of resemblance. 

As Scott has pointed out, the presence of an inferior 
transverse torus may be correlated with the size of 
the masticatory muscles and of the cheek teeth. The 
presence of the torus, the robusticity of the mandible 
posteriorly, the worn and crowded cheek teeth, and 
the foreshortened and deepened face and jaws all suggest 
that Ramapithecus was, like Australopithecus, a creature 
capable of powerful chewing. The antero-posterior 
shortening of the dental arcade and face apparently 
characteristic of Ramapithecus (with which may also be 
associated incisor crowns relatively more vertically 
orientated than in living Pongidae) could possibly be 
part of a complex of dental and facial adaptations in- 
volving powerful anterior slicing and posterior grinding. 

The recognition of M15423 as a Ramapithecus may 
possibly lead to the recognition of other specimens of the 
same species. For example, ‘‘Palacopithecus ? sylvaticus” 
(transferred by Simons and D. P.* to Dryopithecus sivalen- 
sis) requires further study. 

A more detailed analysis of the possible functional 
significance of known R. punjabicus specimens is now in 
preparation. 

I thank Dr K. P. Oakley for permission to study the 
specimen, Miss Theya Molleson for taking the X-rays and 
supplying the photographs, and Dr E. L. Simons, M. F. 
Gibbons, jun., I. Tattersall and P. Ettel for their com- 
ments. 
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Book Reviews 


METHODS OF SCIENCE METHOD 


Induction and Intuition In Scientific Thought 

By Peter Brian Medawar. (Memoira of the American 
Philosophical Society, Vol. 75.) Pp. 1x+62, (American 
Philosophical Society: Philadelphia, 1969.) $2. 


Tue three lectures (supplemented with a great number of 
scholarly footnotes) which make up this slender volume 
contain a concise and very readable account of views on 
scientific methodology which the author has advocated 
over the past few years. He is sceptical about the useful- 
ness of a doctrine of scientific method for practising 
scientists, arguing that very few if any scientists pay any 
attention to the writings of the pundits ın this subject, 
being mostly unaware of usmg any particular method as 
such; and furthermore, that almost none of the great 
writers on methodology were practising scientists. Con- 
cerning the first point, Medawar does, however, agree ıt 
may well be possible that methodological presuppositions 
do often infiltrate the unconscious beliefs and common 
procedures of the scientista; as to the second point, there 
seem to be a great number of counter-instances to the 
clam advanced: scientists lke Ampère, Oerstedt, 
Herschel, Maxwell, Wundt, Mach, Duhem, Campbell— 
just to mention a few—wrote more or less copiously about 
methodology and philosophy of science, and Whewell, who 
18 here excluded as a scientist, was the author of over 
thirty papers on the theory of tides, m receipt of the 
Copley Medal, a Fellow of the Royal Society, and the 
author of textbooks on dynamics, mechanics, engineering, 
mineralogy, and the lke. Moreover, one cannot be 
certain whether the weekly seromars ın philosophy of 
science which Einstein arranged in 1902 and which were 
based on Mach’s book on the history and philosophy of 
mechanics did not influence his later critical approaches 
towards Newtonian theory. 

In any case, the author agrees that there are certain 
problems of a philosophical nature common to all the 
sciences (he singles out only afew: validation, reducibility, 
causality) which form a respectable subject for enquiry 
into logical and philosophical foundations, thus admitting 
that the claim of irrelevance is perhaps misplaced: 
logicians and philosophers of science have for the most 
part just not been trying to compete with scientists in 
developing proper scientific procedures, occasional appear- 
ances to the contrary notwithstanding. 

The main two chapters then concentrate on the cluster 
of problems that arises from a comparison, respectively, of 
the mductive and the hypothetico-deductive schemas of 
science. It ıs nghtly contended that induction is not 
simply a name for direct generalization over a number of 
resembling particulars. Rather, inductivism (as here 
portrayed) emphasizes patient collection of facta and their 
analysis, in the belief that this will yield certain conclu- 
sions about causal relationships or empirical laws. This, 
as the author insists, is a caricature of scientific practice, 
particularly ın so far as—with its assumption of “bare 
data’’—it ignores the theory-ladennees of the “facts”, 
lacks a sufficient characterization of error, and under- 
estimates the need for formulating mitiel hypotheses 


1095 


required for a relevant selection of empirical data. Another 
fault of induction, according to the author, is that it 1s 
over-concerned with “justification”, with “proving the 
truth” of ite conclusions; and Medawar seems to imagine 
that mductivists are thereby saddled with the doctrine 
that the conclusion must certainly be true (come what 
may). All this ıs compared here with an alternative, the 
“hypothetico-deductive scheme”, accordmg to which, 
faced by some problem or other calling for explanation, 
one puts forward a hypothesis, and compares the deduc- 
tions from the latter with observation or the result of 
experiment. This scheme, as Medawar notes, needs 
supplementation by a further vector, concerned with the 
conditions that lead to the “‘discovery” of the relevant 
hypothesis. On its logical side, there 1s the need for 
restrainta on the choice of hypotheses—the author notes 
the Kantian requirement of ‘“‘possibility”’; on its generative 
side, the process involved ıs here called “imtuition”, but 
we are not given much information about its nature, short 
of some references to ‘‘creativity” and ‘experimental flair 
or insight”. 

Such a brief review cannot hope to do justice to the 
author’s considerable stylistic facility, very persuasive of 
his pomt of view. Neither can ıt hope to detail many of 
the criticisms which would need to be made in order to 
put this account into proper perspective. So we must 
limit ourselves to a brief enumeration. Inductivists have 
not usually overlooked the need for hypothesis, nor the 
importance of deductive procedures in science. Again, if 
they have been preoccupied with the problem of justifica- 
tion—little to do with science as such—therr talk about 
“logic” should not be taken to mvolve them ım the claim 
to the necessary truth of their conclusions. Not even 
Mill did this: though he made certain claims for the 
relative infallibility of his major premise of mductive 
reasoning, the law of causation, he distinguished this from 
the putative validity of such reasoning, with the conse- 
quence of allowmg that the law of causation may only 
have a practical certainty for us, and may well fail to 
hold in other regions of space and tme. More seriously, 
with this concentration on Mull, the author forgets to 
point out two things. Inductive theory has not stood stıll 
since Mull’s time, and if contemporary philosophy of 
science includes a vast industry of writing on mduction, 
this usually means “confirmation of hypotheses”, and a 
study of the logical structures that must be developed in 
order to model the land of considerations said to ‘add 
additional strength” to a given hypothesis. Secondly, ıt 
1s not true that there was a vast orthodoxy of inductive 
logic before (and since) Mill, matched only by a few 
disciples of deductivism, such as Whewell, Peirce and 
Popper. The boot is really on the other foot: many 
methodologists before and since Mill have put considerable 
emphasis on hypothesis, for example, Huygens, Boyle, 
Descartes, Priestley, Condillac, Hartley, Adam Smith, 
Dugald Stewart—to mention a few early names, and omit- 
ting the large body of discussion on hypothetical reasoning 
to be found in wntings of the pre-seventeenth century 
period. 

Furthermore, the author’s claim that hypothetico- 
deductivism does not involve the inductivist mistake of 
holding scientific conclusions to be “logically propelled” 
(page 46) may perhaps apply to Popper’s ‘“‘falstfica- 
tionist” logic, but it should be remembered that Peirce’s 
hypothetico-deductive scheme combined this with a logic 
of inference: given a hypothesis that accounts for certam 
data, then we may infer the hypothesis to hold pro- 
visionally. Peirce of course that such a hypo- 
thesis is still falsifiable, but no inductivist has ever 
held that his “conclusions” are necessarily true, non- 
empirical statements. The crucial difference between this 
and falsificationiam is the attribution of some form of 
probability to the “imferred” hypothesis. Here there 
seems to be some confusion in the treatment of issues. 
Whilst Medawar claims adherence to Popper in several 
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places, to the effect that one can only falsify hypotheses, 
he also recommends Kant’s theory of hypothesis “as bemg 
very much in the modern style”. But Kant, ın the context 
of the passage referred to here (page 49), remarks that 
the probability of a hypothesis grows with mcreasing 
explanatory success. 

Of course, there are possible replies and objections to 
such a position, but this consideration brmgs me to my 
last point. Medawar 1s prone to contrast the tentativeness 
of science with a putative doctrinaire attitude of “the 
philosophers”. Quite the contrary. The record of inductive 
and deductive writing ıs one long sequence of claims and 
counter-claims; in short, of criticism. At every stage, the 
philosophers’ and the scientists’ philosophical comments 
are the primary data for further critique. It is one of the 
virtues of this book that its clarity makes ıt an excellent 
vehicle for a “primary source” in the philosophical process 
of continuous criticism. GERD BUOHDAHL 


COSMIC ENORMITY 


The Earth In the Universe 

Edited by V. V. Fedynsku. Translated from the Russian. 
(Geographical Series.) Pp. v+402. (Israel Program for 
Scientific Translations: Jerusalem. Distributed by H. A. 
Humphrey: London, March 1969.) 120s. 


More than half a century ago K. E. Tsiolkovskai proved 
that it was possible to build rockets which could attain 
escape velocity and overcomie the forces of gravity. This 
pioneer of modern -space travel wrote: “The Earth 1s the 
cradle of the mind—but you cannot live in the cradle 
forever’. This book is about our first faltermg steps from 
the cradle into the realms of the mteractions between the 
universe and the Earth. It is obvious that the physical 
form of the Earth has been drastically affected by the 
mechanism which formed it and also by the influence 
of the Sun and the other bodies in the solar system. What 
is not so obvious is the variable effect that these bodies 
have on human, animal and plant lıfe. Apart from the 
daily, lunar and yearly periodicities, the 11-1 year varia- 
bility of the Sun and also the 170 million year period of the 
Sun’s motion around the galactic centre have a profound 
effect on hfe, climate and geology. This book was first 
published in Moscow in 1964 and contains a collection of 
thirty papers on the cosmic properties of our environment. 
The theme of this collection 18 that we must stop consider- 
ing ourselves as an isolated system and must broaden our 
outlook and think of mankind as part of a solar system 
which iteelf is part of a galaxy in a universe of galaxies. 
We must extend our minds to the cosmio enormity of our 
environment and look for the effects which the cosmos 
has on the planet Earth. 

The book 1s divided into five sections. The first contams 
& brief review of modern conceptions of the structure 
of matter and the nature of physical fields, especially 
gravitation. The second deals with the structure and 
evolution of the universe and contains papers on extra- 
galactic astronomy, the observation of the positions and 
recessional velocities of galaxies and the possibility of 
unknown forces acting on distant galaxies. A possible 
mechanism for the origin of the solar system and the 
problems of solar evolution are discussed. ` The structure 
and development of the Earth are dealt with in the next 
section with special reference to the interactions between 
the variations m the rate of rotation of the Earth and the 
motions occurring in the terrestrial crust, the connexions 
between diurnal rotation and geological and climatic 
Processes, methods of measuring the structure of the 
terrestrial crust and the variation in diurnal rotation due 
to the positaon of the Sun in the galaxy. The section ends 
with a discussion of submarine troughs, palasomagnetiam 
and hypsographic curves. Section four-of the book 18 
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entitled “Solar Activity and the Earth’. The Sun is a 
weakly variable star with a principal period of 11-1 years. 
In years of peak solar activity tremendous chromospheric 
flares in the ultraviolet and X-ray regions of the solar 
spectrum produce streams of solar particles which not 
only affect the electric and magnetic fields of the Earth 
but also the biosphere and life. Section four contains 
papers on the relationships between solar activity. and 
physiological characteristics, the production of white 
blood cells and animal reproductivity. Section five 
presente a study of the biosphere and the ways in which 
this is affected by physical fields. Papers mcluded are 
concerned with the abundance of organic matter in the 
universe, magnetotropism in plants and the effect of 
negative oxygen ions, deionized aur, ultraviolet radiation 
and radioactivity on hfe. 

We must thank the translators for this excellent book 
and for opening the eyes of our less linguistically blessed 
colleagues to the wonderful work being done in the Soviet 
Union. This book will help to foster mterdisciplinary 
interest and cooperation, both of which are essential if 
this fascinating branch of science 1s to progress. 

Davi W. Huauzs 


DUSTY PROBLEMS 
Diffuse Matter In Space f j 
By Lyman Spitzer. (Interscience Tracts on Physics and 
Astronomy, Vol. 28.) Pp. xiı+262. (Interscience 
(Wiley): New York and London, April 1969.) 108s. 


PROBLEMS relatıng to the diffuse interstellar material 
have assumed a rapidly increasing importance ın recent 
years. This is the result, at least in part, of the develop- 
ment of new observational techniques, notably in the 
radio, infrared and ultraviolet wavebands, which have 
permitted a closer scrutiny of the several components of 
the insterstellar medium. The discovery of the molecules 
water, ammonia and formaldehyde by their radio 
transitions ın interstellar space is scarcely months old; 
even more recent have been discussions and arguments 
concerning the chemical characterization of the inter- 
stellar dust particles based on infrared spectral features. 
The discovery of large fluxes of infrared radiation from 
nebulae and galaxies, and the posmble connexion between 
this radiation and mterstellar dust grains have added 
further interest to this subject. , 

Professor Spitzer’s book could hardly have appeared at 
& more opportune moment. Beginning with an intro- 
ductory chapter summarizing the early evidence and argu- 
ments for the presence of interstellar matter, the book goes 
on, in the next two chapters, to discuss the observational 
data pertaining to the main components of the diffuse 
matter. The relevant observational data are presented in 
a concise form which would prove a useful introduction 
to this subject. In many places the discussion of the 
observational material and also of the properties of dust 
grains may appear a little too sketchy; but this deficiency 
is compensated by referring the reader to a representative 
bibliography of review articles and origmal papers. 

The rest of the book is devoted almost entirely to 
discussion of selected theoretical problems. In two 
chapters which comprise over half the volume of the 
book Spitzer describes the interactions between various 
componente of the diffuse interstellar matter, and also the 
dynamical behaviour of this matter; a final chapter is 
devoted to the problem of star formation from inter- 
stellar matter. These chapters, which chiefly embody the 
author’s own contributions to this subject, are written 
with a rare clarity and insight. 

This excellent book 1s to be commended to all those 
concerned with interstellar problems as well as to the 
more general student of astronomy. It will prove an 
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invaluable source book and reference work which presents 

in aremarkably compact form material which is otherwise 

rather widely dispersed throughout astronomical literature. 
N. C. WicKRAMASINGHE 


FIERY APPARITIONS 


The Tamıng of the Thunderbolts 

The Science and Superstition of Ball Lightning. By 
Maxwell C. Cade and Delphime Davis. Pp. 176+ 85 plates. 
(Abelard-Schuman: London and New York, April 1969.) 
30s. 


Batts of fire, or ball hghtning, which this book 1s about, 
have not been tamed; they are shrewish, 1ll-disposed and 
mischievous as ever. If anybody does not believe in them, 
let him read this book. It is best to read straight through, 
for the dispersion of numbered “case histories’? in the 
text results ın a somewhat fragmented appearance. The 
authors say the book is for the man m the street. He will 
enjoy it, and the specialist m atmospheric studies will not 
be disappointed. ‘The book is free from typographical 
errors, is well produced, and 1s excellent value for money. 
It meludes a useful bibliography, and an umpressive list of 
107 oase history sources where Proceedings of the Royal 
Society keeps company with the News of the World and 
Bede’s History of the English Ohurch and People. 

In the first half of the book we have stories of ball 
lightning and related phenomena dating to the begining 
of the Christian era and earher. According to the authors, 
Pliny regarded a thunderbolt as forked lghtning, from 
which he distinguished ball hghtning. The latter they 
now call a thunderbolt, which seems to be hardly in accord 
with what we read of fireballs, for instance: “the awful 
apparition slowly descended .. . ing havoc before 
leaving’, and, on another occasion, “floating lazly out of 
the door of a sealed room”. Early scientific investigations 
of hghtning are described, including the work of those 
reckless, or perhaps ignorant souls who sought to extract 
the electricity from clouds. ‘There follow eyewitness 
accounts of fifty fireball sghtings, selected from reliable 
gources, each with its own bibhographical reference. They 
ring true; some are by scientists, two by a former 
deputy director of the Meteorological Office. The 
characteristics of fireballs are examined and clasarfied, 
past and present theories are reviewed, and all 1s readable 
by everybody, apart from a few lines culminating m a 
partial differential equation which shows how seriously 
some scientists are taking ball hghtning. No. theory is at 
present acceptable, which is not surprising because most 
observations have been made by frightened, unskilled 
observers, and without the aid of scientific instruments. 

The authors next consider strange happenmgs in the 
past and unpleasant possibilities for the future. Ap- 
parently when 90 per cent of “unidentified flying objects” 
have been explained away as balloons and so on, the re- 
maining 10 per cent may nearly all be accounted for by 
ball hghtning, cometoids and meteorites, leaving only a 
tiny fraction to sophisticated fancy. The Great Siberian 
Meteorite of 1908 was evidently not a fireball, but we may 
not be so gure about the cause of the power failure which 
blacked out New York ın 1965. On a smaller scale, 
strange happenmgs im sealed rooms, including alleged 
poltergeist activity, may perhaps be due to ball lightning. 
From the ways of evil spirits we turn to the evil ways of 
men. Already the possibility has been examined of 
making war weapons based on the prmciple of ball 
lightning, especially in view of Kapitza’s model of an 
electromagnetic standing wave system. But perhaps man 
will benefit in the long run. If he solves the mddle of ball 
lightning, he should be nearer to makmg peaceful use of 
controlled thermonuclear reactions. 

W. C. A. HUTCHINSON 
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CALCULATING SEISMOLOGY 


Mathematical Aspects of Seismology 

By Markus Bath. (Developments in Solid Earth Geo- 
physics, Vol. 4.) Pp. xii+415. (Elsevier: Amsterdam, 
London and New York, 1968.) 200s. 


Snor Lamb published his elegant solution of wave 
propagation ın an elastic half-space, theoretical seismology 
has become increasingly mathematical and, to many 
seismologists, obscure and lacking m practical application. 
This book is an attempt to provide seismologists with 
sufficient mathematics to study theoretical problems. It 
assumes an elementary university knowledge (1—2 years) 
of both mathematics and seismology. 

The book is divided nto four parts. The first three— 
“Integration Methods”, “Special Functions” and “Selected 
Mathematical Methods’—are concerned largely with 
mathematical techniques, but each chapter contains 
examples from seismology. The mathematics in these 
sections can naturally be found in other textbooks 
although the presentation and emphasis differ. The 
choice Professor Bath has made seems very suitable for 
the purpose of this book and the presentation 18 very 
clear and accurate. Detail ıs ample without becoming 
incomprehensible or valueless to the seismologist. In 
fact these chapters should provide useful reference for any 
student of apphed mathematics and, in particular, wave 
propagation. The seismological examples and the 
remaining part of the book, “Selected Seismological 
Applications”, represent a far greater problem of choice 
for the author and of potential interest to the reader. 

The problems the author has chosen to expand in some 
mathematical detail, for example, Cagniard’s method 
(chapter eight), Lamb’s problem (chapter twelve), 
Pekeris’s problem (chapter thirteen), are regarded as the 
classics of elastic wave propagation. While they provide 
a useful basis for demonstrating the mathematical methods 
introduced previously in the book they have all appeared 
in seismological textbooks before. The treatment, while 
perfectly accurate, only represents an expansion, not, an 
extension, of these and ıt ıs unlikely to mspire great 
interest m the reader or give an accurate impression of 
modern theoretical seismology. Particularly unfortunate 
is the lack of references to more recent developments m 
these and other problems. de Hoop’s modification of 
Cagniard’s method is of such mathematical elegance and 
simpheity as to deserve mention, and the theory of “‘leak- 
ing modes” has explamed many features of seismograms 
not contained in Lamb’s or Pekeris’s solutions. Mathe- 
matical solutions are only of value when they explain 
observed features of seismograms and except for Lamb’s 
problem no results are ulustrated thus. 

While the prmcipal purpose of this book is clearly to 
introduce mathematical methods to seismologists, which 
it does excellently, it is mdeed unfortunate, especially in 
view of its cost, that the author has not chosen more 
recent work m his examples. CHRIS CHAPMAN 


ALGEBRAIC EPIC 


Algebraic K-Theory 
By Hyman Bass. (Mathematics Lecture Note Series.) 
Pp. xix+762. (Benjamin: New York and Amsterdam, 
1968.) $12.50 cloth; $5.95 paper. 


Tus publication follows the current trend of maling the 
lecture notes of eminent mathematicians readily avaiable. 
It means that not only are current research ideas pre- 
sented, but also an attempt is made to give essential 
background material a coherent exposition. The author 
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is an acknowledged pioneer in algebraic K-theory end this 
monumental work presents (in amplified form) a graduate 
course given at Columbia University in 1966-67. It is a 
systematic and comprehensive treatment of the subject 
and collates important results from all sources, not 
least from the author’s earlier papers. It also con- 
tains many results and attitudes published for the first 
time. 

To the non-expert, algebraic K-theory may be grossly 
oversimplified as a generalization of vector space theory 
when the ground field is replaced by a more general ring. 
It 18 the study of projective modules and their automor- 
phism groups. To the uncommitted reader the text may 
seem & morass of difficult technical details; however, an 
interested party will find it a veritable mine of inform- 
ation. 

The first part ıs a review of background material 
(category theory, categorical algebra, rmgs and modules). 
The speed of exposition would require at least a passing 
acquaintance with most of the ideas. The remaining 600 
pages cover the major advances of algebraic K-theory in 
such prolific detail that they cannot all be accounted 
for in this review. They come under the general headings 
of stable structure of projective modules and their auto- 
morphism groups, algebraic K-theory (in an axiomatic 
categorical context) and K-theory of projective modules. 
There is aleo an appendix on the relations between vector 
bundles and projective modules. Certain topics (sym- 
plectic and quadratic modules, the functors Knn 2 2)), 
which have yet to be given a satisfactory treatment, are 
omitted. Nevertheless, the text remains astonishingly 
comprehensive. 

The casual reader wishing to browse through the book 
is warned that certain symbols are given more subtle 
Meanings as the text progresses. Also the reader with 
nothing better to do may find an average of a misprint 
per page (endemic in the nature of the publication). 
Such facta, however, pale into insignificance when com- 
pared with the mammoth achievement of preparing a 
tract of encyclopaedic proportions. The author and 
publishers are to be congratulated on producing such an 
epic. No serious student of the subject should be without 
& copy. D. O. Tata 


PHYSICAL OPTICS 


Optical Physics 

By S. G. Lipson and H. Lipson. Pp. i+ 494. 
bridge University Press: London, 
758; $12.50. 


Tus book obviously had to be compared with the one of 
identical title by Garbuny (Academic Press, 1965). In 
the earlier book, optical physics 1s defined as “the study 
of dynamic interactions between light and matter and the 
conclusions on structure and state that can be derived 
from optical phenomena”. The authors of the present 
text describe it thus: “It deals essentially with the 
principles of optics but wherever possible we have em- 
phasized the relevance of these principles to other branches 
of physics, hence the rather unusual title’. In fact, the 
bulk of their material is essentially physical optics and, 
because the book is intended for advanced undergraduate 
and graduate courses in physics, it should really be com- 
pared with Principles of Optics by Born and Wolf. Unlike 
this classical text, the present treatment 1s phenomeno- 
logical rather than rigorous and Postgraduate students 
wıllefind that there is a consequent inadequacy in the 
approach. Thus in the chapter on coherence, temporal and 
spatial coherence are treated mainly pictorially and the 
fundamental description in terms of the degeneracy 
parameter is not mentioned. 

Again the treatment of diffraction gratings and inter- 
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ferometers is very general and consequently suffers both 
m rigour and in detail. For the diffraction grating, the 
formulae assume normal incidence, a case which is rare 
in practice, and the treatment of the Fabry-Perot inter- 
ferometer, particularly ın view of ıts many applications 
for laser spectroscopy, 18 inadequate, even for a book 
dealing “mamly with principles’. 

Lasers themselves are given a short treatment which 
unfortunately contains obvious errors. A xenon flash 
tube with discharges lasting 10-' s (page 370) would be 
very useful for pumping dye lasers, but such short light 
pulses are not requred for pumpmg a ruby crystal. 
The helium—neon laser is a four level laser and the lasing 
transition does not terminate on the ground state (page 
372). The description of laser dynamics ın terms of tho 
Fabry-Perot interferometer is now rarely employed and 
& more rigorous approach to modes in lasers should have 
been included. 

There are several misprints of an irritating nature, 
particularly when there 1s confusion between references to 
sections, and references to equations, such as occurs on 
page 306. Again in the figures on page 221 dealing with 
blazed gratings, the angles a and the grating spacing d 
are both printed as a. Hopefully these errors will be 
corrected in the second edition which the book certainly 
deserves because of the many good sections it contains. 
These include the initial chapters on waves and Fourier 
theory, and the classical theory of dispersion is dealt with 
m a manner which makes the physics clear. The final 
chapter on some i CI of optical ideas to the study 
of matter, astrophymes, and radioastronomy and the 
appendices on optical components and practical Fourier 
computations are valuable. 

To sum up, this is a useful addition to the available 
texts on modern optics and its applications. It will 
probably prove most useful to the increasing numbers of 
non-physicists who use optics as a tool, but the optics 
specialists, particularly the physics student working for 
& PhD, will certainly need a more extended treatment 
than is to be found here. The mforma] style and clear 
illustrations and diagrams make for pleasant reading and 
the price 1s reasonable for a text of this size. 

D. J. BRADLEY 


MALE BONDS 


Men In Groups 
By Lionel Tiger. Pp. xviii+ 254. 
London, March 1969.) 50s. 


Tum field studies of non-human primates carried out in 
the early 19608 are catching the imagination of an mm- 
creasing number of social scientists; these studies show 
that the social life of men is similar to that of apes and 
monkeys in a number of ways, suggesting the operation of 
innate mechanisms which had survival value for our 
remote ancestors. Lionel Tiger pursues one aspect of 
this—the tendency of males to form cooperative groups. 
He suggests that “male-male bonds are of the same 
biological order for defensive, food-gathering, and social- 
order-maintenance purposes as the male-female bond: 1s 
for reproductive purposes” (page 42). The evolutionary 
history of the male—-male bond 1s admittedly speculative 
but a comparison between two kinds of primates is sug- 
gestive. Baboons, which form strong male hierarchies, 
lve ın open country; langurs, which do not form 
dominance hierarchies, live ın the forest. It is usually 
accepted that baboons have evolved their social system 
because of the greater need for defence of the group; man’s 
ancestors moved from the forests at some stage, and may 
have evolved the male—-male bond at this point. 

The body of the book is concerned with an account of 
male groups in human societies. (1) Political groups are 
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thought to be the clearest cases of dominance hierarchies ; 
there are few cultures in which women comprise more 
than 3-5 per cent of elected representatives. (2) War and 
police work are usually all-male affairs, especially where 
actual fighting is involved. (3) Work is sex linked; men 
doing the “hunting, dangerous and heavier work, while 
women gather and prepare food. (4) Sport typically 
consists of male groups in near-aggressive competition 
with other groups, and of hunting and fishing which 
reconstruct primitive life. (5) Secret societies, such as 
fraternities, are usually male, and involve initiation rites, 
which perhaps convey status and strengthen hierarchical 
bonds. (6) Aggression is often a joint activity by male 
groups; attacking the enemy strengthens the internal 
hierarchy and vice versa. 

These ideas are extremely interesting, and they suggest 
that psychological research which finds small differences 
in personality between males and females must have been 
studying the wrong dimensions. Furthermore, the ideas 
are eminently testable by psychological and sociological 
methods. The basic ideas are not really new—they can 
be found in the writings of Michael Chance and other 
primate ethologists, and of Lorenz—but the detailed 
application to human societies is new. Nor are any 
original research findings reported; instead, the author 
cites widely scattered anthropological and sociological 
sources, with a preference for the bizarre and off-beat, in 
the American sociological tradition. He could have made 
more use of research on interaction in human groups. 
The book is highly entertaining to read, though it is 
rather repetitious. 

What of the thesis itself ? The author rather underplays 
the extent of cross-cultural variation in sex roles: women 
engage in more “male” activities in Russia and Israel, 
fewer in Arab countries; role differentiation in the 
family 1s least in American. middle-class families, according 
to Zelditch. Perhaps primate-derived hypotheses fit 
the most primitive societies best. While the book does 
not deal with female groups, the very existence of such 
groups goes against the hypotheses ted. Perhaps 
it follows that nunneries and girls’ schools, given that they 
exist at all, should be very unstable and full of dissent. 
Nor does the book explain why many male groups are not 
concerned with aggression—universities, research groups 
and many others. The author does not discuss the 
conventional social psychological account of male bonding 
—that it is the result of affiliative and related social drives, 
which have some innate origins, but are more the product 
of early socialization experiences. The strong emphasis on 
biological factors leads to some rather surprising recom- 
mendations about practical affairs: the author approves 
of public schools on the somewhat unusual grounds that 
they are ideal examples of male-bonding; he is in favour 
of keeping women. out of politics, and wants new towns 
to have pubs (where male bonding can take place). 
Broadly he supposes that little can be done to change 
anything but he hopes that better understanding of the 
biological aspects of human nature may help. 

MICHAEL ARGYLE 


ORGANOMETALLIC HANDBOOK 


Handbook of Organometallic Compounds 

Edited by Nobue Hagihara, Makoto Kumada and Rokuro 
Okawara. ‘Translated from the Japanese. Pp. xvii + 
1044. (W. A. Benjamin: New York and Amsterdam, 
1969.) n.p. 


Tms volume, misleadingly called a handbook, attempts 
a survey of the organometallic compounds of fifty elements. 
Of its 1,044 pages, 764 are devoted to some 5,500 com- 
pounds of the non-transition elements, and only 167 to 
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400 compounds of the transition metals (this latter section 
includes the members of groups Ib and IIb). There is a 
rather superficial thirty-page glossary of technical terms, 
and a well-documented subject mdex. Each chapter 
dealing with an element or group of elements 18 mtroduced 
by a short, and again superficial, account of bonding, 
general methods of synthesis and chemical properties of 
the compounds. A potted account of each selected com- 
pound then follows: its empirical and structural formulae; 
systematic name; preferred method of preparation (given 
in equation form); physical properties such as melting 
point, density, solubility data, and occasionally a few 
infrared or NMR data; selected chemical properties; 
applications; and one or two references. An average 
entry per compound would occupy some twelve lines of a 
half-column page. 

Although the editors say, with apparent feeling, that 
theirs bas been a laborious task, it 1s hard to avoid the 
impression that some of their labour has been musdirected. 
Space could have been saved or have been better used by 
presentation of much material m tabular form, and by 
omission or severe curtailment of the rather poorly written, 
lightweight introductory sections and glossary. The 
editors admit to “some arbitrariness . . . in the selection 
of compounds”—thus, 100 are listed for antimony and 
10 for rhodium, 1,700 for silicon and 27 for chromium. 
Indeed, the treatment of transition metal compounds 1s 
derisory, yet it is surely in this fleld that the most signifi- 
cant advances are now being made. “Selection was based 
on the two criteria of fundamental importance and 
frequency of use’”—the selection, on this basis, 1s remark- 
ably eccentric. 

This type of book would have been very useful ten years 
ago; now it is unlikely to be of much use to either the 
novice or the specialist in the field. There has been such 
an extraordinary increase of work in organometallic 
chemistry, with so many new papers appearing every 
month, that nothing less than a sort of organometallic 
“Beilstein” is needed. Alternatively, to be really gloomy 
about it, a computer ought to be set to work on the task. 

W. P. QROTFITH 


STRUCTURE OF LIGNIN 


Constitution and Biosynthesis of Lignin 

By K. Freudenberg and A. C. Neish. (Molecular Biology, 
Biochemistry and Biophysics, Vol. 2.) Pp. m+129. 
(Springer-Verlag: Berlin and New York, 1968.) 28 DM; 
$7. i 


Tam complex structural chemistry of lignin has been 
extensively mvestigated over the past fifty years. During 
the past two decades the picture of the molecular structure 
of the polymer has emerged. It is composed not as a 
sequence of regularly repeating monomers jomed to one 
another by a specific type of chemical bond, but by an 
arbitrary interlmking of a variety of unite to give a 
three-dimensional matrix. 

Ideas about the structure of this very insoluble sub- 
stance were first elucidated by painstaking and difficult 
chemical investigations. A clearer picture was obtained 
later when biochemical evidence was available about the 
method of biological synthesis of the polymer from its 
precursors. 

The unique method by which the biological synthesis of 
lignin occurs in plants was suggested by Freudenberg and 
his coworkers. ‘The ideas were based on their long, 
persistent and skilful studies mto ite chemistry and by the 
use of in vitro model synthesizing systems. The synthesis 
is thought to occur by the enzymic dehydrogenation of a 
mixture of three p-hydroxycinnamyl alcohol derivatives. 
This oxidation produces free radicals that combine 
together and grow into the large, complex polymer. 
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Freudenberg has been able to suggest the formula for a 
portion of Spruce lignin. This formula is consistent with 
the chemistry and physical chemistry of the materal and 
also corresponds to the possible biological growth of the 
naturally occurring lignm molecule. 

A biological synthesis of the aromatic ring from carbo- 
hydrate molecules such as glucose occurs in plant and 
bacterial cells and 1s an extremely complex, interesting 
and significant biochemical topic. It is obviously impor- 
tant for the formation of lignin precursors. Work on this 
subject has been carried out using both radioactive tracer 
and enzyme techniques on plant tissues and bacteria. 
The overall scheme for the production of cinnamyl alcohol 
derivatives from carbohydrates is now firmly established. 

One of the most obvious biological features of lignin is 
its occurrence during definite stages of the growth of the 
cell, and the sequential synthesis of the enzymes necessary 
for the production of coniferyl and the related alcohols 
therefore opens a very important field of study in plant 
cell differentiation. 

This book contains two comprehensive articles by two 
leading authorities in the chemistry and biochemistry of 
lignin and ite precursors. The chapters are clearly written, 
easy to read and extremely well documented. The 
information ıs summarized by clear diagrams and tables. 
This slim monograph presents a complete survey of the 
present ideas about the structure and biochemistry of 
lignin. At the same time ıt traces the growth of the ideas 
and concepts against the experimental background which 
produced them. This is a very impressive feat by the 
authors and the editors; they are to be warmly con- 
gratulated for producing this very 1mportant book that is 
suitable for advanced students and research workers m 
botany, plant biochemistry and chemistry. 

D. H. Norracorz 


PLANT CELL ANATOMY 


Plant Anatomy 

Experiment and Interpretation. Part 1. Cells and Tissues. 
By Elizabeth G. Cutter. (Series of Student texts in 
Contemporary Biology.) Pp. vii+168. (Arnold: London, 
April 1969.) 488 boards; 248 paper. 


THis book is described as a student textbook of plant 
anatomy and represents a careful selection of the character- 
istics of each of the cell types found ın plants, together 
with aspects of their development. The approach is 
essentially a developmental one, stressing classical and 
, modern experimental evidence where possible, and there- 
fore the nformation 1s presented in a livelier way than 
the usual textbook list of cell types. The relationships 
between structure and function indicated and the sugges- 
tions of areas where further research 1s necessary pro- 
vide an impression of a continung endeavour with 
living materials rather than the dead herbamum 
specimen, 

No cell types are omitted and the result is a competent 
concise survey of the plant corpus,- with a good list of 
textbooks for further reading and a comprehensive refer- 
ence list of the experiments cited. Botanical nomencla- 
ture tends to be unnecessarily detailed and the author 
does occasionally tend to catalogue, for example, eleven 
stomatal names and five sclereid terms. Fortunately, 
the uncategorized diversity within a common develop- 
mental framework is usually stressed. 

The illustrations are frequent and the excellent simple 
line drawings are in effective contrast to the complexity 
of the well chosen light and electron micrographs which 
are both very well reproduced here. 

This synthesis of the classical light microscope work 
with recent electron microscope studies elegantly clarifies 
the current ideas of plant development and of the Possible 
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correlation between structure and function in plant cells. 
A brief account of the role of auxins in differentiation of 
the cell types is mcluded and makes the book an extremely 
useful text for introductory interdisciplmary university 
courses of the cell biology type. F. B. P.. Woovrye., 


OSCILLATING PHENOMENA 


Rhythmic Phenomena in Plants 

By B. M. Sweeney. (Experimental Botany: an Inter- 
national Series of Monographs.) Pp. ix+147. (Academie 
Press: London and New York, March 1969.) 47s 6d; $7. 


As Dr Sweeney has stated in her preface, this is a book 
about one half of a subject, and ıt therefore starts off 
at a tremendous disadvantage. The wisdom of co 

such a book to plants, and of omitting almost all the 
important recent work on animal systems, is no doubt 
clear in the minds of the publishers, but 1t has denied 
the reader an account of the now very important practical 
implications of circadian rhythmicity ın diagnostic and 
therapeutic medicine, in the sociological and behavioural 
sciences, and ın commerce. Despite this disadvantage, 
the author has succeeded in producing a useful intro- 
ductory account of the many different types of oscillating 
phenomena to be found in plants at all levels of 
organization from the unicellular algae to the angiosperms. 
No other book has attempted to deal with the whole 
spectrum of rhythms in whieh: the periods range from 
a few minutes to a year or more. The book’s main function 
will be to introduce to the reader the concept that the 
behaviour and biochemistry of an organism kept under 
uniform environmental conditions is as likely to be 
cycle as steady. Furthermore, it should emphasize that 
an elementary treatment of cırcadian and other period- 
1cities must form a part of any course m biology, regardless 
of whether the emphasis 1s on plants, animals or micro- 
organisms. 

The book is balanced, well written, easily read, and 
well indexed. The choice and quality of wlustrations 
are excellent. The introductory chapter dealing chiefly 
with the work completed in the past century serves to 
remind us of how far our knowledge in this field has 
advanced with the development of modern techniques. 
There are a few minor mistakes such as the mcorrect 
spelling of the names of Zmn and Bunning on pages 1 
and 50 respectively, the mcorrect labelling of the abscissa 
of figure 3-5, in which time of day 1s expressed as my, 
and the substitution of foot-candles for lux as the units 
of illumination m lines 1 and 3 on page 39. 

The chief merit of this book is that 1t provides a great 
deal of factual information about rhythmic phenomena 
m plants without using the most impossible and largely 
useless jargon which has been introduced into this subject 
over the past 20 years. I hope that the efforts of Dr 
Sweeney will be rewarded by a greater interest being 
taken in plant rhythms and their underlymg mechanisms. 
Intrinsically, these deserve more attention, for as control 
mechanisms go, there can be few that pose more challeng- 
ing problems. Marcoorm B. Wors 


MOLLUSC TREATISE 


Traité de Zoologie 

Anatomie, Systématique, Biologique. 
direction de Pierre-P. Grassé.° Tome V: Mollusques, 
Gastéropodes et Scaphopodes, Fasc. III. Pp. 1084+11 
plates. (Masson et Cie: Paris, 1968.) 280 francs. 


THis volume deals with gastropod molluscs and with 
scaphopods, according to the title page, but there is also 
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included, embedded between the sections devoted to 
these two groups, a short account of neurosecretion and 
endocrine glands m molluscs other than cephalopods. As 
there is very little known under this heading, except what 
concerns gastropods, this 1s a suitable place for a treatment 
of this topic. 

Grassé’s treatise sets out to desoribe the anatomy, 
systematics and biology of the groups with which ıt deals, 
and this is very much the approach of the present volume; 
1b 1s fair to add, however, that Professor Franc, who is 
either solely or jomtly responsible for the volume except 
for the chapter on neurosecretion referred to here and 
another brief one on the evolution and palaeontology of 
gastropods, makes frequent and useful references to the 
function and, occasionally, to the physiology of the 
anatomical structures which he describes. The result is 
that the reader is given a very up to date account of what 
is known about gastropod structure and function. Where 
theory enters into the argument, as ın the discussions of 

etry, torsion and the evolution of various groups, 
the author 1s brief, not over-concerned with the presenta- 
tion of views of only historical interest, though a little 
aloof, clearly preferrmg to state the choice, but leaving 
the reader to make it. A httle more partisanship on his 
part might have been more appropriate in a textbook, 
because the student will not usually know enough to make 
sensible decisions when he reads, for example, the intro- 
ductory chapter. 

The gastropod which Franc discusses in this book is 
primarily the soft animal within the shell and it is the soft 
anatomy, the functions of its various systems and its 
astoundingly flexible adaptation for so many ways of 
life that are so admirably described in this book. The 
shell gets much more cursory treatment and hardly any 
reference 1s made to its biological significance, the relation 
between shell shape and mode of lıfe. The other systems 
of the body, however, are well described, often with a 
wealth of detail, and supported with many references. 
The illustrations are beautiful, many of them are familiar, 
but they have been redrawn in the style typical of the 
other volumes of the treatise and supplement the text 
excellently. 

Franc is moderately conservative in his classification: 
the prosobranchs are classified on the familar Thiele— 
Wenz system of Archaeogastropoda, Mesogastropoda and 
Neogastropoda, though most superfamilies now have their 
name ending in -cidea mstead of Thiele’s -acea. The 
pulmonate classification is influenced primarily by Baker 
and Pilsbry and that of opisthobranchs is primarily based 
on work by Odhner and Pruvot-Fol. In the areas which 
I know best, I find these classifications satisfactory save 
in one place: I believe that the prosobranch superfamily 
Aglossa, in which Franc places seven families of more or 
legs parasitic forms, is a hotch-potch of animals convergent 
to some extent because they share this mode of life, but 
certainly not all related, and that this will become obvious 
as soon as all have been as well investigated as the few 
that are really well known. 

It is nice to see nearly three hundred pages devoted to 
the opisthobranch gastropods, a group which has not 
received much attention in English publecations for a 
very long time. This is an area where much work has 
still to be done and Franc’s account may.well stimu- 
late it. 

On the whole, this is a most stimulating and happy 
account of gastropods: it is the best which I have met 
recently. After a long gap, books about molluscs are now 
tumbling from the presses—Hyman, the Grassé volumes 
and Purchon’s Biology of the Mollusca all in a brief span 
of time: but at what a cost do we get them on to our book- 
shelves! This volume (at about £23) is going to be pri- 
marily a library book; one has to be very interested m 
gastropods to give that sum. But for those that are 
it is very nearly their best buy. 

A. GRAHAM 
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Captain C. R. P. Diver 


Wru the death of Captain Cyril Roper Pollock Diver, on 
February 17, we have lost a great natural historian. 
Although his interest in biology started at an early age 
he had no formal trammg in the subject. The most 
productive period of his hfe began in 1918 when he was 
invahded out of the Army. He was then appointed to an 
assistant clerkship m the, House of Commons, a job that 
allowed him mx months in the year to pursue his amateur 
work as a naturalist. At this time he began a series of 
important genetic studies on various species of land and 
freshwater snails. 

Diver was among the first to recognize the implications 
of the fact that fosail snail shells can provide a record of 
the genetic constitution of extinct populations. In 1929 
he published in Nature (124, 183) a paper on fossil 
records of Mendelian mutants. Developments of this 
work have contributed significantly to the study of 
palaeoecology. 

Durmg the 1920s he carried out, with the late Professor 
A. E. Boycott, the first detailed quantitative surveys of 
polymorphism in living populations of the snail Oepaea 
nemoralis. These surveys, which were presented at the 
sixth International Congress of Genetics at Ithaca, New 
York, in 1932, represent an outstanding milestone in the 
development of ecological genetics. The distribution of 
genotypes was mapped with such detail and accuracy 
that it was possible for later workers to revisit the areas 
of study, and to sample exactly the same populations. 
Comparisons of the two sets of samples allowed them to 
arrive at numerical estimates of microevolutionary rates. 
Captain Diver’s last paper, published in the Philosophical 
Transactions of the Royal Society in 1968 (Phil. Trans. B., 
253, 519; 1968), was concerned with these comparisons. 

It was also in the 1920s that Diver and Boycott (with 
Garstang and Turner) began therr classic studies on the 
inheritance of shell-coiling in Limnaea peregra. Their 
resulte, interpreted by Sturtevant and amplified by later 
work with Anderson-Kotto, constitute the first thorough 
genetic analysis of a maternally determined Mendelizing 
character. They remain to this day the most detailed 
and penetrating. 

During the 1930s Diver became interested in the ecology 
of the dunes at South Haven Peninsula, Dorset. His 
work there characteristically developed into a major 
survey, involving cooperation with experts from many 
disciplines. Much of this work remains unpublished, 
though at the time of his death he left three manuscripts 
ready for the press. He also left many volumes of meticu- 
lous notes. They will provide a rich source of material 
for serious students of ecology. 

His wide-ranging interest led him into many branches 
of biology. Among other things he studied the classifica- 
tion and territorial behaviour of ante, the web-bulding 
behaviour of spiders, the courtship of snails, and the 
theoretical problems of competition between closely 
related species. He was, at various times, committee 
member of the Genetical Society, president of the Con- 
chological Society, honorary member of the British 
Ecological Society and founder councillor of the Society 
for Experimental Biology. . 

In 1948 he left the House of Commons to take up his 
appointment as the first director-general of the Nature 
Conservancy, a post that he held until 1952. At this 
time, as throughout his life, he gave generously of his 
advice, his experience, his knowledge and his enthusiasm. 
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He inspired many younger workers, and they will miss him 
dearly. 

There are some today who look with condescension on 
the study of natural history. They would do well to 
consider the quality and magnitude of Cyril Diver's 
contribution to biological science. He was an amateur 
giant who survived into an age of professional midgets. 


Correspondence 


Once More Round the Course 


Sm,—I should be grateful ıf you would allow me to make 
a few comments on your leading article of May 24 on the 
Select Committee on Science and Technology (Nature, 
222, 709; 1969). 

This committee, unlike others set up when Mr Crossman 
was Leader of the House of Commons, was the outcome 
of contmuing pressure brought to bear by the All-Party 
Parliamentary and Scientific Commuttee over two or more 
years. Having been a member of the Select Committee 
since its mitiation, I am a little surprised to read your 
suggestion that the durability of the Select Committee 
“owes something to the way in which it tends to chase 
harmless hares’. Certamly it is not my experience that 
we have in any way sought to cxercise a “facility for 
blunting the edge of justifiable critickm’’. Our report on 
the United Kingdom Nuclear Reactor Programme, for 
example, in paragraph 154, expressed concern that 
neither the Minister of Power nor the Minister of Tech- 
nology appeared to have any very effective technical 
check on the activities of the AEA and the consequent 
allocation of public funds for the authority’s purpose. 
Also ın paragraph 118, we recommended the winding up 
of the British Nuclear Export Executive which we felt 
mught all too easily “provide an excuse for failure to face 
up to export realities and, where there are weaknesses, 
to take steps to put matters right”, and we saw “in 
particular the apparent failure to examine in detail the 
scope of the world market for British nuclear goods”. 

In connexion with the lettmg of the Hinkley Point (B) 
Station, we concluded ‘“‘that the CEGB were at fault in 
not gomg out to competitive tender in the first instance” 
and that “the Minister of Power should have used the 
sanction he had already used in holding back the date of 
consent to suggest to the Board that they should give the 
other consortia an opportunity to tender, in order to 
ensure that the work was to be carried out as cheaply 
as possible’. 

In paragraph 98, we also referred to ‘“‘a serious weakness 
of present British energy policy”, namely the lack of 
full consultation with the oil mdustry and of an examina- 
tion by an mdependent outside agency of the purely 
financial aspects of costing of all methods of energy 
supply. 

The foregoing are but a small selection of various 
critical observations by the committee which seem to me 
to belie your accusation that we have tended “to chase 
harmless hares” or blunt the edge of justifiable criticism. 

May I also remind you that there was one matter on 
which the committee was not entirely unanimous— 
namely the recommendation for a single organization to 
take the place of the old consortia and the AEA. By the 
narrow majority of seven votes to five (Mr David Gins- 
burg abstaining and the chairman not voting) an amend- 
ment moved by Mr David Price was defeated. It would 
have had the effect of allowing a market solution to 
decide the future structure “recognizing that any re- 
grouping will only be realistic if it is based on sound 
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commercial and managerial experience, especially export- 
ing experience gained in the capital goods markets”. It 
now seems that this is basically the policy which will be 
followed. 

I must not, of course, comment on the present work of 
the sub-committee, of which I am chairman, which is 
looking into the operations of the Natural Environment 
Research Council, reports of whose proceedings you have 
been so gratifyingly carrying in your last five issues. 

Perhaps, however, I may be allowed to make a few 
observations on the work of the Sub-Committee on Coastal 
Pollution, of which I was also chairman and which reported 
on July 26, 1968. In January 1969, the Government 
published Cmnd. 3880 which contained their observations 
on this report. The Government’s observations amply 
demonstrate their awareness of the sharpness of the edge 
of our criticism. The continuing incidence of oil pollution 
round our shores since we reported has, I suggest, re- 
emphasized the importance of our constructive criticisms, 
but so far we have not been able to persuade the Leader 
of the House to provide an opportunity for debating our 
report and the Government’s observations on it. 

I hope, however, that you will accept my assurance 
that the “hares” we had to chase were certainly not 
harmless. 

Yours faithfully, 


H. Laees-Bourke 
House of Commons, 
London SW1. 


International Laboratory Needed 


Sm,—Your case for an “international molecular biology 
laboratory modelled along the lines of CERN” (Nature, 
222, 836; 1969) would be indisputable if, like CERN, 
molecular biology needs equipment and facilities beyond 
the financial capabilities of individual member states. I 
am not convinced that this 13 so. Nor am I yet convinced 
that the establishment of one very large laboratory, 
somewhere in Europe and possibly not assoamated with a 
university, is the best way of advancing knowledge in 
molecular biology, of educating young scientists for teach- 
ing and research in this field, of stopping the brain drain, 
or (if such sums were available) of most effectively 
spendmg $16 million over seven years. 

There are alternatives to the EMBO proposals, already 
hinted at m the Kendrew Committee’s report (Cmnd. 
3675), which are at least worth examining. Your descrip- 
tion of those who refuse blindly to swallow the EMBO 
prescription as “a short-sighted fifth column” suggeste 
that you, also, have restricted your field of vision. 


Yours faithfully, 


H. L. KORNBERG 
Department of Biochemistry, 
University of Leicester. 


Appointments 


Dr Arthur Newcombe Bourns, McMaster University, 
Jean-Paul Gignac, Sidbec, Montreal, Dr G. W. Hol- 
brook, Nova Scotia Technical College, Eric W. Leaver, 
Electronic Associates of Canada, Limited, and Dr H. D. B. 
Wilson, University of Manitoba, have been appomted 
members of the National Research Council of Canada. 
Dr Lucien Piché has been reappointed for a three-year 
term, and Dr J. Milton Ham, University of Toronto, 
will take up his appointment on July 1. 


Professor Kurt Hoselitz has been appointed director 
of the Mullard Research Laboratories. He has been 
deputy director since 1964, and jomed the Mullard 
Research Laboratories in 1952 to establish the solid state 
physics division. 
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Announcements 


The followmg prizes have been awarded by the Royal 
Aeronautical Society for written papers in five subject 
groups published by the society in 1968: the George 
Taylor (of Australia) Prize to J. Taylor, Royal Air- 
craft Establishment; the Simms Prize to E. G. C. Burt, 
Royal Aircraft Establishment; the Busk Prize to A. B. 
Haines, Aircraft Research Association, Limited; the 
Hodgson Prize to A. Stratton, Ministry of Defence; 
the Akroyd Stuart Prize to F. J. Bayley and A. B. 
Turner, University of Sussex; and the Pilcher- Usborne 
Prize to P. D. Chappell, Technical Staff, Royal Aero- 
nautical Society. 


Dame Honor B. Fell has retired and Sir Alexander 
Haddow has resigned from the advisory board of the 
Beit Memorial Fellowships. They are succeeded by 
Professor M. Abercrombie and Professor R. R. Porter. 


CORRIGENDUM. Dr D.F. Cheesman and Anne Whitehead 
have written to say that after the publication of their 
article “Possible Role ın Contraction of Structurally 
Bound Phosphate of Muscle” (Nature, 221, 736; 1969), 
“Professor A. F. Huxley pointed out that, while agreement 
was good between the mean values for specific activity 
ratios obtained in our different experimental series, such 
agreement was hardly consistent with the relatively high 
values for the standard error of the mean. 

“The first footnote to our Table 1 1s, in fact, wrong. 
The limits of error given for all results, in this as ın the 
earlier paper!, represent the standard deviation about the 
mean. The effects recorded thus have considerably higher 
significance than the text would suggest. 

“We apologize to Latimsts for a proof-reading error 
which gave an outrageous plural to ‘rectus abdominis’.”” 

1 Oheesman, D. F., and Hilton, E., J. Physiol , 188, 675 (1966). 


Erratum. In the article entitled ‘Anatomical Demon- 
stration of Columns in the Monkey Strate Cortex” by 
D. H. Hubel and T. N. Wiesel (Nature, 221, 747; 1969), 
the introductory paragraph should have read “Hoere the 
shape, mze and arrangement of ocular-domimance columns 
are described.” On p. 749, line 8, “left eye” should have 
read “right eye”, and on lme 9, “left? should have read 
“nght”. On the same page, the sentence beginning on 
line 5 of the third paragraph should have read “A few 
fibres ascended to the first layer where they turned 
horizontally and ran for several millimetres. A separate 
concentration of geniculate terminals in layer three has 
not to our knowledge been described before.” In the 
following paragraph, “is about 1mm” on line 19 should 
have been ‘‘0-7 mm”, and this should have been followed 
by ‘‘so that each column has a width of about 0:35 mm”. 
On line 32 “seventy-five” should have been ‘‘one hundred” 
and “150” should have been ‘‘200’’. 


CORRIGENDUM. In the article “Dielectric Diffusion—A 
New Cross Phenomenon” by Breuer and Robinson 
(Nature, 221, 1116; 1969) the factor 1/7 in equations 
(3), (4) and (5) should be deleted from the right-hand side 
of the equation. Consequently in equations (13) and (14) 
the factor T should be omitted from the left-hand side of 
the equation. The final equation (17) should therefore 
read : 


dy, (dey 3 3 1 Iy! a ko 1 = 
D ae (a) -21 G 5) tur =z) = 
CorRrrGENDU™M. W. B. Gratzer and D. A. Cowburn write 
to say that in their article “Optıcal Activity of Bio- 
polymers” (Nature, 222, 426; 1969) the legend of Fig. 5 
omits to state that the curves for the §-structure in the 
third panel include only data on solutions. For clarity 
the very different curves observed ın some films by 


Fasman and Potter’, and termed by them Type I-f, 
were omitted from the diagram. 
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International Meetings 


June 16-19, Antiviral Substances, New York (Amy 
Selwyn, New York Academy of Sciences, 2 East 63 Street, 
New York, NY 10021). 


September 18, Clean Surfaces, Southampton (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1). 


September 22-26, Cystic Fibrosis, Cambridge (General 
Secretary, Cystic Fibrosis Research Trust, Stuart House, 
1 Tudor Street, London EC4). 


September 30-October 2, International Synthetic 
Rubber Symposium and Exhibition, London (Mary 
Taylor, Rubber and Technical Press, Ltd, 25 Lloyd 
Baker Street, London WO1). 


October 1-4, Suicide Prevention, London (Dr E. 
Stangel, o/o Department of Psychiatry, University of 
Sheffield, Sheffield, UK). 


October 2—4, Therapeutics, Paris (Professor J. Leoper, 
CHU St Antoine, 27 Rue Chaligny, 75 Paris 12, France). 


October 5-9, Meeting of the Water Pollution Control 
Federation, Texas (Mr R. E. Furtman, Room 302, 4435 
Wisconsin Avenue NW, Wasbington DC 20016, USA). 


October 5-10, Engineering Management Conference, 
Montreal (Office of the Technical Activities Board, 
American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It Is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: House m Birmingham with reasonable 
access to the university from about mid-December 
1969 to mid-December 1970 for a botanist and wife 
and three children (6, 8, 12 years). A house will be 
avaiable for letting in Adelaide. Please contact 
D. E. Symon, Waite Institute, Private Bag, Glen 
Osmond, South Australia. 


Vacant: Furnished house, 2-3 bedrooms, available 
ım Battersea Park area of London for 12 months 
from September 1, 1969. 


garden. 


Gas-fired boiler, small 
Convenient access to central London. 
Please contact Dr J. Craske, Virus Reference 
Laboratory, Central Public Health Laboratory, 
Colindale Avenue, London NW9. 


Vacant: From October 1, 1969, for 12 months, 
semi - detached 3 - bedroomed house, Edmonton, 
North London. Convenient for trains to central 
London. Please contact Dr P. J. Simons, School of 
Mediome, Victoria Square, Perth, Western Australia 
6000. 

Wanted: Furnished apartment, 2 bedrooms, in 
Berkeley, California, for a Belgian doctor and wife 
from September 1, 1969, for 12 months. Preferably 
within easy reach of the Virus Laboratory, Univer- 
sity of California. Please write airmail to Dr Jean 
Content, Institut Pasteur du Brabant, 28, rue du 
Remorqueur, Bruxelles 4, Belgium. 


Wanted: Flat or house for American professor and 
family m Oxford area for July and August. Please 
contact Dr Melvin Greenblatt, 667 Parkwood Lane, 
Omaha, Nebraska 68132, USA. 
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BRITISH DIARY 


Monday, June 16 


ien, OF LONDON (at the Middlesex Hospital plpcical pene. 
London, wD Se 5.80 cote m.— Professor D. R. Curtis 
bor): 7 ation acology of ” (farther lectures on June 1 en 


Tuesday, June !7 


BRITISH SOOIMTY FOR SOCIAL RESPONSIBILITY IN SCLENOS (at “The Black 
Horse”, Rathbone P. Tondo, W1), at 7.30 p.m.—: on Meeting on 
“Education for Respo! flity’’. 


Wednesday, June 18 


UNIVERSITY OF LONDON (at the Royal Fostgraduato | Medical 8chool, Du 
ane Road, London, W12), at 2 p.m.—Dr N. A. “Recognition of 
gon”. 

UNIVERSIZY OF LONDON (at Chelsea of Science and Technology, 
Manresa Road, 3, London; 8w. ».8 at 2.45 p.m.—. eggor Arthur Fine: ‘‘Philo- 
sophical Problems of Quantum Physics 

GEOLOGICAL BOCIETY OF LONDON (at Burlington House, Piccadilly, Londo: 
T i beans AD p m.—Discussion Meeting on “Quaternary Stratigraphy an 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, SW’), at 
5 pa Disonsalon Meeting on ‘Meteorological Problems of Supersonic 


Thursday, June 19 


UNIVERSITY OF LONDON (at Chelsea College of Science and Technology; 
Manresa Road, Dondon: Si SW: w3), at 2.16 p.m.—Professor AI. Strauss 
sophy of Quantum Mechani 

ROYAL SOCIETY (at 6 Carton: House Terrace, London, SW1), at 4. 30 m — 
pen ee J. Lighthil, F. “Aerodynamic Sound Generation view 


LInNHAN BOOIBTY OF LONDON (at B n Housen Picoa iy Londo 
Th atop MRE, AK Miss P Lees, John Ferguson ani 
‘orey: “In Search of Mammal Ancestors in Triasalc Red Beds— 
tho 1868. N Borer: expedition te to Lesotho, Basutoland”. 
Roya SOOTY oF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, WD, at 7.30 p.m.—62nd General Meeting, 
followed by Dr B. B. Waddy: “Health Conditions in West Africa”. 


Friday, June 20 


BRITISH BIOPHYSICAL Soormy (at the National Institute for Medical 
Research, Mill Hill, London)—Mesting on “ in Macromolecular 
Interactions” organized by Dr N. M. Green. 

UNIVERSITY OF LONDON (at the Royal Pos ‘uate Medical School, Du 
Jane r Boud Lon W12), at 11 am—S on “Bone Metastases”. 

Mr W. H. Stephenson, Mr M. Laurence, Mr O. 8. B. Galasko, 
RA and Mr N. Roles. 
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Confederation of British Industry, 1069 ) [125 
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Mechanism. By 
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$1.80. ( b Royal Society of Edinburgh, 1968 and 1969.) [126 
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11. Communication 
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Cameron, J . Hutton and E. 3 15. Communication 
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THE CLASSIFYING OF HIGH POLYMERS 
by Ottmar Leuchs, ed. by G. M. Kline 
International Union of Pure and Applied Chemistry 


Yhıs work, translated into English by the Rubber and Plastics 
Research Association, ıs a new appraisal of the problems 
concerned with the classification of high polymers. The 
principles that should be recognized and used in preparing 
an internationally useful classification system for polymers 1s 
examined, and the historical development of classifying 
polymers is reviewed. 


1969 242 pages 62s. 6d. 


LIQUIDS AND LIQUID MIXTURES 
2nd Edition 


by J. S. Rowlinson, M.A, D.Phil., F.R.I.C. 


The aim of this revissd and updated edition is to integrate 
the theory and practice of the study of liquid mixtures and 
pure liquids; the theory of mixtures has been made as clearly 
dependent as possible on the theory of pure liquids. In view 
of the progress made in this field since 1958, there has been 
extensive revision of the text for the sscond edition. Almost 
all tables have been calculated anew from the original litera- 
ture, taking ın new experimental data, but the scope and 
purpose of the book remain unchanged. Chemists, physicists, 
graduate students and engineers will find the book a useful 
reference work. 


1969 388 pages illus. 


PROGRESS IN STEREOCHEMISTRY—4 


edited by B. J. Aylett, M.A., Ph.D.(Cantab), and 
M. M. Harris, Ph.D., D.Sc. 


There are eight articles in this volume as follows. The 
Stereochemistry of 2,2’-Bridged Biphenyls, Configurational 
Analysis in Carbohydrate Chemistry, Stereochemical Cor- 
relations. Nuclear Magnetic Resonance Spectroscopy and 
Inorganic Stereochemistry. The Stereochemistry of Main 
Group IV Elements. Crystallography and Stereochemistry. 
The Stereochemistry of the Protein Myglobin. A stereoviewer 
for viewing the colour photograph of the mode! of myglobin 
is included, and is contained ın a pocket at the back of the 
jacket. 

Ready Shortly approx 376 pages 
£7 10s. 


ORGANOSILICON CHEMISTRY—2 
International Union of Pure and Applied Chemistry 


The fourteen plenary lectures presented at the Second 
International Symposium on Organosilicon Chemistry held ın 
Bordeaux, France, in July 1968. 


Ready Shortly approx 300 pages 


STRUCTURE OF ORGANIC SOLIDS 
International Union of Pure and Applied Chemistry 


The four plenary lectures presented at the second micro- 
symposium held in Prague in September 1968. 


Ready Shortly 


HOMOGENEOUS CATALYSIS WITH 
SPECIAL REFERENCE TO 
HYDROGENATION AND OXIDATION 


Faraday Society No. 46 
Ready Shortly 232 pages 


£6 10s. 





BUTTERWORTHS 


88 Kingsway, London WC2 





Data for Biochemical 


Research 

EDITED BY 

R. M. C. Dawson, Daphne C. Elliott, 
W. H. Elliott, and Kenneth M. Jones 


* This book is designed to supply research workers ın 


biochemistry and related flelds with factual information 
about the compounds, reagents, and techniques they 

use most frequently in the laboratory. In this new edition, 
the range of material has been widened to cover newly 
developing aspects of the subject; the original material 
has been extensively revised and brought up to date. 
Second edition £6/6/— net plastic covers 70/— net 


A Shorter Sidgwick’'s 
Organic Chemistry of 
Nitrogen 

1. T. Millar and H. D. Springall 


This is the shortened version of the third edition of 
Sidgwick’s classic book. Professors Millar and Springall 
have retained those parts of their edition of Sidgwick 

that they fee! will be of most use to undergraduates who 
might be daunted by the size and scope of the parent 
work. The chapter on nucleic acids has been completely 
revised and brought up to date ın the light of current work, 
and the opportunity has also been taken to incorporate 
corrections throughout. The Shorter Sidgwick should be a 
valuable textbook for all students of chemistry and 
biochemistry. Paper covers 40/— net 


Dynamical Theory of 
Crystal Lattices 


Max Born and Kun Huang 


This book was begun by Professor Born with the idea 
that starting from the most general principles of quantum 
theory he would derive in a deductive way the structures 
and properties of crystals. Later collaboration between 
Professors Born and Kun Huang resulted ın the latter 
adding three more elementary chapters on atomic forces, 
lattice vibrations, and elasticity and stability. First 
published In 1954. 29 text figures, 10 appendices. 
Paper covers 35/— net (/nternational Series of 
Monographs on Physics) 


Oxford University Press 
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PHARMACEUTICALS DIVISION 
Alderley Park Research Laboratories 


RESEARCH PATHOLOGIST 


There is a vacancy for a Pathologist in the Research Department to work 
on the pathogenesis of changes induced by potential drugs. Previous 
experience in morbid anatomy is essential. 


The post offers scope for a person with ability to contribute to fundamental 
research over a wide field. Publication of results is encouraged. 


Excellent facilities for research are available at the modern, well-equipped 
laboratories, set ın ideal rural surroundings in North Cheshire. 


Further particulars can be obtained by telephoning Dr. S. B. de C. Baker, 
M.D., M.C.Path. at Alderley Edge 2828, extension 7-415. 


Written applications, giving brief details of age and experience, should 
be sent to: 


J. Leak, Assistant Personnel Manager, 
Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 
- Mereside, Alderley Park, 
THE QUEEN 8 AWARD Macclesfield, Cheshire. SK10 4TG. 
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NORTHERN POLYTECHNIC, HOLLOWAY, LONDON, N.7. 
DEPARTMENT OF CHEMISTRY 


Organic Compounds for 
Medical Research 


Applications are invited for a POSTDOCTORAL RESEARCH OFFICER 
in the field of synthetic organic chemistry. The holder will be required to 
investigate methods for the synthesis of novel organic compounds for use 
in medical research and to undertake up to six hours teaching duties per 
week in the department. The salary e for the appointment, which will 
be for twelve months in the first instance, and renewable annually, will 
be £1,370-£1,430. 

Apply for further particulars and form of application to the Head of the 
Department of Chemistry. (2283) 







Glaxo Research Limited. 
Sefton Park, Stoke Poges, Bucks. 


Glaxo 


Assistant Librarian 


Agraduate is required for the Library of our research establishment at 
Sefton Park. The varied duties will include the scanning of literature, 
information work and general library duties. 


A wide general knowledge of scientific subjects, with a particular interest 
in sclentific literature is essential and a knowledge of foreign languages 
would be an advantage. 


The Company offers excellent conditions of employment, including 
pension and bonus schemes. 


Please write, giving brief detalls and quoting reference U/859 to the 


Personnel cer (JSP), Glaxo Laboratories Limited, Greenford, 
Middlesex. 


(2269) 











UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF METALLURGY 
Applications are invited for the post of: 


RESEARCH ASSOCIATE 


to work on precipitation processes and 
obase transformations in nitrogen and 
carbomaltrogen sees under sponsorship 
of the Science Research Coancil. 


The appointment w initially for three 


years with ealary £1,355 by £115 to £1,585 
plus F6 SU. 


Experience in electron microscopy, X-ray 
methods or internal faction would be 


Applications should be submitted as soon 
as possible to Professor K. H Jack, De- 
Dartmem of Metallurgy, The Untversty, 
Newcastle upon Tyne NEI WRU. (2320) 





cW UNIVERSITY 
E OF DUBLIN 


œ- Trinity College 





JUNIOR LECTURESHIP 
IN CHEMISTRY 
Applications are invited for the above 
post from physical chemists whose 
interests lie in one of the following 
fields: physical chemistry of macro- 
molecules, aspects of solid-state 
chemistry, reaction kinetics, theoreti- 

cal chemistry. 


Salary Scale: £1,320 by £65 to £1,515 
A. 
Marriage and Children’s allowances 


are paid and there is a non-contn- 
butory F.S.S.U. type pension fund. 


Further particulars from: 


The Assistant 
A eat Secretary (Staff), 
Dublin 2. 


who will receive completed applica- 
tions not later than July 1, 1 


MEDICAL RESEARCH 
COUNCIL 


INSTITUTE OF NEUROLOGY AND 
ROYAL FREE HOSPITAL 


RESEARCH ASSISTANT 


Preferably post-doctoral and with experi- 
ence in electro: 


1s not essential, The success- 


peogammmg 
ful candidate will be a member of an mter- 


team, 
graduate be a: he will if he wishes 
be able to work for a Ph.D. 


Applications, together with a curnculum 
was and names of three referees, should 
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UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


Applications are mvited for the following 


appointments 

CHAIR IN MATHEMATICS: Candidates 
should fave a strong record of published re- 
search, oreferably in some branch of modern 
analyses, topology or gcometry 

ASSOCIATE PROFESSORSHIP and SENIOR 


MATICS Applicants with special qualificatsons 
in any of the following fielde wil be particularly 
welcome; abetract algebra, éoncttonal analysis, 
numencal analysis, theoretical probability theory, 
topology and geometry. Applicants for a Lec- 
tureship sbould oote that it m not necessanly a 
prerequisite for appommment thet they should 
already have held the pomtion of assistant lec- 
turer or its equivalent at another anivermty 108t1- 
tution. 


cerned The basic salary for an Assocaate Pro- 
fessor is $NZ6,400, but it 1s within che power of 
the Counci! to make eppomtments up to 
$NZ7,000 ger annam having regard to the quali- 
fications of the candidate concerned, 


Travel and other removal expenses are allowed 
within specified imit. Upon the completion of 


Further , details of F.S SU amange- 
ments, and fomnauon es to the method of 
eoplication, may be obtained from the Secretary- 
General, Association of Commonwealth Univer- 
mues GAnpis), 36 Gordon Square, London, 
W C.I. ‘Applications close m New Zealand and 
London on July 17, 1969. (2288) 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 





Applications are invited for the followmg 
appointments ' 


` $NZ3,100 rog to 
$NZ4,500 pec anoom. 

Travel and other removal expenses are allowed 
withm specifled limits. Upon the completion of 
5 years’ satwfactory service, return fares on an 
approved basie to coumry of omgin may be 
granted to obe person appointed and hes depen- 
dem family, provided that such feres are not 
being met from some other source 

Further paretcolars, details of F.S S.U. arrange- 
ments, and informateon as to the method of 
application may be obtained from the Secretary- 
General, Amoctation of Commonwealth Univer- 
ties (Appts), 36 Gordon Square, London, W C.1. 
Applications close in New Zealand and London 
on July 7, 1969. (2289) 


ag eb ee eee - Eo oy? 





a a 
wrr a 





tee (aia FR 
Ea 


OGIENTIFIC 


we 
ve? 
cet 

+ 
ae 
fee? 
z5 
* 


- 


a 


(Agricultural Chemicals) 


As a result of promotion we need a young graduate with 
initiative and abi'rty to join a small team of scientists engaged 
in the development, evaluation and advisory support of 
agricultural chemical products. 


Responsibilities include the planning and supervision of field 
trials designed to evaluate the efficacy and safety of new 
pesticides and herbicides, liaising with research establish- 
ments working with the Company's products and assisting 
in the provision of a technical advisory service to the Agri- 
cultural Division and its customers. 


Candidates must have a good degree in agriculture or a 
related biological science. Postgraduate experience in 
experimental and advisory work on agricultural chemicals 1s 
desirable but not essential. 


Starting salary will depend on age and experience, but will 
be not less than £1,300 per annum, with good prospects for 
promotion. Employee benefits include use of Company car, 
contributory Pension/Life Assurance Scheme. 


Suitably-detailed applications should be addressed, in full 
confidence, to. 


Personnel Manager, 
CYANAMID OF GREAT BRITAIN LIMITED 
Bush House, London, W.C.2. 





Rubber and Plastics Research Association of Great Bntain 
requires an 


Assistant Director 


to be in charge of its physics, engineering, and processing groups. 


Suitable applicants are likely to be in the 35-45 age group, to be 
already prominent workers in the physics and engineering of 
polymers, and interested in commercial as well as technical aspects 
of research. 


Starting salary : not less than £3,500 p.a. 


Letters of application please to: THE SECRETARY, Rubber 
and Plastics Research Association of G.B., Shawbury, Shrewsbury. 
Shropshire. 


(2300) 
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MINISTRY OF HOUSING AND 
LOCAL GOVERNMENT 
LONDON 


GEOLOGIST (at least one gost soe SSos >, Gecterably with quahfications 
which incinde Geography as a su lect, for duties winch giving 
advice and preparing memorande on gical aspects of planning ; problems associ- 
ated with the working of minerals; distribution of mmereis and their 
emportance. 

Salary: S.O. £1,145 t0 £1,865; S.S.O. £2,050 to £2,497 

Qualifications : 1st or 20d class honours degree, or equivalent qualification in appro- 
priate subject and, for $6.0, at least 3 years’ post-graduate experience. Age: S.O. 
under 29, S.S.O. normally 26-31. 

Prospects of permanent pensionable appointments. 

APPLICATION FORMS ere obtamable by writing to the Secretary, Cral Service 
Commission, 23 Savile Row, London W1X 2AA, or by iclophoning 01-734 6010, 
ext. 229 (after 530 p.m. 01-734 6464 “ Ansafone” Service) Please quote: 8/52- 
533/MHG/1. 

Clodag date: Joly 4, 1969. (2230) 
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SL MANAGEMENT SELECTION 


Please state briefly, in writing, how each 
requirement Is met. Nothing will be disclosed, unless 
you give permission after a confidential interview. 


Senior Virologist 
up to £3,500 


to join an existing multi-disciplinary team of over 20 
scientists engaged in anti-viral research with a company 
manufacturing medical and veterinary drugs and vaccines. 
He wil take charge of the biological aspects of this project. 
The company’s research division, situated in a pleasant area 


in the home counties, has attracted a group of young scien- 
tists of international reputation and enjoys laboratory facili- 
tes and financial resources as good as any in the country. 
External contaots, in the U.K. and abroad, are encouraged. 


Applications are invited from scientists, preferably aged 
between 26 and 35, with personal research reputations in 
animal virology. They should have led research teams in 
university or other laboratories. Non-contributory pension. 
Please wrete to P. Hook quoting U.26027. Applicants in 
North America can obtain further information by calling 
(collect) Miss Jones at owr New York office, (212) 758- 
3260/1. Preliminary interviews may be arranged in New 
York, where appropriate. 


MANAGEMENT SELECTION LIMITED 
17 STRATTON STREET LONDON W1 








UNIVERSITY OF 
BRADFORD 


STRUCTURAL 
CHEMISTRY 


Professor of Structural Chemistry : 
D. A Long, M.A., D.Phil 


RESEARCH POSTS 


Applicatrons are invited for several 
POSTDOCTORAL and POSTGRADUATE 
awards for research an Structural Chem- 
istry commencing Sepmember/October 1969. 
Two postdoctoral posts ace specifically in 
the fleid of spectroscopy, one for work on 
the Stuumulated Raman Effect and the other 
for work on the Inverse and Hyper Raman 
Effects. Professor Long will be pleased to 
deal with informal quires relanng to 
vines these posts. Please quote ref. SC/ 


Appicauon forms may be obtained from 
the Registrar, Unrvessity of Beadford, 
Bradford 7 (2274) 








SENIOR TECHNICIAN 


TEHERAN UNIVERSITY NUCLEAR 


Applications are invited from senior 
nz with various practical skdls in- 
chdig workshop instrument design, re- 


Duties, to train technicians for work- 
shops and laboratories, to asmst in con- 
strociing and setung up equipment for the 


sources and control of radioactive waste 
(routine work). 


Salary in the range £2,500 to £3,000. 
Overseas allowance in the range £635 to 
£1,435, according to domestic circum 
stances Contract two years. . 


Candidates should apply to: 


Appointments Officer, 
MENISTRY OF OVERSEAS 
DEVELOPMENT, 





quoting ref. RC.209/86/06. 





UNIVERSITY OF BRISTOL 


DEPARTMENT OF 
ARCHITECTURE 
Apphcations are invited for Physicists, 
Engocers and Architects for the post of 
LECTURER IN ENVIRONMENTAL 
SCIENCE IN THE DEPARTMENT OF 
ARCHITECTURE. 


The duties will include instruction m tre 


2, 3, and 5 of the 

Bachelor of Architecture Course ; adwnng 
year 6 and Postgraduate students and 
taking pert in an S.RC supported re- 
noce of the prac- 


ronmental design 
to bmidings is desmable but not essenuei 


mg of the physwal principles mvolvyed. 
Enrolment for a higher degree is possible. 
Further particulars may be obtamed 
from the Registrar, University of Bristol, 
Serate House, Bristol BS8 1TH, to whom 
applications should be addressed by Satur- 
day, 12 July, 1969 (2277) 
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SCHOOL OF BIOLOGICAL `“ [7 - -UNIVERSITY OF AUCKLAND 
SCIENCES GLOUCESTERSHIRE TRUST NEW (ZAATAND 


UNIVERSITY OF EAST ANGLIA 
UNIVERSITY PLAIN, NORWICH, NOR 88C 
APPOINTMENT OF SENIOR RESEARCH 
ASSOCIATE 


The School of Biological Sciences of the 
holds a grant from 


growth of protozoa or other mucro-organsms. 
Ths wik permit the appomtment of a Senior 
Research Associate for three years from October 


1, 1969 

Candidates should have hrd research 
experience in mucrobiology or cell biology or 
related subjects. Gra 


duates taking ther Ph.D 
in 1969 or who have taken i within the last 
few years, are invited to apply. 

The School has been interested in the blo- 
logical effects of high pressure for several years 
The present project may be oriented towards the 
gtowth of populations of protozoa by continuous 
culture methods, and the adaption of the popula- 
tions to ngh pressures ; or it may be concerned 
with the effects of pressure on the development 
of fine structural features, or on other aspects 
of the biology of protozoan cells 

The School of Biological Sciences has interests 
in a wie range of biological subjects, from the 
molecular level upwards, = we equipped, and 


occupies a fine aew e 
within the scale £1,240 to 


The salary wel be 
£1,585 with FSSU. 

Applications should be by letter, containing a 
curriculum vitae, details of research anterests and 
the names and addresses of two referees, and 
should be sent not Iater than June 18, 1969 to 
Assstant, School of Biological 
Sciences, University of East Angka, University 
Plain, Norwich NOR 88C (2244) 





NEW ZEALAND 


Education Department 


Applications are invited for the under- 
mentioned vacancies: 


VACANCY B 13/6/10/1833 
INSPECTORS OF SCHOOLS (2) 


DEPARTMENT OF EDUCATION 
HBAD OFFICE 

Salary: NZ $4,190 to NZ $5,630. 

Dities'’ Responsibly for one or more of 
the subjects taught in technical institutes. Some 
inspecuon duties will be undertaken, some 
travelling wHi be involved, and the appointees 
wil be required to give some ammiance to the 
Technecians’ Certiflcanon Authority. 

Qualifications desired. Applicants should 
possess a good degree or equivaient qualification 


experience, 

at technecal ineututes. Relevant 
aumilar experience is also desirable. 
for one of tbese postions will 
person quakfied in mechanical engineering, and 
for the other, to a person qualified in the 
sciences. 

Passages Fares for appointee and his wife and 
family 1f married, will be paid 

Incidental expenses Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of takıng personal effects to 
New Zealand. 

Application dorms and generel iformaton ate 

ew 


on July 14, 1969. 
Please quote reference B 13/6/10/1833 when 
enquiring. (2250) 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 
Applications are invited for LECTURE- 

ANT LECTURSSHIPS 


physics of solids or fluids. 


Salary according to qualifications and ex- 
perience on scales £1,240 to £2,850 a year, 
with F.S.S U. membership 


Further particulars from the Registrar, 
to whom applications should be sent by 
June 24. (2246) 
























FOR NATURE 
CONSERVATION 


Applications are invited for a NER C. 
post of RESEARCH ASSISTANT to carry 
out a survey of bine butterflies in Glouces- 
tershire. The aim us to find and classify 
breeding sites and to collect data on the 
status of these butterflies 


The appommment is for one year com 
menang September 1, 1969, at @ salary of 
£530 per annum with additonal expenses. 
The appomtee will be eligible to register 
for the degree of MSc. in the University 
of Bristol. 


Applications, stating age and qualifice- 
tions (degree m zoology preferred) together 
with the names of two referees should be 
sent by June 20 to Dr. M H. Martin, 
Botany Department, The Univermty, Bris- 
tol, from whom further information may 
be obtamed. (2221) 






UNIVERSITY OF 
LANCASTER. 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


Applications are mvited for a technical post 
to supervise the preparaton of practical classes 
for first and second year duate courses. 
The person appointed will also be responsible for 
the maintenance of teaching equrpment sod 


and 
(£692 to £1,057), Senior Techniclens 57 
£1,275) or Chief Technidan (£1,294 to £1,475). 
Further details can be obtained from the Ad- 
mstrative Officer, t of Biological 
Sciences, Unversity of Lancaster, St. Leonard’s 
House, Lancaster, to whom applications should 
be forwarded not later than June 30, D9 
(227. 





UNIVERSITY OF MANCHESTER 


INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 


CHIEF TECHNICIAN (REF. CH 33) 


to work with a research team engaged on 

and inorganic 

chemistry. Practical experience are 

essential combined with a knowledge of chemical 
theory to at least H N.C. level. 

TECHNICIAN OR SENIOR TECHNICIAN 
(REF. CH 55) 

with practical ability, to undertake the = 

tion of stanıng materials for research pro , 

The work covers organic and inorganic chemistry, 

and a knowledge of chemical theory is essential. 


54 years. Salary Scales: Technicians: £692 to 
£977 per annum according to qualifica! and 
(additions of £30 and 


£50 for 
approved qualificattons). Senior Technicians: 
£957 to £1,195 per annum according to qualifica- 
tions and experience (additons of £30 and 
for approved qualifications) Te 
£1,294 to £1,475 per annum according 
fications (nsing to £1,708 per annum in special 
cases) 5 day—37} hour week—Superanouation 
Scheme—Canteen Facilities. 

Requests for application forms, quoting appro- 
priate reference number, should be sent to the 
the Institute, SackviHe 


returned by June 19, 1969. 
WHITTINGTON HOSPITAL 


HIGHGATE BILL, N.19 
We have a vacancy for a young SCIKNCE 





training in clin end 
research. Whitley Council salary . 
department may be visited by appointment 272- 


3070, Ext. 375. 
Detailed appWcations in wrking, naming two 
referees, to Hoapital Secretary @315) 





SENIOR LECTURESHIPS/LIBCIURESHIPS IN 
PATHOLOGY 


(SCHOOL OF MEDICINE) 
Applications are invited for the above- 
mentioned posts, Candidates should hold a 
medical degree registrable in New Zealand or 
(except for the post in Morbid Anatomy) a 
Doctorate of Philosophy, and should have et 
least five gears’ postgraduate experience m the 


Microblology —The post calls for a person 
with clinical orientation a» macrobiology. 

Morbid Anatomy.—The successful applicant 
to hold a patt-tme 


Highly qualified appli 
at the level of Associate-Professor. 


date: Lecturer (medical) from SNZ4,270 per 
annum; (non-medical), drom $NZ3,100 per 
annum Senior (medical) from 
§NZ7,000 per amum; (non-medical), from 
S$NZ4,700 per annum te Professor 


Travel and other removal expenses are 
allowed within specified mits Upon the com- 
pletion of five years’ satisfactory service, return 
fares on an approved bass to country of origin 
may be granted to the person appointed and his 
dependent family, provided that such fares are 
not belong met from some other source 

(Farther , demis of FSS. 
afrengements, and information as to the method 
of application may be obtained from the Secre- 

Association Commonwealth 


London W.C.1. Appuca! 
Zealand and London on Jaly 7, 1969 





UNIVERSITY OF NATAL 
DBPARTMENT OF PSYCHOLOGY 
LECTURERS IN PSYCHOLOGY 
Suitably quahfied persons are invited to apply 
for the above-mentioned pontons. Two posts 
are vacant and successful applicants will be 
placed on the grade appropriate to their qualifi- 
cations and experience. The salary scale attached 
to the posts is R3,000 by R150 to R4,800 per 
annum plus a 10 per cent pensionable wance 
which will be increased to 15 pet cent from 


Aor 1, 1970, The comm will be 
dependent on the qualifications and/or exper 
coce of the successful a . In addition an 


annual vacation bonus payable subject to the 
Treasury regulations. 

Further paruculars of the posts and of the 
concomitant amenities such as travelling expenses 
on first appointment ; peosion, medical ald, staff 
bursary and housing loan schemes, long leave 
conditions, etc., are obtainable from the Secre- 
tary-General, Association of Commonwealth Unt 
yerstties (Appts), 36 Gordon Square, London, 
W.C.1 Applications, on the prescribed form, 
must be lodged not later than July 15, aa 


UNIVERSITY OF READING 
GEOLOGY DEPARTMENT 
ROCK ANALYST 


advantage. 
or equivalent in appropriate subject(s). 


anmum. 


Salary: im 
£1,514 to £1,910 per 


Further details may be obtained from 
Assistam Bursar (Personnel), University of 
Reading, Reading, Berks, to whom appli- 
cations should be sem before June 30 quot- 


ing M 46. 2147) 


XL 
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FACULTY OF SCIENCE 


University of Nijmegen (Netherlands) 


In the Faculty of Science of the University of Nijmegen 
is available a research position in Europe’s first academic 
department of Exobiology for 


an organic geochemist 


The candidate should be interested in problems related 
to the origin of organic compounds in meteorites and/or 
ancient sediments. The position to be filled is a unique 
opportunity for a young scientist to conduct his own 
research programme. Possibikties for teaching are also 
available. 


Letters of application, including a curriculum vitae and 
a list of publications, should be sent to the Director of 
the Faculty of Science, Driehuizerweg 200, Nijmegen, 


The Netherlands. 
2339) 


1969 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF GEOLOGY 


invited for two 

S, normally ten 
able for up o three years, subject to 
anngal renewal. The salary scale i at 
present £870 to £980 to £1,040, end for 
those with Ph.D and expenence may be 
in the range £1,240 to £1,355 to £1,470 

ip of FSSU required 

now leaving have been om the petrology- 
mineralogy and the palaconology-map 
intenpretation side respectively; applica- 
tions from those with special interests in 
other fields (except sedimentology) are by 
DO means precluded. 


Graduates m geology with ea good 
Honours degree, orefcrably with some 


Professor T S. Westoll at the above de- 
panment, from whom further particulars 
may be obtamed. Closing date for recespt 
of ns is June 30, 

quote Reference Na 





UNIVERSITY OF BRISTOL 


DEPARTMENT OF ZOOLOGY 


Applicauons are Inywed for the post of 
ASSISTANT LECTURER or JUNIOR 
FELLOW ın Zoology, tenable from 
September 1, 1969. Preference will bs 
given to applicants with particular interests 
in the Respiration and/or Circulation of 
animals 


Further particulars may be obtained 
from the Registrar, University Senete 
House, Brstol BS8 1TH to whom appkh- 
cations shouid be sent by July 1, 1969. 


2219 





OF DUBLIN 


ki ; UNIVERSITY 
wÙ Trinity College 


JUNIOR LECTURESHIP IN 
NUMERICAL ANALYSIS 


Applications are invited for the above 
post which is tenable in the School 
of Mathematics. 


Salary Scale: £1,320 by £65 to £1,515 


Marria and children’s allowances 
are d and there is a non-contri- 
butory F.S.S.U. type pension fund. 
Further particulars from: 

The Assistant Secretary (Staff), 
Trinity Colere; 


Daoa mat receive completed applica- 
tions up to 30th June, 1969. (2280) 
ee ee ee ee 


QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF NUCLEAR 
ENGINEERING 


for 


as weti as graduate and undergraduate 
including a 
new heat transfer laboratory are 


Salary scale, £1,240 by £115 to £2,045 


(ber) by £115 to £2,850 
£60 London Allowance. 
patron. 


Furthee detalis and appkoation forms 
from the Regwtrar, Queen Mary College, 
Mule End Road, London, E.l, to be re- 
turned by June 30. (2227) 


annum plus 
S.S.U. partici- 





SENIOR PHYSICIST 
(SOLID STATE) 


TEHERAN UNIVERSITY NUCLEAR 
CENTRE, IRAN 
Applications are invited from senlior 
physicists with admimstrative abihty and 
ideas for projects in sotd state physics. 
Duties are to assist the Director to 


organise and manage 15 Ph.Ds (Physics) 
Co-ordinate group of pro- 





quoung ref. RC 232/86/08 (2313) 





UNIVERSITY OF OXFORD 


INORGANIC CHEMISTRY 
LABORATORY 


Applecations are invited for appointment 
as POST-DOCTORAL RESEARCH 
ASSISTANT to work with Professor J. 8 


Applications, with the names of two 
referees, should be sem not later than June 
27 to the Admmistrator, Inorganic Chem- 
istry Laboratory, South Parks Road, 
Oxford. (2032) 
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PAISLEY COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF BIOLOGY 


LECTURER IN BACTERIOLOGY 


Applications are invited for a post of Lecturer 
(Grade I or HA) m Bacteriology in the above 
department. Applicants should have a good 
bhorours degree ja an appropriate subject. Re- 
search or wadusriat experience will be an ad- 


vantage. 
Special interests ın mucrobial scolony or soil 


inary degree of BSc. ın Pare 
part-time students studying for M.I. Biol. and for 
BNC. m biology. Members of staff are eo- 
couraged to are rig 
Salary scales at present are in the following 
ranges: Grade THA, £1,325 en £2,410 ; Grade I, 
£1,605 to £2,710. Placmg will be according to 
ence 


be obtained from , Paisley College 
of Technology, » Renfrew- 
shire, to whom applications should be submitted 
before June 23, 1969 (2258) 





RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
SENIOR LECTURER/LECTURER IN THE 
DEPARTMENT OF APPLIED MATHEMATICS 
Applications are invited for the abovre-men- 
tioned post. Preference will be given to candi- 
dates who are qualified in the fields of either 
computer scleace or quantum mechanics/rel- 


tivity. 

salary scaks are: Senior Lecturer, 
R4,350 by R150 to R4,800 by R300 to R5,700 
per annum ; , R3,300 by R150 to R4,800 
per annum. (Note: Rl=epproximately 11/7 
sterling.) A pensionable allowance of 10 per cent 
of basic salary, up to R4,350 in the case of Lec- 
turers and R45,100 in the case of Senior Lec- 
turers, and a vacation bonus are also payable. 
fications may be 


salry and the person appointed wil become a 
member of the University’s pension and medical 
aid schemes 


Fui particulars and application forms may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities 
don Square, London, W C.1. 
on July 31, 1969. (2160) 





CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
CUNIVBRSITY OF LONDON) 
DEPARTMENT OF PHARMACY 
TECHNICIAN 

ons are invited for the post of Tech- 
nician in the microbiology laboratories of the 


Department of Phanmacy. The post offers m- 
teresting and vanced work ao both undergraduate 
research successful 


and 
ment. The possession of the I16.T, City and 
Guilds Gatence Laboratory Technicians’ Certifi- 
cate, @ similar quahfication or relevant expen- 
ence is desirable. Salary scale £847 to £1,132 
per ennum. 
Further details and application forms are ob- 


ee and Technology, Manresa Road, London 
Ww 3 (2282) 


LA TROBE UNIVERSITY 
MELBOURNE, AUSTRALIA 
AGRIOULTURE ACADEMIC POSTS 


The following positions are avarlable carly in 
1970 or fate in 


tions), environmental plant physiology, soil 
physics. 


Salaries: Lecturer, $45,400 to $A7,300 ; Senior 
Lecturer, $47,500 to $A8,750. 

Further detuls and application forms available 
from the Secretary-General, 
monwealth Univermtres (Appts), 
Square, London, W.C.1, or the Registrar, La 
Trobe Unversity, Bundoora, Victoria, 3083 
AUSTRALIA. 


Closing date: July 14, 1969. (2220) 


XLI 
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UNIVERSITY OF DURHAM 


RESEARCH ASSISTANT IN 
BOTANY 


required to work on the Popuktion 
Dynamics of Selected Species of the Upper 
Teesdale flora with Dr. M. E. Bradshaw. 
Appleants should have, or expect to ob- 


cant may be allowed to register one 


Higher Degree. The appomtment 
commence as soon as possible after the 
closing date and ws be for one year in 
the first instance, with possible renewal 
for a further period. 

Salary will be on the scale £850 by £50 
to £950 (under review) with F.S.S.U. 


Applications (three copies), 
three 


' , from 
whom further particulars may be obtained. 
(2317) 





E UNIVERSITY 
j OF DUBLIN 


© Trinity College 





JUNIOR LECTURER IN GEOGRAPHY 


Applications are invited for the above 
post. Preference will be given to 
candidates with special qualifications 
in quantitative techniques. 

Salary Scale : £1,320 by £65 to £1,515 


„a. 

atriage and Children’s allowances 
are paid and there is a non-contri- 
butory F.S.S.U. type pension fund. 
Further particulars from: 
The Assistant Secretary (Staff) 
Trinity Tins Cones, : 
ete will receive completed applica- 
tions up to 30th June, 1969. (2279) 





BATH UNIVERSITY OF TECHNOLOGY 
Applicatrons are invited for a 


LECTURER IN 
SOIL SCIENCE 


ın the School of Brological Sciences. Pre- 
cig mi ae rig 19. candidates wlio 
bave a Ph.D. wh cesearch interests 


plant biochemistry and/or sonl ei 


Starting salary in the range £1,240 to 
£2,045 per annum. 


Application forms and further particulars 
from Registrar (S), The University, Bath, 
quotang reference 69/40. (2223) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF PATHOLOGY 


Applications are invited from medical 
or mon-medical graduates for a Lec- 
turestip m the cytogeneucs division 
of the Department of Pathology. Salary 
scales’ Chmical, £1,590 to £3,235; Pre- 
Chmcal and Non-Medical £1,240 to £2,850, 


yah Placing according to quakfications 
expenence. F.S.S.U.; grant towards 
Pembina of household effects. 


Applications (eight comes), containing 


versity, Dundee, DDI 4HN, from whom 
farther particulars may be obtained. 


(2252) 





FISHERIES RESEARCH BOARD OF 
CANADA 


Marine Mammalogiat is required at the 
Board's Arctic Biological Station near Montreal, 
to carry out pelagic anvestigation of North Pacific 
fur seals off the west coast of Canada and to 


Salary 
$11,680). Scientist 3 ($12, 
Scleatist 4 ($15,800 to $18, 745): AT 
will be made in one of these classes commen- 
surate with quaHfication and experience. Mmi- 
mum standard Masters or Ph.D. degree with 


Arctic Biological Stauon, PO. Box 400, Ste. 
Anne de Bellevue 800, Canada. 
Cae will be commdered up to saves ea 





UNIVERSITY OF KENT AT 
CANTERBURY 
GRADUATE ASSISTANTSHIP IN APPLIED 
MATHEMATICS 
Appheations are invited for the post of 
Graduate Assistant in Applied Mathematics for 


one year from October, 1969, or from a date to 
be arranged. The appointment may be renewed 


vety, 
whom eai applications must be retumed 
by July 4, 1969, quotung reference ea tN 





SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


SENIOR LECTURESHIP IN 
PHARMACOLOGY 


Applications are invited oe quale quai Senge 


set bp Tane 30, D 1969 10. The: Ce to Tio 


Brooswick Square, London W.C.1 from whom 
further particulars may be obtained. (2233) 





UNIVERSITY OF THE 
BARBADOS 
Applicauons are mvited for (a) SENIOR LEC- 
TURESHIP or (b) LECTURESHIP IN MATHE- 
MATICS. Salary @) £2,250 by E10 to, to 
£3,090 (Bar) by £105 to £3,405 per 
only to Heads of Depart- 
@) £1,550 to £2,630 per 
FS.8.U. ` chad allowance, Famdy 
passages Triennial study lea 
Detaried applications (6 ns naming 3 
referees, shoal! be sent by July 2, 1969, by per- 
Americas and Canbbean area 


Road, London WIP ODT. F 
obtainable sumplarly. 2167) 





UNIVERSITY OF ST. ANDREWS 
DBPARTMENT OF APPLIED 
MATHEMATICS 


are anvited for a post of LEC- 
MATHEMATICS. The 


experience. 
FSS U.; gant towards expenses of furmture 
removal. Frve copes of applicatons, with the 
names of three referees, stronkl be lodged by 
June 21, 1969, with the Secretary of the Uni- 
College Gate, St. Andrews, from whom 
further particulars may be obtained. (2259) 
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THE 
ROWETT RESEARCH 
INSTITUTE 


Bucksburn, Aberdeen, 
AB2 9SB 


Animal Nutrition and 
Allied Sciences 


Veterinary 
Pathologist 


Applications are invited for a 
Scientific Officer class post in a de- 
partment concerned mainly with 
gastro-enterology and nutritional 
pathology. The successful candidate 
must be interested in cytology, and he 
will be encouraged to undertake ex- 
perimental work leading to the study 
of ultrastructural changes in cell 
pathology. A 1969 graduate with a 
good Hons. degree would be con- 
sidered, and he would be permitted to 
register for a higher degree. 


Salary in the ranges £1,020 to 
£1,740 or £1,925 to £2,372 according 
to qualifications and experience. 
F.S.S.U. Superannuation. Five-day 
week, 


Apply, with the names of three 
referees, to the Secretary of the 
Institute. 

(2294) 


LONDON BOROUGH OF BARNET 


HENDON COLLEGE OF 
TECHNOLOGY 
(Part of Proposed Polytechnic) 


DEPARTMENT OF MANAGEMENT 
AND BUSINESS STUDIES 


Applications are invited for the follow- 
ing post from honours graduates in Geo- 
logy, preferably with research experience. 


LECTURER II IN GEOLOGY 


Salary scale’ £1,725-£2,280, plus £85 
London Alowance per annum (subject to 
revision from Apal 1, 1969). 


Apphcation forms and further particulacs 
from the Regwtrar at the College, The 
Burroughs, London N.W.4, to whom hey 
should be returned as soom as 


N F. H. BUTCHER, 
Chief Education Officer. 


(2340) 





PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF BIOLOGICAL SCIENCES 
LECTURER GRADE I OR H 

tions are mvited from sua 


experience 
interest in one or more of the following: Animal 
Physiology, Biochemistry, Microbrology, Syste- 


matic Zoology. 
Salary scales (under review): Lecturer Grade I, 
£1,135 to £1,955. Lecturer Grade II, £1,725 to 


Further particulars and application forms may 
be obtained from the Staff Officer, Portsmouth 
of Technology, 
Portsmouth PO1 2EG, to completed 
applications should be returned by June 23, 1969. 





ROYAL UNIVERSITY OF MALTA 


ns (6 
referees, by July 18, 1969, to ee re ee 
Council, 90/91 Tottenham Court Road, London 
WIP, opr, from whom particulars may be 
obtained, (2299) 





UNITED LIVERPOOL HOSPITALS 


Applications are oa for the post of 
SENIOR in The United Liverpool 
Hoenitals for duties initially m the Department 

Chemical Pathology, Ashton Street, Liver- 


oetience names persons to 
whom reference be z "ond reach the 
Secretary, The ted Li Hospitais, 80 





ZOOLOGICAL SOCIETY OF 
LONDON 


Applications are invited for posts as Recor- 
ders for sbe Zoo Record. Duties 
anclude abstraction and classification of scien- 
tific Uterature and will be undertaken at the 


cants should possess cither a degree in Zoology 
or sufficient knowledge of modern languages and 
Zoological terminology to read and cransiate 
scientific papers Salary on scale £960 rising to 
£1,385 per ennum 

Apply m wung to Establishments Officer, 
Zoological Society of London, Regent's Park, 
N.W.1, from whom further details can be 
obtained. (2305) 


UNIVERSITY COLLEGE, 
CARDIFF 
DEPARTMENT OF APPLIED MATHEMATICS 
AND MATHEMATICAL PHYSICS 


Apphcations are invited for two posts as 
ASSISTANTS ın the Department. They are both 





5 expected 
to pursue research and to help with the general 
teaching work in the Department. 


ns, naming two referees, should be 
subautted by July 4 to the Regutrar, Univeratty 
College, Cardiff, from whom further details may 
be obtained (2345) 


UNIVERSITY COLLEGE LONDON 


TEMPORARY LECTURER IN 
MATHEMATICS 


Applications are inwted from Pure or Applied 
Mathematicians for the above post for one year 
from October 1, 1969. Salary range £1,240 to 
£2,850, plus £60 per annum London aHowance. 
Applications as soon as possible to the Secre- 
tary, U.C.L., Gower Street, W C.1, from whom 
further particulars may be obtained. (2263) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
ASSISTANT to work on the 


cents should have interests in the fields of 
stress analysis and materials scqeoce and 
should possess, or be in their final year 
reading for a Sangle or Combined Honours 
degree preferably m Physics or Engineer- 


The appointment, for one year in the 
first instance but with the probability of 
a further extenston for a susable candidate 
until the end of 1971, wilt be from the 
carhest date that can conveniemly be 
arranged. 


Placement will be 


at is apres 
pomt, not emcee at the bese, wi 
the salary 


range £950 by £50 to 21.200 by 
£85 to £1,455 per annum with F.S S.U. 


Applicanozs dhi (three copes), with curricu- 


further 
June 30, 1969. 





UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for the ee ap- 
Ppountments in the DEPARTMENT OF CHEM- 


£1, 38. 4d. st 
range of £240 to £515 per annum (sterling) and 
education allowances and children’s bohday vist 
passages payable in appropma|te cases under 
British Expatrhtes Supplementation Scheme. 
Family passages; various allowances; F.S S.U. ; 


DeteHed applica copes) naming three 
referees by July 10, 1969, to Inter-University 
Counci, 90/91 Tottenham Court Road, London, 
WIP ODT, fcom whom particulars are ne 


COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 

Applications are invited for the following full- 
time post to commence September 1, 1969, or 
January 1, 1970 

LECTURER I in PHYSICS (Ref 158N). 
Candidates should bare aa Honours Degree of 
a Britsh universty Teaching/research/industrial 
experience advantageous. 

Scale of Salaries for Teachers in Establishments 
for Furher Education, 1967: Lecturer I £1,035 
to £1,735 per annum @lus additions for recog- 

quakfications), Agreed conditlons of 





tenure 

Forms of anpbeetion and further particulars 
from the Principal, Stockport College of Tech- 
nology, Wellington Road South, Stockport SK1 
3UQ, quoting Reference 158/N. eens 
returnable by June 23, 1969. 


KING’S COLLEGE, CAMBRIDGE 


Senior Fellowships in Computer Sciences and 
eg maple General tingeicica and Sootal 
Studies (including economics). 
Applications are invited for Fellowships in the 
above subjects. Male graduates under 32 on 





1970. 
up to four years. Stipend £1,450 to £2,450 de- 
permhng on age, including allowance. 
Allowances available for travel from outside 
U.K., and research expenses. 
Wate to Bursar for details X181 





OF OXFORD. RESEARCH 
ASSISTANT (Biochemist) required to work on 
metabohsm of the Jens in relation to cataract. 
Post suitable for applicant wishing to study for 
a Inghee degree. Starting 


Nuffield Laboratory of aaa ‘Walton 
Street, Oxford OX2 6AW. 2177 
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UNIVERSITY OF 
BRADFORD 
A RESEARCH ASSISTANT 


i required for ap investigation on the human 
yntervertebral disc ın collaboration with 


Ẹ 


one year from September 1, 1969. 
to £1,550 per anoum, according to age and ex- 


Application forms, to be returned as soon as 
possible (lease q quote ref TRATO may be 
the Regstrar, versy or Brad 





UNIVERSITY OF GLASGOW 


LECTURESHIP OR ASSISTANT 

LECTURESHIP IN PEARMACOLOGY 

oe are invited for a Toorak por 

Asimant Lectureship in Pharmaco Salary 

scale’ Lecturers, £1585. to £2,735 me anom ; 

Assistant Lecturers, £1,240 to £1,470 per annum. 

Initial salary accordmg to experience and qual- 
ficanons. F.S.8.U. 

Apphcations (emht copies for a Lectureship, 
three copies for an Assistant Lectureship), should 
be lodged, not kater than June 30, 1969, with 
the undersigned from whom further partculars 


may be obtained. 
ROBT. T. HUTCHESON, 
of the University Court. 
(2270) 


UNIVERSITY OF EXETER 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for a Tutorship tenable 

from October 1, 1969. Tenure is for one year. 

Preference will be given to candidates Compiting 
d speciahsing 





per annum 
Candidates should forward three copies (over- 
scoas candidates, one copy) of thelr a 


to The Secretary the Ualversity, Northcote 

House, The Queen's Drive, Exeter, with 
names of three » mot hter than 

Tune 20, 1969. (2249) 





THE POLYTECHNIC 
309 REGENT STREET, LONDON WIR 8AL 
DEPARTMENT OF MATHEMATICS AND 
PHYSICS 
RESEARCH ASSISTANT 


Applications ere invited for e full-time post as 
RESEARCH ASSISTANT IN PHYSICS, duties 
to commence ef soon as possible. The research 
will be ın the field of radiation physics with 
reference to ite application m medine and 
would lead to a higher degree. Cloud chamber 


employed 

Honours degree in physica, but those graduating 

this summer are invited to appiy Salary scale 

£870 per annum by £30 (2) to £930. 
Applications shonid be made in writing to the 

Head of che Department. (2287) 





UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF GEOGRAPHY 
Applcations are myited from persons with 
end research ia 


experience physical 
geography, preferably fluvial geomorphology and/ 
the f ASSISTANT 


or hydrology, for post o 

LECTURER in G HY tenable from 
October 1, . Salary m the range £1,240 to 
£1,585 with F.S.S.U. provision. Further par- 


(4 copies) should be sent by June 30, 1969. 
Quote Ref.: R.6/G. (2237) 


UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICENE AND DENTISTRY 
Applications are invited from medically qual- 
fied candidates for the post of SENIOR LEC- 
TURER IN ANATOMY. Teaching duties will 
inciude topographical anatomy together with 
histology, embryology or neuroanatomy. Well- 
equipped laboratories provide exceilent oppor- 
tunities for research on a wide variety of topics. 
on scale ee tee for Senior Lecturer 





1969, to the Assistant Registrar, 
Birmingham 15, from whom jake 
may be obtained on request. (337) 


UNIVERSITY OF EDINBURGH 


Grant Institute 
of Geology 


Department 

West Mains Road burgh, EHS 3JF. 
(Telephone No 031-667 1011, Ext. 3579.) 
Please quote Reference 5009/53. (2334) 





CITY OF BELFAST 
COLLEGE OF TECHNOLOGY 


PRINCIPAL : J F. GILLIES, OBE., 
Ph.D., F.I-E-E., L.Inst.P. 


Applications are invited for the follow- 
ing posts 


DEPARTMENT OF CHEMISTRY 


SENIOR LECTURER AND 
LECTURER IN CHEMICAL 
TECHNOLOGY 


Candidates should have a degree in 
Chemical Enmneering or Chemical Tech- 
nology ot be Aasocrate Members of the 
Insutution of Chemical Engineers. 


Salary : Senior Lecturer £2,280 to £2,595, 
Lecturer £1,725 to £2,280. 


Io determining the commencng point 
allowance will be made for appropriate in- 
dustrral and teaching experience. 


Canvassing will disqualify. 


Further particulars and application forms 
may be obtained from the paces Cok 
lege of Technology, Belfast BTI with 
whom applications must be i not 
later than Frday, June 20, 1969. 


W. C. H. EAKIN, 
Director of Education. 


(2346) 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF MATHEMATICS 
Appbcations are invited for the post of 
LECTURER IN STATISTICS 


within the of Mathematics ter 


Department o 
able from August 1, 1969, or as soon after 
Infial salary 


ths date as within, 
the scale £1,585 to £2,045 per annum. 


House, Bristol BS8 1 
tions shoukl be seat by June 30, 1969. 


(2333) 





UNIVERSITY OF BIRMINGHAM 
SCHOOL OF BIOLOGICAL SCIENCES 


Applications are invaed for the post of 
SENIOR RESEARCH ASSOCIATE to take 
charge of the development, over a penod of 
two years, of two programmes of selfsnstruction, 
one concemed with electrophystolozy and the the 
other with mtroductory plant structure, 
programmes will be pert of the Tater Univey 
Biology teaching project sponsored by 
Nuffiefd Foundation. Funds are available T 


the names of two referees, should be made to 
Assistant Regstrar (S), P.O. Box 363, Birming- 
bam 15, by June 28. Pkase quote N21. 





GRADUATE RESEARCH 


ASSISTANT 
A ml ocer ahorny for an M.Sc. or 
Honours B interested in Endocrine Research. 


Apply now to Dr. J G Derim, Endocnne 
Umt, St. Laurence’s Hospital, Dublin Tii 


HEAD OR SENIOR TECHNICIAN 


AppHcants must have a wide experience in 
Pharmacological Techmques. Position offers 


Apply: writmg to, Resarch Director, 
Biorex House, Cenonbory Vilas, London, N.1. 








UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for the post of 
oc ASSISTANT LECTURER um 
BIOCHEMISTRY duties as soon as 
possible. Salary in the mnie £1,240 to £2,735 
wiih F.S.S.U. provision. 
Further particulam from tbe Registrer to 
whom applications (three copies) should be sent 
by June 28, 1969 Quote Ref.: R.7/G 





THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 
Applications are invited for a POSTDOC- 
TORAL FELLOWSHIP available September/ 
October, 1969, for an investigamon into the syn- 

fungal metabolites, in the De- 
partment of Pha The 


rmaceutical 

salary will be on the scalo ‘£17250 to £1,350. 

Applications, incluckog names of two 
Se cn as pamible ant in 
any case by June 30, 1969 to: The Clerk to the 
Council, The School of Pharmacy, University of 
London, 29/39 Brunswick Square, London, 
W.C.1. (2328) 





FREE LANCE TRANSLATORS 


Geologists, seophysicista, marine biologists 
with sound knowledge of Russan and ability to 
mite idiomatic English ere envited to partickpate 

an expanding translation programme. 

Reply to Box 2307, Natare, T. G. Scott & Son, 
Ltd, 1 Clement’s Inn, London Wee 





human metabolic errors, invo. 
Two “A” 


analyser. Gnelu 
Chemists) or Imer-I.M.L.T. or IS.T. ar ad- 
vantage. HoHda honoured.— 
Apply m wrting to the Secretary, Paediatric Re- 
search U Guy’s Hospital Medical School, 
London Bndge, S E.1. (2257) 





GLASSHOUSE CROPS RESEARCH INSTI- 


TUTE requires an Assistant 
in Plant Physiology Department for refearch in 
controlied-environment ca! 


equivalent quahfication 
ar 18); £330 (age 21) ; £1,150 (age 26; mam- 
starting salary) to £1,385 per annum. 


whom applications with 
pames of two referees, should be sent before 
June 28. (2329) 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
PHARMACOLOGY 


Applications are invited for the post of 
SENIOR LECTURER in the above De- 
partment. Candidetes should hare taught 
Pharmacology to hooours degree bevel and 
have bad appropriate research experience. 


The Salary Scale’ £3,105 to £3,670 per 
annum, with F.S$.3.U. 


Secretary 
sity, Old Coltege, South Bridge, Edinb 
EH8 9YL, from whom farther 


may be obtained. 


Pease agen quote Reference 
506/53 (2325) 





UNIVERSITY OF SURREY 
DEPARTMENT OF PHYSICS 
SOLID STATE GROUP 
Research vacancies commencing September/ 


October, 1969. 
Fellowship : _ Theory of fracture. 
Lowtemperature thermal con- 


ers. ot polymers. 
Theory of rare gas solids. Lattice defects in 
compound semiconductors. Continuum theory 
of solids. 


Physics Group, University of Surrey, Guildford, 
Surrey. ) 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 


Appheations are invited for a RESEARCH 
FELLOWSHIP. No specific field is defined for 
the work of the Research erage bat preference 
will be given to applicants with interests in taxo- 
nomy or ecology. Salary aoaie EL 240-21.470, 470, 
with F.S.S.U. 





MEDICAL COLLEGE OF 
ST. BARTHOLOMEW’S HOSPITAL 
LECTURER IN THE DEPARTMENT OF 
PHYSICS 


Applications are insted for she post of Lec- 
turer in the Department of Physics Duties 


not later tban July 15, 1969, may be obtained 
from the Secretary, The Medical College of 
St. Bartholomew's 





Hospital, West Sorthfiekd, 
EC.. (2311) 
ROTHAMSTED EXPERIMENTAL 
STATION 


HARPENDEN, HERTS 
TEI SOIL SURVEY OF ENGLAND AND 


ence £1,020 to £1,740 
FS€.U. (Reference 1051/107. 
t Experimental : salary at age 


Asman 
21 £830, at age 26 (maximum on entry) £1,150, 
ooo Superanouation. (Reference 1052/ 


Applica tions, namung two referees and quoting 
appropriate reference to the Secretary bes July 
: 2326) 





SENIOR RESEARCH FELLOW 
IN BIOCHEMISTRY 


DEPARTMENT OF PHARMACOLOGY, 
ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 


Candidates should preferably have had 


would 

be advantageous Salary scale £2,045 to 

£2,275, plus £60 London allowance, with 
superannuation benefits. 

Further detests from Pipe E. Zaimis, 


Royal Free Hospua!l Schoo! 


of Medicine, 
8 Hunter Street, London, Wel. (2342) 


GOOD HOPE GENERAL HOSPITAL 


uot Faciuitues for training for M.CB. are 

avallable. Whitley Council condstions of service. 
Applications to Group Secretary, from whom 

further information may be obtained. (2284) 








IMPERIAL COLLEGE 
RESEARCH ASSISTANT at post-doctorate 
level, £1,240 pius £60 London altowance (with 
F.SS.U.), in Combustion Physics for work on 
far ınfra-red laser diagnostics of hot 1onised 


mascs. 
Applications to Dr. A. R. Jones, Department 

of Chemcal Engineering and Chemical Tecimo- 

logy, Imperial College, London S.W.7. (2344) 


UNIVERSITY OF QUEENSLAND 
Brisbane, Australia 


SENIOR LECTURER IN ELECTRICAL 
ENGINEERING 


The Unsvecuty invites applications for the posl- 
ton of Senor Lecturer in the Departmem of 





turer status and above. 


General, 

ties (Appts ), 36 Gordon Square, London W.C.1. 
Applications close in London and Brsbane on 
July 31, 1969. (2228) 


GRADUATE IN MICROBIOLOGY OR 
alied subject required for a research project in 
the Department of Microbtology and Rbeuma- 


of two referees, to Dr. N. Crowley, Department 
of Microbiology, Royal Pree Hospital, Gray's 
Inn Road, London W.C.1. (2336) 


THE FRUIT 
Association, 
enplications : 
Saenufic Officer (male or female) for quick treez- 
ing research and techmicel services, Salary in 
accordance with SO scale with pension prove 

elon.— Applications initialty to Secretary 


SENIOR RESEARCH FELLOW 
IN HISTOCHEMISTRY 
DEPARTMENT OF PHARMACOLOGY. 


ROYAL FREE HOSPITAL SCHOOL OF 
MEDECINE 


Ths post is offered for one year in the 


first instance : salary according to experi- 
ence, but not less than £1,700 a year, pius 
£60 London allowance 


Further detaals from Professor E. Zaimis, 








UNIVERSITY OF EDINBURGH 
DEPARTMENT OF STATISTICS 


A STATISTICIAN 
is required by the Department of Statistics 


quote 
(2324) 


than 
Reference 5010/53. 


UNIVERSITY OF MELBOURNE 


ASSISTANT LECTURESHIP/LECTURESHIP 
IN GENETICS (ANY FIELD) 
to the 
DEPARTMENT OF GENETICS 


Applications are invited for the 
tioned post. 


THE DEPARTMENT OF GENETICS (Head, 
Professor M. J. D. Wobke, FRG) bas an 
academe staff of seven. is at present 
active in developmental, biochemical, microbial, 
human, population end radiation genetics and in 
cytogenetics. 


GALARY: Assistant Lectureship, $A5,176 to 
$A6,015 per annum; Lectureship, $45,400 to 
$47,300 pcr annum Inite! salary will be deter- 


above-men- 


commence dutes on January 1, or not later than 
March 1, 1970, 


Farther information, including detalis of super- 
annuation, travel end removal expenses, housing 
assistance and conditions of appolnimem, is 
avaliable from tho ‘Gorrerary General, Association 


m Australia and London on August 1, 1969. 
(2287) 





AREA LABORATORY 
KING EDWARD VII HOSPITAL, WINDSOR 
Wanted immedistety SENIOR GRADE BIO- 





OXFORD UNIVERSITY 


FOUR RESEARCH ASSISTANTSHES IN 
ORGANIC CHEMISTRY 


Appiicatrons are invited for Post-doctoral and 
Postgraduate Research Assistantships for the syn- 
thesis of antibiotics redated to cephalosporin C 
and the penicilhns. The salary will be up to 
£1,400 per annum for orates and £1,000 
per annum for postgraduates depending on age 
and experience. 

Candedates should include in their anplicanon, 
detalis of their academe career, the dete on 
which they would be free to take up the appomt- 
mem and the names of two referees. Applica- 
tons should be sent as soon as possibile to Dr. 
G. Lowe, The Dyson Perring Laboratory, South 
Parks Road, Oxford. (2330) 
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UNIVERSITY OF READING 
Applcatfons are invited for a Lectureatip in 
Pure Mathematics. Preferred fields of interest. 


algebra, acalyas, topology person ap 
poimted en (ake up bis. dites on Ocrabet 


MEMHIGHNEA N AE 


SCIENCE RESEARCH COUNCIL 


Research Fellow 


for work on Solid State and 
Ultra High Vacuum Physics 


Applications are invited for the appointment of a Research Fellow 
who is required to investigate the condensation of hydrogen onto 
surfaces cooled to temperatures in the range 2° K-4° K, in ultra high 
vacuum conditions, using a liquid helium cooled condensation pump. 
The effect on the condensation of introducing other gases and known 
radiation loadings will be examined in experiments designed to simulate 
conditions in interstellar space. 

The experiments will be camied out at the Culham Laboratory of 
the United Kingdom Atomic Energy Authority, near Oxford. 
Although apending the greater part of his Gime there, the Research 
Fellow will be on the ouni staff and attached to the Royal Ob- 
secvatory, Edinburgh. He will work in close collaboration with the 
staff of the Astrophysics Division of the Observatory, which is 
responsable for the experimental oo ee and will also be associated 
with the Council’s Astrophysics Research Unit situated in the Culham 


It 


not hter than June 30, 1969. 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF 
STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP 
Appiscations are Invited for a Research 


pplicant 
C.A.P.S. award which has beca alocated 
to the Department. 

The work walt be concerned with the 
kmecucs of drug action at the subcoifutar 
level mrvolving the use of a digatal com- 
puter and is suitable for submoasion for a 
higher degree. A condition of the award 
is that the student spends a total of three 
months in the Research Laboratories or an 
international pharmaceutical compan: 


Further information Cquotiag R R19/69) 





£1,250 to £1,410 pec annom 

FSSU _ Femily passages; triennal study lcave 

Detaled applications (6 copies), 

are by July 14, 1969, by persons 
he Americas and Caribbean 





UNIVERSITY OF WESTERN 


AUSTRALIA 
RESEARCH FELLOWSHIP IN 
AGRICULTURE 
Applications are invited for appointment to 
the E H B., Lefroy Research Fellowship m the 
Department tnstitate of Agni- 


continnattoa for up to two further years. The 
salary of the appointee will be within the range 
$45,400 to $A7,300 per ennum, with an alow- 
ance for or towards expenses anocurred in iravel- 
ling to Perth. 

Intending applicants are requested to obtain 
detalis of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appoimment before submitting four oe 
This conformation 18 evaidable from ater 
tion of Commonweakh Universities Qopa ae 
Gordon Square, London, W.C 1. 
aose on July 26, 1969. Aoo 


Leboratory. 


per annum, 


EEAS 


UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 


SCHOOL OF PLANT BIOLOGY 


S.R.C. RESEARCH 
STUDENTSHIP 
are inwted Hoke graduates 


Science and would ked to a higher degree. 

The appomtment, for three years, would 

commence on October 1, 1969. 
Appbcations (two copies), together with 

the nemes and addresses of two Referees, 

be sent, mot later than June 30. 
, to the Re University CoH 
of North Wales, 
farther 


UNIVERSITY OF ABERDEEN 
RESBARCH ASSISTANT IN CHEMISTRY 


Appkcations are invited for above post. The 
pason appointed wail be responsible for the op- 
eration of a Varian HA 100 N.M.R. Spectro- 


: £820 £60 to 
Geade II, by £75 to £1,360 by £85 to 
£1,530, with inata] piactng according to quelifi- 

tho: and experience ton 


from the 
University, Aberdeen, with whom applications 
(two copes), should be lodged by July Guan 


, the 


Candidates should have a good honours 
priate research experience, preferably in sold state physics. 
Fellowship wilk be for three years and provides a fixed ealary 
mined according to experience and merit, between £1,310 and £2,370 
Provision will be made for F.S.S.U. 


ication form from the Secretery, Royal Observatory, Blackford 
, Edinburgh 9. Telephone Number 031-667-3321. 
for receipt of applications June 28. 


MEETA TATATATA TL 





ee and oppio- 
e 


deter- 


2 
Closing date 
(2231) 


FTANNUNUNANKMHNNUUNINNMUNONNA NANNAN 


UNIVERSITY OF ADELAIDE 
RESEARCH SDUDENTSHIP IN SOH 
SCHENCE 


Applications are invited from graduates for 
sopomtment to the abore-meanoncd award in 


progress. 
be obtained from Dr. D. J. Greenland, Reader 
m Soll Scence, 
SALARY SCALB: Withm the range $A2,500 
to $A2,800 per annum 
APPLICATIONS, giving particulars of age, 
Gncluding dates obtained), expen- 
end addresses of two 
referees, shoukd be sent to the Registrar, Unb- 
versity of Adelaide, O A. 5001, as soon as prac- 
ticable. (2286) 


UNIVERSITY OF READING 
S.R.C. STUDENTSHIP IN THE 
DEPARTMENT OF 


MICROBIOLOGY 


AppHcations are uated from recent Honours 
graduates or those about to graduate in Micro- 
biology or a related subsect for an SRC Cooper- 
ative Award m Pure Science. The successful 
camhdete, who will have a first or upper second- 


of ee the Gas 

: Professor C. 
, Department of Microbiology, The Uni- 

vermty, London Road, Reading, RGI SAQ. ) 
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The 
Health 
Education 
Council LTD 





Fellowships in 
Health Education 


The Health Education Council is awarding two This will ol each of two 
years’ duration, for the coming academic year. will allow successful 
applicants to obtain a formal research-based in "a heath education 
prior to permanent employment with the Council. bject to acceptance 
of the şppointed persons by the University Authorities, these Fellowships 
will be held at the University of Manchester and the training will be based 
upon the Department of Social and Preventive Medicine. Candidates will be 
required to give an assurance of their intention to pursue a career in health 
education ; ee will spend two years at the University during which time 
they will be expected to obtain the Master of Science degree. 


The Health Education Council has been set up by the Government to develo 

and promote health education activities in England, Wales and N. Ireland. 
The Fellowships are open to all residents in the United Kingdom who have 
a good honours degree in the biological, behavioural, medical or dental 
sciences. Successful applicants will be employed from the beginning by the 
Council on a 8 scale of £1,055 to £1,265 pa depending upon experi- 
ence. On completion of the M.Sc., Fellows will normally proceed to a 
permanent appointment with the Council in the appropriate career grade 


with an increase in salary. 


Please write for an application form, quoting ref. U./2 to: 


The Director Gen 


House, 7—12 Tavistock Square, LONDON W.C.1. 


UNIVERSITY OF 
MANCHESTER 


SIMON ENGINBERING 
LABORATORIES 


RESEARCH STUDENTSHIP 
Applications are mvited for a Research 


viding information relevant to future high 
pressure thermal power systems. 
is tenable for two to 
should 


and 
Made in sppropriate 


particulars and appicatron forms 
(returnable Poy July 31) from the Registrar, 
The Universtiy, Manchester, M13 9PL. 
Quote Ref.. 123/69/Na. (2297) 





LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 


DEPARTMENT OF GEOLOGY 


Applicants should provide curriculum vitae, list 
of publications and names of two referees In- 
quiries to Dr. J L. Talbot. (2308) 


The Health Education Council Limited, Lynton 


(2268) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF INORGANIC, 
PHYSICAL AND INDUSTRIAL 
CHEMISTRY 


POLYMER SCIENCE 
Applications are invited for two Post- 


omr and mechanical tesung equipment. 


Salaries, £1,260 by £80 to £1,340 per 
anoum plus F.S.S.U. 


Applications, together with the names of 
two referees, should be sent as soon as 
possible to ‘the Registrar, the University, 
P.O. Box 1 147, Liverpool, L69 3BX. 


ùp immedi- 
RV/2731/N. 
(2261) 


Please Quote Ref.: 





ST. MARY’S HOSPITAL MEDICAL 
SCHOOL 
ALEXANDER SIMPSON LABORATORY FOR 
METABOLIC RESEARCH 


Applications are invded for a Postgraduate 
Research 


Secretary, Se Marys Hospital Medical 
siai Paddmgton, W 02271) 





UNIVERSITY OF WARWICK. 
SCHOOL OF MOLECULAR SCIENCES 


POSTDOCTORAL 
FELLOWSHIP IN 
ORGANOMETALLIC 
CHEMISTRY 


Applications are invited for a Pos- 
doctoral Fellowship renewable for e penod 
of up to three years, commencing on or 
after October 1, 1969, in collaboration with 
Du J. M. Brown and B T. Golding. 
Work will be directed towards the dis- 
covery of new methods for the activation 
of organic substrates in transition-metal 
organometalhe cbemsstry. 


Salary will be in the range £1,240 by 
£115 to £1,470 (excepuonally £1,585) pa 
annum ; it is hoped to make the appo 
mec in the top half of tns scale. 


Candidates should preferably bave 
carried out res¢arch m an area of organo- 
metallic , although those with 
puray organic experience would be con- 
$1 . 


Two applicetions shorid be made to the 
Registrar, University of Warwick, Coventry 


CV4 7AL, before June 30, 
names of two referees. 





UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


A RESEARCH STUDENTSHIP 
available to work 10 coftaboration 


vacd to apply before June 21, 1969. 


Further era may be obtained from 
Professor W. D. P. Stewart. (2295) 





UNIVERSITY COLLEGE, CARDIFF 


POSTDOCTORAL 
FELLOWSHIP IN ORGANIC 
CHEMISTRY 


Applications are invited for the post of 
Post Doctoral Fellow to work on synthetuc 
nitrogen hetero- 

in collaboration with Dr. 


chemistry 
. Jeckson (Professor elect of Organic 


). 

Salary scale’ £1,240 to £1,470 per 

a. according to quahfications, plus 
U. 

Appheations, together with brief curncu- 
hoon and names of two referees, 
inti he se ae ae ee ee 
Registrar, University College, Cathays 
Park, Cardiff CF1 3NR. (2225) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN CHEMISTRY 
Apphcauons are invited for a 
tship und a 


be concemed with the chemistry of benzothiazok- 
2-sulphenamides, and she relation of this chemu- 
ty to the use of these compounds m rubber 
on. The topo, which will be carried 
out under the supervision of Mr P. Weeman, 
wal give full scope for the use of modem 
eee and analytical ¢echmques, for which 
the Department fs excepuonally well equipped. 
A Farst or Upper Second Class Honours degree 
or an equivalent qualification is required. 
Applications should 6 


possible, to: Profeasor R. RS 
Department of Chemistry at the Institute, P.O. 
Box 88, Manchester M60 10D (2238) 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 


Applications are invited for a RESEARCH 
STUDENTSHIP to be held jofntly in the 
Department of Medical Physics and in the 
Laboratones of Messrs. Nuckar Enter- 
poses Ltd., Sighthill, Edmbeurgh. 


The award m made under a scheme for 
Cooperauve Awards m Pure Science by the 
Science Research Council and the success- 
ful candidate wil be provided with an 
S.RC. Research Studentship together wah 
an allowance for dependents or industnal 
expenicoce where appropnatc. 


The candwate will be required to under- 
take an investigation into the development 
of an maging device for yradation based 
on the spark counter m d of radmton 
detection. 


Applications should be sent in the first 
instance, together with the names of two 
referees, to Professor H. A. B. Simons, 
Department of Medical Leaver Royal 
Free Hospital School of edicme, 8 
Hunter Street, London, W.C.1, from 
whom further details may be obtamed. 


(2296) 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSICS 
RESEARCH STUDENTSHIPS 


Applications are invited, from first- or 
second-class Honours graduates or final 
year Honours students, for two postgradu- 
ate studentships in Atomic and Molecular 
Spectroscopy 


(a) to participate in crossed beam exper 


ments involving the study of inelastic cross- 
secuons for electromon and iomon coli- 
sions. Most of ths work well be carmed 
out at the Culham Laboratory. 


(b) to develop a hugh resoluuon X-ray 
photoelectron spectrometer for the study 
of atomic and molecular systems. 


The successful apphcant will be expected 
to register for a higher degree. 


Further detarls can be obtamed from 
tbe Deputy Secretary, the University, 
Southampton, to whom  applecations, 
naming two referees, should be sent by 
June 30, 1969 Quoting Ref N (2245) 





ROYAL FREE HOSPITAL SCHOOL 


OF MEDICINE 
UNIVERSITY OF LONDON 
DEPARTMENT OF BIOCHEMISTRY 


Appleations are invited for a Junior Research 
Fellowshrp, value £850, from higher degree can- 
didates im membrane biochemuicy, fat-soluble 
vitarmns, molecular bass of hormone acton, 
protein synthesis, or metabolism of glycogen, 
which s tenable from October 1, 1969, for one 
year in, the first instance, renewabie for two 


have, or expect to have, at least Upper Second 
=s honours ın biochemistry or a related sub- 
ect. 

‘Written appacations, with names of two 
referees, to Professor J. A. Lucy, Royal Free 
Hosptial Sctrool of Medicine, 8 Hunter Street, 
London, W C.1. (2264) 


ese atta See 
UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF INORGANIC CHEMISTRY 
UNIVERSITY POST-DOCTORAL 
TEACHING FELLOW 


Applications are Invited for a Unsrentity Teach- 
ing Fellowship in Inorganic Chemėestry In addi- 
ton to e kmited amount of teaching, the Fellow 
will work wth Professor C C Addison in re- 
search op the morgane chemistry of non-aqueous 
solvents The appolntment 1s for one year in 
the first immance, but ms renewable for up to 
three years, The spend will be i the range 
£1,240 to £1,470 per annum end will carry 
ESSU benefits The dete of the appomtment 
will be mutually arranged 

Clomng date for applications, June 25, 1969. 
Further details and application forms from the 
Registrar, University of Nottingham, University 
Park, Notungbem NG7 2RD. (2310) 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


RESEARCH STUDENTSHIP 


Applications are invited for a Research 
Studentship in solid state phymcs under the oew 
S.R.C. scheme of Co-operative Awards in Pure 
Science The student will work in co-operation 
wath the solid state physics and the laser labore- 
tones of the International Research and Develop- 
mem Co, Ltd., in Newcastle, on the infra-red 
peopertica of new types of semiconducting 
materials 


Further particulars can be obtained from Dr. 
E. E. Schneider, School of Physics, The Univer- 
sity, Newcastle upon Tyne NEI 7RU. (2153) 


QUEEN MARY COLLEGE 
CONDVBRSITY OF LONDON) 
THE DEPARTMENT OF MATERIALS 


Applications are invited for several RE- 
SEARCH STUDENTSHIPS for the study of 
polymers, metals, ceramics and composite 
materials which mall lead to the PhD. degree 
of London University iœ Materials Screace 
Apolicams should have a good Honours degree 
in metallurgy, physics, chemmtry or enginecmng. 
The Studentshioe will be of three ycars’ dura- 
tion, starting from October 1, with remuneration 
m ecco rdance with the Science Research Council 
scales 

Appuicants should write to the Deputy Regs- 
trar, Queen Mary College, Mile End Road, Lon- 
don, E1, for further detatts. (2290) 








GRANTS & SCHOLARSHIPS 


U.K. PANEL ON GAMMA AND 
ELECTRON IRRADIATION 


RESEARCH GRANT 


EFFECTS OF IONIZING 
RADIATION ON MEDICAL 
MATERIALS 


The U K. Panel on Gamma and Electron 
Irradiauon proposes to award gramsanaid 
for research into the mteractions of ioniz- 
ing radiations with medial products Un- 
cluding pharmaceuticals and troproducts) 
or thar flora 

This grant wW! be in the amount of £800 
to £1,000; they will be given for one year 
m the first place but could be renewed 
for up to three years. 

Applicauons should be in sufficient detail 
to allow cvaluation of whether the pro- 
posed project can reasonably be expected 
to be completed within the hmut of tme 
and funds. 

Any concurrent support for the pcoject 
should be indicated and where possible the 
scienufic personae! to be engaged on the 
proyect should be named 

Applications should be sent to the Tech- 
meal Secretary to the Panel’s Research 
Committee, Mr. J. F. B. Deadler, Depart- 
mem of Physics, Umversity of Bwming- 
ham, PO. Box 363, Birmingham 15 to 
arnve by June 30, 1969. (2122) 





MISCELLANEOUS 


MURDOCH TRUST 


FOR THE BENEFIT OF INDIGENT 
BACHELORS and WIDOWERS of good 
character over 55 years of age, who have 
done “something” im the way of pro- 
motmg and helping some branch of 


science. Donations or pensions may be 
granted to persons who comply with these 
conchtions. 


For particulars apply to SHEPHERD & 
WEDDERBURN, W.S, 16 CHARLOTTE 
SQUARE, EDINBURGH EH2 4YS. 





AND TECHNICAL TYPE- 
writing Service. Confidential.—Jula Pratt, B &., 
30 Craven Street, Strand, London, W C2. Tele- 
phone 01-839 2861. (X2) 





LECTURES AND COURSES 


























INTERNATIONAL SUMMER 
SCHOOL 
(A NATO Advanced Study Insutute) 
mn 


SPACE EXPERIMENT DESIGN ' 


to be held at the 
MULLARD SPACE SCIENCE 
LABORATORY 
of the 
DEPARTMENT OF PHYSICS, 
UNIVERSITY COLLEGE LONDON 
August 25 to September 12, 1969 


THE SCHOOL will provide an introduc- 
tion to the dengn of spacecraft scientific 
experrments The course weil be orgamsed 
as a group exercise, and the participants, 
asesied by an international directing staff, 
well form a team to undertake the prelim- 
imary design of an advenced type of cosmic 
X-ray telescope sutable for fight ın a 
stablltsed Earth-orbitng satellite 


BACKGROUND LECTURES on space 
expenmem techniques will be given dudog 
the first week of the School, and visits will 
be arranged to local space science and 
technology establishments ` 


A REGISTRATION FEE OF £5 ($12) 
wH be charged. Inexpensive accommode- 
tion for participants and their famiHes will 
be available at a nearby residential college 


Fanencial assistance to help cover travel- 
ling and lying expenses is avaiable for 
participants. 


APPLICATIONS are invited from gradu- 
ate scientists and engineers (or persons with 
equavaleot quahficatrons). Applicants 
shouid have a good command of spoken 
and written Engitsh. Further details and 
applicauon forms may be obtained from 

DR. P. J. BOWEN, 

MULLARD SPACE SCIENCE 

LABORATORY, 
HOLMBURY ST. MARY, DORKING, 
SURREY, ENGLAND. 

Teiephone: Forest Green 292. 

The closing date for applications is July 
31, 1969 (2335) 






















UNIVERSITY OF SHEFFIELD 


THEORY OF MATERIALS 


MASTER'S DEGREE COURSE 1969-70 


PARTIAL DIFFERENTIAL EQUATIONS, 
NUMERICAL AND ANALYTICAL METHODS 
(Lectures for part of the MSc Course given by 
the Department of Appled Mathematics and 
Compoung Science). 

ELASTICITY, DISLOCATIONS. THERMO- 
DYNAMICS AND KINETICS OF THE FLOW 
AND STRENGTH OF SOLIDS (Lectures given 
by the Department of the Theory of Matenals). 
The course s a THEORETIC. on. PART- 
TIME attendance over TWO years can be 
arranged. SKR.C. Advanced Course Student- 
ships are avaiable. 

Enquiries immedsately to: Professor’ B. A. 
Baby, Department of the Theory of Matenals, 
Fimfield, Northumberiand Road, Sheffield S10 
2TZ (Sheffield 78555). 

THERE ARE ALSO OPPORTUNITIES FOR 

THEORETICAL RESEARCH IN FIELDS 

ALLIED TO THE COURSE P 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


M Sc. COURSE IN HYDROCARBON 
CHEMISTRY 


The above one-year course, which will start on 
October 1, 1969 m open to Graduates in 
Chemstry or Chemical Engineering and to those 
with Grad. R.I.C., Dip. Tech. or equivaknt 
quahfications at an appropriate level of achieye- 
ment. Ths course, which ws designed for those 
interested m petrochemstry, in the chemistry of 
petroteum, or ın general hydrocarbon chemistry, 
has recerved support from the Petroleum and 
Chemical Industries, and is approved for the 
award of Science Research Council Scholarships. 

For farther mformation apply to Professor 
R. N Haszeldine, FR.S., Department of 
Chemstry, UMIST., PO Box 88, Manchester 
M60 1QD (2239) 
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WEST HAM COLLEGE 
OF TECHNOLOGY 


M.Sc. in 
NUCLEAR PHYSICS 


This n a two-year evening course leading 
to an internal degree of the Unversity of 
London by examinauon and dwsertation 
The course will commence in October 
1969. 

Topics will ioclude interaction of radia- 
tuons wth matter, radiauon detecuon and 

» cosmic rays, accelerators, fun- 
damental particles and high energy physics, 
nuclear forces, nuclear reactions, neutron 
and reactor physics, together with exper 
mental work in the college nuclear radea- 
tron laboratonés 


The annual coume fee s £3 66. 


For further particulars, please apply to 
the Regrtrar, West Ham College of Tech- 
nology, Romford Road, Stratford, London 
E.15. (2251) 


UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


M.SC. IN 
X-RAY CRYSTALLOGRAPHY 


entrance qualification 13 
degree ın the physical 


sciences, or the Grad.R LC. or the Grad. 
Inst.P. 


A detailed account of the theory of the 
main branches of X-ray C graphy is 
presented, and supplemen by a scheme 
of practical work and by a study project. 
Additional lectures on computing methods 
are available. The next coume begins m 
October, 1969. 

Both full-time and day-release students 
are accommodated. The day-release 
scheme requires attendance on one full day 
per week. 

The course has been approved by the 
Science Research Council for the tenure 
of its Advanced Course Studentships. 

Pull details and application forms may 
be obtained from Professor V. S. Gnffiths, 
Department of Chemical Physics, Univer- 
sity of Surrey, Guildford, Surrey. Tel.: 
Guildford (OGU3) 71281. 


UNIVERSITY OF EAST 
ANGLIA 


M.SC. COURSE IN 
THEORETICAL MECHANICS 


The School of Mathematics and Physics 
invites applications for a twelve-month 
course of advanced study in 
Mechanics mmencing Octo 
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BIRKBECK COLLEGE 


(Univerzity of Lomdoa) 


M.Sc. COURSES IN 
STATISTICS AND PROBABILITY 


Applications are invited from candidates wishing to study for the Degree of MSc, in 











Anal of time series. 

prar bA analysis. 

g Stochastic processes. 

iv) Special problems in the design of experiments. 


Decision theory. 


Sequential analysis. 

Theory and practice of e surv: 
Nonperametiic scr ei SE 
Techniques of medical statistics. 












The University of Manchester 
Institute _of 
Science and Technology 





M.Sc. Course in 
APPLIED AGOUSTICS 


Acoustical problems are of considerable importance In the present-day world 
and are increasingly engaging the attention of physicists, engineers and archl- 
tects. The Department of Physics has excellent facilities for dealing with these 
problems and for conducting research, and the more technological depart- 
ments of the Institute provide plenty of scope for trying out new ideas. 
The M.Sc. course in Applied Acoustics is designed to prepare students for 
work of thls sort, both in Industry and in Universities; it covers vibrations, 
acoustic measurements, room acoustics and the practice of nolse control. 


The course commences In October, and consists of lectures and practical 
work for two terms leading to a written examination in the third term. 
Candidates must subsequently prepare a dissertation on a specified research 
topic. The duration of the course Is normally from one to two years. Entrance 
requirements for candidates are normally the possession of a first degree 
in Physics, Engineering (Electrical, Mechanical and Cıvıl), Building Science, 
Architecture, or Mathematics. Applications from candidates with other 
qualifications, however, will be considered. Suitable candidates will be en- 
couraged to continue for a Ph.D. degree. 


The course has been approved by the Science Research Council as suitable 
for tenure of its Advanced Course Studentships. 


Applications and enquiries should be addressed to the Registrar, The University 
of Manchester Institute of Sclence and Technology, Sackville Street, 


Manchester M60 IQD. 
(2226) 





Wanted and for Sale 

Sclendific amd Technical Reviews 

SANTO VANASIA, 58 Vin M. Macchi, 
20124 MILANO (X259) 


FOR SALE AND WANTED 






WM. DAWSON & SONS LTD. 
a a a aa 

"Folkestone rrr page APPOINTMENTS WANTED 
APPOINTMENTS WANTED- 


Folkestone, Kent, England. 
Tel.: Folkestone 57421. 

Offer top prices for: THREE YOUNG DUTOH SOW SOIENTISTS— 

BACK RUNS OF JOURNALS Sae. ennai a arreda beige ae 

dequa positlo: ma levelop- 

IN SCIENCE AND THE HUMAN ma ing Country.—C. D Konstapel, Benedendorpsweg 
106, Oosterbeek, Netherlands. (2306) 


Here's a New Cas Gheomalogesp 
with a Split Personality. 


B 
zanmen i 5 


a ENIS} yisi 
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Sensitive enough for analysis at picogram levels—yet 
fully capable of preparative separation in large quan- 
tities . . . that’s the kind of split personality we've built 
into the new 7300/7400 Series Gas Chromatographs. 
Truly modular construction gives you unequalled versa- 
tility in oven and column styles, detector types (all 
interchangeable), and programmers. Oven door opens 
and closes automatically as part of the automatic heat/ 
cool cycle, and the highly stable power supply can be 
set from 0.5 to 1000 volts. 

There’s never been a gas chromatograph with all 
these features. And purchase price includes packed 
columns, an accessory kit and installation by a trained 
technician. Get the full story from your Packard Sales 
Engineer or write for Bulletin 1058Z to Packard Instru- 
ment Company, Inc., 2200 Warrenville Road, Downers 
Grove, Illinois 60515 or Packard Instrument Interna- 
tlonal S.A., Talstrasse 39, 8001 Zurich. Switzerland. 


Accurate, precise independent temperature 
controls at injaction ports, column oven 
and detector... your analyses are consistent 
and repeatable. 


Two separate "electronic ice baths" provide 
column and detector with absolute temperature 
control reference points, accurate to within 
+0.3°C. Three separate computing temperature 
controllers establish temperature set points—re- 
peatable within £0.5°C over the entire 0-500°C 
range. There's no drifting, no need for periodic 
re-calibration. 

With this kind of dependability in temperature 
control—exclusive with Packard—you're free to 
examine other experiment variables that may be 
masked in other instruments. 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or inade- 
quate or forgotten. When receiver (5 litres capacity) is 
full, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is refilled. 


Purity Electrostatically charged condenser droplets 
can pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination, 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 34d. per gallon at ld. per unit. 





This unique water still is {n use in a number of research establishments and Safety The heating element is out of contact with the 


hospitals where water of the highest purity ts essential. feed water, thus eliminating d from “live” water 
Price, complete with heater and all electrical supply or electrolytic effects or “burn out”. 
equipment 230 volt (a.c. only _£ 3 8-10-O Assembly No retort stands or clamps are required. 


The 24-in. diameter ball joint gives a strainless set-up. 
. Outlet cap on boiler for quick periodical drain-off of sedi- 
Obtainable only from ment. The still may be imstalled on a shelf or platform 


L. V. D. SCORAH, MSc. about 1 ft. above bench level near a sink and enclosed in 


(Manufacturer of the ‘‘SCORAH” Blowpipe) a transp t plastic s p out dust, 


44 NORTHFIELD ROAD, KINGS NORTON, Phoenix heat-resisting glass. Interchangeable ground 
BIRMINGHAM, 30. 021-458 1885 glass joints. 











NEW JOURNAL OF STATISTICS AND 
OPERATIONAL RESEARCH 


CONTENTS OF VOL. V, PART I 


(1) Tables of critical “Tocher” random numbers for the 2x2 contingency table: these 
give one-sided 1 — g confidence limits whose Type I errors are exactly « in all three main cases of the 
2x2 contingency table, for «=0-05, 0-025, 0-01, 0-006, 0-001 and for column totals up to 15, 15. 


(2) Confidence limits for the reliability product qiq2... qk when sample sizes are unequal 
(first method): the actual samples are replaced by, m general, conservative ‘equivalent’ samples 





all of equal size but with equivalent numbers of defectives which are an unprovement on simple 
proportionality: a mixed Bayesian and Confidence limit prmeiple of inference 1s proposed for this 
field which has appreciable advantages. 


CONTENTS OF VOL. V, PART II 


(1) A random walk with one absorbing barrier: this gives the expected position x, the pro- 
babuity of absorption at x=0 etc., for a point which may move s units to the right where s=—1, 0 
I, 2,... with probability ps at each jump, starting with an arbitrary positive x and for any given 
number N of jumps. 


(2) Further rules for the elimination-reduction method of solving the symmetric travelling 
salesman problem: these shorten the reduction-elimmation process (described in a previous 
issue) still further. 


Each issue of this journal contains two papers of a mathematical nature, of real practical value, 
and written in a style which takes account of the user. There are 3 issues a year (Rates: 15/- per 
annum, Great Britain and Ireland, 16/6 elsewhere, 25/— by airmail to non-European countries. 
Obtamable from the Editor, C. Mack, University of Bradford, England). 
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so we have to 
write our own 


Whatman Advanced lon Exchange Cellulosesopenupa_ ; 

whole new technology. They're unlike any ion exchangers ever ` 

seen or used before. 

Basically, Whatman have taken the original fibrous cellulose, ; 
straightened out the kinks, and fixed the exchanger radicals in Bae 
better position. The result is an exchanger which is much better 

adapted to handling macro-molecules. 


a ee a 


Whatman Advanced Ion Exchange Celluloses offer controlled 

particle form with high solute accessibility and excellent volume 

stability. In practical terms that means higher capacity, faster kinetics ` 
and improved chromatographic resolution. And these characteristics 

are maintained from batch to batch — so there is outstanding 

reproducibility. 


Obviously, advanced materials require advanced techniques for 
optimum results. These techniques are fully discussed in Whatman 
literature. Be one up on the textbooks, send for yours today. 


Belgium: Pleuger SA, Turnhoutsebaan 511-529, WIJNEGEM. France: D. Pinard, 
193 rue de l'Université, Paris 7°. Germany: L. Hormuth Inh. W. E. Vetter, 6900 í 
HEIDELBERG, 1, Postfach 750. Holland : P. M. Tamson NV, ZOETERMEER | 
Italy: Carlo Erba S.p.A., Divisione Apparecchi Scientifici, Casella Postale 3996, 

MILAN l-20159. Sweden: Instrumentfirma Labora, Birger Jarlsgatan 110, 
S-114-20, STOCKHOLM. Switzerland: Carl Bittman, Petersgraben 33, 4000 
BASEL3. Dr. Bender & Dr. Hobain AG, P.O. Box 8042, ZURICH 6. Werthemann & 
Co. Ltd , Flughafenstr 20, 4000 BASEL 12. U.S.A.: H. Reeve Angel & Co Inc., 

9 Bridewell Place, CLIFTON, NJ. 07014. 


kA 
Ad Whatman 
Registered trademark of W. & R. Balston (Modified 
Cellulose) Limited, Springfield Mill, Maidstone, Kent, England. 
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Tubing for 


Peristaltic Pumps 


SILESCOL 
TRANSLUCENT 


Silicone Rubber, over 30 standard sizes from 0.5mm i.d., elastic, excellent resistance 
to many chemicals, sterilizable elther by steam at 120°C. or by dry heat at 180°C., 
will not deteriorate either in storage or in tropical climate. 


Black fluorinated synthetic rubber, resistant to concentrated sulphuric acid 98%, 


VINESCOL 23 


ESCOPLASTIC MS 


Esco (Rubber) Ltd 


Walsingham House, 35 Seething Lane, London EC3 


phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C. 


Translucent plastic In various sizes 
with good resistance to many chemicals. 








DYES FOR USE IN ALL INDUSTRIES | 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous vanety of dyes, ready for immediate 

despatch, Inctuding: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 

Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmold, Nile blue, 
@ Janus green, Brilliant green BPC, Rosotic acid, Methyl green, p-Ethoxy- 

chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


are lavited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MICHROMIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lepid onmson Matamount, 
May-Grünwald, Leishman, Glemsa, Toluidine blue, Cresyi fast viotet, 
Papanicolaou stains, Thiofiavine S, Bniliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, eto. 


‘EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromiabs London SW14, Telephone : 01-876 82289 





University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter 
For nearly 150 years the Society has offered life assur- 
ance on attractive terms exclusively to t and present 
members of Universities and similar educational estab- 
lishments within the United Kingdom. 


The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 


The “Minimax” Policy Reduced Preminm Policy 
Young Graduate’s Policy 


Other plans include 


Whole-life and Endowment assurance 
Educational Policies Children’s Policies 
Pension Policies . Annuities . Family Protection 

Unit-linked Assurances and Annuities 


4 Coleman Street, London, E.C.2 
Telephone : 01-606 6225 
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How? By joining the over 300 present 
users of the Philips EM 300 Electron 
Microscope, by installing one your- 
self. But perhaps you have. If so, 
there’s no need to tell you about the 
benefits of membership... the privi- 
leges of owning the highest-quality 
high-resolution electron microscope 
on the market today. You already 
know what it means to own an Instru- 
ment backed by the largest producer 
In the world of such equipment... with 
a research and service organisation 
to match its number-one status. 
You still may not have realized, 
however, that your EM 300 is also 
aninvestment against obsolescence. 
Have you noticed all the new Im- 
provements and accessories that 
have been added to the EM 300 


LIIE 





lately - new TV display system with 
image intensifier, new X-ray spectro- 
meter attachment, new pre-pumped 
airlock, new antl-contamination cold 
trap for reducing specimen conta- 
mination ? Did you know that every 
new improvement may be installed, 
qulckly and easily, on your own 
instrument? 

But you’re not a member of the 
EM 300 Club yet? Well, just remem- 
ber... It may be privileged, but It’s 
not exclusive. Don’tyou think It’s time 
to investigate the many advantages - 
short-range and long-range - of 
ownership of the world’s finest elec- 
tron microscope of its kind? 


Just write for brochure EM 300 
and we'll be happy to send full details. 








N.V. Philips’ Gloeilampenfabrieken 
Analytical Equipment Department, 
Eindhoven, the Netherlands. 


ANALYTICAL EQUIPMENT 


Isn't it time 








you joine 





dthe 


PHILIPS 











Pent ta Great Brittin: by. Fisen, M KNIG 


HT & Co. LTD., 
Little Essex Street, London, W.C.2—Saturday, June 14, 1969. 


St. Albans, and published by MACMILLAN (JOURNALS) LIMITED, 


-Technicon’s new amino acid analyzer 
produces 12 chromatograms every day... 
| unattended with unparalleled 

resolution and accuracy. 


’ == n Automatic sequential sample Introduction utilizing our 40 place sampler... 
== once loaded it advances unattended, handling a3 day workload or a single sample 
` with equal! facility. Completely automatic repetitive cycles of column elution and 
regeneration...only possible with Technicon’s new, infinitely flexible, programmed 
multichannel valve. = Thanks to our unique FAIL-SAFE devices, there is no risk 
7 ht of losing valuable samples in the event of something as unlikely as power fallure 
or mechanical misadventure in your absence. What's more these are not 
“blue sky” statements. The TSM Amino Acid Analyzer Is now operating as stated, 
with unparalleled resolution, and unmatched sensitivity and accuracy in some 
of the world’s leading research Institutions. For details write Dept. X, 
Technicon Corporation, Tarrytown, New York 10591 








COPYRIGHT © 1986 BY TECHNIOON COAPOAATION, ARDELEY, NEW YORK 
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Ampholine Electrofocusing equipment, 

including Power Supply, 
Uvicord ultraviolet Monitor and Recorder, 
ready for protein separation. 


fuss IN THE SERVICE OF SCIENCE 


ULE LESTROMENTS LTD © LKE KONSE 0212 ADDINGTON ROAD © 3 CROYDOA, SURBEY CH2STDOTEL 0 657-0218 
WALES AND SERVICE THECUOMOUT THE WORLD STOCKHOLM, WASHINGTON, THE HASUE, COPENRAGEN, ROME, VIENNA 
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{ separation 
of chicken haemoglobin. 





Separation 
Purification 


Characterization 


Research establishments, hospitals, 
and industry throughout the world 
have used LKB Ampholine Electro- 
focusing to successfully separate the 
following kinds of protein. 


Endotoxins from bacteria 
(ipopolysaccharides) 

Capsular polysaccharide from H. Influenza 
Urne gonadotrophins of pregnancy (human) 
Pituitary hormones 

Amonum Sulfate preparations of human 
serum 

Blood coagulation proteins, namely FXIT 
Whole serum 

Gamma globulin 

Steroid binding y-globulm 

Transcortin cortisol binding ĝ, globulin 
y-globulm, transferrins 

Cytochrome c from beef heart 
Buliverdin-protein in eel serum 

Rat fetal protein from albumin 
Immunoglobulms 

Bovine serum 

Albumin 

Ovalbumin 

Intact platelet mebranes 

E coli nucleases 

Enzymes catalyzing sulphydry! 
—disulfide interchanges 
Enzymes-cellulases (some proteases) 
Butyrylcholinesterases from human brain 
Pancreatic enzymes 

Bromelain-++acid phosphatase from 
ananas comosus 

Arylsulphatases of aspergillus oryzae 
Mitochondrial transaminases 

D-aspartic oxidase 

Glycosidases from fungal or bacterial source 
Lactoperoxidase 

Invertase from yeast 


Ribosomal 

Catalase 

Acid phosphotases 

DNA polymerase 

Enzymes of carbohydrate metabolism 
Neurospora crassa invertase 

Alkaline phosphatase m eel intestinal 
mucosa 

For myltetrahydrofolate synthetase from 
clostridium thermoacetrcum 
Haemoglobin 

Isoenzymes of alcohol dehydrogenase 
Soluble grape proteins 

Influenza virus and adenovirus 
Herpes simplex virus protems 

Renn (ovine, human) 

Insulin 


Glycopeptides of fibrinogen and platelets 
Chondroitin sulfate glycoproteins 
Myoglobin 

Ferritin 

Chemucally modified myoglobm 
Interferon samples from chicken eggs 
High and low molecular weight 
glycosidases Detergent-soluble 
glycosyltransferases (membrane bound) 
Extracellular enzymes and toxms from 
staphylococcus aureus e g. hyaluronate 
lyase 

Have YOU a research problem that 
can be solved by LKB 


Ampholine? 
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Early man from | 
the Omo | 


Reproduction of i 
dolphins 


Reconstituting 
tRNA 


Double-stranded | 
RNA and interfero; 


Search for ; 
continuous creatior 


LSD and DNA 
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Now includes EB3 N 
-successor to the 


Tamous RB4—and new | 
oil-free models ECB! A 


' . x md RCB2 
Don’t strain your eyes now... ` ez 
send for your own full-size catalogue — 


EDWARDS 
- VACUUM/COMPRESSOR PUMPS 


(All the detailed information you need for selecting the right model, in a clear concise 
form — performance tables, dimensional drawings, and accessories with full descriptions) 










: Edwards Vacuum Components Limited, 
Edwa rds A member of the BOC group d: 


4/4 LA 2 Manor Royal. Crawley, Sussex, England Qo 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley wer 
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new and 
forthcoming titles 


Theoretical Physics and Biology 


Proceedings of the International Conference of the Institut de la Vie, Versailles, 26-30 June, 
1967. 


Edited by M. MAROIS, Institut de la Vie, Paris 
1969. Approx. 450 pages. Hfl. 50.— (117s.) 


This Congress, the first of its kind anywhere in the world, was organized in order to discuss 
the gap which exists between physics and biology, or more accurately between physicists 
and biologists, in their study of Life and the Life Processes. 


CONTENTS: H. Frohlich: Quantum mechanical concepts in biology. I. Prigogine: Structure, 
dissipation and life. Jack D. Cowan: Some remarks on neurocybernetics. Walter M. Elsasser: 
What is theoretical biology. Bernard Pullman: Les calculs quantiques en biologie. S. Bresler: 
Molecular forces and molecular recognition. Britton Chance: The time domains of biochem- 
ical reactions in living cells. Hans H. Ussing: Active transport. A. Katchalsky: Non-equili- 
brium thermodynamics of biomembrane processes. Albert Szent-Györgyi: Charge, charge 
transfer and cellular activity. François Gros: Remarques sur le code génétique. Alfred Fessard: 
Les problèmes du code nerveux. Maarten A. Bouman: Quantum noise and vision. Etienne 
Wolff: L'origine de la symétrie bilatérale chez l’embryon. B. B. Lloyd: The concept of 
regulation in physiology. M. Lindauer and H. Martin: Special sensory performances in the 
orientation of the honey bee. J. Monod, et al.: On the nature of allosteric transitions: a 
plausible model. Franz Halberg: Chronobiologie; Rhythmes et physiologie statistique. 
I. Segal: Remark on the parametrization of the states of complex systems. 


Functions of the Adrenal Cortex. 2 volumes. 
Edited by K. W. McKERNS, University of Florida 1968. 1020 pages. Hfl. 180.— (4208.) 


CONTENTS. Volume I. Pathways of steroidogenesis: Cholesterol to pregnenolone. Regu- 
lation of the biosynthesis and the mode of action of aldosterone. Mechanism of action of 
ACTH on steroidogenesis and protein synthesis. Volume I. Adrenal regeneration and 
hypertension. Fetal adrenal cortex. Regulation of adrenal function by estrogens and andro- 
gens. Biosynthesis at the molecular level: Electron transport mechanisms. Mechanism of 
action of glucocorticoids. 


The Gonads 


Edited by K. W. McKERNS, University of Florida 
1969. Approx. 600 pages. Hfl. 100.— (2338.) 


CONTRIBUTORS: D. T. Armstrong — T. M. Jackanicz — P. L. Keyes — J. H. Dorrington — 
R. Kilpatrick - J. Hilliard - H. G. Spies — C. H. Sawyer - A. Aakvaag — K. B. Eik-Nes — 
K. Savard — W. LeMaire — L. Kumari — J. A. McCracken — D. T. Baird — C. P. Channing — 
C. Villee - B. Eckstein — V. Sulovic — W. G. Weist — W. R. Kidwell - K. Ahren ~ L. Ham- 
berger — L. Rubenstein ~ D. B. Villee — P. V. Malven —- D. W. Schomberg — G, M. Connell - 
E. Forchielli - K. M. J. Menon - R. I. Dorfman — B. Tamaoki — H. Imano — H. Nakano - 
G. M. H. Waites — B. P. Setchell - A. K. Chiistensen — V. H. Black - S. W. Gillim — A. L. 
Frank — E. Steinberger — A. Steinberger — L. C. Ellis — D. L. Berliner. 
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outstanding 
| performance for 
crystallographers from 











THE LATEST JEM-200 


Electron microscope 


es 
4.5A line resolution at 200kV guaranteed 

With a guaranteed point to point resolution of 6A and a 
magnification range of 1,000~200,000 times, the JEM-200 
Is suitable for nearly all crystallographic specimens. And accel- 
erating voltages of 50, 100, 150 and 200kV allow a comparison 
to be made between results at 200kV and results at more 
conventional voltages. 


Increased specimen penetration 


Specimens about 1 micron thick show properties more charac- 
teristic of bulk material than those In 100kV microscopy which 
are usually less than 0.3 micron thick. To penetrate these 
thicker specimens an accelerating voltage of 200kV ts required 
and this 1s available using the JEM-200. 


Two stage electron gun 


Stability at 200kV ıs achieved using a special 2 stage design 
which ensures a homogeneous potential gradient at the lower 
end of the Insulator. Special treatment of the insulator 
material ensures freedom from microdischarges. 


AnticontamInator 


The anticontaminator, which „Is a standard feature, keeps 
contamination rate below 0.1A per minute. And rt can be 
used with most of the attachments without limitations. 


Easy to operate 


Despite the increased accelerating voltage, the JEM-200 
is still as easy to use as any 100kV instrument. And It Is easy 
to maintain too. 


Cont nuous operation 


The JEM-200 can be operated continuously throughout 
the working day. It will work Just as hard as the operator, 


Large range of accessories 
A full range of JEOL accessories Is avallable for use with the JEM- i E 

JEM-200 and gives n wido Po The JEM 200 is only one in the range of JEOL 

electron microscopes. Other instruments include: 


NOW, DIRECT SALES AND SERVICE BY JEM-1000 JEM-150 JEM-T7 


JEM-750 JEM-120 JEM-50 


JEM-500 JEM-100B/U JEM-30B 
Shakespeare Road, JEM-7A 


LONDON, N.3. 
Tel: 01-346-7211 /7212 


a substaury ot UAPAN ELECTRON OPTICS LABORATORY CO.,LTD. 


‘wae 
"J a 


JEOLCO (U.K.) Ltd. 
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industrial, scientific and medical research. 


Our engineers will be pleased to discuss your application 


Send for full details and the P.M. Tube Selection Chart. 
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Precise product yleld can be calculated because the 
substrates are supplied at accurately measured 
specific activities. 


Assay sensitivities are safeguarded by meticulous 
control of purlty including measurement of typical 
blank values. 


- New labelled 
substrates 


specially prepared, 
tested and packaged for 


enzyme 
assays 


Preparation of reagent [s simplified by supplying 
packs containing individual test quantities, each 
with accurately measured total activity. 
Radiation decomposition problems are minimised by 
choice of low specific activity material. 


Adenosine-8-C1 4-5’-triphosphate, sodlum salt 
S-Adenosyl-L-methlonine (methyi-C1 4) 
L-Arginine (guanido-C14) monohydrochloride 
L-Asparagine-C14(U) 
L-Cltrulline (carbamyl-C14) 
D-Glucose-1-C14 
Sodium blicarbonate-C14 


Full information available on request. 


sf The Radiochemical Centre Amersham England 
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We setout to design a classy goanywhere, do anything 





realtime computer family. Series 16 happened 


There are three machines in the family. AU data com- 
patible. Very fast machines—memory speed from 960 
nsecs. Made up from monolithic integrated circuits 
throughout. They were the first of the low cost (under 
£5,000) high power 16bit machines to be made in 
Britain, and they still can’t be beaten for price/ 
performance—hardware, software, the lot. But, you 
might say, a do anything family? Well, not quite, but 
our designers are working on it. For now you'll just 


have to accept the 316, 416 and 516 performing endles 
tasks in scientific data acquisition, industrial proces 
control, data concentration and message switchin; 
to name but a few, in many countries as well £ 
Britain. 

Like a trial run in the driver’s seat of one of ot 
classy real time models? Contact Honeywell Ltd 
Computer Control Division, 53 Clarendon Roa’ 
Watford, Herts. Watford 42391. Telex No. 934227. 


A 
s Honeywell 
"TOTAL REALTIME CAPABILITY 
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IMPORT DEPOSITS 








| FINANCED =. 
TRANSFORMANSHIP]  Streionttorwara 


24-hour service 
Another positive move In the Fourier spectro- sgu 
scopy fleld| Interferometric data from RIIC at com petitive 


far-infrared spectrophotometers can now be 
transformed Into associated spectra so quickly 
and conveniently that results may be studied rates = 
while specimens are belng analysed! Up to 
twenty-flve samples can be easily handled In a 


normal working day. g ive us a ri ng 


The new FTC 300 Transform Electronics providing 
this advanced computing service, combines two HAM PD EN & BROWN LTD 
basic unlts. One unit contains the electronics 


for operating the spectrophotometer and for IMPORT DEPOSIT BROKERS 
giving a digitized output suitable for punch-tape 


recording ; the other unit contains logic control, 130 Fenchurch St. E.C.3. 


memory, wave analyser, and chart recorder. oe 


Apart from spectroscopy applications, thls unit 
NEW DEVELOPMENT 





on its own can be used to process any sultable 
data requiring a finite Fourier transformation. 








CELL PRODUCTION 








For the economic use of media for the production 
of large quantitles of cells in Biochemical, Micro- 
biological and other relevant techniques. Special 
attention has been focused to the slow speed which 
is essential in this feld. The machine will roll 
10-bottles 4” (101 mm) dia. x 112” (300 mm) long in 
two tlers of 5. 
FOR FULL DETAILS 


LUCKHAM LIMITED 
Victoria Gardens, 
Burgess Hill, Sussex 

Tel: Burgess Hill 5348/9 


division of Beckman-RIIC Limited 


WORSLEY BRIDGE RD, LONDON SE26 ENGLAND 
Telephone : 01-650 4801 (10 lines} 





9: 15 pm, positive ions; 
` 2:16 pm, electrons 


In between, somebody pushed a button on the 
outside of the ANS-2000 Van de Graatf accelerator., 
And with appropriate choice of source and target the same 
“accelerator | will produce protons, deuterons, 
alpha particles, neutrons, and photons. 


“Instant electrons" are a special feature of certain 
_ Van de Graaffs. The point is that all Van de Graaffs 
(400 KeV to 32 MeV) accelerate the fundamental particles 
needed for nuclear physics training and research. 
Only- Van de Graaffs are this versatile. 


Smaller universities pledise note: The 400 KeV accelerator cosis 
less Lhan’$25,000. With it, students can perform the 
classical ¢ experiments: that underlie modern nuclear physics. 
. On the way they.master the’ basic technology of accelerators. 


a Of course, it takes a’ modern physicist to direct 
this activity, but you may have. observed the 
„attraction an accelerator | has, ‘for es minden men. 


“Tae HIGH VOLTAGE ENGINEERING 
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ACADEMIC PRESS 


London and New York 
Berkeley Square House, Berkeley Square, London, W1X 6BA 
111 Fifth Avenue, New York, New York 10003 


Evolution and Phylogeny of Flowering Plants 
By J. Hutchinson 
June 1969, xxvi +707 pp., 170s. 


This latest work by the well-known botanist carries further the studies of his earlier works (e.g. Tho 
Families of Flowering Plants). The probable path of evolution of the Orders of Herbaceae and 
Lignosae are traced in two Phylogenetic diagrams designed to illustrate the text. There are over 
550 illustrations which include drawings of most of the distinctive fruits of the large natural families 
in which they are of primary generic importance. 

CONTENTS. Introduction. Linear Sequence of Orders: “‘Bird’s Eye View” of the Author's Phylogenetic System. Sequence 
of Orders and Families: Lignosae. Phylogenetic Diagram of Lignosae. Sequence of Orders and Families: Herbaceae. Phylo- 
genetic Diagram of Herbaceae. Subject Index. 


Thermal Conductivity, Volume 1 
Edited by R. P. Tyo ` 
June 1969, xxii+422 pp., 130s. 


This two-volume work is a critical review of the methods available for making measurements of 
thermal conductivity. Both theoretical and practical aspects are considered in detail; the treatment 
covers all physical states and extends throughout the entire existing temperature range. Experi- 
mental sections provide essential design information and emphasize methods of avoiding error. 
Should prove invaluable both to potential workers who wish to start making measurements and 
those dy involved in this field who wish to widen their aes ee or accuracy horizons. 
The great range of disciplines in which such measurements are vital includes nuclear energy, aero- 
space technology and thermal insulation in structures. 

CONTENTS: P. G. Klemens, Theory of the Thermal Conductivity of Solids. G. K White, Measurement of Sohd Conductors 

f 


Q.: . D. 
ment of the Thermal Conductivity of Solids. D. R. Flynn, Measuremeni of Thermal Conductivity by St tate Methods 
in which the le ıs Heated Directly by Passage of an Electric Current. A W. Pratt, Measurement of the Thermal Con- 
ductivity of Heat Insulating Materials. Author Index. Subject Index. 


Experiments in Physiology and Biochemistry, Volume 2 
Edited by G. A. Kerkut 
June 1969, xvi+408 pp., 120s. 


This second volume of Experiments in Physiology and Biochemistry indicates that the range of 
experimental techniques required by the modern student and research worker is wider than a re- 
stricted view of Physiology or Biochemistry would suggest. Thus Pharmacological and Historical 
methods are also represented and, of course, are necessary if one is to take a synoptic approach to 
experimentation. 

CONTENTS: J. A. M. Hinke: The construction of pNa and pK microelectrodes for the measurement of aya and ax m muscle 
fibres. S. A. Middler and C R. Kleeman: Methods of uretal catheterization hypophysectomy of the toad. H. L. Gillary: 
Stimulation of an insect taste ri or. F. V. McCann: The sect heart as a model for electrophysiological studies M. 
Overturf and R. L. AE By ts in the Biochemistry of anımal lipids. D. Mendel and R. Baker: Measurement of 
blood flow in the in and skeletal muscle of the rat. Y. Washizu> Membrane potentials and tension m guinea pig ureter. 
H. Gainer: Multiple mnervation of fish skeletal muscle. J. del Castillo and T. Morales’ Electrophysiological riments 
in Ascaris lumbricoides. J. E. Heath and P. A. Adams: Temperature regulation and keat ton in insects. S. Vogel: 


Heat and Mass Transfer in Recirculating Flows 


By A. D. Gosman, W. M. Pun, A. K. Runchal, 
D. B. Spalding and M. Wolfshtein 


June 1969, viii +322 pp., 60s. 


This book is intended for those who have an active interest in convective heat and mass transfer, 
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Would Mr Heath have More fo Offer? 


Is the United States, the arrival of a new administra- 
tion seems to have provoked the beginnings of another 
round of discussions about the organization of science 
and technology (see page 1107). In Britain, the shoe 
is on the other foot, and optimistic members of the 
opposition party are beginning to talk with growing 
confidence of how different things will be when they 
are in charge, as they may well be within two years 
from now. At this intriguing stage in the lifetime of 
the Labour Government, nobody will pretend that 
it is fanciful or even disloyal to ask what Mr Heath’s 
lieutenants would be wise to attempt in their adminis- 
tration of this field of public enterprise, though even 
they would be well advised to remember that two years 
is a long time in the political history of a country up 
to its neck in change, and that there are several ways 
in which the whole complexion of British politics could 
be transformed before the next election must be held 
at the beginning of 1971. It is also prudent to acknow- 
ledge that there is still no powerful sign that the Con- 
servative Party has carried out the detailed studies of 
the problems of scientific administration which allowed 
the present government to get quickly off the mark in 
1964—and which even won it a few votes. To be sure, 
there is always a danger that studies which are too 
well publicized will be stolen by the other side, but 
Mr Heath’s people have been ominously secretive. 
There is some brave talk about the greater devolution 
of responsibility from Whitehall and the greater 
involvement of industry, but nobody at this stage 
can know whether the good intentions of politi- 
cians out of office will be submerged by their instinctive 
tendency to meddle once installed in power. 

The first need is for an accurate appreciation of what 
science is really for. By now, there are few who will 
recall without embarrassment the declaration in 1963 
with which Mr Harold Wilson, not then Prime Minister, 
promised that science and technology would somehow 
be harnessed. to the cause of prosperity and enlighten- 
ment. The intentions were good, and the practice 
—contrary to popular belief—has been sound and 
sometimes even imaginative. The error consisted of 
Mr Wilson’s unreasonable expectations. Science and 
technology are every bit as much the raw material of 
prosperity and progress as the great Edwardians may 
have proclaimed—and those who rightly insist on the 
social responsibility of science should more often take 
account of that—but they are not sufficient in them- 
selves. This is why the magic wand called Mintech 
has not yet put the balance of payments right. One of 
the dangers now is that disappointment with this 


imagined failure may make it seem that science and 
technology have no part to play in the 1970s. The 
truth is that there is more than mere prosperity at 
stake—enlightenment in the old liberal sense and 
enlivenment for the universities as well. Mr Wilson 
may have grabbed the wrong end of the stick in 1963, 
but his enthusiasm was well placed. 

The best place to start is with the balance between 
academic and applied science. Politically, this is the 
question of whether the research councils should be 
under the wing of the Department of Education and 
Science or, alternatively, of the Ministry of Tech- 
nology or some equivalent. The present arrangement 
in which the research councils come under the Depart- 
ment of Education and Science has its roots m the 
previous Conservative Administration, although the 
parallel administration of university finance is a 
Labour innovation. The case for changing this state 
of affairs springs from the belief that university research 
would be somehow more productive if research money 
were provided by a government agency with a natural 
hostility to the universities. This view ignores the 
simple truth that the financing of university research 
and the financing of undergraduate education are two 
parts of the same function. If there needs to be change 
it would be as sensible to consider lumping together the 
research councils and the University Grants Commit- 
tee, or converting some of the research council expendi- 
ture to institutional rather than individual grants, as 
to take the research councils away from the Depart- 
ment of Education and Science. To be sure, the 
question is not taboo, and the Conservatives should 
not be afraid of asking it. If they are serious, however, 
they will decide that the present division of responsibil- 
ity is sensible. 

It does not follow, of course, that the next govern- 
ment or even the present one must put up with all the 
details of the present arrangements, hook, line and 
sinker. The Council for Scientific Policy is one 
obvious candidate for change. When this advisory 
committee was created in 1964, it seemed a brave 
attempt to canalize the interest of intelligent people 
to the formulation of a policy for science. In its time, 
the committee has functioned well. The committee has, 
for example, sponsored valuable studies of matters such 
as the emigration of scientists (Jones), the problems of 
recruiting people into science (Dainton) and: the 
function of postgraduate teaching (Swann). There 
have also, of course, been failures, as when the CSP 
failed to go beyond trivialities in its comments on the 
relationship between universities and government 
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laboratories or when it shaded its advice on the 300 
GeV machine with too many qualifications. These, 
however, are not the serious failures, which are really 
failures of omission. The committee began with 
great zeal, but it seems no longer to have a grip on 
events. A part of the trouble seems to be sheer 
exhaustion, and it is no disrespect to Sir Harrie Massey 
to acknowledge that five years is a long time to have 
been meeting once a fortnight except for holidays. But 
there are also structural problems. How can a body of 
part-timers, ill-provided with permanent staff, retain 
the initiative for forward planning in competition with 
powerful government offices? So the question is not 
how to reinvigorate the CSP, but whether it should 
continue to exist at all in its present form. One 
alternative to the present arrangement would be a 
science adviser within the DES more or less analogous 
to the President’s science adviser in Washington. 
Another might be an advisory council designed to 
operate a constituency body, a kind of professional 
sounding board. 

If the notion of modifying the CSP is not improper, 
there is also something to be said for a re-examination 
of the functions of the research councils. To be sure, 
the Science Research Council is a great success, 
although there is some way to go before it commands 
the devotion as well as the respect of its parishioners. 
It will have to go further towards a more public style of 
operation before that becomes inevitable. It would 
help if there were a clearer definition of the responsi- 
bilities of the Medical Research Counoil for postgraduate 
education, and a clearer division between the MRC and 
the SRC on responsibility for biological research in the 
universities—plurality at present brings too little 
money, not too much. The Agricultural Research 
Council, a big spender, is going through a period of 
hoping that if it acts inconspicuously, it will be left 
alone. Four years of the existence of the Natural 
Environment Research Council has not overwhelmed 
doubts of its necessity. In general a new government 
(or even the present Government) could do much to 
simplify and strengthen the present machinery. One 
obvious goal should be some more formal machinery 
for regulating the balance between the research councils 
and the universities. 

This line of argument implies that the present 
separation between science, in the sense of long-term 
science, should continue. The question then remains 
of how to regulate the Government’s intervention in 
industrial research. It is only seemly to confess that 
the Ministry of Technology has been less successful 
than it might have been because it has tried to do too 
much. Its besetting sin is a failure to distinguish 
between the regulation of industry, which is a proper 
function for a government department, and the 
management of industry, which is what boards of 
directors are for. Al this is splendidly exemplified 
by recent events, from the way in which the ministry 
has found itself having to decide how much public 
money should be lent to the Upper Clyde Shipbuilders 
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to save them from bankruptcy and, in the past few 
days, just which industrial companies should be 
encouraged to manufacture carbon fibre in bulk. 
The objection to this detailed involvement in the 
affairs of industry is not simply that the ministry 
is often wrong—if anything, its record is reasonably 
good in this respect—but it is slow. It is also 
occasionally naive, as with the belief that the tidy 
reorganization of the nuclear power industry which 
the Industrial Reconstruction Corporation had devised 
could be wished into existence as if by magic. In the 
long run, however, it is even more dangerous that by 
being committed to specific courses of action by its 
tendency to be needlessly involved in technical matters, 
the ministry finds itself prevented from thumping the 
big stick when things go wrong. 

What does this imply for the organization of the 
research now under the ministry’s umbrella ? There is 
no case for a decrease of the ministry’s responsibility for 
industry or even for its sponsorship of industrial 
research. It is, however, essential that questions 
which are really issues of technical judgment should 
become the responsibility of technical organizations, 
not government departments. In circumstances like 
these, it is no wonder that people in both political 
parties are pondering the advantages of the proposal 
in the old Trend Report which, in 1963, argued the case 
for a number of Industrial Research and Development 
Authorities, each with responsibility for the sponsor- 
ship and sometimes the conduct of research and 
development in some chosen field of industry. In 
present circumstances, such an arrangement would 
provide not merely efficiency but a solution to the 
problem of how the public laboratories can be given a 
part to play in the attainment of their survival. The 
benefits could be considerable, particularly if defence 
establishments were included in the network of sub- 
stantially autonomous enterprises for research and 
development. 

But who, in the long run, is to see that the Ministry 
of Technology is strong enough to be able to say what 
should happen to the defence research establishments ? 
This is where the Central Advisory Council on Science 
and Technology, with the Prime Minister’s Scientific 
Adviser as chairman, should be able to exert a dominat- 
ing influence. The institution is well worth keeping, 
although it must be confessed that the council has not 
yet been able to function effectively in this way. As 
in the United States, the trouble seems to be that too 
direct an involvement at the highest political level 
entails that it is easiest to influence the science policies 
of those government departments which are politically 
weak. Paradoxically, the central council would be 
able to function more effectively if it were in the habit 
of functioning more publicly. What it lacks is some 
sense of a constituency among the scientists and 
others with a vital interest in the proper use of invalu- 
able resources. The quite proper concern of the Con- 
servatives just now is the machinery of government 
science, and they should recognize that this is where the 
present machinery is most in need of strengthening. 
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Should there be One Man in Charge? 


ConcrissmMAN Emilio Daddario’s sub-committee on 
Science, Research and Development seems determined 
to breathe life into the old controversy about the 
virtues and defects of a single central management for 
federal science, possibly even a science ministry. This 
is almost explicitly what he says in the introduction 
to a report which officials of the Library of Congress 
have prepared under the title Centralisation of Federal 
Science Activities. For one thing, Mr Daddario promises 
—some will say threatens—that there should be hear- 
ings on the subject in the near future. For another, he 
says that “during the past several months, I have 
come to feel that some change in the Federal Govern- 
ment organization for scientific activities is necessary”. 
It is true, of course, that congressmen can hold hearings 
until everyone has talked himself dry and the Admin- 
istration may yet not budge if it is otherwise inclined. 
So far, there is no sign of which way the wind is 
blowing, if it blows at all. Yet there is nothing to be 
lost in a thorough public examination of the dispute 
between central and diffuse management of science. 

Much of the report is concerned with the recent 
history of the controversy, and the staff has been able 
to assemble an impressive list of statements from 
distinguished people about the desirability of change. 
Most recent science advisers seem to have been per- 
suaded by the experience that some change of the 
machinery is necessary, while Dr Phillip Handler is 
quoted. as saying that “the time has come to resurrect 
the idea of a department of science’. Even Dr L. 
DuBridge, the new man, dares to concede that “I 
am not saying that the present organization in govern- 
ment for carrying out research and development is the 
final one”. On the principle that there is hardly ever 
anything really new, the report is able to trace the 
beginnings of the movement for central management 
to the 1880s, when the National Academy of Science 
seems to have mustered wide support for such a plan. 
Its own contribution to the argument is a design for a 
particular piece of government machinery called the 
National Institutes of Research and Advanced Studies 
which might function as a central manager of federal 
science. Everybody is at great pains to point out that 
this scheme is nothing more than a means of fixing 
ideas—something to argue about. In practice, how- 
ever, there is enough gvile in its design for it to 
be a possible model of the future pattern of organ- 
ization. 

What is the kite which the committee’s document 
seeks to fly? One guiding principle seems to have 
been to give as little offence as possible, and certainly 
the proposal now put forward would not threaten the 
supposed supremacy of the President’s Science Advisor 
as the chief purveyor of advice to the White House. 
The scheme would also allow the mission-oriented 
agencies to go about their business much as they have 
been doing in the past ten years. The new organiza- 


tion would consist largely of a grouping together of 
existing organizations such as the National Science 
Foundation and the National Institutes of Health, 
with the National Foundation on the Arts and the 
Humanities thrown in for good measure. Under the 
same umbrella would be fitted other grant-giving bodies 
now waiting in the wings or even in the imaginations 
of interested groups—a National Institute of Ecology 
(which has the Ecological Society of America as would- 
be foster-parent), a National Social Science Foundation, 
a National Institute of Advanced Education (which 
would take over from the Office of Education responsi- 
bility for the support of graduate education) and a 
National Institute of Applied Science. The last of 
these as yet non-existent organizations is in many 
ways the most interesting and the most contentious, 
for it would be built around the National Bureau of 
Standards but would also include several other public 
laboratories removed from agencies such as the Atomic 
Energy Commission—the Oak Ridge National Labora- 
tory, for example. 

How seriously should this scheme be regarded ? 
And how effectively will it serve Mr Daddario’s purpose 
of further stimulating the debate about the central 
science agency? The first thing to be said is that the 
great compilation of opinion about the defects of the 
present system and the merits of some other unspecified 
system, although fascinating, is not directly relevant 
to the proposal for the National Institutes of Research 
and Advanced Learning. Many of those who have 
in the past been advocating some kind of change could 
easily emergo as merely lukewarm supporters of what 
the committee has proposed. The question to decide 
is what kind of organization would provide the best 
insurance against the defects of the present system for 
providing Federal support for science and technology 
in the United States. It is important in this connexion 
that discontent about the lack of funds in recent years 
should not become the chief incentive for arguments in 
favour of a more central organization. In the climate 
of the past two years, it is quite possible that a central 
agency for the support of basic science would have 
been even more vulnerable to demands for economy 
from the budget makers than the existing network of 
organizations has been. Given the complexity of the 
relationship between Congress, the administration and 
the outside world, there is undoubtedly some truth ` 
in the argument of those who argue for the present 
arrangements on the grounds that a plurality of grant- 
giving agents is some kind of an insurance against 
parsimony from on high. 

The arguments for change are, by comparison, 
overwhelming. 'The most glaring defect of the present 
system is the way in which the National Science 
Foundation, ostensibly responsible for the general 
support of academic research outside the special 
interests of the NIH, should have so small a budget. 
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Rather less than a sixth of the Federal Government’s 
spending on university research—$1,517 million in 
the new fiscal year—comes from the NSF, which spends 
a third of its total budget on general support for higher 
education in one form or another. The weakness of 
the NSF is, to be sure, justified on the grounds that 
the agency is intended only to be a kind of “balance 
wheel”, making good the deficiencies of other agencies. 
Yet such a task is virtually impossible. Intelligent 
grant-giving requires that agencies should be able to 
take a long view of the field in which they operate. It 
is no wonder that several of those whose opinions are 
collected in the Daddario Committee’s report are 
compelled to draw attention to the difficulty of winning 
money for the NSF in Congress. By the same test, 
there should be no surprise at the way in which several 
participants complain of inadequate support for fields 
such as chemistry, although, from outside, the slow pace 
of growth in radio-astronomy is, for example, a still 
more obvious defect. But all this implies that there 
is a great need to concentrate in the NSF some of the 
expenditure on university research now channelled 
through other agencies—$275 million from defence, 
$109 million from NASA and $96 million from the 
AEC. The balance between the NSF and the NIH 
(which spend $666 million a year in the universities 
and colleges) should be re-assessed but not necessarily 
changed. And all this should be done whether the 
NSF remains independent or becomes a part of some- 
thing like the National Institutes of Research and 
Advanced Learning. 

The desirability of the committee’s general umbrella 
for the support of academic research is more problem- 
atical. To be sure, it would be good if a greater sense 
of cohesion between existing grant-giving agencies 
could somehow be created. It would also be sensible 
if policy on the development of graduate schools could 
be more firmly directed; many of the difficulties of the 
past few years have come about because of the tacit 
understanding with Congress that money provided 
to universities under the general heading of research 
is really intended to help with educational develop- 


Srvoz the Whitsun parliamentary recess, the House of 
Commons subcommittee of the Select Committee on 
. Science and Technology investigating the reorganiza- 

tion of the nuclear power industry has been mulling 
over what it has heard in its six public sessions so far. 
On Thursday next week, the enquiry reaches its climax 
with the interrogation of the Minister of Technology, 
Mr Anthony Wedgwood Benn, held to be the villain 
of the piece by the not inconsiderable proportion of 
the industry which opposes the reorganization. It 
seems odd that the subcommittee should have decided 
to interview Mr Benn last of all, when the Ministry of 
Technology has played such a central part in the 
reorganization. Indeed, the subcommittee might then 
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ments of a more general kind. But there is a danger 
that if the National Science Foundation were separated 
entirely from responsibility for a strategy for higher 
education, there would be an end to the constructive 
interaction between grant givers and recipients which 
had produced, for example, the constructive and chal- 
lenging recommendations of the National Science 
Board. There will also be some dismay at the prospect 
of the National Institute of Applied Science assuming 
responsibility for government laboratories which 
may have outlived the purposes for which they were 
originally created. Experience in Europe in the past 
few years has demonstrated clearly that there is noth- 
ing quite as dead as a laboratory of applied science 
without an immediate application as a goal. 

The trouble, of course, is that by seeking to avoid 
trouble, the committee’s proposal bas also managed 
to avoid the chief difficulties in the present pattern of 
the administration of academic science in the United 
States. Where change is needed most urgently is in 
the system by means of which the pattern of research 
in the universities is determined not by the careful 
deliberations of the grant-giving agencies but by the 
way in which a more arbitrary pattern of research is 
superimposed on these by the mission-oriented agencies. 
One obvious illustration of the folly of the present 
arrangements is the way in which funds for experi- 
ments to be carried out on satellites in orbit about 
the Earth—or even more distant places—are probably 
easier to come by than funds for equally costly but 
potentially more lasting experiments on the Earth. 
Certainly expenditure on space science (most of it 
sound and estimable) is running well ahead of expendi- 
ture on radio-astronomy. 

The long-term remedy is to be sure that the funds 
for the basic research which agencies like NASA are 
willing to undertake should be channelled through the 
NSF. Less formally, the Science Advisor at the White 
House could stop unbalances at the source, by making 
sure that the large agencies do not by accident become 
dominant sponsors of university research at the same 
time. 


have had earlier answers to some of the questions by 
which it has been perplexed. Why did the ministry 
take so long to decide what to do? Why did the 
ministry decide on a two company structure instead 
of the single company recommended by the Select 
Committee in its report in October 19677 Why did 
the ministry carry out only informal soundings of the 
industry, as the Industrial Reorganization Corporation 
alleged to the subcommittee, instead of a substantial 
analysis? Next week will show whether the Select 
Committee’s alternative strategy of confronting the 
ministry with the criticisms of opponents turns out to 
be correct. 

In its meetings so far, the subcommittee has spent 
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too much time asking why its original recommenda- 
tions were not followed, rather than the more produc- 
tive line of how the industry can best live with the 
structure which has now been forced on it. It would 
be good to know from the horse’s mouth just what the 
answer is, but this is not the time to cry over spilt 
milk. It is not, after all, as if the reorganization is 
complete—indeed, there are a great many questions 
still to be decided. 

The most immediate doubt is whether there will be 
enough work for the two companies, BNDC and 
TNPG. The ethos behind the two-company structure 
—competition at home and cooperation abroad—must 
get a hollow laugh from TNPG, which considers that 
its attempts to sell a nuclear power station to South 
Korea are being thwarted by English Electric, one of 
the shareholders of BNDC, helping Westinghouse with 
credit. This question seems to be worrying the staff 
of the steam generating heavy water reactor design 
office at the UKAEA, who are to be transferred to 
BNDC and who are apprehensive about joining a 
company which has links with Westinghouse. The 
chief reason seems to be that Westinghouse is compet- 
ing against the British S@HWR in some export areas. 
All this raises the question of whether the UKAEA 
ought really to be denied access to the export field, 
as the reorganization would have it. For one thing, 
foreign states are more likely to have confidence in 
negotiations with a government body; the Greek deal 
for the export of an SG@HWR is in any case being 
conducted by the UKAEA, and none of the companies 
is yet licensed to build the S@HWR. There may even 
be something in the view that the companies are never 
tired of putting that it would help them to win exports 
if the domestic utility organization, the CEGB, were to 
agree to build an SGHWR in Britain. One simple 
question for the minister next week is whether he 
would pay the extra cost. 

Beyond the commercial issues are the important 
questions of what is to happen to the UK Atomic 


Aristocrats of Science 


_ THE Queen of England was not born on June 14, but 

last Saturday her birthday was celebrated with « 
military parade, the first flight of the Concorde aircraft 
over central London and the publication of the most 
recent list of honours and decorations bestowed on 
loyal citizens of the Queen. Even card-carrying 
republicans should not scoff—the parade is excellent 
of its kind, many texpayers will have been comforted 
to know that the aircraft really flies and even the dis- 
tribution of titles and distinctions lends an air of 
amusement to the quality of British life. Who, for 
example, would have guessed last week that the chair- 
man of the Science Research Council, then Professor 
B. H. Flowers, must now be addressed as ‘Sir Brian” 
by office boys who would not have presumed to know 
his christian name ? (The same honours list has decreed 
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Energy Authority. In a curious way, all the dis- 
memberment of the last few months seems to have 
left the authority stronger than ever. As it has ceased 
to be an executive organization, with responsibilities, 
it has become a kind of eminence grise, with real power 
instead. Mr Benn should now be asked for a simple 
interpretation of the doctrine of competition as part of 
which two commercial organizations in which the AEA 
will have an important shareholding will be expected 
to cut each other’s throat with the help of the research 
experience and the good offices of none other than the 
AEA. If the objective is fair play, this is a situation 
that would drive Solomon to distraction. It might be 
better, even at this stage of the tedious game which 
Mr Palmer’s committee has been privileged to observe, 
to ask that the proposed fuel company should be 
aborted, for, if the AEA is robbed of all its functional 
responsibilities, it will be hard to prevent it from 
meddling where it can do no good. 

There remains the question of the laboratories, 
among which Aldermaston and Harwell are the chief 
embarrassments. It is right that the fate of these two 
great institutions should have been left until the end. 
For one thing, the interval has given Harwell a chance 
to show what it can do with its broader terms of 
reference to explore matters of civil interest. Un- 
doubtedly there is also still a great deal of nuclear 
physics left to do. Yet is not this the time to make the 
break between the laboratories and the authority ? 
If past years represent a genuine trend, both Harwell 
and Aldermaston will in future be more openly con- 
cerned with non-military and even non-nuclear activi- 
ties. Both of them would probably now be more free 
to move the way the wind is blowing if they were 
organized independently of the AEA. To be sure, this 
would not be possible without a thorough examination 
of the organization of other government laboratories, 
but it is not too much to ask that Mr Wedgwood Benn 
should give some hint of how he is thinking in the 
House of Commons next week. 


that Professor E. B. Chain shall henceforth be Sir 
Ernst Chain, and woe betide those who in future 
address him as “Sir Chain’”.) Who would have guessed, 
a few years ago, that the distinguished infrared spectro- 


scopist and foreign secretary of the Royal Society, | 


widely known among a large throng of admirers a8 
“Tommy Thompson”, had really been christened 
“Harold” ? And what is to happen to all those who 
used to call Sir Ronald Nyholm “Ron”? Will it be 
off with their heads? Or is it that the Patronage 


Office likes to have a little fun on the side, tempering - 


the majesty of ennoblement with a dash of, over- 
familiarity ? 


Whatever fun the award of name-changing honours ‘a 


may provide, however, there is no doubt that the 
practice is almost as confusing as the coinage wit’ 


/ 


, 


/ 
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which the British have perplexed the rest of the world 
for several centuries. It is therefore important that 
people elsewhere should recognize the function of the 
honours system. The driving force is the Civil Service, 
where permanent officials can count on a knighthood 
as a mark of seniority or even promise. In circum- 
stances like these, it is right and proper that other 
public servants should be honoured, if only so that they 
should not be at a disadvantage in wringing money 
from a grasping Treasury. By this test, the Science 
Research Council should be stronger than last week, 
when its chairman was plain “Professor”. It is less 
clear whether the future of the AEA will be helped 
now that its chairman, Dr J. M. Hill, is to be called 
Sir John; the cards are already stacked quite high. 
The irony is, of course, that those who most deserve 
these honours need them least as moral stiffening. 

It would obviously be unfair, however, to keep 
knighthoods entirely within the public service, which 
explains why there is usually a fair sprinkling of other 
trades and professions—the occasional footballer, actor 
or even scientist. Academic scientists have done well 
out of the system, with 121 knighthoods among the 
687 British Fellows of the Royal Society, not to 
mention two dames, the feminine equivalent, and 
eleven peerages. The correlation between the fellow- 
ship and the company of knights is indeed so high that 
those who have not yet been elected to the society 
may just as well regard that as the first step up the 
social ladder, just as those who have been fellows for 
some time may find it hard to persuade their wives 
to wait a little longer for the privileges which a knight- 
hood brings, credit-worthiness at the grocer’s, no 
doubt, chief among them. 

To be sure, there are undoubtedly some who decline 
to be thus honoured, and for as long as the British 
House of Lords persists, it will be smart to leap straight 
from the common hordes to the peerage, in the process 
limiting the confusion of public understanding by a 
single change of name. Lords Adrian, Blackett and 
Bowden are recent honourable precedents. The trouble, 
unfortunately, is that even this short cut to the top 
lends too much durability to the rituals of the Middle 
Ages. Now that it seems to be accepted that the House 
of Lords should not be appointed by heredity, it is 
high time that Lords were called Mr and there is even 
something to be said for a return to the bad old days 
when Mr Lloyd George used to exchange baronetcies 
` for contributions to the funds of the Liberal Party. 
The sale of knighthoods could easily be made a keynesian 
deflationary device. 


CARBON FIBRES 


Who makes What? 


Iz now looks as if the House of Commons Select Com- 
mittee on Science and Technology will have its way 
about carbon fibres. A few weeks ago the committee 
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was complaining that too little had been done to 
exploit this new technology, and asked in particular 
that some organization should build a plant capable 
of producing 100 tons of the material each year. Now 
it seems that several British companies are teetering 
on the edge of what looks very much like compliance. 
The most striking development is that Imperial 
Chemical Industries Ltd is having talks with the 
National Research Development Corporation about a 
manufacturing licence that would make it fourth in 
the carbon fibre club. As things stand, Courtaulds, 
the Morgan Crucible Company and Rolls-Royce Ltd 
have licences to manufacture the material. Much of 
the select committee’s argument in favour of a bigger 
scale of production was the hope that bulk would 
bring cheaper material which would, in turn, stimulate 
the development of new uses. 

Discussions between ICI and the NRDC began a 
week ago “with a view to obtaining a licence to manu- 
facture carbon fibres throughout the world” after the 
NRDC had been told by the Ministry of Technology 
that none of the other licensees had plans to build a 
large-scale plant. It will now be for the NRDO to 
decide whether a fourth member of the club can be 
accommodated in the embryo market which now exists. 

Rolls-Royce produces carbon fibres exclusively for 
its own use, principally in aircraft turbine blades. Both 
Courtaulds and Morgan Crucible consider that the 
demand for carbon fibres will increase only slowly, 
as new applications become practicable, and so they 
are arranging that production will be kept abreast of 
or just ahead of demand. Courtaulds has, however, 
let it be known that it is considering plans for a £3 
million investment in a plant for producing 100 tons 
of carbon fibres a year. The NRDC is evidently hoping 
to find some anchorage in these shifting sands for a 
more reliable forward estimate, which is why the 
Programmes Analysis Unit, a joint venture of the 
Atomic Energy Authority and the Ministry of Tech- 
nology, has been asked to make a survey of the 
prospects. With luck, the NRDC hopes to have the 
results three months from now, although it is doubtful 
whether this further delay will bring comfort to the 
Select Committee on Science and Technology. 

Carbon fibres are made in Britain using a process 
developed by the Royal Aircraft Establishment in 
1964. It consists of heating polyacrylonitrile, an organic 
polymer textile fibre, to leave a series of crystallites of 
pure carbon oriented along the length of the fibre. In 
1961 the Osaka Industrial Research Institute of Japan 
developed a process for converting polyacrylonitrile 
to carbon fibres, but the process used by the RAE and 
patented in 1964 resulted in fibres with better proper- 
ties. In its capacity as patent holder, NRDC awarded 
manufacturing licences to the three firms already in- 
volved with carbon fibres. Courtaulds is supplying 
RAE with acrylic fibre and has experience of fibre 
handling, while the Morgan Crucible Company was 
brought in because of its knowledge of high tempera- 
ture technology and previous experience of low- 
strength carbon fibres. e Atomic Energy Research 
Establishment at Harwell produced carbon fibres for 
research and development and to study the production 
process with a view to lowering the cost of large-scale 
production. Harwell’s trial design for a carbon fibre 
plant with a capacity of a million pounds a year 
showed that, if markets could be found, production 
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costs should eventually fall to less than £5/lb. (NRDC 

has suggested a price range for the different types of 
‘fibre made with existing technology from about £100 
to about £5 per pound.) Dr W. Marshall, the director 
of AERE, expects that if ICI does build a plant it 
will be of this sort of capacity. Talks between ICI and 
Harwell are already under way and Dr Marshall hopes 
that Harwell will be able to help with the design. 

The next stage in producing a usable engineering 
material is to incorporate the carbon fibres into a 
suitable matrix, usually a plastic, but metals, ceramics 
and glasses can also be reinforced and the problem 
here is to ensure a good bond between the fibre and the 
matrix. Courtaulds has developed a process for treating 
the fibres so that they adhere strongly to resin and this 
is an important intermediate stage in the production 
of plastic composites. Fothergill and Harvey, a small 
advanced technology company in Lancashire, specializes 
in incorporating fibres into plastic and Morgan Crucible 
has just announced a bid to take over the company. 

The likelihood that, in exchanging information with 
associated American firms on the production of carbon 
fibres, British companies might also pass on more 
general composite know-how was one of the chief 
fears expressed by the Select Committee in March. 
Each of the licensed British firms has an agreement with 
an American firm—Courtaulds with Hercules, Morgan 
with the Whittaker Corporation and Rolls-Royce with 
Lockheed—under which the American company cen 
or will be able to manufacture carbon fibres in the 
United States. The idea is that this will make for a 
two-way flow of information, but the committee’s fear 
was that it will speed up the manufacture of end 
products based on carbon fibre and that this will even 
further lengthen the lead that American firms already 
have in this field. 


MEDICINE 


Agent 0114 Unmasked 


BACTERIOLOGIOAL investigations have something in 
common with the better class of detective story, 
although the suspense is of a different order because 
real lives may be at stake. The report on the gastro- 
enteritis outbreak in Manchester and Bury that killed 
thirty-nine babies early this year describes the rather 
elaborate measures that are necessary to deal efficiently 
with this kind of emergency (Report on Gastro-entersits, 
Department of Health and Social Security). The 
hospitals concerned seem to have risen to the crisis in 
exemplary fashion, the only misfortune—understand- 
able in the ciroumstances—being the possibility that 
the infection, was transferred. from one ward to another, 
‘probably by a member of staff or by equipment, in 
the Booth Hall Children’s Hospital. 

The four hospitals concerned in the outbreak were 
Booth Hall, Monsall and the Duchess of York Hospital, 
all in Manchester, and the general hospital in Bury. 
The number of gastro-enteritis cases among infants 
was not unusual for the time of the year but, after the 
first death in December, it became apparent during 
January that the cases were particularly difficult to 
manage. After the second death on February 16, the 
hospital staff was thoroughly alarmed by the failure 
_of the disease to respond to the usual method of trest- 
ment, which is to replace the infant’s lost fluids by 
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intravenous feeding (antibiotics are a secondary method 
of attack). It was at this point that a new causal agent 
was suspected other than the usual pathogenic 
Escherichia coli, Salmonella and Shigella species. For 
various reasons it was thought that respiratory viruses 
or mycoplasma might be responsible and investigation 
along these lines was begun by Dr S. I. Jacobs, the 
consultant bacteriologist at Booth Hall and Monsall. 

Dr A. G. Ironside, the medical director at Monsall, 
seems to have been among the first to suspect a new 
type of E. cols such as the strain that killed fifteen 
babies at Tees-side in 1967. On February 3 he wrote 
to the medical officer of health in Manchester, “For 
some time I have felt that the specific types of E. cols 
causing gastro-enteritis might be just as much of 
interest and concern to you as the other accepted 
intestinal pathogens, but in fact there is no formal 
notification of these cases”. It was not until March 3, 
when two more babies had died, that it seemed worth 
following up this thought by sending samples to the 
Central Public Health Laboratory at Colindale. 

The Colindale laboratory happens to possess the 
sera by which the 150 closely similar strains of Æ. colt 
can be identified. A fortnight after receiving the 
samples, the laboratory reported that two of the three 
babies from whom cultures were received possessed the 
E. coli strain 0114. This was insufficient evidence to 
incriminate 0114 as the causal agent, but it was not 
until March 31 that new patients presented themselves. 
On that date, two babies previously discharged from 
Booth Hall were readmitted with gastro-enteritis and 
on April 2 the Colindale laboratory confirmed that both 
babies harboured Æ. coli 0114. At this point, the dif- 
ficult decision was taken to evacuate the Booth Hall 
wards for disinfection; admission of new patients had 
been stopped a fortnight before. When Æ. colt 0114 
turned up in the Bury and Duchess of York Hospitals, 
which had had no previous contact with Booth Hall, 
it became fairly certain that the organism was the cause 
of the disease. 

Faecal material from one of the earliest fatalities 
at Booth Hall had been stored for retrospective study 
and Dr Jacobs was able to show that the Æ. cols 0114 
subsequently isolated from it was resistant to exactly 
the same antibiotics as the isolates made at the end of 
April. This indicates that the antibiotic treatment 
during the outbreak had no effect on the organism’s 
pattern of resistance. Strains of F. cols 0114 isolated 
from the infants were resistant to the sulphonamides, 
tetracycline, chloramphenicol, neomycin, streptomycin, 
kanamycin, ampicillin, carbenicillin and cephaloridine. 
They were sensitive to gentamicin and colomycin and 
it is significant that of the ten infected infants in a ward 
at Booth Hall the three who survived had been re- 
ceiving gentamicin or colomycin whereas the seven 
fatal cases had been treated with other antibiotics. ` 


FLUIDICS 


Looking before Leaping 


Taa infant technology of fluidics was given a cautious 
go-ahead by the British Hydromechanics Research 
Association in a report to the Minister of Technology. 
The report, based on a survey of fluidics in the United 
Kingdom, recommends that the ministry should sup- 
port fluidics, mainly by direct assistance to a small 
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number of companies. There is also a firm injunction, 
however, that if a first injection of money does not 
bring competitiveness, support should then stop. 

Finidios is the technology which uses the flow of 
fluids for sensing, computation or control and it has 
developed rapidly in the last ten years, particularly in 
the United States. In the report, some of the consider- 
able publicity given to fluidics is shown to have been 
somewhat exaggerated, but the authors, D. C. Bain 
and P. J. Baker, believe that there are several import- 
ant areas—in the automation of simple operations— 
where fluidic devices could be profitably employed. 

There are two chief types of fluidic devices. Pure 
devices, like the turbulence amplifier, use fluid jets 
and contain no moving parts, but moving part devices 
use floating or deformation, usually of a diaphragm 
or leak spring. By far the greatest effort in Britain has 
been in digital switching devices, and although some 
work is being carried out on proportional devices, 
these are in a much earlier stage of development; 
problems of Jack of linearity and performance repeat- 
ability have yet to be solved. The digital elements at 
present used most widely are the turbulence amplifier 
and the wall attachment. The first operates by causing 
& laminar flow to become turbulent by the action of a 
perpendicular control jet and is thus capable of one 
logic function. The wall attachment uses a jet which 
can be switched from one output channel to another, 
and it can serve as a memory element. The chief 
advantages of fluidic devices are that they resist 
environmental effects such as extreme temperatures, 
mechanical vibration and shock, a corrosive atmosphere 
or the presence of electromagnetic radiation and that 
fluidic sensors are often simpler and cheaper than 
alternative devices such as photoelectric cells. They 
are reliable in the sense that they should have a long 
life and that maintenance should be simple and cheap. 
The fundamental disadvantage of all fluidic systems, 
however, is that they are slow compared with elec- 
tronic devices. In the present early stage of develop- 
ment, there are high development costs and peripheral 
equipment is scarce. 

The survey on which the report is based estimates 
that the total expenditure on fluidics in the United 
Kingdom to the end of 1967 was about £2-5 million, 
while the total sales amounted to £300,000. 'The authors 
consider that effort is fragmented and wasteful, with 
many more firms involved than the market will sup- 
port, so that British organizations are not competitive 
in Europe. The prediction is that, unless the ministry 
supports fluidics, future markets will within five years 
be completely dominated by the United States and 
European organizations. This is a familiar tale, but 
for alt that it could be true as well. 


RADIO ASTRONOMY 


Cambridge Threatened 


from our Astronomy Correspondent 


Nosopy—except occasionally the Science Research 
Council—sites an optical observatory where skies are 
cloudy or near the bright lights of a city. The condi- 
tions for radio astronomy are less stringent, but radio 
interference can still cause havoc with sensitive obser- 
vations. This means that a radio observatory being 
built now ought to be at least fifteen miles from any 
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major industry. The worst offender which radio 
astronomers can think of would be an international 
airport, with its arrays of navigational radars, the indus- 
try it would encourage and the people it would bring 
into the area. This is why Professor Sir Martin Ryle 
and his colleagues are alarmed at the prospect of 
London’s third airport being built at Nuthampstead, 
twelve miles to the south of the Mullard Radio Astron- 
omy Observatory at Lord’s Bridge, near Cambridge. 
Nuthampstead is one of four possible sites for the 
airport, and the Roskill Commission is inquiring into 
which should be chosen. On Tuesday, Professor Ryle 
gave evidence to the Roskill Commission, meeting at 
Royston near the Nutham site. The essence of 
the evidence which he submitted is that if Nuthamp- 
stead is chosen the observatory will have no alterna- 
tive but to move. 

Professor Ryle has a strong case. Lord’s Bridge has 
been built up since 1956 to a total capital investment 
of about £900,000, and only last week in the shadow of 
the enquiry work began on the £2-1 million three-mile 
telescope. A move to a new site would take at least 
£3 million, Professor Ryle estimates and, worse, would 
cost the observatory four years. Although Lord’s 
Bridge is only five miles south-west of Cambridge, the 
level of interference is low because Cambridge is not 
heavily industrialized and because the observatory 
has taken pains to suppress local electrical equipment, 
sometimes out of its own pocket. If the airport were 
built, there would be extra interference from ground 
equipment either reaching the observatory after 
reflexion from aircraft or by the direct path, from 
equipment in aircraft (particularly VHF radios and 
radar altimeters) and from the new town of about 
200,000 likely to grow up around the airport. 

Exactly what level of interference can be expected 
is hard to predict until detailed plans are made, but 
Professor Ryle says that if the surveillance and airfield 
control radars just meet the internationally accepted 
standards for spurious radiation, it will be impossible 
to observe on at least two radio astronomy bands. 

Cambridge has already had experience of interfer- 
ence from airborne equipment, in particular a radar 
altimeter in Boeing 707 aircraft which was only dealt 
with after representations to the Board of Trade. The 
request that in British airspace the altimeter should be 
switched off took more than a year to be accepted. 

The other half of the British radio astronomy effort, 
the Nuffield Radio Astronomy Laboratories at Jodrell 
Bank, finds life hard at roughly the same distance 
from Ringway airport, Manchester, as Lord’s Bridge 
is from Nuthampstead, which is why the Mark 5 
telescope is to be in Montgomeryshire. Ringway had 
no airport radar when observations first started, but 
since then usage of the airport has increased vastly 
and the sensitivity of telescopes and receivers has 
improved. Overhead powerlines, and especially an 
electric railway adjacent to Jodrell Bank, have also 
caused trouble. In particular, interference has put a 
stop to observations at low frequencies. But close 
cooperation with the local population, the Post Office 
and British Rail seems to have kept Jodrell Bank 
free of interference. Much the same kind of consulta- 
tion goes on at Cambridge. In the long run, however, 
the next generation of radio telescopes may have to 
be sited in regions which are closer to the ideal of radio 
silence.’ 
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SPACE 


Beware of Imitations 


Wrrs the US Air Force plan for a manned orbiting 
laboratory (MOL) scrapped, NASA will have to be 
careful that its civilian reputation goes unsullied. 
Much of the justification for the cancellation, announced 
last week, is that the MOL is a costly ($3,000 million) 
and rather inferior duplicate of some parts of the 
Apollo programme. Little has been sade public by 
the Air Force about what the two men in the MOL 
were supposed to do, but the chances are that the 
Apollo Applications programme could have done 
equally well, and there are now likely to be military 
minded people hoping that room will be found for them 
in NASA’s plans. Whether NASA will be able to resist 
remains to be seen. Purity will no doubt be harder to 
maintain after the Moon landing, when the question 
of what to do next becomes pressing. NASA is already 
committed to a programme of earth resources satellites, 
and will have to live with the kind of rampus kicked up 
over the release of many of the Apollo 7 photographs 
said to be of “sensitive” areas. Even worse, it is not 
far to go from a dispute of this kind to an accusation 
of spying. 

So far, $1,300 million has been spent on the MOL, 
which makes its cancellation an event as important, 
if not as traumatic, as the cancellation of Concorde 
would be. And, like Concorde, MOL has been on the 
razor’s edge for some time. Its chances seemed to 
have improved with the arrival of the Nixon administra- 
tion and the appointment as Secretary of the Air 
Force of Dr Robert Seamans, once deputy administra- 
tor of NASA and known to favour a strong military 
effort in space. Earlier this year, Dr Seamans aired 
his views on the importance and urgency of MOL 
before the Senate Armed Services Committee. But the 
final nail in the coffin seems to have been the $576 
million requested for the project in the 1970 defence 
budget, making it the third most expensive item after 
the Sentinel anti-ballistic missile system ($1,800 million) 
and the Poseidon submarine-launched missile ($1,200 
million). Dissatisfaction with the way the Pentagon 
has been handling expensive projects, such as the 
C-5A transport plane and the B-70 bomber, meant 
that there had to be cuts, and MOL seems to have been 
the most expendable item. 

As recently as three months ago, there was talk of 
recruiting a further batch of astronauts to add to the 
fourteen already in training for duty in the MOL. 
Then the first manned launching was expected towards 
the end of 1971, from the Western Test Range in 
California. Since approval of the project in 1965, the 
date when test flying of the laboratory—based on the 
Gemini capsule—could begin has already been post- 
poned twice. 


POPULATION 


Bursting Seams 


Tmp population of the world is increasing at the rate 
of 2:2 persons per second. On the average, 3-9 babies 
are born every second but just under 1-7 persons die. 
Of the 331,000 babies born each day, only 51,000 
are born in industrialized countries. In the year 
ending July 1, 1969, the population of the world will 





1113 


be about 72 million greater than the previous year, 
but forty years ago the population was increasing 
only by about 20 million a year. For the world as a 
whole, the present rate of growth is 2 per cent a year, 
but regional rates vary from about 1 per cent in Europe 
to more than 3 per cent in Latin America. 


DISTRIBUTIONS OF WORLD POPULATIONS AND 
BIRTHS PER YEAR 
Per cent 
world Per 
popu- Population cent Number of 
lation births 
63-4 75-620 million 


1,990 million 
344 


276 
225 
456 
241 

19 


These are & few of the figures in the World Population 
Data Sheet for 1969, just published by the Population 
Reference Bureau in Washington. The table shows 
the distribution of world population and of world 
births each year. The countries with smallest resources 
for rearing and educating children have the youngest 
populations. More than 40 per cent of the people in 
underdeveloped countries are under 16 years old, 
compared with 30 per cent in North America and 25 
per cent in Europe. This, of course, represents an 
enormous built-in fertility potential in the over- 
populated and underdeveloped parts of the world. 
By 1980, these countries will have twice as many 
women in the high fertility age groups, 20-30 years 
old, than in 1965. As a result, even if fertility control 
programmes begin to make inroads on the birth rate, 
the actual number of births will almost inevitably rise 
over the short term because of the enormous increase 
in the proportion of women of child-bearing age. 

In Europe, Hungary has the lowest birth rate— 
14-6 per 1,000. Roumania, which previously claimed 
this distinction, had until 1966 a birth rate of 14:3 
per thousand, but, since abortions were declared illegal 
in 1967, Roumania’s birth rate has shot up to 27-1 per 
thousand, the highest in Europe except for Albania, 
where the rate is 34. Luxembourg, Belgium and 
East Germany have the slowest growing populations 
in the world, 0-1 per cent a year, compared with rates 
of 7-6, 4:1 and 3-8 per cent in Kuwait, Jordan and 
Costa Rica respectively. 

China remains the great question mark on the demo- 
graphic map. UN statistics for China are obviously 
contradictory—a population of 740 millions, a birth 
rate of 34 per 1,000 and a death rate of 11 per 1,000, - 
and an annual increase of 1:4 per cent. Other estimates 
of China’s population exceed the UN figure by 50 
million or more but it is questionable whether even 
the Chinese themselves know their country’s popula- 
tion. 

The last time the mainland Chinese published popula- 
tion statistics was in January 1958, when the popula- 
tion was said to be 646 million. For nearly a decade 
afterwards, Chinese politicians continued to quote their 
population as 650 million, but since 1966 there have 
been references in political speeches first to a population 
of 700 million and, in February 1968, to 750 million. 


t 
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According to R. M. Field (China Quarterly, No. 38, 
158; 1969), if these figures are based on census data, 
they must date from the registration that took place 
during the summer of 1964. According to the projec- 
tions and. estimates prepared by Dr J. S. Aird, of the 
US Bureau of the Census, the Chinese population in 
1968 was probably between 754 and 793 million and 
the rate of growth is probably greater than 1-5 per 
cent per year. 


CANCER 


A Collaborative Network 


Tam International Agency for Research on Cancer, 
which was established in 1965 within the framework of 
the WHO, is nearing the end of its first quinquennium 
and before the end of this year the governing body has 
to raise the funds for the next quinquennium. At 
present the agency, which is housed in temporary 
accommodation in Lyons, runs on s modest annual 
budget of between $1-6 and $1:7 million, collected as 
ten annual contributions of $150,000 from the nine 
participating states and from the WHO itself. With 
the prospect of a new fourteen storey block in Lyons, 
to house its administration, library and laboratories, 
which is being paid for by the French Government, 
the Département du Rhéne and the city of Lyons, the 
agency should be in a strong position not only to 
obtain renewed subscriptions from its nine members 
(Australia, France, Israel, Italy, Holland, Britain, 
West Germany, the USA and the USSR) but also 
to recruit some new members. 

When the agency was set up to foster international 
research on cancer it very wisely decided not to dupli- 
cate laboratory work but to concentrate on problems 
that demand an international approach. With its 
limited budget it settled for programmes of cancer 
epidemiology and environmental cancer biology and a 
fellowship scheme. And the initial fears, which may 
account for the short list of member states, that the 
agency would draw off manpower and money from 
national cancer research institutes, have proved 
groundless. As the recently published annual report 
for 1968 says, the agency has repeatedly had to turn 
down, because of lack of funds, suggestions for inter- 
national collaboration from national institutes, but 
it has been able to contract out specific research pro- 
jects with national laboratories giving emphasis to work 
in the underdeveloped countries. For example, the 
agency is sponsoring cancer registries in Malawi, 
Tanzania, Singapore and Kenya. Many of its other 
contracts with laboratories in underdeveloped countries 
are for research on the epidemiology of locally prevalent 
forms of cancer while work done in the industrialized 


* countries is chiefly on environmental carcinogens such 


as asbestos and N-nitroso compounds. 

One of the aims of the agency is to act as a neutral 
organization through which governments can collabor- 
ate on problems that have either economic or political 
overtones and are the subject of strong lobbying. The 
agency is making and publicizing, for example, such 
unwelgome discoveries as the correlation between high 
rates ‘of oesophageal cancer in Brittany and the large 
consumption of Calvados, and the presence of the 
carcinogen diethylnitrosamine in Malawi gin. But the 
work of the agency is not all a matter of developing a 
collaborative network among existing national insti- 
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tutes and correlating the epidemiology of cancer. It 
has some laboratories in its temporary building and 
plans for more in its new home, where work on viral 
and chemical carcinogenesis, for example, will be 
extended. 

The other string to the agency’s bow is the organiza- 
tion of international meetings—there were seven in 
1968—and the fellowship and training scheme. The 
number of applicants for both travel and research train- 
ing fellowships is increasing by between 30 and 50 
per cent a year and, in contrast to the rest of the work 
of the agency, emphasis in the fellowship programme is 
not on epidemiology but on cell biology, biochemistry 
and virology. 


AIRPORTS 


No Exit from London 


AN annual increase of 13-14 per cent in passenger 
traffic at Heathrow London Airport is expected from 
the introduction of the Boeing 747 jets next April. 
These aircraft, which are having their final tests at 
the end of this year, will each carry an average of 350 
Roe The first 747s will belong to Pan American, 
A and BOAC, but by 1973 there will be 250 of 
them arriving at Heathrow each week, so that the 
number of passengers will be about 23 million, almost 
double the 1968 figure of 13-7 million. 
To accommodate this increase, the British Airports 
Authority has planned £12-5 million worth of additions 
and extensions to the existing Heathrow facilities, 
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Heathrow Airport, London. South-west terminal expansion. 
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and these it is hoped will be complete when the 747s 
start to arrive. The present terminal building 3 will 
become a separate departure terminal connected to a 
newly built arrival terminal and a multi-storey car 
park. From these connected terminal buildings, a 
long pier will project to bring the passengers by con- 
veyor to the departure lounges. Each of the seven 
departure lounges will feed passengers into an aircraft 
—747 or other jet—by way of telescopic air jetties. 
Thus the 350 passengers can enter or leave the plane 
in a few minutes. Previous bookings, checking-in and 
seat allocation procedures will be speeded up by the 
application of computer ms. 

Baggage clearance is to be streamlined. Instead of 
pieces of luggage being packed singly in the hold, they 
will go in large containers which can slide into trans- 
porters and be brought quickly to the terminal build- 
ing. Here an endless belt will move over a triangular 
course so that the luggage placed at the base of the 
triangle will reach the passengers waiting at the longest 
sides. This large reclaim area will, it is hoped, ensure 
speedy baggage clearance. Customs clearance will work 
on the green and red channel systems and there are 
plans for quicker passport checking. 

Getting on and off the aircraft may be relatively 
simple, but reaching the airport or escaping from it 
may be much more difficult. The British Airports 
Authority has made allowances for a rail or under- 
ground station at Heathrow, but so far no building 
has been started. British Rail, together with BEA 
and BOAC, have on the instruction of the Government 
made “detailed plans” for a rail link from Victoria 
No matter how soon building started—assuming final 
permission were given—the £15-20 million link would 
take five years to complete. London Transport has 
plans for the extension of a subway line, but this plan 
also awaits government approval. Plainly it will be 
easier to travel than to arrive. 


ROYAL SOCIETY 


Prime Minister Elected 


Tus Royat Socrery announced last week that the 
British Prime Minister, Mr Harold Wilson, has been 
elected to the fellowship. One of the statutes of the 
society makes possible the election of people “who 
either have rendered conspicuous service to the cause of 
science or are such that their election would be of signal 
benefit to the Society”. Since the statute was intro- 
duced in 1902, most British Prime Ministers and at 
least one each from Australia (Sir Robert Menzies) and 
the Republic of Ireland (Mr de Valera) have been 
elected. Sir Anthony Eden and Sir Alec Douglas- 
Home were, however, at their posts too briefly to have 
joined this small band of people (which includes no 


woman) 


CBW 


Russians Protest 


Russan scientists have now added their voices to the 
chorus of protest against the use of science for chemical 
and biological warfare. A recent issue of Pravda 
reported a press conference at the Moscow House of 
Scientists, jointly sponsored by the Soviet Committee 
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for the Defence of Peace and the USSR Academy 
of Sciences Academicians M. D. Millionshchikov and 
M. M. Dubinin, familiar members of Russian Pugwash 
delegations, both denounced research into chemical 
and biological weapons and the preparations being 
made for CBW in a number of countries. Professor 
V. V. Kovanov, vice-president of the Academy of 
Medical Sciences, is then reported to have read the 
text of a letter signed by forty-six Russian scientists 
including M. V. Keldysh, P. L. Kapitsa and A. N. 
Tupolev as well as Millionshchikov and Dubinin. 

After noting the development of bacteriological and 
chemical weapons in countries that have not signed the 
Geneva Convention and the use of defoliants in Viet- 
nam, the letter says that “patents and processes for 
the production of poisonous chemicals which were 
worked out in Nazi Germany are being copied and 
extended in the United States, the Federal German 
Republic and other countries. We Soviet scientists 
are deeply disturbed by this threat to mankind, which 
equals that of the nuclear weapon in menacing culture 
and civil zation with annihilation. We are perturbed 
by the lying propaganda which seeks to present 
biological and chemical weapons as a new ‘humane’ 
method of waging war. We appeal to honest scientists 
throughout the world to expose the work which is 
being conducted in the deepest secrecy on the creation 
and stockpiling of biological and chemical weapons, 
to give the widest publicity to the terrible consequences 
of their use and to strive for the adoption by UNO of a 
resolution prohibiting the invention, production, stock- 
piling and dissemination of chemical and biological 
weapons of all kinds, with the object of securing the 
adhesion to this of every country in the world. This 
inhuman weapon of mass destruction should be out- 
lawed everywhere. ... We feel sure that our appeal 
will find an echo in the hearts of millions of people 
throughout the world. Sense must overcome nonsense. 
The future of Science lies in confirming life and provid- 
ing happiness for mankind, not in preparing death 
and destruction”. 

The Pugwash study group on chemical and biological 
warfare, which met at Marienbad, Czechoslovakia, on 
May 22-23, while approving the general ideals of the 
Russian letter, made several pean criticisms. In the 
first place, the letter implies that only countries which 
have not signed the Geneva Convention, a thinly 
veiled attack on the United States, are producing 
chemical and biological weapons whereas in fact both 
NATO and the Warsaw Pact alliances have the poten- 
tial to fight a chemical and biological war. Second, the 
Russian letter accuses, without substantiation, West 
Germany of manufacturing these weapons, which is 
forbidden by the Brussels Treaty. Third, the Russian 
letter makes a subtle and easily missed distinction . 
between tear gases and more poisonous agents. The 
letter makes no mention of banning tear gases although 
at least one version of the Geneva Convention, the 
English language version, calls for a prohibition of “all 
analogous gases, liquids, materials and devices”, an 
umbrella which can be interpreted to include the tear 
gases. Did the Soviet Academicians omit this by 
accident, or because they used the French version of the 
convention, or did they omit reference to tear gases 80 
as to keep open the option of using them? Such 
disingenuity serves only to debase the currency of 
protest. 
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SELECT COMMITTEE 


Conservationists Happy 


Ir the Nature Conservancy has found life at all difficult 
since becoming part of the Natural Environment 
Research Council, it is not prepared to confide as much 
to the Select Committee on Science and Technology. 
When the subcommittee resumed its examination of 
NERC last week, the Nature Conservancy’s chairman, 
Lord Howick of Glendale, was firm in his belief that 
the advantages of the present regime outweigh the 
disadvantages. 

He sees two chief advantages in the merger of con- 
servation with the rest of environmental science. First, 
there has been a smoothing out of some unnatural 
frontiers between the natural sciences, so that conserva- 
tionists can easily get together with marine biologists 
and geologists—very useful in an emergency such as 
the aftermath of the grounding of the Torrey Canyon. 
The second advantage is that, since the takeover by 
NERC, there have been plenty of fands available. 

Lord Howick acknowledged the danger that the 
machinery of effective conservation could become 
rather cumbersome. The Nature Conservancy was 
already a fairly complex organization when a second 
complex organization—NERC—was superimposed on 
it. e whole business is, he said, well run, but, to the 
conservation officer in the field, decisions may now seem 
to emanate from a rather remote source. But any 
problems of this sort can be dealt with, and so can the 
other chief danger: that the Nature Conservancy 
might give the impression that it cannot make its own 
decisions. 

There is apparently considerable disagreement inside 
and outside the Nature Conservancy as to its future. 
Many feel that it should be split so that conservation 
and research become the concern of two separate 
organizations. Opinion among the witnesses last week 
was emphatically against separation. Lord Howick 
was supported by the conservancy’s director, Dr M. E. 
D. Poore, in the belief that regional officers, who have 
to advise local authorities about the management of 
land, need the close contact with research scientists 
that a single organization can give. Dr Poore also poin- 
ted out that career prospects are better in a single organ- 
ization; research scientists often become more interested 
in administration as they grow older, and within the 
Nature Conservancy there may well be the opportunity 
to change from one branch to another. 

Witnesses made a determined effort to quell dis- 
content at the apparent diversification of forestry re- 
search. Whereas the Forestry Commission is concerned. 
with commercial timber production, the Nature Con- 
servancy has to understand forest and woodland 
* ecology to solve its own management problems, and 
to give advice to private land owners interested in 
conservation. Dr Poore said that it is also important 
that the Nature Conservancy should investigate the 
status of wildlife in the increasing numbers of planta- 
tions of exotic trees, which will probably be the most 
important nature reserves of the future. 

NERC’s policy was defended by its chairman, 
Professor V. C. Wynne-Edwards, who said that the 
new Forestry Institute, which is not to be part of the 
Nature Conservancy, will be concerned with pure 
scientific matters such as tree genetics and the uptake 
of nutrients by trees. 
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Parliament in Britain 


Oil Pollution 

Mz A. W. GREENWOOD, Minister of Housing and Local 
Government, said that any one of more than 200 s 
using the Port of London could have discharged ae 
oil which polluted Southend’s beaches during the recent 
bank holiday. There was no chance of catching the 
culprit. Mr G. Fowler, for the Ministry of Technology, 
said that the Warren Spring Laboratory had produced 
a revised set of recommendations for dealing with oil 
pollution, 2,000 copies of which had been circulated 
to local authorities. Mr F. Mulley, for the Foreign 
Office, announced that Britain would sign the agree- 
ment on cooperative measures for d with oil 
slicks in the North Sea and the Channel, including 
reporting the movements of oil slicks, as soon as the 
agreement had been drafted. (Written answers, June 
9, 10.) 


End of an Era 

THR pit pony is about to disappear from the British 
coal mining scene. The Minister of Power, Mr Roy 
Mason, said that fewer than 2,000 ponies are now 
employed i in the mines. By the end of the next financial 
year, all of them will be retired with the exception of 
a small number in collieries with a short life in which 
it would be uneconomic to install new haulage equip- 
ment (Written answer, June 10.) 


1969 


Academic Freedom and Pay 

Mr EDWARD SHORT, Secretary of State for Education, 
emphasized that academic freedom was the concern 
of the universities. He declined to comment on the 
code of conduct recently drawn up by the Council of 
the Association of University Teachers. Mr Short said 
he had nothing to add at present to statements already 
made about a new negotiating machinery for academic 
pay. He could not guarantee a statement before the 
summer recess. (Oral answers, June 12.) 


Day-release Students 

Me F J. SILVESTER produced an ingenious suggestion 
for helping to finance day-release courses in a question 
to the Secretary of State for Education and Science. 
He suggested that the industries sending employees 
on day-release courses should pay the students’ fees 
at the full economic rate. At present, only nominal 
fees are charged, but Mrs S. Williams said that, 
although her ministry found the idea appealing, the 
same could not be said for the Confederation of British 
Industry. (Oral answer, June 12.) 


Universities 

Mrs Surriey WaLams, for the Department of Educa- 
tion and Science, reminded the House of Commons 
that the UGC memorandum of guidance for the 1967 
quinquennium specifically said that there should be a 
cut back in conventional postgraduate degrees and 
that there should be more degrees with a vocational 
emphasis. The Government is anxious that the univer- 
sities should liberalize their higher degree regulations, 
but the matter is for the universities themselves to 
decide. The research councils, especially the Science 
Research Council, are making a larger proportion of 
their awards applicable to post-experience courses but 
it is too soon yet to institute an inquiry into this new 
type of award. (Oral answer, June 12.) 
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NEWS AND VIEWS 


Another Place for Digging 


THE fossil remains of three specimens of early Homo 
saptens (see this issue, pages 1132-1138) which were 
discovered in the Omo River region of Ethiopia in 
1967, together with the remains of a fourth specimen, 
which have yet to be described, have shed new light 
on one of the outstanding questions of palaeoanthro- 
pology—the origins of Homo sapiens. Before the dis- 
covery of these Omo fossils the fossil record of early 
Homo sapiens was extremely scant and fragmentary. 
Only three fossils were known—the Swanscombe, 
Steinheim and Fonte Chevade men. And none of them 
provided any real clue to the relationship between 
Homo sapiens of the Upper Pleistocene and the earlier 
Homo erectus of the Middle Pleistocene or the still 
earlier Lower Pleistocene, australopithecines and Homo 
habilis. 

The Omo fossils were found by the Kenya Group, 
led by Richard Leakey, of the International Palaeonto- 
logical Research Expedition to the Omo Valley, in a 
series of sediments known as the Kibish formation. 
The associated animal fossils, which included remains 
of buffalo, reedbucks and elephants, and the few stone 
tools associated with the human remains, provide little 
evidence of the age of the three Homo saptens although 
they should yield valuable evidence of the local en- 
vironment. But the detailed stratigraphic analysis of 
the hominid sites reported by Professor Karl Butzer, 
a member of the US group of the expedition (page 
1188), indicates that the three fossils are at least 
35,000 years old and probably a great deal older. 
Dating remains older than the effective range of the 
carbon-14 method is necessarily an uncertain business, 
but some of the people who have closely examined the 
material believe it could be as old as 60,000 years and 
perhaps, though much less likely, 100,000 years old. 

Whatever their absolute age, two of the hominid 
fossils, Omo I and I, are contemporaneous and older 
than Omo III. In their African context, Omo I and O 
are either late Middle Pleistocene or early Late Pleisto- 
cene forms, which is one of the reasons why they are 
so important; they push the African history of Homo 
sapiens a long way back into the Pleistocene. The 
other intriguing feature of the Omo I and II skulls is 
the striking difference in their shape. Even a cursory 
glance at the photographs of the backs of the two skulls 
(see page 1137) shows that whereas Omo I tapers at 
the neck, and is essentially indistinguishable from the 
skull of a modern man, the post cranial structure of 
Omo II is comparatively broad. 

What does this mean ? Obviously, as Dr M. H. Day 
says, it shows that the range of normal variation of 
bone structure in populations of early Homo saptens was 
‘every bit as wide as those known from the remains of 
later sapients dug up in other parts of the world. 
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Secondly, the broad based skull of Omo II is a charac- 
teristic feature of the Middle Pleistocene Homo erectus, 
although Omo II is undoubtedly a sapient, because its 
cranial capacity is 1,400, ml., and the usual range for 
Homo erectus is about 800 to 1,100 ml. It could well 
be, therefore, that Omo II is an example of a link 
between Homo erectus and Homo sapiens. This em- 
phasizes how lucky it was that Omo I and Omo II 
were found close together with evidence indicating 
that they were indeed contemporary. Had they been 
found separately it would have been natural enough, 
on the basis of their morphology, to suggest that Omo 
TI wag an ancestor rather than contemporary of Omo I. 

It is, of course, premature on the evidence of these 
two skulls to suggest that Homo sapiens certainly 
evolved from Homo erectus. Omo II also shares some 
characteristics with the habilines Solo man, which was 
found in Java, and Rhodesian man, and Dr Day’s 
cryptic final sentence mentions the possibility of “the 
origin of Homo sapiens in the Lower Middle Pleistocene 
or even the Lower Pleistocene periods”. It may be 
that both Homo erectus and Homo sapiens evolved 
independently and parallel in time from populations 
of Lower Pleistocene Homo habilis. The discovery of 
such early remains of Homo sapiens in Africa certainly 
increases the credibility of this idea, although it comes 
nowhere near proving it. 


PHYSICS 


Moral Support for Einstein 


Puysioists hunting for gravitational waves have at 
times seemed to resemble astronomers looking for 
neutron stars, or even zoologists probing the depths of 
Loch Ness: lots of false alarms, and a lingering 
suspicion that the whole scheme is rather crackpot. 
But now the good news from the United States is that 
the faith of one man in particular, Professor Joseph 
Weber of the University of Maryland, may have been 
vindicated. In Monday’s Physical Review Letters (22, 
1320; 1969), Weber says that, since the end of Decem- 
ber last year, there have been seventeen occasions when 
disturbances which seem to be gravitational waves 
have swept through detectors at the Argonne National ' 
Laboratory, Ilinois, and at the University of Maryland 
simultaneously. The point is that the chances of the 
coincidences occurring by accident is “incredibly 
small”, that the two detectors 1,000 km apart must 
have been excited by the same disturbances and that 
the only disturbances which could be responsible are 
gravitational waves. f ù 

It has been a long haul for Weber and his colleagues. 
Work has been going on throughout the 1960s, using 
piezoelectric crystals bonded to aluminium cylinders 
to pick up the vibrations caused by gravitational waves. 
Already coincidences have been observed in the outputs 
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of detectors separated by a few kilometres, and Weber 
has been cautiously optimistic (Physical Review Letters, 
18, 498; 1967). With detectors as far apart as 1,000 km, 
the chances of coincidences due to the same electro- 
magnetic or seismic disturbances must be correspond- 
ingly lessened, and this time Weber is confident that 
gravitational waves are being recorded. All told, four 
detectors were used in the 81 days of the experiment, 
all of them aluminium cylinders 153 cm long and 
between 61 om and 96 om in diameter, tuned to respond 
to gravitational waves within a narrow band near 
1,660 Hz. 

As much as anything, the kilohertz frequency band 
was chosen because the laboratory equipment is reason- 
ably convenient. The only other band accessible at 
present is the millihertz range which can be covered 
using the Earth instead of the aluminium cylinders as 
a resonating body, and seismometers as detectors. But 
the choice of 1,660 Hz can also be justified on the 
grounds that collapsing object, such as a supernova, 
will emit a spectrum of gravitational waves in the 
kilohertz band (according to unpublished work of F. J. 
Dyson and R. L. Forward), the frequency increasing 
as the collapse proceeds. So far, however, there is no 
way of pinning down where the gravitational waves 
are coming from—the equipment can receive waves 
coming from a 70° spread in the azimuthal plane and 
from all directions at right angles. Although the 
energy density of gravitational waves is not clearly 
specified by general relativistic theory, Weber estimates 
that the coincidences correspond to an energy density 
of at least 10-? g om over the narrow bandwidth of 
0-1 rad s~. 

Tho next steps are to improve the time resolution of 
the Argonne—Maryland equipment and then to look 
for gravitational waves at lower frequencies, in the 
domain where the Earth can be used as a detector. 
Another approach which Weber and his colleagues are 
considering is to place seismic detectors on the Moon 
to look for gravitational waves corresponding to the 
Moon’s normal modes of oscillation. The argument 
goes that the Moon should be seismically relatively 
quiet, so that detectors there will have a better chance 
of success. In any case, coincidences between terrestrial 
and lunar detectors should provide evidence for the 
existence of gravitational radiation. Another pos- 
sibility which has arisen is that of detecting gravita- 
tional waves from pulsars (Nature, 222, 1027; 1969), 
and here the advantage is that the frequencies expected 
are known in advance—the typically 1 Hz repetition 
frequencies of the radio bursts. Both Weber (Physical 
Review Letters, 21, 395; 1968) and Dyson (Astrophysical 
Journal, 156, 629; 1969) have worked out that detec- 
tion of these gravity signals seismically is out of the 
question, unless the calculations are blessed with quite 

“exceptional luck. But there is a chance that detectors 
on the Moon would do the trick, or that laboratory 
equipment based on the Argonne and Maryland detec- 
tors could be developed for low frequency work. 


FERROMAGNETISM 


More Rare Earth Magnets 


Two more elements have been added to the list of 
known ferromagnetic materials with the discovery 
that the face-centred cubic phases of Pr and Nd become 
ferromagnetic at 8-7 K and 29 K respectively. The 
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interest of this observation, however, lies not so much 
in the extension of this list but in the way it bears 
out recent speculations about the way in which essenti- 
ally non-magnetic materials may be converted into 
ferromagnets by exchange interaction within the lattice. 
The new development is reported from the Bell 
Telephone Laboratories by E. Bucher, C. W. Chu, 
J. P. Maita, K. Andres, A. S. Cooper, E. Buehler, and 
K. Nassau (Phys. Rev. Letters,22, 1260; 1969). Theoret- 
ical expectations stem from the work of B. Bleaney 
(Proc. Roy. Soc., A, 276, 10; 1963), but B. R. Cooper 
has been prominent among those responsible for more 
recent calculations of this form of induced magnetism. 

How does it come about that materials which consist 
of atoms without residual magnetic moments can be 
converted into a ferromagnetic form? The first step 
is to acknowledge that interaction between the elec- 
tronic structure of an atom and the lattice in which it 
is embedded may create other electronic ground states 
in which the non-magnetic symmetry is destroyed. 
Both the rare earth elements now shown to be ferro- 
magnets are indeed possessed of singlet ground states, 
but interaction with the conduction electrons splits 
the ground state into levels which are magnetic. This, 
certainly, is what the experiments imply, but not 
enough is known about the fine structure of the elec- 
tronic structures concerned for the behaviour of Pr 
and Nd to be predictable. 

The face-centred cubic forms of the two elements 
have been recognized as the most likely candidates, 
and the first problem is to ensure that these can be 
taken down to liquid helium temperatures. The onset 
of the ferromagnetic phases is recognized by a simple 
measurement of the susceptibility as a function of 
temperature. Thermal measurements show no detect- 
able abnormality of the specific heat at the Curie 
temperature, which agrees well with the expectation 
that the entropy term in the free energy is almost 
exactly balanced by the energy of the crystal field 
splitting. Briefly, it seems that near the absolute 
zero, the preferred condition of Pr and Nd is one in 
which there is ferromagnetic order at the expense of a 
slightly enhanced internal energy. 


SPIN DYNAMICS 


How Iron Behaves 


from our Solld State Physics Correspondent 


Tu study of the spin dynamics of iron is at a fascinat- 
ing stage. M. F. Collins e al. (Phys. Rev., 179, 417; 
1969) have made an extensive and revealing set of 
measurements at the Brookhaven National Laboratory 
in which the collective movements of the elementary 
magnets in a single crystal of iron were studied by 
observing the wave vectors and frequencies of slow 
neutrons magnetically scattered from the metal. Apart 
from obtaining fuller dispersion curves than earlier 
experimenters, they have found that diffusive modes in 
the spin wave region are absent and also a steady and 
uncritical change of prepernae at large wave-vectors as 
iron is taken through the Curie temperature. 

The exact behaviour of the spins in iron is still 
something of a mystery. Broadly, the magnetic 
properties of iron can be divided into three regions, 
depending on the temperature of the metal and wave-' 
vector of the modes under consideration. For tem- 
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peratures below the Curie point, and for wave-vectors 
less than a critical value, the spins oscillate in a stable 
motion giving rise to a “spin wave region”. The wave- 
vectors and frequencies of these spin waves can be 
measured by the scattering of slow neutrons, becauso 
the energy and wave-vector changes induced in the 
neutrons are large and easily detectable. The Hamil- 
tonian for this region comprises a simple Heisenberg 
Hamiltonian and a dipole-dipole interaction between 
spins. The measurements of the Brookhaven team 
show up the influence of the dipole-dipole term in the 
spin wave region. 

The two other regions are known as the hydro- 
dynamic and transition regions. In the former, for 
small wave-vectors at high temperatures, diffusive 
modes are expected to dominate the scattering. The 
transition region, however, is poorly understood, 
although some mixture of diffusive and propagating 
modes is thought most likely to account for the 
remarkably smooth behaviour of the measurements for 
iron in the region of T.. Collins et al. have plotted the 
behaviour of an important coofficient in the accepted 
theoretical dispersion relation for the spin wave region, 
and have found that contrary to earlier data this 
quantity does not become infinite at the Curie tempera- 
ture. They have also demonstrated by a series of 
measurements for temperatures on either side of the 
Curie temperature that for a low wave-vector mode 
spin waves that are well defined at 11 degrees below T, 
rapidly lose energy as the temperature is increased and 
become very broad. Critical damping becomes 
apparent about 3 degrees below Te. 

e lack of a theoretical framework makes the inter- 
pretation of the transition region data obscure. The 
neutron peaks were found to be broader and squarer 
than those for the hydrodynamic region, indicating 
the presence of a propagating component in the 
magnetization, but the exact nature of this component 
is not clear. 

Several interesting questions have been thrown up 
by this and one or two earlier experiments. Collins 
et al. wonder whether they will be able to observe 
magnons—quanta of spin waves—which are less than 
critically damped at temperatures above Te, if large 
enough wave-vectors can be measured. (Small wave- 
vector measurements are favoured by the form of the 
neutron scattering cross-section for magnons.) They 
algo reflect on the extent to which the critical proper- 
ties are those of a true Heisenberg magnet or whether 
they represent more the metallic nature of iron. 

This latest set of measurements acts as a further 
reminder of the value of a high flux beam reactor. The 
Brookhaven reactor produces about 1-6.10!* neutrons/ 
cm?/s, some eighty times as many as produced by the 
Dido reactor at Harwell, although the increase in 
background reduces the advantage to about thirty. 
This order of gain opens the way to a whole new range 


of experiments, and Harwell may well regret that its 
own R proposals a few years ago never got off 
the ground. 


NUCLEAR PHYSICS 


Muons under Castie 


from a Correspondent 


A OOSMIO ray experiment being constructed by members 
of the Physics Department at the University of Not- 
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tingham makes use of a providential natural pheno- 
menon in the shape of the rocky outcrop on which the 
castle stands. The experiment has been designed to 
investigate muon photonuclear interactions, which 
can be observed as the interaction of virtual photons 
with a nucleon and which are characterized by the 
emission of pions and other nuclear active particles. 
Previous studies using cosmic ray muons (for example, 
by Higashi et al., Nuovo Cimento, 88, 107; 1965) have 
been rather inadequate because of the small cross- 
section and the inaccurate methods uscd to give the 
necessary kinematic information. 





The new apparatus has a “multilayer” arrangement 
of sixty magnetized steel plates interleaved with cur- 
rent limited spark chambers, both plates and chambers 
being 25 om thick. The basic magnet assembly, 
including the energizing coils (Æ), is shown in the 
diagram, and the chambers (not shown) are placed in 
the gaps between the plates. Coincident pulses from 
plastic scintillators A and B, or C and D, indicate a 
muon traversal through the upper or lower arm of the 
instrament. The magnet plates (M) have two simul- 
taneous functions: first, they provide target material 
for muons which pass through the stack and, second, 
they enable accurate energy measurements to be made 
on ‘incident and emergent muons and interaction 
products, for the magnetic curvature of the particles 
can be observed with the chambers. The current 
limited spark ‘chambers, esséntially a variant of the 
discharge chamber developed several years ago (Fukui 
and Miyamoto, Nuovo Cimento, 11, 113; 1959), are 
simply large area glass boxes (filled with a neon—helium 
mixture) placed between plane metal electrodes. It 
has been found both cheap and convenient to make use 
of glass mirrors, for the mirror silverings can become 
electrodes on the outside of boxes formed by the mirror 
glass and suitable perspex or glass walls. The sparks 
are much less bright than those in a “‘conventionel”’ 
spark chamber and problems such as depth of field 
necessitate a rather carefully designed photographic 
system. This detector has the great advantage of 
efficiently recording a large number of incident particles 
and is particularly useful for measurements of electron 
cascade showers initiated by neutral pions. 
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The muon energy range of real interest is that above 
the 10 or so GeV at present available from accelerators 
and it is important, for purposes of analysis, to reduce 
the relatively large number of low energy muons 
incident on the Earth at sea level. This is done by 
putting the apparatus in a cave and pointing it through 
the Castle Rock in such a way that muons which 
arrive within the acceptance solid-angle suffer an 
energy loss of about 50 GeV. The resulting “appara- 
tus” spectrum displays a much reduced proportion of 
low energy particles. 

To minimize systematic errors, no interaction selec- 
tion system will be used so that the trajectories of all 
muons traversing the apparatus will be photographed 
and subsequently scanned. Because of the large 
amount of target material, as many as one in two hun- 
dred traversals will result in an interaction of interest 
(a total rate of 120 per year). The identity of the inter- 
action products can be established by their subsequent 
behaviour as they pass through the stack. 

One of the most important and interesting deductions 
which can be made from the results is the real photo- 
nuclear cross-section at high energies which, according 
to present indications, starts to fall at photon energies 
of a few GeV (Hodgson e al., Proc. Tenth International 
Conference on Cosmic Rays, Part 2, K373; 1968). 

Work by the Utah group using the prototype of 
their underground neutrino detector (Morris and Stener- 
son, Nuovo Cimento, 53B, 494; 1968) indicates that the 
electromagnetic production of muon pairs by muons 
will be observable with the present apparatus, albeit 
infrequently; it will be possible to identify the muons 
unambiguously and to measure the energies involved 
accurately. Ultimately these interactions could pro- 
vide a useful test for the predictions of quantum 
electrodynamics. 


TECTONICS 


Ocean Basin Isostusy 


from our Geomagnetism Correspondent 


R. K. Mattuews has recently posed the following 
question: Because continents and continental margins 
respond isostatically to pressure variations of ten 
bars or less, can we expect ocean basins to respond 
similarly (Harth and Planetary Science “Letters, 5, 459; 
1969)? The idea is not completely new; but since 
geophysicists are now willing to accept large scale 
movements of mantle material to account for such 
phenomena as continental drift and ocean floor spread- 
ing, Matthews suggests that the tectonic implications 
of isostatic adjustment of ocean basins deserve renewed 
_ consideration. 

The basis of Matthews’s work is a model to explain 
the consequences of a eustatic lowering of the rea 
level accompanying a period of continental glaciation. 
Continental margins which are not adjacent to a4 
glaciated continent will rise isostatically because of 
reduced water cover. A shoreline feature will thus be 
recorded on continental margins and oceanic islands 
at the same equilibrium level. But if the removal of 
water also causes the ocean basins to rise isostatically, 
though more slowly than the continental margins, the 
sea level will rise with respect to the continental mar- 
gins but not with respect to the oceanic islands which 
are fixed to the ocean floor. A new shoreline feature 
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will then be produced on the continental margins 
higher than the first but at the new level of the previous 
oceanic island shoreline. Following the eustatic sea 
level rise accompanying continental deglaciation, it 
should then be possible to observe two closely spaced 
ancient shoreline features on the continenta] margins 
but only one on the oceanic islands. 

Does this model accord with observation ? Matthews 
considers the data from two continental margins and 
one oceanic island at the time of the Wisconsin glacia- 
tion. The Texas Gulf coast shows a low sea level at 
120 metres represented by high erosional escarpments 
based at this depth; and the break in slope from the 
continental shelf occurs at about 75 to 85 metres. 
Radiocarbon dates in the latter depth range are 13,000 
to 18,000 BP. Off the North Carolina coast the shelf 
break occurs at 65 to 75 metres; and a fossil reef tract, 
dated at 19,000 BP, lies at depths of 80 to 120 metres. 
Each continental margin region thus possesses two 
features of Wisconsin age which may be interpreted as 
ancient shorelines. On the other hand, off Barbados 
only one such feature is observed—a submerged reef 
tract at 67 to 74 metres. The few data available are 
thus consistent with the Matthews model. 

Because the shoreline evidence is not sufficient to be 
fully One Matthews goes on to suggest other 
consequences of his hypothesis which could be tested. 
An isostatic rise of the ocean basin will lead to upward 
movement of mantle material beneath the oceans. 
This implies reduced pressure in the upper mantle, the 
possibility of phase changes and the production of 
magma. But an increased water volume accompanying 
continental deglaciation will be insufficient to reverse 
these processes. On this model, accumulation of 
magma will lead to volcanism which should therefore 
correlate with glaciation periods and the occurrence of 
ancient shoreline features. The burden of the test will 
be to carry out much more radiometric dating of 
younger volcanics to define statistically significant 
periodicities in volcanism. It will be a long haul. 


HIGH ENERGY PHYSICS 


Setting the Scene 


from our own Correspondent 


Tu outstanding problems of high energy physics were 
reviewed by Professor R. H. Dalitz of the University 
of Oxford in the Bakerian Lecture at the Royal Society 
on June 12. The discovery of a large number of baryon. 
and meson resonance states has been the most signi- 
ficant feat of the past few years, he said, although the 
recent success of “duality” in linking high and inter- 
mediate energy regions of elementary particles must 
be considered among the most encouraging theoretical 
advances for some time. Some of the more fundamental 
experimental questions, such as the existence of the 
W boson or the fractionally charged quarks, are un- 
likely to be broached seriously, Professor Dalitz 
thought, until the latest accelerators have been 
completed. 

Progress in understanding the weak interaction 
hinges on two points. Can a particle be found—a W 
boson—which would mediate the interaction in the 
same way as a photon mediates the electromagnetic 
interaction, and can a meaning be assigned to the 
vector currents that are associated with the weak 
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interaction? Professor Dalitz thought that the 
neutrino-induced processes would prove the most 
favourable for locating the W boson, and picked out 
this search as being the major justification for going 
ahead with the 300 GeV accelerator in Europe. Much 
work has been carried out on current algebras, Profes- 
sor Dalitz said, the central problem of which is to find 
a physical meaning for an important set of commutation 
relations. 

On strong interactions, Professor Dalitz saw all the 
evidence pointing unflinchingly towards the need for a 
quark model. The baryon resonances so far discovered 
fit neatly into the prescribed octet and decuplet 
schemes of SU3, which is linked to the quark model, 
and the meson resonance states also fall into the nonets 
that would be expected from the allowed combinations 
of quarks and antiquarks. There has, however, been 
no direct experimental evidence for the existence of 
quarks (see Nature, 222, 1029; 1969). 

The success of duality ın going some way towards 
explaining high energy reactions—the Royal Society 
held a meeting on this topic on June 5—was hailed by 
Professor Dalitz as a major achievement of recent 
months. There are two accepted ways of analysing 
high energy reactions, either in terms of a diffraction 
model or through Reggion exchange processes. The 
diffraction model has the advantage of being dependent 
on only a few parameters but, although it can be used 
empirically, the model is still poorly understood. The 
duality approach, however, brings out an important 
connexion between resonances and Regge pole ex- 
change, and the Veneziano model in particular produces 
an amplitude which fits the constraints of both Reg- 
gions and resonances surprisingly well. A slightly 
different approach known as the generalized inter- 
ference model is also highly thought of. 

The study of inelastic electron scattering has gained 
favour in the past few years in connexion with electro- 
magnetic interactions, Professor Dalitz said. So, too, 
has the verification (or otherwise) of conservation 
conditions, especially for weak interactions, and the 
controversy over time reversal invariance is still far 
from resolved. Professor Dalitz gave a table to show 
the present state of play on this subject. 


INVARIANON PRINCIPLES 
- Strong Blectro- Weak Hyper 
magnetic weak 


8x10° 5x10* 


Hypercharge Yi 
Baryon e (D 
Charge (Q) 


PROTEIN SYNTHESIS 


Antibiotic Targets 


from our Molecular Blology Correspondent 


THE accumulation of detail on the mechanism of pro- 
tein synthesis, DNA transcription and other cellular 
processes has been leading to a rather precise under- 
standing, in a few cases at least, of how antibiotics 
function. They operate in various ways, and among 
the most important types are, on the one hand, those 
which interact directly with DNA, and so vitiate repli- 
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cation or transcription, and, on the other, those which 
act as spanners in the works of the protein synthesizing 
machinery. 

Many examples of the first category are known, and 
another has now been described by Friedman et al. 
(Biochemistry, 8, 1535; 1969). It is called kancho- 
mycin, originates in a species of Streptomyces and has 
unknown structure. It associates with DNA and 
apparently prevents both DNA and RNA synthesis. 
Two types of complex can be recognized, one of which 
is formed directly on mixing, and then slowly gives 
place to the other. Magnesium is required for the 
formation of either, but the first (fast) complex is 
dissociated by sodium ions. A reasonable hypothesis 
is that the slow complex is an intercalated form, 
whereas the first involves some external mode of 
binding. Neither the existence of two complexes, 
spontaneously interconverting in this manner, nor 
the requirement for magnesium is by any means 
unique. Similar behaviour has been noted in a series 
of antibiotics containing polynuclear hydrocarbon 
derivatives, one of which, chromomycin, has been 
studied by Behr et al. (Europ. J. Biochem., 9, 82; 
1969). This compound and its analogues, containing 
from one to four hexose rings, besides the hydrocarbon 
chromophore, all bind to DNA, with a specific require- 
ment for guanine, with the formation of an initial and 
a slow complex. Chromomycin turns out to be an 
effective inhibitor of DNA-dependent DNA and RNA 
polymerases, and protects guanine-rich segments of 
the sequence against nuclease attack. 

The site of action of several of the antibiotics that 
interfere with protein synthesis has been established. 
A survey of several such substances has been made by 
Černá et al. (sbid., 27). They have examined their 
effect on the binding of polylysyl-(RNA, and of the 
initiating N-acetylphenylalanyl tRNA, to the ribozome, 
with poly-A as a messenger, and on peptide bond 
formation, as measured by the release of the growing 
chain by puromycin. The latter reaction seems to be 
specifically inhibited by the macrolide series, erythro- 
mycin, spyramicin, carbomycin and oleandomycin, 
which function in the sub-micromolar range. Other 
antibiotics, including the tetracyclines, chlorampheni- 
col and streptomycin, interfere only at concentrations 
higher by three orders of magnitude. The attachment 
of polylysyl-tRNA was inhibited only by the tetra- 
cyclines, which may well compéte for the binding 
site on the 30S subunit in their primary mode of action. 
Binding of N-acetylphenylalanyltRNA is weaker, 
and is also impaired by streptomycin, but promoted 
by spiramycin and carbomycin. It seems likely that 
the tetracyclines react directly with the peptidyl 
transferase. The misreading induced by some anti- 
biotics is apparently a quite unrelated effect, and re- , 
quires high concentrations. 

The action of the antibiotic, pactamycin, has been 
examined in Goldberg’s laboratory (Cohen et al., 
Biochemistry, 8, 1312; 1969). This operates on the 
N-acetylphenylalanyl-t-RNA-poly-U system, but only 
at low magnesium concentrations. In these circum- 
stances the binding, governed by initiation factors and 
GTP, is inhibited, but not the transfer of the chain to 
puromycin. There are indications that the antibiotic 
destabilizes the subunit interaction in the 70S ribosome. 
It is also found (ibid., 1327) that pactamycin in fact 
attaches to the 308 subunit, and directly prevents the 
catalytic attachment of initiator tRNA. The same 
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group (Herner et al., ibid., 1335) also nn the opposite 
action of sparsomycin, which strongly stabilizes the 
initiation complex (compare Černá et al., ibid., 27). 
Herner et al. suggest that the translocase is inhibited, so 
that the peptidyl-tRNA is unable to leave its first site. 

The steroidal antibiotics, such as fusidic acid, which 
has been the subject of recent work by Pestka, have 
also been examined by Tanaka et al. (J. Biochem., 
Tokyo, 65, 459; 1969), who obtained concordant results. 
These compounds again inhibit translocation, and have 
now been shown to do so by interacting with the rele- 
vant transfer factor (G): the loss of GTPase activity 
has been demonstrated. 


MEMBRANES 


Around the Algal Chloroplast 


Ir is evidence of a healthy development in biochemistry 
when a single investigation can embrace topics so 
traditionally distinct as membrane structure, porphyrin 
metabolism, bioenergetics and protein synthesis. Bio- 
chemists are not commonly masters of many disciplines 
and too many specialists dare not, or even feel they 
may not, trespass beyond the confines of a single 
molecular process, thereby divorcing it unnaturally 
from the rest of the subject. So it is refreshing to see 
an increasing number of papers such as that by J. K. 
Hoober, P. Siekevitz and G. E. Palade (J. Biol. Chem., 
244, 2621; 1969) which, although basically concerned 
with protein synthesis in algae, necessarily involves 
an understanding of chlorophyll biosynthesis, photo- 
synthetic electron transfer, and the structure of chloro- 
plast membranes and grana. 

This group, from the Rockefeller University, wished 
to determine the role of the two types of ribosome 
known to exist in algae—the 689 particles in the 
chloroplast and the 808 units in the cytoplasm. 
Attention was concentrated on the proteins of the 
chloroplast membranes which go to make up the grana, 
and on the enzymes concerned with chlorophyll syn- 
thesis. Rather than use normal cells in which many 
sorts of protein are being synthesized simultaneously, 
Hoober et al. studied a mutant alga (Chlamydomonas 
reinhard; y-1) which does not produce chlorophyll— 
and, as a consequence, chlorophyll-containing mem- 
branes—in the dark. By growing the organism in the 
dark and then following its restoration to normal 
growth in the light (“greening”), the synthesis of 
membrane proteins could be followed and distinguished 
from the biosynthesis of most other proteins. Moreover, 
by studying the effects of two antibiotics on the 
greening it was possible to differentiate these processes 
still further and to come to a conclusion regarding the 
. roles of the two ribosomal systems. 

The studies were, however, not restricted to observa- 
tions of amino-acid uptake: the production of chloro- 
phyll and the parallel rise in electron transport activity 
were followed, and the formation of chloroplast disks 
and grana was observed by electron microscopy. 

The combined results point to the involvement of 
two protein synthetic systems in the elaboration of 
chloroplast membranes, and indicate that the formation 
of disk components and their fusion into grana is a 
multi-step process. These findings may be correlated 
with the two or more types of DNA known in this alga, 
and with the two ribosomal populations. This is of 
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particular significance, for it demands that part of the 
chloroplast proteins originates in the cytoplasm—a 
situation already known in connexion with mito- 
chondria—and requires that large macromolecules 
cross a double membrane barrier—a phenomenon 
that invites further analysis. 


NUCLEIC ACIDS 


Dissecting Transfer RNA 


from our Cell Biology Correspondent 


Tue transfer RNA molecule functions in protein syn- 
thesis by picking up an amino-acid molecule and 
transferring it to the ribosome. Inside the ribosome, 
part of the ‘RNA molecule, the three nucleotide bases 
(forming the anticodon) pair with three complementary 
bases (a codon) in the messenger RNA molecule and 
thus ensure that only the amino-acid specified by that 
particular codon is added to the growing polypeptide 
chain. There is, therefore, one species of RNA for 
every codon of the genetic code, and because the code 
is degenerate, using several codons to specify the same 
amino-acid, there is more than one {RNA species for 
each amino-acid. 

The amino-acids do not, of course, attach themselves 
to a tRNA molecule but are added by enzymes specific 
for each kind of tRNA and amino-acid. Each of these 
amino-acylating enzymes presumably recognizes some 
unique structural feature of its corresponding tRNA, 
but what structure? On page 1147 of this issue of 
Nature, Imura, Weiss and Chambers report an ingenious 
experiment which involves dissecting a species of SERNA 
into “quarter” pieces with ribonucleases and then 
testing the fragments for amino-acid acceptor activity. . 
In other words, they test to see which fragments or 
combinations of fragments can be recognized by the 
corresponding amino-acylating enzyme and charged 
with the amino-acid. 

With yeast alanine tRNA, it turns out that none of 
the three fragments into which the molecule is split 
has acceptor activity, but, if the fragments which 
include the two ends of the molecule are mixed together, 
the resulting complex does have acceptor activity. In 
the intact molecule these two end sequences of the 
tRNA chain are held together by base pairing and the 
molecule has a cloverleaf structure with a stem made 
of the two ends (see page 1147). Apparently the amino- 
acylating enzyme can recognize with great precision 
some structure, or sequence of bases, in the stem of the 
molecule. In fact, Imura ef al. suggest that the crucial 
bases are the fifth, sixth and seventh counting from the 
3’ end of the molecule to which the amino-acid is 
attached. These bases would have to carry the neces- 
sary chemical information for specific recognition by 
the corresponding amino-acyl synthetase enzyme and 
would have to be unique for each tRNA. Obviously 
the fact that all seven species of yeast tRNA of which 
the nucleotide sequence has been determined have 
unique sequences at these three positions supports the 
idea. But the suggestion that the stem sequence and 
structure determine amino-acid acceptor activity does 
not necessarily demand that in all {RNAs of all organ- 
isms it is bases 5, 6 and 7 that are crucial or, for that 
matter, the crucial bases need to be in linear sequence. 
All it demands is that some part of the stem is unique 
to each tRNA species. 


NATURE, VOL. 222, JUNE 21, 1969 


1123 


Shape of Alkyl Radicals by Electron Spin Resonance 


by 


M. C. R. SYMONS 


Department of Chemistry, 
University of Leicester 


ALTHOUGH most people working on electron spin resonance 
(ESR) agree that alkyl radicals are planar, this assertion 
18 by no means universally held, and ıs obviously unsatis- 
factory without supporting evidence. From the pomt of 
view of the organic chemists the question remains contro- 
versal, for several kinetic or stereochemical results 
indicate that some alkyl radicals at least must be pyram1- 
dal. (The terms planar and pyramidal as used here relate 
only to the carbon which formally bears the unpaired 
electron, and the three atoms directly bonded thereto.) 
For example, a recent review! stated that it ‘seams most 
likely that organic radicals are nearly, but probably not 
exactly, planar, and have the geometry of a very shallow 
pyramid”. It was also asserted that ‘‘the energy required 
to give planar or tetrahedral radicals is apparently very 
low”. Of several recent studies, in which non-planarity 
is invoked, mention might be made of a claim that radicals 
R,R,B,C are “optically actıve”?. 

My concern 1s not to provide alternative explanations 
for these intriguing results (one attempt 1s reported in ref. 
8) but rather to present as clearly as possible the ESR data 
which seem, ın my view, to pomt towards planarity. 
Certainly no one piece of evidence is unambiguous, but the 
total results for a wide range of radicals all pomt towards 
plenarity, and this seems to be rather compelling for the 
followmg reason. AB, molecules are generally found to be 
either completely planar, or strongly bent, with bond 
angles < the tetrahedral angle. Very few have mter- 
mediate bond angles. This can be understood ın terms of 
Fig. 1. Most molecules will be in situations A or O. If 
they happen to be ın region B, then small changes in 
structure would be expected to give large changes in bond 
angle. The results for ESR seem to show that very large 
changes ın structure give no changes ın bond angle, and 
because they establish near-planarity with certainty, this 
strongly suggests that these radicals are in region A of 
Fig. 1. 

Tho principal reason why ESR results lead to pertinent 
structural information is the magnetic coupling between 
electrons and such magnetic nuclei as 1H and #C. ' Any 
isotropic coupling (which is all that is obtained from 


Evidence from electron spin resonance seems to indicate as clearly 
as any that alkyl radicals are planar rather than pyramidal. 


radicals m the liquid-phase) 1s a measure of the atomic 
s-character associated with unpaired electron spin. For 
planar radicals this would be zero in first order, but for 
pyramidal radicals there 1s a mxng in of s-character, 
especially for the orbital on the central carbon atom. 
This idea will be familar to those who think ın terms of 
s—p hybridization of atomic orbitals. Fig. 2 illustrates 
the processes involved. 

The situation is, however, less simple, for any more 
sophisticated theory demands a small residual isotropic 
coupling to C and 'H even in planar radicals. A small 
coupling 1s always detected corresponding to a 2s-popula- 
tion of about 3-6 per cent on carbon and about (—) 4:5 
per cent on hydrogen bonded to the central carbon (aH). 
The coupling for a pure 2s electron on "C has been cal- 
culated, and is very large (1,100 G). This parameter 
is therefore an extremely sensitive measure of non- 
polarity. (Examples of the effect of non-planarity are 
given later.) 

I have mentioned that the detection of isotropic 1C 
hyperfine coupling does not mean that the radicals are 
necessarily very slightly pyramidal, for the observed 
interactions, both with 13C and 1H, are very well accom- 
modated for strictly planar radicals by considering the 
mixing of the x and o-electrons through exchange 
terms‘. This phenomenon 1s expected to occur, and it 
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Bending constraint ==. 


Fig. 1. Effect of a bending constraint on the shape of an alkyl radical. 
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predicts, correctly, that the spm-density at the -protons 
should be negative. The conclusion is that the radicals 
studied must all bo more nearly planar than is implied 
by the small 2s-character detected on carbon. The con- 
clusion seems to be uncontroversial, but it is less easy to 
proceed further. For ease in presentation, I shall outline 
the results for solids first, and then discuss more subtle 
arguments for radicals in the liquid-state. 


Radicals in the Solid-state 


The anisotropic hyperfine interactions are tensor quanti- 
ties with three principal values in three orthogonal direc- 
tions which can usually be determined from the ESR 
spectrum. This 1s also true of the g-value, which is a 
measure of the rate of divergence of the +4 levels with the 
applied magnetic field. The important pomt is that the 
centre of the resonance spectrum, which gives the g-value, 
varies with orientation of the crystal containing the radi- 
cals, and the principal values usually comcide with the 
major symmetry axes of the radicals. For a planar 
radical the 2p-orbital of the unpaired electron will define 
one of these directions, and it is usually found, both for the 
g-tensor and 1°C hyperfine tensor, that the tensor has 
axial symmetry, with a nearly constant value when the 
magnetic fleld is ın the radical plane. For a planar radical 
the 2p-axis will also be a principal direction for the 1H- 
coupling tensor, another bemg the C—H bond direction. 


R3 Ry 
b ae 
@=109° #p3- orbital 6=120° 2 p-orbital 
2 p2 (a) -orbital 
c H} 
1s -orbital (hydrogen) 
2 p-orbital 


quo of ESR looks at the effect 
electron.) The radical 


of a magnetic fteld on 
is shown mi electron 


in the p 
must be in an orbi 
radical Aattanin bo the Sp-cantant er tha exbitat tthe et pone 
TA 80 p-content of the orbital increases, a expense 

Polarization of the electrons in a C—H bond b; 
an unpaired electron in a 2p-orbital in a planar radical. This puts 
spin-densities into the carbon and hydrogen s-orbitals. 


Most of the radicals studied in single crystals have been 
formed by high energy radiation and remain orientated 
in the sites of the parent molecules. Results show that, 
within experimental error, the magnitude of the coupling 
to a-protons is exactly that expected for a planar radical 
and that the C—H direction is perpendicular to the parallel 
axis of the g-tensor®. Also, the estumated angle between 
the two C—H directions for the radical CH,CO,H is close 
to 120° (ref. 6). 
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Most of these radicals have substituents such as the 
CO,H group, and it could be argued that conjugation with 
these groups would encourage planarity. The ESR results 
show that delocalization into such groups 1s very small. 
The isotropic C and +H hyperfine coupling constants, 
however, are very simular to those for alkyl radicals in the 
liquid-phase, so if we conclude that radicals such as 
CH,CO,H are planar, then this must also apply to alkyl 
radicals. 


Radicals tn Solution 


Perhaps the most significant result is that when radicals 
do deviate from planarity, this shows up clearly ın the ‘H 
and °C isotropic coupling constants. Such bending is 
expected when one or more of the groups attached to the 
central carbon atom donates a pair of electrons into the 
m-system. The unpaired electron 1s then in the z-anti- 
bonding orbital and the radical bends, in part, to reduce 
the degree of antibonding. For example, the radical-ion 
CO*- 1s clearly pyramidal, the °C isotropio coupling being 
130 G (ref. 7). Then the di-substituted radical O2- or 
RCO,H- is also pyramidal, but less so, the 1C coupling 
bemg 114 G (ref. 8). For the mono-substituted species 
R,CO- the +C 1s about 50 G, which is shghtly greater than 
that for alkyl radicals (41 G) despite the expected reduc- 
tion m spin-density on carbon resulting from delocaliza- 
tion onto oxygen’. It ıs particularly significant that an 
isoelectronic nitroxide radical R,NO has recently been 
shown to deviate slightly from planarity by X-ray 
diffraction studies’®. Similar results have been obtamed 
for the family of radicals OF,, HCF, and H,CF (ref. 11). 

If the radicals R,CO-, R,NO and R,CF deviate only toa 
amall extent from planarity, then surely alkyl radicals 
must be planar. 

Another family of radicals worth comparing is BH,~ 
CH, and NH,+. The proton coupling constants increase 
through the series, but the 2s character or U-value!?, 
calculated from the central atom isotropic coupling, 1s 
almost constant!?. If any one of these radicals had been 
slightly bent, then a very large variation in the degree of 
bending would surely be expected. 

Yet another interesting comparison can be made with 
the negative 10n of benzene, C,H,-. In this case the un- 
paired electron is evenly distributed so that the spin- 
density on each carbon atom is one-sixth. The isotropic 
proton coupling constant 1s close to one-sixth of that for 
alkyl radicals, and the 1C coupling, after allowance has 
been made for the effect of spın on the adjacent atoms, 
also gives a value close to that for alkyl radicals!*. It 
seems very likely that aromatic anions are planar, ın which 
cass the conclusion is again that alkyl radicals are also 
planar. 

Finally, ıt should be mentioned that recent sophusti- 
cated, theoretical calculations also suggest that alkyl 
radicals should be planar, although the problem 18 ex- 
tremely subtle, and there can be no doubt that, were the 
experimental results to require slight bending, then this 
could also be “supported” theoretically. 

It seems lkely that the results of stereochemical and 
kinetic studies, which have been interpreted in terms of 
non-planarity, require alternative explanations. 


1 Prior, W. A., Free Radtoals, 29 (McGraw-Hill, New York, 1968). 

* Jacobus, J., and Eastham, J. F., Chom. Commun., 188 (1989). 

3 Symons, M. C. R., Nature, 198, 1196 (1968). 

t McConnell, H. M., and Chesnut, D. B., J. Chem. Phys., 28, 107 (1958). 
* Cole, T., and Heller, O., J. Okem. Phys., 34, 1085 (1961). 

* Ghosh, D. K., and Whiffen, D. H , Mol. Phys., 2, 285 (1959). 

7 Serway, R. A., and Marshall, 8. A., J. Chem. Phys., 46, 1949 (1967) 
* Bennett, J. E., and Gale, L. H., Trans. Faraday Soc., 64, 1174 (1988). 
* Hirota, H., and Weisman, 8. I., J. Amer. Chem. Soc., 82, 4424 (1960). 
19 Lajzerowicz-Bonneteau, J., Acta Oryst., B24, 1060 (1968). 
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Quantitative information on cell 
structures, fast, with the 
Barr & Stroud Integrating 
Microdensitometer GN2 
-in use all over the world 


Cells stained by the Feulgen method absorb light in The Barr & Stroud Integrating Microdensitometer 
direct proportion to their mass. By mechanically type GN2 has been designed to use this principle to 
scanning the image of a stained specimen, and elec- provide quick, accurate, quantitative information on cell 
tronically integrating the values for the whole image, structures. It has gained wide acceptance throughout 
an absolute measure of absorption in arbitrary units is the world, particularly for Cancer research, where 
obtained. Similar measurements large numbers of specimens must be 
can also be obtained on other examined quickly. 
cell properties. 
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SIEMENS 





Do you find 
resolutions hard 
to keep? 


Then resolve to look into the Elmiskop 101. This new 
electron microscope has been designed from the 
outset to give consistent ultimate performance at 
resolutions down to 3 5 A even while dynamic 
experiments are ın progress Superb stage stability 
has been achieved by close temperature control of the 
stage environment plus a massive stage and cartridge 
design with balanced symmetrical drives. 

Other important features . 


ClElectro-magnetic deflecting system for rapid beam 
centring and for high resolution dark-field microscopy 
Deflection coils can be used as focusing aid 
(wobbler) 

DAI lenses can be centred 

QHigh stability of lens current and EHT 
C)Anticontamination device available for all modes 
of operation 

CJElectro-magnetic stigmators ın condenser 2, 
objective and intermediate lenses 

CIExposure meter with automatic shutter 
(Automatic picture numbering 

CSelf-contatned vacuum system with electro- 
magnetically controlled valves 

CWide range of specimen cartridges including 2 dual 
purpose units for tilting when heating or cooling 
OFull diffraction facilities with or without image- 

* forming lenses 

Cilmproved X-ray micro-analysis resolution with 
simultaneous production of maximum resolution 
micrographs 





Write now for full details on the Elmiskop 101 and 
Siemens’ wide range of electron beam and analytical 
X-Ray equipment 


Siemens (U.K.) Ltd., 

Scientific Instruments Division 
Great West House, Great West Road 
Brentford, Middlesex “yes 
Telephone 01-568 9133 Telex 23176 
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An An and Chi Chi 


by 

M. R. BRAMBELL 
I. W. ROWLANDS 
J. M. HIME 


Zoological Society of London, 
Regent’s Park, 
London, NWI 


Snor 1936, when the first hve giant panda was taken 
from China to the United States, there have been seven- 
teen of these animals in western Zoos; only two survive, 
Moscow’s male An An, and London’s female Chi Chi, both 
aged about 12. The greatest longevity so far recorded 18 
14 years 8 months. Until now there has only been one 
true pair living together as adults outside China and 
North Korea, where at least two have been bred m 
captivity!. St Lows Zoo kept a pair together from 
1939 to 1946 which must have become adult, but there 
‘were no reports of mating and breeding’. 

Sheldon reported that giant pandas mate in spring 
with the young born in January’. But at Peking they 
mated in the spring, 120 and 148 days before giving birth’. 
Possibly there are bi-annual periods of breeding activity” 
and Sheldon reported the start of a spring period and the 
end of an autumn period. 

When a few months old, Chi Chi was taken from the 
wild to Peking Zoo, where she was introduced to at least 
two other giant pandas. She remained in Peking for 4 
months and left for Europe m May 1958, arriving in 
London in September 1958. Since 1960 she has had 
periods of changed behaviour. She refused her food, 
increased the rate of marking objects m her territory with 
sacretions from perianal glands and made a plaintive 
bleating call. These periods happened, on average, Just 
over twice a year (eighteen times ın 96 months) and have 
been regarded as signs of oestrus. They begm most 
frequently ın autumn and least frequently ın early 
summer. No particular month in the spring seems to be 
associated with their onset. 


Table 1. ONSET OF PERIODS OF CHANGED BHHAVIOUR IN OHI OHI 1960-68 
Jan Feb. March Apiil May June July Aug. Sept. Oct. Nov. Dec. Total 
3 1 1 1 0 1 2 1 1 5 1 1 18 


The longest period was 6 weeks, the shortest 1 week. 
Chi Chi is undoubtedly female. This was confirmed 
during treatment under anaesthesia for an eye condition 
on April 7, 1964. 

An An ig thought to have been born in 1957. He went 
to Moscow from Peking in 1959. He also had periods of 
changed behaviour when marking activity increased, 
appetite fell and he called repeatedly. This happened twice 
a year, strongly m spring and more weakly m the autumn 
(personal communication from I. P. Sosnovski). He 1s 
obviously male. 


Pandas Brought Together 


The Zoological Society of London asked Moscow Zoo 
to agree to an attempt to mate Chi Chi with An An. In 
1966, when 9 years old, Chi Chi was taken to Moscow for 
7 months but no mating took place. Chi Chi would not 
allow An An near her and showed signs of agitation and 
distress when he approached. Further attempts were 
postponed until a larger paddock and suitable accommoda- 
tion had been prepared in Regent’s Park. 
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After the failure of two attempts to mate the only captive glant 
pandas in the West, it rests with Chinese zoologists to ensure the 
survival of this rare species. 


When An An was brought to London 2 years later, in 
August 1968, we decided to concentrate on keeping the 
two animals ın the same paddock without Chi Chi showing 
signs of distress. They were introduced by stages. 
First, each panda alone was able to patrol and smell the 
markings in the other’s paddock and to mark in ıt itself. 
Second, they were able to see and smell each other through 
a mesh fence. Third, they were put together in the same 
den at night. There were a few skirmishes and Chi Chi 
never relaxed in An An’s presence. While he was in the 
same paddock she would not remain nearer than 4-5 m 
from him. In the dens she was more settled and did not 
react until he came within 1 m of her, and even then her 
reaction was often only a warning snarl and a blow with a 
paw. But, whon together m the dens, Chi Chi would not 
rest easily and began to lose condition so that the animals 
could not be left together day and night for more than a 
few days at a time. 


Hormone Used 


By the end of October, An An was about to be returned 
to Moscow and Chi Chi had shown no change m sexual 
behaviour, so we decided to induce oestrus with gonado- 
trophic hormones. Pregnant mares’ serum gonadotrophin 
(folticle stumulatang hormone, PMSG 1,000 Iv) was given 
intramuscularly, followed 3 days later by 500 ru of human 
chorionic gonadotrophin (luteinizing hormone, HCG). 
She went off her food 6 days after the first dose and did not 
return to normal for a further 10 days. An An showed 
increased interest ın her presence, but Chi Chi did not 
present herself in a mating position nor did An An persist 
in his advances. Her rapid return to normal indicated 
that her ovaries were responsive. Possibly the response 
was weak because either the dose of PMSG was madequate 
or the HCG was given too soon. 

Not until later was it learnt that An An could stay 
longer in London. A further attempt to induce oestrus 
was not made until after a long period of anoestrus. 

At the second attempt we decided to increase shghtly 
the dose of PMSG and to prolong follicular stimulation 
with a second dose. HCG would not be admmistered 
until after mating, in case the giant panda is an induced 
ovulator as 1s the raccoon‘. (This is the only member of 
the family Procyonidae reported with this type of ovula- 
tory mechanism.) Two doses of serum gonadotrophin 
were given, one on February 4, 1969, of 1,200 10, the 
second, of 1,000 ru, 6 days later. The response was 
very similar to that following the first attempt. Chi Chi 
went off her food and marked her den more frequently, 
An An became more active and made several approaches 
but was not persistent and it is unlikely that they mated. 
Chorionic gonadotrophin, was therefore not injected. 

It is rmpossible to pin-point the failure of these efforts. 
Maybe one or both animals no longer recognize giant 
pandas as their own kind. They have been away from 
their own species for long periods, but they started life in 


1126 


the wild and spent the first few months of captivity in 
Peking with other giant pandas. In the wild, gant 
pandas are usually alone; except for mothers with cubs 
they have rarely been seen in company. They probably 
only come together for short periods to mate. Or maybe 
these two are too old to produce signals and responses 
strong enough for mating. They are within 2 years of the 
greatest longevity ın captivity, which could be close to 
the potential life-span. Both pandas are accustomed to 
the proximity of keepers and public. It is therefore 
unlikely that the animals were deterred by human 
influence, indeed the giant pandas ın Pelang have been 
observed to mate several times in similar circumstances. 
It remains possible that Chi Chi and An An just will not 
mate. This is common m captive animals and is usually 
overcome by changing the male. 

For giant pandas to remain a viable species they must 
be bred in captivity. They require large areas of land in 
the wild and ıt may not be practicable to ensure théir 
survival merely by protecting the natural habitat. The 
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fact that our efforts have been restricted to two animals 
does not lessen therr significance. It merely makes 1t more 
difficult to use controlled observations to test the ım- 
portant factors. Had we found how to make these two 
animals breed, we might have carried into another 
generation our investigations mto the management of 
giant pandas. We must now hope that the zoologists of 
Peking can carry on with their successes and that enough 
giant pandas can be bred in captivity to ensure survival 
of the species. 

We thank Mr I. P. Sosnovsku of Moscow Zoo, the 
Soviet Mimstry of Culture and British European Airways 
for their help and cooperation. We also thank Mr Sam 
Morton and the keepers of the Bear Section at Regent’s 
Park Zoo. 


1 Jarvis, © , Animals, 8, 522 (1966). 

1 Mors, R., and Morris, D., Mon and Pandas (Hutchinson, London, 1966). 

? Sheldon, W G., J. Mammal.,18, 18 (1987). 

4 Whitey, L. F., and Underwood, A. B., The Raccoon (Orange, Connecticut, 


Observation of Prolonged Radio Emission 


from a Red Dwarf Star 


by 

BERNARD LOVELL 

University of Manchester, 

Nuffield Radio Astronomy Laboratories, 


Jodrell Bank Minoris. 


Accounts have been published of the observation of 
radio emission from a number of M type red dwarf stars, 
classified as flare stars!-’. These flare stars are character- 
ized by the occurrence of irregular shorthved mcreases in 
brightness. The detection of the radio emission during 
the flare phase 1s difficult. Compared with the Sun, a 
dilution factor of the order of 1014 ın intensity 1s involved, 
solely on account of the distance of the nearest flare 
star. The need for observations over long periods and 
the difficulty of detecting short, irregular and unpredict- 
able increases ın radio emission with certainty have there- 
fore placed severe constramts on the interpretation of the 
phenomenon. Indeed, except for one or two isoleted 
instances the information £o far obtamed has been by the 
integration of a number of flares by superposition on the 
epoch of maximum light. 

In the most recent series of observations at Jodrell 
Bank, equipment of improved stability and sensitivity was 
used at frequencies of 240 MHz and 408 MHz on the 
250 foot Mk 1 telescope. The output on each frequency 
was sampled five times s-t, with a digital process reyecting 
short-lived noise spikes and printing out a number 
proportional to the signal level at intervals of one minute, 
integrated over the interval. Before each night of 
observations, the equipment was calibrated on a radio 
source of known strength so that this print-out (logger 
umts) is directly related to mgnal strength m flux units on 
each frequency. The substantial improvement in perfor- 
mance Of this new arrangement has enabled a number of 
individual radio events to be correlated with the optical 
flares. The purpose of this communication is to report 
the observation of a remarkable outburst from the star 
YZ CMi (Ross 882) during the mght of January 18-19, 
1969. 


A remarkable outburst from a red dwarf flare star (YZ Canis Minoris) 
has been observed by radio and optical telescopes. This article is an 
account of the radio observations, and Is followed by articles on the 
optical measurements, and on the coronal structure of YZ Canis 


Observations 


The coordinates of YZ CMi ere R.A. 07 h 42 m 01 8; 
declination+ 03° 41’ (epoch 1950). On Januery 18, 
after calibration on the radio source 30 33, the Mk 1 tele- 
scope began followmg YZ CMi at 17 h 49 m UT, when the 
elevation of the star was 1:5°. Contmuous records were 
then obtained until YZ CMi set at 06h 15m UT on 
January 19. Because of ground effects the first and last 
hours of this record are on a steeply sloping base level. 

The first significant event occurred at 18h 14m UT 
when Chugainov (private communication) at the Crimean 
Astrophysical Observatory observed a flare of megnitude 
1-5 in blue hght. The star returned to normal brightness 
after 20 min; this bemg the expected behaviour for a flare 
of this magnitude. At the time of this flare the star was 
only 5° above the horizon at Jodrell Bank and the radio 
event occurs on the steep slope already mentioned. The 
baseline has been inserted from the slope obtamed ın a 
dummy run ın identical conditions and the extracted 
radio event is shown ın Fig. 1. The radio emission on 
240 MHz lasting for about 40 min has a close similarity to 
the integrated and individual events previously published. 

The second event of the night is without parallel in the 
4,000 h of radio observations already carried out on these 
phenomena. The visual flare was observed by Andrews 
(ref. 8 and a private communication) with the 10 inch 
refractor at Armagh commencing at 01h 59m UT on 
January 19. The peak at 02 h 0:2 m UT wes estimated to 
be of magnitude 1-7. By 02h 06 m the star had returned 
to magnitude 11 but was still at my 11:15 (that is 
approx. 0-1 magnitudes above normal bnghtness) when 
the Armagh observations ended at 02h 51m. Fortun- 
ately, Kunkel (page 1129) at Cerro Tololo began his 
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ae The 240 MHz record of the flare on YZ OM: January 18, 1969, 

18h 14m UT. The ordinates have been derived from a curved baseline 

ap fens in the taxt (100 logger unita = 4 5x 10 W it Hi). The 

time of maximum t of the visible flare observed by Chugaimov (15 
magnitudes in blue light) is shown by the arrow. 


photoelectric observations of the star at 02h 49m UT 
on that mght and found that the event did not decay 
below the detectaon threshold of the 16 inch at Tololo 
until 06h 15m UT on January 19. 

The radio records from 01h UT to 05h 40m UT are 
shown in Fig. 2. It ıs fortunate that these records are of 
unusually high quality, and because the event occurred in 
the early hours of a Sunday mornmg they are completely 
free from any transient forms of terrestrial interference. 
The 240 MHz plot (Fig. 2a) is of the raw data from the 
logger print-out without eny baseline correction. The steep 
rise beginning at 05 h 34 m marks the pomt where the 
telescope beam began to dip into the ground as the star 
set. The 408 MHz plot is less satisfactory because there 
is a steady drift of the record caused by ground effects and 
possibly temperature drifts in the parametric amplifiers. 
The record m Fig. 2b has been extracted from a base- 
line obtained in a subsequent run m nearly identical 
conditions. The error in this extraction ıs unlikely to 
exceed 50 logger units (0-95 flux unit) over the interval 
from about 03h to 04h UT where an incorrect slope 
would give a maximum error. It seems from these 
records that the radio event lasted until 05h 20m UT, 
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but ıt 1s, of course, impossible to exclude the occurrence of 
further ectivity after the star had set. The visual light 
curve of Andrews (private communication and ref. 8) and 
the U bend photometric curve of Kunkel (page 1129) 
are aligned with these radio records m Figs. 2c and 2d. 


Spectrum 


Fig. 2e shows the spectrum between 240 and 408 MHz 
as a function of time. For the longest period between 
02h 40m UT and 04h 40m UT the spectral mdex hes 
between —1:0<a<-—2-5. In the initial and final phases 
the spectrum seems to be steeper, but the probable errors 
in the measurement of the 408 MHz flux during those 
periods mtroduce an uncertamty into these values of «. 
This spectral ındex is in only general agreement with the 
range of values derived from earher work and with the 
most recent conclusions of the Australian observers’ that, 
on the high frequency side of 240 MHz, the flux decreases 
as (frequency)-! or steeper. It now seems that the con- 
sistency of the present spectral index over a period of 
2h 40m and the wide variations between the limite of 
this value for « and those derived in earlier Jodrell Bank 
and Australian measurements may be associated with 
the interstellar scintillation phenomena. Rickett* has 
derived quantitative informetion about this effect from 
the study of the variability of the pulsar signals. Although 
the detailed apphestion of these ideas to the flare star 
emission remains to be investigated, a qualitative assess- 
ment mdicates that for stars at the distance of UV Ceti 
and YZ CMi the differential effect of the scintillation 
between frequencies of 240 and 408 MHz could account 
for the variations in spectral mdex measured on the same 
star at intervals greater than about 12 h. 


Electron Density and Temperature In the Stellar 
Atmosphere 
The production of the flares ın red dwarf stars 1s not 
yet understood. One possibility seems to be that a 
shockwave travels out from the explosive centre of the 
flare, and as it moves through the stellar atmosphere 
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‘Big. 2. (a) The 240M lx ana (b) thio 408 A Eeri coras or tha Aaro an 


YZ OMi, January 19, 1969, 02 h UT. The ordinates for (a) are the 


raw data fiom the lo rint-out (200 | units = 9 x 10- Wm Hx), For (b) the Taselme sio po has been removed (100 | er units = 
19x10 Wm- Hr). (c) Is the visual it curve covermg the maxtum phase of the fare obeerved by Andrews, (d 13 the U band photo- 
metric record for the after 02 h 49 m UT observed by Kunkel. (The conversion of the peak of the flare at 02h to this scale would be 


at approximately U =8 5.) (e) 1s the spectral index [S = k»-] derived from (a) and (b). 
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emission 1s excited at the plasma frequency. In thus case 
the relation between the plasma frequency v and the 
electron density N 





4nNert 
2rm= ( ) 
m 

where e and m are the charge and mass of the electron, may 
be used to find the electron density ım the atmosphere of 
YZ CM: appropriate to these observations. For v= 240 
MHz we find N=7 x 10° electrons om~, and for v= 408 MHz, 
N=2.x 10’ electrons cm. If we now make the assump- 
tion that the decay of the noise intensity ocours because of 
the collisional damping in the stellar atmosphere (an 
assumption which has support from the solar phenomena) 
then ıt 18 possible to estimate the effective temperature T 
of the stellar atmosphere where the radio noise originates. 

The general problem for a fully ionized gas has been 
treated by Sprtzer!*. The collision time te 18 given by 


_ £?'* 1-63 x 107 
E viln A 
3 = t 
2ZZ,e \ nN J 
of the two particles involved in the collmons, and k is the 
Boltzmann constant. 
Values of In A have been given by Spitzer for a range of 


T and N. For N~ 10’, In A is rather insensitive to T over 
the range of temperatures involved. We take In A=20, 


where A = Ze, Z,e are the charges 


then to= 7-6 x 105 [3/2 y-3 


If At 18 the time interval for the noise intensity to decrease 
by a factor e, then 


T=7 x 10-5 vt” (At)? 


In the period of steady decay of the flare after 04 h UT 
(Fig. 2) this gives 


T=3-7 x 10° °K for the 408 MHz decay 


and T= 2-1 x 10° °K for the 240 MHz decay. 


These values for T' are incompatible with the gravita- 
tional stability of the atmosphere in a red dwarf star. For 
the Sun the escape velocity 


M 
O = 6-17x107 cms- 
Ro 





Vo= 


For YZ CMi, R~ 0:25 Ro and M ~ 0-3 Mo, so the escape 
velocity cannot differ significantly from this value. 
Hence from quite general arguments the temperature 
associated with these emissions ın the here of 
YZ CMi must be in the region of 10° to 10* °K, at least 
three orders of magnitude lower than the value deter- 
mined from the decay of the flare radio emission. 

Conversely, the decay time of the flare emission for 
-theee possible ranges of temperature would be less than 
one second. It seems evident that the long duration of 
the flare must be associated with recurrent processes, and 
that the decay time is related to the decay of the energy 
producing processes in the stellar atmosphere. Indeed, 
evidence in favour of this conclusion is provided by 
Kunkel’s observations that ‘“microflare’” activity 
began at 03 h 50 m UT, and his identification of a number 
of minor flares during the subsequent decay phase. 


Total Energy of the Flare 


Any calculation of the total radio energy involved in 
this flare must make assumptions about the form of the 
spectrum outside the range from 240 to 408 MHz covered 
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im these measurements. If we assume, from the above 
discussion, that the spectral index is —2 and that this 
applies at least from 1 to 1,000 MHz, and that the star 
radiates uniformly through 7 sr, then a simple integration 
over the tame interval 02h to 05h 30m UT gives the 
total energy emitted by the star over this frequency 
range as approximately 2-8 x 10% J. 

This total energy is of the same magnitude es the 
energies derived from previous observations of flares on 
YZ CMi and other red dwarf stars (see Table VU, rf. 5). 
Although the calculation is sensitive to the assumptions 
made about the frequency range over which the spectral 
index apphes, this result confirms the earlier conclusions 
that the radio energies ın the red dwarf star flares are 
many orders of magnitude greater than those encountered 
mn the Sun. (For example, one of the greatest radio flares 
ever observed on the Sun had a total energy output of 
only 10!! J in the radio spectrum.) 

Kunkel estimates the energy in the optical spectrum 
to be about 10?7J; and hence the ratio of optical to radio 
energy is about 10%. This is the same ratio as found for 
the Sun, but is greater than the corresponding ratios found 
in the earlier observations of the star flares. The rate of 
total energy radiation by YZ CMi in its quiescent state 1s of 
the order of 10% J s-1. In this flare there was a catastrophic 
energy release at the same rate for several hours, yet the 
star returned to its normal brightness. This situation 1s 
without parallel in the case of the Sun where, even for the 
largest flares, the rate of energy release is less than one 
per cent of the quiescent rate in the photosphere con- 
tinuum. 

The existence of drift-type motions in the solar atmo- 
sphere is now well established from the radio observations. 
There is some evidence ın Figs. 2a and 2% for drift motions 
in the stellar atmosphere. Although the peak on the 
240 MHz record at 02h 30m does not seem to have a 
counterpart on the higher frequency, the sharp decrease 
between 03 h and 03h 10m occurs 4m to 5m earlier on 
408 MHz than on 240MHz. The mmimum between 
04h 60m and 05h UT similarly occurs 6m earlier on 
408 MHz. The implied rate of drift is in the range 0-5 to 
0-7 MHz s-1. This is the same dmft rate as that found 
in the Type II solar radio bursts, and is somewhat lower 
than the only previously reported case? of a dmft m a 
stellar radio burst, which was from the star UV Ceti. 

This evidence for a similarity of the solar and star 
flares needs interpreting with caution. Any such com- 
parison has to take into account the large discrepancies ın 
total energy already derived, and the fact that the bright- 
ness temperatures of the star flares are orders of magnitude 
higher than for the Sun. For example, the brightness 
temperature of the most violent radio outbursts observed 
on the Sun is T'o = 101? degrees (ref. 11, Fig. 1-16). For 

2 
this flare on YZ CMi the brightness temperature T, = ple 
From Fig. 2a, S is 10 to 20 flux units at A=1-25m. 
If the entire surface of the star is involved (area 3-8 x 107! 
cm), then because the distance is 2x 10!¥ cm, Q =10-" sr 
and T,=10'* degrees. Even this must be regarded as a 
minimum value because the spectroscopic evidence 
produced by Gershberg!* indicates that the star flares are 
restricted to relatively small volumes in the chromo- 
sphere or corona of the star. If the ratio of the flare area 
in the star to that of the disk was of the same order as that 
for the Sun, that is ~10~, then 7,=10'* degrees. Henco 
the ratio T,/T o must be in the range 10*< T,/To <10. 

Finally, ıt may be remarked that there are now many 
observed associations of cosmic ray protons, having 
energies of the order of 10° eV, with certain types of solar 
radio outbursts. If the mechanism of the radio emission 
from the red dwarf stars does show any compatibility 
with the solar processes, then ıt is possible that stellar 
flares of the type observed here may be the source of 
cosmic rays of greater energy than those observed from 
the Sun. 
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Large Flare on YZ Canis Minoris 


by 
WILLIAM E. KUNKEL 


Cerro Tololo Interamerican Observatory, 
La Serena, Chile 


On January 19, 1969, a large flare on YZ Canis Minors 
was observed simultaneously by several workers taking 
part m the cooperative monitoring effort of the working 
group on flare stars of Commission 27 of the Inter- 
national Astronomical Union. This article describes the 
portion of the event observed at the Cerro Tololo Inter- 
american Observatory. 

Although the event began at Olh 59m UT (ref. 1), 
monitoring at Cerro Tololo, using a 16 mch reflector and 
electrometer, was not begun until 02 h 49 m UT, at which 
time the ultraviolet ight of the flare was still two magni- 
tudes brighter than the quiescent level when the star is 
inactive. The event has proved unusual in terms of both 
the high total energy output ın the optical portion of the 
spectrum (about 6-6 x 10*4 ergs) and the remarkably slow 
decline (of about 0-023 magnitudes min-') throughout 
moat of the later decay. Details of the Cerro Tololo record 
are lsted below. 

02h 49m UT. Begin monitoring of flare light. After 
subtraction of quiescent component, flare hght in the U 
band of the UBV system 1s U=11-69. Colours (which 
were measured only at the beginning and end of monitor- 
ing) were (U—B) = — 1:11 and (B-V)=+0-31. Dumng the 
next hour the decay proceeds exponentially at 0-0228 
magnitudes min-!. 

03h 50m. Flare decay decreases to approximately 
0-014 magnitudes min-!. This marks the onset of ‘‘micro- 
flare activity’, in the sense that deflexions seem to 
reflect superposition of numerous small outbursts not 
individually identifiable as flare outburste, but whose 
ensemble effect 1s measurable. 

04h 09:9'm. Maximum lght of a small flare with 
Upeak = 13-98+0°08 and duration at half peak light 
To.,=3-1+0-6 mm. For the model described later in 
the text the total energy radiated by this event is 1-3 x 10** 
ergs. 
04h 165m. Maximum light of a small flare with 
Upoak = 13-83 + 0-08 and 1%o..=14+0-4 min. Total 
energy ıs estimated at 1:4 x 10%? ergs. 

04h 395m. Maximum light of a small flare with 
Upeak =14:140-1 and 7'o.,=1:0+0-3 mn. Total energy 
is estimated at 0-7 x 107? ergs. This ıs the smallest event 
that can be distmguished with any certainty from the 
noise in the record of the 16 inch telescope. 

06h 00m. During the last 40 min the decay rate 
slowly Teturned to the value at the beginning of monitor- 
ing. It is now 0-02 magnitudes mm. 

06h 15m. Flare drops below the detection threshold 
for 10 min averages. 
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Visual and photoelectric recordings of the outburst from the star 
YZ Canis Minoris, reported from the Cerro Tololo Interamerican 
Observatory. 


07h 285m. End monitoring. 

Fig. 1 shows in condensed form the entire optical record 
of the flare in U band photometry. The first four points 
are transformed from visual observation of Andrews and 
Perrott', and the error bars shown reflect only the un- 
certainty associated with this transformation. 

Completeness of the Cerro Tololo observations (with 
respect to non-detection of small flares) ıs determined by 
the followmg lmits. Flares with durations at half-peak 
light less than 0-05 mm were rejected, because electrical 
interference, when present, shows a half-peak duration 
between 0:02 and 0-03 min. Further, at the beginning of 
monitoring, detection was 90 per cent complete for flares 
brighter than U=13-7, provided that the area under the 
light curve, expressed in ergs, 1s greater than 1-4 x 10, 
By about 04 h 20 m UT detection had improved until the 
90 per cent completeness level was at U=14-4, provided 
that the ares under the light curve 1s greater than 0-7 x 10** 
ergs. Thereafter the detection level continued virtually 





Fig. 1. U band photometry of a flare on YZ Canis Minoim, January 10, 

1969. The first four points ale transformed from visual observations 

of Andrews and Perrott!. Energy radiated (ın ergs 8-') appears in the left 
ordinate. 





Fig. 2. ee (B-P) colours of six flares observed on YZ Oanis Minoris 

in 1865 (dots) and the flare of Pega? 19, 1969 (cross). Spectroscopic 

model grid is desorbed in the text. arrow shows the direction in 
which flare colours tend to develop with time. 


unchanged. Improvement in detection durmg the early 
phase of monitoring reflects the shot noise which varies as 
the square root of the raw signal, and this decreased with 
time. 

For an estimate of physical conditions in the flare a 
model previously developed 18 used’. In this two- 
component model the primary component is a hydrogen 
recombination spectrum chosen to yield colours (U-B), 
(B-V) that represent flare colours near peak hght while at 
the same time yielding Balmer jumps and Balmer de- 
crements (H,,—H,;) that match observed spectra. Fig. 2 
shows such a model grid superimposed on 1965 two- 
colour observations of six flares (dots) of YZ Canis 
Minoris obtained during the first smooth portion of the 
decline, usually within two magnitudes of peak lght. 
The flare of January 19 ıs indicated by a cross. Fixed 
parameters of the model are the electron density ne= 
3x10" cm-, and a turbulent velocity of 20 km s- (to 
provide an adequate Gaussian core for the Balmer lines). 
Grid lines correspond to constant electron temperature 
and constant logio THa, where THa is the optical depth at 
the centre of Ha. The last parameter is used as an mdica- 
tor of flare layer thickness, and so departures from L.T.E. 
have not been applied. Further, model colours have 
shown themselves to be remarkably sensitive to such 
departures. The second component of flare light is red, 
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with colours that are essentially the same as those of the 
star m its quiescent state. Contributions from this com- 
ponent are very small at flare onset, growing proportion- 
ately in umportance as the flare develops. The resulting 
flare development track in the two colour diagram pro- 
ceeds ın the direction of the arrow ın Fig. 2. The ae 
development track contaming the observation at 02 h 49 m 
UT (postulated by the interrupted line) crosses the 
contour for 20,000° K at logistaa=3. This pomt (in the 
absence of any red component) corresponds well with the 
Balmer jump and Balmer decrements obgerved ın several 
flares of dMe stars?. 

The physical conditions in the flare implied by this 
model resemble those of solar flares? despite the large 
energies involved. Estimates of the flare volume are 
somewhat uncertain, because model colours are quite 
insensitive to changes in the parameters of line broadening. 
We allow for electron densities between 8 x 101° cm~ and 
3x10“ cm; higher values seem unlikely because Hy, 
can usually be resolved ın the spectra of dMe flares’. With 
an optical energy output of 1-6 x 10°? ergs s~ at peak light 
we estimate the flare volume at between 4x 10** and 
4x 10%% cm?. If we adopt a flare layer thickness of 1,000 km 
(a reasonable value for an event somewhat larger than a 
+3 solar flare) we find that between 0-3 and 80 per cent of 
the apparent stellar disk takes part in the flare. 

The unusual character of this flare is perhaps best 
demonstrated by direct comparison with the more 
typical flare activity of this star. During the 1969 
observing season, twenty-one small flares (between U= 
12-5 and U=14-8) were recorded in 39-4 h of monitoring. 
We derive from them an incidence relation giving events 
per hour brighter than magnitude U. 


R(U)=exp [a(U-U,)] h~ 


where d=1-49 and U,=14-43. For YZ Canis Minoris a 
relation of this type holds for all events observed during 
the 1965 observing season, covering a range of more than 
five magnitudes. If such a relation applies equally in the 
Present case, then the anticipated repetition rate for 
events brighter than U=8-4 is one event every 7,200 h, 
making this one of the larger flares to occur on this star. 
Thus it may well be that even the most energetic flares of 
dMe stars radiate optically by emission mechanisms not 
essentially different from those attributed to solar flares. 
Received March 20, 1969. 
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Outer Layers of the Red Dwarf Star YZ CMi 


by 
F. D. KAHN 


Department of Astronomy 
University of Manchester 


THe observational data contained ın the articles by 
Kunkel {page 1129) and Lovell (page 1126) give enough 
information to allow a judicious guess about the conditions 
in the uppermost layers of the star YZ CMi. 

I assume that, even in quiescent conditions, the 
corong of YZ CMi is expanding outwards, like that of 
the Sun, and that at a large enough radial distance the 


A discussion of the structure of the corona around YZ Canis Minoris, 
based on the observations by Lovell and Kunkel. 


expansion becomes supersonic, and turns into a stellar 
wind. For want of better information, I shall suppose that 
the gas in the corona, is isothermal, at some temperature 
T. The equation of motion for such a structure is 

GM 


udu+ar $? + dr=0 (1) 
P r? 
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and the equation of continuity 
d du 2dr 
P+ 4-0 (2) 
p u 


The equations apply to a star with spherical symmetry. 
The symbols are: u=gas speed, p=gas density, r= 
distance from centre of star, a=1sothermal speed of sound 
= kT |m, m=mean mass of the individual ions and elec- 
trons present (= 10-" g) and M=mass of the star 
{=0:3 Mo=6 x 10% g). 

Descriptions of a stellar wind are always given ın terms 
of these equations (see, for example, ref. 1). The most 
important feature of the wind can be deduced from the 


equation 
(u- Bau% -2a =0 (3) 


which follows from equations (1) and (2), and which shows 
that u can only increase from subsonic values (<a) to 
supersonic values (>a) if (w—a*/u) and (GM/r—2a*) 
vanish together at some point m the flow. This is the 
sonic point, where u=a, and 


GM 
r= ii eT Y (4) 


Let pa be the gas density at r=ra. I shall need this 
quantity later to find the rate of mass loss from the star. 
In Table 1 a few typical values are given for T, a and ra, in 
possible models of a corona around a star with mass 
0-3 Mo. 


Table 1. TYPICAL VALUES FOR MODELS OF A CORONA AROUND A STAR WITH 


mass 0-3 AL 
a (om s+) T(K) fa (cm) 
107 7x10 2x 104 
2x10" 28x10 5x10" 
8x10" 7x10* 2x10" 


Note that an assumed temperature of 7 x 108 °K gives a 
value for rg very close to the probable radius of the 
star’s photosphere, which is rph=Ro/4=1-75 x 10" em, 
and higher temperatures would lead to smaller values of 
ra. It is obviously useless to consider model coronae 
with T greater than 7x 10*°K. On the other hand, it will 
turn out later that a temperature as low as 7x 105 °K 
can hardly be reconciled with the observations. The 
temperature in the corona must therefore lie between 
these limits. 

The run of density in the corona below the sonic point 
can be inferred from Bernoulli’s equation 


paring ea Oe oe: (5) 
Pa r 


p(ut—a?) + 
which is the mtegral of the equation of motion (1), and 
can be written in the form 


@ log -— = — — za — fu? (6) 


Sufficiently far below the sonic point the speed is small 
compared with the sound speed a, and so the term m u? 
in equation (6) can be neglected. This means that the 
equilibrium of the atmosphere is essentially hydrostatic 
there, and that the density p is given by 


p= pa oxp (S — $) (7) 
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I shall now discuss Lovell’s observations in terms of these 
results. He finds: (i) that the electron density 1s 
2x 10*cm-* and 7x 10%cm-, respectively, at the levels 
where the plasma typically emits at the frequencies 408 
and 240 MHz. The corresponding gas densities p are 
4x 10-15 and 1-4x 10-5 g om-, respectively; (i) that 
there seems to be a time delay of “4 or 5 min”, say 250 s, 
between the times of emission at the two frequencies. 

If the radial distances of these two levels are r, and r, 
then result (i) implies that 


er [@M/1 1\7_ 20, 
ee a a 


or - (8) 





Most probably the radio emission is produced by the 
arrival of a succession of shock waves. Let the waves 


advance with speed Ma, M being the isothermal Mach 
number. If a shock takes time 7 to travel from r, to ry, 
then 


+ (=2608)t2 2 
Ma 
From equations (8) and (9) I find the following (approxi- 


mate) solutions for r, and r,, after substituting numerical 
values for M, G and +, 


n=10( HN- 125 Ma (em) 





(9) 


(10) 
r= lol MY 125 Ma (om) 


If the temperature ıs 7 x 105 °K and a is 10’ om s-t, then 
the typical radial distance of the radio emitting layer is 


Te=3 x 107° mi cm, and the ratio of the density there to 
density just above the photosphere is 


exp|[ oe Oe an iE 1=exp| — (23—13 #774) | :1 


With the Mach number J} typically equal to 2, say, the 
ratio is approximately 10-*:1. This leads to a rather 
high density and pressure in the lower corona, and still 
larger density ın the cooler photosphere below. Because 
3x 107 cm s-! is the largest value that a can take, ıt 
therefore seems reasonable to strike a compromise and to 
set a equal to 2x 107 em s-t, T=28 x 106 °K. This gives 


(11) 


r=21x100 Mt 25x10 M (om) 


12 
r=21x100 Mt +25x10 M (om) i 
with the acceptable values 
riı=25 x 101 om, r,=38:5 x 102° cm 
when M =2. With these results I can find the rate at 


which the star loses mass through the stellar wind, because 
I now calculate that 


aoa 


= 0:08p, = 3-2x 10-1 g om 


Pa = apl - 


(13) 
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The rate of mass loss for the whole star is 


—M=4n Pa G fa’ 
=2x 10" ge=3x 10-1 Mo yr (14) 


Over a reasonable period the evolution of the star cannot 
be seriously affected by so low a rate of loss of mass. 

I can also estimate how much additional energy is 
carried up through the corona by the succession of shock 
waves during the disturbed period after a flare. Let each 
shock front be followed by a region of enhanced density 
which extends downstream for a distance l, and let the 
shocks themselves come at distance L one after the other. 
Then energy is carried past a given level in the corona 
at a mean rate of the order of p m: a? l|L per unit area. 
With p typically equal to 4x 10-5 g com, with M =2 
and a=2x107 oms, this mechanical energy flux is 
2-6 x 10° I/L erg om- s-! in the mean. Integrated over a 
sphere the radius of which is 2-5 x 101° cm, the total rate of 
outflow of mechanical energy becomes 2 x 10 L/L erg s-t! 
for the star as a whole. Lovell states that the radio emus- 
sion continues for some 3-5 h, say 10s. Durmg this period 


Early 
of South-west Ethiopia 
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the shocks carry away energy equal to 2 x 10%1/L erg. But 
Kunkel ascribes a total energy of 10* erg to the optical 
output of the flare. If this is adopted as a measure of the 
energy released by the flare event, then 1/EZ must be 
rather less than unity. The mterpretation is that, seen 
from a fixed point in the corona, the region of enhanced 
gas density behind the shock must tail off and must be 
followed by a longer quiescent period before the next shock 
comes up. Finally, Lovell states that the radio emission 
releases some 2-8 x 103 erg during a flare. This estimate 
1s clearly compatible both with a small value for J/Z and 
a@ very modest efficiency factor for the conversion of 
hydrodynamic energy into electromagnetic radiation at 
radio frequencies. It seems therefore that this model 
fits and is worth investigating further. 

I thank Sir Bernard Lovell for telling me, in advance of 
publication, about his latest observations of this interesting 
star. 


Received March 27, 1969. 
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Homo sapiens Remains from the Omo River Region 


Among the finds of the Kenya group (led by Mr Richard Leakey) of 
the 1967 International Palaeontological Research Expedition to the 
Omo River were three skulls and some skeletal materlal belonging 
to very early representatives of Homo sapiens. The sites of the two 
oldest skulls are no younger than mld-Upper Plelstocene and may be 
as old as late Middle Pleistocene. After a short account by Mr Leakey 
of some of the other fossils found by the expedition, and a description 
of the geology of the hominid sites by Professor Karl Butzer (a 
member of the US group), this article ends with a preliminary 
description of the human remains by Dr Michael H. Day. 


Faunal Remains from the Omo Valley 


Tux 1967 International Palaeontological Research Expedi- 
tion to the Omo Valley was made possible through the 
interest and assistance of the Emperor of Ethiopia and his 
government. The expedition included three teams from 
Kenya, France and the United States. The fossils found 
by the Kenya team were recovered from a series of sedi- 
ments known as the Kibish Formation. The human 
remains were found at the two sites, Site 1 (KHS) and 
Site 2 (PHS) marked on Fig. 1. 

The Kibish deposits are not very fossiliferous and the 

specimens were recovered from a very large area. Unfor- 
tunately, the faunal assemblage is of little diagnostic 
value from a stratigraphic viewpoint. 
* A complete buffalo skeleton was collected in situ from 
the horizon in which the human skeleton Omo I was 
found. This buffalo differs shghtly from Syncerus caffer 
and it may merit specific separation although it appears 
to have no characteristics that would preclude its bemg a 
direct ancestor to the living Syncerus caffer (personal 
communication from A. W. Gentry). Another bovid is 
represented by dental fragments the morphology of which 
recalls that of the Syncerus/Homoicerus stock; the 
occlusal features of these teeth being too advanced to 
fit Pelorovis. The Reduncini (reedbuck) are represented 
by a number of fragments, but there is insufficient material 
for positive identification. 

Both Ceratotherium simum and Diceros bicornis are 


represented by individual teeth, the former being the 
more common. A primitive Elephas loxodonta occurs in 
Member I of the deposits and the occurrence of a very 
advanced Hlephas reckt has also been reported by the 
United States team (personal communication from F. H. 
Brown). 

Primate material 1s scarce and the only two specimens 
collected are deeply embedded m a hard matrix and have 
yet to be fully examimed. The specimens appear to be 
cercopithecoid; one could be a representative of the genus 
Colobus although it ıs larger than the representatives 
of either of the living species. 

Very few stone tools were collected, all of which were 
surface finds with the exception of flake debris from the 
KHS excavation. 

Omo I skeleton alone was associated with a small 
number of stone artefacts and some animal bone debris. 
Excavation of site KHS yielded some material in situ and 
established the provenance of the Omo 1 skeleton in terms 
of the stratigraphy of the Kibish deposits. 

Above Member III of the deposits, sub-fossil mammal 
remains were noted in various localities. In the upper 
parts of the Kibish beds (Member IVa), several bone 
harpoon, heads were found, usually associated with con- 
centrations of Etheria and Unio. 

All of the foregoing fossils are in process of further 
evaluation and it is hoped that these studies will result in 
more environmental mformation at a later date. 
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Geological Interpretation of Two 
Pleistocene Hominid Sites in the 
Lower Omo Basin* 


THE fossil hominids described in the following article by 
Dr Day were recovered from sedimentary unite defined as 
the Kibish Formation!*, which has five major subdivi- 
sions. The first three, Members I, II and III, consist of 
delta-plain, delta-frmge and prodeltaic sediments repre- 
sented by a total of twenty-one stratigraphbically signifi- 
cant beds, with a cumulative thickness of at least 108 m. 
Accumulation of each member was followed by major 
dissection. There are httoral deposits m Members IVa 
(at least 13-5 m) and IVb (at least 5 m). The upper part 
of Member III appears to le just beyond the range of 
uC datmg: an Htheria bank from the penultimate bed 
gave “greater than 37,000 yr” (Z-1203-A), while Unto 
shell from a stratigraphically uncertain bed gave “26,600 
yr or greater” (L-1203-F) (refs. 1-3). Member IVa can 
be dated about 9700-7700 BP by 1C, Member IVb about 
5900-5350 sP. The interval of non-deposition or erosion 
between Members III and IVa can be tentatively dated 
circa 35,000( ?)-9700 BP, that between IVa and IVb 
about 7700-5900 BP. 

The geology of the Kibish Formation type areas was 
mapped in 1968 at a scale of 1 : 11,000, using air photo- 
graphs taken in 1967 by R. I. M. Campbell. A simplified 
and reduced extract of the area of the sites is given ın 
Fig. 1. Wherever exposed, Member I rests disconformably 
on the cemented and dissected surface of the Late Pliocene 
Nkalabong Formation. The terminal units, which con- 
sist of consolidated lacustrine clays, silts and tuffa, are 
quite unlike those of the Kibish beds in terms of sediment 
properties and compaction. 

The earhest deposits of Member I consist of 7:5 m of 
light grey, silty clay and appear to be prodeltaic (colours 
follow the Munsell Soil Oolor Charts for fresh sediment 
facies (dry state); all textures were determined by the 
hydrometer method‘). They are covered by 1:5 m of 
light grey, lammated or rpple-bedded tuff of silt loam 
texture. This tuff is restricted ın area, representing dis- 
tributary channel or mouth-bars that are locally promin- 
ent because of their resistance to erosion. The tuff was 
followed by a variable series of up to 7 m of conglomerates, 
gravelly loams, and light grey, silt loams. Near Kenya 
Camp (Fig. 1) the gravel sequence increases in size and 
degree of rounding from base to top, culminating in 4 
well rounded, coarse-grade conglomerate, transported 
primarily by sliding motions‘ in a river channel of higher 
competence than the modern Omo River. The basal 
units are rich in weathered rhyolite pebbles, but weathered 
pebbles are absent ın the higher units while basalt almost 
completely replaces rhyolite as the primary pebble con- 
stituent. It seems that residual gravels of more local 
origin mark the first true fluvial beds while gravels trans- 
ported over greater distances constitute the later beds. 

Whereas the conglomerates were deposited in flood- 
plain or delta channels, the second half of Member I is 
constituted largely of clays or loams of prodeltaic or delte- 
frmge origin. Exception to this are some distributary 
channel-beds that overlie a minor disconformity, repre- 
senting a period of temporary emergence. The general 
stratigraphy of Member I can be summarized: (1) (base) 
7-5 m; light grey, silty clay; (2) 1-6 m; light grey, 


ee Contnbution No. 8, University of Chicago Group, Omo Research Expedi- 
n. 





enaA TRACKS È cH gITES 


wiy Oe 
= Kibish Formatron 
me: Hw: 


E Nkolabong Formation Cameras? 


Fig.1. Pleistocene stratigtaphis units of the Kenya Camp-Rhino Canyon 
area (very generalized, liod). veral small exposures of Members II and IV 
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laminated or ripple-marked tuff; (3) 6-5 m; intercalated 
conglomerates and light grey silt loams; (4) 0:5 m; 
white silt loam; (5) 11:5 m; very pale brown to pale 
brown, silty clay, sult loam and silty clay loam, with 
horizons of calcareous concretions or ferruginization ; 
(6) 24m; pale brown, current-bedded or ripple-marked, 
silty clay loam with limonitic stamimg; (7) (top) 1-0m; 
light yellowish brown, silty clay with secondary carbonate 
umpregnation of dehydration cracks. 

The major hominid site, KHS, is located 1-8 km 
north-west of Kenya Camp at 5° 24’ N, 35° 57’ E at 
435 m (Fig. 1). The Leakey’s trench, out mto the southern 
flank of a conical hill, records the upper part of Member I 
and the base of Member H (Fig. 2). Rapid denudation 
and a very incomplete vegetation mat has locally ımpeded 
the development of a mature so'l and an incipient 10 om 
(A)-horizon is frequently replaced by a 10 to 20 cm 
horizon of re-worked organic soil. Gradual leaching and 
surface transfer of primary salts from several of the 
strata, combined with capillary concentrations in the sub- 
soul, have produced a pedogenic horizon of diffuse sodium 
salts with a thickness of 30 to 50 cm. 

From bottom to top the strata aro as follows (with - 
reference to Fig. 2): (a) Over 3:00 m. Well stratified, 
very pale brown, silty olay; pH 7-6. Slightly hard with 
blocky structure. Terminated by clear, wavy boundary 
(consistence (dry), structure, horizon boundaries, and 
colour patterns are described according to the US Soil 
Survey terminology). (Member I, bed 5.) (b) 0:15 m. 
Well stratified, light yellowish brown, silt loam with 
distinct, horizontal, reddish yellow limonitic staining; 
pH 8-3. Embed weakly to strongly cemented ferrugmous— 
calcareous concretions of various sizes. Soft, with blocky 
structure and traces of diffuse, primary sodium salts. 
Clear, wavy boundary. (Member I, bed 5.) (c) 0-30 m. 
Well stratified, pale brown, silty clay; pH 8-0. Slightly 
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hard; blocky peds with pyrolusite staming. Clear, wavy 
boundary. (Member I, bed 5.) (d) 1:05 m. Well strati- 
fled, very pale brown, silty clay loam; pH 7-8. Witha 
few fine but distinct, reddish yellow mottles and weakly 
cemented ferruginmous microconcretions in sand grade. 
Biotite present among sands. Slghtly hard and blocky; 
abrupt, wavy boundary suggests erosional truncation. 
(Member I, bed 5.) (e) 1:80 m. Well stratzfied, in part 
current or ripple-bedded, pale brown, mlty clay loam with 
abundant and prominent, reddish yellow lmonitic staming 
in form of subcontmuous horzons and fine mottles; 
pH 71. Slightly hard, blocky. Biotite, muscovite, 
amphiboles and pyroxenes among sand fraction, with 
wafery quartz grams of tuff origin. Truncated by abrupt, 
wavy boundary. (Member I, bed 6.) (f) 0-60 m. Laminated, 
hight yellowish brown, clay with primary halite, and 
strongly cemented calcareous concretions with sodium 
salts (40 per cent CaCO,; pH 7-8) that form subcontinuous 
horizons (up to 2 em thick) or fill mmor, vertical carch 
networks. The clay itself is non-caleareous, hard and has 
conchoidal structure; pH 6-9. Truncated by abrupt, 
smooth boundary. (Member I, bed 7.) (g) 0-30 m. 
Laminated, light grey tuff, primarily in 10-50 micron 
grade (silt loam) with some biotite in sand fraction; 
pH 7:0. Slightly hard with blocky to platy structure. 
Truncated by abrupt, wavy boundary. (Member I, bed 
1.) (A) Over 1:00 m. Well stratified, pale brown, clay 
with primary sodium salts and gypsum; pH 7-3. Slightly 
hard with conchoidal structure. Grades up into some 
20 m of alternating clays and silts, rich in salts, 
and with ferruginous horizons. (Member II, bed 2.) 
Beds (a) to (f) mark the terminal stratigraphic subunits 
of Member I, beds (g) and (h) the base of Member II, 
Kibish Formation. With the exception of the concre- 
tionary horizons and certain cleyey lenses, such as bed 
(c), each unit has stratigraphic meaning over areas of 
many square kilometres. The Omo I skeleton was found 
at the minor disconformity separating beds (d) and (e). 
Very probably beds (a), (b) and (c) were deposited in a 
pro-deKaic environment, with the textural contrasts as 
well as carbonates or ferruginous horizons reflecting 
differences of water depth or impeded arculation (inter- 
distributary bays ?). The texture and other characteris- 
tics of bed (d) are reminiscent of overbank silts associated 
with distributary levées in the delta frmge. The moittles 





Fig. 2. Stratigraphy of the hominid alte, KHS. Vertical exaggeration 2 : 1. 
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follow root structures of reed or sedge vegetation, prob- 
ably contemporary with the final phase of deposition. 
Bed (e), with te bedding properties and heavy mineral 
concentrations, is probably typical of distmbutary- 
channel or mouth deposits ın the delta fringe. This 
interpretation is supported by the radiocarbon-dated 
Etheria bank*, which comes from the base of (e). Subse- 
quent emergence is indicated by the ferruginized root 
structures. A pro-deltaic environment 18 once more strongly 
suggested by bed (f), the solubles of which umpregnated 
a strongly dehydrated sediment at a much later date. 

The local development of the tuff, in part grading into 
a coarse detritus on slopes of 20° or more, in part highly 
saline on absolutely horizontal surfaces, indicates sub- 
aqueous deposition in waters of variable depth and 
circulation, standing within the irregular topographic 
outlines of an old, dissected delta plain. The subsequent, 
massive sequence of bed (h), constituting the remainder 
of Member I, is characteristacally pro-deltaic. 

On the basis of this detailed analysis of the sedimentary 
sequence, there can be little doubt that the KHS site was 
occupied by man during a period of temporary emergence. 
The over and underlyig deposits mdicate a setting on 
shallow levées of the delta fringe. The ‘sporadic presence 
of partially articulated mammalian bones at this horizon 
also suggests that the Omo distributaries were near by. 

The second site, PHS, 1s located on the westerly sido 
of the Omo valley, 4:8 km north-west of Kenya Camp 
at 5° 25-5’ N, 35° 55:5’ E, and at about 485 m (Bite 2, 
Fig. 1). Unhke site KHS, where some bone and arte- 
factual material was found geologically sealed in place, 
the skeletal remains (Omo II) at PHS (Site 2) were found 
spread over the side of a small clay residual, just next 
to a hill representimg the upper half of Member I and the 
lower third of Member II. Although ıt was therefore not 
possible to determine the stratigraphic position with 
complete certainty, it is not likely that the bones have 
been exposed for long, or that they have been “lowered” 
appreciably through erosion of the underlying sediments. 
Consequently, the vertical position of the hominid can 
be related to the stratigraphic sequence exposed a few 
metres away and 1t is very probable that it comes from the 
top of unit (5) or the base of umt (6), Member I. The 


* Shell was submitted by R. E. Leakey to both Geochron and Isotopes Inc. 
for “C daing. 
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same erosional disconformity is present here some 3 m 
below the characteristic tuff that marks the base of 
Member I. Because the sedimentary sequence is quite 
analogous, there seems little reason to question the assign- 
ment of the hominid Omo IT at PHS to the same level 
as that of Omo I at KHS. 

The stratigraphy and interpretation of the hominid 
sites have indicated that Members I, II and most or all 
of HIT antedate 35,000 sr, that is to say, the effective dat- 
ing range of “C. The tuffs of these earlier units are too 
voung for accurate dating by potassium-argon. Similarly, 
the faunal materials found in situ within the Kibish 
Formation cannot be dated precisely. Consequently, 
no firm date can be given for the hominid level. 

In conclusion, the sites of Omo I and IT both come from 
the same level, a minor disconformity in the upper third 
of Member I, Kibish Formation. The palaeo-environ- 
mental setting of both sites was within the former Omo 
delta fringe near the shores of a greatly expanded Lake 
Rudolf, approximately 65 m above modern lake level 
(370 m); the site KHS was possibly situated on a shallow 
levée. Members I and IT predate the range of radiocarbon 
dating, while Member III probably terminated about 
35,000 Bp. This would indicate that the hominid level 
is no younger than mid-Upper Pleistocene but that it 
may be as old as late Middle Pleistocene. 

The site of Omo TIT was not seen by myself, but seems 
to be related to Member III of the Kibish Formation 
(R. Leakey, personal communication). 

This work was supported in part by a grant from the 
US National Science Foundation. Llustrations were 
drawn by J. A. Kirchner. 
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Omo Human Skeletal Remains 


Remains of three adult individuals were recovered in 
large quantity by the Kenya group of the 1967 expedition 
and have been designated Omo I, Omo IT and Omo HI. 
All the material is very mineralized and, for the most part, 
undistorted and lacking in pathology. It has been difficult 
preparing the material for examination because of the 
hardness of adherent matrix and the degree of com- 
minution of one skull and several of the long bones. A 
eomplete list of the material is given in Table 1. 


Omo II (Site PHS) 


This is the best calvaria of the three, the cranial vault 
being intact except for the right supraorbital region and a 
few small deficiencies in the parietal and occipital bones. 
The face is missing, as is a substantial part of the skull 
base ineluding the basilar part of the occipital bone and the 
body of the sphenoid. Fortunately, both temporal bones 
and the nuchal portion of the occipital bone are preserved. 
The foramen magnum can be determined by its posterior 
and left lateral margins allowing identification of the 
opisthion. 

The principal sutures are completely closed, although 
the ectocranial marks of the coronal, sagittal and lamboid 
sutures are still recognizable; thus it is possible to define 
the bregma, the lambda and the asterion of each side; 
it is less easy to define the pterion, but the sutural pattern 
here appears to be of the “human” type. If the state of 
sutural synostosis can fairly be compared with that of 
modern man, then the skull would appear to belong to an 








Fig. 3. 


Omo IF calvaria, left lateral view. 


individual of advanced years. The cranium is heavily 
built with stout parietes and rugged muscle impressions. 
The maximum thickness of the parieto-mastoid region 
(on the angular torus of the parietal bone near the aster- 
ion) is 13 mm on the right and 13-5 mm on the left, and 
the maximum thickness in the region of the bregma is 
9 mm. 

In general form the skull is dolichocephalic. Its greatest 
length (glabella/opisthocranion, minimally reconstructed) 
is 215 mm; its greatest breadth (bimastoid) 145 mm. 
The Cranial Index is 67-5. 

In lateral view (Fig. 3) the skull has several striking 
features, the most outstanding of which are the recession 
of the forehead, the size of the occipital torus and the 
flatness of the nuchal plane. The outline of the vault 
slopes almost directly backwards from the region of the 
glabella, the curve smoothly increasing to the bregma 
which appears to coincide with the vertex when the skull 
is orientated in the Frankfurt plane. Behind the bregma. 
the outline proceeds gently at first then dips evenly to 
the bulge of the external occipital protuberance by 
traversing a slight supratoral depression. The inion and 
the opisthocranion coincide. The occipital torus blends 
laterally with a marked supramastoid crest which in 
turn surmounts a prominent downturn mastoid process. 
The crest is continuous with the base of the zygomatic 
process of the temporal bone, and passes above the external 
auditory meatus as a low ridge. Above and behind the 
meatus on the left side there is a short linear depression 
in the region of the suprameatal triangle. The tympanic 
bone is extremely robust posteriorly and it encloses an 
elliptical meatus the principal axis of which is inclined 
forwards. 

The supraorbital torus runs laterally to a thickened 
zygomatic process; this in turn gives rise to a prominent 
temporal ridge that sweeps posteriorly almost parallel 
with the vault outline, to rejoin the supramastoid crest. 
Surface erosion precludes its exact delineation throughout. 

The frontal view of the Omo TI skull reveals the lowness 
of the vault, the recession of the frontal region, the lateral 
bulging of the supramastoid crests and the presence on the 
vault of a sessile sagittal torus or keel (itself the subject 
of a shallow sagittal groove along part of its inter-parietal 
course) flanked by shallow parasagittal depressions. The 
glabella is broken away to reveal an endocast of the left 
frontal sinus. This sinus extends laterally into thé orbital 
roof and backwards between the tables of the skull. 

In occipital view the frontal outline is confirmed, and 
the supramastoid bulge is accentuated by the inturned 
direction of the mastoid processes. The most remarkable 
feature of this view, however, is the messive size of the 
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occipital torus which spans the skull and divides the 
squamous part of the occipital bone into an upper, curved, 
occipital portion and a lower, flat, nuchal portion. The 
lower border of the torus overlaps the nuchal plane as a 
thick rolled edge that culminates medially in a triangular 
prominence the apex of which leads down to an external 
occipital crest that terminates at the foramen magnum. 
The impresses for the nuchal muscles are considerable 
and testify to the size of the nuchal muscle mass. The 
nuchal plane is separated from each mastoid process by 
a deeply incised digastrie groove that is bounded medially 
by a prominent occipitomastoid crest. There are sutural 
and exsutural mastoid foramina on both sides, but there 
is no external evidence of parietal foramina. 

The basal view of the skull is characterized by the size 
of the zygomatic processes of the temporal bones, the 
depth and extent of the artitular fossae and the stoutness 
of the left supraorbital ridge. The base of each temporal 
bone is of particular interest because the robust tympanic 
bone appears to abut directly on the squamous portion 
of the temporal at the squamotympanie fissure with no 
intervention of a tegmen tympani, while the vaginal 
portion of the tympanic plate surrounds a distinct styloid 
groove leading to the stylomastoid foramen. The st vloid 
process is absent. Much of the foramen magnum is 
missing, including the occipital condyles; none the less, 
its postero-lateral quadrant is preserved on the left side 
and is thickened by a postcondylar tuberosity. As far 





as can be judged, the plane of the postcondylar part of 


the foramen faces downwards and forwards when the skull 
is orientated in the Frankfurt plane. 

Internally, the skull is marked by a well defined frontal 
crest which leads back to a median sagittal ridge that, 
further posteriorly, develops a groove to house the superior 
Sagittal sinus. The internal occipital protuberance is 
low and widely separated from the external occipital 
protuberance. Provisional estimates of the cranial 
capacity show a mean value of 1,435 ee +20 ec. 


Omo | (Site KHS) 


The skull of Omo I consists of an incomplete vault that 
includes parts of the occipital bone, both parietal bones 
and most of the frontal bone. Much of the right temporal 
bone, the right zygomatic bone, and three maxillary frag- 
ments are present. The mandible is represented by the 
symphysial region, part of the left side of the body, the 
right ramus, and the condylar process. Two tooth crowns 
belong to the right upper canine and the left lower first 
molar. 

The superior sagittal suture is closed and entirely 
obliterated internally, but the coronal and lambdoid 
sutures are open wherever they are preserved. Tt is not 
possible to define the bregma, the lambda or the asterion 
with absolute confidence, but the glabella and the opisthion 









Table 1, 


NATURE, VOL. 222, JUNE 21, 1969 


are both intact. While the skull is clearly adult, it may 
belong to a younger individual than Omo IT. Similarly, 
while the vault is robust by modern human standards, 
it seems to be more lightly built than the Omo II ealvaria. 
The maximum length of the Omo I skull is 210 mm 
(glabella/opisthocranion), and the glabella/inion length a 
little less, 207 mm, the opisthoeranion being about 10 
min above the inion. The maximum breadth can only be 
estimated by doubling the half breadth, as much of the 
left side of the vault is missing. A provisional estimate 
of the greatest breadth is 144 mm (biparietal) producing 
a provisional Cranial Index of 68-5. À 

In lateral view (Fig. 4), the outline of the skull differs 
markedly from that of Omo II particularly in the occipital 
region. From the prominent glabella the contour passes 
gently backwards through a shallow supratoral sulcus and 
rises evenly to the vertex. Behind this point the curve 
steepens in the mid-parietal zone and descends smoothly 
to the inion which forms part of a moderate oceipital 
torus that is undercut by the nuchal attachments. The 
occipital torus fades laterally and almost. disappears 
before reaching the temporal region. The mastoid process 
is prominent and downturned. 

In frontal view the Omo I skull shows a higher vault 
than Omo II, a receding forehead and an expanded 
parietal region. The supraorbital torus is prominent and 

















Fig. 4. Omo Į calvaria, right lateral view. 


LIST OF THE OMO HUMAN SKELETAL MATERIAL 


Limb bones 

























OMO I Skull 
Incomplete calvaria including frontal, parts of both parietals and 
occipital bone, and right temporal bone. 
Facial skeleton 
Right and left maxillary fragments, right zygomatic, symphysial 
region and part of the body of the mandible, right mandibular ramus 
and condyle. Teeth present include right upper canine crown and left 
lower first molar crown. 
Vertebral column 
‘Three cervical vertebrae and several cervical spinous processes, Lower limb 
Three thoracic spinous processes, eight neural arch fragments and Distal end of right femur, parts of the shafts of both tibiae, distal end 
transverse processes, of right tibia, distal end of right fibula. CAI of the following foot bones 
One lumbar neural arch and transverse process. belong to the right side) Navicular, medial cuneiform, intermediate 
Numerous rib fragments Including nine rib heads. cuneiform, cuboid, first metatarsal, second metatarsal base and shaft, 
d fourth metatarsal base, first proximal phalanx, terminal phalangeal 
. fragments. 
OMÖ JI Skall 
Almost complete calvaria lacking face and part of the base. —— 
OMO TIE Skull 


Frontal fragment including the glabella, and a vault fragment. 


Tr addition, there are 800 g of, as vet, unidentified fragments, 
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Fig. 5. Omo IIT skull fragments. 





leads laterally to thickened zygomatic processes. On the 
right, the frontal bone is a little distorted making accurate 
reconstruction difficult. Both frontal sinuses are filled 
with hard matrix. The vault shows neither sagittal keel 
nor parasagittal flattenings, but it has a smal! depression 
of the outer table in the mid-frontal zone. 

In occipital view the skull is well rounded and shows a 
restricted nuchal plane, modest nuchal markings and a 
lower inion than Omo II. The maximum breadth of the 
skull is low on the parietal bone. Paired parietal foramina 
are present, and an exsutural mastoid foramen on the right 
side. 

The base of the skull is almost entirely missing, but the 
right temporal bone shows some interesting features. 
A fortunate break in the petrous temporal reveals a perfect 
endocast of the cochlea and exposes the semicircular 
canal system. 

Much of the foramen magnum is missing, including both 
of the occipital condyles, but the opisthion and part of 
the left margin of the opening are present. This margin 
shows no post-condylar tuberosity. The plane of the 
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Fig. 6. 
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Omo I (right) and Omo II (left) calvaria, compared in occipital view. 
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post-condylar portion of the foramen magnum faces 
downwards and forwards when the skull is orientated in 
the Frankfurt plane. 

Internally, the frontal crest is high and leads back for 
at least one third of the sagittal length of the frontal bone; 
beyond this the internal sagittal ridge is low and has a 
poorly defined groove. The internal occipital protuber- 
ance is set low and corresponds in position with the exter- 
nal occipital protuberance. The groove for the superior 
sagittal sinus is weak and joins the groove for the left 
transverse sinus. The cranial capacity of the Omo I 
skull can only be estimated from water displacement of 
an endocast of the fully restored and reconstrueted 
cranium; however, at present there is no reason to believe 
that it will prove to be less than that of Omo IT. 

The facial bones are seanty and broken, but in general 
are of moderately robust structure; the maxillary frag- 
ments can be arranged in a U-shaped arcade to match the 
mandibie. The symphysial portion of the mandible is of 
particular interest because it displays a well developed 
chin, posteriorly placed digastric impressions, single 
mental foramina and genial tubercles. 

The canine tooth is heavily worn so that the incisive 
edge is flat with considerable exposure of the dentine. 
The labial surface is convex and the lingual surface, also 
worn, expanded towards the base. The crown of the tooth 
is robust by comparison with modern human teeth. 
(Crown dimensions—-mesio-distal length 8-9 mm; buceo- 
lingual breadth 8-1 mm.) 

The molar tooth is heavily worn and incomplete, lacking 
part of its distal half. Sufficient of the crown is retained, 
however, to identify five cusps and a Y-shaped fissure 
arrangement. There is no evidence of a buecal cingulum 
and none of secondary enamel wrinkling. (Crown dimen- 
sions—mesio-distal length, unobtainable; bucco-lingual 
breadth 11-5 mm.) 

The post-cranial bones listed in Table 1 are parts of the 
skeleton of the upper limb girdle, the arm, the forearm 
and the right hand, as well as parts of the cervical, thoracic 
and lumbar portions of the vertebral column. The lower 
limb remains include parts of the right femur l both tibiae, 
the right fibula and the right foot. There are ho recogniz- 
able parts of the pelvic girdle. The bones are fully adult, 
strongly built and carry commensurate muscular impres- 
sions. Anatomical examination has disclosed no features 
that can be said to be outside the range of normal variation 
of the post-cranial skeleton of modern man. 








Omo lli 
The few remains of the third individual belong to the 
skull alone (Fig. 5). 


There is a left fronto-parietal frag- 
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Both skulls are orientated in the Frankfurt plane. 
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ment which includes the lower part of the fronto-parietal 
suture and the superior temporal line at its junction with 
the suture (the stephanion). The suture is closed, but it 
is still discernible on the ectocranial surface, suggesting 
that the individual was adult. The fragment is relatively 
thin. but this may be the result, at least in part. of 
weathering of the specimen. Internally, it is just possible 
to trace the larger meningeal vascular grooves. 

The only other fragment consists of the glabellar region 
and includes part of the frontal bone, small parts of the 
frontal process of each maxilla and small parts of both 
nasal bones and the ethmoid bone. This fragment is 
heavily built, having a marked supraorbital torus divided 
by a weak glabellar depression; also, the receding fore- 
head is separated from the torus by a shallow supratora! 
groove. 

Assessment of the affinities of the Omo skeletal remains 
must depend eventually on intensive anatomical investiga- 
tion coupled with wide comparative studies including 
multivariate statistical analysis. In particular, it is 
hoped to construet a discriminant function from cranial 
s that will assist in the grouping of these and 
l skulls. 

The anatomical evidence so far suggests that all the 
Omo specimens should be attributed to Homo sapiens, 
although all three skulls show a number of specialized 
features; also, the two major specimens show striking 
differences of skull form. The more complete ecalvaria, 
Omo IT, has many features both in its general configuration 
and in its detailed anatomy, which is sirnilar to the Solo 
skulls and, to a lesser extent. the Broken Hill skull. the 
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Vertessöllös occipital, the Kanjero skulls, and even indeed 
Homo erectus. On the other hand, the Omo I skull, which 
is contemporaneous with Omo II, is more modern in its 
general form and can be reasonably compared with both 
the Swanscombe and Skuhl skulls. The presence of a chin, 
of relatively modern teeth, of a rounded occiput and of a 
considerable quantity of limb bones of modern human 
form supports this suggestion. The fragmentary remains 
of the later Omo HI skull preclude any real assessment 
of its affinities at this time, but what resemblance it. has 
lies with the more modern of the first two Omo skulls. 

Thus we can say that, at this time in East Africa, there 
were early representatives of Homo sapiens whose range 
of normal variation, at least in terms of skull characters, 
was every bit as wide as that known for Upper Pleistocene 
sapients from other parts of the world. What is obscure 
at present, and what the full evaluation of these remains 
may illuminate, is. first, the relationship of the more 
rugged Omo form to other early sapients and to Homo 
erectus; and second, the relationship of all the Omo 
material to the origin of Homo sapiens in the Lower 
Middle Pleistocene or even the Lower Pleistocene periods. 

I thank Mr Richard Leakey for the opportunity to 
study this important material. and the Natural Environ- 
ment Research Council for supporting this work. 


M. H. Day 
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THE potential significance of the lower Omo valley for 
the palaeontology and stratigraphy of East Africa was 
first suspected by E. Suess in 1891 (ref. 1) on the basis of 
L. von Höhnel’s observations. He placed the Omo Delta 
and Lake Rudolf within the Kenya Rift, emphasizing the 
palaeogeographic implications of the nilotic fauna. In 
1896, the ill-fated Bottego Expedition explored the lower 
Omo valley and its geologist, M. Sacchi, recognized the 
widespread sedimentary series that cover the basin floor’. 
Sacchi’s bouts with malaria hindered him from visiting 
‘the area of the fossiliferous Omo Beds, which were sub- 
sequently discovered by E. Briimpt in 1902 (ref. 3). This 
first fossil collection found its way to Paris and ultimately 
led to Č. Arambourg’s pioneer work during 1933 (ref. 4). 
He recognized the Omo Beds as lacustrine or fluvio- 
lacustrine deposits of apparent early Pleistocene age; 
they were unconformably overlain by late Pleistocene 
lacustrine beds. Detailed examination of the Omo Beds 
type area was begun by F. H. Brown in 1966 as a prelude 
to the systematic, multi-disciplinary studies of the 
international Omo Research Expedition to the Omo valley 
in 1967 (ref. 5) and 1968. 

The expedition included teams from Kenya, France 
and the United States. Geological and geomorphological 
investigations were carried out by K. W. Butzer. F, H. 









Geological and geomorphological studies in the lower Omo valley 
1967-1968 have established a sedimentary sequence recording much 
of the late Cenozoic. 


Brown and J. de Heinzelin (Chicago group). and by J. 
Chavaillon (French group). This article outlines the 
stratigraphy and depositional history of those sedimentary 
formations studied by Butzer. including the late Pliocene 
Mursi and Nkalabong Formations. the late Pleistocene 
to mid-Holocene Kibish Formations, and the late Holocene 
Lobuni Beds. The radiocarbon dating of the Kibish is by 
Thurber. 





Geological Setting 

The lower Omo Basin is a tectonic depression, forming 
an extension of the Lake Rudolf trough (Fig. 1). The 
regional basement is formed by Pre-Cambrian metamor- 
phies, primarily gneisses and amphibolites with intrusions 
of granite and pegmatite. In the Nkalabong Range. this 
basement complex is direetly overlain by a thick sequence 
of extrusives, the lithological and stratigraphic details 
of which remain to be studied. Pending isotopic dates 
from Mt Nkalabong (F. H. Brown, in preparation; see 
also ref. 5), dating of the lavas of Turkana and the 
Ethiopian Plateau’ suggests a Miocene to early Pliocene 
time range for the voleanics of the basin peripheries. 

The essential topographic outlines of the lower Omo 
valley were formed by downwarping and downfaulting 
before deposition of the earliest known deltaic sediments, 
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Fig. 1. The Lower Omo Basin. 

well before 4 million yr ago. Block faulting upraised the 
Amar-Kokke Highland? to the east. between the Omo 
River and Lake Stefanie. West of the basin, a series of 
fault blocks was formed, dipping to the west*. At the 
scale of the Gemini IV photography these blocks appear 
to form part of a system of fractured, plunging folds. As 
a result, the country west and south-west of the lower 
Omo Basin has a marked basin-and-range topography, 
with a series of interconnected depressions that have 
intermittently linked the Omo-Rudolf trough to the Nile 
system. 

There is only limited evidence as to the nature of geo- 
morphologie processes in the lower Omo Basin during the 
Miocene and early Pliocene. A high planation surface 
ean be recognized at a height of 900 to 1,200 m on the 
Amar-Kokke Horst. Its age must exceed that of the 
major deformation of the basin. but in all other respects 
its origin remains obscure. Younger planation surfaces 
that delimit the margins of the basin are pediments, cut 
into the peripheral highland masses and graded to about 
the same level as the local basin fill. Bevelling of these 
rock surfaces must have begun before deposition of the 
earliest deltaic sequence, because these beds are in part 
disposed on top of pediment-like footslopes of the western 
Nkalabong Range. Pedimentation, however, continued 
to modify the basin peripheries intermittently through 
the late Pliocene and the Pleistocene. The resulting forms 
converge, so that multiple levels or stages cannot be 
recognized on the basis of erosional criteria. 





The Mursi Formation 


The oldest sedimentary sequence within the basin is 
exposed south-west of the Nkalabong Range, at a 
height of 400 to 560 m (Fig. 2). Tt consists of 145 m of 
semiconformable deltaic and prodeltaic beds, overlain by 
3-5 m of bagalt that reaches a maximum thickness of at 
least 27 m. The base is not exposed, but it presumably 
rests on Mio-Pliocene extrusives. The type area is known 
as Yellow Sands (5° 24’ N, 35° 57’ E), located 85 km 
north of the present shores of Lake Rudolf. The designa- 
tion Mursi is here adopted for this formation, after the 
name of the local tribe. 
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The Mursi Beds were first recognized as a sedimentary 
unit by the Kenya group of the expedition in 1967, and 
fossils were collected in the type area. No geological 
examination was caried out, however. In 1968, one of us 
(K. W. B.), assisted by Claudia Carr. studied the formation 
in detail, mapping the sediments of Yellow Sands at a 
scale of 1: 10,500. 

The basie stratigraphy of the formation can be sum- 
marized as follows (from bottom to top): Member J. Four 
beds with over 43 m of alternating thin and massive- 
bedded clays, silts and sands with intensive limonitie 
staining, horizons of sodium salts and gypsum lenses. 
One or more lenticles of tuffaceous silts. Horizontal, with 
terminal inclined beds, originally dipping to SW. Member 
IT. Six beds with 24 m of alternating topset strata (sands, 
silts, clays) with several tuff-derived beds and a single, 
typical tuff unit. Intensive limonitic staining in most 
beds; sodium salts in lower units; massive ferruginous 
nodules in middle units. One or more gravel lenses among 
current-bedded sands mark the fossiliferous horizons 
(R. E. Leakey. in preparation). Member ITT. Six beds 
with 76 m of fairly homogeneous. horizontal strata of 
clays, silts, and sands with horizons of diffuse sodium salts 
or erystalline gypsum, as well as Iimonitic mottling. Some 
beds contain Viviparus and, locally, mammalian fauna. 
Shiangoro Alteration Zone. Red, baked sediment of 
Member HI. consisting of a 1 m colour B-horizon (clay, 
with coarse angular blocky structure) and a 2 m BC- 
horizon (sandy loam), under a b5 m zone of thoroughly 
decomposed basalt. (Designation of Shiangoro after the 


native village at 524° N, 35° 57’ E, shown on the 
1 : 250,000 topographie map. series Y501, Survey Office, 
Member IV. 


Khartum, 1941.) 27 m of olivine basalt 
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Fig. 2. Distribution of the major late Cenozoic sedimentary forma- 


tions in a part of the Lower Omo Basin (simplified). 
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primarily massive or columnar. K/Ar dates 425 and 
4-05 million yr (dated by G. H. Curtis and F. H. Brown, see 
ref. 5; further date pending by F. J. Fitch and J. A. 
Miller). 

The Mursi Formation (Members I-III) records a sedi- 
mentary sequence from the delta of a primaeval Omo 
River and it seems that the delta-lake shoreline fluctuated 
repeatedly through an area approximately 80 to 100 km 
north of the modern delta-fringe. Nilotie Mollusca 
(Corbicula, Viviparus), fish (including Lates niloticus) and 
crocodile indicate hydrographic links with the Nile system 
presumably to the Umm Ruwaba Series of the Palaco- 
Sudd Basin?" 

Major deformation of the Mursi Formation postdates 
the basalt, which is cut by a number of faults. At Yellow 
Sands the primary fault system strikes N 50° to 60° E, 
while a transverse fault system strikes N 15° W to N 15° E. 
Maximum vertical throws exceed 58 m while the cumula- 
tive displacement of normal faults exceeds 98 m and may 
possibly be in the order of 220 m. Most of the faults are 
normal, with the eastern side of the blocks downthrown. 


The Omo Beds or Shungura Formation and the Usno 

Formation 

Reinvestigation of the “classical” Omo Bed exposures 
was begun in 1966 by F. H. Brown, who showed that at 
least 330 m of sediments were present and that the struc- 
tural complexity far exceeded anything that Arambourg 
had envisaged (F. H. Brown, unpublished report to the 
Wenner Gren Foundation, 1966). Additional work by 
Brown and Chavaillon in 1967 (results and K/Ar dating 
of the 1967 season are summarized by Brown in ref. 12, 
and by Howell in ref. 5; results of the French group are 
reported by Arambourg et al.t?), and by de Heinzelin and 
Brown in 1968 has since shown the stratigraphie thick- 
ness to be in excess of 500 m, with neither the base nor the 
top of the sequence seen. These beds are now exposed 
over a considerable area (Fig. 2) ranging in height from 
370 to 455m. The type area which is extensively dissected 
is more restricted (about 75 km?), forming a narrow belt 
between latitudes 50° and 510° N, part of which (north 
of about 5-4-20° N) marked the concession of the Chicago 
group during 1968. The structure and stratigraphy of 
this sector were mapped at a scale of about 1 : 10,000 by 
de Heinzelin. 

The Omo Beds are analogous, in terms of facies, to both 
the Mursi and Usno Formations (see later). Clays, silts, 
sands and tuffs of deltaic or possibly prodeltaic origin are 
dominant, and de Heinzelin believes that periods of 
emergence are suggested by hydromorphic soils and 
possible aeolian features. No major disconformities are 
known. Ten tuffs are recognized as persistent strati- 
graphic markers (A through J upwards) while six further, 
subsidiary and less persistent tuffs (P through U upwards) 
occur at several points in the succession. Five K/Ar 
determinations are available on tuffs By, D and J,, ranging 
in age from 375 to 1:81 million yr’. (Revisions of 
the generalized stratigraphy given in ref. 5, Fig. 2. now 
require the designation of the former tuff H as J.) This 
seems to indicate that the Omo Beds of the type area 

„are younger than the Mursi Formation. The more 
specific designation Shungura Formation has been pro- 
posed, after the Bume village (5-3° N, 363° E) of that 
name, This formation would span the terminal Upper 
Pliocene and most of the basal Pleistocene in terms of 
current views on the Phanerozoic time-scale. 

The Shungura Formation was faulted extensively after 
deposition, and minor folding took place. There are at 
least three major and two minor normal faults. The slip 
planes of the major faults dip steeply eastwards, at angles 
of up to 65° or 70°; downthrusts may be as much as 100 m. 
The strike of the major faults is about 0° N-20° E and the 
fault blocks dip westwards at 8°-15°, oceasionally as 
much as 25°. The minor faults commonly strike about 
85° N-90° E and transect the type area to produce a series 
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of compartmentalized blocks. De Heinzelin recognizes 
three, and possibly four, episodes of faulting. 

Another sedimentary sequence, with certain similarities 
to the Mursi and Shungura Formations, was discovered at 
White Sands (5-18-20° N, 36-12° E) by the Chicago group 
in 1967. The geological succession was subsequently 
studied by de Heinzelin and Brown, with detailed sections 
and mapping of the eight different exposure areas (see 
ref. 5, Figs. 3-4). The semiconformable or disconformable 
sequence of deltaic beds, intercalated with coarse detrital 
units, has a stratigraphic thickness of some 200 m (now 
exposed in a range 415 to 458 m high). The sedimentary 
units at White Sands are designated as the Usno Forma- 
tion, named after the major Omo tributary, north of the 
area. The stratigraphic column has been provisionally 
grouped into nine sequences", 

The Usno Formation records repeated changes of facies 
apparently reflecting lateral shifts in position of the delta 
and floodplain of the Omo River (or a major tributary)— 
west or north of the exposure area—and a piedmont 
alluvial plain—to the east. The silts and clays are either 
deltaic or floodplain deposits, probably including pro- 
deltaic beds; the sands and gravelly sands are fluvial 
and suggest alluvial fans or similar piedmont alluvia. 
The absence of contemporary deltaic beds at Yellow Sands 
may indicate that the Omo Delta was located farther 
south than it had been earlier. Again, nilotic Mollusca, 
fish (Polypterus, Hydrocyon) and crocodile would suggest 
prior or contemporary links with the Nile system. Faunal 
associations (F. C. Howell, in preparation) indicate that 
the Usno Formation is younger than the Mursi and that 
it is probably a lateral equivalent of part of the Shungura 
Formation. 

After the close of the sedimentation period, the Usno Beds 
were disrupted by steep tensional faults with a general 
strike of N 25° E. The fault blocks dip 10° to 14° WNW. 


The Nkalabong Formation 


The oldest undeformed beds of the Lower Omo Basin 
are exposed west of the Nkalabong Range, primarily east 
of the Omo River between latitudes 5-23° N and 5-35° N 
ranging in height from 405 to 475 m. They are here 
designated as the Nkalabong Formation, after the moun- 
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tain range of that name. The type sections are located in 
Neusi Korongo (5:25:54° N, 35-36-11° E), an area first 
studied by Butzer in 1968, and geologically mapped at a 
scale of 1: 10,500. The formation differs from all other 
sedimentary sequences in the basin in that deltaic beds are 
essentially absent. Instead, the 88 m of sediment consists 
of a complex succession of fluvial deposits, lapilli tufts, 
and lacustrine beds. The Nkalabong Formation rests on 
weathered, denuded and dissected basalt of the Mursi 
Formation, a corrugated and step-faulted land surface, 
the segments of which dip 3° to the W and NW. 

The sequence can be summarized from bottom to top: 

Member 1. Bed (a). 9 m. Current-bedded silts and 
clays of Omo River, channel directions SE to SSW. 
Bed {b}. 26 m. Horizontal and current-bedded con- 
glomerates of Omo River, with sandy tributary inter- 


digitations; channel directions SSE to SW. Bed (e). 
2m. Calereted sands rich in voleanic ash; surface inten- 


sively patinated. 

Member 1I. Bed (a). 14 m. Horizontal and cross- 
bedded fluvial sands, filling valley floors. Bed (b). 0°5m. 
Waterlaid tuff with coarse detritus. Bed (ce). 18 m. 
Massive lapilli tuff, restricted to incised valleys. 

Member III. Twelve beds with 19-5 m of topset clays, 
silts, and tuffs with a uniform 5° W dip. Topmost meter 
calcified (Caleorthid paleosol). 

The former course of the Omo River can be inferred 
from the bedding directions of the Member I deposits; 
the major channel was located east of its present position 
in the type area. The lack of substantial gravel in the 
bed load of the modern Omo (at latitudes 5-00°-6-30° N) 
also suggests a period of greater stream competence for 
bed (b), Member I. Deposition of that member was 
followed by cutting of deep, narrow valleys across the 
western footslopes of the Nkalabong Range, draining in a 
westerly direction. The deposits of Member II which 
are primarily of aeolian facies, with limited colluvial 
reworking, do not suggest a local climate or palaeogeo- 
graphy significantly different from that of today. After a 
period of general erosion, the beds of Member ITI were 
deposited near the eastern shores of a lake, suggesting that 
the Omo Delta was located north of latitude 5-35° N, 
that is, more than 110 km north of modern Lake Rudolf. 
The uniform development of these fine grained and well 
sorted beds, with no local intercalations of coarse detritus, 
would seem to suggest a lack of torrential runoff from the 
western slopes of the Nkalabong Range, where present 
stream bed deposits range from coarse sands to sandy 
gravels. 

Lacustrine beds, very similar in facies and development 
to Member III, are exposed along the eastern footslopes 
of the Lorionetom—Lokomarinyang Mts. between latitudes 
4-54° N and 457° N, and ranging in height from 420 to 
450 (Fig. 2). They exceed 25 m in thickness and are 
designated as the Liwan Beds. 

There is no evidence for post-depositional deformation 
other than for a gentle tilting of the Nkalabong footslope 
region. Unfortunately, the Nkalabong Formation is non- 
fossiliferous except for rare but unidentifiable leaf impres- 
sions (examined by Claudia Carr) in the lapilli tuffs. 
Because these beds rest unconformably on the Mursi 
Formation and are overlain unconformably by the mid 
to late Pleistocene Kibish Formation (see later), their 
age can only be estimated in a general way. The original 
field inference that the Nkalabong Formation would be 
younger than the faulting of the Shungura and Usno 
Formations has not been confirmed by a K/Ar date of 
3-95 m.y. from the lapilli tuff (Member Hb) (see F. J. 
Fitch and J. A. Miller, p. 1143 of this issue). The relation- 
ship to the Shungura and Usno Formations may be sequen- 
tial, as tentatively suggested by Table 1, although Member 
I may also represent a lateral facies change contemporary 
with the basal units of the Shungura Fermation. If 
further isotopic dating proves the Nkalabong Formation 
to be of late Pliocene age, the faulting of the Shungura 
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and Usno Formations must have been localized to a 
restricted part of the lower Omo Basin. 


The Kibish Formation 

The existence of widespread, horizontal sediments in 
the Lower Omo Basin has been known since Sacchi 
mentioned lacustrine beds of an ancient Lake Rudolf, 
and provided a rough map of their distribution®. Pre- 
liminary stratigraphic observations on these beds were 
made by F. H. Brown (Chicago group) and by R. E. 
Leakey (Kenya group) in 1967, before a systematic study 
by Butzer in 1967-68. 

The Kibish Formation has been named after the police 
posts of that name (at 519° N, 35-53° E)“. Although 
widely exposed west of the Omo and Usno Rivers, good 
vertical exposures of these sediments, revealing the basal 
strata, are restricted to the gullied margins of the Omo 
floodplain between latitudes 5-18° and 535° N. The 
intensively dissected sectors adjacent to “Rhino Canyon” 
and “Kenya Camp” (5-23-24° N, 35:54-57° E) were 
chosen as the type area and geologically mapped by 
Butzer in 1968 at a scale of 1: 11,000, on the basis of air 
photos taken by R. I. M. Campbell in 1967. These maps 
show four stratigraphic subdivisions (members) of the 
Kibish Formation, as well as the various units of the older 
formations. 

On the basis of the field relations, corroborated by 
laboratory analyses and by thirteen radiocarbon dates 
by Thurber, the Kibish Formation is subdivided into four 
major units. Members I, IT and III consist of delta-plain, 
delta-fringe and prodeltaic sediments. These interpre- 
tations are based on a semi-detailed study of the sediment 
facies and geomorphology of the modern Omo Delta, 
which has been partially exposed by retreat of Lake 
Rudolf and where most of these beds find counterparts 
among recent depositional environments. Accumulation 
of each member was followed by major dissection. Lit- 
toral deposits, with well developed geomorphologie forms, 
are more significant in Members IVa and IVb than in the 
earlier units. A number of dissected piedmont alluvia or 
fans, not included in the Kibish Formation, as here de- 
fined, are broadly contemporary with Members IVa, IVb. 

Measured cumulative thickness of the Kibish Formation 
is 120-5 m, inferred thickness 130 m. The base rests on 
dissected, eroded and cemented units of the Nkalabong 
Formation. The sequence in the type area can be sum- 
marized as follows (from bottom to top): 

Member I. Seven beds with 31 m of alternating clays, 
silts, sands, conglomerates and re-worked tuffs, in part 
with diffuse sodium salts or ferruginous horizons. Hori- 
zontal and often laminated or ripple-marked. Some 
vertebrate fossils, including two fossil hominid sites 
(see R. E. Leakey, K. W. B. and M. H. Day, page 1132 
of this issue). 

Member II. Two beds with 22:5 m thickness. A basal 
tuff followed by massive silts with ferruginous horizons, 
silicified wood, and fish, crocodile and hippo bone. 

Member III. Twelve beds with 45-5 m of alternating 
clays, silts, sands and tuffs with some horizons of sodium 
salts or limonite. Horizontal, with terminal inclined beds. 
One or more lenses with Melanoides and Unio shell as 
well as mammalian and fish bone. : 

Member IVa. Five beds with 135 m of clays, silts, 
sands and gravels. 

Member IVb. Five beds with 8 m of tuffs, clays, silts 
and sands. 

Radiocarbon determinations have been made by 
Thurber from Members IIT, IVa and IVb. An Etheria 
bank from the penultimate bed of Member OT gave 
“greater than 37,000 yr” (L-1203-A), Unio Mell from a 
stratigraphically uncertain part of this member 26,700 + 
2,500 yr (£-1203-F). Radiocarbon ages of carbonates 
exceeding 20,000 yr are beyond the range of reliability and 
must be considered as minimum ages. Because there is 
no weathering horizon at the top of Member IIT, which is 
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generally unconsolidated, and because the degree of com- 
paction is no greater than that of Member LV, there are 
no geological reasons why the youngest beds of Member 
HI should be substantially older than 37,000 yr. Basal 
units of Member [Va at White Sands, interpreted as wash 
and floodplain deposits, have a date of 9500+150 Bp 
(L-1203-J) on Unio shell; deltaic beds at Rhino Canyon 
have five Unio dates ranging from 9500-8650 Bp (L-1203- 
B, 86504150 sr; £-1203-C, 9500+150 sp; L-1203-D, 
8700 + 200 Be; £-12038-£, 8800+ 200 Be: and L-1203-M. 
9100+ 300 BP); terminal littoral beds, in part attached 
(Etheria bank) to basalts of Mt. Nakwa. have a date of 
7900+ 150 Bp (L-1203-L). Three Unio dates from Mem- 
ber IVb range from 5750-5450 pe (L-1203-G, 5700 + 100 
BP; £-1208-2, 5450+100 Be; and L-1208-K. 5750+ 
100 Be), while an isolated date of 3250+ 150 Bp (L-1208-H) 
on mixed Unio, Corbicula and Melanoides shell from a 
high beach ridge may indicate a final high stand or 
transgression. Consequently. the sedimentation of Mem- 
ber IVa can be approximately dated 9700- 7700 Bp. 
Member IVb 5900-5300 sP. 

The full palaeogeographical implications of the Kibish 
Formation can only be understood from the areal distribu- 
tion of the beds. To this end, the surficial geology of the 
south-western quadrant of the Lower Omo Basin, an 
area of some 11,000 km’, was mapped by helicopter air 
and ground survey at a seale of 1: 100,000 in 1968 with 
the help of photoge logie mterpretation (aerial photo- 
graphy, RAF, 1959). Four facies of the Kibish Formation 
were distinguished: (1) mixed fluvial and deltaic; (2) 
prodeltaic, swamp or lacustrine; (3) mixed lacustrine and 
littoral; and (4) beach ndges—in addition to the alluvial 
fans of broadly equivalent age. The geomorphological 
features related to Member IVb are still fresh and can be 
easily interpreted. On the basis of the areal distribution 
and stratigraphic sequences it can be deduced that the 
Omo Delta was centred 70 to 100 km north of its present 
position during each of the major depositional phases. 
The highest lving deposits of each member culminate in 
the range 450-455 m high, that is, 80-85 m above modern 
Lake Rudolf (370 mj and at about the level of the chain of 
swamps that now breach the watershed between the 
Omo-Rudolf Basin and the vast mudflats of the Lotigipi 
Plain to the west (Figs. L and 2). Distinct littoral forms 
at 435-455 m elevation can be followed south-westwards 
from the former Omo Delta to the drainage divide (R. €. 
Wakefield carried out an exploratory topographical survey 
of the Nile--Lotigipi-Rudolf watershed zone in 1938, but 
no resulte have been published other than his correction 
of the 1 : 250,000 East African map series ( Y501, second 
edition, ances Office, Khartum. 1941). sheets 78-K. L. O 
and P), and hvdrographie links with the Nile system via 
the Pibor-Sobat drainage are indicated on faunal 
grounds'*!7, including the first appearance of the nilotic 
genus Bithynia in Member IV. (Of the Arambourg-Roger 
molluscan collection, made entirely from Member IV, 
seventeen species are nilotie, while the single endemic 
species is of miotie origin. The fish and reptilian faunss 
are also nilotie.) 

Each of the periods of deposition and high lake level 
suggest a long-term positive hydrological budget in the 
‘Omo-Rudolf Basin. either in response to greater rainfall 
over the Ethiopian catchment area and/or reduced evapor- 
ation over Lake Rudolf. Drier periods can be inferred 
from the intervals of non-deposition or erosion between 
Members HH and IVa (a lengthy period prior to 9700 BF) 
and again between IVa and IVb (about 7700-5900 Bp). 
Consequently, the period corresponding to the last Pleni- 
glacial in bgeher latitudes appears to have been com- 
paratively dry in the Omo~-Rudolf Basin. (The later 
Pleistocene to mid-Holocene sedimentary sequences of the 
Nubian Nile Valley, reflecting largely the climatic changes 
of the northern and western parts of the Ethiopian 
Plateau, show analogies as well as some significant 
differences. See ref. 10.) 
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The Kibish Formation shows no evidence of deforma- 
tion, despite the extrusion of the Nakwa tuffs and basalts 
(F. H. Brown and I. S. E. Carmichael, in preparation) 
after deposition of Member HI and before d deposition of 
Member IVa. 


The Lobuni Beds 


Alluvial, deltaic and littoral deposits of very recent age 
are found in different parts of the lower Omo Basin. 
Some of these surfaces remain functional, others appear 
to be essentially relict. These modern features are rather 
important in understanding the older sediments of the 
region because they provide analogies in terms of processes, 
sedimentology and forms. C onsequently, the key modern 
depositional environment, the Omo Delta, was studied in 
some detail (K. W. B.. assisted by Claudia Carr) during the 
1968 season. 

The recent or subrecent deposits of the lower Omo 
Basin include the typical floodplain alluvia of the Omo 
and Kibish river floodplains; the delta plain, delta fringe 
and prodeltaie beds of the Omo and Kibish Deltas; the 
mudflats of tectonic depressions such as Sanderson's 
Gulf, the Lotigipi and the Alabilab; the beach ridges and 
other littoral deposits around Lake Rudolf, Sanderson’ s 

Gulf, and the peripheries of the Omo Delta; and the 
extensive surfaces of piedmont alluvium fringing the 
lower Omo Basin and encroaching on the Omo Delta from 
the east. In spite of the variety of facies, these deposits 
can be provisionally and informally grouped as the 
Lobuni Beds. designated after the former delta bifureation 
at Lobuni (450° N. 36-05° E). Estimates of the thickness 
of these deposits are not possible because there is little 
dissection and there are no borings. 

The Lobuni Beds reflect modern geographical condi- 
tions. except that Lake Rudolf has transgressed as much 
as 45 km north and regressed as much as 10 km south of 
its present northern terminus (K. W. B.. in preparation). 
The lake has never approached its overflow threshold. 
however, in spite of repeated, rapid and appreciable 
fluctuations of level to 30 m above and 5 m or more below 
that of the present. The molluscan and fish fauna remains 
nilotic, with limited endemism. 

The Lobuni Beds are all distinctly younger than the 
beach ridges of the upland plains formed by Kibish 
Member IV. Consequently, they are separated from the 
last chronostratigraphic marker ‘of the Kibish Formation 
(3250 Be?) by a long period of dissection, perhaps by a 
millenium or two, Samples suitable for “C dating were 
not found in the Labini beach ridges so that no absolute 
dates are possible for the initial Lobuni sedimentation. 

“Contemporary” depositional patterns, however, probably 
exemplify the last two millenia. 

These field studies were supported by a grant from the 
US National Science Foundation and by supplementary 
grants from the Wenner-Gren Foundation for Anthropo- 
logical Research to F. Clark Howell (University of Chicago). 
The radiocarbon determinations were made possible by 
a grant from the National Science Foundation. Much 
of the sedimentological work was carried out by B. G. 
Gladfelter and Claudia Carr (University of Chicago). 
Maps were drawn by J. A. Kirchner. F. H. Brown and 
J. de Heinzelin critically read the manuseript and offered 
useful suggestions. 
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Sixth Panafrican Congr. Prehistory (Dakar, 1967) 
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Age Determinations 


by 
F. J. FITCH 


Birkbeck College, 
University of London 


J. A. MILLER 


Department of Geodesy and Geophysics, 
University of Cambridge 


Tue feldspar sample supplied to us for analysis was a 
separation from individual lapilli collected in the field by 
Professor K. W. Butzer from a purnice—lapilli-tuff in the 
Nkalabong Fm.. Lower Omo Basin, Ethiopia. Con- 
tamination with any non-voleanic feldspar possibly present 
in the matrix was thus avoided. Examination of a bulk 
sample of the tuff provided by Mr F. H. Brown suggests 
that the tuff contains only fresh juvenile pumice lapilli. 
These lapilli show no signs of devitrification and there 
seems to be no reason why the feldspar ages should be 
discrepant in any way. 

The feldspar concentrate being very small (of the order 
of 0-3 g), it was necessary to analyse it by the neutron 
irradiation total degassing Ar BeAr methodi. Because 
of the very young age of the feldspar the neutron- 
generated sAr was utilized in order that a further correc- 
tion for the presence of argon isotopes generated from 
calcium during irradiation could be applied (Table 1). 

The average apparent total degassing **Ar/**Ar age of 
3-95+0-11 my. obtained is regarded as a very close 
estimate of the age of eruption of this tuff. No factors 
which might cause diserepancy have been observed. 

On the current Geological Society of London time-scale 
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on Feldspar from the Lower Omo Basin 


Total degassing *°Ar/39Ar age determinations have been made on a 
concentrate of fresh feldspar from lapilli in a pumice—lapilli-cuff of 
the Nkalabong Fm., Lower Omo Basin, Ethiopia. 





Table 1. ANALYTICAL RESULTS OF TOTAL DEGASSING “Ar/?*Ar AGH 
DETERMINATIONS 
Average 
Atmo- Apparent apparent 
Sample J R: Q apheric age and age and 
contam. error error 
{per cent)  (m.y.} (my.)} 


Feidspar con- 0755 0274 0-002064 67-2 
eentrate from 


Nkalabong Fm. 00773 0-275 0-002110 §71 3-994012 
USGS P-207 standard muscovite (age 81-3 m.y.) used as internal standard. 
K’, Ratio radiogenic *Ar to neutron induced “Ar (corrected for argon 
isotopes generated from calcium utilizing values of neutron induced “Ar. 
Q, etit 
J, Constant of proportionality at reactor sites occupied by standards and 
corresponding samples, 


3804 0-10 
305 4 O14 


this age is “Pliocene”. On the evidence from North 
America it would appear to be roughly equivalent to the 
early Blancan. 
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Reproduction in Wild and Captive Dolphins 


by 
RICHARD J. HARRISON 


Anatomy School, 
University of Cambridge 


R. C. BOICE 
R. L. BROWNELL, jun. 
Cetacean Research Laboratory, 


Little Company of Mary Hospital, 
California 


Lirrue is known about reproductive patterns and less 
about gonadal changes in the smaller Delphinidae?:?. 
Norris and Prescott? have reported on some reproductive 
events in wild and captive dolphins of Californian and 


Gonadal changes and characteristics of the corpora albicantia provide 
information on reproductive activities in wild and captive dolphins. 


* 
Mexican waters, and more is known! about the larger 
Pilot whale (Globicephala) but. as Shjper* emphasized, 
there is need to clarify what happens during the reproduc- 
tive life of all the smaller odontocetes. Quite apart from 
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determination of age at sexual maturity, length of gesta- 
tion and times of parturition and mating, it is still not 
known whether the testes of dolphins are continuously 
active throughout the year, whether ovulation is induced 
and whether there is persistence of the corpus albicans of 
pregnancy, or of any eycle should it exist, for the life- 
time of the dolphin. 

Recently dolphins of several species have been captured 
for display in aquaria. Specimens have been transported 
from Florida, California and elsewhere to various aquaria 
in the United States and to Flamingo Park Zoo in England. 
The animals described here have been obtained as the 
result of strandings, death on capture at sea, and death 
from pathological or accidental causes during captivity. 
Most have been examined through the kindness of the 
Marineland of the Pacifie, California: Marineland, St 
Augustine, Florida; Marineland of Australia, Queens- 
land; Flamingo Park Zoo, near Malton in Yorkshire. 
Nothing is known of the reproductive history of any 
animal before capture. Difficulties associated with main- 
tenance and training of animals for display have frequently 
prevented prolonged observations of sexual behaviour in 
captivity and vaginal smears give ambiguous results 
because of excessive mucus from cervical glands. For 
similar reasons it is not always possible to discover 
whether an observed mating has been followed by in- 
semination. Bottlenose dolphins (Tursiops) have been 
bred in captivity’, but many births in aquaria have been 
in animals pregnant when captured. Several descriptions 
of parturition in dolphins have been published*-»°, 


Birth in Tursiops 

Female Tursiops truncatus, transported to England 
from Florida, have given birth to single offspring in 
September to December and in May. Birth has been 
reported in Florida during September to November and 
during March to May*-**, Offspring at birth range from 
98 to 126 cm in length. The lengths of foetal and new- 
born offspring in specimens stranded in British waters 
{a foetal specimen in November 1956 measured 50 em 
and a newborn specimen in June 1954 measured 110 em) 
confirm Frager’s'! conclusion that parturition in Tursiops 
off Britain oceurs during the period February to June. 

Male T. truncatus that died in captivity after transport 
to California and Britain had testes weighing 5-0 gat 
birth, 15-0 g at length 148 cm, and 54 g at length 228 em. 
All testes of males of T. truncatus, T. catalania and T. gilli 
up to 234 em in length showed no evidence of spermato- 
genesis. Males of T. gilli 303 and 333 em long (which died 
in March and October) had testes weighing more than 
1-0 kg which were active, with sperm in the epididymis 
and vas deferens. 

Females of T. truncatus, up to 225 em long, have ovaries 
weighing from 1-0 to 9-0 g but all lack corpora. Growing 
follicles (3-0 to 5-0 mm in diameter) are present in wild 
females obtained during May to July. ‘I'welve females, 
from 228 to 254 cm long, had corpora albicantia in either 
one (eight animals) or both ovaries (four animals). 

The number of corpora ranged from one to six and 
their characteristics varied from a fully developed corpus 
luteum of pregnancy (32 x 32 mm) or of lactation (24 x 16 
mim), to small everted corpora albicantia (4x3 mm) 
looking like crinkled plaques on the ovarian surface. The 
largest numbers of corpora are not found in the longest 
animals. 

Several females have been in captivity for periods of up 
to 10 yr. A female 240 em long was caught in January 
1957 and gave birth in September 1958. It died after 
aborting a 48 cm foetus in February 1968. There was a 
corpus luteum (25x22 mm) in the right ovary and a 
corpus albicans (10x 7 mm) in the left (Fig. 1). No other 
births were recorded during its captivity; the female was 
in contact with males at various times. If the corpus 
albicans were that of the first pregnancy, then it is nearly 
10 yr old. Other females have given birth soon after 
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Fig. 1. Ovaries of a Tursiops truncatus captured on January 11, 1957, 
died February 20, 1968, length 240 cm. It was pregnant in the right 
horn with a 48 cm foetus, aborted on February 18, 1968, It had given 
birth on September 12, 1958, to a live young that subsequently died. 
Corpus luteum in right ovary, corpus albicans in left. (Actual size.) 


capture and have survived for periods of 1 to 3 years. All 
had between four and six corpora albicantia; the largest 
was 10 x 8 mm, in those most recently pregnant, and 5 x 4 
mim, in one that gave birth more than 3 years before 
death. A stranded female from British waters, 257 em 
long with a 50 cm foetus, had a large corpus luteum and 
one corpus albicans (12 x 10 em). The corpus luteum of a 
female known to have been lactating for about 2 weeks 
was markedly shrunk and showed advanced involutionary 
changes. The small corpora albicantia were histologically 
similar, consisting of connective tissue masses, with a 
Schiff-positive constituent, and containing coiled arteries 
at varying stages of degeneration and obliteration. A 
female T. catalania, 238 em long, had been in captivity in 
New South Wales from September 1956 to November 1966 
and had not been pregnant during this period. Two cor- 
pora albicantia were present in the left ovary, one in the 
right (10x 8 mm in diameter). They had appearances 
similar to that of the female T. truncatus which had been 
in captivity for 10 years. 

If all these corpora albicantia were from previous preg- 
nancies, ovulation in Tursiops would seem to be induced. 
as in some other odontocetes*. The females we have 
examined provide no evidence of any regular eyelie in- 
fertile ovulations, but the possibility of pseudopregnancy 
still remains. The findings tend to confirm Shjper’s*® 
suggestion that the maximum number of offspring in the 
lifetime of a female J'ursiops may be as few as eight. They 
also suggest that there can be inhibition of follicular 
development and ovulation during captivity. Males of 
the same and other species are known to have been 
present in the pool with the females, but the state of 
testicular activity has not always been known. In one 
pool a male several times displayed mating behaviour, 
but when it died accidentally the testes weighed only 50 g 
and were inactive. The presence of more than one male 
in a pool leads to competition between males and failure 
to achieve copulation at least during the day*. Mature 
male Tursiops are usually excluded from display pools 
because of their tendency to disrupt proceedings and to 
“mate with virtually anything and everything that is 
animate”!*, Evidence from lengths at birth and from 
lengths of several animals captured or stranded at the 
same time of the year, as well as from the incremental 
lines in the teeth of a few adults in this series (R. L. B), 
and from the lengths of time in captivity and the number 
of corpora, suggests that females reach sexual maturity 
at 5 years, males at 6 or 7 years and that the oldest adults 
are over 20 years old. 
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Fig. 2. Ovaries of a Delphinus delphis, 193 cm, stranded on May 16, 

1968, It had an enlarged left uterine horn suggesting a recent abortion. 

One corpus luteum and eight corpora albicantia (see enlargement) are 
present in the left ovary. x 1 (top), x 2 (bottom). 


Birth in Delphinus 


Birth in Delphinus delphis of Californian waters occurs 
in winter from December to March, and length at birth 
is 75 to 90 em. A foetus 85-0 em long was recovered on 
March 16, 1968, off Baja California and neonates 90 em 
long have been found in early April. Males up to 177 em 
long have immature testes weighing up to 40 g. The 
seminiferous tubules have no lumen and there are no 
sperm in the epididymis. Males 179 and 186 em long have 
es weighing 380 to 550 g in January and August and 
> early testicular activity but no sperm. All males 
187 to 198 em long have large testes up to 38 cm long 
weighing between 950 and 3,200 g which undergo active 
spermatogenesis and store abundant sperm. Specimens 
with active testes have been recovered in winter, spring 
and summer: testes are heaviest in the winter and spring. 
Ridgway and Green’? have suggested that the testicular 
activity of D. delphis has an annual rhythm and that there 
is breeding activity in mid to late summer. Our material 





indicates that the adult testes are active during most of 


the year. 

Females reach sexual maturity at a somewhat variable 
length. An animal 173 em long had six corpora albicantia 
and pregnant females of 182 and 193 cm had a corpus 
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luteum and several corpora albicantia. Other females 
184 and 193 em long had ovaries lacking follicles and 
corpora: two had been in captivity for short periods. 
The corpus luteum of pregnancy persists until near term 
but shows advanced signs of involution. The corpora 
albicantia are smaller than in the other delphinids de- 
scribed here and their vestiges are discernible on the 
ovarian surface as small cicatricial scars of raised con- 
nective tissue (Fig. 2). Sections reveal a larger mass of 
fibrous tissue, 2-4 mm across, containing coiled ob- 
literated arteries. These structures are similar to those 
of the surface “‘scars’’ on the ovaries of D. delphis in which 
Sleptzov™! has found up to twelve corpora albicantia. 
This species is thought to reach sexual maturity at 3 yr 
and to have one young each year (gestation is 11 months) 
with an infertile period of 9 months after every three 
pregnancies. It is difficult to be certain that all these 
corpora albicantia are those of pregnancy. 


Birth in Stenella 

S. graffmani and 8. longirostris from Mexican waters 
are 75 to 85 em long at birth. Foetal lengths indicate 
that parturition occurs about April to June and occasion- 
ally in the autumn. Weights of both testes increase from 
about 6-0 g at birth to about 20-0 g when males have 
reached 165-175 em. Males 175-180 em long have testes 
weighing 250 to 500 g but with seminiferous tubules only 
160 microns in diameter and showing no evidence of 
spermatogenesis. Males 180-214 cm long have testes 
weighing 1,020 to 1,850 g, with active tubules 200 microns 
in diameter and sperm in the epididymis during both 
spring and autumn. 

There are no follicles or corpora in the ovaries until a 
length of 165-170 cm has been reached. Some females, 
however, grow to more than 190 em, with ovarian weights 
(3-0 g) similar to those of immature females, and lack 
corpora albicantia. The corpus luteum of pregnancy is 
20-25 mm in diameter and persists at that size at least 
until near term (when the foetus is 80 em long). A corpus 
luteum in a non-pregnant female 171 em long showed 
signs of involution. Corpora albicantia ranging from 
15x10 mm to 4x 3 mm, with graded but similar charac- 
teristics, were present in one ovary of sixteen mature 
females 165-200 em long (Fig. 3). The number of corpora 
albicantia ranges from one to nine, but the larger numbers 
are not found in the longest females. In eleven mature 





Ovaries of a pregnant Stenella graffmani, 180 em, killed at 
The left ovary 
(* 1:5.) 


Fig. 3. 
sea, with a foetus of 77 cm, on February 19, 1968. 
contains a corpus luteum and three corpora albicantia. 
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females the right ovary, and in four the left ovary, lacked 
large follicles and corpora. The average weight of the 
“inactive” ovary was 1-6 g, similar to that of immature 
females. One pregnant animal (foetus 75-5 em) had a 
well developed corpus luteum in the left ovary and four 
small corpora albicantia (5 x 5 mm) in the right. A lactat- 
ing S. longirostris captured in April had three corpora 


albicantia, the largest 6x 4 mm, in the right ovary. If 


lactation lasts one year or longer this implies that the 
corpus luteum of pregnancy degenerates fairly rapidly 
after parturition. 

A female S. plagiodon, 211 em long, captured in August 
1956. died in December 1966. It was not pregnant during 
this period (personal communication from D. K. Caldwell). 
The right ovary lacked corpora, the left contained six 
small corpora albicantia 8x 8 to 5x 45mm. If these were 
all corpora of pregnancy, they must be more than 10 yr 
old. and ovulation could not have occurred during the 
period of captivity. 


Birth in Lagenorhynchus 


Observations of foetal lengths! confirm that birth in 
Lagenorhynchus obliquidens occurs in the summer months. 
May to September, off southern California’. We have no 
newborn specimens and can only estimate that neonatal 
length is 95 to 110 em. The length at sexual maturity is 
difficult to determine from our material ; several males 
163 to 184 em long had testes weighing 30 to 60 g which 
were definitely inactive. Others 170 to 194 em Jong had 
heavier testes, 200 to 640 g, either with tubules under- 
going early spermatogenesis but with no sperm in the 
epididymis (April) or with patent tubules without evidence 
of spermatogenesis (November). Two animals 194 and 
201 em long had been in captivity for more than a year. 
Their testes weighed 69-5 and 210 g respectively; none 
were active but the heavier displayed abundant fibrous 
tissue between inactive seminiferous tubules. These 
animals died in February and November. A male 200 em 
long obtained in August has been reported with testes 
weighing over 1-1 kg and obviously active’. Eight females 
168 to 185 em long had no corpora albieantia and only 
small (100 to 200 microns) follicles. Ovarian weights 
were 2-0 to 4-5 g in the shorter animals and up to 10 g in 
the longer animals. Eight ether females 173 to 236 em 
long had from three to twenty-five corpora albicantia. 
The larger of these, 185, 187. 236 em, had twenty-five, 
eighteen and twenty-four corpora respectively. Six of 
all the females with corpora had them only in the left 
ovary. No pregnant females have been examined, but in 
one that had aborted a small foetus 2 weeks before death 
in Captivity the corpus was 12x 11 mm and in a lactating 
female that had recently given birth it was 15x 12 min. 
Both corpora showed advanced involution, 

Two kinds of corpus albicans ean be differentiated 
histologically. One is larger, 5 to 10 mm across, often 
pedunculated and with characteristic indentations on its 
surface (Fig. 4). It consists of a firm, palely stained, 
projecting mass of connective tissue with sparsely distri- 
buted cellular elements and large obliterated blood vessels 
about the periphery. Narrow septa of cellular fibrous 
tissue radiating towards a central fibrous core give a 
convoluted appearance to the corpora. Remnants of 
long obliterated and degenerated arteries lie coiled along 
the septa. The second kind of corpus albieans is smaller, 
3 to 5 mm across, and appears as a flattened. slightly 
raised scar on the ovarian surface. It consists of numerous 
closely packed coiled arteries, mostly obliterated and 
degenerate. embedded in dense fibrous tissue. All give 
the appearance of having previously ruptured on the 
surface and then shrunk as the cortex re-forms. 

If allethese corpora were those of pregnancy. then L. 
obliquidens is far more fecund than the other forms 
described here. A female 185 em long can have given 
birth to twenty-five young. The discovery of two kinds of 
corpus albicans suggests that a larger, everted type is one 









NATURE, VOL. 222, JUNE 21. 1969 





Fig, 4. Ovaries of a lactating 236 cm Lagenorhynchus abbigaidens 
stranded on April 12, 1968. In the left are twenty-four corpora albi- 
cantia, {x 15.) 
of pregnancy whereas a smaller type represents a corpus 
albicans of an infertile ovulation. If so. then the female 
L. obliqutdens in our series had a maximum of six corpora 
albicantia of pregnancy and as many as twenty of the 
second type. This could imply that spontaneous ovulatory 
eyeles are exhibited by this form as in Globicephala?, 
Another explanation is that after several pregnancies 
females fail to ovulate and be impregnated during the 
period of male activity. They could then ovulate several 
times successively until the onset of the next male rut. 
Four of the shorter mature females had been in captivity 
for periods of 1 month to about 2 yr. The nuniber of 
corpora albicantia was three or four and all were the larger 
type probably of previous pregnancies. birth having 
oceurred before capture. Healthy growing follicles up to 
15 mm diameter are present in January and follicular 
activity has been observed in the spring!®. None of the 
captive females showed any follicular activity but only 
one died in the spring. Two adult females had a cystic 
condition of the ovaries, one unilateral, the other with 

numerous large cysts in both ovaries. 

Altogether, two hundred dolphins of the four genera 
have been examined. Thirty-one were isolated strandings 
(chiefly Delphinus and Lagenorhynchus; no Stenella), 
eleven of whieh were juveniles and thirteen were adult 
males at varying degrees of testicular activity. Three of 
the adult females were pregnant or recently so, four were 
sexually inactive though all had corpora albicantia in the 
ovaries. Pursuit of prey into shallow water with con- 
sequential failure of navigational echolocation. fright or 
panic of a leader, storms or sudden changes of tempera- 
ture, damage to the skin and disease are among the 
factors suggested to account for stranding of individuals 
and schools of cetaceans. We have made post-mortem 
examinations of all available animals: some were 
apparently healthy, others were emaciated and had para- 
sitie infestation of the multiple stomach, respiratory or 
genito-urinary regions'!?, We have found ulceration of 
the forestomach in stranded cetaceans as well as animals 
kept for months or years in captivity. Our findings do not 
implicate any common factor nor does stranding occur at. 
any particular stage in the reproductive life of the genera 
examined. 

AH the specimens of S. graffmani and S. longirostris 
were obtained at sea and, of seventeen adult females. eight 
were pregnant or lactating. Yet nime others obtained 
during the same period, October to May, were not preg- 
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nant and, although possessing corpora albicantia, showed 
no signs of recent ovarian activity. Our findings also 
suggest that ovarian activity ın Tursiops and to a lesser 
extent ın Lagenorhynchus may be suppressed. ın captivity. 
It 18 difficult to know always the fertility of males and 
how much the presence of more than one male influences 
the achievement of copulation®. It 1s seldom possible to 
be sure what happens in any pool contaiming several 
dolphins of the same and different species even during a 
single day. It has been suggested that there is a decrease 
in hormone content of the hypophysis of captive dol- 
phins’®, possibly because of a low fluid intake, but this 
has never been confirmed. Some evidence indicates that 
the thyroid glands of healthy, captive and diseased. 
Delphinus all show signs of mcreased activity consistent 
with mild TSH stimulation!®; the light (parafollicular) 
cells are also active’. The delphimd adenohypophysis 
shows several mteresting features such as conspicuous 
stellate cells, abundant colloid and very extensive peri- 
vascular channels". The circumstances in which repro- 
duction in dolphins can successfully occur may be more 
involved than so far envisaged. 

We thank many who helped us collect specimens and 
in particular D. H. Brown, J. H. Prescott, D. K. Caldwell 
and the crew of the M.V. Geronimo of Marineland of 
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the Pacific, California. We also thank Dr F. C. Fraser for 
identifying many of the dolphins. 
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Reconstitution of Alanine Acceptor Activity from 


Ala 


Fragments of Yeast tRNA‘ 


by 
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New York, NY 


As part of our research on structure—action relationships 
in {RNA, we have been mapping the regions of yeast 
tRNA that are essential for enzymatic aminoacylation’. 
Recently, we reported the reconstruction of alanine 
acceptor activity by recombination ‘of “half-molecules”’ 
produced by partial digestion of {RNA4P with RNase 
T-1 (ref. 2). The “quarter-molecules” shown schematically 
in Fig. 1 have now been isolated and tested for biological 
activity. A complex formed between the pentadeca- 
nucleotide, 5’-Qzn, derived from the 6’-end and a nona- 
decanucleotide, 3’-Q, derived from the 3’-end will accept 
alanine but none of the other nmeteen amino-acids tested. 
This result demonstrates that neither the “dihydro U 
loop” nor the anticodon nor the “‘S-region’’ are required 
for recognition of this {RNA by alanyl--RNA4!@ synthet- 
ase. The result is also consistent with our recent hypo- 
thesig? that the first three base pairs in the stem region 
near the acceptor end are necessary for specific recognition 
of {RNA by its ammoacyl-tRNA synthetase. 
Half-molecules were prepared as described previously? 
and a segment of the “5’-half”’ was excised by enzymatic 
cleavage with RNase T-1. The fragments, 5’-Qa and 
5’-Q, shown schematically ın Fig. 1, were isolated by 
chromatography on DEAE cellulose in the presence of 
7 M urea at pH 3 (ref. 4). The fragment, 6’-Qa, 18 & 
hexadecanucleotide extending from the second base in 
the anticodon to one of the dihydrouridine residues in the 
“dihydro U loop”. The fragment, 5’-Qs, 18 a pentadeca- 
nucleotide derived from the 5’-end. Comparison of the 


Fragments of the stem of yeast tRNAA? are by themselves able to 


load alanine. The loading Is specific for alanine, and the results 
imply that the aminoacyl-tRNA synthetase recognition site may 


be in the tRNA stem region. 


fragments produced by complete RNase T-1 digestion of 
5’-Qa and 5’-Qz with thosé from the “5’-half”* indicates 
that the 6’-Q-fragments were produced by excision of an 
oligonucleotide containing six of the ten residues in the 
“dihydro U loop” as shown in Fig. 1. 





ANTICODON a 
LOOP 


Fig. 1. Schematio representation of yeast myaA®, Dashed lines 


indicate RNase T-1 cleavage points in conditions of partial digestion. 
Heavy lines indicate the oligonucleotides actually tsolated. Dots indicate 
possible hydrogen bonds. 


1148 





= I I 

T (°C) Activity (%) 
25 7 3 
0 = 25 5 


Fig. 2. Schematic representation of active complexes formed by 

Tecombination of fragments derived from yeast rN aAle, Heavy lines 

indicate the fragments present in the reaction mixture In addition 
the ts reactii 


for 10 min, allowed 
transferred to & 25° O water bath or allowed 


bath at the temperature 


adding (400 ug protein per assay). 
Wak caria Gut AA breed Gig annue OE tiia anay 
abeo 


the pre-incubation, In all cases, the 3’- ent was ltmi 
activity was calculated from the inpu nbance of the 3’-fragment 


(neglecting hyperchromic effects) using igNaʻla with a speoiflo activity 


of 1,640 pmoles alanine esterified/A s, as a standard. Thus 36 per cent 
activity means 86 per cent of “lerminal adenosine residues of the 
3’-fragment in question were esterifled with alanine in the assay 
conditions used. Becange hyperchromic effecta were neglected, the 
activities probably represent mmimum values. 


Partial digestion of the 3’-half in similar conditions 
produced only the large fragment, 3’-Q, shown schematic- 
ally in Fig. 1. Complete digestion of this fragment with 
RNase T-1 indicated that it was a nonadecanucleotide 
extending from the 3’-terminal A to the middle of the 
TYO loop. No substantial amount of a single oligo- 
nucleotide containing the remainmg twenty-two residues 
of the 3’-half was found. 

None of these fragments had any activity by themselves. 
Recombination experiments designed to test the activity 
of various complexes are shown schematically in Fig. 2. 
Of the combinations tested, only those capable of forming 
the “acceptor stem” in the cloverleaf model were active. 
The decrease in activity in the sequence J>II>III prob- 
ably reflects a decrease in complex stability. It appears, 
for example, that the fragment, 5’-Qa, acts as “molecular 
glue” that stabrlizes the active stem complex (compare I 
and I). Complex stability is also reflected in the increased 
activity of IT or III at 0° C compared with 25° C. 

The most important finding is that a complex between 
5'-Qs and 3’-Q (III) is able to accept alanine, but none of 
the nineteen other amino-acids that have been tested so 
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far. These experments provide support for our previous 
conclusion? that the first three base pairs and possibly 
the entire stem region are required for specific recognition 
of iRNÀAL by alanyl-iRNA4ls synthetase. It appears 
likely to us that the specific recognition site is in the 
acceptor stem region in all yeast tRNAs. This predicts 
some unique structural feature in this region of each 
different *RNA (excluding isoaccepting tRNAs). Tho 
recognition site of isoacceptmg #RNAs, either within a 
species or in different species, may be either the same or 
different, for chemical degeneracy may exst in the recog- 
nition process. We have suggested that residues 5, 6 
and 7 (counting from the acceptor end) contain the 
necessary chemical information for specific recognition. 
The seven yeast #RNAs (Ala, Ser, Phe, Tyr, Val, De and 
F-Met) the acceptor stem structures of which have been 
determined do have unique 5, 6, 7 sequences®-"". The 
data do not require that the recognition site be a linear 
sequence or that ıt involves exactly the same residues in 
different RNAs. Clearly, more mformation of the kind 
we have obtamed with the two alanine RNAs is required 
before any definite conclusions concernmg the location 
and the nature of the recognition site can be reached. 

Full details of this work and a more complete discussion 
will be published elsewhere. 

We thank Mrs Lelde V. Riekstins for technical assist- 
ance. This work was supported by grants from the US 
Public Health Service and the American Cancer Society. 
N. I. thanks the Fulbright Committee for a travel award. 
G. B. W. is supported by a US Publio Health Service 
fellowship. R.W. C., to whom inquines this 
work should be sent, thanks the Health Research Council 
of the City of New York for a career research scientist 
award. 
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Tr has been clammed! that double-strandedness (based on 
complementary pairing) ıs essential for the biological 


* Lilly International Fellow, spirant of the Belgian N.F.AV.O. (Nationaal 
Fonds voor Wetenschappelijk Onderzoek). 


Antiviral Activity of Polynucleotides 


Several polyribonucleotides, both as single species and when 
annealed in pairs, are able to Induce interferon production in mam- 
malian cells and cellular resistance to virus Infection. These studies 
suggest that a stable secondary, presumably multistranded structure 
Is required for this activity. 


activity of complexes of polyrıboinomnic and polyribo- 
cytidylic acids (rI/rC) and of polyadenylic and polyuridylic 
acids (rA/rU). The inactivity of the single homopolymer 
polyribonucleotide types and the potency of the double- 


NATURE, VOL. 222, JUNE 21, 1969 


stranded homopolymer pairs have been frequently demon- 
strated?*, but it has also been contended’* that the 
single-stranded polynucleotides polyinosinic acid’ (rI) 
and polyoytidyhe acid®” (rC) can induce interferon. One 


posmble explanation is that the homopolymer lots may. 


contam double-stranded contaminants‘*; another is 
that factors other than double-stréndediess may be 
concerned, and this is suggested by the way in which (1) 
some polyribonucleotide complexes (rI/rC) are much more 
active than others (rA/rl) (ref. 1); (2) RNA polymer 
pairs (rI/rC) are active and DNA homopolymer pai 
(dI/dC) inactive whereas a DNA-~RNA hybrid pair (rI/dC) 
is borderline*; and (8) the activity of homopolymer lots 
has been found to vary’®, We are concerned in this 
report with that possibility. 

Several homopolynucleotides and homopolynucleotide 
complexes were tested for their ability to stimulate cellular 
resistance to viral infection and production of interferon 
_ tn vitro and this antiviral activity was telated to physico- 

chemical properties of the polynucleotide. Our poly- 
nucleotides* were purchased from Miles Laboratories, 
Elkhart, Indiana, and were dissolved in saline and stored 
at 4° O. Concentrations were determined spectrophoto- 
metrically after alkaline hydrolysis (0-3 N KOH at 87° C 
for 18 h) using the molar extinction coefficients given by 
Volkin et al.!° and Beaven et al.. Homopolymer pairs 
were prepared by mixing individual homopolymers in 
equimolar concentrations ın saline and allowing them to 
stand overnight at 25°C. Duplex formation was evidenced 
by bypochromic effect and finding of the appropriate 
transition mid-point (Fm). Pancreatic ribonuclease 
(bovine pancreatic ribonuclease A, x crystallized) was 
purchased from Sigma Chemical Company, St Louis, 
Missouri. TI ribonuclease was purchased from Worthing- 
ton Biochemical Corporation, Freehold, New Jersey. 
Ultraviolet absorption studies were performed with a 
Zeiss spectrophotometer (model PM Q II) equipped with 
an Haake attachment for thermostatic control of the 
temperature in a block which housed the cuvette. Quartz 
cuvettes with a light path of 1 cm were used. Assays 
for antiviral activity were carried out in human skin 
fibroblasts’. Cell cultures were mcubated in minimal 
Eagle’s medium (MEM). Bovine vesicular stomatitis 
virus (VSV) (Indiana strain) was propagated in chick 
embryo fibroblasts and used as the challenge virus. 
Induction of cellular resistance to viral mfection was 
measured by the plaque-reduction assay previously 
desorbed’; cell cultures were treated for 20 h at 37° C 
with the polynucleotide (complex) in MEM; the mducer 
was removed before challenge with VSV; virus plaques 
were counted 2 days later. The production of interferon 
was measured by treatment of cell cultures for 3 h at 
37° O, followed by exhaustive washing with MEM (until 
last washing was found free of residual polynucleotide) 
and additional incubation at 37° C for 20 h. Serial dilu- 
tions of the supernatant fiuids were transferred on new 
cell cultures, incubated for 24 h before removal and chal- 
lenged with VSV. Interferon titre was the reciprocal of the 
highest dilution of sample which reduced plaque formation 
by 50 per cent. Interferon was characterized by its sensi- 
tivity to trypsin and resistance to ribonuclease. Small 
residual amounts of rl/rO and rA/rU in the interferon 
samples were destroyed by treatment with pancreatic 
ribonuclease (4 pg/ml.) in 10> M EDTA at 37° C for 1 h. 


Antiviral Activity of Homopolynucleotide Pairs i 


The temperature at which thermal melting occurs (T'm) 
has been considered to be a measure of the helical stability 
of homopolymer complexes'*. Tm values were determ- 
med for rl/rC, rA/rU, rU/rX, rA/rI and rI/rX homo- 


* The polynucleotides are indicated by prefixing r to the symbol for the 
base’ TA, polyriboadenylic acid; rO, polyribocytidylio acid; r@, polyribo- 
guanylic sold, rI, polymbotnosinio acid ; rU, polłyribouridyHe aad, TX, 
polynboxanthyh th 
oblique Imes separating the component parts. for example, rA/rU, complex 
formed between rÀ rU. 
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polymer pairs and compared with their antiviral activity. . 
Table 1 shows that the homopolymer pairs with higher 

Tm values were also more active against VSV in tissue 
culture. Both Tm and antiviral activity increased in 
order rA/rl, rU/rX, rA/rU and ri/rC. Although rI/rX’ 
melted at a lower temperature than rU/rX and rA/rl, 1b 
induced a higher resistance against VSV. The activity 
of rI/rX might be explained, however, by a summation 
of the antiviral effects, given by the individual homo- 
polymers separately (seo Table 4). The differences in 
antiviral activity between homopolynucleotide complexes 
could be accounted for by the differences in melting 
behaviour and hence by the helical stability of the com- 
plex. The three-stranded complex rA/2rX. offered only 
minimal antiviral activity, however, despite ita high Tm 
value. Because thermal stability of most polynucleotides 
and polynucleotide complexes increased with lowering 
pH or increasing salt concentrations (or addition of Mg**), 


Table 1. RELATIONSHIP BETWEEN THERMAL STABILITY AND ANTIVIRAL 
AOTIVITY OF HOMOPOLYNUOGLEOTIDH PAIRS 


Homopoly- Antiviral activity* 
Tm p2 nucleotide Cellular resistance t Interferon 
Reported Observed t pair ( ercontago virus production§ 
(conc. 40 g/ml.) plaque reduction) (Units/ml.) 
63 Oil 625 rI/rO 100 58 
56-89 57 5 rA/rU 100 2 
49 9** 500 rU/rx 55 0 
43 5°* 42:5 rA/rI (rA/2rl) 87 0 
40-2** 400 ri/rx 70 0 
86-5** 90 0 rA/rX (rA/2rX) 56 — 


* Conditions: MEM (015 M Nat, 0001 AL Mg), pH 75, 87° O. Mean 
values for three observations. ` 


Conditions: 0-15 M Na+, pH 70. Melting temperatures determined at 
260nm. Tm of rI and rX contaming complexes was measured at 248 nm 
and 278 nm respectively but did not differ from values obtained at 260 nm. 


+ Polymers incubated on cells for 20h and removed before virus challenge. 


t Ba supernatant fluid of cell cultures exposed to the pol for 3 h 
by exhaustive washing and additional Incubation for 20 h. 


I Conditions. 0-15 AL Nat, pH 7-0 (Bichelson and Pochon)*. 


1 rae 0-1 M Nat, phosphate buffer pH 7-8, 10+ M EDTA (Cham- 
er) : 
** Conditions: 0-15 AL Na+, pH 7-0 Michelon and Monny)™”. 


wo wondered whether this stabilizing effect of acid pH 
and Mg++ could be correlated with an increase of antiviral 
activity. Homopolymer pairs rU/rX and rA/rl were 
tested for their melting temperatures and cellular resist- 
ance capacity either at neutral or acid pH, with or without 
excess of Mgt (Table 2). Addition of Mgtt and lowering 
the pH increased thermal stability and antiviral activity 
of rA/rl. Addition of Mg™ at pH 7:0 (or pH. 7-5) caused a 
minor shift in both Tm and viral inhibition of rU/rX, 
whereas addition of Mg+* at pH 6-0 resulted in reduction 
of both Tm and antiviral effect. Changes in thermal 
stability and antiviral activity on changes in pH and 
Mg++ concentrations appeared to be parallel for these 
homopolymer pairs, suggesting the importance of stability 
of secondary structure for their antiviral activity. Lower- 
ing the pH and addition of Mg** failed to enhance inter- 
feron induction by rI/rO and rA/rU, however, though Tm 
values were in by some 10° O for rl/rC and by 
20° C for rA/rU with addition of 0-01 M Mgt either at, 
pH 7-0 or pH 6-0. Thus stabilizing factors such as pH 
and Mg™ might be considered to play a more important 
part in the antaviral activity of homopolymer pairs with 
a lower activity (for example, those limited to providing 
cellular resistance) than in that of pairs with a higher 
potency (for example, which lead to interferon produc- 
tion). 


Antiviral Activity of Single Homopolynucleotides 


The three single homopolynucleotides rG, rI and rX at 40 
ug/ml. concentration induced significant cellular resistance 
in fifteen repeated experiments whereas rU, rC and rA failed 
to induce any activity, but rather slightly stimulated virus 
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Table 2. INFLUMNOE OF pH AND MAGNESIUM IONS ON THERMAL STABILITY 
AND ANTIVIRAL ACTIVITY OF TWO HOMOPOLYMUCLEOTIDE PAIRS. 


Cellular 
Tm (°0) Condttions Teaistance* 
Repor- Ob- For determination For determination {percentage 
todt served§ of Tm of antiviral activity plaque 
reduction) t 
TX/rU 
49-0 50:0 O15 MM Nat(pH70) MEM (pH 7 5) 56 
54:2 580 O15 MNat+001M MEM+0-01 M Mgt 60 
Mgt (pH 7:0) (pH 7:5) 
ae = a MEM (pH 6 0)!| 54 
48-4 390 015MXNa++001M MEM+0-01 M Mgt+ 37 
Mgt (pH 6 0) (pH 6-0)\l 
rA/rI 
438:5 425 015M Nat(pH 70) MEN (pH 7 5) 37 
53-7 480 015M Nat+0-01M MEM+001 M Mgt 70 
Mgt+ (pH 7:0) (pH 7:5) 
— — — MEM (pH 6:-0)|| 62 
— 52:0 0-15 Al Nat+O-O1 BE BOEM +0-01 M Mgt+ 84 
Mgt (pH 6:0) (pH 6 0}! 


* Mean, values for three observations, 
bay ec allowed to incubate at 25° O for 8 h in tho given conditions and 
then T incubated at 87° O for 20 h on the cells. 


Control cells incubated for 20 h at pH 6:0 or pH 75 with or without 
ad Mgt showed the same number of virus plaques 


t Blichelson and Monny”'. 
§ At 260 nm. 
HPE 6 0 obtained by addition of 0 07 BI NaH,PO, to the regular MEM. 


plaque formation (Table 3). With higher concentrations 
interferon could be demonstrated in the supernatant 
fluid after 24 h, as well as complete resistance to virus 
plaque formation in the cell monolayer (for example, three 
units of interferon were induced with 100 ug/ml. of rG). 
The antiviral activity of the polymers could be related 
to the increase ın absorbanoy on degradation of the poly- 
nucleotide to monomeric nucleotides (hydrolysis in 0:3 M 
KOH at 87° C for 18 h). Homopolymers rQ, rI and rX, 
which were active in inducing cellular resistance to VSV, 
also showed the greatest hypochromicity. Inactive 
homopolymers, especially rU, showed a less pronounced 
absorbance change on depolymerization. Hypochromicity 
values were in complete agreement with data given by 
Ts’O et al.1* for rA, rU and rC. Magasanik and Chargaff?? 
observed that the absorbance of nucleic acids was in- 
creased by some 24-37 per cent after alkalme hydrolysis 
and Fasman et al.1* assumed that absorbance changes 
could reflect either breakage of hydrogen bonds between 
single strands or disruption of base—-base interactions 
(base stacking) within the same strand. Because neither 
rA nor rC occurs in a hydrogen-bonded double-helical form 
ab neutral pH, the relatively high hypochromicity 
obtained for rA and rC could be related to base stacking. 
The ordered secondary structure maintained by base 
stacking m rA and rC seems to be insufficient to promote 
antiviral activity. 

The effect of magnesium ions on the cellular resistance 
induced by homopolynucleotides is given in Table 4. 
Mg*+ did not cause appreciable changes in the activity of 


Table 8. BHLATIONSHIP BETWEEN HYPOCHROMIOITY AND ANTIVIRAL AOTIVETY 
OF SINGLE HOMOPOLYNUCLEOTIDES 


Absorbancy* (at 4 max) Ani 
Absorb- Percent Homopoly- activity t 
ancy Absorb- decrease of nucleotide Cellular 
à max after ancy absorbancy (cone tan 
(nom) hydro- before ug/ml) (per cent virus 
lyals t hydrolysis chromuicity) que reduction) 
262 1-06 0 95 9-5 rU —16-6+17-9 
271 0-86 072 26:0 rc —8-4+15-0 
260 161 1-06 380 5 TA —68+108 
252 112 077 81-8 rG 68 047-1 
248 1:02 0-68 33:8 rI 687 + 12-4 
278 0 51 0:32 87:8 rX 69-2414 2 


* Mean values for three determinations in 0 01 M phosphate buffered saline 
(016 M Nan gH 7-0), in 0-05 M p te buffared saline (0-30 M Nat, pH 
7-0) and in 0:08 M trs saline (0 80 M Nat, pH 7-5) respeotively. 


t Mean values for fifteen repeated observations in MEM (015 M Nat, 
0 001 M Mgt, pH 7 5). 


Hydrolysis in 0 3 M KOH at 87° C for 18 h, pH adjusted to neutrality 
before determination of optical density. 
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either rU, rG, rI or rX; rC and rå became more active 
in the presence of Mgt+. It could be assumed (1) that rU 
was too highly disordered at 37° C1*-* to obtain the stabil- 
ity required for antiviral ‘activity on addition of Mgt, 
(2) that rG, rI and rX formed sufficiently stable secondary 
structures in usual test conditions and no extra activity 
could be obtained with higher Mgt concentrations, and 
(3) that rC and rA possessed some ordered structure at 
neutral pH"*:19-33-81 but gained increased stability, increased 
ordered structure and antiviral activity with increasing 
Mg++ concentrations. 


Table 4. ISFLUENOE OF MAGNESIUM IONS ON ANTIVIRAL ACTIVITY OF SINGLE 
HOMOPOLY NUCLEOTIDES 


Cellular realstance* (percen: viras plaque reduction) t 
Homopolynucleotade In MEM In 

(cont, 40 ug/ml.) (0-001 M Mg++) with 0-01 M Mg with 0-04 M Mg*+ 

rU -8 0 0 

r0 -11 10 15 

rÀ 18 34 45 

rG 70 70 70 

TI 70 70 70 

TX 70 70 * 80 


* Mean values for three observations. 
Polymers allowed to incubate at 25° O for 3 h in the presence of the given 
Mgt concentrations and then further incubated at 37° C for 20 h on the cells. 


t Oontrol cell cultures incubated for 20 h with medium coni 001M 
Ag or 0-04 M Mg did not differ in virus plaque forming capacity from 
controls incubated with regular MEM. 


Table 5 shows the effect of lowermg pH on the antiviral 
activity of the single homopolynucleotides which were 
found mactive at pH 7:5 (see Table 3). Both rC and rA 
became active at lower pH and the antiviral activity 
increased the more the pH was decreased; this occurred 
in parallel to their greater stability and capacity to form 
double-helical complexes ın acid solution}:18.19,13,26,27,28,92, 
The antiviral capacity of the homopolymer rU, rC and 
TA at pH 6-0 increased in the same order as their degree 
of hypochromicity (see Table 3); rA at pH 6-0 obtained 
the same activity as rG, rI and rX had at pH 7-5. 


Table 5. IXFLUENCE OF pH OW ANTIVIRAL ACTIVITY OF SIXGLE HOMOPOLY- 


NUCLEOTIDES z 
Cellular resistance* 
Homopolynucleotude (percentage virus plague reduction) t 
(conc. 40 ug/ml.) pH75 pH7-0 pues pHs6o 
rU -3 — — 20¢ 
ro -11 8 21 52 
TA 18 20 64t 74 


* Mean values for three observations Polymers were treated at 400 ug/ml. 

concentration in 0-15 M NaOl+10~ M HOI (pH 4 0) for 4 h at 25° C and then 

to the cell cultures at the given concentration and pH for 20 h at 

87° C. The given pH values were obtained by adding NaH,PO, to the regular 

MEM: pH -0 was reached on addition of 0:012 M NaH,PO,; pH 6 5 required 
0 042 M and pH 6 0 needed 0 07 M NaH, PO.. 


t Control cell cultures incubated for 20 h at pH 6 5 or 6 0 showed the same 
number of virus plaques as controls inoubated at pH 7:5 or 7 0. 


t Only one observation. 
Decreasing amounts of both single and complexed poly- 
nucleotides were tested for their capacity to induce cellular 
resistance (Table 6). A threshold amount of about 0:001 
ug/ml. of rI/rC was required to induce resistance to VSV 
in human skin fibroblasts. An identical amount was 
needed to induce resistance to VSV in primary rabbit 
kidney cells'*. This suggests that primary rabbit kidney 
cells and human skin fibroblasts were equally sensitive 
to rI/rC. Single homopolymers rI, rX. and rG were found 
active from doses of 0:4 ug/ml.; this contrasts with the 
lack of activity described for single rI in primary rabbit 
kidney monolayers!:5. Homopolymer pairs and single 
homopolymers differed markedly in dose-response: rI/rC 
and rA/rU lost their activity completely on a ten-fold 
drop of concentration, whereas the activity of rG, rI and 
rX decreased less with d i concentrations and 
disappeared only with a thousand-fold reduction of con- 
centration. These differences could reflect differences in 
the mechanism of antiviral activity between complexed 
and individual homopolymers. 
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Table 6. DOSE RESPONSE OF OMLLULAR RBSISTANOE (PHR CENT VIRUS PLAQUE 
REDUCTION) INDUCED BY SINGLH AND COMPLEXED POLYNUGLBOTIDES 


Concentration (ug/ml.) 


40 40 04 0-04 0:004 0-000% 

Homopolymer pairs 

r1/r0 100* 100 100 100 90 0 

TA/rU 100 100 100 5 0 — 
Sıngle homopolymers 

TG 72 40 5 0 — — 

ri 78 54 40 0 — — 

rm 80 61 39 0 — — 


* Mean values for at least three separate observations. 


Evidence of Purity of Single Polynucleotide Species 


Evidence that antiviral activity of single homopolymers 
was due to the homopolynucleotide itself and not to 
foreign double-stranded contaminante was supported by 
many arguments: 

(1) No traces of a second component at the 1 per cent 
level were observed on high voltage paper electrophoresis 
of alkalme hydrolysates of 5 mg of the homopolymer 
lote; special attention was paid to the presence of rA 
and rC contaminants in the rG, rI and rX hydrolysates, 
and these impurities could be ruled out at the 0-1 per cent 
level. (2) Ultraviolet absorption spectra of the alkaline 
hydrolysates corresponded fully to the spectral data given 
for the pure nucleosides and mononucleotides by Volkin 
and Cohn?*, Beaven et al.1! and Bock e al.. (3) Charac- 
teristic complexes giving rise to the expected hypochromi- 
city and melting temperature were readily obtained by 
equimolar mixing of the homopolymers (rI and rO, rÀ 
and rU, rX and rU, rA and rI, rX and rif). (4) The 
biological actıvity of 0-04 ug per ml. of the homopolymer 
pair rI/rC was destroyed by heating at 68° C for 1 h 
with 1-8 per cent formaldehyde in 0-15 M NaCl, whereas 
the individual homopolymers rI and rX were as active 
after formaldehyde treatment as before (Table 7). rI and 
rX could be expected to resist the action of formaldehyde, 
for they lack the free amino groups which formaldehyde 
appears to react with™. (5) The biological activity of 
the homopolymer pairs rI/rC and rA/rU was destroyed 
on incubation with pancreatic ribonuclease for 1 h 
at 37° C, whereas the individual homopolymers rl, 
rX and rG resisted the action of pancreatic ribo- 
nuclease (Table 7). (6) rl and rX lost their activity 
on incubation with T1 ribonuclease (Table 7). This could 
be expected from the specificity of T1 ribonuclease for 
guanosine (and guanosine derivatives inosine and xantho- 
sine) 38’-phosphodiester linkages**. rG itself remained 
effective after treatment with T1 RNase, however. This 
might be due to either resistance of rG to digestion in the 
given conditions or degradation to active oligonucleotides’. 
(7) The homopolymer pairs rI/rO and rA/rU showed a 
more steep dose response than the single homopolymers 
rG, rI and rX, suggesting that their antiviral activity 
might be achieved in a different way and by different 
material. 

These findings combined make the presence of active 
foreign materials as double-stranded homopolymer pairs 
in our individual homopolymer preparations very unlikely. 


Interpretation 


Double or more strandedness has been demonstrated 
in 1967 by Lampson et al.3*, Field et al.1, Tytell et al.” and 
Field et al. to explain the capacity of some ribonucleic 
acids and polynucleotide complexes to induce interferon 
and resistance to viral infection tn vitro and in vivo. 
The present report confirms the requirement of double or 
more strandedness for induction of resistance and inter- 
feron and, in addition, presents evidence that the activity 
of the multistranded polynucleotide is due in part to the 
stability of its secondary structure: (1) Antiviral capacity 
of the homopolymer complexes tested increased in the 
order rA/rl, rU/rX, rA/rU and rij/rC. The Tm, and hence 
the stability’, changed in the same order. (2) The single 
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Table 7. ERFEOT OF YORMALDBHYDH, PANGREATIO RIBONUCLEASH AND T1 
RIBONUOLEASH ON ANTIVIRAL ACTIVITY OF BOMOPOLYNUOLEOTIDES AND 
HOMOPOLYNUCLEOTIDE PAIRS 


Cellular resistance (percentage virus plaque reduction) 
Control Control 


Polymer Formaldehyde" T 

(68° O, 1 h) (68° C, 1 h) (4° 0) 
TI (40 ugjml.) 84 82 84 
TX (40 ug/ml.) 87 82 78 
rIfr0 (0-04 ug/ml.) 0 100 100 

Pancreatic ribonuclease y 
40 xg/ml. 4 pefol. 0 4 pg/ml. Control 
TI (40 g/ml.) 92 94 (79)§ — 78 
aere å uo B co g 
r = 
råjrU ml.) 0 — _ 100 
rA/rU (4 ug/ml) — 0 — 100 
TI { mL) — 0 — 100 
tI/rO (0-4 ug/ml.) — — 0 100 
‘ g Ribonuclease T1 t 

0-4 ug/ml, 0 04 Control 
TI (4 ugjmL) 0 0 65 
rG (4 g/ml.) 66 62 57 
TX (4 pg/ml.) 0 25 62 

* At 1'8 per cont in 0:15 M NaCl; 200 ug/ml. of TI, 200 of rX, and 

02 ml. of rIjrC were exposed to formaldehyde treatment, Gintyned 
ov tat 4° C against 1,000 volumes distilled water and diluted in to 


the given concentration before testing. 


+ Given concentrations of polynucleotides and polynucleotide complexes 
were exposed to pancreatic ribonuclease at 87° C for 1h in MEM (with oM 
EDTA: RNase itself did not affect the virus plaque number at the 

ons used. 


t Givon concentrations of polynucleotides and polynuiadeotide complexes 

were to mbonuclease Ti at 87° O for 18 h in MHM (with 10° M 

1 caused slight reduction of the virus plaque 

number at the concentrations used, plaque reduction was in 
percentage of controls treated with the same concentrations of enzyme. 


$ Exposure to RNase prolonged for 24 h. 


concen- 


homopolymers rG, rI and rX were mvaniably effective 
ın our experimental conditions (pH 7-5, 0-15 M Nat, 
0-001 M Mg, 87° C) and also showed the greatest merease 
in optical density on degradation to mononucleotades by 
alkaline hydrolysis. Relatively high hyperchromucity on 
depolymerization was also observed for rå and rC, but 
this could readily be explained by loss of intrastrand base 
gtacking**.3°, (3) Lowering the pH and addition of 
magnestum ions changed the antiviral activity of two 
homopolymer pairs (rU/rX, rA/rI) in parallel with their 
thermal stability. Lowering the pH and excess of Mgt+ 
also increased the antiviral activity of rC and rA. We 
did not study the influence of pH and Mg++ on the optical 
density of rC and rA, but it could be expected that the 
hypochromicity of rC and rA relative to their monomer 
form should be increased by diminishing the pH or raising 
the magnesium concentration**. 

Our initial rC preparation (Miles) showed some inter- 
feron inducing activity in our standard test conditions at 
neutral pH’, whereas all subsequent preparations were 
inactive in these conditions, including those described in 
this article. Baron et al.’ also observed variability of 
activity in similar preparations of single homopolymer 
types. It is possible that some yet undetermined factors 
promoted a more stable secondary structure in the active 
preparations. 

Though secondary structure’! and considerable base 

ing“ in rU are apparent at low temperatures (2° ©), 
rU is completely devoid of any kind of organized structure 
at temperatures above 15° C (ref. 20). Thus its lack of, 
activity could be predicted. Intramolecular base interac- 
tions (base stacking), maintained by hydrophobic forces, 
should account for the partial stability of single stranded 
TA and rO at neutral pH?#-19.29.30, Because rÀ and rO failed 
to induce viral resistance in normal conditions, an ordered 
structure supported by hydrophobic base—base interac- 
tions within the same cham appears to be insufficient to 
induce antiviral activity. Antiviral activity seems to 
be related to structures in which the stability is maintained 
by hydrogen bonds leading to two or multistranded 
species. This could explain the high activity of homo- 
polymer pairs as ri/rC (uniquely double-stranded*') and 
rA/rU [double-stranded in an equimolar mixture, but three- 
stranded (rA/2rU) in the presence of high (0-01 M) Mg++ 
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concentrations‘?], Moreover, it could account for the 
antiviral activity of the individual homopolymers rG, rI 
and rX at neutral pH and rA andrC at acid pH. Although 
no data are available in the literature concerning the 
stability and secondary structure of rQ, rl and rX in 
the conditions we used (pH 7-5, 0-15 M Nat, 0-001 M 
Mgt, 37° C) to establish their antiviral activity, the follow- 
ing data strongly suggest that rG, rI and rX. would occur 
in a highly ordered, multistranded structure m the con- 
ditions we used. (1) rG has a Tm>100° C in 0:002 M 
Nat (ref. 43) and is immunologically four-stranded (in 
5x10“ M Mgt at room temperature). (2) Though 
optical rotatory dispersion™ and circular dichroic investi- 
gations“ indicate for rI a highly ordered secondary (and 
according to X-ray diffraction studies**) three or four- 
stranded structure only in high salt concentrations 
(0-5-1-0 M NaCl) and at low temperatures (0° C), mmuno- 
logical studies reveal that this three or four-stranded 
conformation persists in conditions similar to ours 
(0-14 M NaCl, pH 7-4, or 5 x 10+ M Mgt, pH 7-4) (ref. 47). 
(3) Because rX closely resembles rÍ in structural 
stability *.1", it might also occur in an organized mult- 
stranded form in our test conditions. 

Finally, numerous reports suggested that rC and 
rA would form a hydrogen-bonded two-stranded 
helix in acid solution (pH 4-0-6-0), in contrast with 
the less ordered single-stranded helical formation at 
neutral pH18.1°,19,23,35,27-32, The shift to a double helical 
form by lowering the pH occurred ın parallel with an m- 
crease in antiviral capacity, suggesting that the antiviral 
activity of rO and rA would be dependent on a stable 
double-stranded structure. 

It seems that the double-stranded complex in a mixture 
of two different homopolymers is formed by complemen- 
tary base pairing between the two independent strands. 
On the other hand, it is not yet established whether the 
multistranded complex formed by an mdividual homo- 
polymer type representa aggregates of separate strands 
or a single strand folded back on iteelf. 

Recently, Colby and Chamberlin“ reported differences 
in antiviral activity among polynucleotides and con- 
cluded that there was no correlation between the efficiency 
of interferon induction and thermal stability. It was, 
however, obvious from their data that polynucleotides 
with Tm = 60° O were active whereas polynucleotides with 
lower Tm were not. In addition, Gresser** found that 
replacement of oytidme by 6-bromo or 5-iodocytidine 
in rI/rC did not affect the interferon response, whereas 
methylsubstitution at N7 of inosinic acid completely 
blocked mterferon production. It is well documented 
thet rI/r (bromo-C) and rI/r (iodo-C) melt at higher tem- 
peratures (89° C and 91° C respectively) and r (7-methyl-I)/ 
TC at a lower temperature (39° C)!*1°, These and our 
findings lead us to conclude that in a sensitive assay like 
ours the antiviral activity increases in parallel with the 
thermal stability for polyribonucleotide complexes melting 
out in the 40°-60° C zone and that all complexes melting 
out at higher temperatures (above the 60° C threshold) 
were active, although the extent of their activity 1s not 
directly related to their thermal stability. 

Although stability of the secondary structure could 
account for the differences in antiviral activity among the 
homopolymer pairs rI/rO, rA/rU, rU/rX and rA/rI and for 
the activity of some single homopolymers (rG, rI, rX) at 
neutral pH and others (rA, rC) at acid pH, it did not explain 
why some three-stranded complexes (A/2K, A/2U) were 
less active than their 7'm values predicted and why cellular 
resistance was induced with a different dose response 
relationship for single homopolymers than for homo- 
polymer‘pairs rI/rO and rA/rU. On one hand, one might 
assume that the different polynucleotide types could 
have a different affinity for the cellular site of initiation 
of interferon production and that some specific structural 
elements in rA/rU and rI/rC would be extremely favourable 
to trigger the interferon production sites within the cell. 
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Alternatively, differences ın inducer permeability or sus- 
ceptibility to intracellular nuclease degradation before 
interaction with the receptor site might also be involved. 
We thank Mrs J. Kulhanek for excellent technical 
assistance, Dr W. 8. Robinson for advice and Dr R. L. 
Baldwin for the use of his spectrophotometer. This work 
was supported by a US Public Health Service grant. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Seismic Effects at Mangla Dam, Pakistan 


Destructive earthquakes following the fillmg of large 
reservoirs at Kremasta in Greece! and at Koyna m 
India’? have revived interest in reservoir-induced seism1- 
city. Seismologists are eager to learn what information 
may be gleaned about the details of earthquake mechan- 
ism, and engineers are concerned to locate structures in 
areas where the risk of damage by induced earthquakes 
is least. 
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Mangla Dam, in West Pakistan, is one of the few large 
reservoirs where there has been adequate seismic sur- 
veillance during impounding. The dam is about 200 km 
NNW of Lahore, where the Jhelum River leaves the high 
country of northern Pakistan and enters the flat plain 
of the Indus Basin. The dam, the main sections of which 
have a combined length of 3,300 m and a maximum 
height of 115 m, was impounded in two stages between 
February and September 1967, and retains a. lake of 
capacity 7:25 x 10° m? (6-88 M.A.F.), of area 250 km’ and 
mean depth 26 m. The reservoir thus has a greater 
volume aa those at either Kremasta (3-9 M.A.F.) or at 
Koyna (2:3 M.A.F.). 

Natural earthquakes are known to occur in the region 
around the reservoir and more especially to the north- 
east, towards the highlands of Kashmir. A seismo- 
logical observatory equipped with short-period Willmore 
seismographs was installed at Mirpur, close to the reservoir 
sıte, late in 1965, and two further stations at Baral and 
Jari were installed at the tıme of impounding (Fig. 1). 
Earthquakes could be located only after impounding, 
when the full network of stations was in operation, but a 
simple comparison of numbers of recorded earthquakes 
before and after impounding may be made by using the 
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Fig. 1. Mangla region, showing positions of selsmograph stations, located earthquakes and known faults. 
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Fig. 2. Frequenoy of earth uake occurrence and seismic energy release in relation to the level of Mangla reservolr. Shaded portions of lower 
i histogram represent shocks recorded at Mirpur. 


` records from Mirpur Observatory (Fig. 2). One histogram 
shows the monthly total of recorded shocks omgmating 
within one degree (111 km) from any of the seismograph 
stations. Shocks recorded at Mirpur are shown by 
shaded portions of the hi , and those recorded only 
at the stations installed later by the unshaded areas. In 
the 14 months before impounding started, an average of 
1-6 earthquakes per month was recorded at Mirpur, 
compared with one of 2-1 in the 21 months from impound- 
ing to November, 1968. Including earthquakes detected 
at any of the stations raises the monthly average after 
impounding to 4:1. The additional shocks recorded at 
Baral or Jari only are generally small events originating 
close to these stations. Thus, although the overall 
occurrence of detected earthquakes rose by a factor of 
nearly 2-5 after impounding, most of this increase can be 
accounted for by the installation of the additional 
stations. 

The magnitudes of the shocks are not great, the largest 
being 3-6, and most only 1 or 2. Fig. 2 also shows the 
total energy release per month, on a logarithmic scale. 
Before impounding, the average monthly energy release 
was 3:0x 1015 ergs, compared with 5-6 x 1025 ergs sub- 
sequently. Because these figures are controlled largely 
by the few shocks of greatest magnitude, they are not 
likely to be influenced by the installation of the additional 
stations after impounding. The increase in energy 
release after impounding is small, and of doubtful signific- 
ance. 

Since impounding, only thirty-four earthquakes have 
. been large enough to have been located by the network 
(Fig. 1). The leas reliable epicentres have usually been 
determined from readings at two stations only. They 
oceurred to the north-east of the reservoir, towards the 
region of known seismicity, and away from the more 
populated southern side, where the shocks would have 
been more likely to have been felt. None of the located 
earthquakes is in the immediate vicinity of the reservoir, 
but many of the smaller shocks, recorded at one station 
only, were at distances of only a few kilometres. The 
located epicentres are not closely related to the surface 
traces of any of the known faults. 

There appears to have been some connexion between 
changes in the level of the reservoir and the local seis- 
micity. Fig. 2 shows an increase in the number of shocks 


in March—December 1967 following the initial impoundmg, 
and agam in July-August 1968 during the rapid seasonal 
rise ın level. Also, there were no shocks recorded from 
April 1 to July 12, 1968, when the reservoir was at its 
lowest height since impounding. Although these group- 
ings of shocks seem to be connected with the level of the 
reservoir or its rate of change, the shocks themselves are 
generally of very low energy, none has been large enough to 
have been felt in the reservoir area, and the overall seismic 
effect of the impounding of the Mangla reservoir has been 
small. 

The lack of pronounced seismic effect may in part be 
explained by the geological structure of the area; the 
basement rock is overlain by an estimated 3 km of friable 
sandstones and clays of the Siwalik (late Tertiary) series. 
These rocks would offer little resistance to any applied 
load, and would be expected to deform gradually to 
accommodate it. At Koyna, on the other hand, the lake 
was formed on the more competent basalt flows of the 
Deccan Traps, which could have stored m them a greater 
amount of latent seismic energy, available to be triggered 
by an applied load. Koyna, Kariba and Kremasta are 
also all in regions of comparatively low seismicity where 
such energy would not be released by natural earthquakes. 
A further factor that might affect reservoir-induced 
seismicity is the mean depth of the lake, which determines 
the mean pressure acting on the Earth’s surface beneath 
the reservoir. The mean height of Mangla reservoir 
(26 m) is less than that at Koyna (30m) and considerably 
less than that at Kremasta (58 m). The lowest draw- 
down of lake level at Mangla in 1969 is likely to be con- 
siderably lower than in 1968. Any effect this may have 
on the local seismicity will be carefully watched. 

It will be interesting to monitor the seismic effect of 
impounding the next dam in the Indus Basin Project, at 
present under construction at Tarbele, and scheduled for 
completion in the mid 1970s. Tarbela is situated about 
150 km to the NW of Mangla, on the Indus River, in an 
area of older, more competent rock, and will have a capa- 
city (11-1 M.A.F.) and mean depth (53 m) about twice 
those at The seismic effect of its impounding 
should be more pronounced than that at Mangla. 

Seismic surveillance of the Mangla Project is being 
made by the Pakistan Meteorological Department, at 
the instigation of the consulting engineers, Binnie and 


NATURE, VOL. 222, JUNE 21, 1969 


Partners of London. .Thıs report arises from visits to 
Mangla by R. D. A. under Unesco consultant contracts 
in May-June 1967 and November—December 1968. 

‘ R. D. ADAMS 
Seismological Observatory, . : 
Geophysics Division, 

Department of Scientific and Industrial Research, 
Wellington, New Zealand. 

‘ ÅBSGHAR AHMED 
Pakistan Meteorological Department, HE og 
Mirpur, West Pakistan. 


Rocetved April 14, 1969. 
1 Galanopoulus, A. G., Ann. Géol. Pays Helleniques, 18, 281 (1967). 


1 Narain, H., and Gupta, HL, Nature, 217, 1188 (1968). 
3 Rothé, J. P., New Set, 39, 75 (1068). 


Topside lonospheric Structure at 
Northern Mid-latitudes after 
Ground Sunset in Summer 


Dunia the period between ground sunset and ionospheric 
sunset, the solar light is considerably filtered during its 
pessage through the entire atmosphere before reaching 
still-illuminated ionospheric regions. Most of the ionizmg 
radiation is absorbed before 1t reaches the illuminated 
regions, hence only some heating might be caused by the 
long-wavelength spectrum of the incident radiation. It 
seems reasonable, however, to expect that topside regions 
are thermally stable because they have been illuminated 
for a long period of time. 

When ionospheric sunset 1s observed m summertime at 
northern latitudes with a south-to-north moving satellite 
in near-polar orbit, the zones below the satellite (which is 
at about 1,000 km) progressively change from total dark- 
ness to increasing illumination until the region of the 
midnight Sun is reached. One expects the electron density 
structure at northern mid-latitudes to be governed by 
interaction of two effects: the normal decrease of density 
a fixed heights toward northern latitudes and heating 
effects. 








SUNSET LINE 
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Fig. 1. ‘Latitudinal variation of electron density contours at fixed 
altitudes observed with Alouette I, Orbit 18025, July 16, 1966, 20° 17.60- 


20 : 26.28 EST, Sunset Hne at the various altitudes is indicated. 
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2. Latitudinal variation of electron density contours at fixed 
altitudes (after pout sunset) observed with Alouette I, Orbit 19088, 
uly 18, 1066, 18 : 68,80-19 : 08.88 BST. 


The sunset illummation below the satelite appears 
similar to an ionospheric sunrise although thermal condi- 
tions of the ionosphere are quite different. During actual 
sunrise, night-time’s well balanced temperature distribu- 
tion 18 changed rather abruptly along the twilight zone. 
Thus turbulence and similar effects are produced’. The 
result of sunrise heating and the ensuing drifte and motions 
create electron content variations, which m turn produce 
signal amplitude variations (scintillations) and spreading 
of topside and bottomside ionograms (personal communica- 
tion, J. E. Jackson). These phenomena did not ocour 
during the virtual sunrise desorıbed here. 

An analysis of ionograms recorded during a south-to 
north passage of Alouette I shortly after ground sunset 
but durmg ionospheric sunset was performed for a mag- 
netically quiet period in July 1966. Our method of taking 
“hve” jonograms m “real time” will be described else- 
where?. 

A plot of electron density at fixed altitudes versus lati- 
tudes for Orbit 18925 of Alouette I taken during top- 
side and bottomside ionospheric sunset shows a typical 
latitudinal topside structure (Fig. 1). The trend at the 
lower altitudes (above max) indicates a decrease in the 
electron density at fixed heights as the satellite moves 
northwards; whereas at the higher altitudes an increase 
in electron density is dicated. In the vicinity of 700 km 
altitude, the density is constant for the letitudinal range 
considered. A simular trend was displayed in other obser- 
vations in equal conditions. The contour trend changes 
at all altitudes at nearly the same geographic latitude 
where the sunset line reaches an altitude of about 300 km. 
This suggests that illummation at hmex might influence the 
electron density structure at all other topaide altitudes. 

A control orbit (19088) was taken on July 18, 1966, in 
the late afternoon when the entire atmosphere and 
ionosphere were illuminated at all latitudes north of 40° 
lat. Ground sunset was reached south of 40° N lat. The 
trend of this latitudinal variation (Fig. 2) follows the, 
known? decrease of electron density at all heights as the 
topside sounder moved northward. The contours observed 
are parallel in log scale. Fig. 2 shows a general decrease in 
denmty at all altitudes up to approximately 55° N lat., 
from which position there is an increase ın densities at all 
heights as the satellite enters the auroral regions. The 
inorease north of 55° N lat. is not of interest here because 
auroral effects are not evaluated in this communication. 

The decrease during the control period at allealtitudes 
is explained by the fact that the ionospheric regions 
explored were ionized at progressively shallower angles. 
Our sunset period data (Fig. 1) indicate, however, that 
at the lower topside altitudes the south-to-north trend of 
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the afternoon control period is maintained but the decreas- 
ing trend 1s reversed at altitudes above 700 km. These 
topside regions must, however, be thermally stable 
because they have been illuminated during the long 
summer day. Thus any expansion of the ionosphere 
caused by heating in the vicinity of hmax and the ensuing 
upward drifts of electrons had already taken place. The 
observations suggest that denser upper regions must exist 
‘in the northern latitudes during this period. Apparently, 
the daytime expansion offsets the usually observed de- 
crease (as in the control situation) at the higher altitudes. 
The electron density structure at altituder below 700 km, 
however, is similar in trend to that during tho control 
period. Because the trend of the contours in Fig. 1 changes 
at rather low latitudes where particle-produced ionization 
18 very small, especially during the magnetically quiet 
period of the observations, we can rule out the possibility 
of direct ionization from particles as a cause for the contour 
change. 

In summary, the observed phenomenon oan be described 
as the interaction of two effecte: (1) the normal decrease 
of density (at equal heights) at northern latitudes and 
(2) the expansion effects around hmax produced by long 
time solar illumination. 

P. R. ARENDT 
H. Soror 
Institute for Exploratory Research, 
US Army Electronics Command, 
Fort Monmouth, New Jersey. 
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Uranium Content of Some Stone 
Meteorites and their Pu-Xe 
Decay Interval 


Kuroda and Reynolds have recently discussed whether or 
not the Pu—Xe and I-Xe decay mtervals of stone meteor- 
ites are concordant, and the implications of this question 
to models of galactic nucleosynthesis. Kuroda states)? 
that they are concordant, while Reynolds*“ believes the 
question is still open. Kuroda notes that the =Xe/U 
ratios are excessively high in two eucrites, Petersburg and 
Moore County, indicating Pu-Xe decay intervals for these 
two meteorites which are not concordant with their T-Xe 
decay intervals beyond his acceptable limits of error 
(+30 per cent). Using his average eucrite uranium 
abundance of 130 p.p.b. for these two meteorites, instead 
ee measured abundances of 100 and 40 p.p.b. respec- 
ively, he brings the decay intervals to near concordancy, 
arguing that the measured uranium abundances may well 
be wrong because of tellurium interferences with the 
neutron activation analysis. It therefore becomes a 
critical test of Kuroda’s model to measure the uranium in 
either of these meteorites by a different technique. In 
particular, the difference between the measured and 
predicted U abundances in Moore County is significant. 
Another meteorite, the aubrite Pena Blanca Springs, 
would show concordancy with a U abundance of about 
20 p.p.b. The measured values are close enough to this, 
14:3 and 16-4 p.p.b. (ref. 6), but because of the doubt cast 
by Kuroda on the validity of these measurements and 
because of the high U content (47 and 62 p.p.b.) measured 
by the Bame technique on the aubrite Shallowater, it 
seemed important to check the Pena Blanca Springs data. 
Here I report measurements of the uranium abundances 
in Moore County, in Pena Blanca Springs, and in several 
“normal” eucrites, by the fission track method’. Thin 
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sections of the meteorites mounted in plastic disks were 
covered with lexan plastic and irradiated in a nuclear 
reactor for 4 h at a flux of ~5x 10" njom? s, together 
with a glass standard similarly mounted and covered. 
Tracks in the covering plastic were the result of neutron 
induced fission of uranium in the samples. A und 
effect caused by uranium in the plastio itself was negligible 
except for the very lowest uranium contents ($10 per cent 
for Moore County and Pena Blanca Springs). Comparison 
of track densities found in the plastic adjacent to the 
meteorite samples with that found in the plastio adjacent 
to the standard glass sample gives directly the uranium 
content of the meteorites. The meteoritic areas scanned 
were large enough to smooth out heterogeneities in the 
uranium distributions (Table 1). Error limits are +10 
per cent except where noted. 


Table 1. URANIUM ABUNDANOES IN SOME STONE METHORITHS 


on track 
Meteorite denmty Area U(p.p.b.) Previous results Average 
(em) (cm) _ | 
Pena Blanca Springs 250+100 006 8+2 16-4, 14 3 (ref. 6) 18 
Pasamonte 4,000 0081 120 ee 2 182 91 
(re 8); 107, 58, 
, 87 tref. 6) 
Moore County 850 0 044 25 106 (ref 9); 60, 44 
39 (ref. 6) 
Sioux County 1,880 0-057 40 68 (ref. 7); 142, 
106 (ref. 6) 
8tannern 5,600 008 165 190, 160 (ref. 6) 175 


The Moore County datum of 25 p.p.b. U is ın good 
agreement with the previous data, and is far from the 
value of 130 p.p.b. predicted by Kuroda’s calculations. The 
Moore County decay intervals, therefore, remain discor- 
dant and ıt is clear that the whole question of concordancy 
of meteoritic decay intervals 1s still open. 

The Pena Blanca Springs datum of 8 p.p.b. U 1s in 
reasonable agreement with the previous data, considering 
the range in U abundances within individual meteorites 
found by previous investigators**, but is far from the 
20 p.p.b. necessary for concordancy. The average U 
abundances calculated for this meteorite from my own 
and previous data do give a Pu—Xe decay interval con- 
cordant with the I~Xe interval, within Kuroda’s stated 
limite of error; this emphasizes the question of sampling 
difficulties in the interpretation of the Ke and U data. 
The uranium abundances within most of these meteorites 
show variations of about a factor of two. It will therefore 
be necessary to perform U and Xe measurements on 
thoroughly crushed and mixed aliquots if the question of 
the Pu-Xe decay interval is to be settled. A eucrite 
average of about 100-120 p.p.b. can be calculated from 
my own and earlier data, depending on how one weights 
multiple determinations on individual meteorites. But 
about half the eucrites show average values differing from 
this total average by +75 per cent, so that Pu-Xe decay 
intervals based on such an average uranium content can 
only be a gross estimate. 

This work was supported in part by the US Atomic 
Energy Commission and the US National Science Founda- 
tion. Technical assistance was given by T. Middleton. 
The meteorite samples were obtained from Dr O. Moore of 
Arizona State University. 

Davo E. FISHER 
Institute of Marine Sciences, 
University of Miami, 
Miami, Florida 33149. 
Received April 8, 1969. 
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Corrections to Two Previous Articles 
on Extragalactic Gamma Rays and 
Implications of the Corrected Results 


oe 
I pmport here the correction of an error which, unfortun- 
ately, affects two articles of mine on extragalactic gamma 
radiation which appeared recently in Nature’. Equation 
(1) of ref. 1 should contam a factor of (1+z)? in the 
denominator instead of (1+z)?. The same correction, 
applied to equation (12) of ref. 2, affects the index, 
a, of equation (15). This mdex then becomes 2 for a 
low density model and 1-5 for an Emstem—de Sitter model 
universe. 

The change ın z-dependence of equation (l) in ref. 1 
lowers the requirements on the present metagalactic 
cosmic-ray intensities given in Tables 1 and 2 of that 
article. The corrected values are given in this article. 


Table 1. VALUE OF Jo/Ig FOR no= 10 om 
Model Zmar 22 4 9 40 


Constant leakage 
Burst model 
Evolving sources 


100 


18x10? 18x10 70x10“ 82x10* 28x107 
2-6x10-? 90x10* 22x10* 80x10 11x10“ 
25x10" 60x10? 48x10¢* 71x10" 41x10" 


Table 2. VALUN OF Io/Ig FOR no=10" om 


Model Emax 22 '4 9 40 100 
Constant leakage 18 72 23 86x107° 20x10" 
Burst model 1-7 49x107 890x10! 65x10? 16x10? 
Evolving sources 1-6 24x10% 10x10* 14x10“ 13x10% 


The values given in Stecker and Silk? are correct. 


This same correction changes the results given in Figs. 
2 to 5 of ref. 2. The power-law spectra generated then 
have steeper slopes, as shown im the corrected figures 
presented here (Figs. 1 to 4). The umplication of this 
correction is more profound. 

The Harrison cosmology‘ considered in ref. 2 leads 
to an estimate that ~10— of the orginal mass of the 
universe remains after the initial annthilation of almost 
all of the initial matter and antimatter in producing the 
thermal blackbody radiation. To order of magnitude 
then, the ploton density of annihilation-gamma-radiation 
cannot be more than 10-* of the photon density of the 
blackbody radiation; that is, about 6x 10-7 om>. Using 
this density as an upper limit, and assuming the annihila- 
tion-gamme-ray spectrum follows a power law form of 
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Fig. 1. The metagalactic differential 


annihilation trum given for 
various maximum red-shifts for an Einstein—de 


itter universe. 
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Fig.2. The metagalactio integral annihilation spectrum given for various 
maximum red-shifts for an Etnstein—de Sitter untverse. 
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The metagalactio differential annihilation spectrum given for 
varlous maximum red-shifts for a low density universe. 


Fig. 3. 


I(H),dH,= KE, čdE,, we find that uf this spectrum is to 
match up with the intensity of the observed X-ray’ 
spectrum at 100 keV, then §<1-5. A larger value of & 
would result in an annihilation-photon density much too 
Ingh. Coicidentally, a value for & of 1-5 seams to fit the 
data well ın the range below 100 keV (and possibly up 
to 1 MeV, as will be shown elsewhere by Dr Trombka of 
our branch). Unfortunately, when the error m ref. 
2 is corrected we obtain values of 2-5 and 3-0 for the 
Einstem-de Sitter model and the low-density model 
respectively and these values are too high to account for 
an annihilation interpretation of the X-ray data. Perhaps 
a more general cosmological model could yield the stronger 
curvature factor needed, namely, di/dz~cH,(1+2z)-+§ 
for 10?<2<10, to give a value for § of 1:5: Also, one 
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ead varie A | Ted- for a low density aa van ae 
should consider the temperature dependence of the atomic 
annihilation rate for z is < 10t. 

F. W. STEOKER 

Theoretical] Studies Branch, 
GoddaréSpace Flight Center, 
Greenbelt, Maryland. 
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Search for Hydrogen appearing in 
Mercury Metal 


TwEaNTY years have passed since Bondi and Gold?! intro- 
duced the steady-state theory of the universe and the 
attendant concept of continuous creation. Thus far, the 
theoretical successes of steady-state cosmology have 
survived the testa of observation’. In all of the observa- 
tions, however, there has been no direct evidence for or 
against continuous creation. 

In the original form of the steady-state theory}, the 
creation rate is proportional to the proper volume and 
takes place at such a rate that the mean density of matter 
in the universe does not und secular change, despite 
the expansion determined from the red-shift. This rate 
can be shown to be 30/7 (ref. 3), where p is the mean den- 
“sity of matter in the universe, and T is Hubble’s constant. 
If we take p=2x10-* g/om? and 1/T=2:4x 10-18% 5-1, 
the rate is 1-4 x 10 g/om? s. This, as Bondi pointed out*, 
cannot be observed directly. If, however, one makes the 
assumption that continuous creation 1s proportional to 
the amount of mass in a volume, rather than the volume 
itself, then the rate? would be 7:2 x 10-1! g/g/s. 

We do not know in what form newly created matter 
would appear, but hydrogen, as the most abundant 
element, seems a likely possibility. Unlike charged pairs, it 
would not generate radiation on a cosmic scale in violation 
of present observational limits. 

In the spring of 1968, we performed an experimental 
test of mass-proportional creation of hydrogen. To trap 
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and separate the hydrogen from the bulk matter within 
which it would be created, we chose the simple processes 
of freezing and boiling mercury. Distillation of 1 mole of 
mercury would release 9x 10* hydrogen atoms for each 
second during which the mercury was in the frozen state. 
For our 0:6 1. volume this corresponds to a pressure 
increase of 4x 10-14 torr/s. 

The apparatus was an inverted Y-tube (Fig. 1). The 
mercury was alternately distilled from one leg to the 
other. In the stem of the Y-tube were three magnetic 
stainless-steel ball valves and a liquid nitrogen trap. The 
stem of the Y-tube was connected to an omegatron mass 
spectrometer and to a pumping system that mamtained a 
pressure of 5x 10-* torr or leas. During distillation the 
pumping system was separated from the omegatron and 
Y-tube by a vacuum valve. The mercury was then distilled 
from one leg of the Y into the other where it was condensed 
and frozen. The ball valves were then opened to allow any 
gases evolved to pass into the tron. 

The omegatron was calibra by leaking known 
amounts of hydrogen mto the apparatus and observing 
the response of the omegatron. This calibration agreed 
with the calculated sensitivity of the omegatron within 
a factor of two. Because the omegatron dissociates H, 
into H+, as well as Ht, two peaks were observed the 
heights of which were in the ratio Hi/H+=1-39; only 
the H+ peaks were recorded during the runs. The ion 
pump action of the omegatron was entirely negligible for 
the amount of gas to be observed. The system was 
surrounded by H,-filled bags for leak testing, and no 
leakage was found. Also, the possibility that the hydrogen 
was being lost in the mercury was eliminated by experi- 
ments in which hydrogen was dissolved in the mercury 
and measured in successive distillations. 

The amount of H, evolved in each distillation, as well 
as the amount evolved when the empty leg of the Y was 
heated, was measured. The outgassing pressure of the 
vycor walls averaged, over a dozen runs, to 4x 10-!° torr 
for a time of 30 min at a temperature of 300° O. This was 
subtracted from the observed pressure to yield the amount 
of hydrogen that evolved from the mercury alone. The 
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A Selection of DICTIONARIES from Elsevier 


DICTIONARY OF 
HYDROGEOLOGY 


Hans-Olaf Pfannkuch, Department of Geology and Geo- 
physics, University of Minnesota, Minneapolis, U.S.A. 


CONTENTS: This dictionary covers the wide range of 
words and technical terms occurring In the fields of hydro- 
geology, geohydrology, and aquifer exploration and devel- 
opment. In addition, supporting and over-lapping disci- 
pines are included, such as hydrometeorology, surface 
ydrology, hydropeochemistry, water quality control, 
water resources planning and new analytical approaches. 
It unites terminology usually to be found, If at all, widely 
dispersed in several dictionaries, into one easy to use 
reference. Definitions of English entries provide additional 
information for the user who is not acquainted with all 
aspects of hydrogeology and the related sciences. 


1969 180 pages 


DICTIONARY OF RUSSIAN 
TECHNICAL AND SCIENTIFIC 
ABBREVIATIONS 


H. Zalocki, Warsaw, Poland 


CONTENTS: This reference work contains a trilingual 
key for acronyms in modern scientific Russian, written and 
spoken. Every abbreviation and acronym is followed by 
its full Russian equivalent and explanatory translations 
in English and German. The entries cover the main branches 
of modern science and technology. Some commercial 
terms are included, as well as the most frequently used 
acronyms from Soviet universities and institutes, design and 
planning bureaux, factories, laboratories and industrial 
administrations. Also covered are Russian and international 
agencies, societies and organizations dealing with sclen- 
tific, technological and economic problems. A German/ 
English volume is in preparation. 


1968 387 pages 


DICTIONARY OF SCIENCE 
AND TEGHNOLOGY 


English/German 
A. F. Dorian 


CONTENTS: This diction Is an easy-to-consult and 
clear reference source to a choice of terms from !28 dif- 
ferent flelds of science and technology. The conveniently 
arranged order of words, and the precise Indication of 
the flelds to which they belong makes thls book an Indis- 
pensable aid. The fields covered include acoustics, aero- 
dynamics, anatomy, astronomy, botany, building, chemistry, 
communications, computer technology, electronics, 
electricity, geology, industrial chemlstry, mathematics, 
mechanics, medicine, metallurgy, mineralogy, navigation, 
nuclear physics, tool-making, optics, physics, zoology. 


1967 1238 pages £10 10 0 


£3 10 0 


#5 5 0 





DICTIONARY OF GHEMIGAL 
ENGINEERING 


English/American, French, Spanish, Italian, Dutch, German 


Compiled by W. E. Clason, formerly Head of the Transla- 
tion Department, N.V. Philips, Gloetlampenfabrieken, 
Eindhoven, The Netherlands 


Volume 1: Chemical Engineering and Laboratory 
Equipment 


CONTENTS: This volume contains 5,973 terms dealin 
with apparatus and their component parts used in chemica 
laboratories and in the chemical and allied industries. 
Apart from the purely chemical apparatus attention has 
been given to installations. 


1968 617 pages £8 5 0 


Volume 2: Chemical Engineering; Processes and Products 


CONTENTS: This volume contains 5,900 terms dealing 
with processes and methods used in chemical engineering 
as well as terminology concerning raw material, its pro- 
cessing and finished products. Commonly known chemicals 
are not included. 


1968 570 pages 28 5 0 


DICTIONARY OF HIGH 
VACUUM SCIENCE AND 
TEGHNOLOGY 


F. Weber, Leybold-Herdeus GMBH & Co., Cologne 


CONTENTS: This book contains, in German, English, 
French, Spanish, Itallan and Russian, the terms used in 
high vacuum physics and technology. It also Includes the 
most important terms used in vacuum engineering and the 
flelds that are inherently linked to the great variety of 
applications of this technology. 


1968 539 pages 


DICTIONARY OF GENERAL 
PHYSICS 


W. E. Clason, former.y Head of the Translation Department, 
NOT Pips: Gloei'ampenfabrieken, Eindhoven, The Nether- 
lards. 


CONTENTS: The basic word-list is in English, with differ- 
entiation of American usage, spelling and preference. A 
concise English definition of 3,400 basic terms is followed 
by equivalents in French, Italian, eat Dutch and German, 
which are also separately and alphabetically listed in 
thumb-indexed sections with a numerical key to the basic 
table. 


1962 859 pages 


£10 0 0 





£8 16 0 





Elsevier 


Amsterdam 
P.O. Box 211 


London 





Ripple Rd Barking Essex 


Hew York 
52 Vanderbilt Ave NY 10017 
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ILIFFE 
BOOKS LTD 


42 RUSSELL SQUARE 
LONDON wcl 


ILIFFE 
BOOKS 


DECOMPOSITION TECHNIQUES IN 
INORGANIC ANALYSIS 


J. DOLEZAL, P. POVONDRA and Z. SULCEK: C.Sc., Senior Lecturers, 
Prague 

This book is based on papers In both English and Russian, some of the latter being 
unobtainable In the West, and reviews a comprehensive range of decomposition tech- 
niques. In every case, the descriptions are supported by an extensive list of references 
to the original literature, It Is an invaluable work to all those engaged in chemical 
analysis, especially the Industrial chemist or geologist Investigating highly complex 
material. 

226 pp. 2 illustrations 55s, net 


L. SZEPESY, Dr.techn., Head of Physical Chemistry Department, Hungarlan 
Oll and Gas Research Institute. 

English translation edited by E. D. MORGAN, D.Phil., Department of 
Chemlstry, University of Keele. 

This Is a sound introduction to a rapidly expanding fleld, giving comprehensive descrip- 
tions of most aspects of the subject, Including a full evaluation of the apparatus required. 
It lists fifty-two classes of organic and Inorganic compounds to which gas chromatography 
has been applied. 

367 pp. 70 illustrations 80s. approx (To be published July/August) 


LUMINESCENT SCREENS: PHOTOMETRY 
AND COLORIMETRY 


J. KAMLER, M.Sc., Research Engineer, Tele and Radio Research Institute, 
Warsaw 

Of particular Interest to T.V. engineers, technicians and senior students, thls book 
describes In detall the measurements of the optical properties of screens of cathode 
ray devices. In addition, widely differing measuring techniques are outlined In thelr 
special applicitlon to luminescent screens. 

204 pp. illustrations 60s. net 


REACTIONS OF ORGANOMETALLIC 
COMPOUNDS WITH OXYGEN AND 
PEROXIDES 


T. G. BRILKINA, C.Sc., Lecturer, Department of at Sal Chemistry, 
Lobachevskii State University, U.S.S.R. and Y. A. SHUSHUNOV, D.Sc., 
Head of Department of Physical Chemistry, Lobachevskll State University, 
U.S.S.R. 

English translation edited by A. G. DAVIES, Ph.D., D.Sc., University College, London. 
This work written by two international authorities on the subject, is intended for 
those In academic or Industrial research In the field. As far as is known, it Is the first 
book In English to be concerned exclusively with the reactions of organic compounds 
of metals of Group | to IV of the Periodic System with oxygen and peroxides. 

225 pp. 65s. net 


SODIUM HYDRIDE—Its use in the 


a 
Laboratory and in Technolog 
J. PLESEK, C.Sc., Czech Academy of Sclences, and $. HERMANEK, C.Sc., 
Czech Academy of Sclences 
The book Is in three parts, bringing together almost a thousand ts from all over 
the world, and shows clearly the great, and as yet unused, possibilitles Inherent In the 
application of this commercial reagent. It is recommended for undergraduates, chemical 
engineers and research workers. 
185 pp. 214 diagrams 45s. net 
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-JOURNAL _ 
NEWS 1969 


As Britain's leading publisher of international learned and scientific journals, Pergamon. 
Press has launched many new journals during the last twelve months, covering a wide range 
of specialist subjects. Also over this period, a large number of special issues and supplements 
have been published. Exclusive papers and articles have been collated for these unique 
editions, from many prominent authors, who are recognised authorities in their respective 
fields. For those interested in each subject, at whatever level of expertise, these volumes 
provide extremely valuable source and reference material. 





NEW LEARNED 
JOURNAL TITLES 
WHICH HAVE BEEN 
AND ARE TO BE 
PUBLISHED BY 
PERGAMON PRESS 
IN 1969 


O ACCIDENT ANALYSIS AND 
PREVENTION 

Editor-in-Chief: Frank A. Haight 

This new international journal is 
designed to provide a forum for 
research and discussion on all aspects 
of industrial and transport safety, 
including the prevention of injury due 
to accidents. Emphasis is placed 
on the systems approach, cost effec- 
tiveness studies and the development 
of statistical procedure for analysis of 
accident data. A special feature of 
the journal will be review articles 
summarising current knowledge in 
selected fields of research, a news 
service for the exchange of information 
on new devices and systems, and a 
comprehensive listing of recent publi- 
cations in accident prevention. 

Some papers from Volume 1 No. 1 
Edward Levonian Personality Charac- 
teristics of Juvenile Driving Violators. 
Sven Erlander, J. Gustavsson & 
E. Larusson Some Investigations on the 
Relationship between Road Accidents 
and Estimated Traffic. 

Henry S. R. Kao Dynamic Feedback 
Concepts of the Human Vehicular 
Behavior and the Highway Infor- 
mation Display System. 

Wolfgang S. Homburger On the 
Analysis of Accident Trends. 
Quarterly; to be published in June 
1969. Rate: £12 0s. Od. $30,00 


o AUTOMATICA 


Editor: George S. Axelby 
Automatica Is published as the 
official journal of IFAC—iInter- 
national Federation for Automatic 
Control. 

The subjects of the papers cover a 
wide variety of topics to illustrate the 
activities of IFAC and the develop- 
ments in the area of automatic 
control, systems science and cyber- 
netics. These papers concern the 
theory and application of systems and 
components; the creation, fabrication 
and transportation of materials, both 
the inert and the living; the generation 
and transmission of power and infor- 
mation; and the realms of ecology, 
geology and biology including control 
of the weather, pollution and natural 
resources. The aim of the journal, is 
to select the most promising papers 
of those presented at the IFAC 
meetings, to evaluate them through 
reviews, to have them rewritten as 
necessary, and to publish them on a 
regular bi-monthly schedule. 


Bi-monthly from January 
Rate: £16 Os. Od. $40.00 


1969 


JOURNAL OF THE FRANKLIN 
INSTITUTE 

Editor: Martin A. Pomerantz 

In January, this the oldest and most 
highly revered American journal which 
is devoted to Science and the Mechanic 
Arts, commenced publication with 
Pergamon Press, and is now in its 
143rd year of publication. Papers 
cover all the traditional branches of 
mathematics and the physical sciences, 
pure and applied, as well as in inter- 
disciplinary fields or composite sclences 
that combine the philosophies of two 
or more disciplines. This journa! 
provides a platform. for the dissemin- 
ation of scientific ideas and research 


with original contributions submitted - 


by authors from more than 60 countries. 





Brief communications are also included 
if considered to be of exceptional 
interest and a certain number of 
current books are reviewed in each 
issue. 

Published Monthly (2- Volumes per 
year). Rate: £16 Os. Od. $40.00 


FORMA ET FUNCTIO 

Editors: Rudolf Altevogt Heini 
Hediger, John A. King, Gunter 
Tembrock and Kelth S. Thomson. 

An internationa! journal of functional 
biology, devoted to the complexity 
of problems within biology. Morpho- 
logical studies of the communicative 
systems in higher and lower social 
creatures require the extension of 
study into the context of function. 
In the nervous system and the sensory 
organs, form and function of the 
psycho-physical sub-stratum are 
closely related in all phyletic divisions. 
It is with this in mind that Forma et 
Functio will give constant reference 
to function and form, as well as the 
emphasis on the interdependence of 
shape; for the mere study of the form 
would result in sterile description, 
and mere analysis of function is 
unthinkable without constant reference 
to relevant shapes of all kinds. 
The journal will accept original works 
in German, English and French and 
will publish abstracts of contributions 
in these three languages. 

Quarterly: published from Spring 
1969. Rate: £10 0s. Od. $25.00 


METRON 

Sira Measurement and Control 
Abstracts and Reviews. 

Metron is the new title and up-dating 
of the established journal formerly 
known as Sira Abstracts and Reviews, 
The alm of Metron is to assist scientists. 
technologists and managers searching 
for new techniques and developments 
in the field of measurement and 


continued on page 4 of insert 
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THE FOLLOWING 
PERGAMON 
LEARNED 
JOURNALS HAVE 
PUBLISHED 
SPECIAL ISSUES 





` OR SUPPLEMENTS 


oo 


THIS YEAR 





WATER RESEARCH 
on Sewage Fungus: 
and effects 

In four successive issues of Water 
Research, commencing with Volume 3 
No. 5, review papers will be published 
on the subject of Sewage Fungus. 
This aspect of pollution Is one of 
several embraced by the scope of the 
Journal which publishes a range of 
papers In the field of water pollution 
control. Included in this range are 
chemistry, blology or kinetics of 
water-waste treatment; the effects of 
polluting discharges into inland or 
tidal and coastal waters; advance- 
ments in instrumentation. 

The review papers are: 

E. J. C. Curtis Sewage fungus: 
Its nature and effects Volume 2 No. 5. 
D. F. Toerien and W. H. J. Hattingh 
The microbiology of anaerobic diges- 
tion Volume 2 No. 5. 

J: P. Kotzé, P. G. Thiel and W. H. J. 
Hattingh The characterization and 
contro! of anaerobic digestion Volume 
2 No.7 

W. A Pretorius Kinetics of anaerobic 
fermentation. Volume 3 No. 8 

Annual subscription £40 Os. Od. 
$100.00 Concessional rates to Educa- 
tional Libraries £16 Os. Od. $40.00 
Single copy £3 10s. Od. $9.00 
Published Monthly. 


Its nature 


JOURNAL OF CHRONIC 
DISEASES 

on Intrafamilial Transmission of 
Rheumatoid Arthritis. 

The journal of Chronic Diseases has 
led the field for many years in the 
publication of articles on chronic 


. complaints in age groups, including 


the natural history of chronic disease; 
early diagnosis and treatment, the 
impact of the chronically il] on the 
community; long term medical and 
nursing care; rehabilitation and pre- 
ventative medicine. Volume’22 No. 2 
will be devoted to a collection of 
papers on the Intrafamilial Transmission 
of Rheumatoid Arthritis. $ 
Some of the papers included are: 


S. Cobb, P. Hunt and E. Harburg '` 


An interview measure of rheumatoid 
arthritis. 
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W. J. Schull and S. Cobb The lack 
of support for a genetic hypothesis. 
S. Cobb, S. V. Kasi, J. R. French and 
G. Norstebo Why do wives with 
rheumatoid arthritis have husbands 
with peptic ulcer? 

Annual subscription £24 Os. Od. $60.00 
single copy £2 10s. Od. $6.50 
Published Monthly. 


GEOCHIMICA ET 
COSMOCHIMICA ACTA 
An agreement has been reached to 


O to publish the Third International 


Tektite Symposium, which took place 
in April 1969, in the journal Geochimica 
et Cosmochimica Acta. Publication 
is expected to be in Volume 33 No. 9. 
Annual subscription £30 Os. Od. 
$75.00 

Single copy £3 Os. Od. 
Published Monthly. 


$7.50 


O JOURNAL OF STORED 


PRODUCTS RESEARCH 


O on Mycotoxin Symposium 


00 


At the First international Congress of 
Plant Pathology held ın London 
during July 1968 papers were read on 
Mycotoxins. These papers throw 
valuable light on the work of mycolo- 
gists and toxicologists involved in 
stored products research. In tum 
the journal deals with all aspects of 
the biology, ecology, physiology, be- 
haviour taxonomy, genetics or control 
of the insects, mites, fungi and 
other organisms associated with stored 
products. Thus Symposium is to be 
published in Volume 5 No. 2. 

Papers include: 

A. Z. Joffe Toxic properties of 
Fusarium poal (Peck) Wr., F. sporo- 
trichioldes  Sherb, and Aspergillus 
flavus Link. 

H. W. Schroeder Factors influencing 
the development of aflatoxins in some 
field crops. 

L. J. Ashworth, J. L. McMeans and 
C. M. Brown Infection of cotton by 
Aspergillus flavus; Epidemiology of the 
disease. 

P. J. Brock Pithomyces chartarum in 
pasture, and measures for prevention 
of facial eczema 

Annual subscription £12 Os. 
$30 00 

Single copy £3 10s. Od. 
Published Quarterly. 


Od. 


$9.00 


OCEAN ENGINEERING 

on Making Effective Use of the 
Oceans. 

Ocean Engineering provides a medium 
for the publication of original research 
and development work in this expan- 
ding field.- Of central importance is 
the design, construction and operation 
of submersible vehicles and labora- 
ties The second, third and fourth 
issues of Ocean Engineering contain 
the proceedings of the Intemational 
Symposium on Materials—Key to Effec- 
tive Use of the Sea, held in New 


o0 


York, September, 1967. j 
Partial contents of Volume 1 No. 4: 
W. R. Graner Reinforced Plastics 
for Deep-submergence Application. 
D. H. Kallas and C. K. Chatten 
Buoyancy Materials for Deep-submer- 
gence. 

John R. Saroyan Coatings and Encap- 
sulants-Preservers in the Sea. 

H. A. Perry Marine Applications of 
Glasses and Ceramics. 

Annual subscription £16 Os. Od. 
$40.00 


Single copy £3 Os. Od. $7.50 
Published Bi-monthly. 

TOXICON 

on the Eighth Internationa! 


Congresses on Tropical Medicine 
and Malaria 

The journal 1s devoted to research on 
the chemical, zootoxicological and 
immunological properties of poisons 
derived from the tissues of plants and 
animals. Included are clinical obser- 
vations on venom poisoning where 
superior results are obtained and new 
therapeutic principles proposed. 
Volume 7 No. 2 of Toxicon publishes 
a selection of papers presented during 
sessions on Venoms and Poisons at 
the Eighth International Congresses on 
Tropical Medicine and Malaria. 

A selection of papers from this 
special issue include: 

K. W. E. Denson Coagulant and 
Anticoagulant Action of Snake Venoms. 
C. H. Campbell Clinical Aspects of 
Snake Bite in the Pacific Area. 

P. Robinson, A. M. Mayer, A. Poli- 
fakoffmayber and |. Slowatizky A 


Simple Bioassay for Detection of 
Aflatoxin in Milk. 
F. E. Russell Clinical Aspects of 


Snake Venom Poisoning in North 
America. 

Annual Subscription £12 Os. Od. 
$30.00 

Single copy £3 10s. Od. 
Published Quarterly. 


$9.00 


NEUROPSYCHOLOGIA 

on Inhibition in Neuropsychology 
This special Issue of Neuropsychologia 
on the Inhibition in Neuropsychology 
captures the international aim of the 
journal in its appeal to neurologists 
and medical and behavioural scientists. 
Of central interest In the journal is 
the study of brain functions and its 
disorders, as expressed more espe- 
cially at the psychological level. 
The special issue presents a group of 
papers which together make a unique 
document on the particular aspect of 
human behaviour as reflected in 
inhibitions in neuropsychology. 

These papers appear in Volume 7 No. 3 
and include: 

D. P. Kimble Possible inhibitory func- 
tions of the hippocampus. 

J. M. Warren, L. W. Coutant and 
P. R. Cornwall Cortical lesions and 
response inhibition in cats. 
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K. H. Pribram The primate frontal 
cortex. 

H. Hécaen Neurophysiology 
Emotion 

J. M. Rhodes Electrical activity of 
the brain as a reflection of inhibitory 
phenomena. 

Annual Subscription £12 Os. Od. 
$30.00 

Single copy £3 10s. Od. 
Published Quarterly. 


and 


$9.00 


© ANNALS OF OCCUPATIONAL 


HYGIENE 


O on Health Hazards In Agriculture. 


ý 


00 





This journal is international in scope 
appealing to the scientific, engineering 
and medical professions, concerned 
with tndustrial health and hygiene. 
Areas covered included aerosol physics, 
toxicology, radiation hazards, industrial 
noise and problems arising in mining, 
manufacturing, chemical, electrical and 
metallurgical processes. The 23rd 
Conference of the British Occupa- 
tional Hygiene Society was devoted 
to the enormously important topic 
of Health Hazards in Agriculture. 
Held last September at Cambridge 
University the attendees heard papers 
on all sources of agricultural health 
dangers ranging from machinery to 
animals to chemicals and to disease. 
All the papers appear in Volume 12 
No. 2 of Annals of Occupational 
Hygiene 

Among the titles published are. 

C. J. Moss Machinery Hazards. 

A Steele-Bodger Hazards of Animal 
Handling. 

E. F. Edson Chemical 
Agriculture. 

P. K. Fraser Diseases Communicable 
from Animals to Man. 
G. S. Wilson Safety, 
Welfare in Agriculture. 
Annual Subscription £14 Os. Od. 
$36.00 

Single copy £4 Os. Od. 
Published Quarterly. 


ASTRONAUTICA ACTA 

on Proceedings of the First Collo- 
quium on Gas Dynamics of Explo- 
sions. 

The First Colloquium on Gas Dynamics 
of Explosions was held in Brussels in 
September 1967 It was a first hand 
opportunity for workers in the field 
of gas dynamics to meet and exchange 
their research findings and views. 
The journal is devoted to the inter- 
national exchange of knowledge in 
astronautics, covering current work 
not only tn gas dynamics but also 
propulsion, astrodynamics, guidance, 
space flight and physics of the atmos- 
phere and space. 

Papers from the Colloquium appearing 
in Volume 14 No. 6 include: 

D. H. Edwards and D. J. Parry 
The Structure of Transverse Waves in 
Detonations. 

J. E. Dove, B. J. Scroggie and 
T D. Tribbeck Computer Studies of 


Hazards in 


Health and 


$10.00 
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Reaction Profiles in Gas Detonation. 
H. L. Brode Gas Dynamic Motion 
with Radiation: A general numerical 
method. 

R. L. Panton and S. A. Berger Analysis 
of the Boundary Layer Preceding an 
Accelerating Flame. 

Annual Subscription £20 Os. Od. 
860.00 

Single copy £4 Os. Od. 
Published Bi-monthly. 


$10.00 


OPERATIONAL RESEARCH 
QUARTERLY ` 


O on the Annual Conference of the 


Operational Research Society 
The Annual Conference of the Opera- 
tional Research Society, held in 
Edinburgh last September, heard papers 
in two maln spheres of Interest, all of 
which are reported in the spring issue of 
the journal. In keeping with the aims of 
the journal to publish material on 
research topics; Including the appli- 
cation of scientific analysis to manage- 
ment problems of Industry, business, 
government and defence; the confer- 
ence papers were presented under two 
headings (i) Effective Operational 
Research within the organisation (i!) 
Operational Research as Science. 
Papers in this editlon include: 

M. F. Cantly A long-range planning 
case study. 

R. G. Coyle and M. J. C. Martin Case 
Study. The cost minimization of refuse 
collection operations. 

E. G. Unwin and J. D. H. Weatherby 
Improved route plannıng. 

D. J. Bamber A versatile famıly 
forecastıng of systems. 

Annual Subscription £6 Os Od. (UK) 
£7 Os. Od. §2000 (Overseas) 
single copy £1 10s. Od. (UK) 

£2 Os. Od. $5.00 (Overseas) 
Published Quarterly. 


SOCIO-ECONOMIC 
PLANNING SCIENCES 


O on the Proceedings of the Sympo- 


sium on Operations Analysis of 
Education. 

This journal provides an international 
medium for the publication of papers 
relating to systems analysis and 
computer simulation of socio-economic 
problems. The proceedings of the 
Symposium on Operations Analysis 
of Education, held in Washington D.C. 
tin November 1967 have now been 
published in Socio-Economic Planning 
Sciences Volume 2 Nos. 2, 3 and 4. 
Papers include: 

J. A. Kelly Budget Decision Making 
in Large School Systems. 

W. Z. Hirsch Demand for Education, 
and its Estimation. 

P. M. LeVasseur A study of Inter- 
relationships between Education, Man- 
power and Economy. 

J. G. Caffrey The Computer Impera- 
tive. 

Non-subscribers can obtain this special 
triple issue at £7 10s. Gd. $22.50 


Last year Socio-Economic Planning 
Sciences also published a special 
issue on the ACM Symposium— 
Application of Computers to the 
Problems of Urban Society. These 
papers presented at the Association for 
Computing Machinery held in New 
York on 10th November 1967 are pub- 
lished in Volume 1 No. 3 of the journal. 
Some papers included tn this issue: 
R. C. Wood Application of Computers 
to the problems of Urban Society . 
E. F. R. Hearle Urban Management 
Information Systems. 


C. B. Woodward Optimization of 
long-range municipal multiple resource 
fiscal policies. 


W K. Williams Computers in Urban 
Planning. 

Annual Subscription £12 Os. Od. 

$30 00 Single copy £3 10s. Od. $9.00 
Published Quarterly 


JOURNAL OF PSYCHIATRIC 
RESEARCH 

a supplement ‘Transmission of 
Schizophrenla’. 

This important supplement gives a 
new look at genetic and environmental 
evidence. It is compiled from papers 
presented at the Second Research 
Conference of the Foundations Fund 
for Research in Psychiatry, which took 
place at Dorada, Puerto Rico June 
26th-July 1st 1967. The Trans- 
mission of Schizophrenia concentrates 
on data and evidence, rather than 
theory, and includes up to the minute 
reports on family interaction, on-going 


longitudinal studies and adoption 
studies. Earlier material is also 
reviewed. 


Twenty eight papers appear under 
three main section headings: An 
introduction by M. Bleuler. Genetic 
Studies: £. S/ater, P. Tienari, /. 1. 
Gottesman, E. Kringlen, L. Erlenmeyer- 
Kimling, J. L Karlsson and J. Shialds. 
Social, Cultural and Interpersonal 
Studies Ł. Rogler, H. B. M. Murphy, 
M. L. Kohn, T. Lidz, L. C. Wynne, 
Y. O. Alanen, E. G. Mishler, N. E. 
Waxler, D. Reiss, P. H. Wender, D. 
Rosenthal, S. S. Kety and J A. Clausen. 
Studies examining the Interaction be- 
tween Genetic and _ Experiential 
Factors. S.A. Mednick, F. Schulsinger, 
E J. Anthony, W. Pollin, J. R. Stabenau, | 
W. Goldfarb, S. S Kety, D. Rosenthal, 
P. H. Wender, L. L. Heston, D. Denney, 
J. Welner, L. Ostergaard, B. MacMahon 
and L. Eisenberg, A Recapıtulation 
and Critical Overview by D Rosenthal 
Hard cover edition of ‘Transmission 
of Schizophrenia’ £6 6s. Od. $16.00 
Soft cover edition (available to the 
subscribers of ‘Psychiatric Research’) 
£4 4s. Od. $10.00 

Annual Subscription to ‘Psychiatric 
Research’ £14 Os. Od. $35.00 Single 
copy £4 Os. Od. $10.00 
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METRON continued 

control by providing- an awareness 
and search tool for the technical 
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applications. Review articles on select- 
ed topics provide informed comment 
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together literature references which 
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SOIL BIOLOGY AND 
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soil environment and plant growth. 
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experimental aspects of such studies, 
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the world. The scope of the journal 
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original research on the biology, 
ecology and biochemical activities of 
all forms of life that exist in the soil 
environment. 

Quarterly; published from May 1969. 
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amount of H, detected decreased steadily as the number 
of distillations increased, regardless of the time between 
distillations. The time between distillations varied ran- 
domly between l and 105 h. 


Table 1, ONE WEEK'S DATA ON MERCURY DISTILLATION 








At h) Pressure H, Corrected Pressure 

Date between observed. pressure predicted 
(1968)  distillations (torr) (torr) (torr) 

5/6 105 4 x10° 5 x10”? 76x 106 

40 12x10? 10 x10" 2-9 x 107° 

30 O-4 x 10°" O16 x 10°* 22x 10-¢ 

5/10 24 0-6 x 10 02 x10 17x10“ 

5l 25 0-3 x 107° 0-02 x 10-* 1-8 x 10°¢ 

5/12 24 05x10! <10 7x10“ 


Corrected pressure = 1:39 observed pressure (torr) minus 4% 10°!" (torr) 
{correction for outgassing and leakage). 

The data show that the ratio of observed to predicted 
pressure is 5x 10-5 or less, and if mass proportional 
creation is going on in our apparatus it is oceurring at a 
rate less than 4 x 10-3 g/g/s (see Table 1). 

We wish to thank W. Rose and R. Weiss for their 
useful criticisms, and F. J. O’Brien for valuable help with 
the experiment. 

This work was supported by the Joint Services Elec- 
tronies Program. 

SAMUEL A, COHEN 
Jonx G. Kine 


Research Laboratory of Electronics, 

Massachusetts Institute of Technology, 

Cambridge, Massachusetts 02139. 

Received March 24, 1909. 

1 Bondi, H., and Gold, T., Mon. Nat, Roy. Astro. Soc., 108, 252 (1948). 
* Hoyle, F., Proe. Roy. Soc. A, 308, 1 (1968). 


3 MeCrea, W. H., Endeavour, 9, 3 (1950). 
+ Bondi, H., Cosmology (Cambridge University Press, London, 1952). 


Cubic Mesomorphic Phases 


LOw-ANGLE X-ray diffraction has shown the existence of a 
viscous isotropic (cubic) mesomorphic phase in a number of 
surface-active agent plus water systems!~* at concentra- 
tions between those required for the formation of neat 
(lamellar) and middle (hexagonal) mesomorphic phases. 
Initially, a face-centred cubie (fcc) lattice was proposed? 
for this viscous isotropic phase and several possible model 
structures have been advanced’. Luzzati et al. have 
recently proposed, however, that all reported cubic 
mesomorphic phases are based, not on an fee lattice, but 
on the same body-centred cubic (bec) lattice. space group 
Ta3d in the International Tables’. 

Most reported surface-active agent plus water systems 
show only one cubic mesomorphie phase. The dodecyl- 
trimethylammonium chloride (C,,TAC)+ water system 
shows two distinct cubic phases, however, although earlier 
investigators using optical methods only recognized one 
such phase*. Optical microscopy. differential thermal 
analysis, proton magnetic resonance (pmr) spectroscopy 
and low-angle X-ray diffraction have been used to deter- 
mine the phase diagram for this system (Fig. 1). Both 
neat and middle mesomorphic phases are conventional 
types and will not be discussed further. The two cubic 
phases exist at room temperature and are optically isotro- 
pic although they can show strain birefringence. They are 
also highly viscous, especially the more concentrated 
phase. Nevertheless. they give high resolution pmr 
spectra which resemble that reported® for the cubic 
mesomorphie phase in the dimethyldodecylamine oxide 
(DDAO) plus water system. 

There are conspicuous qualitative differences in the 
low-angle X-ray diffraction patterns given at 22° C by the 
two cubic phases in the C,,TAC + water system. Diffrac- 
tion patterns were recorded photographically from station- 
ary samples, sealed in thin-walled Lindemann glass 
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Weight per cent dodecyltrimethylammonium chloride 


Fig. 1. Phase diagram for dodecyltrimethylammonium chloride plus 
water. F= fluid isotropic; C’ and C=cubic, M=middle, N=neat: 


—————-, Experimental boundary; ----, inter- 
polated boundary. 


Sesolid: I= ice. 


capillaries, using a flat-plate vacuum camera*, pin-hole 
collimation and nickel-filtered copper Ka radiation 
(A=0-1542 nm). The patterns obtained from the more 
concentrated phase are characterized by two continuous 
“polyerystalline” diffraction rings of uniform intensity 
with a spacing ratio of 4/3: 4/4. Their appearance is 
very similar to those given by the cubic phase of the 
DDAO + water system*. The spacings are in the ratio of 
the first two reflexions expected from an fee lattice (lattice 
parameter, a= 5-6 nm at 85 per cent C,,TAC), but the 
absence of any recorded higher order reflexions, even after 
exposures of more than 100 h, makes the allocation of 
lattice type for this phase uncertain. 

In contrast, the patterns obtained from the less con- 
centrated cubic phase are spotty, and although the photo- 
graphs show many more orders of reflexion than are 
normally obtained from a mesomorphic phase, the general 
spottiness of the patterns makes unambiguous indexing 
of these patterns solely from spacing measurements very 
difficult®. Two experimental methods have been used to 
try to overeome the indexing problem. If the specimen 
of mesomorphic phase is subjected to a series of anneal- 
quench cycles the average domain size is reduced and 
patterns having numerous small spots are produced.. 
When these specimens are continuously rotated during the 
X-ray exposure, ring patterns are produced although 
there are some signs of preferred orientation. The recorded 
diffraction ring spacings were in the ratio y4: y5: 
fb: 4/8. 

The second procedure is based on the observation that 
large mesomorphie domains may be produced by heating 
the less concentrated cubie phase to 85°-90° C and then 
allowing it to cool slowly. This method. is pafticularly 
effective when applied to compositions from within the 
two-phase region formed by the fluid isotropic and cubic 
phases. Specimens prepared in this way gave predomin- 
antly “single crystal’-type diffraction patterns (Fig. 2). 
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tation of the three X-ray diffraction patterns 
ned for different i 


ings of an oriented cubie mesomorphic phase 
(48 per cent Cy. PAC). 






This type of pattern is formed at low angles in an analogous 


manner to electron diffraction patterns, and is a result of 


the relative size of the radius of the sphere of reflexion 
(1/4) to the mesh of the reciprocal lattice. The pattern 
is, in effect, a Laue zone and is unsymmetrical with respect 
to spot distribution and intensity because the X-ray beam 
is not exactly perpendicular to the reeiprocal lattice 
plane. By rotating the sample capillary about its axis, 
first throtigh ~ 45°, and then again through ~ 45° and so 
on, it has been possible to explore a region of the reciprocal 
lattice. The resulting sequence of patterns is shown 
schematically in Fig. 3a-c. They have been indexed 


consistently as (110), (111) and {001} zones respectively 
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of a primitive cubic lattice (lattice parameter a= 8-6 um 
at 43 per cent C,,TAC). A survey of the reflexions present. 
in these “single crystal’ patterns indicates that only 
three space groups are possible. Also, once the lattice 
parameter is accurately established, the indexing of the 
few additional higher order (4/13: 4/14) spots in the 
“polyerystalline” patterns is facilitated. Within the 
restrictions imposed by these data, the most, probable 
space groups are P43n or Pm3n. Space group P4.32 is 
also possible but in order to account for the observed 
reflexions it is necessary to specify special positions 7 or j 
in this space group. The number of reflexions, while 
greater than normally obtained from a mesomorphic 
phase, is still relatively few, and, in the absence of reliable 
intensity data, any proposed model structures must 
necessarily be rather speculative. 

Any proposed theory of mesomorphic phase formation 
must account for the fact that the formation of this 
second cubic phase depends on both the length of the 
alkyl chain and on the nature of the counterion. For 
example, this cubie phase is formed by the decyl, dodecyl 
and tetradecyl trimethylammonium chlorides but not by 
the hexadecyl and octadecyl homologues. It is not 
formed by any of the corresponding bromides. 

R. R. BALMBRA 
J. 8. CLUNIE 
J. F. GOODMAN 
Procter and Gamble Newcastle Technical Centre, 
Basic Research Department, 
Newcastle upon Tyne. 
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Grid Turbulence in Dilute Polymer 
Solutions 


Tae effect of long-chain polymer additives on turbulent 
water flows has been widely studied! because it le s 
hydrodynamic drag. For this reason past efforts have 
been centred principally on flow in pipes*-*, the boundary 
layers on immersed moving bodies!" and ship hulls. 
Typically drag reductions of over 50 per cent have been 
achieved in pipes by the addition of 20 parts per million 
by weight (w.p.p.m.) of ‘Polyox WSR 301’, which is an 
unbranched chain molecule of approximate molecular 
weight 4x 10%. Larger doses produce little additional 
effect. The effect of polymer additives on ‘“free-stream”’ 
turbulence has not received much attention, and there is 
conflicting evidence whether the turbulent structure is 
affected at all in the absence of the shear associated with 
boundary layer flows. On the one hand Virk et ale, 
studying flow at the centreline of a pipe carrying a 1,006 
w.p.p.m. ‘Polyox’ solution, found only slight modification 
of the normal turbulence structure while Gadd’, on the 
other hand, observed eddy suppression in an unconfined 
turbulent jet expansion. 

In this investigation the turbulence behind a rectangular 
grid was estimated from photographs of the diffusion of a 
dye trace. A small water tunnel with working section 
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Fig. L 


i ms exposure of dye stream injected into plain water flow through 1 mm diameter hyperdermic tube aligned with the flow, Injection 
tube visible at extreme right-hand side of photograph. 


Flow from right te left in all photographs. 





Fig, 2. 


10 ern square and a usable length of 80 cm was fitted with 
a round bar rectangular grid of mesh size 1 em and 
blockage ratio 0-41, The tunnel was run at a working 





section velocity of 1:25 m/s giving a grid Reynolds 
number y= 1-2 x 104. Photographie requirements 





dictated the use of an optically dense white dye stream and 
the substance finally selected was milk. This fulfilled the 
requirements of being close to neutral buoyancy and not 
readily diffused by molecular action. The dye was 
injected on the tunnel centreline 3 em downstream of the 
grid at the same velocity as the water flow. The dye 
stream was illuminated from above and photographed 
from the side against a black background A 1,006 
w.p.p.m. solution of ‘Polyox WSR 301 was added at a 
controlled rate to the main water flow 3 m upstream of 
the grid. 

Fig, 1 shows a short (1 ms) exposure photograph of 
the dye trace injected into plain water. It corresponds 
closely to previous photographs of smoke released in wind 
tunnels, and so on. Fig. 2, however, is a I ms exposure 
photograph of the dye released into a 20 w.p.p.m. ‘Polyox’' 
solution, and the contrast with Fig. 1 is striking. These 
photographs give a qualitative impression of the structure 
of the turbulence in each case but are unsuitable for 
quantitative measurements because, due to the short 
exposure time, the motion of the dye stream is “frozen” 
and there is no indication of the instantaneous direction of 
motion of the marked fluid partic Accordingly, more 
photographs were taken with a l s exposure and th 
effectively record the maximum vertical excursions of the 
marked particles. 

The projection on to a vertical plane of the instantane- 
ous motion of a fluid particle is given by vector addition 
of its instantaneous vertical and forward velocity 
components v and (U,+%). The resulting vector makes 
an angle tan ¢/(U,+u) with the mean flow direction 
which can be simplified without serious error to tan™ v/ Us. 
Within a small distance of the injection point, the envelope 
of the dye trace is generated by marked particles which 
sd the maximum vertical velocity component 
“wax When passing the injection point; the particles with 

































1 ms exposure of dye stream injected into 20 w papam, solution of ‘Polvex WAH 301, 


less than maximum vertical velocity pass into the interior 
of the “cone”. Thus close to the injection point the cone 
angle of the envelope represents ?max/U,, and this quant ity 
ean be inferred from photographs of the dye trac 
vided the exposure is long enough for Vmax to be re 
recorded. 

Fig. 3 shows measurements Of ?max/U from photogra phs 
of the dye trace for different concentrations of “Polyex’. 
Each point represents the mean of about eight 1 s ex- 
posures. It is evident that the additive reduces the 
“strength” of the turbulence behind the grid as exemplified 
by the maximum vertical velocity component. 

A. G. Fabula has measured the frequency spectrum of the 
streamwise component, u, of the turbulence behind a 
grid towed through still water (presented at the Sixth 
Symposium on Naval Hydrodynamics, Washington, 1966). 
The blockage ratio of his grid was 0-34 and Ry was 4x 104 
(O41 and 12x10! respectively in our experiments), 
Fabula found no difference between the spectra for water 
and a 20 w.p.p.m. ‘Polyox’ solution, except that in the 
latter case the energy of the high frequency components 
was increased, but this difference disappeared after the 
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Strength of “Polyox’ solution (parts per million by weight) 


Fig. 3. Variation with ‘Polyox’ concentration of lateral turbulence 


intensity deduced from cone angle measurements. 
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Pig, 4. 
solution had aged for 2 days. These results contrast with 
the present investigation which shows that relatively small 
doses of “Polyox’ produce a marked reduction in grid 
turbulence (compare Fig. 1 with Fig. 4). In the two 
investigations different components of turbulent velocity 
were measured, but this ought not to affect the comparison 
greatly because the turbulence behind grids is known to 
be roughly isotropic, at least for Newtonian fluids. 

Our experiments do not give any precise information 
about energy spectra, but some qualitative results can be 
inferred from the 1 ms exposure photographs. Compa- 
rison of Figs. 1 and 2 shows that the effect of the additive 
is to inhibit (apparently completely) the high frequency 
nents present m plain water which are visible as 
anness? in Fig. 1, In addition. the 10 w.p.pm. 
threshold value for the suppression of eddies in turbulent 
jets observed by Gadd? does not appear to apply to 
grid turbulence. 

Finally, it is interesting to note that the form of the 
graph of turbulence reduetion, Fig. 3. is similar to that 
commonly obtained for reduction of pipe friction. Both 
effects have a maximum at about 20 w.p 

We thank Professor T. M. Charlton for experimental 
facilities. 




















B.J. S. BARNARD 
R., H. J. SELAN 
Department of Civil Engineering, 
The Queen’s University, 
Belfast. 


Received March 10: revised Apri} 21, Laas, 


Ature, 212, 874 (1086) 

Nature, 217, 1040 (1968). 

, Nature, 218, G28 (1068). 

undam 

. Fluid Mech., 28, 198 ( 
ip 



























Smith, K. A. and Molke 


3., Harknes % American Institute of Aero- 

sand Agtronay ) (1968). 

stro, W., and Squire, W., App. Sei. Res. 18, 81 (1967). 

“Goren, Vi, and Norbury, J. F., J. Basie Enga, Trans ASME, D, 88, Si4 
(1087). 

H Bareablatt, G. L, Balina. L G., and Myasnikov, V, P.. dJ, App. Mech. and 
Tech. Physa 8, 66 (1965). 

H Levy, J, and Davis, S., Int, Shipbuilding Prog 

Kowalski, T., Quart. Trans. Roy. Inst. Naval Ar 

ity o Natare, 206, 463 (1985). 



















Analysis of Diffraction Line Broadening 
from Orientated Thin Films 


Tunere has been some interest over the past decade in the 
interpretation of the breadth of diffraction lines obtained 
from thm films! +, Usually it is assumed that the diffrac- 
tion broadening arises solely from particle size and strain. 
The best recent work is probably that of Borie and Sparks’, 
who carried out an examination of Cu,O on the surface of 
a single erystal of copper. in which particle size and strain 
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‘ethan anaana 


T ms exposure of dye stream in 2-4 w.p.p.m. ‘Polyex’ solution. 


contributions were separated by the method of Warren 
and Averbach*®.* involving a graphical analysis of tł 
Fourier coefficients An. The introduction ef variance 
as a measure of diffraction broadening’? provides an 
alternative approach which is simpler in some respects and 
has some notable advantages**. 

According to Wilson™- the contributions in 20 from 
particle size and strain are, with the usual nomenclature 














Wop (particte size) = 22 A(28) Le (1) 
go (particle size) = Senn = 3 
26 (partici £ 2 z*peosh tnp i 
and 

Woe(strain) = 4tant0, W, (2) 


respectively. The total variance is the sum of these 
pressions? so that the slope of the linear part of the 
variance-range graph depends only on particle size while 
the intercept obtained by extrapolation depends on both 
particle size and strain. 

The coefficients A and L depend on the particle shape 
and orientation and also the indices th k D. 

Specifically 












L= p 
PTF (07) 
where 


FO) is the volume common to the crystals and 
tbem “ghosts” shifted a distance t perpendicular to the 
reflecting planes These relations lead to a simplification 
of the separation problem in the case of specimens with a 
marked preferred orientation such as oriented thin films. 

Thin films of face centred cubic metals are frequently 
grown with (Lil) orientation, sometimes epitaxially'4 
and occasionally on amorphous or glassy substrates!)-14, 
In such circumstances the crystals composing the film 
will be platelets parallel to (111) so that. from equations 
(8) and (4), K= and L=0 for orders of the (VEL Bragg 
reflexion, 

For these lines therefore 








AAC29) 


Hog (total) = 
og (total) pease 


Se + ttan A He (5) 
and the slope term gives the particle size while the 
intercept gives the mean Square strain, 

Moreover, it is a simple matter to check the 
assumption that diffraction broadening arises from 
particle size and strain alone for, when allowance has 
been made for the angular factor, the (222) line should 
give the same value for slope while the intercept should 
be four times greater corresponding to the expectation 
that the strain contribution should increase as the square 
of the order of the reflexion, Any deviation from this 
behaviour must imply contributions to the broadening 
from other sources: for example, dislocation lines 
stacking faults. 


ROW 
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Similar arguments would hold for other preferred 
orientations and other structures where the appropriate 
Bragg maxima are examined. 
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Stereochemical and Kinetic 
Significance of lon Association in 

Fast Radiochloride Exchange Reactions 
at Silicon 


We have examined the chloride exchange reaction of 
triphenylehlorosilane with [**Cl]-labelled tetrabutyl- 
ammonium chloride in benzene at 30° C. The reaction is 
very rapid (half-life about 0-05 s) and requires the use of 
flow techniques?. 


Table 1. EFFECT OF SALT CONCENTRATION ON THE CHLORIDE EXCHANGE 
REACTION OF TRIPHENYLCHLOROSILANE AND TRITYLCHLORIDE IN BENZENE 


{Bu,NCH]  [Ph;MCH 
10°M 10° M ket 
Ph,SiCl at 30° C 0-57 6-69+0-018 
116 2-02 $ 0-13 
1-10 2-05 + 0-08 
L58 3-24 40-19 
2-19 6-18 + 0-30 
PhCCL at 40° C 0:39 (4-92 + 0-33) x 10-# 
0-60 (5-09 + 0-21) x 10° 
1-00 (5°31 + 0:32) x 10-° 
204 (6-70 + 0°33) x 10°* 
DRG (10-2 + 0-49) x 10°% 





The effect of changing salt concentration is shown in 
Table 1: k, is defined by k,=R/a, where R is the gross 
rate of exchange and a is the concentration of chlorosilane. 
A plot of log k, against log [salt] gave a good straight 
line from which an apparent order of 1-60+ 0-06 in salt 
was calculated. This high order is surprising and suggests 
reaction with higher salt aggregates than ion-pairs. It 
contrasts with exchange studies using lithium chloride in 
acetone/dioxan?, where orders are less than unity and 
commonly 0-5, corresponding to reaction with free chloride 
ion. A linear log/log plot will only be obtained if one of 
the species involved in reaction predominates over all 
others. Two explanations for the observed order seem 
possible. If ion-pair and quadrupole are both reactive 
and the ion-pair is in large excess over the quadrupole the 
rate expression 


kı = ka[MC]] + kyl (MCI).] 
ean be rewritten 
kı = kal MCI + Ay K [MC] (1) 
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where K is the equilibrium constant for the equilibrium 
2MCl(MCl) From (1) k, /[MC]] = ka + kb KMC]. The 
rate data fit this expression fairly well with ka= 0-64 x 
103 l. mole s~! and kpK ~ 108 1.? mole~? s~. 

Alternatively, an equilibrium between quadrupoles 
and hexapoles, that is, 3(MCI),<+2(MCI),. will lead to an 
order in salt of 3/2 if hexapoles are present at only a 
fraction of the concentration of quadrupoles but are more 
reactive. 

There is considerable evidence for formation of higher 
salt aggregates in benzene’. A theoretical treatment of 
ion association by Pettit and Bruckenstein' conflicts 
with these kinetic results in that they calculated that the 
major species present in solvents of dielectric constant 
2 is the hexapole with only small proportions of dipole 
and quadrupole. 

Because the transition state for an isotope exchange 
reaction will be symmetrical, it seems likely that reaction 
with ion-pairs and higher aggregates will proceed with 
retention of configuration. We have studied the rates 
of racemization and exchange of (—)|-naphthylphenyl- 
methylchlorosilane with tetrabutylammonium radio- 
chloride in benzene at 23° C. Both reactions were at the 
limit of the experimental techniques and could not be 
followed at the same reagent concentrations; first-order 
dependence on chlorosilane coneentration was assumed. 
Rate constants for inversion and exchange obtained. at 
two salt concentrations were 








[Salt K10° M} PE a: 
(1) Racemization O48 (8 440°6) x 10% 
Exchange 0-48 0-69 + 0-02 
(2) Racemization 0-98 (1-20 + 0-10) x 10 
Exchange 0-98 1-99 + 0-08 


Polarimetric rates are mean values from three runs. The 
ratio kex/kiny is thus 82 for reaction 1, and 166 for 
reaction 2, that is, exchange is proceeding with almost 
complete retention of configuration as anticipated. Also 
the order in salt from the racemization rates is about 0-5; 
from the exchange rates it is 1:5. Because of the great 
rapidity of the reaction a wider range of salt concentration 
could not be used; nevertheless. it seems clear that the 
inversion process is associated with half-order in salt—t hat 
is, it is due to dissociated chloride ion®-—while the exchange 
reaction is similar to that observed with triphenylchloro- 
silane. The complete rate expression for exchange is thus 
ky = kal MCV + kb[ MCI? + kel MCH 

but the last term is small compared with the first two. 

The situation where rates of racemization are faster than 
rates of exchange has been observed in some nucleophilic 
substitution reactions at carbon? but the reverse situation 
found in this study is most unusual and reflects the much 
greater ease with which silicon participates in retentive 
mechanisms, especially in non-polar solvents®. This 
also seems to be the first case of a reaction of a chloro- 
silane proceeding by predominant retention of con- 
figuration, inversion being the usual behaviour’. 

We have also re-examined the chloride exchange 
reaction of trityl chloride in order to make a direct com- 
parison with triphenylchlorosilane under identical condi- 
tions. It must. of course, be remembered that the two’ 
systems are reacting via different mechanisms. The reac- 
tion of this reactive carbon analogue is a million times 
slower than that of triphenylehlorosilane. The salt 
dependence of the rate at 40° is shown in Table 1. Ingold 
et al, who have also examined this reaction, obtained 
a somewhat larger first-order rate constant at low salt 
concentrations’; moreover, they found zero-order in salt 
over the whole range of salt concentrations used, whereas 
Table 1 shows zero-order at salt concentrations Jess than 
10-3 M, but at higher concentrations the order inereases 
to about 1 at concentrations of 2-3 x 10 M. A possible 
explanation for this difference is that we find the solubility 
of the salt to be 2-5 x 10-3 M at 25° C; this means that the 











1164 


earher work? was done using saturated solutions for some 
of the rate studies. It is interesting that Swain also 
observed an increase in order from 0 at low salt concentra- 
tions using a different salt’. We conclude, as have those 
before us, that the reaction has fundamentally an ioniza- 
tion mechanism in benzene in spite of the very low dielec- 
tric constant of this solvent. but complications arise at 
higher salt concentrations due to specific electrical and 
solvation interactions. 

The activation enthalpy and entropy of the chloride 
exchange reaction of Ph,CCl at a concentration of Bn,N?Cl- 
of 10-8 M are 15-7 kealories/mole and — 31 e.u. respectively. 
For Ph,SiCl the apparent activation enthalpy and entropy 
are 6-2 kealories/mole and — 37 e.u., these values, of 
course, including contributions from enthalpies and 
entropies of all ion-pair and ion-pair aggregation equilibria 
present in this system. We note, however, that limited 
studies of the effect of temperature on such equilibria 
in other solvents suggest that our apparent AH is 
probably slightly larger and our AS more negative than 
that corresponding to the simple substitution step. The 
million-fold difference in rate between the carbon and 
silicon systems is then accounted for predominantly by the 
difference in activation enthalpy. Although only qualita- 
tive conclusions are possible we see that both reactions 
have highly negative entropies of activation. The value 
of —30 eu. for Ph,CCl compares with normal values of 
0 to +10 e.u. for Syl reactions in polar solvents’. The 
highly negative entropy is frequently found in ionization 
reactions in non-polar media and is probably a solvation 
phenomenon'*, The ionization mechanism is exception- 
ally favourable for Ph,CCl and any biomolecular mechan- 
ism must have higher activation energies and/or more 
negative entropies. 

It is apparent that the great difference in rate between 
the carbon and silicon compounds is due to energetic rather 
than entropy factors. While some of the energy difference 
is undoubtedly due to differences in steric interactions, 
it is probable that electronic (for example, orbital availabil- 
ity) factors are also involved. 
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Rate of the Reaction of S(3p‘ 'D,) 
with OCS 


Tae difference in both rate and mode of chemical reaction 
shown hy the first electronically excited state of the 
group VI elements (that is, . . . np*(D,)), relative to that 
of their ground electronic state (. . . np*(*P3)), has been of 
considerable interesti, Furthermore, recent observation 
of the more highly excited singlet state of the sulphur 
atom &(. . . 3p47S,)) (8(318,)—8(3'D,) = 1-61 eV; 8(3!D,) 


NATURE, VOL. 222. JUNE 21, 1969 


5 

E 

E 

= 4 

E38 

£ 

zog 

z 

= 4 

F 

= 9 7 
Oo. 20 40 60 30 100 


Time (us) 


Fig. 1. 
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S.(a' dg) and $,(X*2Zg) following the reaction of $(3'D,) + OCS. 

5-3 kNm-*; flash energy = 500 J. ©, Ss (ag); 
@, SAX Ip). 

* Because the relative intensities of the transitions are unknown, (8,(a? 4g)] 

and [SAXE] are presented in different arbitrary units. 








~S8(38P,)=1-15eV) by kinetic absorption spectroscopy 
in the vacuum ultraviolet has permitted a comparison of 
the chemical behaviour of this state with that of the 
lower states*. The S8(3'5,) atoms were generated by 
vacuum ultraviolet flash photolysis of OCS in the presence 
of a large excess of the inert gas argon (pocs = 10-6 Nm~?; 
PaAr= 2:66 kNm). S(31D,) atoms were not observed in 
this system, however, despite compelling evidence for 
their initial production®, No quantitative data have been 
given for the efficiency of quenching of S(3'D,) by the 
inert gases, although such data are available for the 
analogous state of oxygen. Some measure of disagree- 
ment concerning the absolute rates for quenching of 
O(2'D,) appears to exist, however, and the most recent 
absolute estimates** imply that quenching occurs with 
an efficiency of one collision in 200 for argon. If quenching 
of $(3*D,) by argon occurs with a similar efficiency, then 
one reason for the failure to observe this state in the 
vacuum ultraviolet photolysis of OCS? is clear. We have 
therefore repeated the earlier experiments replacing argon 
by helium as the inert diluent gas, for helium is known to 
be particularly inefficient in quenching O(2'D,) atoms’-*. 
The kinetics of the 8(3!S,) atoms are unaffected by this 
change, in agreement with the previous conclusions’, but 
the strong spectrum of 8(3°Py) observed in the presence of 
argon at short delay is virtually absent in the presence 
of helium. Furthermore, the rapid growth of a strong 
spectrum of S (gt Ay«—a!A,) is now seen, whereas in the 
presence of argon this spectrum was weak*, At longer 
delays, the S,(atA,g) state is apparently quenched to 
vield S,(X°2_) (Fig. 1). These observations are in 
agreement with the mechanism proposed by Strausz and 
Gunning et alts, 


r 
wy 


S(3'D,) HOCS- Sat Ay or BIN, ) + C0 (1) 
S(3'D,) +M eSP) +M (2) 

i 
Sofa! Ag) + M— SANIN) AM (3) 


In the presence of helium, k, appears to be negligible: 
about twenty per cent of the sulphur atoms are observed 
in the S(3°P,) state, which may represent the fraction 
formed in the primary photochemical process. Thus. 
provided k,[M]<k,[OCS], the rate constant for reaction 
into the quantum state 5,(atAg) may be obtained by 
monitoring the growth of the spectrum §,(g! Aya! Ag). 
The magnitude of &,[M] was derived from the decay of 
S.(atA,) at longer times up to 100 us. A value of k,[OCS] 
was then obtained by curve fitting the integrated form 
of the differential equation for the formation of 8,(a'Ag), 
comprising terms due to reactions (1) and (3) and an 
analytical form for the photoflash output, with the 
observed intensity variation of the transition S,(g' Ay 
<alA,). It was found that the experimental points 
gave the best fit for a value of k,>4x 10% ml. mole-! s7? 
which corresponds to reaction for less than one collision in 
four. A lower limit for this rate constant has previously 
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been given as 4x10" ml. mole~ s~ (ref. 6). Thus the 
rate constant for the reaction of S(3'S,) with OCS is 
significantly lower; it has been shown by direct observa- 
tion of this state using kinetic absorption spectroscopy? to 
be 6 x 1032 ml. mole s-t, 

The exceptionally high rate for reaction (1) and the 
slower rate for the removal of 8(3'S,) may be interpreted 
in terms of the potential surfaces available for reaction’ *. 
Consider first the reaction of SCD.) with OCS(?X*): if, 
during collision, all four atoms are assumed to lie in a plane 
(symmetry C's), five potential surfaces (3'A’+2!A”) are 
available, of which three may lead to transition states 
which correlate with known low lying electronic states of 
the products. Because the only state energetically 
accessible to the product CO is the ground state CO(X'X*), 
two of the surfaces will yield S,(a'A,g) (one 1A’ and one 
1A” surface), while a further surface (1A’) will yield 
S,(b'X%)78. The latter surface may be expected to give 
rise to a greater activation energy than the surfaces 
correlating with products of lower electronic energy, and 
will thus probably be of lesser importance’. Similar 
considerations show that only one surface (1A‘) is available 
for the reaction between §(3'8,)+OCS(:E*). This, 
however, clearly does not correlate with 8,(b’2§) + 
COCE), for it has already been shown that a surface of 
the same designation, but lower energy, correlates with 
these products. Thus 8(34S,) must correlate with more 
highly excited states of the products and may only yield 
S.(b'h;) by a non-adiabatic path; similarly, relaxation 
to the ground electronic state 8(3°Ps) may occur by non- 
adiabatic transitions and may be equally probable for 
the relatively heavy sulphur atom. The experimental 
observations appear to support the latter proposal*, but 
further work is needed to resolve this point unambiguously. 

Relating the limit determined here for k, to the observed 
production of 8(3°Ps) in the presence of argon permits a 
lower limit to be placed on the efficiency of quenching 
of 8(3!D,) by Ar: kyar > 6x 10! ml. mole s~ (<3 x 103 
eollisions). The relatively high efficiency for quenching 
of S(3D,) by argon resolves the apparent conflict between 
a recent kinetie study of the appearance of 8,(CX*=3) 
following the flash photolysis of OCS in the presence of 
excess Ar, for which a negative activation energy, indica- 
tive of termolecular recombination, was reported’, and 
the mechanism previously given by Strausz and Gunning 
et al.®. 

In a more general context it is interesting to note that 
the analogous singlet states of both oxygen‘ and carbon 
(W. Braun, A. M. Bass, D. D. Davis and J. D. Simmons, 
to be published) show a very similar pattern of behaviour, 
the 38, state being significantly less reactive and collision- 
ally more metastable than the iD, state. Again. a 
consideration of the potential surfaces available for 
reaction or relaxation allows an understanding of these 
differences (our work, to be published). We now propose 
to extend these observations to detailed measurements on 
the decay of 8(31D,) in various gases. The differences in 
behaviour noted for the two lowest singlet states of the 
atoms 8, O and Č should allow the appropriate system 
to be employed for light amplification. Thus, for example. 
the low wavelength photolysis of OCS in the presence of 
excess argon in a suitable laser cavity should give rise to 
stimulated emission for the transition (3p* 1S, 3p* 'D,). 

We thank Dr B. A. Thrush for helpful discussions and 
the Science Research Council for a maintenance grant to 
one of us (L. J. K.) during the tenure of which this work 
was carried out. 
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BIOLOGICAL SCIENCES 


Crystallographic Data for the 
Hexon of Adenovirus Type 5 


THE adenoviruses comprise a group of icosahedral animal 
viruses’? with two types of capsid proteins. One of these, 
called the penton, occupies the five-fold positions at the 
twelve corners of the icosahedron. The other, called the 
hexon, occupies the six-fold positions on the faces and 
edges of the icosahedron, there being 240 hexons on the 
surface of each virus particle. The hexon antigen contains 
both group specificity, demonstrated by complement 
fixation and gel diffusion, and type specificity demon- 
strated by its ability to induce type-specific neutralizing 
antibody*. 

The crystallization of the hexon of the type 5 adeno- 
virus, reported recently’, offered the first opportunity to 
determine the fine details of the molecular structure of such 
a viral antigen. One considerable deterrent to attempting 
a structure analysis is the obvious complexity and size 
of the hexon (molecular weights varying from 200,000 
to 400,000 Daltons have been reported? *-*), although it 
should be noted that a start has recently been made on 
the structure analysis of an equally complex class of 
proteins, the immunoglobulins?*. On the other hand, 
an understanding of the fine structure of this particular 
crystalline protein would throw light on both virus 
maturation and also on the processes involved in virus 
neutralization. Here we report the first steps in the X-ray 
crystallographic analysis of the hexon of adenovirus 
type 5. 

The crystals were grown as described previously’. 
They are optically isotropic, suggesting that they erystal- 
lized in the cubic system‘. This is now confirmed from the 
X-ray diffraction patterns. 

The X-ray photographs were taken with the moist 
crystals enclosed in Lindemann glass capillaries sealed at 
each end and enclosing a strip of filter paper soaked in the 
mother liquor. The cubic symmetry of the crystals led 
to an unusual complication in the X-ray work. Because 
the crystals were optically isotropic they could not be 
orientated by reference to an optic axis. Also, the light 
reflected from the surface of the glass capillary was so 
much more intense than that reflected by the crystal faces 
that the crystals could not be orientated on an optical 
goniometer. The crystals had therefore to be orientated 
using front reflexion Laiie X-ray diffraction patterns. 
This was done conveniently with the precession camera. 

We used unfiltered copper radiation, which is quite 
clean with the CuK« line predominating. Most of 
the reflexions observed arose from this line, the remainder 
from the CuK line. The Laŭe photographs of the orient- 
ated crystals could therefore be interpreted as cone axis 
photographs, taken with a precession angle of 0° and a 
crystal to film distance of 60 mm. Reflexions were 
observed on these films to a resolution of just under 


. 
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Fig. 1. X-ray diffraction pattern of adenovirus type 5 hexon-precession 

photograph of the net (h,k,k +1). Precession angle used was 5°, radiation 

wag Cue, The photograph was obtained as a first layer with d*,,, as 
precession axis. 





O04 nm. The cell edge was determined from two such 
exposures, one with d] parallel to the X-ray beam and 
the other with dfe parallel to the beam. 

The (100) axis showed no symmetry on the Laŭe photo- 
graphs and so the point group could be identified as 23. 
The alternative m3 was excluded because optically active 
erystals may not contain mirror planes. The external 
shape of the crystals is consistent with point group 23. 

In view of the extremely short reciprocal cell edge 
(dfo= 000724 for CuKx radiation) it proved difficult to 
obtain precession photographs uncontaminated by reflex- 
ions om neighbouring layers. With dže as precession 
axis, however, and a precession angle of 5°, a first layer 
photograph was obtained and indexed unambiguously. 
Such a film carried reflexions only of the class (hkl) 
with l=k+1. The reflexions on the film all had (h+k +1) 
even, indicating that the lattice is body centred. In the 
eubic point group 23 there are two body centred space 
groups, 123 and 12,3. It is not possible to distinguish 
between these on the basis of systematic extinctions. 
Fig. l is a typical diffraction pattern and the data derived 
from measurements on the crystals are incorporated in 
Table 1. 


Table 1. CRYSTAL CELL DATA 
System: cubic. 
Point group: 23, 
Reflexions observed only for (h +k +1) even. 
Space group: 123 or 12,3. 
Crystal density: 118? gimh, determined in a dextran gradient. 
Specific volume”; 0-724 ml/g. 

umber of molecules in the unit cell: 12. 
Number of molecules in the asymmetric unit: 6-5. 
Molecular weight (from cell data): 300,000 Daltons. 


* Specific volume calculated from amino-acid analysis. 
+ Measured by the late Dr Robin C, Valentine. 


@= 21:3 nm (o= 0-2 nm), 





The molecular weight of a protein molecule is given by 
the expression 


nM = {pe pa) VN/U— of) 


where n is the number of molecules in the unit cell; M, 
gram molecular weight; p, density of the crystal; p, 
densityof the solvent in the crystal; V, volume of the unit 
cell; N, Avogadro’s number; and V specific volume of the 
protein. It will be noticed that the molecular weight 
obtained by this relationship is extremely sensitive to the 
two densities. The factor (pe~ ps) is the difference between 
two nearly equal numbers. If the densities are measured 
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to three significant figures their difference has at most only 
two. The density of 0-5 M KH,PO,, the mother liquor, 
was found to be 1-04 g/ml. Thus (pe— ps) = 0-14 and an 
error of only 0-01 g/ml. in either pe or ps leads to an error 
of about 7 per cent in the molecular weight. The standard 
deviation in pẹ was estimated as 0-01 g/ml. The precise 
value of ps is uncertain because it is not clear that the 
average density of the solvent incorporated in the crystal 
necessarily equals the density of the bulk mother liquor. 
These two factors combine to give only one significant 
figure in the molecular weight. The value determined, 
300,000 Daltons, is in agreement with the value of 309,000 
Daltons found using equilibrium centrifugation (private 
communication, P. A. Charlwood). Assuming a range in 
(pe~ gs) of O-14-0-18 g/ml. the molecular weight lies 
between 260,000 and 330,000 Daltons at the 95 per cent 
eonfidence level. 

The large size of the asymmetric unit was somewhat 
unexpected. In particular we hoped that the asymmetric 
unit would turn out to be one-sixth of the molecule, 
indicating that the hexon (with its six nearest neighbours) 
did indeed consist of six identical subunits. But the cell 
data show only that the hexon has two identical subunits. 
(Of course, each of these may contain a number of identical 
units but there is no way of demonstrating this from the 
above cell data alone.) We are trying to find other poly- 
morphs of the hexon, with a smaller asymmetric unit, 
because it will be necessary to find such a polymorph if 
the structure analysis, using current techniques, is to have 
a chance of success. 
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Synthetic Double-stranded RNA: 
Inhibitory Effect on Murine Leukaemia 
and Sarcoma Viruses in Cell Cultures 


THE synthetic double-stranded RNA, polyinosinie : poly- 
cytidilie acid (poly I: poly C) exerts its antiviral action 
by stimulating the production in vitro and in vivo of 
interferon’-*. Sarma et al." found recently that poly I: 
poly C has a similar inhibitory effect on mouse sarcoma 
virus (MSV) infection in vivo? and in vitro (personal 
communication, P. S. Sarma et al.). We have confirmed 
the inhibitory effect of poly I: poly C on cellular trans- 
formation induced by MSV, and studied its optimal 
conditions. We also describe the inhibitory effect of 
poly I: poly C on the growth of Friend leukaemia virus 
m mouse embryo cells. 

Concentrates of mouse tumours? induced by Moloney 
sarcoma (M-MSV) virus and M-MSV(FL) pseudotype 
virus? were used in this work. Friend leukaemia virus 
grown in tissue culture was obtained from Dr J. W. 
Hartley. It had been serially passed by Hartley in Swiss 
NIH mouse embryo tissue culture (NIH-METC), and we 


we 
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passed the virus several more times in the same type of 
tissue culture before this study. Primary cultures of 
NIH-METC were prepared’*, Growth and maintenance 
medium was 10 per cent foetal bovine serum in Eagle’s 
minimum essential medium with 2 mM glutamine, and 
100 v of penicillin and 100 ug of streptomycin per ml.!. 
Murine sarcoma viruses were assayed in secondary NIH- 
METC plate cultures. Altered cell focii? were counted 
with an inverted Zeiss microscope 6 days after sarcoma 
virus inoculation. Murine leukaemia viruses were also 
assayed in secondary NIH-METC plate cultures by the 
complement fixation test for murine leukaemia viruses or 
the COMuL test!°. Complement fixation (CF) tests were 
carried out by the microtitre technique*, Titres were 
recorded as the reciprocal of the highest dilution giving 
3+ to 4+ fixation of 1-8 units of complement. Rat 
antisera used in the CF test were obtained from Fisher 
rats carrying transplanted sarcomas induced by M-MSV. 
The poly I : poly C was purchased from P-L Biochemicals, 
Inc. Stock solution was prepared as 1 mg/ml. of poly I: 
poly © diluted in phosphate buffered saline (pH 7-2). For 
the experiments, the poly I: poly C was further diluted 
with growth medium. 

In our first experiment NIH-METC secondary mono- 
layer cultures, no more than 24 h old, were treated with 
poly I: poly C (50 pg/ml.) for 24 h at 37°C. The cultures 
were then washed three times with Hanks balanced salt 
solution (HBSS), supplied with fresh growth medium, and 
inoculated with MSV. Foci of transformed cells were 
counted 6 days after inoculation. Ten-fold cell pack 
preparations for the CF test were made from infected 
cultures on the tenth day after inoculation. Table 1 
shows the focus-forming and CF titres of M-MSV and 
M-MSV(FL) in METC pretreated with poly I: poly C, 
and untreated. Poly I: poly C produced significant 
inhibitory effects on the viral transforming activity. In- 
hibition of the CF antigen activity was also demonstrated 
in the MSV infected cultures. 

In our second experiment the effect of different dosage 
levels and exposure periods was then examined (Tables 


Table 2, INHIBITORY EFFECT OF POLY 1: POLY C* ON FOCUS FORMATION 
BY MOUSE SARCOMA VIRUSES 
Poly I: 
Exp, Mouse sarcoma poly € Foci+ per plate 
No. viruses Virus dilution treated (average of two plates) 
(50 ug/ml.) 
l M-MSV Tx 1g + 9 (1:44) 
- 151 (> 8) 
2 M-MSV(FL) 1/2 x 10-4 + 22 (1:4) 
102 (>8) 
3 M-MSV(FL) 1/2 x 1077 + 19 
- 101 
4 M-MSV(FL) 1/2 x 107? + 48 
- 121 


* Poly I: poly C was left in contact with the cells for 24 h. Immediately 
before infection, the poly I: poly C medium was removed, and the cells 
were rinsed three times with Hanks balanced salt solution and supplied with 
growth medium. 


+ Reading was made 6 days after inoculation with 0-2 ml, of virus per plate. 
PCY titre, 
Table 2. EXPOSURE OF CELL CULTURES TO VARIOUS CONCENTRATIONS OF 
POLY 1) POLY C FOR VARIOUS TIMES: EFFECT OF INHIBITION OF M-MSV(KL) 


Poly 1: poly C exposure Concentration of 


time relative to infection poly I: poly € No. of foci* per plate 


(days) (ugimi,) (average of two plates) 
~i tod 100 13 
50 19 
25 23 
0 101 
Otol 100 108 
50 156 
25 157 
0 178 
0 to 5 100 0 
50 5 
0 178 
3 to 6 100 34 
50 50 
25 83 
0 iil 


* Reading was made 6 days after inoculation with 0-2 ml. of 1/2 x 107 
dilution. 


F 
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Table 3. EFFECT OF REPEATED TREATMENT WITH POLY I: POLY C ON FOCUS 
FORMATION OF M-MSV(EL) IN NIH-METC 


Poly T : poly C exposure Concentration of 


time relative to Infection poly I: poly È No. of foci* per plate 

(days) (ugiml.) (average of two plates) 
—2 to 0 30 225 
15 300 
0 B47 
—2 to 0 30 10 
and li 20 
ltot 0 B47 
—-1ltod 50 36 
and 30 104 
l to3 15 241 
Q 256 


E Reading was made 6 days after inoculation with 0-2 ml, of 107 dilution 
of virus. 


2 and 3). To determine the effect of different dosages of 
poly I: poly ©, cells were exposed for 24 h to various 
concentrations from 0 to 100 ug/ml. before infection with 
M-MSV(FL). The effect was maximal with 100 pg of 
poly I: poly C per ml., though 50 yg also gave a significant 
effect (Table 2). Toxic effects were not noted at these 
dosages. Treatment for 24 h, however, with concentra- 
tions of the drug higher than 100 ug/ml. were toxic for 
the mouse embryo cells. Table 2 also illustrates the 
inhibitory effect on focus formation when various 
concentrations of poly I: poly © were given. In three 
such tests poly I: poly C was added (a) at the same 
time as the virus for a 24 h period; (b) at the same time 
as the virus and continued for 5 days; and (c) 72 h after 
the virus and continued for 3 days. Significant inhibition 
was obtained when 100 ug/ml. of poly I: poly © was 
added at the same time as the virus in prolonged treat- 
ment for 5 days, but not in a single 24 h treatment. 
(There was no evidence of toxic effect. on the cells with 
the 100 ug/ml. dose, even in the treatment for 5 days.) 
Considerable inhibition was also observed when poly I: 
poly C (50 ug or 100 ug/ml.) was added 72 h after the 
virus, in prolonged treatment for 3 days. 

Additional experiments were designed to examine the 
effect of repeated treatment with poly I: poly C at lower 
concentrations on focus formation of M-MSV(FL) in 
NIH-METC (Table 3). Three tests were conductéd, in 
which poly IT: poly C (less than 50 pg/ml.) was given to 
the cells (a) for 2 days in a single pretreatment; (b) for 
2 days in pretreatment, and for 3 days in repeated treat- 
ment beginning the day after virus inoculation; and 
(c) for 1 day as pretreatment, plus repeated treatment for 
2 days, beginning the day after virus inoculation. Re- 
peated treatment with poly I: poly C in concentrations 
as low as 15 ug/ml. gave significant inhibition of focus 
formation of MSV, but only when continued for at least’ 
3 days. 

The effect of prolonged treatment with poly I: poly © 
on Friend leukaemia virus was next examined. Two sets. 
of secondary plate cultures of NIH-METC were treated 
with poly I: poly C (100 ug/ml.) or the growth medium. 
After 24 h incubation, the cultures were washed twice 
with HBSS, inoculated with 10¢ infectious units of virus 
per culture, and adsorbed for 90 min at 37°C. The 
cultures were then washed three times before the growth 
medium containing poly I : poly © (100 pg/ml.), or growth 
medium alone, was added: then they were incubated for 
14 days at 37° C in a humidified air atmosphere containing 
5 per cent CO,. The medium was changed every 2 days. 
One of each set was collected 6 days after virus inocula- 
tion, the other after 14 days. The cells were packed for 
CF antigens by the method previously deseribed4!. Com- 
plement-fixing antigen titre was 1:16 after 6 days’ 
incubation, in the untreated cultures, and remained the 
same after 14 days. CF antigen titre, however, was 1: 2 
after 6 days’ incubation and 1:8 after 14 days in the 
cultures treated with poly I : poly C medium. 

We have previously reported that prolonged treatment 
with ‘Statolon’!4 in concentrations as low as 12-5 ug/ml. 
protected rat embryo cells against persistent infection 
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with Rauscher leukaemia virus. Gresser! reported that 
repeated administration of an interferon preparation, 
shortly after the onset of virus-induced murine leukaemia, 
also retarded the progression of the disease. Although 
lesser amounts were inhibitory, we found that maximal 
inhibitory effect on focus formation of MSV was achieved 
with 100 pg/ml. of poly I : poly C. Unfortunately, dosages 
higher than this tended to produce apparent toxic effects 
on the cells. In addition, we also found that more than 
ten-fold enhancement of the inhibitory effect of poly I: 
poly C was achieved by adding neomycin (300 ug/ml.) 
to poly I: poly C preparations (100 ug/ml.). Buckler et 
al have shown that polybasic substances (methylated 
albumin, neomycin, streptomycin and protomine sul- 
phate) markedly enhanced the induction of the interferon 
mechanism. 
This work was supported by the US National Institutes 
of Health, National Cancer Institute. 
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Morphological Relationship of 
Polyribosomes and Myosin Filaments 
in Developing and Regenerating 
Skeletal Muscle 


Heywood and Richt have reported that polyribosomes 
containing varying numbers of ribosomes appeared during 
myogenesis in the chick embryo and they suggested a 
correlation between polyribosomes which were of different 
lengths, on the one hand, and the formation of specific 
muscle proteins on the other. We have examined develop- 
ing and regenerating muscle tissue with the electron 
microscope in order to determine whether a spatial 
relationship exists between the polyribosomes and the 
evolving muscle structures. A consistent and orderly 
relationship between the polyribosomes and the myosin 
filaments is evident. 

The muscle specimens were obtained from the quadriceps 
of normal human foetus or from mouse triceps previously 
subjected to experimental phy sical injury (a erush lesion 
5 days before being killed) in order to induce regenerative 
activity. The specimens were fixed either in glutaralde- 
hyde followed by post-fixation in buffered osmium tetrox- 
ide or in the osmium fixative alone. Ultra-thin sections 
were stained with uranyl acetate and lead citrate and were 
examined in a Zeiss EM 94 and/or Siemens Elmiskop I 
electron microscope. 

Lines of ribosomes appeared along some of the myosin 
filaments within the myofibrils of the muscle obtained 
from both the human and murine sources (Figs. 1 and 2) 
Although polyribosomes could often be seen at both e cee 
of a single filament, this was not a constant feature. The 
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Fig. 2. 





polyri -approximtely fifteen ribosomes maximally 
=e appeared rarely, if ever, to extend into the pseudo-H 
region or into the I band. The ribosomes often appeared. 
only in relation to that part of the myosin filaments 
nearest to the I-band but not to that nearest the pseudo-H 
region (projection-free zone). When they occurred adja- 
cent to the pseudo-H band, the ribosomes could be traced 
along the length of the filaments to the I-band. This 
apparent arrangement of the ribosomes suggests that 
individually they leave the polyribosome chain in a 
direction away from the pseudo-H region. We were unable 
to identify the earliest stages of filament formation, and 
could not therefore see the origins of the pseudo-H zone. 

This precise arrangement of the polyribosomes seems 
to be related to the mechanism by which the myosin 
filament is synthesized; there is no evidence that the 
position of the polyribosome is determined by the struc- 
tural configuration of the developing myofibril. Further- 
more, it is likely that the ribosomes are relatively station- 
ary during the formation of myosin and that the myosin 
subunits are formed sequentially along the filament from 
the pseudo-H region to the I-band. This necessitates a 
slight modification, at least in this instance, of the generally 
accepted model of the mode of action of ribosomes in 
relation to mRNA in which it is assumed that the ribosomes 
travel along the mRNA strands®. These findings would 
suggest that the mRNA moves along the stationary 
ribosomes with the result that the protein subunits are 
formed in the exact locus where they will later function. 

While the continuity of the polyribosome chain in elec- 
tron micrographs is not certain, at least two polyribosome 
units. separated by the pseudo-H region, seem to be 
associated with each myosin filament. It was often 
difficult to determine the exact number of ribosomes in a 
line along the myosin filament, but occasionally we could 
count up to fifteen units between the pseudo-H region and 
the I-band, and were therefore unable to confirm for this 
material the opinion of Heywood and Rich that a chain of 
fifty to sixty ribosomes is necessary for the synthesis of 
myosin. 

In this preliminary study, however, we were not able to 


evaluate every aspect of the polyribosome~filament 
relationship. Tt is often difficult to construct three- 


An electron micrograph of quadriceps muscle from a 14 week old normal human foetus. 
and Z indicate the respective bands; H indicates the pseudo-H band and r, ribosome. 
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dimensional models from electron micrographs: it is 
possible that a spiral configuration of the polyribosomes, 
which we would have been unable to identify, could 
explain the difference between our observations and those 
of Heywood and Rich’. The known helical configuration 
of the cross-bridges which project from the myosin fila- 
ment? makes this inherently reasonable. The biological 
reason for the length of the myosin filament is uncertain, 
but it may be related to the size as well as to the configura- 
tion of the polyribosomes involved and the structure of the 
proteins synthesized. We shall investigate further the 
synthesis of myosin and the development of muscle tissue 
in general. 

This work was supported by funds received from the 
Muscular Dystrophy Associations of America, Ine., the 
Muscular Dystrophy Group of Great Britain and the 
Medical Research Council. Dr Larson is the George Meany 
postdoctoral fellow of the MDAA. We thank Dr K. F. A. 
Ross, Mr J. J. Fulthorpe, Miss M. Jenkison and Miss E. 
Treece-Birch for assistance. 

After submission of this manuscript we discovered 
that Dr K. W. Jones at the Institute of Animal Genetics, 
University of Edinburgh, had found a similar location for 
RNA in the developing muscle of the mutant O-Nu 
Xenopus tadpoles (results to be published). Using *H- 
uridine to label the RNA (only the mRNA and tRNA 
would be labelled). autoradiography showed an association 
of the labelled RNA with the evolving myofibrils in a 
pattern similar to that deseribed here for the polyribo- 
somes. 


PauL F. Larson 
PETER HUDGSON 
JoHn N. WALTON 


Muscular Dystrophy Group Research Laboratories, 
Regional Neurological Centre, 

Newcastle General Hospital. 

Newcastle-upon-Tyne. 


Received January 23; revised April 25, 1969. 


’ Heywood, S., and Rich, A., Proce, US Nat. Acad. Sci., 59, 590 (1968). 
* Goodman, H. M., and Rich, A., Nature, 199, 318 (1963). 
3 Huxley, H, E., and Brown, W., J. Mol. Biol., 30, 383 (1967). 


t 
1170 


Molecular Conformation of Inosine 


IĪXOSINE is one of the rare nucleosides found in nucleic 
acids. It oceurs especially in trans 
where it appears to form part of a number of anticodons®?. 
Tt can form a base pair with any one of the bases adenine. 
uracil or cytidine in the third codon'? position, and 
the possibility of atypical base pairs is part of the 
“wobble” hypothesis®. In addition, the action of muta- 
genic agents on ribonucleic acid can lead to the conversion 
of adenosine into inosine. 

Inosine crystallizes in two distinct crystal forms, both 
of which are under examination in this laboratory. The 
results given here were obtained from crystals formed 
by slow evaporation from aqueous solution at 25° C. The 
unit cell is monoelinie, with cell dimensions a= 4-82 A, 
b= 10-45 Å, e= 10-97 A and §= 90° 43’. The space group 
is P2, with two molecules in the unit cell. In all, 1,306 
reflexions were observed using molybdenum Ka radiation 
and the Hilger and Watts linear diffractometer. The 
structure was solved by Patterson function interpretation 
using the I(8g) function", the rotation function and the 
@-functions®. The structure was refined by a least- 
squares process using anisotropic temperature parameters 
for the non-hydrogen atoms to a final R factor of 0-046, 
where 




















The positions of all the hydrogen atoms were confirmed 
from a three-dimensional difference synthesis. The details 
of the structure and the results obtained will be published 
later. 
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Fig. i. The structural formula of inosine with the numbering system 


used. 


The moleeular formula of inosine and the conventional 
numbering system for the atoms are given in Fig. 1. The 
bond lengths and angles obtained from the structure 
determination are given in Table 1. 

The purine ring in inosine is planar, but both O and C,’ 
are significantly displaced from this plane, the deviations 
being 0-16 A and 0-15 A respectively. The conformation 
of the sugar residue relative to the purine plane is best 
described by the torsion angle ocn®, which in this case is 
~ 106°, the sugar being in the anti conformation. Atom 
C,’ of the ribose rings is displaced 0-63 A from the plane 
of the remaining ring atoms and is in the endo conforma- 


er ribonucleic acid — 
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Table 1. THE BOND LENGTHS AND ANGLES FOR INOSINE 
‘ NYC, 1355 A 1308 A 
* : 1-365 L374 
F 1-372 : 
z 1-397 
1-371 
1-372 
L417 
1459 
5 
2 
1-428 
124-6 1g 
128-5 L183 
111-0 1254 
120-6 128-4 
130-1 1116 
113-6 103-8 
105-4 103-7 
128-1 1261 
108-4 126-0 
106-8 111-5 
109-6 109-6 
107-5 100-6 
: 115-9 101-5 
GAGEO: 104-0 114-2 
OCC, 110-0 ‘aC ILE] 
CC: -0, 112-0 


Estimated standard deviation in bond lengths is 0-004 À, and in bond 
angles is 4^. 


tion. The bond C,’-—O,’ is gauche with respect to the 
C,’---O," bond and trans with respect to the C,’——C,’ bond. 
the goo and goc angles? being 74-7° and 169° respectively. 
All available groups participate fully in the hydrogen 
bonding. The fact that the structure is strongly bonded is 
reflected in the relatively high ecalewlated density of 
1-61 g/em-. In addition there are a number of close 
contacts between atoms of different molecules with 
distances between 3-0 and 32 Å. The possibility of a 
carbon-oxygen hydrogen bond has received some dis- 
eussion®:® and some possible examples have been found?”. 
One of the short intermolecular contacts in inosine is a 
short C—O distance of 3-69 A between C, and an 0O; 
atom of a neighbouring moleeule. The C—H and H---O 
distances are 0-98 A and 2-34 A respectively and the angle 
between the C—H bond and the line joining C, to O,’ is 
34°. 

We thank Dr H. R. Wilson and Dr D. W. Young for 
helpful diseussions and one of us (A. R. I. M) acknow- 
ledges the receipt of an SRC studentship. 
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In vitro Interaction of LSD with 
Purified Calf Thymus DNA 


THE observation of broken chromosomes in test animals 
and humans treated with the hallucinogen lysergic acid 
diethylamide (LSD) has been well documented'*. Al- 
though there has been some speculation about the mode 
of action of the drug, no specific studies of the mechanism 
of LSD-induced chromosomal damage have, as yet, been 
presented. Such studies would be most useful in deter- 
mining whether LSD interacts directly with the chromo- 
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Fig. 1. Circular dichroism spectra of calf thymus DNA separated from 

= and in contact with .... D- Concentrations: DNA, 0-02 

mg/ml., and LSD-25, 3:3 x 10*M. Caci, pH 7:0, 2: A mean 

residue weight of 336-84 for calf thymus DNA was used in catculating 
the molar ellipticity (6). 








some which becomes broken or whether chromosomal 
breakage is the result of a series of biochemical events 
begun by LSD at some site distant from the chromosome. 
This communication describes circular dichroism experi- 
ments which indicate that LSD interacts directly with 
purified calf thymus DNA, probably by auraa; 
causing conformational changes in the DNA. It is 
suggested that this observed interaction may serve as a 
model for the action of LSD on the chromosomal material 
of intact cells. 

Using a Cary model 60 spectropolarimeter equipped 
with a Cary model 6002 circular dichroism attachment, 
I recorded circular dichroism spectra of calf thymus 
DNA solutions (Sigma Chemical Co., 0-02 mg/ml. in 
0-1 M NaCl) in the presence and absence of LSD (Sandoz 
Batch LSD-25 65002). The effect of LSD on the circular 
dichroism spectra of DNA was observed using a double 
sector cell (two fuse d 1 em cells) so that whether the DNA 
and LSD are in contact (both in the same compartment 
with 0-1 M NaCl in the other compartment) or separated 
(DNA in one compartment and LSD in the other) the 





concentrations of LSD and DNA in the incident beam of 


polarized light are identical. In a similar way, I mea- 
sured the effects of ethidium bromide (a molecule known to 
interact with DNA by intercalation?) on the circular 
dichroism spectra of calf thymus DNA. 

Marked changes in the ultraviolet. circular dichroism 
spectrum of DNA (Fig. 1) are observed in the presence of 
LSD at a ratio of LSD to DNA phosphate of 0-5. The 
LSD-induced changes in the DNA spectrum are character- 
ized by a decrease in the positive band at 276 nm, a shift 
in the crossover point from 256 nm for DNA in the 
absence of LSD to 260 nm for DNA in the presence of 
LSD, a strengthening and broadening of the negative 
band at 245 nm, and a strengthening and slight blue shift 
in the positive band at 220 nm. The nature ‘of the appar- 
ent. LSD-induced conformational change in calf thymus 
DNA seems to be somewhat different from the anticipated 
effect of a secondary structure perturbant. As pomted out 
by Mommaerts, any disturbance of the optimally 
matched helical structure of DNA has been found to lead 
to a disappearance of the negative and a strengthening of 
the positive cireular dichroism bands. The reverse is the 
observed effect of LSD on the cireular dichroism spectrum 
of calf thymus DNA, suggesting a helical structure 
supporting role for the hallucinogen. 

LSD, a planar, cationic, aromatic molecule (Fig. 2) 
displays the molecular characteristics necessary to stack 
between the bases of the DNA helix interacting ionically 
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with the phosphate anions. Intercalation into the DNA 
helix in this fashion has been shown to be the mode of 
DNA binding exhibited by the dye ethidium bromide*. 
The observed changes in the cire ular dichroism spectrum 
of calf thymus DNA in the presence of ethidium bromide 
are shown in Fig. 3. Although this circular dichroism 
spectrum is complicated above 280 nm by a dye absorption 
band, max 286 um, the effect of the dye below 280 mn 
is markedly similar to that of LSD. The enhancement 
and broadening of the major negative DNA circular 
dichroism band at 245 nm shown by ethidium bromide is 
identical to the effect of LSD in this region of the DNA 
spectrum, 


i 
C,H 
ae 
ATE ) NH 
CoH, H pare 
Ne 
CH3 


Lysergic acid diethylamide 


Fig. 2 


On the basis of these results, it is suggested that LSD 


may intercalate within the DNA helix in a manner 
similar to ethidium bromide causing changes in the 


conformation of the DNA. It seems unlikely that inter- 
action of LSD with chromosomal DNA in this manner 
would decrease the internal stability of the DNA helix to 
a large enough extent to cause breakage. 

It is, however, reasonable to suggest that LSD may 
eause the dissociation of histones from the chromosomal 
DNA by neutralizing the phosphate anions on the DNA 
helix backbone in the process of forming an intercalated 
complex with the DNA. The dissociation of histones, 
in turn, might well render the chromosomal DNA sus- 
ceptible to enzymatic attack and breakage. I have 
observed LSD-induced changes in the circular dichroism 
spectrum of DNA-poly-z-lysine complexes which would 
support such a hypothesis and will present them in detail 
at a later date. 

This work was supported in part by a research grant 
from the US National Institutes of Health. The LSD 
used in these experiments is a gift of the FDA-PHS 


(0) x 10° 














-10+ 
i 
| 
200 260 290 320 | 
Wavelength (nm) . 
Fig. 3. Cireular dichroism spectra of calf thymus DNA separated from 





—- and in contact with ..., ethidium bromide. Concentrations: 

DNA. 0-02 mg/ml, and ethidium bromide, 33x 10°M, 01 M Natl, 

pH 7-0, 25°. A mean residue weight of 336-84 for calf thymus DN A 
was used in calculating the molar ellipticity (4). 
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Stimulation of DNA Synthesis in 
Resting Stage Human Fibroblasts after 
Infection with Rous Sarcoma Virus 


Rous sarcoma virus (RSV) suspensions can induce the 
synthesis of deoxyribonucleic acid (DNA) and mitosis in 
resting stage human fibroblasts'. The virus can also 
induce DNA synthesis in undividing myotubes? and DNA 
synthesis and mitosis in resting stage chick embryo 
fibroblas The stimulatory activity may not be 
identifiable with the virus particle. for when the virus 
suspension was treated with RSV anti-serum the focus 
forming capacity was inhibited but the stimulatory action 
was not eliminated'. We have now extended these find- 
ings. The WI-38 human embryonic line? was used main- 
tained in Eagle's minimal essential medium® supplemented 
with 10 per cent calf serum and aureomyein (50 pg/ml.). 
RSV suspensions were obtained from the supernatants of 
infected ehick embryo fibroblastic cultures, and had a 
titre of 10° rrujml. DNA synthesis was estimated by 
adding 0-1 pCi/ml. of labelled thymidine @H-TdR) 
(specifie activity, 14 Ci/mmole) to the cultures. The cells 
were fixed 24 h later, DNA was extracted? and the radio- 
activity incorporated was measured in a liquid scintillation 
counter. 

The mucopolysaccharide used was isolated from Myco- 
bacterium tuberculosis Penrois by a technique deseribed 
earlier’. WI-38 cells were pooled and subcultured in new 
60 mm plastic Petri dishes and used in the experiment 7 
days later when mitotic activity was negligible. Medium 
was removed, kept at 37°C and 0-5 ml. of the following 
suspensions were added to duplicate cultures: RSV, 
RSV +25 u/ml. of hyaluronidase, 100 pg/ml. of muco- 
polysaccharide and 100 ug/ml. of mucopolysaccharide 
+25 u/ml. of hyaluronidase. All these suspensions 
were kept in a water bath at 37° C for 30 min before 
the experiments were carried out. To other cultures was 
added 0-5 ml. of RSV suspension, and the mixture was 
kept frozen until use. All cultures were kept for 1 h at 
37° C in a humidified atmosphere with 5 per cent CO,. 
The medium in which the cultures had been grown (used 
medium) was then added. supplemented with tritium- 
labelled thymidine. Fresh medium, supplemented with 
3H-TdR, was added to sister cultures, some which had 
been treated with hyaluronidase and some which had not. 
Finally, J H-TAR was added to two untreated cultures 
which were kept as controls. 

The results in Table 1 show that significantly more 
radioactivity was incorporated into DNA after the addi- 
tion of RSV suspensions, thawed or kept at 37°C for 
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30 min before adding to the cultures, than in the controls. 
The same virus suspension, treated with hyaluronidase, 
did not stimulate the incorporation of radioactive pre- 
cursor into DNA compared with the DNA of the controls. 
More labelled precursor was incorporated after the cultures 
had been treated with a mucopolysaccharide but not if 
the same suspension was also treated with hyaluronidase. 
The enzyme itself was not responsible for the diminished 
incorporation on #H-TdR because a change of medium 
which is known to induce DNA synthesis in resting stage 
fibroblasts? had a stimulatory effect in spite of the treat- 
ment of the cultures with hyaluronidase. Thus the results 
indicate that the stimulation of DNA synthesis after 
infection with RSV may be caused in part by mucopoly- 
saccharides present in the suspensions. To find out 
whether any other polysaccharides can induce DNA 
synthesis, used medium was removed and 0-2 ml. of 
Kagle’s medium without serum (EE) containing 100 ug/ 
ml. of DEAE cellulose was added to ten cultures. Another 
ten cultures received 0-2 ml. of EE. The cultures were 
incubated at 37°C for 0-5 h and the used medium was 
replaced with 0-1 uCi/ml. of 7H-TdR. As Table 2 shows. 
cultures treated with DEAE contained significantly more 
radioactivity than the controls. 





Table 1. TOTAL C.P.M. AFTER 24 h OF LABELLING IN DUPLICATE CULTURES 
TREATED AS INDICATED 

Controls 11,460 (+115) 
RSV thawed immediately before the ex- 

periment 20,400 (+294) 
RSV kept at 37° C for 30 min before the 

experiment 30,660 (+ 307) 
RSV + Hy 12,300 (+123) 
mps 21,660 (+217) 
mps + Hy 9,570 (+96) 
New medium 93,060 (+930) 
Hy +new medium 115,380 (+ 1,160) 


Hy, hyaluronidase; mps, mucopolysaccharide. 
The 95 per cent confidence limits are indicated in parentheses, 


Table 2. AVERAGE C.P.M. FOUND AFTER 24 h OF LABELLING IN CONTROLS 


AND CULTURES TREATED WITH DEAE 
Cultures treated with 
EE 
EE with DEAE 
*{t=852; P«<0-001). 
‘The 95 per cent confidence limits are indicated in parentheses. 


Cpm 
28,650 (+ 2,578)" 
46,740 (+ 4,206)* 





Our results show that treatment of resting stage cul- 
tures with RSV suspensions stimulates DNA synthesis 
during the following 24h. A similar effect is obtained with 
a mucopolysaccharide extracted from a bacterium and 
with a synthetic polysaccharide. Hyaluronidase eliminates 
the stimulatory action of the former and of RSV suspen- 
sions. Cell division is necessary for the successful infection 
by RSV?®, and so the stimulation of cell division by 
RSV suspensions might be brought about by some factor 
present in the suspensions but not identical with the 
virus, which influences viral replication. 
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Effect of Rifampicin on the Radiation 
Sensitivity of Several Strains of 
Escherichia coli 


THe study of the action of ionizing radiation on micro- 
organisms is of interest as a model system for human 
cells. Actinomycin D (which binds to DNA and inhibits 
transcription) modifies the response of Chinese hamster 
cells to ionizing radiation’. It also increases the amount 
of radiation-induced DNA degradation in Bacillus subtilis®. 
Actinomycin D, however, does not enter Escherichia coli. 
But recently, rifampicin has been shown to bind to the 
DNA-directed RNA polymerase and also to stop tran- 
seription’. Because rifampicin readily enters Æ. coli, it is 
of interest to see whether it has a potentiating effect on 
the action of ionizing radiation. We chose to study the 
effect of radiation plus rifampicin on the process of DNA 
degradation in several strains, on the formation of colonies 
as seen by plating, and on the oxygen effect. 

We find that when cells are first exposed to rifampicin 
there is a marked increase in DNA degradation in all 
strains and in some there is an increase in the sensitivity 
of colony-forming. 

DNA degradation was observed by using cells which are 
auxotrophic for thymine: 15T-JG151, sensitive and 
which very readily undergoes DNA degradation’; B3, 
insensitive and resistant as regards DNA degradation; 
K12CR63, insensitive and resistant; and C thy-321 (ref. 5), 
the most resistant and insensitive to DNA degradation 
(personal communications of E. W. Frampton and L. J. 
Grady). The cells were grown in !C-thymine medium, 
washed, grown briefly in “cold” thymine and then treated. 
The irradiation procedure was to oxygenate for one 
minute and then expose to Co-gamma. radiation at 
13,006 rad per min. Rifampicin was added 10 min pre- 
viously to a final concentration of 50 ug/ml. After irradia- 
tion the cells were maintained at 37° C with aeration and 
periodic samples were placed in cold ten per cent trichloro- 
acetic acid (TCA) and allowed to stand at 0° C for fifteen 
min. They were then filtered on ‘Millipore’ filters, washed, 
dried and counted for radioactivity. The loss of radio- 
activity in the TCA insoluble fraction measures the 
amount of DNA degraded®. 
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Yig. 1. The amount of DNA degraded after exposure of previously oxy- 
genated E. coli 15T-JG151 cells to 6-7 krad °Co-gamma radiation. The 
amount of degradation is small but in the presence of rifampicin is 
clearly increased. The kinetics suggest that the action is to increase 
the amount of DNA available as substrate for the degrading enzymes. 


Results with JG151 are shown in Fig. 1. The dose is 
6-7 krad (three times the D,, for colony-forming ability), 
about one-third of the dose for maximum degradation 
{eighty-three per cent). The ratio to the unirradiated 
control is plotted. We found no significant difference 
between the rifampicin-treated control and the untreated, 
even after stressing the cells with heat. The untreated 
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Fig, 2. The maximum amount of DNA degradation as a function of 
dose for three rather resistant strains of Æ. coli. The action of rifampicin 


is to increase the amount of degradation at low doses and to accentuate 
the sharpness of the maximum. 


cells degrade to 16 per cent, while the treated cells reach 
38 per cent. Ifthe kinetics are analysed by the formula’ 
diS — So) 
dt 
DNA substrate, 
S, the amount of unavailable undegradable DNA, 


= k (E) (S — S.), where 8 is the amount of 


E the amount of degrading enzyme, and 


k, is a rate constant, 


then the value of k, (E) is nearly the same in each case, 
suggesting that the increase is due to the increase in the 
amount of substrate. Rifampicin does not release more 
enzyme to attack the DNA but releases more DNA to be 
degraded by the already activated degradation enzymes. 

The dose dependence of the effect of rifampicin is shown 
in Fig. 2 for three insensitive cells. It is clear that the 
maximum is shifted over to lower doses, usually increased 
in amount, and that the maximum tends to become 
sharper. This sharpening of the maximum is also observed 
with densely ionizing particles’. 

We also performed plating experiments on these four 
strains of bacteria, fully oxygenated while irradiated, and 
with and without rifampicin. Table 1 shows the results. 
Where the amount of degradation is low, or requires a 
considerable dose, the sensitizing by rifampicin is marked ; 
where degradation is high and takes place at low doses the 
sensitization is only marginally seen. 


Table 1, COMPARISON BETWEEN COLONY-FORMING SENSITIVITY WITH AND 


WITHOUT RIFAMPICIN 
Dz, in presence Amount of dose (krad) 


Cell Da: (krad) of rifampicin for maximum DNA Per cent 
(krad) degradation degraded 
AGL 2:3 2415 20 83 
B3 15 54 65 63 
K12CR63 12-7 9-7 40 175 
C thy-321 125 7-9 55 15 


We compared the action of rifampicin on cultures irradia- 
ted with previous oxygen or nitrogen bubbling. We found 
that for doses that gave the same amount of degradation, 
for example, 26-5 krad (O,) thirty per cent and 53 krad (N,) 
twenty-eight per cent in B3, the values found in the 
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presence of rifampicin were increased by the same factor 
(fifty-nine per cent and fifty-one per cent degradation). 
JG151 behaved similarly, We conclude that the oxygen 
effect is unchanged by rifampicin. 

The most immediately detectable effeet of ionizing 
radiation is the appearance of radioactive degradation 
products in the medium’. We looked for these also in the 
rifampicin-treated cells. In Æ. coli C we found that the 
radiation-induced ejection out of the cell was readily 
observed even in the untreated cells, but that in the 
presence of rifampicin the ejection continues undiminished 
for much Jonger times. The initial rate is the same in both 
cases, suggesting again that the enzyme system responsible 
for the degradation is unchanged. 

Three agents markedly influence the amount of DNA 
degradation in irradiated cells: the presence of a defective 
prophage‘, the attachment of phage or of phage ghosts", 
and rifampicin. All of these are involved in some way 
with the transcription apparatus. The first starts an 
alternative mechanism; the seeond inhibits bacterial 
messenger RNA synthesis; the third inhibits RNA poly- 
mer The first two agents curtail the degradation 
process, whereas the third causes an inerease. It is tempt- 
ing to suggest that the transcription apparatus is a com- 
posite of a polymerase and an exonuclease of some kind. 
Induction of phage or attachment of phage ghosts can be 
considered to inhibit the whole system, whereas rifampicin 
acts only on the polymerase. In any event, the transerip- 
tion system is clearly of interest for further study of the 
action of lonizing radiation, 

We thank Dr Leo Grady for information about the 
degradation of E. coli C and Mrs Sharon Davis for data 
on the degradation of B3. The rifampicin was kindly 
made available by Dr Mary Osborn and originally came 
from Dr Staehelin of CIBA. The work was supported by 
the US Atomic Energy Commission. 
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Reanimation of Myocardial Cells 
preserved in the Frozen State 


AFTER the discovery in 1949 of the protective action of 
glycerol against damage arising from freezing and thawing 
of spermatozoat, many investigators have succeeded in 
freezing different cell types, for example, erythrocytes? 
and lymphocytes, and cultured tissues with a considerable 
degree of survival. For certain cell types dimethyl 
sulphoxide (DMSO) acts as a better cryoprotective sub- 
stance than glycerol!>, It has not yet been possible, 
however, to obtain satisfactory results in the low-tempera- 
ture preservation of myocardial cells. In a recent publica- 
tion’ it was stated that 80 to 90 per cent of the myocardial 
cells iy suspension were lysed during freezing; only 5 to 
20 per cent. of the surviving cells manifested spontaneous 
beating. We now describe a method for preserving myo- 
cardial cells at — 196° C, with a high degree of recovery 
after thawing. 
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Fig. 1. Myocardial cells in tissue culture after freezing. 


Heart cells of newborn rats were grown in vitro according 
to the technique desc re 





ibed by Harary and co-wor g 
with the omission of streptomycin®. The cells were isolated 
by trypsinization; a suspension was made which was 
transferred to plastic dishes. The initial volume of the 
medium in each dish was 4 ml. After a period of 2 or 3 
days DMSO was added to various final concentrations. 
Slow adding of DMSO at room temperature to a culture 
to a concentration of 5 per cent resulted in a decrease of 
the rate of beating of the myocardial cells (fram 85 to 70 
per min), At a DMSO concentration of 10 per cent the 
rate of beating became even slower (50 per min} and the 
contractions increased, but after about 10 min the con- 
tractions became very small. This influence of DMSO 
on the frequency and contractility of beating heart cells 
was completely reversible. Replacement of the 5 or 
10 per cent DMSO medium by fresh medium without 
DMSO restored the frequency and the contractions of the 
cells to normal, 

In another group of experiments we added DMSO at 
room temperature to the medium of the plated cultures 
to final concentrations of 10, 12, 15, 17-5 and 20 per cent. 
DMSO. The cultures were grown in Falcon tissue culture 
dishes and placed in a biological freezer immediately 
after the addition of DMSO. They were frozen with a 
cooling rate of 1-7° C per min from 0° C to ~20° C and a 
rate of 5° to 7° C per min from — 20° C to — 100° C; they 
were then rapidly cooled to — 196°C. The programmed 
cooling was checked using a thermocouple inserted in one 
of the dishes, The frozen tissue cultures were then kept 
in a biostat at — 196° ©. After a period varying from 
45 min to 28 days the cultures were thawed either rapidly 
in water at 37° C. slowly in air at room temperature. or 
more rapidly by blowing heated air over the dishes. 
After being thawed the supernatant was replaccd by 
medium without DMSO and the dishes were then kept at 
37° C for 2h. The cultures were studied microscopically 
and beating cells were counted: the survival differed 
markedly. The best results were obtained with 17-5 
per cent and 20 per cent DMSO. Rapid thawing in warm 
air gave better results than slower thawing. Very rapid 
thawing in water at 37° C led to cracking of the dishes: 
many cells were torn and loosened and the viability of the 
non-beating cells in these dishes could not be ascertained, 
After thawing in warm air, several fields of hundreds 
of beating cells were obtained. Attempts to obtain a 
higher percentage of beating cells are in progress in which 
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Fig. 2. Contractions of myocardial cells in tissue culture after freezing. 
special attention will be paid to the temperature of the 
medium during the addition of DMSO. 

In further experiments a suspension of myocardial 
cells obtained after trypsinization was used. This suspen- 
sion was centrifuged and the supernatant discarded. A 
new suspension was made from the pellet by adding, at 
room temperature, 2 ml. of culture medium contaming 
10 per cent DMSO. The suspension was then transferred 
to ampoules which were sealed. The ampoules were 
frozen at the cooling rates indicated and also stored in a 
biostat at — 196° C. After 25 days at — 196° C several of 
these ampoules were thawed rapidly by immersion and 
agitation in water at 37° ©. After being thawed the sus- 
pension was transferred to glass tubes to which fresh DMSO- 
free medium was added slowly; when a DMSO concentra- 
tion of about 1 per cent was reached they were centrif uged. 
The supernatant was discarded and 4 ml. of fresh medium 
was added to the pellet. The whole suspension was then 
put into a plastic culture dish and cultured at 37° ©. On 
studying these cultures the next day about 80 per cent of 
the cells were found to have survived in comparison 
with cultures obtained from suspensions which were not 
frozen; the cells looked normal microscopically (Fig. 1) 
and exhibited good pulsations and growth. Even in sus- 
pensions which were kept at — 196° C for 7 months about 
80 per cent of the cells appeared to have survived; their 
contractions, registered by a method described by G. E. F. 
(to be published), were good (Fig. 2). In one culture, 
which we did not use for the registration of contractions, 
growth continued for 42 days. After this period contrac- 
tions were registered and they appeared to be normal. 
Pacemaker activity and propagation of impulses could be 
demonstrated. 

The results prove that long term storage of myocardial 
cells at — 196° C is possible and that the contractility of 
the myocardial cells can survive freezing. These findings 
are a preliminary to further work on the preservation of 
the heart in the frozen state. 

We thank Mrs F. Fase-Fowler, Mr J. J. F. M. de Wit 
and Miss J. Th. Schuurman for their technical assistance. 
and Professor E. C. Slater who made the facilities of his 
laboratory available to us. 
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Is there a Common Mechanism of 
Protection of Living Cells by 
Polyvinylpyrrolidone and Glycerol 

during Freezing ? 

Ix 1953 Lovelock showed that the damage caused to 
human red blood cells by freezing and thawing could be 
correlated with the high concentrations of sodium chloride 
produced in the liquid phase as ice forms', Subsequent 
work showed that the actions of glycerol in protecting cells 
against damage during freezing” were probably associated 
with “buffering” the concentrations of salt, for haemol) 
first takes place during freezing at a temperature at 
which a mole fraction of sodium chloride of 0-014 is 
reached whatever the concentration of glycerol’. 

Compounds other than glycerol have been used to pro- 
tect living cells during freezing. Dimethyl sulphoxide’ 
(molecular weight 78-1), like glycerol (molecular weight 
92-1), is a protective non-electrolyte that is able to pene- 
trate readily into cells-?.. Sucrose (molecular weight 392) 
and glucose (molecular weight 180) are examples of com- 
pounds that also protect some cells*! despite the fact 
that they do not penetrate easily''?.  Polyvinylpyrroli- 
done (PVP) (mean molecular weight 40,000) is one of the 
polymerie protective agents that remain extracellu- 
lar’’3.44, Protective actions have also been reported 
for a different group of low molecular weight substances, 
namely, week electrolytes ike ammonium acetate (mole- 
cular weight 77) (ref. 15). 

I present evidence here on the “salt-buffering” capacity 
of glycerol, sucrose, PVP and ammonium acetate with 
sohitions containing sodium chloride (1 per cent w/w) 
before freezing. 

To obtain this information the mole fraction of sodium 
chloride in the liquid phase was required at different 
temperatures during freezing. The initial concentration 
of sodium chloride of 1 per cent w/w was chosen as an 
approximation to that in a biological solution. Mole 
fractions were caleulated from freezing point data, as can 
be shown by an example: the freezing point of a solution 
containing glycerol (20 per cent w/w) and sodium 
chloride (2 per cent w/w) was measured and assumed to 
be the same as the temperature reached during the freezing 
of a solution of glycerol (10 per cent w/w) and sodium 
chloride (1 per cent w/w) when the concentration in the 
liquid phase had doubled. 

Freezing points were determined by the following 
procedure. Samples (5 ml.) in boiling tubes were cooled 
0-2° C at a time in an insulated alcohol bath using solid 
carbon dioxide as refrigerant. At each temperature 
attempts were made to seed the sample with a small ice 
erystal in a Pasteur pipette. The mean temperature at 
which ice first began to form in the sample after seeding 
was taken as the freezing point. At least four runs were 
made for each concentration of a particular protective 
substance. ‘Temperatures were recorded using a 1 mV 
potentiometric recorder and a copper -constantan thermo- 
couple calibrated by means of a platinum resistance 
thermometer. Mole fractions of sodium chloride were 
calculated from the weight for weight concentrations of 
each sample. The glycerol, sucrose and ammonium acetate 
were ‘Analar’ grade (Hopkin and Williams); the polyvinyl- 
pyrrolidone wes PVP-40 (pharmaceutical grade; Sigma 
Chemieal Company) with a mean molecular weight of 
40.000. 

Fig. 1 shows the relationship between the mole fraction 
of sodium ehloride in the liquid phase and the temperature 
during the freezing of solutions containing sodium chloride 
(1 per cent w/w) and (a) glycerol (10 per cent w/w), (b) 
sucrose (30 per cent w/w), (c) PVP (30 per cent /w) and 
(d) ammonium acetate (10 per cent w/w) before freezing. 
For comparison the mole fraction-temperature relation- 
ship for sodium chloride is shown during the freezing of a 
solution containing sodium chloride (1 per cent w/w) in 
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Fig. 1, Relationship between the mole fraction of sodium chloride in the 

liquid phase and the temperature during the freezing of aqueous solutions 

(5 ml.) containing sodium chloride (1 per cent w/w) and (a) glycerol 

(10 per cent w/w), (b) sucrose (30 per cent w/w), (e) PVP (30 per cent k 

(d) ammonium acetate (10 per cent w/w and (e) no other solute. The 

weight for weight concentrations given are those in the solutions before 
freezing, 





water without any added non-electrolyte (e). Because of 
the presence of the added substances the mole fraction of 
sodium chloride (1 per cent w/w) before freezing varies 
between 0-0031 for sodium chloride alone to 0-0044 in the 
presence of PVP (30 per cent w/w). It can be seen that. 
all the added compounds in the concentrations used lower 
the temperature at which a given mole fraction of sodium 
chloride is reached. This is in comparison with the steep 
rise in the concentration of sodium chloride in the solution 
containing sodium chloride in water without any other 
added substance. As an example, the sodium chloride 
mole fraction of 0-014 shown by Lovelock? to be the thres- 
hold concentration for damage to red blood cells during 
freezing is reached at above ~3° C in the absence of an 
added substance; at — 143° C in the presence of glycerol 
(10 per cent w/w initially); at ~16-1° C in sucrose (30 per 
cent w/w initially); and is not reached by — 20° C in the 
presence of either PVP (30 per cent w/w initially) or 
ammonium acetate (10 per cent w/w initially). 

The “salt-buffering”’ effects of glycerol during freezing 
reported here are in agreement with the extensive work 
done by Lovelock?. In contrast to glycerol, the “salt- 
buffering” effects of sucrose require approximately three 
times the concentration of added substance by weight and 
would only take place in the medium outside the cells of a 
biological system if the cell membranes were impermeable 
to sucrose, 

The possibility that polymers such as PVP could act 
colligatively has previously been rejected because of their 
high molecular weights'*"%, The “coating” of cell mem- 
branes by PVP has been suggested as an alternative 
mechanism of protection!®. It is now clear, however, that 
because of the great deviation from ideal thermodynamic 
behaviour at high concentrations, a “salt-buffering” 
action of PVP outside the cells cannot be excluded as a 
possible mechanism of its actions in protecting living cells 
from damage during freezing. These results are supported 
by the recent publication of freezing point data for the 
two component system of PVP in wateren, 

The fesults described here also show that the protection 
of red blood cells by ammonium acetate reported by 
Meryman!® does not rule out the possibility that high 
concentrations of particular electrolytes cause specific 
damage. Meryman’s report? shows that not all electro- 
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lytes are equally damaging to living cells, and my results 
indicate that a less toxic electrolyte (ammonium acetate) 
can be used to reduce the mole fraction of a more harmful 
salt (sodium chloride) during freezing. 

The four compounds, glycerol, sucrose, PVP and 
ammonium acetate, reported to protect living cells from 
damage during freezing and thawing, have therefore the 
physical capacity to reduce the temperature at which a 
particular mole fraction of sodium chloride will be reached 
as ice forms. For all these compounds a “salt-buffering” 
action cannot be excluded as a possible mechanism of 
protection of living cells during freezing. 
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Mechanism of the Action of 
Taste-modifying Protein 


THe “taste-modifying protein” that has been isolated 
from miracle fruit (Synsepalum dulcificum)* is a basic 
glycoprotein with a probable molecular weight of 44,000. 
Applied to the tongue it modifies taste so that sour 
substances taste sweet. Brouwer et al.? have isolated a 
similar protein from miracle fruit. We deseribe here a 
psychological study of the protein designed to clarify its 
mechanism of action. 

The taste-modifying protein was isolated as described 
before?. The solution of the isolated protein was dialysed 
against 0-01 M NaHCO, buffer, and the dialysed solution 
was used for the taste test. Six or seven male and female 
subjects were listed and each test was repeated twice. We 
tried to prevent the subjects gaining any preconception of a 
result either through the experimenter or from each other. 
Assay of sweetening effect. of the protein was carried out 
as follows. Five ml. of the protein solution, enough to 
cover the tongue, was held in the mouth for 5 min and 
then spat out. The mouth was rinsed with distilled water 
and the sweetness to 0-02 M citric acid was compared with 
that of a series of sucrose solutions. The subjects were 
asked to choose which of the ten sucrose solutions 
(0-1-1-0 M) best approximated the intensity of sweetness 
induced by the acid. The procedure of other taste tests 
is deseribed elsewhere in this article. 
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The purified taste-modifying protein has no inherent 
taste. A mixture of the protein solution with sour 
substances initially tasted sour even after the protein 
mixed with acid for certain periods of time, and slowly 
changed to sweet if the mixture was held in the mouth. 
This suggested that the modification of the taste function 
by the protein proceeds slowly. ‘To determine the rate of 
modification, the protein solution in 0-01 M NaHCO, wos 
held in the mouth for 1/3, 2/3, 1, 2, 3, 4 and 5 min re- 
spectively, The solution in the mouth was spat out and 
the sweetness of 0-02 M citric acid was compared with that 
of a series of sucrose solutions. As shown in Fig. 1, the 
swectening effect reached a maximum after being held in 
the mouth for about 3 min. 

Fig. 2 shows the sweetening effect with different con- 
centrations of the protein solution. The effect reached a 
maximum level at 4x 10-7 M of the protein solution. 
The maximum sweetness to the acid solution was equiva- 
lent to the sweetness of about 0-4 M sucrose solution, and 
the sweetening effect did not increase even when a higher 
concentration of the protein solution was applied to the 
mouth. We could not perform quantitative studies on 
the sweetening effect at concentrations greater than 
0-02 M citric acid, because they were painful to the mouth. 
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Fig. 1. The time course of the taste modification. The sweetening 
effect was assayed after 5 ml. of 7-0 x107 M taste-modifying protein in 
O-OL M NaHCO, was held in the mouth for certain periods of time. 
Abscissa is the time when the protein solution was held in the mouth. 
Each point in the figure is the average value of the data obtained from 
seven subjects and the bars indicate the range of average variation. 
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Fig. 2. The sweetening effect as a function of the concentration of the 


taste-modifying protein. The sweetening effect to 0-02 M citric acid 
was assayed after the different concentrations of the protein were held in 
the mouth for 5 min. 
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Fig. 3. The time dependency of persistency of the sweetening effect. 
The effect of 0-02 M citric acid was assayed at 10 or 20 min intervals 
after the taste-modifying protein had been held in the mouth for 5 min. 
Abscissa ia the time after the protein was applied to the mouth. A, 
2-0x10°M: B,80x108 M; C, 48x107 M; D, 2:3 x 10* M. 
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Fig. 4. Sourness of acids. The sourness of acids at the different pH was 
compared with that of citric acid. The subject was asked to choose one 
of 6-003, 0-005, 0-008, 0-009, 0-01 and 0-02 M citric acid solution which 
best approximated the intensity of sourness of the given acid solution. 


Preliminary studies, however, indicated that an increase 
of the acid concentration about 0-02 M did not increase 
sweetness. Sour taste, however, became noticeable again. 

The sweetening effect induced from one application of 
the protein persists for a certain length of time. The 
persistency of the effect was measured at 10 or 20 min 
intervals after the protein solution was applied to the 
mouth. The effect of a 20x10- M protein solution 
disappeared in 20 min, while the effect from a solution 
of 23x10- M persisted for over 3 h (Fig. 3). When 
secretion of saliva was induced by chewing gum or eating 
foods, the sweetening effect of the protein declined more 
rapidly. 

The sweetness which occurred after application of the 
protein to the mouth was induced by any sour substance 
tested. Sourness is chiefly related to the proton con- 
centration, but different acid solutions at the same 
pH give different intensities of sourness*. The sweet- 
inducing potency of acids was compared with intensity of 
their sourness, Fig. 4 shows the intensity of sourness for 
acids at different pHs, compared with the sourness of a 
series of citric acid solutions. The figure indicated that 
the sourness of the acid solutions at the same pH decreases 
in order of acetic, formic, lactic, oxalic and hydro- 
chloric acid. This order of sourness corresponds to that 
obtained by electrophysiological studies with rats’. 
Beidler explained the result by the theory that neutraliza- 
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tion of the positive charge on the taste receptor membrane 
by simultaneous anion absorption allows for easier proton 
binding to the receptor membrane. Fig. 5 shows the sweet- 
inducing potency of the acids. The sweetness of the acids 
at different pH, after application of the taste-modifying 
protein, was compared with a series of citric acid solutions. 
Each of the sweetness curves is very similar to the sourness 
curves in Fig. 4. This result suggests that the mechanism 
of sweetness induction by acid is closely associated to the 
mechanism of sourness. This close relation between the 
intensity of sourness of an acid and its sweet-inducing 
potency may be explained in two ways. One possibility 
is that the taste-modifying protein alters the coding of 
responses from taste receptor cells so that sour taste is 
converted into sweet taste. The second explanation is that. 
the taste receptor membrane changes conformation when 
sour taste is induced at low pH; the conformational change 
allows the induction of a sweet taste at the sweet receptor 
site. The former explanation is not likely on the basis of 
the following experiments. 

How does the taste-modifying protein affect the taste 
thresholds ? The thresholds for salty, bitter and sweet 
tastes were determined before and after the protein was 
applied to the mouth according to the method of Harris 
and Kalmus*t as modified by Fischer et al.*. As seen 
from Table 1, application of the protem brought about no 
change in these thresholds. Studies on thresholds for 
sour taste were hard to interpret, because acids induce 
sweetness after application of the protein. We found that 
one tastes only sourness at very low concentrations of 
acid even after application of the protein. As shown in 
Table 2, one tastes only the sourness of the citric acid 
solution below 1-50 x 10 M. The threshold to citrie acid 
also did not change after application of the protein. It 
is clear that the taste-modifving protein does not affect 
thresholds for any quality of taste. 

The taste of 0-02 M citric acid was very sour, but 
became pleasantly swect after application of the protein. 
Is the sourness of the acid solution depressed when one 
tastes sweet to the acid solution after taste modification ? 
The use of gymnemic acid, which is known to depress 
sweetness’, solved this problem (Table 2). Five ml. of a 
gymnemic acid A, (refs. 7, 8 and unpublished work of Y. 
Kurihara) solution of 1-0 10-3 M was held in the mouth 
for 2 min after a taste-modifying protein solution of 











Table 1. TASTE THRESHOLDS BEFORE AND AFTER APPLICATION OF TASTE- 











MODIFYING PROTEIN 
Sucrose Nal Quinine Citric acid 
Subject Be- Be- Be- Be- 
No. (Age) fore After fore After fore After fore After 
l (15) 16 12 11 2 3 6 4 
2 (18) 16 13 2 3 1 6 7 
3 (10 16 9 9 + 5 F 7 
4 (9) 16 1t 13 0 2 6 6 
A (18) 15 10 12 2 1 5 5 
é (1) 17 12 13 5 R 9 
7 (0) 14 13 14 8 8 & 7 
Solution Solution Solution 
No, Molarity No. Molarity No. Molarity 
17 4-80 * 10-% 11 5 LIT x 108 
16 2-40 x 10-3 10 4 5-86 x 10- 
15 120x 10-2 9 3 2-93 x 10-° 
J4 600x10 & 2 1:46 x 10-* 
43 3-00 x 1O°8 ic 4-69 x 10° 1 7-32 x 10-7 
12 1:50 « 10-8 6 2:34 x 10-5 0 3-66 « 10-7 


,, Taste thresholds were determined before and after application of 2-0 « 10-% 
M taste-modifying protein, Taste thresholds are expressed by solution num- 
aer which represents concentration of solution as shown at the lower part of 
the table. 


Table 2. THE SWEET INDUCING POTENCY OF DIFFERENT CONCENTRATIONS 
OF CITRIC ACTD AND THE EFFECT OF GYMNEMIC ACID GN THE SWEET TAST 
OF THE ACID BROUGHT ABOUT BY THE TASTE-MODIFYING PROTEIN 
Concentration of citric acid 
Tox TO4*M 15x10? M 2-010" M 











Before tas(g-modifying protein Sour Sour Very sour 
After taste-modifving protein Sour Sweet Very sweet 
After taste-modifying protein 

and gymnemic acid A, Sour Sour Very sour 


The solutions from No. 5 to No. 16 were tasted after 2-0 x 10-® M taste- 
modifying protein was applied to the mouth. The effect of gymnemic acid 
was studied by applying 1 x 10-* M gymnemie acid A, solution to the mouth 
after applieation of the protein solution. 
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Fig. 5. Sweetening effect of acids, The sweetness to acids at the 
different pH was compared with the sweetness to citric acid after the 


subject held 2:0 x 10-8 M protein solution in the mouth for 5 min. The 

subject. was asked to choose one out of a series of citric acid solutions 

which best approximated the intensity of sweetness of the given acid 
solution. 





2-0 x 10-8 M was applied. The solution in the mouth was 
spat out, the mouth rinsed with distilled water and 
0-02 M citric acid solution was tasted. No sweetness was 
detected on sampling the acid sclution, which now tasted 
very sour, The sweetening effect reappeared about 10 min 
after the application of gymnemiec acid. This happened 
because the gymnemie acid effect. decreases much faster 
than the effect of the taste-modifying protein. The fact 
that one can still taste the sourness of the acid solution 
after application of the protein indicates that the protein 
does not depress the sourness. This suggests that the 
pleasant sweet taste of the acid after taste modification 
was brought about by addition of a sweet taste to the 
sour taste. 

The taste-modifying protein contained 6-7 per cent of 
arabinose and xylose, which have a sweet tastel, The 
sweetness of 1 M arabinose and 1 M xylose was compared 
with a series of sucrose solutions, and was equivalent to the 
sweetness of 0-:354+0-:07 M and 0344008 M sucrose 
solutions, respectively. The taste of 1 M arabinose or 
xylose dissolved in 0-02 M citrie acid solution was very 
similar to the taste of the acid solution after taste modi- 
fication. Because the linkage between protein and sugar 
component in glycoprotein is stable m a mild acidic 
condition such as 0-02 M citrie acid, it is not likely that the 
sugar component in the taste-modifying protein is liberated 
by the action of the acid solution for the taste testing. 
Probably, sugar residues themselves in the protein mole- 
cule have a binding ability to the sweet receptor site on 
the taste buds. As seen in Fig. 2, 2x108 M taste- 
modifying protein showed an appreciable sweetening 
effect. Because one molecule of the taste-modifying 
protein contains about twenty sugar residues, 4x 10-7 M 
sugar residues are contained in a 2x10- M protein 
solution. This concentration of sugar is much lower than 
the threshold concentrations of arabinose and xylose. 

The results obtained. in this article are explained by the 
scheme in Fig. 6. Because the taste-modifying protein 
has a molecular weight of 44,000, it is unlikely that the 
protein penetrates readily into taste cells. Probably, it 
binds to the membrane surface of taste cells. It has 
become increasingly apparent that the proteins known as 
allosteric proteins have other binding sites for substrates 
or metabolites than the catalytic (substrate) binding 
sites*, The idea of the allosteric sites was considered 
for the taste-modifying protein. In our scheme, the 
protein has two binding sites, one to bind the receptor 
membrane and the other to bind the sweet receptor 
site. The site of the protein which binds to the sweet 
receptor site Is postulated to be arabinose and (or) 
xylose. Unless acid is applied, the protein should not 
eceupy any of the receptor sites of the four taste qualities, 
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Fig. 6. A scheme for the sweet inducing mechanism of the taste-modify- 
ing protein. 


for the binding of the protein does not affect their thres- 
holds. Probably the protein binds to the receptor 
membrane near the sweet receptor site. The receptor 
membrane will change its conformation at the low pH 
which induces sourness, and this conformational change 
of the membrane results in “fitting” the sugar part of the 
protein into the sweet receptor site. The conformational 
change in most proteins oceurs near the pK value (3-5-4-5) 
of carboxyl groups in proteins’. Because the sweetness 
of acids, especially of HCl, is induced at much lower pH 
than the pK values of the carboxyl groups in proteins, 
it is not likely that the conformational change of the taste- 
modifying protein at low pH is responsible for the induced 
sweetness. The idea of conformational change of the 
receptor membrane is a better explanation of the close 
relation between the sweet inducing potency and the 
sourness of acids. 

The scheme does not imply that the protein binds only 
to a specific site of the membrane. The protein may bind 
to many places on the membrane, but the sugar part of 
the protein will not “fit” the sweet receptor site unless the 
protein is bound to a specific site. The sweetening effect 
after application of 4-8 x 10-77 M protein solution (curve 
C in Fig. 3) decreased much faster than curve D in the 
figure for 2-3 x 10°8 M solution, even though the sweetness 
of the acid was the same just after application of the 
protein, This was explained by postulating that the 
protein binds also to site B in the scheme. The receptor 
site for sweetness can be occupied by the sugar part of 
either protein, but the maximum sweetness of the acid 
does not change even if both sites A and B are occupied. 
The sweetening effect will not change even if the protein 
bound to one of the sites comes off. The protein molecules 
bound at one site may come off from the membrane more 
easily than those at another site, which would explain the 
difference between the slope of curve B and that of curve 
D at the same level of sweetness, for example, the level 
of 0-24 sucrose sweetness. 

This work was supported by the US National Science 
Foundation and the US Atomic Energy Commission. 
We thank Mr Cuyler V. Smith for technical assistance. 
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Underwater Barking by Male 
Sea Lions (Zalophus californianus) 


THE incessant. raucous barking in air by the California 
sea lion (Zalophus californianus) is well known. Wenz? 
presented sonograms of barks from Zalophus which were 
recorded during the breeding season by an underwater 
hydrophone at a depth of 360 feet, about 2 miles off the 
shore of San Clemente Island (60 miles from the coast. of 
Southern California). These barks (like those recorded in 
air) were characterized by a rich harmonic structure, and 
an up-down-up frequeney modulation, and sometimes 
terminated in a high upward sweep. Wenz thought that 
it was unlikely that these barks originated entirely in 
air and suggested that they were transmitted into the 
water by vibration of the submerged throat area while 
the sea lion’s nose and mouth were in air. 

Since the report by Wenz, several investigators have 
reported underwater barking by Zalophus** both in 
captivity and in the wild. Schevill et al.*, in support of 
Wenz, noted that a single sea lion simultaneously emitted 
an airborne and a waterborne component of a series of 
barks while its head was in air and its body was sub- 
merged. Schusterman ef al.ë have occasionally recorded 
underwater barks while their animal was completely 
submerged with its mouth closed. 

It had previously been suggested that underwater 
clicking sounds by Zalophus (hitherto thought to be their 
most prevalent underwater vocalization)® were related to 
locating food, which was accomplished by means of an 
active sonar system”, Whether the underwater acoustic 
signalling of Zalophus is primarily used for the detection 
and discrimination of food prey is still debatable". On 
the other hand, there is a good deal of laboratory evidence 
indicating that the vocal repertoire of these animals 
under water is related to social communicative processes, 
For example. in one experiment the amount of under- 
water click vocalizations was as much as fifty-fold larger 
even in clear water when two sea lions swam together 
and interacted than when one sea lion swam alone’. 

During the breeding season (June and July) aerial 
barking is used extensively by Zalophus during episodes 
of territorial and sexual behaviourt®™!®. Such field obser- 
vations along with laboratory experiments strongly suggest 
that the amount and types of aerial vocalizations are 
determined by age. sex and dominance status within the 
soeial hierarchy. 

During the breeding season of 1967 the social structure 
of a group of captive immature male Zalophus was 
manipulated!*. Measures of aerial vocalization and attack 
behaviour were taken. Results showed that barking by 
larger males inhibited barking by smaller ones. Dominant 
males directed their barks and attacks at individuals 
next in line in the social hierarchy. 

Barking by breeding males is at least partly a territorial 
vocalization in air and. because large areas of a bull's 
territory are submerged during high tide’, the male 
Zalophus may produce barks more frequently than any 
other type of underwater vocalization, especially when 
interacting with other males. This hypothesis is also 
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ig. 1, Spectrographs of aerial barking by six male California sea lions 
during social interaction. The signals are extended in time because of 
reverberation. 


consistent with previous reports that the dominant males 
usually barked from a position within the pool’. Experi- 
ments to study this were begun in October 1968. 

Two compounds were enclosed and separated from 
each other by a wire fence. Compound 1 was 7-6 x 13-7 m 
and contained a 3-42 m pool; compound 2 was approxi- 
mately 10-7 13-7 m. The experimental technique was 
to modify group composition by removing and reintroduc- 
ing individual animals into compound 1 and recording 
the number of vocalizations and attacks by 10s or 208 
intervals on a time-ruled check sheet. Data were obtained 
from a group of six male Zalophus (see Table 1). Aerial 
and underwater vocalizations were continuously monitored 
and the signals were periodically recorded on a Uher 
4000 tape recorder. 


Table 1. AGE AND WEIGHT OF MALE CALIFORNIA SEA LIONS CONSTITUTING 


SOCIAL GROUP 


Age Weight 
Animal (yr) (pounds) 

7 6-5-7-5 434 
M 6:5-7-5 401 

Ww 45 220 
N +5 195 
P 45 192 
Ss 3-5 156 


Throughout the 4 months of observations (October 
1968-February 1969), both aerial and underwater vocal- 
izations consisted almost exclusively of a series of barks: 
underwater clicks were recorded infrequently from three 
of the sea lions. The underwater barking of individual 
members of the group was compared with their aerial 
barking. No analysis of the acoustic structure of these 
aerial signals (Fig. 1) has yet been performed, but spectro- 
graphs suggest individual differences in the structure of 
the barks. These individual differences can also be 
identified by humans familiar with the signals. Older 
males emit signals of a more clearly defined harmonic 
structure than the younger ones. These signals are 
repetitive, have a rapid onset and often have a frequency 
range greater than 4 kHz. A series of barks in air can be 
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readily localized in space by binaural detection of dif- 
ferences of intensity, phase and time of arrival, and 
contain information which may be related to individual 
recognition and most probably to class recognition. 
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Fig. 2. Spectrographs of amphibious barking by six male California 

sea lions during social interaction. Recordings were made under water 

while the animals barked with their heads in air and their bodies 
submerged. The dark spots are produced by water turbulence, 
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Fig. 3. Spectrographs of underwater barking by six male California 
sea lions during social interaction. The barks were emitted with the 
heads submerged. 
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As noted previously, the animals frequently barked 
with their heads in air and their bodies in the pool. We 
refer to these barks as “amphibious”, because they can 
be heard simultaneously in air and under water. Fig. 2 
contains spectrographs of barks emitted by each of the 
animals while they were positioned with body and neck 
in the pool and head in air. The recordings were made 
under water. No great difference is apparent between the 
structure of the barks emitted with the throat in water 
and that of barks recorded when the animal’s head is in 
air. 

Fig. 3 shows spectrographs of barks recorded under 
water when the animal was completely submerged. These 
underwater barks are not very different in structure from 
those heard in air. Sea lion W shows a very definite sweep 
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frequency in the two underwater barks. It is perhaps 
surprising that the structural characteristics of these 
acoustical signals are very nearly the sarne even though 
the sounds made in air are produced when the animal's 
mouth is open, while under water the animal's mouth is 
closed. Moreover, a series of barks under water can be 
localized just as readily as those in air, and they contain 
information related to individual and class recognition. 

To determine to what extent these sea lions bark with 
their heads submerged, we computed the total number of 
10s or 20 s intervals from four 2 h observation sessions— 
chosen at random—in which each individual barked with 
its head submerged, and divided that figure by the total 
number of intervals during which the animal barked 
amphibiously. We also computed a total barking score: 
the number of intervals during which the animal barked 
whether or not it was in the pool. All these figures were 
obtained without considering the nature of the group 
composition. The following points emerge from this 
analysis (Fig. 4). First, in terms of total barking (aerial 
barking in or out of the pool—only rarely did an animal 
bark continuously while it was submerged), the animals 
fall into two distinct groups: the three largest males 
barked between 60 and 70 per cent of the time; the three 
smallest. males barked between 20 and 25 per cent of the 
time. Second, five of the six sea lions barked mainly 
while they were in the pool, emitting amphibious signals 
much of the time. Third, approximately one-third of the 
total amphibious barking was underwater barking (average 
value for the six animals). When an animal submerged its 
head it would usually bark only a few times and then re- 
surface. The typical situation was for the animal to bark 
amphibiously, then submerge and bark under water, 
resurface and bark amphibiously, and so on. 

The present results taken in conjunction with both 
field! and laboratory observations’?!* support the 
hypothesis that barking by Zalophus is probably the most 
widespread underwater vocalization by the male of this 
species and that these signals serve the same function 
under water as they do in air, namely, as territorial and 
dominance displays which tend to decrease overt physical 
aggression. 

This research was supported by the US Office of Naval 
Research. We thank Grant Parker and Stanley St John 
for assistance. 
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Residue from Bacterial 
Decomposition of Green Algal Cells as 
Food for Daphnia 


Srupies of the ecological significance of particulate 
organic matter as food for zooplankton in seawater and 
lake have established the nutrient significance of such 
detritus for different species of Cladocera. 

Rodina? showed that daphnids develop when fed on 
newly collected lake detritus. And Cladocera can feed on 
suspensions of artificial detritus, made by pounding up 
vegetable and animal tissues. Little attention, however, 
has been paid to the age of detritus. Jorgensen? pointed 





out that it is reasonable to assume that the food value of 


detritus will vary considerably, especially with its age: 
the nutritional value of recently dead organisms decreases 
with time because of bacterial decomposition. Knowledge 
of the food value of dead algal cells decomposed by 
bacteria is essential for assessments of the role of old 
detritus in deep seawater. We have tested the food value 
of the residue of dead green algae, Scenedesmus sp.. after 
bacterial decomposition. 

Scenedesmus sp, killed by freeze-drying, was de- 
composed by microflora extracted from lake mud in 
aerobie conditions at 20°C for 220 days’. The residue 
was then centrifuged and dried in a vacuum desiccator 
with phosphorus pentoxide. The residue consists of 
fragments of green algal cells containing chlorophyll 
derivatives, Young Daphnia carinata, produced from 
five parthenogenetic females within 12 h of arriving in 
the laboratory, were put into water which had been 
filtered through a ‘Millipore’ filter (HA-type mean pore 
size 45 microns). After 24 h their initial body length 
was measured. Ten daphnids were then introduced into 
each of three bottles with 500 ml. of filtered water and the 
temperature was kept at 25° C for 17 days. 

The first group was fed once daily with a 2 ml. suspension 
containing about 1 mg dry weight of fresh Scenedesmus sp. 
killed by freeze-drying. The second group was fed daily 
with a 2 ml. suspension containing about 1 mg dry weight 
of decomposed residue of Scenedesmus. The composition 
of the dead algae was 51-88 per cent C, 7-48 per cent H 
and 9-22 per cent N, and of the residue 61-30 per cent C, 
5-50 per cent H and 8-25 per cent N on an ash-free basis. 
A third group was starved. 

The offspring produced during this experiment were 
counted every | to 2 days and removed from the culture 
The guts of daphnids fed with the residue were 
always filled with the green residue. 

Fig. 1 shows the change of mean body length of each 
daphnid group. The daphnids fed with the residue, the 
second group, showed a significant increase in body length, 
although the growth rate of this group was less than that 
of the first group fed with fresh Scenedesmus. The growth 
of daphnids fed with fresh Scenedesmus was almost the 
same as that reported by Suginome and Baba’. On the 
other hand, the starved daphnids died within a few days 
without growing. 

Fig. 2 shows the total number of young produced. In 
the group fed with fresh Scenedesmus, the first young 




















ü 3 i i5 20 
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Fig. 1. Growth of mean body length of each daphnid group. (1) Fed 
with fresh Scenedesmus killed by freezing-dry: (2) fed with the decom- 
position residue of Scenedesmus: (3) starved. 
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Fig. 2. The total number of young produced by ten mother animals. 
C, Fed with fresh Seenedesmus: x, fed with the decomposition residue, 


appeared on the ninth day, whereas the second group fed 
the residue produced their first offspring on the eleventh 
day. The mother daphnids of the first group continued to 
produce young, but those of the second group ceased to 
produce young on the fifteenth day. This suggests, as 
expected, that the nutritional value of the residue is less 
than that of fresh Scenedesmus. The residue we used 
contains bacterial organie matter, but not enough to 
account for the growth of the daphnids. The residue 
contains only about 0-02 per cent bacterial carbon. The 
growth and reproduction of the daphnids can therefore 
be attributed to the nutritional value of the residue. 

Our results and similar experiments® indicate that the 
residue of algal cells decomposed by bacteria can maintain 
the growth and reproduction of planktonie Crustacea to 
a certain extent. The residue we used is equivalent to 
aged detritus of algal cells in natural waters, and estimates 
of the settling velocity of algal cells’ in the sea indicate 
that the detritus would settle below 600 m from surface 
during 200 days. 
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Inhibition of Lymphocyte Recirculation 
by Heparin 

SMALL lymphocytes recirculate from blood through 
lymphoid tissues and thence back to blood’. The lympho- 
cytes leave the blood in the spleen by passing between 
endothelial cells in the marginal zone? and in the lymph 
nodes by passing through deep endothelial cells in the 
post-capillary venules’. These processes must involve 
specific recognition mechanisms between the emigration 
sites and lymphocytes in the flowing blood. The mechan- 
isms have been investigated in the rat by incubating 
thoracic duct lymphocytes with various enzymes in vitro 
before re-injecting the cells into syngeneic recipients. 
Pretreatment with neuraminidase inhibited migration into 
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Fig. 1. Rate of output of cells from the thoracic duct during blood 
ivmphocytosis produced by heparin in rats. Heparin (17 mg/kg) was 
injected intravenously into four rats at the time shown by the arrows, 
Results are means + S.E.M. 
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both lymph nodes and spleent; with trypsin, into lymph 
nodes only*; and with clostridial glycosidases, and also 
lymph nodes into the spleen’. 

Various substances inhibit the association between 
other types of cell—-for example, embryo-chick fibro- 
blasts? and human thrombocytes*—without killing them. 
This suggested that substances might be found which 
would inhibit the recognition mechanism between endo- 
thelial cells and lymphocytes and thereby interfere with 
their recirculation. At least one immunological response 
depends quantitatively on lymphocyte recirculation®, 
so that a result of interference might be the suppression 
of such a response. 

With a continuous steady inflow of lymphocytes into 
the blood, inhibition of emigration should show itself as 
an increase in their blood concentration. In several species, 
including man”, lymphocytosis is rapidly produced by the 
injection of heparin. In calves the lymphocytosis is 
accompanied by an increase in the rate of supply of cells 
from the lymphatics". In rats. this happens also when 
lymphocytosis is produced by polymethacrylic acid’, and 
the lymphocytosis produced by heparin is said to be 
associated with the depletion of lymphocytes from lymph 
nodes and from the white pulp of the spleen. We have 
found, however, that heparin lymphocytosis can be in- 
duced in the rat without a measurable increase in the rate 
of supply of cells from the thoracie duct. Adult rats 
weighing about 300 g. restrained in Bollman cages, were 
given 05-25 mg heparin (Boots, Ltd) intravenously 
through an indwelling catheter in the inferior vena cava; 
this was rapidly followed by lymphocytosis, the magnitude 
of which increased with the dose. In other rats in similar 
conditions and with cannulae draining their thoracie 
duets, 5 mg of heparin intravenously still caused lympho- 
cytosis but no increase in the output of cells from the 
cannulae (Fig. 1). 

It therefore seemed probable that heparin acts by 
inhibiting the normal emigration of lymphocytes from 
blood into lymphoid tissues. This was established by 
comparing the distribution of labelled lymphocytes. after 
their intravenous injection, in the lymphoid organs of 
control rats with that of cells treated with heparin in 
heparinized rats. Thoracic duct lymphocytes were 
labelled in vitro with 5°H-uridine; 4-10 x 107 cells were 
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Effect of heparin on lymphocyte accumulation by rat lymph nodes, 
Open circles indicate accumulation of untreated cells 


Labelled thoracic duct lymphocytes were injected intravenously 
in control rats. Closed circles indicate accumulation of cells 


pre-incubated with heparin (0-42 mg/ml.) in rats injected intraperitoneally with heparin at times shown by the arrows: the first dose was 35 
and the subsequent doses were 17 mg/kg. 
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injected into the tail veins of syngeneic recipients. After 
increasing intervals the recipients were kiled; duplicate 
samples of their tissues were digested and assayed for 
radioactivity using a scintillation counter. Pre-incuba- 
tion of labelled lymphocytes with heparin (0-42 mg/ml.) 
at 37° C for 1 h did not diminish their viability. In three 
separate experiments such lymphocytes were injected 
into heparinized rats where their temporary accumulation 
in langs and liver was similar to that in the control 
experiments. In the spleen, heparin diminished the 
accumulation of cells by about 25 per cent; this showed, 
incidentally, that the lymphocytes had remained viable 
after injection, for dead cells do not accumulate in lym- 
phoid tissues'45, In the lymph nodes. heparin inhibited 
the accumulation almost completely. These results are 
shown in Fig, 2; for each tissue, every point represents a 
different rat. Only two heparinized rats survived for 16 h, 
when they were killed. By then their lymph nodes had 
begun to accumulate cells. The larger accumulation 
occurred in a rat which had received only three injections 
of heparin, the last of which was 12 h earlier; the rat 
which accumulated less had received four injections the 
last of which was 9 h earlier. This suggests that inhibition 
of cell accumulation depended on the maintenance of a 
critical concentration of heparin in the recipient. 

When small lymphocytes are introduced into the blood 
stream they are rapidly cleared'*-'8. Furthermore, the 
isolated perfused rat spleen can take up lymphocytes 
from the perfusate in proportion to their concentration®. 
These observations and our results make it unlikely 
that lymphocytosis can occur without a diminution in the 
efficiency of the emigration mechanism. We conclude 
that. in rats, heparin causes inhibition of lymphocyte 
emigration. 
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Evidence of Crossbridge Movement 
during Contraction of Insect Flight 
Muscle 


THE myosin crossbridges which project from the thick 
filaments of striated muscle are known to bend and attach 
to the thin filaments in the absence of their enzymatic 
substrate, ATP! Huxley and Brown have produced 
evidence that crossbridges are displaced during tetanic 
contraction of frog sartorius muscle’. We have sought 
evidence of such motion during the oscillatory contraction 
of insect fibrillar flight muscle. 
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Fibres of glycerol-extracted flight muscle from the 
water-bug Lethocerus cordofanus, provided with MgATP 
and Ca?+ and subjected to a forced longitudinal oscillation, 
will work in a way analogous to their performance dur ing 
flight; in opt imal conditions a lar, ge part of the myosin is 
activated in each mechanical cyele*. The low- angle 
X-ray diffraction pattern recorded on film from such an 
oscillating activated musele preparation was similar to 
that from relaxed muscle; there was no measurable 
difference in the spacings of the layer lines or meridional 
spots derived from the myosin, or in their relative 
intensity. We therefore selected the strong meridional 
diffraction spot at 14°56 nm for a quantitative study of 
possible intensity variation during the oscillatory con- 
traction; this diffraction spot, hereafter termed M, 
arises from the regular axial repeat of the crossbridge 
origins on the thick filaments!:?, 

A rectangular aperture was placed in the focal plane 
of the X-ray beam, centred on the M, spot. Its dimen- 
sions were chosen so that nearly all the instrumental 
spread of the peak along the meridional axis and most 
of its spread along the equatorial axis were included; the 
region of the diagram accepted was 13-8 to 15-2 nm 
meridionally, —72-0 to +720 nm equatorially. The 
X-rays passing through this hole were collected by a 
proportional counter and the counts recorded on a multi- 
channel scaler which seanned synchronously with the 
foreed oscillation. In this way reasonably accurate values 
of the M, intensity at eight phases of the oscillation were 
obtained in 30 min of observation. 

The muscle fibres were immersed in an activating solu- 
tion containing 15 mM MgATP and 10-8 to 10-7 M Ca** and 
foreibly oscillated by 2 per cent of their length at one of 
three different frequencies, each of which produces a 
characteristic mechanical response?. At 1:2 Hz the 
change in oscillatory tension is large and in phase with 
the extension of the muscle; this is interpreted to mean 
that contractile activity occurs in phase with the extension. 
At 4:8 Hz the tension occurs later than the extension; 
that is, contractile activity occurs after the extension 
and thus performs the mechanical work which in life causes 
flight. At 18 Hz the tension change is in phase with the 
extension and smaller, the same or less than the passive 
tension change which occurs in relaxed muscle when it is 
oscillated; there is therefore no mechanical evidence of 
contractile activity occurring at this frequency, and 
previous measurements have shown that in these condi- 
tions oscillation causes little increase in the rate of ATP 
hydrolysis by the musele?5. 

Of these three frequencies, the first two caused a large 
fluctuation in the M, intensity in antiphase to the tension, 
while the third produced no significant change (Fig. 1). 
The timing of the intensity fluctuation was definitely 
related to tension rather than length; in nine experiments 
at 4:8 Hz the minimum intensity always occurred after 
the maximum extension and close to the maximum 
tension, while at 1-2 Hz the minimum intensity, maximum 
extension and maximum tension all occurred together. 
The amplitude of the intensity fluctuation at 1-2 Hz and 
4-8 Hz was always large (mean 31 per cent, range 17 to 
45 per cent in fifteen experiments). A similar amplitude 
of intensity fluctuation was seen in two experiments at 
0-2 Hz, also in antiphase to the tension and length. 
While there was no significant intensity fluctuation at 
18 Hz, in each of the two experiments performed at this 
frequency there was an indication of a small change of 
similar phase (Fig. 1). 

The muscle was also forcibly oscillated by the same 
amplitude at 1-2 Hz and 4:8 Hz in a relaxing solution 
(15 mM MgATP, Ca?+ < 10-3 M). No work was performed 
and the amplitude of the tension change was similar to 
that at high frequency in activating solution; in these 
conditions the ATPase in the musele is very low!. There 
was no significant fluctuation in M, intensity during 
forced oscillation at either frequency. In summary, 
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a large M, intensity fluctuation appears only when there 
is other evidence that the muscle is being repetitively 
activated by the forced oscillation, and the time-course of 
the intensity is then inversely related to that of the 
tension generated. 

In order to determine whether the observed X-ray 
intensity fluctuation was due to a change of shape or a 
change in total intensity of the M, diffraction spot, a 
larger aperture was used which accepted X-rays from a 
region approximately 1-5 times as wide as the diffraction 
peak in each dimension; the region accepted was 13-5 to 
15-5 nm meridionally, — 36-0 to +36-0 nm equatorially. 
Forced oscillation by 2 per cent at 4:8 Hz in activating 
solution produced an intensity change within this aperture 
of the same phase and of slightly lower amplitude than 
that seen with the smaller aperture. Most of the intensity 
change observed with the smaller aperture was therefore 
due to a change in total intensity and not to broadening 
of the M, diffraction spot. Huxley and Brown also 
observed a reduction of intensity without appreciable 
broadening of the M, spot in activated frog sartorius 
muscle?. 

The mean level of M, intensity about which fluctuation 
was observed was not itself constant; within an experiment 
the level rose or fell by up to 20 per cent when the solution 
was changed or the musele oscillated. Thus some factor 
or factors other than contractile activity can certainly 
affect the intensity of diffraction in these preparations; 
the present technique identifies the effect of contractile 
activity by its temporal relation to the repeated stretch- 
induced activation which is the characteristic feature of 
insect fibrillar flight muscle*-+. 
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Fig. 1. Phasic events during the forced sinusoidal oscillation of a 


ndle of twenty-two glycerol-extracted flight muscle fibres from 
Zethocerus cordofanus in an activating solution (15 mM MgATP; 5x107 
M Catt adjusted by 4 mM EGTA/Ca buffer; pH 7-1 adjusted by 20 mM 
histidine buffer; 40 mM KCl) at 20° C. Tension (----) and intensity 
of 14-5 nm meridional (M) diffraction (——-— ) plotted against phase at 
three different oscillation frequencies. The uppermost line is the musele, 
length, and refers to ail three frequencies. _ Vertical bars are S.D, ot 
intensity values. These results were all obtained from one preparation. 


4 
1185 


The M, intensity arises from the ordered array of cross- 
bridges, so its reduction implies a loss of axial order in 
the array. One possible form of disorder is the axial 
displacement of the mass of each crossbridge relative to 
its origin on the thick filament-—-bending of the cross- 
bridge. Calculation from a simple model system based on 
erossbridges 5 nm wide predicts that an axial movement 
of the ends of all the crossbridges by 2 nm, or of 30 per 
cent of the crossbridges by 10 nm, would produce the 30 
per cent reduction in M, intensity that we have observed. 
On this interpretation, therefore, our results indicate that 
the crossbridges move axially by several nm during 
contractile activity and that the product of number 
displaced times displacement is greatest when the tension 
is maximal. 

Two other forms of disorder could theoretically account 
for the reduction of M, intensity. The thick filaments 
might be bodily displaced relative to one another or the 
individual filaments might become internally disordered. 
Huxley and Brown rejected the first alternative because 
the M, intensity fell without appreciable equatorial 
broadening of the spot when frog sartorius musele con- 
tracted; in insect flight muscle this also seems to be the 
ease. The second explanation is unlikely because com- 
parable intensity reductions during contraction have now 
been observed in these two muscles, which have different. 
thick filament architecture?*. Finally, it is known that 
the crossbridges do bend when the substrate is removed 
from the muscle and that this causes a large reduction in 
the M, intensity!. It is therefore probable that our 
results demonstrate axial movement of the crossbridges 
during contractile activity. 
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Prostaglandins and Natriuresis: 
the Effect of Renal Prostaglandins 
on PAH Uptake by Kidney Cortex 


THE plasma of dogs loaded with saline seems to contain 
a “natriuretic hormone” which inhibits the reabsorption 
of sodium by the proximal renal tubule in the rati. 
Tt also seems that plasma from dogs infused with saline 
will inhibit the uptake of para-aminohippurate (PAH) 
by slices of rabbit kidney cortex’, We have tried to 
determine the relationship between these two factors. 
One class of compounds which has properties common 
to “natriuretic hormone” and the factor inhibiting PAH. 
uptake is the prostaglandins. Both “natriuretic hor- 
mone” and prostaglandins are dialysable and produce 
an inerease im sodium = exeretion?*-5, In addition, 
prostaglandins are capable of exhibiting a 280 mmucron 
chromophore which is the absorption peak at which 
Bricker et al. observed inhibition of PAH by saline 
expanded plasma?. In order to relate prostaglandins, 
“natriuretic hormone” and the PAH inhibiting factor, 
we have studied the effect of prostaglandins on PAH 
accumulation by rabbit kidney cortex in vitro. 
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Slices of rabbit renal cortex were incubated in 3 ml. 
Krebs-Ringer HCO, buffer (Na+, 110 mM; K+, 30 mM) 
with sodium acetate, 10 mM, and PAH (glyeyl-2-°H), 
1 mM (specifie activity : 0-3 mCifnM). The prosta- 
glandins PGA,, PGA,, PGE,, PGE, and PGF,, (obtained 
from Dr John E. Pike, U pjohn Co., Kalamazoo, Michigan) 
were at a medium concentration of 1x107 M. PAH 
slice : medium (S/M) ratios were calculated as ¢.p.m. 
per g slice/e.p.m. per ml. of media following deprotein- 
ization by boiling with 0-05 M HCl and subsequent 
neutralization with 0-25 M NH,OH. 





Table 3. E AC 
KIDNEY CORTICAL SLICES in vitro 





Control PGA, PGA, PGE, PGE, PGF ig 
S/M 47402 23402 25401 29401 28402 3640-3 
Per cent change — ~ 50 ~47 ~ 38 -40 — 23 
P Ds 0-001 0-001 0-001 0-001 0-01 


Slices incubated for 60 min, 38° C, 95 per cent Oy-5 per cent CO, at 100 
oscillations/min. n=8., P=significance of difference from control. Each 
value represents the mean + SE. 


Table 1 illustrates that control S/M ratio was 4-7 + 0-2: 
after incubation with PGA, and PGA,, the S/M ratios 
fell to 2340-2 and 2540-1, a decrease of 50 per cent 
and 47 per cent respectively. Similar results were 
obtained with PGE, and PGE, which showed a decreased 
S/M of 38 per cent and 40 per cent respectively. Interest- 
ingly, although the S/M ratio of PGF,,, the only prosta- 
glandin which does not increase sodium excretion, was 
significantly lower than control (P < 0-01), it was signifi- 
cantly higher than that of PGA, and PGA, (P <0-01) and 
probably higher than that of PGE, and PGE, (P < 0-05). 

It is significant that two extremely potent natriuretic 
prostaglandins, PGA, (medullin) and PGE,, are normally 
present in rabbit kidney medulla®?. Infusion of either 
of these compounds into the renal artery of dogs at 
10-20 mug/kg/min results in a marked increase in renal 
blood flow and in urinary sodium and water exeretion®’. 
ft is unlikely, however, that PGE, functions as a 
“natriuretic hormone” because PGE, is metabolized 
rapidly by the lungs at rates considerably greater than 
those required to produce significant increases in renal 
blood flow and sodium exeretion'®. Because, however, 
PGA, selectively escapes degradation during pulmonary 
transit’, it is possible that, during saline infusion, PGA, 
is elaborated into the renal vein from the renal medulla 
and returns via the renal artery to act on the renal 
cortex and enhance sodiurn excretion, 

Our work supports the hypothesis that “natriuretic 
hormone” may be a prostaglandin. Because the plasma 
of saline loaded animals seems to contain a factor(s) 
which promotes salt excretion and inhibits PAH uptake 
in vitro, our observation, that the naturally occurring 
renal prostaglandins inhibit PAH uptake in vitro, suggests 
that a close relationship exists between “natriuretic 
hormone” and the prostaglandins. If “natriuretic hor- 
mone" is a prostaglandin normally present in the kidney, 
the most likely compound would be PGA, because the 
latter is not activated by the lung. The accumulated 
evidence that PGA, may be the “natriuretic hormone” 
of the kidney is that this compound, in common with 

“the effects of saline infusion or natriuretic factor, is 
dhalysable, promotes sodium excretion, decreases PAH 
extraction in vivo and, as our experiments show, inhibits 
PAH uptake in vitro. 

PGA, has not been isolated from the kidney but it is 
possible that, in some species, PGA, might normally 
function to promote sodium excretion because it also 
is not metabolized by lung and its renal actions are 
identical to PGA,. Although PGA, (or PGA,) may be 
the “natriuretic hormone” any specific role in sodium 
and water homeostasis must await their isolation and 
identification from plasma in a variety of altered physio- 
logical and pathological conditions. 


EFFECT OF PROSTAGLANDIN ON PAH ACCUMULATION BY RABHIT 
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In vitro Production of Angiotensin | 
by Renal Glomeruli 


To investigate the mechanism of the release of renin 
we have isolated the juxtaglomerular apparatus and 
recorded changes in renin secretion in response to various 
stimuli. To separate and concentrate the juxtaglomerular 
apparatus we isolated glomeruli and incubated them in a 
defined medium. The glomeruli were then tested for 
pressor activity. Clearly, if such a preparation had a 
characteristic secretion pattern for renin, then we would 
have a concentration of viable juxtaglomerular apparatus 
ready for in vitro studies. This communication summarizes 
our results and the unexpected finding that glomeruli 
produce a pressor substance distinct from renin. 

Male Wistar rats were killed by a sudden blow on the 
head, and 200 ml. of a cold electrolytic solution was 
infused into the left ventricle through a thoracotomy, 
leaving the kidneys without blood. Renal cortices were 
passed through a bronze sieve (mesh 120) in a cold room. 
The dispersed tissue was suspended in the incubation 
medium and centrifuged for 90s at 100g. The supernatant 
was suctioned, and the pellet was resuspended and 
centrifuged again. The procedure was repeated six times, 
producing an almost pure suspension of glomeruli. 
Samples of this suspension were incubated in duplicate 
at 37°C in a Dubnoff metabolic incubator for up to 90 
min. The incubation medium contained 115 mM NaCl, 
1-2 mM NaPO,H,, LO mM CaCl, 1:2 mM MgSO,, 25 mM 
NaCO,H and 10 mM NaC,H,O,. (Any glass material used 
was siliconed.) In three cases cortical tubules without 
glomeruli were incubated. The concentration of protein 
was determined in every incubated sample by Lowry's 
method’. The pressor activity of the supernatants was 
assayed in nephrectomized rats treated with pentolinium. 

The supernatant of incubated cortical tubules had no 
pressor activity. The supernatant of zero time control 
samples, kept at 4° C, however, had a slow pressor curve 
of renin-like activity in six out of eight experiments 
(Fig. 1), with concentrations ranging from 0 to 425 ng 
of angiotensin equivalents per mg of protein. This renin- 
like activity disappeared if the samples were boiled. No 
renin-lke activity was found in the supernatant of in- 
cubated samples. These had an intense short lasting 
pressor activity similar to that of angiotensin standard 
(Fig. 1). The longer the incubation time, the higher the 
concentration of the pressor substance in the samples 
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(Fig. 2). We also found that zero time control samples 
contained a hidden short lasting pressor principle recog- 
nizable when the renin-like activity was suppressed by 
boiling. 

The short lasting pressor activity remained after boiling 
and disappeared after incubation with trypsin. Chromato- 
graphy with silica gel thin-layers showed that a fraction 
of the supernatant had the same Rr as standard angio- 
tensin IT in two different media (Fig. 3). This suggested 
that the short lasting pressor substance was a polypeptide 
closely related to angiotensin II (ref. 2). 

The supernatant from incubated glomeruli caused 
strong contraction of a preparation of isolated guinea-pig 
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Typical pressor bioassay in a nephrectomized rat treated 
St, Standard angiotensin, 3-2 and 1-6 ng/ml; 90, 
90 min incubated sample, 0-016 and 0-008 mi; 30, 30 min incubated 
sample, 0-O16 and 6-032 mb: 0, zero time control sample, 0-016 mL, 
with a characteristic renin-like pressor curve. 


Fig. 1. 
with pentolinium, 
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Fig. 2, Incubation of isolated glomeruli. Pressor activity is expressed 
in nanograms of angiotensin equivalents per mg of glomerular protein; 
mean values and standard errors correspond to eight experiments. 
Zero time control samples were boiled to suppress renin-Hke activity. 
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Fig. 3. Silica gel thin-layer chromatographic mobili 
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‘supernatants of incubated glomeruli (4) in a mix 
pernatants; At Il, angiotensin T standard: At H +5, angiotensin H standard plus 
Ninhydrin was used in the colour reaction. 
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Fig. 4. Isolated rat uterus bioassay. St, Angiotensin TI standard 
added (ng); $, supernatant of incubated glomeruli, P, fresh rat plasma; 
§+P, supernatant of incubated glomeruli plus fresh rat plasma. 





ileum. No contractile activity was demonstrated on the 
isolated rat uterus. When a small volume of rat plasma 
was added to the sample the uterus contracted (Fig. 4). 
These results indicate that the pressor substance in the 
supernatant of incubated glomeruli is decapeptide angio- 
tensin I (ref. 3). This implies that angiotensin I can be 
produced and secreted by the juxtaglomerular apparatus 
or some other paraglomerular structure. 

It was possible that our specimens were contaminated 
with plasma. In such a case angiotensin activity would be 
due to a renin-plasma substrate reaction taking place 
in the ineubation flasks. But that is unlikely. In these 
experimental conditions the possibility of any significant 
plasmatic contamination is remote, and the fact that the 
final product of the reaction was angiotensin T and not 
angiotensin II makes plasmatice contamination unlikely, 
because blood plasma contains an enzyme which converts 
angiotensin I to angiotensin II in the presence of mono- 
valent anions (CIi-)'. Nevertheless, we carried out some 
immunoeleetrophoresis studies’ to rule out plasma con- 
tamination. 

An active total antiserum protein preparation, obtained 
by immunization of a rabbit to rat serum, was run against 
(1) rat serum; (2) supernatant of incubated glomeruli; 
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Fig. 5, Immunoelectrophoretic mobilities of S, supernatant of in- 
cubated glomeruli; P, rat serum; and G, soluble fraction of destroyed 
glomerular cells, against rabbit antiserum to rat total plasma protein, 


thirty times. No plasmatic fraction could be demon- 
strated either in the supernatant of incubated glomeruli 
or in the soluble fraction of the glomerular cells (Fig. 5). 

We have two suggestions. (1) There is a renin substrate 
in the cells of the glomeruli, and this is antigenically 
different from the plasma renin substrate. (2) Angiotensin 
J is synthesized through a different metabolic pathway 
which does not correspond to the plasmatic renin-sub- 
strate reaction. 

We have investigated these possibilities using the soluble 
fraction of destroyed glomerular cells. The supernatant 
devoid of subeellular particles was incubated at 37°C 
for up to 90 min. Only renin-like activity could be 
detected in these samples; boiling suppressed pressor 
activity and no angiotensin was found. When the par- 
ticulate pellet was added to the incubating media no 
short-lasting pressor activity was found. This supports 
the idea of the intracellular production of angiotensin I 
through a non-renin-substrate pathway, and also excludes 
plasma contamination. 

In summary, we conclude that incubated glomeruli 
produce angiotensin I in a preparation from which plas- 
matic renin substrate is absent. The production of angio- 
tensin I probably follows a different metabolic pathway 
from the classic plasmatic renin-angiotensinogen reaction 
and requires cellular integrity. 
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Variations in the Retention and 
Excretion of '’Cs with Age and Sex 


THE biological behaviour of !Cs is important in measur- 
ing the dose received by the general population from fall- 
out as well as that received by an individual from a 
specific tptake. Estimates of biological half-life!-4 differ 
because only small population groups were studied. A 
correlation between 1Cs concentrations (with respect to 
K) in milk and in the body indicates that !7Cs in children 
between 5 and 11 has a much shorter biological half-life’, 








` population was grouped as shown in Table 1. 
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Table 1 
Age Male Female 
5-11 12 18 
12-19 20 15 
21-50 23 17 
5 Q 





This article reports a four-year study to determine the 
biological behaviour of !37Cs in 110 people representing a 
cross-section of the general population. The study 
The 
content of 17Cs in the body was measured in the whole 
body counter at the Savannah River Laboratory. Adults 
were counted monthly; adolescents and children were 
counted every other month, A urine sample was collected 
from each subject within several days after their whole 
body count and analysed for #7Cs and “K. The combined 
body counts and analysis of the urine provided a material 
balance between assimilation, retention and excretion of 
Cs. To provide a common denominator and eliminate 
the inconvenience of obtaining 24-b urine samples, 1370s 
content is expressed per g of potassium, a chemically 
similar element. 

The monthiy average C's body content was related to 
the monthly average concentration of © jg K excreted 
in urime. The study population was redivided into specifie 
male and female age groups defined by good correlations. 
The correlation curves for three major age groups (Fig. 1) 
are statistically significantly different. Correlation eo- 
efficients were greater than 0-8 for all ge groups. The 
correlation curve for twenty adult males from Richland, 
Washington®, is also shown for comparison; the slope for 
that age group is also high. The curve correlating urinary 
™Csig K and Cs body burden for adolescent males lies 
between the curves for adult males and females. The slope 
of the correlation curve for adult males older than 50 years 
appears somewhat less than that for the 30 to 50 year age 
group. The slopes of these correlation curves are listed 
under the figure. The increasing slope of the correlation 
with age is directly related to the biological half-life of 
137Cs. 

The monthly average Cs body burdens, as measured 
by the whole body counter, increased with age. The 
™Cs body burdens increase more rapidly in males than 
females. These differences are affected by the variations 
in body weight and age and sex. Normally, potassiam 
content is proportional to body weight, and is also pro- 
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portional to age until adolescence. In adults, potassium 
becomes relatively constant’, although the concentration 
in males is 1-6 that in females. Because of this, measured 
body burdens were normalized to the potassium content 
of the body. After normalizing the monthly "Cs body 
burdens of the individuals within the various age groups 
with their measured amount of body potassium, the 
relationships of the Cs concentration in the body to age 
and sex still persist. 

The average monthly biologics! half-life was determined 
from the following equation 


a). om 
oe = 


Leer Sty 
ate ) 


where E; is the average monthly amount excreted (based 
on the average excretion of 2-5 g of K in urine per day); 
By—1 is the body burden of the previous month (from 
whole body count); QO; is the average monthly intake 
(derived from the monthly material balance between 1°7Cs 
excreted and that retained in the body, Ba — By—1 + Ei); 
x is the 0-693/T'o1,2, that is, the decay constant based on 
biological half-life; At is the one month time interval. 
The yearly average biological half-life of each subject was 
then correlated with age (Fig. 2). Although the biological 
half-life varies widely between individuals of the same age, 
the range is significantly different for each age group. The 
average biological half-life is 20 days for both males and 
females between 5 and 14. The biological half-life for 
males increases abruptly at 15 to an average value of 67 
days. The half-life appears to increase further to 93 days 
between the ages of 30 and 50 years. Data for a small 
population of males over 55 indicate a decrease to 70 days. 
For females between 15 and 50, the biological half-hfe 
remains relatively constant at 47 days. 

Mathematical models were derived for relationship 
between the male and female biological half-life and age. 
For males there are two distinct eomponents in the 
relationship: a first degree polynomial up to age 14 and a 
third degree polynomial of log form from 14 to 75. The 
corresponding relationship for females is a second degree 
polynomial of log form because the transition at 15 is 
not abrupt. More data are necessary to confirm the 
observed decrease in biological half-life in the older male 
group. A biological half-life curve derived by McCraw* 
from various published values for both males and females 
generally agrees with this study, although fewer data 
were used and both sexes were averaged. 

The linear correlation curves permit the use of urinary 
analyvis to estimate the average body burdens of various 
segments of large populations quickly, inexpensively and 
accurately. The biological half-life curves will permit more 
accurate assessment of doses on the basis of age and sex. 
Continued study may reveal other variables such as diet, 
climate, or physical size which will refine the population 
groups further. 

This information was obtained during work under a 
contract with the US Atomie Energy Commission. 

A. L. Bont 
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Organ Specific Inhibitor of Mitosis in 
the Amphibian Kidney 


Ir has been suggested that the growth rate of organs 
during embryonic development and mitotic homeostasis 
in the mature animal are both regulated by the extra- 
cellular concentration of tissue-specific mitotic inhibitors 
or “antitemplates™!. There is evidence that such 
inhibitors, termed ‘“‘chalones’’, control the rate of cell 
division in epidermal cells? and granulocytes? of mature 
animals and we wish to show that similar substances can 
regulate the rate of mitosis in the rapidly dividing cells of 
embryonic organs. 

Explanted trunk regions covered with epidermis 
and containing the pronephri, sometimes the heart and 
variable quantities of spinal cord and skeletal muscle, 
were taken from post tail bud Xenopus laevis larvae 
(stage 32)4. These larval explants were cultured at 25° C 
in a physiological saline solution and after 3 days the 
mitotie incidence (MI) was measured during a 4 h period 
using the colcemid metaphase arrest technique. Extracts 
of adult Xenopus kidney (mesonephros) were prepared 
by homogenizing the organ with three times its volume 
of saline and centrifuging at approximat 100,000g 
to give a clear supernatant. The antimitotic effect of 
the supernatant on the pronephros of larval explants 
is shown in Table I. 








Table 1. MITOTIC DEPRESSION IN THE PRONEPHROS OF LARVAL EXPLANTS 
WITH DIFFERENT CONCENTRATIONS OF KIDNEY EXTRACT 
Concentration 9 225 44 9 18 
Mitotic incidence 1,507 1417 848 TiS 396 
Percentage depression in MI — 6 43 53 74 


The concentration was the number of mg dry weight of the original kidney 
tissue needed to prepare the amount of extract added to 1 ml. of culture 
medium’. Mitotic incidence (MI) is the proportion of arrested metaphases 
per 10° pronephric tubule cells after 4 h of treatment with coleemid. 

The organ specificity of the antimitotic action was 
demonstrated in two ways. Extracts of liver and lung, 
prepared by the method described for kidney. had no 
significant effect on the MI of pronephros, while the 
kidney extract had no significant effect on the MI of 
epidermis covering the larval explants. 

Stress hormones play an important synergistic part 
in mitotic homeostasis of mammalian epidermis’, and 
so we have examined the effects of adrenalin and hydro- 
cortisone (both 0-0025 ug/ml.) on the MI of epidermis 
and pronephros of larval explants. The results are given 
in Table 2. 

Stress hormones seem to depress the MI in both 
tissues. and increase the antimitotic potency of kidney 
extract in respect’ of pronephros but not epidermis. 
The antimitotic kidney factor thus has the following 
properties in common with the mammalian epidermal 
chaloneè56, It is water soluble and effective at very 
low concentrations; its activity is apparently potentiated 
by the stress hormones adrenalin and cortisorf: and 
it is tissue specific both in origin and in effect. 

The phenomenon of compensatory renal hyperplasia 
following unilateral nephrectomy in the mature organ’ 
could be explained by a temporary deficiency in the 
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Table 2. 
EXPLANTS 


Pronephros Epidermis 
Percentage Percentage 
MI depression MI depression 


4,534 + 960 oe 
52* 3,898 + 742 lat 
574 1,886 4 435 58* 


Untreated controls 
Kidney extract 
Adrenalin and hydroco 
Kidney extract 
and hydrocortisone 















221+ 189 90$ 2,1524908 53$ 


The final concentration of the kidney extract was 18 mg/ml. 






* Significant depression (P < 0-01) compared with untreated controls. 

+ Depression not significant compared with untreated controls. 

$ Depression significant (P < 0-01) compared with stress hormones alone. 
$ No significant difference from stress hormones alone. 





concentration of kidney chalone in the systemic circu- 
lation. The gradual decrease in mitotie rate of the 
amphibian pronephros during embryonie development 
and the ability of the organ to compensate for tissue 
depletion’ could also be explained on the basis of the 
chalone effect. 

This work was supported by a grant from the North 
of England Couneil of the British Empire Cancer Campaign 
for Researeh. 

Joun D. Simnerr 
D. P. CHuopra 


Department of Pathology. 
University of Newcastle upon Tyne. 
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Syncytium-forming Agent isolated 
from Domestic Cats 


WELE trying to establish cell culture lines from neoplasms 
of adult cats, we found a typical syneytial type of eyto- 
pathology (Fig. 1) in many of the cultures between the 
fourteenth and twenty-first day of cultivation. 

The tissues for culture were obtained from selected 
domestic cats, which were submitted to us by veterinary 





Fig. 1. 
from cats carrying a svneytium-forming agent. 


Typical syneytia formed in tissue culture of lymph node celis 
(Giemsa stain, x 180.) 


EFFECTS OF STRESS HORMONES ON MITOTIC DEPRESSION EN LARVAL 
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Fig. 2. Various stages in the budding proces 
agent ( x 42,000). 


of the syneytiti-forming 


practitioners as part of a survey of animal neoplasms in 
Celiforma?. Of the first twelve cats studied, nine were 
suffering from various types of malignant lymphoma. 
Three of the twelve had no neoplastic disease (one was 
diagnosed as haemobartincllosis, one had a mild toxic 
nephritis and hepatitis, and the third had a severe flea and 
tapeworm infestation). 

When we had established monolayer cell cultures, 
by explantation of fragments or trypsinization of peri- 
pheral Jymph nodes from these animals, the typical 
syneytial cytopathology appeared by the twenty-first 
day of cultivation in ten cases. Cultures established 
from one eat with malignant Ivmphoma and the one. cat 
with a mild toxie nephritis aud hepatitis did not show 
eytopathic changes. 

Thesyneytium-forming agent can be passed incstablished 
feline cell cultures which we obtained from the cell 
culture division of the Naval Biological Laboratory, 
University of California. The typieal syneytial type of 
eytopathology is produced with no inclusion bodies 
evident in preparations stained with Giemsa. So far we 
have been unable to adapt the agent to embryonated 
hens’ eggs, nor has any haemagglutination of cat, guinca- 
pig or chicken red blood cells been evident. We are now 
attempting to identify the agent and to determine its 
serological relationship to known myxoviruses. 

We refer to syneytium-forming agent as myxovirus- 
like because of certain morphological characteristics seen 
under the electron microscope. The particles are spherical 
with an outer diameter of approximately 100 mmierons. 
They have a 50 mmicron core with an electron-transparent 
centre. The core is surrounded by a double membrane 
which in turn is surrounded by stud-like structures. The 
sequence of events leading to the formation of the com- 
plete particle begins with the formation of naked cores in 
the cytoplasmic matrix. Occasionally fragments of 
disrupted cells are seen with many naked cores in the 
extracellular spaces. When cores are not released by the 
lytic process, the particles migrate to the cell surface 
causing stud-like structures to form in the initial stages of 
the budding process. The completed form is then extruded 
into the extracellular spaces (Fig. 2). Intranuclear 
particles were not observed in any of the cultures 
examined. 

This agent is important not only because of its presence 
in lymphomatous cats but because of its size and morph- 
ology which in thin sections may oceasionally resemble 
the C type particle frequently seen in lymphomatous 
cats?*. There are, however, a few morphological 
characteristics which distinguish the two agents from one 
another. First, the syneytium-forming agent has many 
cores formed in the eytoplasmic matrix. Second, pro- 
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nounced stud-like structures make up the outermost 
layer of the particle. When eut in certain planes of 
section these look like capsomeres. Furthermore, there 
are completely formed cores in all stages of the budding 
process. 

The syneytium-forming agent has not been observed in 
the original tumour tissues. It has been seen m tissue 
culture only when most cells formed syncytia. The 
myxovirus-like and C type particles have been observed 
in the same lot of culture cells established from lympho- 
matous cats carrying the adventitious agent. 

This work was performed in accordance with a contract 
and grant from the US National Institutes of Health, 
Department of Education and Welfare. 

Joun L. Ries 
LYNDON Š. OSHIRO 
Dees O. N. TAYLOR 
Epwin H. LENNETTE 
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Trichinella spiralis in the Red Fox 
(Vulpes vulpes) in Ireland 


Siner 1835 when Owen! deseribed the species Trichinella 
spiralis from man in London. trichinosis has occurred 
occasionally, sometimes in epidemies, in both Britain and 
ireland as well as being endemic in some parts of the 
world. While infection in wildlife has been reported in at 
loast sixty-five species of mammal’, the primary reservoirs 
are carnivores. Although elsewhere man may be infected 
by eating bear meat. wild boar or bush pig, the disease, 
in these islands, is most frequently contracted by eating 
inadequately cooked or raw pork, especially sausages. 

Efforts to find a wild carnivore reservoir in Britain and 
Treland have hitherto resulted in the finding of only a 
single infected red fox at Truro, Cornwall’, In Contine ntal 
Europe, the fox seems to be the main reservoir of 
infection and, for example. the following rates of infection 
have been found: Italy, 32 per cent of 639 foxes!; 
Switzerland. 50 per cent of 10 foxes®; Germany. 26 per 
cent of 572 foxes®; and Finland 3-8 per cent of 105 
foxes’. Human infections are now generally as infrequent 
in the latter countries as they are in these islands, although 

"n director of the International Commission on 
T richinellosis (personal communication 1968) says: “It 
is difficult to determine the prevalence of trichinellosis 
in Western Europo; it is also questionable either that 
it is rare or that it is justifiably sometimes described as 
non- -existent in some countries” 

Recent epidemics in County Cork (twenty-six cases in 
1967)§ and in County Kerry (fifty cases in 1968)° stimu- 
lated a search for a reservoir in the wild carnivores found 
in Ireland. Because of the importance of the fox as a 
principal maintenance host in Continental Europe. 
initial studies were concentrated on this species. Fresh 
thigh muscle was examined by the compression teeh- 
nique and the residue of 10 g of muscle digested in 
pepsin hydrochloric acid solution for 16 h at 37° C was 
viewed under a low power microscope. 

Of seventy fresh specimens so far examined from 
Counties Cork, Waterford and Tipperary, three (4-3 per 
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cent) were infected. In all cases. the encysted T. spiralis 
was seen on compression, and after digestion the number 
of larvae per gram of thigh muscle was one, two and six. 
The distribution of infected animals is local, however, as 
Pavlovsky" showed with many zoonoses, because all the 
infected foxes came from Tallow, County Waterford, 
where three of the thirty-nine (7-7 per cent) were positive. 
The foxes from Tallow were captured in the surrounding 
area of West Waterford, East Cork and South Tipperary, 
counties in which trichinosis in man has been reported® 112 
recently. None of seventeen foxes from Bottle Hill, mid 
Cork was infected, nor were any of another fourteen which 
came from various localities scattered through County 
Cork. Similar results have been reported for example, 
from southern Hessen, Germany’, where Sehoop and 
Lamina showed that, although the overall average 
infection was 2-62 per cent, some areas had 6 to 7-4 per 
cent positives. Beresford-Jones!’, who listed the helminths 
of 300 foxes from all over Britain, found only one with 
Trichinella, the specimen already recorded from Truro’. 
There were but six foxes from Cornwall, however, and 
Beresford-Jones only examined by compression some 
small samples of the diaphragm. 

We also examined jaw muscle from twenty s from 
Northern Ireland kindly supplied by Professor Gareth 
Owen and Dr J. S. Fairly of Queen's University, Belfast. 
None was positive but the muscle had been preserved in 
formalin for at least some months. Furnell4 in 1957 
found ten of 202 brown rats (Rattus norvegicus) infected, 
but none of five foxes. All the positive rats came from 
135 collected from the City Dump in Limerick which again 
emphasizes the nidality of this zoonosis. 

The level of infection in pigs is no indication of the 
incidence in wildlife. Thus. in Germany in 1954. the 
incidence in pigs was only twenty-six per 100,000 com- 
pared with a 2-6 per cent incidence in foxes* and in 1959 
only nineteen infected pigs were found among the 18,996, 
242 pigs examined in the rman Federal Republic’, 
while Ciurnelli#, in the Italian Province of Macerata. 
found 28,914 pigs negative although eight (6-45 per cent) 
of the 124 foxes examined were infected. Furnell'! found 
none of 2,286 pigs infected and, in Dublin, Redahan'? 
found none of 1.000 pigs and thirty-two rats infected in 
1964. 

Further studies are continuing. This work was sup- 
ported by the Medical Research Council of Treland. 
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Effects of Monoamine Oxidase 
Inhibitors on Bacterial Infections 


WHILE investigating the role of histamine, serotonin and 
eatecholamines in the pathogenesis of bacterial infections. 
we observed aggravation of the condition of infected 
animals previously treated with monoamine oxidase 
inhibitors (MAOI)? 

We have tried to elucidate the mechanism of the un- 
favourable effects of some MAOI on experimental bacterial 
infections, using male rabbits and male albino rats. Type 
I pneumococcus was injected into rats intradermally 
in 0-2 ml. x 10- doses of 18 h broth culture. Bacterium 
prodigiosum was given to rabbits intravenously in doses 
of 5x 10° bacterial cells. 

‘Tproniazid’ (1-isonicotinyl- POPE drazine, 75 mg/ 
kg body weight) was given to rabbits in single intr 














muscular injections 2 h before miedo with Bacterium 
prodigiosum, and to rats in three intraperitoneal i inject ions, 


24 h before, simultaneously and 24 h after infection with 
pneumococcus. 

‘Indopan’ (hydrochloride-x-methyltriptamine, 33 mg/ 
kg) was given to rats subcutaneously 2 h before and 6, 24 
and 30 h after infection, while it was given to rabbits in 
single subcutaneous doses of 1-5 mg/kg body weight 30 
nun before infection with Bacterium prodigiosum. 

‘Tproniazid’ and ‘Indopan’ aggravated pneumococcal 
infection, speeded the onset of death and increased the 
percentage of animals that died. Drugs considerably 

ased the suceptibility of rabbits to Bacterium pro- 
sum, which is usually non-pathogenic for this species 
(Tabie sl and 2). The death rate of rabbits was directly 
dependent on the dose of “Indopan’ administered. 

During 3 h of observation, the number of bacteria re- 
maining in the peripheral blood of rabbits previously 
treated with MAOT wes three to seven times greater than 
in control animals. 

Many more cells of Bacterium prodigiosum were isolated 
from the animals treated with MAOI immediately after 
death than from control animals. The quantity of 
bacteria isolated from peripheral blood flow was 2-7-3 
times greater than from control animals, from lungs 24-25 
times greater, from liver 1-2-6 times greater, from spleen 
1-5-2 times greater, and from kidneys 13 times (Indopan’) 
and 3 times (Iproniazid’) greater (Fig. 1). 

We have studied the influence of non-toxie doses of 
7 (3,4-dimethvloxibenzylhydrazine)?4, *Chlor- 
acizine’ (hy drochloride 10-6 -diethylaminepropionyl- 2- 
chlorphenothiazine)® and ‘C hlor promazine’— preparations 
reducing the MAO activity of rat liver mitochondria and 
ox brain mitochondria®-7—on the course of pneumococeal 
infection in rats and bacteriemia in rabbits induced by 
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Table 1. EFFECT GF ‘IPRONIAZID' ON LETHALITY Of ANIMALS DURING 
BACTERIAL INFECTIONS 
No, of animals 
Dead after 

Animals Treatment Total 3 4 5 Sur- 

days days days vived 
Rats ‘Iproniazid’ + Pneumo- 

COCEUS 30 13 15 1 — 1 
Pneumocoecux 30 3 it vi 1 8 
‘Tproniagid’ 3U — oe 30 

1 2 3 4 
day days days days 
Rabbits ‘Iproniazid + Bacteria 

prodigiosum S T — I 
Bacterium prodigiosun ns co 1e i 8 
‘Fproniazid’ S ~ 5: g l Pi 

Table 2. EFFECT OF INDOPAN’ ONI HALITY OF ANIMALS DURING BACTERIAL 
INFECTION 
No. of animals 
Animals Treatment Dead after Sur- 
Total 1 day 2 days 3 days vived 
Rats ‘Endopan’ + Prenmos 
COLCUS 30 24 4 R 0 
Pueumocoecus 30 2 V4 14 
‘Indopan® 20 sii 2 = 28 
l-o 405 
: h h 
Rabbits ‘Indopan’ + Bacterium 
prodigiosum ja = 2 sd 1 5 
Bacterium prodigiosum 12 ~ a 12 
“Indopan’ Ja - — — — 12 





Bacterium prodigivosum. All these preparations acceler- 
ated and intensified the lethal effeet of pneumococcal or 
Bacterium prodigiosum inteciion in the experimental 
annnals. The number of cells of Bacterium prodigiosum 
isolated from peripheral blood of rabbits previously 
treated with ‘Vetrazine’, ‘Chloracizine’ or ‘Chlorproma- 
zine’ was 2-8-1 times greater than the number isolated 
from control animals 5 h after intravenous inoculation of 
the bacteria. Between two and thirty-two times more 
cells of Bacterium prodigiosum were isolated from blood and 
tissues of rabbits treated with the preparations shortly 
after death than from the corresponding tissues of control 
rabbits. At the same time 1-500 ug/ml. of MAOI did 
not accelerate bacterial multiplication in vitro. 

MAOI increased the concentration of catecholamines, 
histamine and serotonin in the blood and tissues of rats 
infected by pneumococeus. The effect of combined 
application of the preparations and the pneumococcus 
usually exceeded the effect of those agents used separ- 
atelye. 

‘Indopan’ and ‘Chlorpromazine’ decreased the phago- 
cytie activity of macrophages. and led to pathological 











changes in the morphology of lysosomes and their fune- 
activity 


tional These may be some of the causes 
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Fig. 1. Bacterial counts in blood and organs of rabbits treated with ‘Iproniazid’ and 
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Perkin-Elmer gives you 
the most advanced Gas 
Chromatographs— the best 
value in every price range. 


The Model 900 Gas Chromatograph is flexibility and performance at 
the most advanced high-performance remarkably low cost. You can 


instrument in the world today. buy a basic instrument — change 
The oven is large and gives or expand it later, and all 
absolute day-to-day the time you can be sure of the 
reproducibility, automatic greatest analytical accuracy. 
temperature programming and Other instruments cover 
sub-ambient operation. The automatic analysis of head space 
amplifier is computer compatible samples — preparative gas 

and you can select any chromatography and combined 
combination from four different gas chromatography and 


detectors. The 

Mark 2 Model F11 
sets a new 
standard of 


radioactive monitoring, 

Get details from Perkin-Elmer Ltd, 
Beaconsfield, Bucks, 

Tel: 2571. Telex: 83257. 





Perkin-Elmer Instruments: Infrared, 
Ultraviolet, Fluorescence and Atomic 
Absorption Spectrophotometers, Gas and 
Liquid Chromatographs, Spectropolarimeters, 
Elemental and Thermal Analysers, 

Mass and NMR Spectrometers. 
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THE PHOTOPAK 


a combined amplifier 
and power unit for 
photomultipliers 





The Photopak is a high quality narrow band amplifier 
combined with an E.H.T. power supply for use with various 
photomultipliers. The unit has high sensitivity and stability, 
and has all solid-state electronics. The amplifier will operate 
on any ot four useful chopping frequencies, and a chopping 
unit is available as an accessory. The output from the amplifier 
is suitable for direct operation of a pen recorder, with or with- 
out scale expansion. An output meter is incorporated in the 
unit. The unit is compact, easy to operate and has a high 
safety factor. High reliability has been ensured by the use of 
silicon planar devices. 


THE V.F.C.1 
VARIABLE 
FREQUENCY 7 
CHOPPING UNIT (ie 


a compact and stable 
radiation chopper for 
use with optical instruments 





The V.F.C.1 will operate at five nominal preset frequ- 
encies between 10 Hz and 800 Hz. A control is provided to 
vary the chosen frequency within 10° and this is of use in 
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of the unfavourable influence of the preparations studied 
on the course and outcome of the bacterial infections. 
But the mechanism of the unfavourable action of MAOL 
on the organism with a bacterial infection deserves further 
investigation. 

J. J. PLANELLES 

Z. A. POPENENKOVA 


Department of Infectional Pathology and 
Experimental Therapy, 

Gamaleya Institute for Epidemiology 
Academy of Medical Sciences, 
Moscow. 


and Microbiology, 
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Persistence of Antigen on the Surface 
of Macrophages 


Morse peritoneal macrophages can take up and catabolize 
two different haemocyanins!?. Although in tissue culture 
experiments most of these materials were broken down in a 
few hours after uptake, haemocyanin nevertheless elicited 
the formation of specific antibodies when the macrophages 
were transferred to syngencie hosts. and the haemocyanin 
bound to macrophages retained its immunogenic activity 
relatively unchanged for several days. In view of the 
observation that a small pereentage of the haemocyanin 
bound to macrophages remained intact during in vitro 
culture for 72 h, we undertook the experiments described 
here to determine the localization of the persisting antigen 
(which would presumably comprise the immunogenic 
moiety). 

In order to study the uptake and catabolism of hacmo- 
¢cyanin in vitro, macrophages were obtained from the 
peritoneal exudates of mice (CAF-1, CBA or Swiss 
Webster) 3 days after each had received an intraperitoneal 
injection of 1-5 ml. of 10 per cent proteose peptone’, The 
two antigens used were the haemocyanin from giant 
keyhole limpet (KLH) of molecular weight 7-5 x 10° and 
the haemoeyanin from crabfish (Maia squinado) (MSH) 
of molecular weight around 1-5 x 10% Results with both 
haemocyanins were comparable. Jn all experiments 





30-50 x 108 macrophages were exposed to 1,000 ug of 





MSH or KLH labelled with }*5T or “I (ref. 3; specific 
activities usually varied from 1l to 10 wCi/ug) in tissue 
culture flasks containing 6 ml. of Eagle’s medium with 
5 per cent normal mouse serum. The contents of the 
flask were constantly stirred with a magnet. After 
60-90 min at 37°C, about 0-3 per cent of MSH and 
3-5 per cent of KLH was bound to the macrophages. The 
cells were then washed three times and cultured in media 
devoid of antigen in either Falcon plastic dishes or in 
tissue culture bottles, with constant stirring. After 
several hours the radioactivity (in the form of protein or 
non-protein bound I) was determined in the culture 


1193 


supernatant and in the cells. In most experiments 
10-25 per cent of the radioactivity initially taken up was 
still in the cells after 4 h, while the remainder was present 
in the supernatant chiefly as non-protein bound I. 
Twenty-four to seventy-two hours later the amount of 
radioactivity bound to the cells was unchanged er only 
slightly decreased!*. Most of the studies e done on 
cells cultured for 4-24 h after the uptake of radioactive 
antigens. During this period the condition of the cells 
in culture was excellent. 

Loealization of antigen remaining in the cell after the 
rapid period of catabolism was studied by electron 
microscopy autoradiography. Macrophages that had 
been exposed to MSH labelled with I (18 uCi/ug) were 
cultured for 4 h in medium devoid of antigen. They 
were then spun into a pellet, fixed in osmium tetraoxide 
and embedded in methacrylate. Ilford L4 liquid emulsion 
was used to coat the slides, and the seetions were exposed 
for 30-60 days. Sixty-six of ninety-five macrophages 
examined contained autoradiographic grains, although 
their number varied greatly from cell to cell. Thirty-nine 
per cent of the grains that were counted were situated on 
dense organelles (lysosomes); 42 per cent were situated 
either on small pinocytie vacuoles or in cytoplasm near to 

vacuoles or lysosomes, and 19 per cent of the grains were 
located on the cell periphery either on or just contiguous 
to the cell membrane, or in small villous projections of the 
macrophage surface (Fig. 1). Most of the macrophages 
that had grains on their surface also contained grains 
distributed intracellularly. Thus the capacity to retain 
material on the surface as well as to engulf it into digestive 
vacuoles was present in the same cell (see also ref. 1). 
Although other investigators had previously observed that 
antigen is retained in the lysosomes of macrophages*, the 
finding that antigen is present on the surface many hours 
after uptake is new. (It should be emphasized that the 
peritoneal macrophages which we were studying were 
different from the dendritic reticular cells of the lymphoid 
follicles which retained antigen on their surface but 
which did not show pinocytosis.) 

The presence of antigen retained on the cell surface was 
also tested in two other ways. Macrophages containing 
haemocyanin were treated with trypsin (Worthing- 
ton Biochemicals), on the assumption that trypsin 
could remove protein antigens exposed on the sur- 




















face of the cell without significantly disrupting the 
plasma membrane. Control experiments established 


that the viability and morphology of 10° macrophages 
cultured in Falcon dishes did not change appreciably after 
short exposure to trypsin (0-2 mg in 1 ml. of Eagle’s 
medium for 5 min at 37° C). In particular, there were no 
alterations in the number, size and distribution of the 
macrophage lysosomes when examined under the ultra- 
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Fig. 1. Electron microscopic autoradiograph of two macrophages 
labelled with "F MSH. Note the joealization of the grains along the 
surface and villi of the cells. x 11,700, 
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violet microscope after exposure to ‘Euchrysine’?. Macro- 
phages expos:d to either MSH or KLH labelled with 1] 
and cultured in Falcon dishes for 4-72 h were washed five 
times with large volumes of medium and then treated 
with trypsin as described. Radioactivity was determined 
in the supernatant and in the cells detached from the dish 
with the aid of a rubber policeman. After exposure to 
trypsin, about 15-25 per cent of the radioactivity 
present in the cells now appeared in the supernatant, 
whereas only 1-5 per cent of the radioactivity was released 
after incubation with medium alone or medium containing 
ribonuclease (1 mg/ml.) or neuraminidase (500 units/ml. }. 
The radioactive material released by trypsin was 66-80 
per cent precipitable in 10 per cent trichloracetie acid and 
was therfore chiefly protein bound (Fig. 2). Radioactive 
material removable by trypsin persisted in the cells for as 
long as 48 h after uptake. 
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Fig. 2. Macrophages were incubated with KEH labelled with 1 for 
Lh at 37° co, hed, resuspended in medium without KLH and plated 
in Falcon pl shes (8 x 10° cells per dish). After 4, 24 or 48 h, the 
radioactivity was determined in the culture supernatant in order to 
determine the amount of KLH catabolized. The dishes were then 
washed five times and incubated with medium alone (controls) or 
medium containing trypsin. The radioactivity was measured in the 
supernatant and in the cells (the sum represented the total radioactivity 
bound to the ¢ The amount of radioactive material bound to 
macrophages is expressed as a percentage of the radioactivity that was 
present in the cells immediately after uptake (time 0). Each bar re 
sents the average of duplicate cultures. White bars, total radioactivity: 
hatched bars, radioactivity removed by trypsin: black bars, radioactivity 
released by medium alone. 









The possibility was explored that the antigen on the 
surface could, in part, derive from material that had been 
first engulfed in vacuoles. Macrophages which had been 
cultured for 4-24 h after the uptake of KLH or MSH 
labelled with 1I were subjected to two treatments with 
trypsin either consecutively or 4 h apart. Three to five 
per cent of the radioactivity present in the cells after the 
first trypsinization was removed by the second treatment 
regardless of the interval of time. It was concluded 
therefore that no appreciable amount of new antigen 
appeared on the surface during the 4 h after the initial 
trypsin treatment. This suggests that most, if not all, 
of the antigen removable from the surface had been 
present there since the initial contact with extracellular 
antigen and had apparently never been ingested by 
pinocytosis. 

Antigen on the cell surface was also demonstrable by 
specific binding of antibody to the macrophages. To 
decrease any non-specific uptake of antibody by macro- 
phages by virtue of the cytophilie properties of immuno- 
globulin G (IgG) and/or the pinocytie activity of macro- 
phages, two experimental conditions were usually used. 
First, macrophages were incubated with antibody F(ab’), 
or Fab‘ fragments. These antibody fragments retained the 
full antigen-binding capacity of native IgG4, but had no 
cytophilic properties’, Second, incubation of macrophages 
with antibody was carried out at 2°-4° C, at which tempera- 
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ture pinocytic and/or phagocytic activities of macrophages 
were minimal’, 

Rabbit hyperimmune antiserum to KLH was prepared 
as described previously, and the IgG fraction was obtained 
by ammonium sulphate precipitation and diethylamino- 
ethyl-eellulose chromatography’. As determined by a 
coprecipitation technique, about 40-50 per cent of the 
molecules in the various antibody preparations reacted 
specifically with KLH*, Rabbit antibody to MSH purified 
by the method of Freedman et al.!° was obtained through 
the courtesy of Dr J. H. Humphrey (National Institute for 
Medical Research, London). 


Table J. BINDING OF KLH Fab’ ANTIBODY LABELLED WITH IYF TO MOUSE 
MACROPHAGES INCUBATED in eltro WITH KEH LABELLED With 1 















Antibody preparation + bet i | 
Time KLH anti- Ratioof Specific 
after Anti- Anti- Anti- boundto body antibody antibody 
up- KLH BSA KLH 107 hound to to KLH binding 
take* ]-Fab' IgG IgG cells 107 cells t 
Hours pg ug uu uu ug uting wee KLH 
4 2-5 500 138 0-0440 0-0319 ARIRE 
2:5 = 500 t20 D0076 0-0083 
24 25 Ao) aoe 1-52 D9440 00259 Ora) 
ea 500 LE 0-0074 0-0051 
24 25 500 3 2°25 0274 gorz DGLO 
25 en 500 304 0-0064 0021 
10 2,000 a 3:59 0963 DGS 00205 
10 ~ 2,000 3-13 0-0197 0-0063 
24 10 2,000 = None 00250 
19 = 2,000 None 0-0209 = -l 
10 2,000 ~ 131 8:0703 0-0537 0-0379 
19 ae 2,000 146 0-6230 0-0158 


* In vitro uptake of KLH was carried out at 37° C fori h. After washing, 
cells were plated in Falcon dishes (1 « 10° cells/dish) and incubated at 
7° € for 4 or 24h. 
t The antibody mixture was contained in 1 mi. of mediun which was 
incubated with L x 10° cells at 2° C forl h. 
= Average of duplicate or triplicate cultures. 
§ Macrophages were not exposed to KLH. 






Results of typical experiments are shown in Table L 
Mouse peritoneal cells were ineubated in vitro with 
KLH labelled with I at 37° C for 1 h, washed, suspended 
in fresh medium without KLH and plated in Falcon 
dishes as deseribed above. After incubation at 37° € for 
4-24 h the dishes were cooled to 2° C and washed five times 
with large volumes of eold Eagle's medium. One mil. of 
medium containing anti-KLH Fab’ labelled with !'T and 
200 times as much unlabelled rabbit anti-bovine serum 
albumin (BSA) IgG was then added to each dish. Control 
dishes received one ml. of medium containing anti- KLH 
Fab’ labelled with 1I and 200 times as much unlabelled 
anti- KLH IgG, on the assumption that unlabelled anti- 
KLH IgG in excess would block the specific binding of 
anti- KLH Fab’ labelled with J. After incubation at 2° © 
for l h on a platform rotator and extensive washing with 
cold Eagle's medium, the radioactivity present on/in the 
cells was determined. To take into account variation in 
the number of cells per dish, the amount of cell-bound 
antibody was calculated per yg of KLH present. As 
indicated in Table 1, the amount of antibody Fab’ 
labelled with Į bound to macrophages containing KLH in 
the presence of unlabelled anti-BSA TgG was four—six-fold 
higher than in the presence of unlabelled anti-KLH Ige. 
No difference was found, however, with macrophages 
which did not take up KLH. Moreover, 4 or 24 h after the 
beginning of the in vitro culture the amount of antibody 
Fab’ bound to macrophages containing KLH was 
identical. A four-fold increase in the concentration of 
antibody resulted in a three-fold increase in the non- 
specific uptake of anti-KLH Fab’, whereas the specific 
binding was doubled. That antibody was chiefly bound 
to the cell surface was demonstrated by the recovery of 
80 per cent of the radioactivity in the supernatant after 
treatment with trypsin of KLH-containing peritoneal cells 
incubated with anti-KLH Fab’ labelled with 1f, 
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Sumilar data were obtained with suspensions of macro- 
phages containing KLH incubated with anti-KLH F(ab’), 
labelled with 1I. When MSH was used, two to three 
times more anti-MSH purified antibody labelled with 1I 
was bound to macrophages contaming MSH than to normal 
macrophages. For example, 0-015 ug of anti-MSH IgG 
bound specifically to 9x10* macrophages containing 
1:1 ug of MSH 24 h after uptake. 

We have thus demonstrated the presence of antigenic 
material on the surface of macrophages uncubated tn 
vitro with haemocyanms. This material persisted on the 
cell surface for up to 72 h without bemg mcorporated mto 
vacuoles, and thereby escaped the normal catabolic 
breakdown associated with its presence ın pmolysosomes. 
The reasons for the persistence of antigenic material on 
the cell surface of macrophages are not known. i 
that KLH is retained m ita associated form (molecular 
weight: 7-5 x 10® (ref. 11) ), an average of 10* molecules of 
KLH were taken up in vitro by one single macrophage. 
After mcubation for a few hours at 37°C, only 1-5 x 104 
molecules of KLH were still retained by the cell, 20 per 
cent of which (or 3 x 10? molecules) were present on the 
cell surface. About 6x 10t molecules of anti-KLH anta- 
body specifically reacted with such a macrophage (assum- 
ing a molecular weight of 46x 10° for rabbit Fab’). In 
other words, of 1,000 KLH molecules to which a macro- 
phage was exposed in vitro, thirty-three were taken up, 
but only one molecule remamed attached to the cell 
surface and this reacted with twenty molecules of antibody. 
(In extreme antibody excess in solution, one molecule of 
free associated KLH 1s saturated by 200 molecules of 
IgG antibody.) With MSH, one of every 10,000 molecules 
to which a macrophage was exposed remained bound to 
the surface. The part played by the antigenic material 
persisting on the macrophage surface im the mduction 
of the immune response has not yet been established. 
Considering the availability of this material to antibody 
tn vitro, however, ıt 13 tempting to speculate that a 
sunilar interaction can occur in vivo between antigenic 
molecules on a macrophage surface and antibody-like 
receptors of antigen-senaitive cells. 
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Thymus Dependent Mesothelial 
Proliferation after Antigenic 
Stimulation 


BECAUSE of ita membranous nature, the greater omentum 
of the mouse is a convenient tissue for serial studies of 
the cellular events ın an immune response. Usmg mice 
it was found that after mtraperitoneal stimulation with 
sheep erythrocytes the number of milk spots on the 
omentum was markedly increased!. These mulk spots 
represent accumulations of varying numbers of lymphoid 
cells and macrophages. By a modification of the local 
haemolysis in gel technique it was shown that large mulk 
spots produced haemolytic antibodies against sheep 
erythrocytes'. After repeated stimulation, clusters of 
plasma cells could be identified in the vicinity of relatively 
large milk spots. In some experiments the omenta were 
explanted into tissue culture, and continued to produce 
antibody in vitro for more than 60 days’. 


30 
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Fig. 1. Means and standard deviations of mesothelial cell proliferation 
in the greater omentum after mtraperitoneal stamulation with shee 
erythrocytes in neonatally thymectomized NMRI mice (W) 
sham-o; ted (@——@) mice. Ordinate percentages of 
labelled mesothelial cells after in vitro incubation with *H-thymidine. 
Abscissa: hours after intrapeiltoneal antigenic stimulation. 





In recent experiments the mitotic activity of the cells 
on the omentum was investigated’. After labelling with 
*H-thymidine, autoradiographs of the omenta were pre- 
pared, and these demonstrated unequivocally that not 
only lymphoid cells but also mesothelial cells responded 
to antigenic stimulation by a striking mecrease ın *H- 
thymidine uptake. Antigen-stimulated cell proliferation 
may be non-specific ın the sense that ıt is not restricted 
to those cells which become specifically sensitized ôr 
eventually produce specific antibody*. The mesothelial 
cell prolferation which was observed ın our previous 
study presumably represents such a non-specific com- 
ponent of the immune response. Neonatal thymectomy 
considerably reduces immunological reactivity (for review, 
see ref. 5). Also, in the absence of the thymus the inflam- 
matory response to subcutaneously implanted cotton 
pellets is reduced’. The thymus may influence the 
mmmune response in two different ways: first, by provid- 
ing “thymus derived”’ cells as essential collaborators’-"* 
and, second, by influencing (a) the specific, and (b) the 
nonspecific cell proliferation after antigenic stimulation. 
The existence of the latter mechanism may conveniently 
be tested by assessing the effect of thymectomy on the 
antigen-stimulated proliferation of the mesothelial cells 
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of the omentum, which is most probably nonspecific. 
The *H-thymidine uptake by mesothelial cells of the 
omentum after intraperitoneal admunistration of sheep 
erythrocytes was therefore compared in thymectomized 
and sham-operated animals. 

Male and female NMRI mice were thymectomized or 
sham-operated within 24 h of birth, according to the 
method of Miller. When they were 40 days old, eighty- 
nine supposedly thymectomized and thirty-one sham- 
operated animals received an intraperitoneal injection of 
0-5 ml. of a 10 per cent suspension of thrice washed sheep 
erythrocytes in saline. Twelve supposedly thymectomized 
and eight sham-operated mice remained as uninjected 
controls. Injected mice were killed 1, 2, 3, 4 and 7 days 
after antigenic stimulation. The omenta were removed 
and incubated with 2 uCi of 7H-thymidine (Radiochemical 
Centre, Amersham, specific activity 5 Ci/mmole) in 2 ml. 
of Hanks solution for 1h. After ncubation the omenta 
were washed in saline and fixed ın Carnoy’s fluid. Auto- 
radiographs were prepared using ‘Kodak AR-10’ stripping 
film. The slides were exposed for 14 days, stained with 
Giemsa and evaluated by counting the number of labelled 
mesothelial cells/1,000. Only nucle: which contamed 
more than twenty grains were considered as labelled. At 
the time of ummunization all but three animals appeared 
healthy. This includes those mice in which completeness 
of thymectomy was retrospectively confirmed by scanning 
multiple histological sections from the thymic region. 
Only completely thymectomized animals were included 
in the final evaluation. 


Table 1. REDUOHD *H-THYMIDINE INCORPORATION BY MHSOTHHLIAL CELLS 
OF THYMECTOMIZED NMRI 310m 4S COMPARHD WITH SHAM-OPHRATED NAIRI 
MICE AFTER INTRAPERITONHAL ANTIGENIO STIMULATION WITH SHBEP 


WERYTHROCYTES 
P for 
Hours Sham-operated Thymectomized differences 
after No.of Mean % No. of Mean % between 
stamula- mice labeled Standard mice labelled Standard means 
tion cells deviation cells deviation (t-test) 
Untreated 8 1-1 06 0 
24 4 276 66 9 8-9 56 0 001 
48 7 140 31 12 76 4-7 0 005 
72 8 15 0 
96 T 07 03 7 1-1 11 08 
168 10 06 03 4 06 03 07 


From Table 1 ıt can be seen that the mitotic response 
of the mesothelial cells was very prompt but short lived. 
Twenty-four hours after intraperitoneal administration 
of sheep red cells, about 30 per cent of the mesothelial 
cells in sham-operated animals were labelled. After 48 h 
only 15 per cent of the cells became labelled during a 
pulse lasting 1 h. From 72 h onwards, the extent of 
labelling had fallen to that in non-stimulated animals. 
The kinetics of mitotic activity were simular in thymec- 
tomized and sham-operated mice—peak labelling occur- 
ring at 24 h m both groups. In neonatally thymectomized 
animals, however, the proportion of labelled mesothchal 
cells was only one-third and one-half of that of control 
mice 24 h and 48 h respectively after stimulation. These 
differences were statistically highly significant. No such 
differences were evident after the decline of antigen- 
stimulated *H-thymidine incorporation. 

Two mechanisms can be suggested to explam this 
effect of thymectomy: either antigen-stimulated non- 
specific cell proliferation 1s strongly dependent on some 
humoral thymic factor, or antigen-sensitive thymus 
derived cells (present as a result of immunization) exert 
a mitotic stimulus on mesothelial cells in their vicinity. 
We favour the former interpretation, although proof will 
depend on further experiments. We suggest that a similar 
thymic "factor may influence the proliferation of cells 
which produce specific antibody, and that ite absence 
may account for the reduced numbers of antibody pro- 
ducing cells in thymectomized, sublethally wradiated 
mice. 
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Immunoglobulin Synthesis in 
Hereditarily Spleenless Mice 


RENEWED interest ın the requirement of the spleen for 
immunological competence! has stimulated us to investi- 
gate its need to produce various antibodies. So far 
genetically spleenless mice’ have been used in only one 
immunological study that revealed their capacity to 
produce antibody to bacteria’. Differentiation of anti- 
bodies that agglutinate from those that lyse erythrocytes- 
as well as delmeation of two varieties of skin-sensitizing 
ummunoglobulins ın mice!* has enabled us to search for 
these in hereditarily spleenless mice (B6.CBA, Dh/+), 
their normal littermates (B6.CBA, +/+) and +/+ ltter- 
mates splenectomized as adults (made available by Dr 
M. C. Green, The Jackson Laboratory, Bar Harbor, Maine). 

To determine how well haemolysins are produced, mice 
of each group were injected with sheep red blood cells 
(SRBC). Results obtamed by the Jerne plaque technique! 
showed that, on the fourth to fifth days of immunization, 
spleens from normal mice possessed the maximum number 
of direct plaque forming cells (PFC, Table 1). Antibody 
detectable at this tıme is known to be chiefly 19,5 immuno- 


Table 1. ANTIBODY SYNTHESIS AS SHOWN BY JERNE PLATING METHOD 
Characterization Cell Diet plaques*per mullion cells on day 
of mice source 6 11-12 14 18-20 
+/+ With spleen Spleen w 41 T 2 06 
. nodes 0 0 0 0 0 
Thymus 0 0 0 0 1? 
+/+ Splenectomızedt L nodes 1 0 0 0 0 
Thymus 0 0 0 0 1? 
Lrver 0 0 
Dh/+ Spleenless L. nodes 0 0 0 0 
Thymus 0 


All mice wore injected with a 2 5 
SRBO (1 ml. intraperitoneally and 
viduals of each group were 
synthesis by the Jerne method on days 
lymph nodes, 6, thyms and liver were 

on cells from the spleen were used. 

* Figures are average resulta of two experiments. 

+ Immunizations started 2 weeks after splenectomy. 


r cent suspenmon in saline of washed 
1 ml into each hind foot pad) Indi- 
ted and cells assayed for antibody 
ffied Two million cells from 
on each plate, whereas one 
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globulm. Whereas PFC were present among lymph 
nodes of splenectomized mice, none was detected among 
nodes of normal or genetically spleenless anzmals. Thymi 
of animals of all groups were devoid of PFC except for 
dubious plaques seen in normal and splenectomized mice 
late m mmunization. 

In sera from mice with spleens, haemagglutinins were 
present in titres maximal by the eleventh to fourteenth 
day (Table 2). Splenectomized animals possessed sıgnıfi- 
cantly lower haemagglutinin titres with the peak occurring 
on the fourth to sixth days and hereditarily spleenless 
animals made virtually no detectable haemagglutinins. 
The lowest dilution of serum used for this test was 1:3 
and the erythrocyte patterns formed at this concentration 
were considered unreliable. 


Table 2. UNEQUAL PRODUCTION OF HABMAGGLUTINING IX NORMAL, SPLENHO- 
TONIZED AND GHNETIOALLY SPLEBNLESS HIOA 


Characterization Reciprocal tities of sera taken on day 
of mice 4-6 1-14 18-20 
+/+, With spleen 2 ae 188 (8-625) 1,024 ee 125) 18 ae 
+/+; Splencotomised 20-3) 60(0-125) ` 15 (8-27) 16 (8-4 
Dh/ +, Spleenless 0 (0,0)* 2 (0-8) 15 (0, 8)* 15 (0, 3)* 
Animals were injected with SRBC on day 0. Sera diluted in saline were 


incubated with equal volumes of 0 25 pei cent suspension of erythrocytes and 
sedimented patterns read after 2 h 


Numters representing average titres are followed by (the range of) titres 
from fou to seven mice except for thoge asterisked, the latte: are from two 
mice. 

To determine whether prolonged hyperimmunization 
would assist spleenless mice to develop direct PFC equal 
to those in httermates with spleens, mice of both groups 
were injected with Freund’s complete adjuvant and with 
SRBC on two occasions. A comparison of their total 
lymphoid cell counts revealed that mice with spleens had 
twice the number present ın hereditarily spleenless mice 
(Table 3). The numbers of lymph node and thymus cells 
were comparable in animals of the two groups, and so the 
difference between their total cell counts is attributable to 
the cells of the spleen. Compared with littermates with 
spleens, hereditarily spleenless mice possessed one sixth 
the number of direct PFC. Despite this disparity, which 
again was due to the cells of the spleen, the combined PFC 
of the lymph nodes and thymi of the spleenless mice were 
twice those of mice with spleens. 


Table 8. ANTIBODY SYNTHESIS IN MOE HYPERIIMUNIZED WITH FREUXD’S 
OOMPLETH ADJUVANT AND SRBO 


Average, Average total 
Characterization Cell total ce direct PFO 
of mice (No.) source x 10* (range) per organ (range) 
+/+ With spleen (6) Spleen 165 (87-264 8,199 (1,181-8,448) 
L. nodes 81 {oe 188 97 (16-180) 
Thymus 86 (25-186 150 (0-520) 
‘otal 322 5 
Dh/+ Spleonless (3) L. nodes 92 (74-115) 179 (00 
Thymus 76 (40-127) $78 (0-560) 
‘otal 168 552 


AN mice were injected intracutaneously with Freund’s complete adjuvant 
(0-1 ml. in two sites) on two occasions, 11 days apart SRBC were injected 
intraperitoneally (1 ml. of 26 per cent suspension) 9 days after the first 
adjuvant administration and again 8 days after the second adjuvant njeo- 
Bon. Poor ist after the second SRBC injection the animals were assayed 
or direct . 


When compared with mice with spleens that had been 
immunized once with SRBC (these have a total lymphoid 
cell count of 326x10*), hyperimmunized mice with 
spleens showed a seven-fold decrease ın PFC (23,625 
compared with 3,446 respectively). When compared with 
muice with spleens that were immunized once with SRBC, 
hereditary spleenless mice that were hyperrmmunized 
made forty-two tumes fewer PFC. 

Mice of the three types were tested for the ability to 
make antibodies that mediate passive cutaneous anaphy- 
laxis (PCA) by mmmunizing them with human gamma 
globulin (HGG). Two types of antibodies are known to 
give PCA reactions; those that elicit responses within the 
homologous species (homocytotrophins) and those that 
produce PCA primarily outside the species (heterocyto- 
trophins). Both are 7S immunoglobulins,’ for 19S 
immunoglobulins do not mediate PCA (refs. 12-15). 
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Although the number of mice was small (Table 4), the 
results indicate that Dh/+mice were as competent as 
+/+ mice to make 78 homocytotrophins. Splenec- 
tomized +/+ mice seemed to lag slightly behmd geneti- 
cally spleenless and normal animals in the production of 
PCA homocytotrophie antibody, for they did not form as 
high titres as those of the other two groups. 


Table 4. DETECTION OF HOMOCYTOTROPHIO AND HETHROOYTOTROPHIC 
7S ANTIBODY IN SERA FROM HBRMDITARILY SPLEENLESS, SPLHNECTONIZED 
AND NORMAL 3MICE BY PASSIVE CUTANHOUS ANAPHYLAXIS (Pda) 


Mouse POA antıbody to HGG detected in ` 


Characterization ce Quinea-pigs 
of mice (homocytotrophins) (heterocytotrophins) 
1 1 1 10 1.1 1:10 
+/+ With spleen 2/2* 2/2 4/4 O/4 
+/+ Splenectomuzed 2/2 0/2 0/4 0/4 
Dh/ + Spleenless 2/8 2/8 0/5 0/5 


For immunization, mice were injected intravenously 

(Pentex) as well as intracutaneo with 1 mg of HGG in 0 1 ml. of Freund’s 
incomplete adjuvant and the lai injection was repented a week later 
Two weeks after the last injection, their sera were screened by PCA in A/J 
mice and in albino guinea-p: Two hours after dermal de, tion of sera, 
mouse recipients were injec intiavenously with 1 mg of HOG in 0-4 ml. of 
0 5 per cent Evans Blue dye in saline. Sı 6 mm or Jarger, measured on the 
inner aspect of skin after 1 h were considered positive. Five hours after 
dermal mjection of sera ea-pig recipients were injected intravenously with 
5 mg HGG in 1 0 ml. of the dye solution Sites were measured on the outer 
aspect of skin after 1 h. 


* Fraction of mice with antibody 


with 1 mg of HGG 


With regard to heterocytotrophins only mice with 
spleens revealed detectable levels of this 7Sy, mmuno- 
globulin (Table 4). 

Thus the data for B6.CBA mice suggest that there was 
no compensation for lack of splenic lymphoid cells m 
hereditarily spleenless nuce; the number of lymph node 
cells and thymic cells are comparable with those of normal 
littermate animals. Furthermore, spleen seems to be 
essential for producing usual levels of 19S haemolysins,'19S 
haemagglutinins and 7Sy, heterocytotrophins, but not for 
normal synthesis of 7Sy, homocytotrophins. 

The occasional direct PFC encountered in the thymi of 
splenectomized and normal mice late n simple immuniza- 
tion were assumed to have migrated from the spleen 
(compare ref. 16). Among hypermmunized animals, both 
with and hereditanly without spleens (Table 3), however, 
the detection of PFC m considerably greater numbers in 
nodes and thymi poses a question of whether the cells were 
present as a consequence of migration. If, mstead, they 
were in residence, this findmg would contrast with the 
commonly held thought that antibody 1s not ordmarily 
synthesized ın the thymus. The data suggest a hitherto 
undescribed effect of Freund’s complete adjuvant on the 
thymus, although additional data are required to 
substantiate this view. 

Besides confirming observations that cells capable of 
synthesizing 19S varieties of antibodies may be found 
ın tissues other than the spleen?-**, our data show that 
these cells can be made to arise, albeit in small number, 
when the spleen has never been present. 

The fact that formation of 7Sy, antibody could not be 
detected ın splenectomized or hereditarily spleenless mice 
is m accord with a similar observation made in splene¢- 
tomized rabbits". A requirement for synthesis of this 
variety of antibody may be the spleen’s continued 
presence. s 

Precisely how the spleen assists ın the maturation of 
cells that produce 19S and 7Sy, antibodies, 1s unknown. 
It may provide either the proper environment for pro- 
hferation of certain cell types or it may be a preferred site 
for processing antigenic information. Resolution of these 
questions may come through current studies on local- 
ization of radioactively labelled SRBC (unpublished work 
of F. B., J. R. B., and D. Fabian) and through cellular 
repopulation of X-irradiated, normal as well as “heredit- 
arıly spleenless mice. 

This work was supported by grant AI-04131 from the 
National Institute of Allergy and Infectious Diseases, US 
Public Health Service. A. L. G. is a career scientist 
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Carcinogen in a Transkeian Bantu 
Food Additive 


THe high medence of oesophageal cancer in Bantu 
people in localzed areas of thé Transkei, between which 
there 18 little or none of the disease, has developed rapidly 
since the early 1940s. This, and the fact that the women 
spend most of their lives (and men up to the age of 20) 
within a mile or so of their homes, presents a rare 
opportunity for studying the aetiology of the disease. A 
close association was found between the occurrence of the 

i in women and signs of molybdenum deficiency in 
the leaves of their food plants such ag pumpkins, beans 
and maize}. Molybdenum is essential for nitrogen 
metabolism in plants and a deficiency is known to lead to 
an accumulation of nitrate’. The addition of nitrate to 
chopped herbage enhances its tendency to form nitrite 
and nitrous gases?. These and secondary amines present 


- in all plants might form nitrosamines, many of which are 


carcinogenic and several of which have been shown to 
cause oesophageal cancer selectively in ratst. 

This working hypothesis is being tested by a search for 
nitrosamines in Bantu food plants. Samples of their 
staple foods, chiefly maize, pumpkins and beans, and of a 
wide range of wild plante used by Bantu in various ways, 
especially when food is scarce, are being gathered from 
a rectangle 1,200 yards x 600 yards with a population of 
about 350, in which there have been five deaths (three 
women and two men). 

The first positive result has been obtained with the 
fruit of a solanaceous bush, the juice of which is used by 
headboys to curdle milk. The resulting curds are their 
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chief source of sustenance during the day. Because this 
habit persists to the age of nearly twenty the cumulative 
total dose of juice must be considerable. Women rarely 
use this juice. At least three different sorta of fruit are 
used as the source of the juice. 

Solanum incanum frut (wet weight 4,300 g) was broken 
up with ethyl alcohol (22 1.) m a high speed macerator, 
and the mixture was filtered and the filtrate concentrated 
to a small volume ın a vacuum at a temperature below 
40°C. This solution was separated on thin-layer plates 
of ‘Kieselgel @ using a mrxture of carbon tetrachloride 
and dichloromethane (3:2), and the nitrosamime band 
(Rr 0-2-0-6) was identified by spraying with Preuss- 
mann’s reagent’. The nitrosamine-rich bands were 
scraped off and extracted with ether. After removal of 
silica by filtration the extract was dried and the ether was 
removed in a vacuum, leaving an almost colourless oil 
(20 mg), which gave a positive Lassaigne’s test for nitrogen. 
When. this oil was run on a thin layer of silica gel, as 
just described, a spot corresponding to dimethylnitros- 
amine appeared when Preussmann’s reagent was sprayed 
on the plates. When dimethylnrtrosamme was added to 
the oil and the mixture was applied to a plate the same 
spot was developed, with no sign of separation of any 
components. In these chromatograms other spots 
suggested the presence of further nitrosamines. The 
infrared spectrum of this oil (8 per cent solution in OCL) 
revealed several peaks (3,012 wsh, 2,959 s, 2,933 vs, 2,857 8, 
1,466 m, 1,456 msh, 1,287 m, 1,040 w, cm-t; s, strong; m, 
medium; w, weak; sh, shoulder) coincident with those of 
dımethylnıtrosamıne. 

The isolation of a nitrosamine-rich fraction from the 
plant extract was greatly ımproved by preparative dry 
column chromatography on alumina m nylon columnes, 
with methylene chloride as the developmg solvent. In 
this way 360 g of plant extract, prepared as described, 
yielded a nitrosamine-rich fraction as an oil (145 mg). 
Using & Beckman @O-4 gas chromatograph equipped with 
dual flame ionization detectors and a stream splitter 
(glass columns 1-19 m long with inner diameter 12-6 mm, 
packed with 15 per cent ‘Carbowax 1,000’ on ‘Gas Chrom 
P80/100’ mesh; a column temperature of 100° O; N, as 
carrier gas flowing at a rate of 115 ml./mim) the oil (4 per 
cent in CCl,) was found to have at least thirteen com- 
ponents with retention times varying from 4-1 to 30 min. 
A prominent peak at 4-9 mm increased in intensity when 
authentic dimethylnitrosamme was added to the oi 
solution. Dimethylnitrosamine (4 per cent in CCL) alone 
had a retention time of 4-9 mm. When columns were 
packed with polyethylene glycol succinate the result was 
the same—the dimethylnitrosamine peak was intensified 
when authentic material was addcd. 

Gas chromatography was repeated after the solution of 
the oul in carbon tetrachloride had been neutralized by 
washing with dilute sulphuric acid, dilute sodium 
hydroxide solution and water to remove free amines. 
After drying, the solution gave the same gas chromato- 
graphic results. 

The fraction with a retention time of 4-9 min (on 
‘Carbowax’) was collected in a “porous plug”? of 26 ul. of 
spectroscopic grade deuterochloroform m a tube im- 
mersed in liquid air. After successive injections 1 mg of 
this fraction had accumulated in the porous plug. After 
warming to room temperature, the deuterochloroform 
solution of the fraction was sealed m a micro-ampoule 
(100x 1-7 mm mner diameter), which was placed in 
a nuclear magnetic resonance tube, with a 1-7 em nylon 
plug! at the bottom. Deuterochloroform containing 2 per 
cent tetramethylsilane was added to the tube to above the 
mark of the solution in the micro-ampoule, to serve as 
an external standard. The nuclear magnetic resonance 
spectrum (taken in a Perkin-Elmer R12 mstrument) had 
several peaks, including two at 6-34 and 7-05 p.p.m. 
characteristic of the dimethylnitrosamine spectrum taken 
in the same conditions. 
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The deuterochloroform solution was then trans- 
ferred to a muocro-infrared cell and the spectrum was 
taken in a Beckman JR-8 instrument. The spectrum had 
fifteen peaks comeident with those of authentic dimethyl- 
nitrosamine taken in deuterochloroform. Among the 
coincident peaks were those associated with the N to O 
stretching frequencies at 1,447, 1,321 and 1,290 cm- and 
the N to N stretching frequencies at 1,053 cm-t. 

These results show that dimethylnitrosamine was 
present ın the sample of Solanum incanum examined. 
Dimethylnitrosamine has since been isolated from 
several other specimens of this plant. An extensive survey 
for the presence of nitrosamines in this and several other 
plants growing in the Transkei is in progress. 

We thank Dr H. Parolis for helpful discussions. This 
work was supported in part by a grant from the Deferred 
Pay Interest Fund. 
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Absorption of Microwaves by 
Microorganisms 


Reomntiy 8. J. W. and Dodds reported that 136 GHz 
mucrowaves interfere with the growth of Escherichia coli 
ceils. Here we report further investigations of the 
absorption of 65 to 75 GHz microwaves by cells of E. 
coli Ba as well as isolated protein, RNA and DNA, 
and its effect on some metabolic processes. Our equip- 
ment has been described*. Cells were grown for 24 h at 
37° O in nutrient broth (NB) and either (a) washed twice 
ın 0-85 per cent NaCl and deposited es a pellet by centri- 
fugation or (b) resuspended after washing to a cell con- 
centration of 1x10% cells/ml. m 0-5 per cent glucose+ 
0-5 per cent casamino-acids+ 50 pg/ml. thymine m 0-1 M 
phosphate buffer, pH 6-9 (GCT). To examine the effect 
of microwaves on cell growth, 0-5 ml. aliquots of cells 
suspended in GCT were placed in vials 1-5 cm m diameter. 
Some vials were put on top of microwave horns and others 
incubated at the same temperature (25°C) out of the 
radiation field. At various times the vials were removed 
and the number of cells/ml. determined by dilution and 
plating on nutrient agar. The effect of microwave 
absorption on metabolic processes was investigated by 
resuspending the washed cells to a concentration of 1 x 10° 
cells/ml. in 1-0 per cent glucose in 0-1 M phosphate buffer, 
pH 6-9. Aliquots of 0-2 ml. of this suspension were 
placed in the vials and after positioning on the moro- 
wave apparatus 0-3 ml. of a solution was added, 
which contained 0-8 uCi/ml. of one of the following: 
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Fig. 1. The 64 to 75 GHz miciowave absorption spectra of biological 
entities 


thymine-2-C, uracil-2-“C or algal 4C protein hydrolysate 
plus two of the followmg: unlabelled thymine, 50 ug/ml. ; 
uracil, 100 pg/ml.; or casammo-acids, 500 ug/ml. After 
various times the cells from each vial were deposited onto 
a Milhpore filter and washed with 100 ml. of 1 N HCl? 
the filter was dried and radioactavity counted. The 
microwave absorption spectra of the cells, H,O, protein, 
RNA and DNA were obtamed by makmg films of the 
material on a thin mica window. The films were dried at 
80 per. cent relative humidity and covered with a second 
thin piece of mica. The difference between the micro- 
wave absorption of a blank and the film gave the absorp- 
tion spectrum of the film of cells or biological material. 
Fig. 1 shows the absorption of microwaves by cells of 
E. colt Bp as well as by H,O, protein, RNA and DNA. 
The water film showed three absorption maxima, at 69, 
71-5 and 73-7 GHz whereas with the film of cells attenua- 
tion peaks occurred at 66, 68, 71 and 73 GHz. Absorption 
maxima for protein were observed at 67, 70, 71-5 and. 
73 GHz with 67 and 73 GHz mucrowaves most strongly 
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Fig. 2. The effect of various microwave frequencies on (a) the wth 
Tate of Escherichia coli Bz and (b) the uptake of “C labelled metabolites, 
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absorbed. Two frequencies, 66 and 69 GHz, were absorbed 
equally strongly by DNA and two, 68 and 71 GHz, by 
RNA; the former frequency was more strongly absorbed 
than the latter. Both RNA and DNA absorbed encies 
between 70 and 74 GHz although the strength with which 
they did so varied considerably. A comparison of the 
spectra of cells, protein, RNA and DNA showed that the 
absorption maxima of the cells at 66, 68 and 73 GHz 
corresponded to those of DNA, RNA and protem re- 
spectively. In addition, the strength of the attenuation 
by cells at these three frequencies was roughly equal to the 
relative proportions of the three types of macromolecules 
in the mtact cell. The absorption maxima at 67 and 
69 GHz, however, seen with films of protein and DNA 
respectively, did not occur in the spectrum of the cells. 
Apparently the molecular or group rotational energy 
levels responsible for absorption of these two frequencies 
by isolated material do not exist in the intact cell. This 
may be because of the formation of macromolecular 
complexes between protein and DNA ın the mtact cell. 
The same phenomenon seems to be true of the absorption 
at 71-5 GHz by protein and RNA. Both types of isolated 
macromolecules strongly absorbed this frequency yet 
the cells showed only a weak attenuation (Fig. 1). + 
Three frequencies, 66, 71 and 73 GHz, were found to 
slow the growth of cells whereas 68 GHz microwaves 
stimulated it. Two of the frequencies able to slow cell 
growth matched the absorption maxima of DNA at 66 
GHz and of protein at 73 GHz, while the third, 71 GHz, 
corresponded to one of the peaks in the absorption 
spectrum of RNA and a shoulder in that of DNA. The 
frequency which seemed to strmulate growth matched one 
of the absorption maxima of RNA at 68 GHz. All of the 
frequencies which had maximal effect on growth rate 
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corresponded with absorption peaks in the spectrum of 
the cells (Fig. 2). 

A frequency of 66 GHz retarded both thymine and 
amino-acid uptake by the cells, and because protem did 
not absorb this frequency it seems that the absorption 
of 66 GHz microwaves affects a mechanism of protein 
syntheses dependent on concomitant or previous DNA 
syntheses. A frequency of 71 GHz greatly reduced the 
uptake of all the labelled metabolites while 71-5 GHz 
microwaves weakly mhibited the mcorporation of thymine 
and amino-acids. These three frequencies also retard cell 
growth. Cell uptake of uracil “C was stimulated and the 
incorporation of amino-acids slightly enhanced by 68 GHz 
microwaves. This frequency stimulated cell proliferation 
although it had no effect on thymine uptake (Fig. 2). 

Bacterial cells clearly absorb microwaves of definite 
frequencies and the absorbed energy alters metabolic 
processes and cell growth. Temperature changes do not 
seem to play a part in these phenomena because, first, only 
a fraction of a degree rise was recorded during the 
experimental period, and second, the optimum growth 
temperature of E. coli is at 37° C; therefore, any increase 
above 25° © should have resulted in creased cell growth 
or metabolism, not decreases as we observed. Moreover, 
the cell counts showed that none of the frequencies killed 
the cells. While the infrared (IR) spectra of different 
microbes vary in small detail the differences seem to be 
too small for them to have practical value in cell 1dentifica- 
tion. The use of mm microwaves may enable spectral 
differences to be enlarged. For example, the IR spectra 
of DNA and RNA show only minor differences?-* yet their 
spectra between 64 and 75 GHz are clearly very different 
and both differ extensively from that of protein. Apart 
from a possible value in cell identification microwaves 
may prove useful in studies of in vivo macromolecular 
complexes and cell metabolism. 

We thank Mr J. 8. Webb for technical assistance and 
the Defence Research Board of Canada for donating some 
of the microwave components. 
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Growth Inhibitor in the Seed Coat 
of Charlock 


We have not found in the literature any report of the 
presence of inhibitors in the testas of annual weed seeds}. 
Charlock (Sinapis arvensis L.) 18 an annual weed that 
exhibits marked seed dormancy and in the experiments 
reported here we have investigated the possible presence of 
inhibitors in the seed coats of this species. 

Seed coats (0-3 g) were placed in water in aerobic condi- 
tions for 15 h at 0° O. The resultant diffusate was acidi- 
fied and extracted with ethyl acetate. This extract was 
then chromatographed in iso-propanol: ammonia - water 
(10: 1 : 1) on silica gel @. Each Rp zone and the origin 
were eluted in 5 ml. distilled water and the eluate bio- 
assayed on excised charlock embryos (Fig. la and b). 
Excised charlock embryos grow ın water because the 
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controllmg influence of the seed coat has been removed’. 
Finely ground seed coats were also extracted n a similar 
manner and chromatographed (Fig. 1c). 

The results show that mhibition 1s located chiefly in 
the region Rr 0-5-0:6 which mdicates the presence of an 
inhibitor in the seed coats of charlock. Eluate from this 
region completely inhibited the growth of the embryos. 
The inhibitor must be non-toxic because transfer of these 
embryos to water resulted in their growth. 


30 ä 


20 
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20 


10 





Mean extension of embryo (radicle and hypocotyl, mm) 





Origin 0 0-2 0-4 0-6 o8 10 


Fig. 1. Mean extension of excised charlock embrgos after 48 h of growth 
in 0 75 ml of aqueous eluate from the different regions of thin layer 
chromatograms of seed coat extract relative to growth ın the control. 
a and b are assays for the ongin and ten Rr regions. c 1s for mx regions 
as indicated. tted lines indicate the 1 per cent level of significance. 


The presence of a powerful growth mhibitor ın the seed 
coat of a dormant seed does not necessarily mean that it 
18 implicated ın the regulation of dormancy although 
there 18 some evidence which suggests that in this species 
dormancy 18 influenced by the inhibitor. It has not been 
possible to show consistently that the level of mhibitor 
in the seed coats 1s associated with variation in the degree 
of dormancy. Two genetical strains of charlock have been 
selected: a non-dormant stram, the seeds of which 
germinate with httle delay, and a dormant line which has 
seeds that exhibit marked dormancy. Seed coats of both 
strains were bioassayed for inhibitor by placing them on 
moist filter paper adjacent to excised charlock embryos 
from the dormant strain. The seed coats always retarded 
embryo growth, but significant differences between the 
levels of mhibitor in the two strains have not been detected 
consistently. 

The difference m germination behaviour between the 
strains may reside in the embryo and there is convincing 
evidence that these respond differently to low levels of 
mbuibitor (Table 1). The growth made by the embryos 
of both strains differed, the non-dormant embryos growing 
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Table 1. THE EFFECT OF LOW CONCENTRATIONS OF PURIFIED INHIBITOR 
ON THER LENGTH OF THE RADIOLE ND AO OF OHARLOOK EMBRYOS 
AFTER E 


Aleans of sixteen replicates. S.B.= +21 
Water control Inhibitor 


29 5 mm 36 6 mm 
26 5 mm 24 5 mm 


Non-dormant embryos 
Dormant embryos 


Extract from analysis of variance’ 
Strains V.R. =12 91 (P <0 01) 


Strains x inhibitor V.R. = 18 28 (P <0 01) 
Error d.f = 56. 


Table 2. PRRORNTAGH GERMINATION OF NON-DORMANT CHARLOOK SEHDS 


AFTER 80 H 


Diffusate from non-  Diffresate fiom 


Water control dormant seed coats dormant seed coats 
10 p.p m. GA 34 0+6-0 88 0+9 63 24-04.8°3 
Op.pm GA 220446 40426 100444 


more than the dormant embryos, particularly m the 
presence of the inhibitor. The interaction between 
inhibitor and embryo type was highly significant. 

The influence of the inhibitor 18 also affected by gibberel- 
he acid. The inhibitory effect of non-purified aqueous 
diffusates from seed coats on the germination of non- 
dormant charlock seeds was alleviated by gibberellin 
treatment at 10 p.p.m. (Table 2). Because the dormancy 
of charlock seeds is broken by gibberellin treatment, ıt 
1s interesting to note the influence of gibberellin on the in- 
hibitor. If the mbibitor were non-functional in the 
regulation of dormancy, both the interactions of the 
embryo types with mhıbitor and the influence of gibberellin 
on the mhibitor would not be expected. The evidence 
does suggest that the inhibitor m the seed coat of charlock 
may be functioning m the control of seed dormancy in 
this species but this has yet to be substantiated. Work 
18 ın progress to investigate the possibility that the vana- 
tion between the limes 1s related to the grbberellin meta- 
bolism of the embryos. 
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Laser-induced Acoustic Breakage of 
Tobacco Mosaic Virus 


Caroma, 1n a recent letter! commentmg on our article op 
the mechanical disruption of tobacco mosaic virus* by 
laser-induced transients, suggests that the effect we 
detected may have been caused by a number of complicat- 
ing factors related to pulse reflexions and/or cavitation 
of the suspending medium. Although the points made by 
Carome are certamly valid we would like to clarify the 
issue. We obtained TMV breakage ın all of tho cases 
mentioned by Carome; namely, pulses reflected back 
through the hquid sample at a water-to-air interface; or 
totally transmitted without reflexion; or transmitted into 
a finite thickness water layer and then reflected at a water- 
air interface. The fact that breakage was obtaméd with 
totally transmitted pulses, which corresponds to trans- 
mission of a positive pressure transient through the virus 
suspension, 18 particularly umportant. As mentioned in 
our previous communication’, the effect was enhanced 
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when the reflexions occurred at the lhquid—air interface 
of the virus suspension. B was not, how- 
ever, significantly imcreased by reflexions (includmg 
negative transients) generated at other mterfaces in the 
system. The details of the hydrodynamical analysis of 
the stress engendered m the TMV by the laser-induced 
acoustic transient have been presented in greater detail 
elsewhere’. 

Although ıt 1s certainly possible that the TMV breakage 
encountered in our studies was, in fact, caused by some 
unknown effect, we have considered the various possi- 
bilities and have been unable to attribute the effect to 
anything other than the hydrodynamical stress produced 
by the extreme velocity gradients of the acoustic pulses. 


Poor E. HAMRICK 
STEPHEN F. CLEARY 
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Fort Ternan Hominid 


Smoxs’s paper! on the Late Miocene Hommid from Fort 
Ternan, Kenya, states, inter alia, at the end of the second 
paragraph, “It is the intention of this paper to indicate 
the contmuing vahdity of this synonymy”, that 1s, that 
the genus Kenyapithecus Leakey is no more than a 
synonym of Ramapitheous Lewis. 

In his attempt to do this, Simons draws upon the 
evidence, so far published, concerning a few of the fossil 
mammals found in association with Kenyapithecus wickeri 
at Fort Ternan, which, he claims, supports his view. 
He makes a number of statements which are so far 
removed from the facte that it is essential that these 
should be corrected for the record. For the rest I am 
content that he and I should contmue to disagree on the 
interpretation to be placed upon the available facts; 
but the facts must not be misstated. 

The most surprising claim made by Simons 1s that 
“most of the Fort Ternan mammals represent mcursive 
groups from Eurasia”. I do not know how he arrives at 
this conclusion, because most of the Fort Ternan mammals 
have not, as yet, been studied and described. Even 1f he 
had written that ‘most of the mammals so far reported on 
from Fort Ternan represent incursive groups from Eurasia” 
1t would not be true. The position is that, so far, only 
the following mammals from this site have been published 
ûn preliminary notes). Primates: (1) Kenyaptthecus 
wiekert; (2) Proconsul of. nyanzae; (3) Dryopithecus 
(sensu stricto) sp. indet; (4) c.f. 7 s.p. indet; 
(5) a hylobatıd which 1s either Limnoptthecus or Plio- 
pithecus. Rodentia: (6) Leakeymus; (7) Cricetodonts ; 
(8) Phyomids. Bovidae: (9-12) four genera mentioned in 
& prelimi report, not yet named. Rhmocerotidae: 
(13) Paradiceros. 

Four of the five primate genera also occur in the Lower 
Miocene deposits of East Africa, and their origin probably 
lies still further back ın Simons’s Oligocene material from 
the Fayoum of Egypt. None of these four therefore can 
be regarded as evidence of “‘incursive groups from Eurasia”’, 
but rather as of essentially African origin. 

The fifth genus, Oreopithecus, has not yet been estab- 
lished from our Lower Miocene deposits, but can also 
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possibly be derved from certain African Oligocene 
primates, and is also most probably of African omgin. 

Of the rodents, the Phyomids are usually regarded as 
of African origin, and Simons does not dispute this. 
He does, however, state, categorically, that the genus 
Leakeymus, as well as the Cricetodonts, 1s of Holarctic 
origin. Until the study of the 10,000 or more fossil 
rodents’ jaws and skulls from the Lower Miocene of 
East Africa has been completed and published, this seems 
to be a somewhat unwise statement. But even if Leakey- 
mus and the Cricetodonte prove to be of Eurasiatic origin, 
this only makes the score, so far, two out of eight. 

Turning to the Bovidae, Gentry has indicated that the 
fossils upon which he has issued his prelimmary notes have 
“a relationship at the generic level to the Eurasiatic 
fauna”. This does not necessarily mean, however, that 
they were “incursive from Eurasia’. The movement 
could just as well have been m the opposite direction! 
Even ıf we accept the view which Simons prefers (not as 
a fact, but only as a tentative theory), the score 1s still 
only sıx out of twelve. Finally, the rhinoceros, Paradtceros. 
What Hooijer said was that it was possible that there 
might be a rhinoceros of this genus in the Bugti beds of 
Baluchistan. Even if this should prove to be the case ıt 
would not prove that Paradiceros came from Asia; the 
movement could have been m the other direction. 

For the rest, ıt should be noted that the still unpublished 
mammals from Fort Ternan include at least two species 
of monkey, two probiscideans, three giraffids, several 
additional bovids, several more rodents, at least one 
hyracoid, several suids, a probable anthracothere and 
numerous carnivora. So Simons’s claim that ‘‘most of the 
mammal fauna of Fort Ternan is of Eurasiatic origin” 
1s certainly not well founded at present. 

Simons does refer briefly to the Fort Ternan mastodont. 
As it has a very clear affinity with the Kenya Lower 
Miocene species, it cannot, I feel, be regarded as “incur- 
sive’. Simons further claims that “‘giraffids or other 
artiodactyls suitable for giraffid ancestry do not occur in 
the Early or Middle Miocene faunas of Uganda and Kenya. 
This is their earliest appearance m Africa.” He thus 
shows his ignorance of the literature. There are primitive 
giraffids in the Lower Miocene of Kenya (Whitworth), 
as well as in the Middle Miocene of Libya (Arambourg and 
Savage). The suggestion therefore that the presence of 
givaffids at Fort Ternan “‘suggests a Eurasian incursion” 
1s unfounded, even though it be admitted that giraffids 
did penetrate in numbers to Asia. 

The question of the relative geological age of the deposits 
at Fort Ternan on the one hand and those of Chinji, 
in the Siwaliks, on the other is still uncertam, more 
particularly because most of the collections of fossils which 
are said to have come “from the Chinji beds” were the 
result of the “common practice of purchase of such fossils 
from local collectors”, as Simons himself stresses. Only 
when properly conducted scientific excavations, like 
those of Fort Ternan, have produced a well documented 
tn situ fossil fauna from the Chinji beds, will it be possible 
to make proper comparisons. 

use our excavations at Fort Ternan are far from 
complete and the study of all the fossils (both those 
already available and those still to be found) will take a 
long time, I suggest that it ıs mexpedient to try to 
draw too many conclusions at this stage. Let us rather 
get more facta, both from East African and from the 
European and Asiatic sites. 


L. S. B. LEAKEY 
Centre for Prehistory and Palaeontology, 
Nairobi, 
Kenya. 
Recelved April 18, 1960. 
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Book Reviews 


INTREPID EXPLORER 


Henry Walter Bates 
Naturalist of the Amazons. By George Woodcock. 
Pp. 269+8 plates. (Faber: London, April 1969.) 35s. 


Henegy Warre Bates was one of the great explorer 
naturalists of Victorian England whose evidence—Bates’s 
—especially on mimicry mn mnsects—opened up the whole 
science of biology. From having been a static taxonomy 
emphasizing “‘rarities’’, biology was proved to be the study 
of dynamic, continuing and coherent process. In The 
Descent of Man, Darwin freely used the mass of data that 
Bates collected in South America as supporting evidence 
for his general theory, and considered Bates’s book The 
Naturalist on the River Amazons as second only to Hum- 
boldt’s. His account of eleven years among rivers and 
rain foreste had all the attraction of a travel book which 
is not only about adventures and perils, but has scientific 
purpose. 

Bates and his now less neglected companion Alfred 
Russel Wallace had been, lke Darwin, fired by reading 
Lyell on geology, Malthus on population, and a third and 
more dubious work, that strange anonymous production, 
Vestiges of Creation; also by what he and Wallace had 
gathered by collecting m England and from lectures at 
Mechanics Institutes. The two young men set out for 
Brazil with less than two hundred pounds between them 
and, unlike Darwin or Huxley who voyaged officially on 
HMSs Beagle or Scorpion, without official backing. 
They had a little unofficial encouragement from the 
remarkable brothers, Stevens, who were “natural history 
auctioneers’. The Stevenses assured Bates and Wallace 
that they might hope to get, at auction, threepence each 
for all ‘nicely preserved and set rarities” either botanical 
or zoological, the bidding coming from museums or private 
collectors. How the stay-at-home Stevenses, year after 
year, managed the two explorers’ shaky financial affairs 
and befriended them, 1s ın itself a fascmating story. 

The explorers’ own hope was that, as they collected, 
light might be thrown on what Wallace especially felt to 
be the grand question; the question of the sources of the 
intricate and overwhelming variety of living forms. For, 
as exploration was extended, observant and curious minds 
were becoming increasingly and even uneasily aware of 
the need for a better hypothesis than ‘‘special creation’’. 

It was certamly high time that the agreeable and 
intrepid Bates should have a biographer. Mr Woodcock, 
himself a traveller, using a good deal of hitherto unpub- 
lished material, gives his readers a memorable account of 
Bates’s year on the great river and its huge tributaries— 
“the Amazons” as Bates always called them. He tells of 
Bates’s meticulous observations of insects, of his collection 
of eight thousand species “then new to science’ and of 
how, with a caution almost equal to Darwin’s early 
heaitations, Bates did not venture to call the insect 
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mimicry that he observed and recorded “evidence of 
adaptation”. He also shows Bates as a remarkable social 
mixer, able, hke his butterflies, to adapt. He could get 
on with Portuguese planters, white explorers, and with 
the wildest and shyest Indian tribes from the forests. 
Woodcock disentangles the intricacies of the great river 
systems, and also of dates, times and motives, sometimes 
made deliberately obscure by Victorian reticence. (In 
the course of this disentangling he takes me to task.) 
The mtellectually more impulsive Wallace and the more 
cautious Bates parted company and took up with other 
companions, and neither of them in their respective 
narratives chooses to be explicit as to the when or why. 
This is one of those books whieh the reader may well 
wish had been a Little longer. While the travels and 
hardships are given plenty of space, the whole story of 
Bates’s return to England, his friendship with Darwin, his 
reaction to such men as Lyell, Huxley and Hooker, and 
to the famous upheavals that followed the publication of 
The Origin of Species are only outlmed. Nor 1s much 
made of his renewed friendship with Wallace or of what 
must have been Bates’s remarkable contacts when, for 
twenty-seven years, he was one of the secretaries of the 
Royal Geographical Society. Woodcock tantalizingly 
tells his readers hardly more than that Bates “played a 
leading part ın organizing a number of notable expedi- 
tions” imcluding those of Burton, Speke and Prince 
Kropotkin or the one sent out to discover what ‘had 
become of Livingstone—that very different explorer. 
Wallace had also applied for the job of undersecretary 
and, in writing a life of Wallace, I caught a glimpse of 
many curious and controversial sides to exploration at a 
tıme when, as Woodcock all too briefly says “The society 
was a knd of unofficial extension of the Foreign and 
Colonial Offices, preparing often the way of Empire”. 
We catch no sight either of that notable and curious 
character, Bates’s chief, Sir Rodemck Murcheson, the 
Highland Laird, after whom that awkward geographical 
feature the Murcheson Cataracts on the Shire River were 
not inappropriately named. We are given entertammg 
gossip about Portuguese planters, but not enough about 
their equally singular and more important British con- 
temporaries. Yet to wish a book longer is to praise it. 
AMABEL WILLIAMS-ELLIS 


SOCIOLOGIST AND BOTANIST 


Leonhard Rauwolf 

Sixteenth-century Physician, Botanist, and Traveller. 
By Karl H. Dannenfeldt. Pp. vm+321. (Harvard 
University Press: Cambridge, Mass.; Oxford University 
Press: London, April 1969.) 76s. 


Waar 1s the justification for writing a 300 page book on 
a botanist who does not even figure in Sachs’s History of 
Botany’? Professor Dannenfeldt’s reasons have more to 
do with social history than with botany. As an expert 
on the renaissance, Dannenfeldt has used Rauwolt’s 
intimate account of his travels in the Near East from 
1573-75 supported by the writings of other travellers to 
describe the trade, customs and beliefs of the peoples of ° 
those lands. The custom of drinking coffee, of taking a 
Turkish bath, the dangers of body snatching, the belief 
ın unicorns and griffins and a host of other facets of social 
history are reported. The book contains a competent 
compilation of data from a wide range of published 
material. 

Rauwolf’s claim to a place in the history of botany 
rests on the fruts of his journeys. Sir Hans Sloane was 
sufficiently impressed by the Bavarian phYsician’s 
Aigentliche beschreibung der Ratsz .. . (1582) to arrange 
for an English translation to be made under the editorship 
of John Ray. This work reached a wider audience when 
published ın Ray’s Travels in 1738. Rauwolf brought 
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back from the Orient 364 species of plants. These are all 
listed by Dannenfeldt m an appendix, the 34 species 
considered by Kurt Sprengel as new to science being 
indicated. During the 30 years war, Rauwolf’s herbarium 
was taken out of Germany, and after being kept in Sweden 
and England was bought by the University of Leiden. 
There J. F. Gronovius used it to prepare his Flora orien- 
talis (1755). When Vossius brought Rauwolf’s herbarium 
to England in 1670, Robert Morson used ıt in his Plan- 
tarum historiae universalis oxoniensts. 

Rauwolf did great service to botany and we are indebted 
to Dannenfeldt for synthesizing a vast amount of material 
relating to Rauwolf’s travels. Chapters one and fourteen 
in particular will be appreciated by students of sixteenth 
century botany. ROBERT OLBY 


TROPICAL FAUNA 


The Zoology of Tropical Africa 

By J. L. Cloudsley-Thompson. (The World Naturalist.) 
Pp. xv+355+32 plates. (Weidenfeld and Nicolson: 
London, March 1969.) 84s. 


To attempt to write a zoology of tropical Africa is a formid- 
able task, and in this work Professor Cloudsley-Thompson 
has wisely limited himself to two aspects of the field. 
The one is an account of the fauna of the major ecological 
zones; the forest, the savanna and the desert as well as 
the freshwaters and the sea shores. The other is the 
physiology of adaptation to life in hot and either humid 
or arid environments. Inevitably, much that 1s of great 
interest, especially in the field of social behaviour, has 
had to be omitted. Nevertheless, the book brings together 
a vast deal of the lamentably scattered information about 
the fauna. For this reason all students of African zoology 
will find the work most valuable. 

In approaching the faunistics an essentially taxonomic 
approach has been adopted, and what could easily become 
little other than a catalogue of names is enlivened by 
short accounts of what is known about the habits of the 
different animals. Such a treatment, while allowmg 
stress to be laid on particular and interesting adaptations, 
fails to produce a coherent picture of the economy of the 
different zones. For this our ignorance rather than the 
author us largely to blame, as our knowledge of the 
ecology of Afmca has hardly progressed beyond the stage 
of simple faunistico description. Apart from some limited 
data on the savanna, there are almost no quantitative 
studies. It ıs not possible yet to describe how the limited 
but exciting desert fauna makes ends meet in so barren 
an environment, nor even how the biomass of insects of 
the rain forest is distributed between the canopy and the 
floor. 

The second half of the book achieves a greater unity, as 
the themes are clearer and our knowledge of the physiology 
of the animals in the more arid regions is extensive. 
Much of this is due to a new interest in the adaptations 
of desert mammals, much to the activity of Cloudsley- 
Thompson’s own department at Khartoum. By contrast, 
our almost total ignorance about the forest fauna stands 
out starkly. 

Such a work prompts one to consider the future—the 
future both of zoological research in Africa and of the 
fauna itself. One cannot but be surprised by the fact 
that we know far more of the physiology of the fauna 
than of its ecology. This is the result of the fact that 
while much research in environmental physiology can be 
undertaken by relatively few people with relatively simple 
equipment, the major problems of African ecology belong 
to the world of big science, requiring large teams of people 
working intensively over long periods. These problems 
cannot be solved by short expeditions, nor can the govern- 
ments of the African countries, faced with the more 
pressing challenges of development, afford to divert 
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the necessary money or manpower to such an end. 
Yet the need is urgent. In a final and effective chapter, 
the author discusses the impact not only of the fauna on 
man but of man on the fauna. It is not pleasant reading 
and there seems little to suggest that the ecological 
mistakes of the past are not bemg repeated today. In a 
continent where there ıs a desperate need to improve 
health, nutrition and the general standard of living, the 
temptation to look for quick answers with little thought 
for the morrow is comprehensible. Much of the aid 
given to African countries has ecological consequences. 
The tragedy is that the donors are equally anxious to see 
quick returns and have not yet accepted, as part of their 
responsibility, the necessity for a much greater investment 
in fundamental ecological research as an, essential basis 
for any sound policy of exploitation and conservation. 
It is as much ın foremg us to think where we are going, 
as in showing us what has been achieved, that the value 
of this book lies. D. W. Ewm 


BIRDS OF INDIA 


Handbook of the Birds of India and Pakistan 

Together with those of Nepal, Sikkım, Bhutan and Ceylon. 
By Salm Ali and S. Dillon Ripley. Vol. 1: Divers to 
Hawks. Pp. Iviii+380+18 plates. (Oxford University 
Press: Bombay, London and New York, 1968.) 95s. 


Tx wonderfully rich avifauna of the Indian subregion 
has been comprehensively surveyed on three former 
occasions—by Jerdon (1862-64), by Oates and Blandford 
(1889-98), and by Stuart Baker (1922-31). The new 
information accruing in recent years fully justifies another 
major work, and here 1s the first of ita projected ten vol- 
umes. It is sponsored by the renowned Bombay Natural 
History Society; and it covers the whole of the sub- 
continent, including the Himalayan states and Ceylon. 
The authors are Dr Salim Ali, doyen of Indian ornith- 
ologists, and Dr Dillon Ripley, secretary of the Smithsonian 
Institution in Washington. Rupley’s Synopsts of the Birds 
of India and Pakistan (1961) provides the taxonomic back- 
bone. The illustrations by various artists are repeated 
from earher publications, with the sole disadvantage 
that in some instances (as duly stated) slightly different 
extralumital forms are portrayed. 

The introductory chapters include a discussion of the 
zoogeography of the subregion, an account of migration 
as affecting the area, and a thoughtful essay on systema- 
tics. Of the 176 species that are peculiar to the Indian 
subregion, more than 60 per cent show affinities with the 
birds of SE Asia, while the rest are about equally divided 
between those related to the Palaearctic and the Ethiopian 
avifaunas respectively. Of the more than 2,100 species 
and sub-species that make up the full total, about 350 are 
extralimital seasonal migrants, not counting those with 
breeding ranges that encroach a little on the area. Two 
main streams of migration enter from either end of the 
Himalayan mountain chain, although some birds cross 
this, and they converge—weakening as they go—on the 
tip of the peninsula, with a trickle continuing over to 
Ceylon. Large-scale ringing in India, added to the re- 
coveries of northern ringed birds, is beginning to give 
precision to the information. 

The bulk of the book consists of the detailed treatment 
of species and sub-species under the heads, where relevant, 
of local names, size, field characters, status (with distribu- 
tion and habitat), general habits, food, voice, breeding 
and museum diagnosis (including measurements and the 
colours of the bare parts). The present volume deals in 
this way with the first seven orders in the systematic list. 
When the work is complete, obviously several years hence, 
the avifauna of the subregion will indeed be well docu- 
mented. LANDSBOROUGH THOMSON 
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ROTORS FOR CELL STUDIES 


Subcellular Components 

Preparation and Fractionation. By G. D. Birnie and 
Sylvie M. Fox. Pp. viii+173. (Butterworths: London, 
March 1969.) 60s. 


Tam zonal rotor designed by Dr Anderson is a major 
development ın the technology of centrifugation. These 
rotors are now commercially available, and this fact 
stimulated Dr Birnie and Miss Fox to organize a meeting 
to discuss some of the problems involved in the use of 
such rotors for the separation of subcellular components. 
The meeting was held in November 1967 and this volume 
contains the papers given at the meeting together with 
some of the discussion that ensued. 

The main virtue of the zonal rotor is its large capacity 
which makes possible the preparation of much greater 
quantities of material than can be achieved in swinging 
bucket rotors. The use of the zonal rotor for isolating 
mbosomes and ribosomal subunits is described by Burnie, 
Fox and Harvey in the last chapter. Perhaps an even 
greater problem than the separation of subcellular 
components, however, is their release from the cell without 
damage and a good deal of the rest of the book 1s con- 
cerned with such matters. 

Avis describes the pressure homogenization technique 
for the disruption of cells. In practice, this mvolves 
subjecting the cells to a very high pressure of nitrogen 
and then rapidly releasing the pressure. From the 
discussion that followed rt 1s clear that we do not quite 
know how this procedure leads to the release of the 
organelles m an intact form, but rt certainly appears to 
be a promising method. Roodyn surveys seventeen 
methods for the isolation of nuclei. He concludes that 
there ıs no ideal method for the isolation of uncontamin- 
ated nuclei suitable for metabolic and chemical studies. 
He pleads for the application of adequate criteria for the 
assessment of the purity and structural and metabolic 
integrity of the isolated nucle. Chappell and Hansford 
describe the preparation of mitochondria from rat liver, 
heart and brain and from blow-flight muscle and yeast. 
They also discuss methods for the assessment of prepara- 
tions. Porteous contributes an original chapter on the 
isolation of microvilli from the epithelial cells of the 
intestine. The chapter by Tata on the preparation and 
properties of microsomal and submucrosomal fractions 
from anımal cells ıs particularly valuable. This 1s a most 
difficult and complex area, for the problem is not to isolate 
a particle such as a mitochondrion but to sub-fractionate 
pieces of a continuous mesh of membranes. Whule the 
chapter heading mentions animal cells, I think the reader 
should be warned that the material is virtually confined 
to liver and that the results cannot be appled directly 
to other tissues. 

A rather different contmbution is that by Flamm, 
Birnstiel and Walker on the preparation and fractionation, 
and isolation of single strands, of DNA by isopycnic 
ultracentrifugation in fixed-angle rotors. The suthors 
provide much valuable information on techniques which 
have no doubt been learnt the hard way, but they also 
explain the results on theoretical grounds wherever 
possible. Their advocacy of the fixed-angle rotor 1s very 
convincing and will come as a surprise to many. 

A newcomer to this field is faced with a rather bewilder- 
ing number of choices for the isolation of a component in 
which he is interested. This volume will be valuable in 
that the various contributors have considered these 
choices critically. Many of those who have previously 
worked in the field may have made their choice of method 
on largely empirical grounds and for these the authors 
provide new insight concerning the rationale behind the 
methods. The organizers and Measuring and Scientific 
Equipment Limited, who financed the sympomum, are to 
be congratulated on making this useful volume available. 

P. N. CAMPBELL 
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BORDERLINE TYPE 


The Biology of Euglena ; 

Edited by is E. Buetow. Vol. 1: General Biology 
and Ultrastructure. Pp. xi+361. (Academic Press: 
New York and London, December 1968.) 1778 4d. 


Euglena, besides being a favourite “type” for elementary 
courses m biology, is an excellent subject for many kinds 
of experimental work and has been widely used in studies 
on nutrition, biochemistry and cytoplasmic inheritance. 
A graph given in this book shows an exponential increase, 
accurately maintained since 1953 with a doublmg-time of 
a little over three years, in the number of papers published 
on the genus. Obviously it is useful to brig this copious 
information together ın a comprehensive account and the 
authoritative articles contained in this volume, together 
with the biochemical contributions in the second volume, 
will be valued by teachers and research workers in many 
fields. 

The taxonomy, phylogeny and evolution of the genus 
Euglena, topics that are also covered in a recent book by 
G. F. Leedale (reviewed in Nature, 217, 201; 1968), are 
discussed by L. P. Jobnson, and its general ecology by 
J. B. Lackey. The surprising conclusion of a chapter: on 
locomotive and motile response, by T. L. Jahn and E. C. 
Bovee, is that little is known of these in Huglena species 
themselves so that much of what 1s given 1s reasoning: by 
analogy and some is purely speculatave. Morphology and 
ultrastructure are well described and illustrated by D. E. 
Buetow and nuclear cytology and behaviour by G. F. 
Leedale. J. R. Cook’s contribution on cultavation and 
growth will be particularly useful to those beginning 
experimental studies with Euglena. It is a pity that it 1s 
implied that the turbidostat continuous culture apparatus 
developed by Myers operates on the same principle as the 
chemostat. In the final chapter, B. W. Wilson and B. H. 
Levedahl make comparisons between the synthetic and 
division rates of Huglena and those of metazoan cells. 
Because Huglena is so often described as being on the 
border line between plant and animal, a comparison. with 
plant cells as well would have been mformative—plenty 
of suitable data for Chlorella are available. It is to be 

tted also that a more satisfactory solution was not 
found to the difficult problem of comparing the metabolic 
patterns of different species. The allometric method, 
introduced long ago by Huxley for study of problems of 
relative growth, has been used with some success for this 
purpose and deserves to be more widely known. 

It ıs clear that huge gaps still exist in our knowledge 
and that we are a long way from an integrated picture of 
even so well known an organism as Euglena. This 1s 
particularly evident in the account of the ecology, which, 
through no fault of the author, is largely qualitative 
and anecdotal m character. It is symptomatic that this 
chapter appears so early in the book. Ideally, precise 
explanation of the occurrence and behaviour of an organ- 
1gm in its natural environment should be one of the princi- 
pal goals of laboratory studies and the chapter ioh 
ecology the culmination of, not the preamble to, those 'on 
physiology and biochemistry. It will be a step in this 
direction if investigators using Huglena heed the plea of 
Wilson and Levedahl that cell plus medium, rather than 
the cell iteelf, should be regarded the real unit of physio- 
logical activity of the growing culture. G. E. Foee 


CHEMICAL ANALYSIS 


A Brief Introduction to Quantitative Chemical Analysis 
By Robert B. Fischer and Dennis G. Peters. Pp. xii+ 
537. (W. B. Saunders: Philadelphia and London, 1969.) 
788 6d. 


ONLY infrequently does the appearance of yet another 
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introductory textbook of quantitative chemical analysis 
arouse some interest. This American text 1s one such 
volume, even if ıt ıs a shortened version of the authors’ 
more comprehensive text on the same subject which 
appeared in 1968. This fuller text 1s known to me to 
contain much useful material suitable for university and 
advanced collcge students ın this country, and it 18 to be 
expected that the present shortened text should prove no 
less useful at a somewhat lower level of educational 
requirement. The need for the adequate traming of young 
solentists of many different disciplines in the methods of 
quantitative chemical analysis is becoming more and more 
important. A sound appreciation of the fundamentals of 
analytical chemistry is essential ın most areas of chemical, 
biochemical and biological research. 

Although school teaching can initiate the interested 
student to an existence of analytical chemistry as an 
important branch of chemical technology, it 1s really only 
at college or university that he can begin to see how the 
subject can be presented as a separate discipline within 
the wider sphere of chemical education. But this requires 
good teachers and good books, and this book is obviously 
one which has been written by experienced teachers with 
a keen sense of the importance and significance of a sound, 
integrated course in quantitative chemistry to most 
che curricula. 

Although the text is organized along fairly conventional 
lines (and in an mtroductory text this is rather hard to 
avoid) there are, nevertheless, several noteworthy features 
which make ıt a worthwhile and an out of the ordinary 
book. It covers an unusually wide field; discussions of 
methods of analysis include optical and electrochemical 
methods and the main techniques of chemical separation 
along with the more commonly encountered gravimetric 
and titrimetric methods. Indeed, no attempt is made to 
classify these methods into classical chemical and instru- 
mental methods, but rather to present them as part of a 
much broader and flexible structure with which analytical 
chemistry is now identified. 

It 18 difficult to single out particularly well-presented 
sections, but those on gravimetry, compleximetry and 
oxidation-reduction methods show unusual depth of 
treatment. Perhaps more could have been made of the 
concept of formal potential in the redox section, particu- 
larly as the concept of formality is so well explamed in 
earlier pages of the book and indeed is used extensively 
to express concentrations. Details of twenty-seven 
experiments covering most of the range of the theoretical 
discourses in the book are given, and although these are 
not exhaustive, indications of others are given in the useful 
collections of problems set at the end of each chapter. This 
is an unusually good book which would handsomely 
repay study by most teachers involved in introductory 
courses of analytical chemistry. Its adoption as a general 
textbook in such courses could certainly prove beneficial 
to students and indeed would go far to propagate a more 
balanced view of the purpose of quantitative chemical 
analysis among our young scientists and technologists. 

Worum J. STEPHEN 


CHEMISTRY OF GERMANIUM 


The Chemistry of Germanium 

By F. Glockling. Pp. vii+234. (Academic Press: 
London and New York, February 1969.) 75s; $11. 
Tun chemistry of germanium was relatively little studied 
until recently. As Professor Glockling suggests, this was 
partly because of the comparatively high cost of german- 
ium, ahd partly because of the fact that its chemistry 
generally falls so clearly between that of silicon and tin 
that httle of real novelty usually emerges from detailed 
experimental studies. Principally because of the semi- 
conductor uses of germanium, the metal and ita com- 
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pounds have become less costly ın recent years, and this, 
coupled with the fact that some groups of workers are, 
in return for the occasional surprise, content to reproduce 
with germanium results well established for silicon, has 
led to an upsurge of work on germanium compounds. 
Thus Annual Surveys of Organometallic Chemistry for 
1967 lists 147 references to work on organogermanium 
compounds compared with 865 and 324 to work on organo- 
silicon and organotin compounds respectively. 

The publishers say that the book 1s “the first mono- 
graph to cover all aspects of the chemistry of germanium, 
and includes all the significant advances reported ın the 
literature in recent years”. It 1s a long way from meeting 
that description, which would probably be disowned by 
the author; his preface indicates that the monograph 1s 
designed partly for the general chemical reader but 1s also 
meant to include sufficient detail to provide a useful source 
of reference for specialist research workers. The appar- 
ently wide coverage of the book 1s illusory, for while 
accounts of the properties of the metal, its alloys, and ita 
inorgamec chemistry are meluded, they occupy only 30 
pages compared with the 140 pages (excluding references) 
devoted to organogermanium compounds. Again, even 
within the section on organogermanium compounds the 
treatment 1s highly selective; thus of the 140 pages, 52 
are, rather disproportionately, concerned with compounds 
in which the germanium 1s bonded to a metal. (It should 
be said, however, that this section, dealing as 1t does with 
a field to which the author has made important experi- 
mental contributions, is one of the best parts of the book. 
Another good section, again on a topic to which the author 
has made major contributions, deals with the mass spec- 
tra of organogermanium compounds.) 

Unfortunately, the book cannot be recommended with- 
out reservations either to the general reader or to the 
specialist. For the general reader, there is insufficient 
classification and rationalization of the facts presented; 
for example, on page 82, the sentence “‘Trifluoroacetic 
acid will cleave one phenyl group from tetraphenylger- 
mane” appears as part of a paragraph on cleavage of 
allylgermanium bonds by mercuric chloride, and thus 
seems to describe an isolated and possibly mysterious 
reaction, whereas the reaction is, in fact, a simple example 
of acidolysis of aryl_germanium bonds which is discussed 
some paragraphs earlier. For the specialist reader, the 
treatment of some important topics is inadequate; for 
example, only two pages are devoted to optical resolution 
of germanium compounds and the stereochemistry of 
substitution at germanium, and while Brook and Peddle’s 
important resolution of the methyl-1-naphthylphenyl- 
germanium compounds in 1963 ıs desorbed, the slightly 
earlier resolution of ethyl-1-naphthylphenylgermanium 
compounds is not mentioned, and nerther is the reported 
resolution of ethylisopropylphenylgermanium compounds 
in 1931. The specialist will also find that discussion of 
reaction mechanisms is cursory and occasionally inaccur- 
ate. 

This book will be useful in spite of defects. Parts of it 
are good, but, more important, it is the only extensive 
account of organogermanium compounds in the English 
language, and as such will serve to provide useful leads 
into the original literature through its 800 or so references. 
It is well produced, and in terms of costs per page repre- 
sents good value these days for a specialist monograph. 

C. EABORN 


ASPECTS OF ELECTROCHEMISTRY 


The Electrochemistry of Oxygen 

By James P. Hoare. Pp. xiv+423. (Interscience 
(Wiley): New York and London, December 1968.) 182s. 
Muon of this book fulfils well the author’s declared aim 
to provide a source of mformation and stimulation to 
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those interested ın some aspect of the electrochemistry 
of oxygen. The vast amount of materal relevant to 
chapters two to five, concerned with the oxygen electrode 
at reat, the anodic evolution and cathodic reduction of 
oxygen on noble metals and the reversible oxygen elec- 
trode, 1s well ordered and clearly and critically presented. 
Conflicting views on reaction mechanisms, the role of 
hydrogen peroxide and the nature and significance of 
oxdes on platmum are given m a balanced manner. 
There are some omissions; there is, for example, no 
discussion of the mformation concerning the oxides on 
platinum available from studies of other reactions such 
as the Kolbé synthesis. These four chapters form the 
heart of the book and the next, closely related to them, 
is a useful discussion on the electroanalytical chemistry 
of oxygen. Sections describmg the oxygen electrode on 
mercury and the reduction of oxygen ın non-aqueous 
systems also appear in this chapter. 

The initial coherence and clear purpose are somewhat 
diminished ın the remaining three chapters and lead one 
to question the concept of bringing together in a single 
volume diverse topics linked only by the common involve- 
ment of oxygen in an electrochemical situation. The 
oxygen electrode on active metals, porous oxygen elec- 
trodes and the role of oxygen m corrosion mechanisms 
are discussed as particular examples of the applications 
of oxygen electrodes. The long chapter on active metals 
18 mainly concerned with the properties of oxide electrodes 
used in batteries and is restricted to salver, lead and nickel. 
Valve metals and semiconductors are specifically excluded 
from the scope of the book. Inevitably, restrictang the 
discussion of this broad topic to @ single chapter leaves 
no room for the consideration of many important aspects. 
The section on porous oxygen electrodes 1s a condensed 
summary of a cross-section of the field ranging from basic 
kinetic mechanisms to engineering aspects and is a useful 
source of references. A chapter on the role of oxygen in 
corrosion mechanisms brings the book rather uneasily 
to an end. Although within the space of thirty pages a 
summary 1s given of e surprisingly large number of aspects 
of corrosion, the result highlights the difficulty of treatmg 
such a subject in a short space at the standard set by the 
first half of the book. 

The book is always very readable in spite of covering 
a tremendous amount of material. It will be widely 
appreciated by almost all varieties of electrochemist, 
but mainly for the contents of the first half. 

A. Brwick 


OPERATORS FOR PHYSICISTS 


Induced Representations of Groups and Quantum 
Mechanics 

By George W. Mackey. (Publicazoni della Classe di 

Scienze.) Pp. vin+167. (Benjamin: New York and 

Amsterdam; Editora Boringhieri: Torino, 1968.) $8.50. 


Som the early days of the quantum theory there has 
been much discussion concerning the concept of the 
localizability of a particle and thus of the operator 
corresponding to the position of a particle. From the 
point of view of the quantum theory of measurement and 
of relativistic field theory these questions are still open, but 
for non-relativistic quantum mechanics and relativistic 
single-particle quantum mechanics there are now rigorous 
mathematical proofs available for statements such as: 
“The photon 18 not localizable and neither is a neutrino 
of specific helicity.” 

In quantum mechanics, the operators describing the 
property for a particle that it may be localized in a 
region S of physical space are projection operators Ps 
which operate in the Hilbert space of states and obey 
the five axioms: (1) To every reasonable (that is, Borel) 
set S there is a projection operator Ps whose expectation 


value is the probability of finding the particle ın S; 
(2) P (common part of two sets Sı, S;)=Ps, + Psy; (3) 
P (union of two disjoint sete S,, Sa) =Psı+ Ps:; (4) P 
(all space)=1; (5) P (region obtamed from S by rotation 
and translation)=UPsU-, where U ıs the unitary 
operator on wave functions whose application gives new 
wave functions obtainable from the old by the appropriate 
rotations and translations. 

That a particle localized in both S, and 8, 1s localized in 
Si AS. that a partacle localized in Sı US: is locahzed m 
S, or S, and that a particle ıs somewhere, are clearly 
intuitive. These statements form the basis of axioms 
(1) to (4). The heart of the theory of localizable states 
hes in axiom (5). Professor Mackey has developed a 
theory of systems of mmprimivity and of induced repre- 
sentations of a topological group G@ tailored for these 
axioms. The theory goes beyond the above application 
to localizability in which G' 1s the group of translations and 
rotations in space. This book expounds this theory and 
is based on lectures given at the Scuola Normale, Pisa, m 
1967. IfgeG and G has two realizations, one by homeo- 
morphisms T(g) of a topological space E, 7>T(g)z, and 


one by unitary transformations U(g) in a Hilbert space _//, 
the generalization of axiom (5) 1s 

Prgs= U(g)PsU(g)* 
the Ps forming a system of imprumivity m K. The basic 
theorem states that for transitive T (where each pomt x in 
E is carried into any arbitrary point of E by a surtable 
T(g)) the projection operators and unitary operators can 
be brought into standard form. This standard form 1s 
what Mackey has called the induced representation 
associated with a unitary representation of a subgroup of 
G having a fixed point m E. 

This book is not easy for physicists to read. They will 
learn that what they have been doing for forty years, 
namely, wmting the Schrodinger representation operators 
for q, p and H, 1s correct and essentially unique. They 
will learn that von Neumann’s proof concerning the 
uniqueness of irreducible representations for the Heisen- 
berg canonical commutation relations has withstood the 
probing and generalizing of the next generation of 
mathematicians. They will learn that the angular 
momentum really does break up into orbital and spin. 
They will probably dismiss the book as doing what in 
North America is called “‘nit-pickmg’’. There are some 
of us, however, who like to distinguish between that which 
has been proved from stated assumptions and that 
which is, so far, essentially the handwaving of our more 
exuberant brethren. This book is for us. 

E. A. POowER 


ALGEBRAIC STRUCTURES 


Introduction aux Structures Algébriques 

By J. Levy-Bruhl. (Monographies Universitaires de 
Mathématiques, No. 32.) Pp. xiv+328. (Dunod: 
Paris, 1968.) 76 francs. 


“THis book, based on an algebra course taught in the 
Science Faculty at Reims, does not require, in principle, 
any prior mathematical knowledge.... After recalling 
the definitions of classical algebraic structures, their 
common characteristics . . . are described: the basio idea 
is that of an ordered algebraic structure, with an order 
relation compatible with the operation. Categories are 
presented in a purely algebraic manner...” (Reviewer’s 
translation.) 

I must declare my conviction that, although it is 
strictly true that no prior mathematical knowledge is 
required for a “‘local’’ understanding of this text, enormous 
sophistication and mathematical experience are required 
for a global understanding of the material. The total 
absence of motivation is forbidding; the reader is 
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expected to accept a constant diet of abstract definitions 
and meticulous propositions without knowmg how he— 
or anybody—is to be regarded as fitter for the experience. 
The author’s claim that applications are consigned to a 
series of annexes, ın order not to overburden the text 
unduly, bespeaks a pedagogical style which does not 
elicit my sympathy. Appleations, in my view, should 
form an integral part of any text and can only, when 
appropriately chosen, serve to lighten the reader’s task 
(if not, perhaps, the writer’s). Moreover, the applications 
are themselves only marginally more concrete than the 
basic material of the text; and the manifold topics 
introduced in the annexes are discussed in so perfunctory 
a manner that the reader will be even more bewildered by 
this plethora of unmotivated “applications” than he was 
by the main body of the text. For example, differential 
modules and the associated notions of homology and 
homotopy occupy half a page, and the topic of smplicial 
complexes receives one page of discussion. 

Certain idiosyncrasies of style contribute to the difficulty 
which may be experienced by a reader brought up on a 
lees austere mathematical diet. Principal among these is 
& system of notation which, while being entirely logical 
and consistent, 18 somewhat private and unwieldy; and 
& massive priority to the concept of “relation” over that of 
“function”. This last is to be explained by the author's 
own research interests; but it is a depressing experience 
to read that a function from E to W’ is a binary relation 
which is left-bijective. 

A final oriticism concerns the extraordinary omission 
of the excellent book, Universal Algebra, by Paul Cohn, 
from the bibliography. A more commendatory remark is 
also in order, however; an experienced algebraist, trained 
in the classical tradition and wishing to famulianze 
himself with certain parts of abstract mathematics 
(category theory excluded) might well benefit from 
consulting this text. Prrse HETON 


EXPENSIVE ENGINEERING 


Concorde 

The Story, the Facts and the Figures. By T. E. Blackall. 
Pp. xiv+108+47 plates. (Foulis : Henley-on-Thames, 
May 1969.) 568. 


THERE will be many stories about Concorde, for this 
tremendous venture has been surrounded by controversy 
since its inception. It has been described as too early 
and too late, a social necessity and an unjustified nuisance, 
an international money spmner and a political white 
elephant. Only now as we approach the moment of truth 
has a respectful hush descended. Meanwhile, men who 
have dedicated a third of their professional lives to the 
project get on with their job, well aware of the risks and 
of the rewards. 

Mr Blackall with his feet firmly on the ground has 
restricted himself to facta and figures. These are clearly 
presented and supported by excellent photographs. The 
greater part of the book is concerned with detailed 
specifications of the structure, the propulsion, the auxiliary 
machinery, and the complex equipment needed for control, 
flight mt and navigation during the various 
phases of flight. The book will commend itself primarily 
to engineers and as & source of information to the growing 
body of people who will become involved in the operation 
and maintenance of Concorde. 

But even a layman cannot fail to be impressed by the 
vision of its designers and by the sophistication of ite 
engineering. A mimor miracle is the use of air drawn 
from the engine compressors at 600°C to maintain a 
cabin temperature of 25° C, with the skin of the aircraft 
itself well above the boilmg point of water. The Concorde 
will be the most thoroughly tested aircraft ever produced. 
For years after its troduction into service, full scale 
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fatigue tests will continue hour after hour accumulating 
data two years ahead of any operational aircraft—a vital 
guarantee for safety in flight. 

The book does less than justice to the fundamentally 
new aerodynamic concept which alone has made super- 
sonic flight commercially feasible. During the post- 
war years many abortive attempts were made to solve the 
problem with highly swept wings. But although sweep 
back provides an elegant escape from wave drag up to 
transonic speeds, beyond 45° the flow tends to break 
away at large angles of incidence and handling character- 
istics are unacceptable at landing and take-off. 

The breakthrough came in 1956 when the Royal 
Aircraft Establishment proposed an entirely new approach 
—the slender wing—in which the flow is deliberately 
induced to break away from a sharp leading edge. The 
powerful vortices induced make a major contribution to 
the lft, and moreover both lift and drag can be smoothly 
controlled over the entire speed range. In 1961 the 
HP115 completely verified experimental results ın the 
tunnel, and the slender wing is now the basis not only 
of the Anglo-French Concorde but also of the Russian 
Tu 144 and the Boeing supersonic transport. 

Mr Blackall has been understandably cautious about the 
financial return to be expected from this huge investment. 
So much depends on imponderables such as passenger 
appeal, load factor, utilization, and above all on the 
number produced. The VC 10 although of more con- 
servative design, and produced m very much smaller 
numbers than the Boeing 707, has nevertheless competed 
well on the transatlantic routes because of a consistently 
higher load factor. Concorde is at least 5 years ahead of 
any possible competitor and even if confined to trans- 
oceanic and transpolar routes there is a potential demand 
for several hundreds. We must wait until the cruise 
performance of Concorde 001 and 002 is established 
before any reliable market forecast can be made, but so 
far the omens are good. ROBERT COOKBURN 


Correspondence 


Preknowledge Survey for University Sclence Entrants 


Sm,—The preknowledge survey for university science 
entrants by O’Connell, Wilson and Elton (Nature, 222, 
526; 1969) is welcome. I must, however, dissent from the 
authors’ views in one respect: a lecturer requires that his 
students should have a rational understanding of element- 
ary concepts, not just a vague acquaintance with ter- 
munology. In this sense ıt does not appear that the 
“comprehensive course in basic mechanics” which the 
students are supposed to have received is generally 
“adequate to build a university course on”. 

Tt is shocking that less than half of the science students 
tested recognized force and acceleration as vectors, but 
we must not assume that those who are acquainted with 
these ideas understand them. It 1s very usual for students 
(and their teachers) to find vector sums of forces acting 
on different bodies. Of the 135 students tested by 
O’Connell et al., 122 associated force with mass times 
acceleration. Most students whom I have questioned 
make the same identification. But this does not prevent 
almost all of them accepting without question the com- 
monly taught idea that a molecule under the action of o 
resultant force remains at rest in a state of tension. 
Reasoned criticiam over many years has failed to prevent 
qualified physicists from continuing to teach and publish 
(and presumably to believe) this absurdity. 

The uncritical acceptance of contradictory beliefs has 
been shown to be a commonplace in several topics of 
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‘elementary physics. It is impossible to regard as rational 


understanding a mental condition involving simultaneous 
acceptance of directly contradictory ideas. Yet this 1s 
what 1s exhibited by very many of our university science 


-entrants, and also by some of those who write the sixth- 


form textbooks. Thus a student may be shown by a 
.sumple test to be acquainted with a particular concept, 
but it may well be that his ideas are so confused that the 
‘concept is useless to him. 

Yours faithfully, 

J. W. WABREN 

Department of Physics, 
Brunel University, 
London W3. 


The Future of Botany 


Sm, —Woeo have recently gone through the process of 
appointing a lecturer to this department. In advertising 
the post, we made clear that although we were interested 
in candidates from a broad field there were certain specific 
tequirements, possibly somewhat out of the ordinary. 
We had a number of applicants for the post and were 
very surprised to find that a good majority of these made 
no effort to indicate how they might fit in with our 
requirements. Furthermore, a good number of the 
candidates who were either just finishing, or had just 
fimshed, their PhD work seemed to think that their only 
mission in hfe was to further their postgraduate research 
and seemed in no way interested or anxious to broaden 
their interest in botany. 

We found this all very disturbing and indeed ıb seems 
to us to echo some of the problems which have been 
discussed about the traming of biologists in this country, 
particularly those made by the Royal Society Committee 
on Postgraduate Training m Biology and in the Swann 
Report. The feelng is that the tramimg of PhDs in 
biological subjects 1s leading far too frequently to an 
inflexibility of outlook and a narrow-mindedness which is 
inherently bad for the progress of the subject. 

The situation is becoming critical. Something needs 
to be done to discourage departments, and those within 
them who are responsible for trammg postgraduate 
students, from allowing these students to have ther 
interests focused on very specialized problems to the 
neglect of their general biological education. Specializa- 
tion of work may be a necessary part of achieving a 
proper scientrfic training, but if it leads to a narrow outlook 
then it is very bad training. 

Yours faithfully, 
D. H. JENNINGS 
A. D. BEADSHAW 
Department of Botany, 
University of Liverpool. 


Simplifled Notatlon for Peptides in Computer Com- 
patible Format 


81,— Without wishing to comment one way or another 
on the proposals advanced by Revesz, it should be pomted 
out that the IUPAC—IUB tentative rules A One-Letter 
Notation for Amino Acid Sequences’ do not contain the 
letters J, O, U (which she allocates to the also not included 
Cit, Orn, Cy8-SCy) and allocates X to “unknown or 
other”, and not to HyPro. These differences from the 
IUPAC-IUB tentative rules are presented as if they were 
part of the latter, in which respect the article is misleading. 
Yours faithfully, 
O. HOFFMANN-OSTENHOF 

IUPAC-IUB Combined Commission 

on Biochemical Nomenclature. 

1 Revesz, G. S., Nature, 219, 1118 (1968). 

1 Arch. Biochem Brophys., 125 (8), 1 (1968), Biochemistry, 7, 2708 (1968); 


. Bwphys. Acta, 168, 6 (1988); Europ. J. Biochem., 
(1968), J. Biol. Chem., £43, 8551 (1968 


I” 
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Sm, —In answer to Dr O. Hoffmann-Ostenhof’s letter I 
would like to pomt out that the changes made by Index 
Chemicus ın IUPAC nomenclature were limited to the 
use of unused or undefined letters, such as J, O, U and K. 
To the extent that these changes were not pomted out 
clearly, there may have been room for misunderstanding. 

My article (Nature, 219, 1118; 1968) clearly stated, 
however, that IC-IUPAC notation 1s considered an open- 
ended system to which additions can be made as the need 
arises for effective computer storage and searching of 
long cham peptides. Indeed, the following additions have 
already been made: 
Cysteic acid 
6-Ammobutyric acid 
Homoserine 
Pyroglutaime 
6-Aminovaleric acid 
Sarcosine 

-Alanine 

The addition of these symbols, together with twenty 
other symbols for substituents, was prompted by thew 
actual occurrence in the peptide literature which the 
Index Ohemicus Registry System (ICRS8) stores on computer 
tape. A significant and increasing percentage of the over 
150,000 compounds encoded by ICRS each year mvolve 
peptides. To deal with such a large amount of new 
information, the TUPAC-IUB system must be open- 
ended. 


Rda 


Yours faithfully, 
GaBRIZLLA Ñ. REVESZ 


Institute for Scientific Information, 
325 Chestnut Street, 
Philadelphia, Pennsylvania 19106, USA. 


SI Units and Dimensionless Quantities 


Sir,—It is probably not generally realized that, because 
the electromagnetic SI units are associated with a rational- 
ized system (Giorgi), the values of some dimensionless 
quantities, such as electric and magnetic susceptibilities, 
are 4x times greater than in the (unrationalized): cgs 
systems. There is thus a real danger of errors in interpre- 
tation if it is wrongly assumed that for dimensionless 
quantities the units system adopted is irrelevant. So 
long as rationalized and unrationalized systems coexist it 
1s important that ın reporting such quantities the system 
used should be stated. 
Yours faithfully, 


J. K. BECOONSALL 


Imperial Chemical Industries, Limited, 
Petrochemical and Polymer Laboratory. 


Policies for Pollution and its Cure 


Sim,—Your article on ‘Policies for Pollution and its 
Cure” (Nature, 222, 1013; 1969) ıs a timely reminder of 
the effectiveness of international legislation in contral- 
ling oil pollution. Ou pollution is, however, only one 
aspect of coastal pollution, but one which has great 
emotional mpact. The use of the sea for the disposal of ° 
unwanted industrial waste material is an increasing threat 
to sea fisheries. Yet in Britain pollution of sea fisheries 
is controlled by the Sea Fisheries Act of 1888. In order to 
stop polluting discharges, the Sea Fisheries Officers have 
to “prove that pollution has occurred”. This is, of 
course, exceedingly difficult to do because long term 
natural fluctuations in marine communities have been 
little studied. Thus the effect of the effluent can be put 
down to “natural fluctuations” m the comménity or 
species decimated. 

Clearly Britain cannot alone strengthen her laws on 
effluent disposal and require home industries to control 
discharges if overseas competitors are not required to do 


° 
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so. What is needed is effective international legislation 
to control effluent discharges. 

The Swedish legislation which you cite has been intro- 
duced because of the chronic pollution of some Swedish 
lakes and rivers and, indeed, of the Baltic. The pollution 
situation in the Baltic, where water takes thirty years 
to move fiom Stockholm through to the Skagerrak, is 
far more acute than the situation in the North Sea. The 
public awareness of environmental pollution in Sweden 
1s, however, impressive. Newspaper articles and radio 
and television programmes have focused on the problem 
and indeed the Scandinavian Pavilion at the 1970 Osaka 
World Fair has a theme of “Environment Protection”. 

In addition to the banning of DDT, aldrin, dieldrin and 
lindane, the Swedish Nature Conservancy Office has a 
£20 million budget for a five-year period from 1969-70 
to subsidize the installation of equipment to control 
pollution. A special board has also been set up to examine 
individual applications for effluent disposal systems, and 
to recommend effective waste-treatment systems. Indus- 
trial and municipal companies will have to obtain a pre- 
establishing franchise from the board. The board may 
prohibit construction of plants that would have a detri- 
mental effect on the environment. It may also prohibit 
continued activity where anti-pollution measures have 
proved insufficient. 

Such overall control of environmental pollution by a 
single board (as outlined m your article) 1s desirable in an 
increasingly industrialized society such as ours. 


Yours faithfully, 


J. S. Gray 
University of Leeds, 
Wellcome Marine Laboratory, 
Robin Hood’s Bay, 
Yorkshire. 


Molecular Blology in the UK 


Sir,—In Natures on the whole admirable survey of 
science policy ın Europe (222, 845; 1969), I was astonished 
to see that it opened its remarks about the United King- 
dom with the statement that “the boom continues... in 
molecular biology’. What on earth ıs Nature referring 
to ? I should have thought that one of the salient features 
in recent British biology had been the almost total 
stagnation of significant new funding for this subject, 
apart from a few dribs and drabs to support outfits 
consisting of one man and a boy. Of course, the great 
well established MRC laboratories at Cambridge and 
King’s College London have made some progress; but 
there has not been any new addition to the only two other 
groups—the departments of molecular biology and 
genetics, both at Edinburgh and both relying mainly on 
MRC finance—which pass the minimal tests for activities 
which can rank as significant expressions of policy. The 
most important test 18 a super-critical number of inde- 
ape scientific staff (above eight, I should say), 

eployed over a wide range of related topics, and if 
possible intimately mvolved in university teaching. So 
far as I know, no one is even seriously working towards 
the eatablishment of any new centre of this kind. Frankly, 
I am not surprised, because, having done the job myself, 
I don’t see why anyone should be mug enough to expend 
the necessary time, energy and fortitude against the 
“slings and arrows”. 

The difficulties do not arise from the policy-making 
administrators in the research councils. but from the 
passive resistance of more classical biologists. I started 
seriously trying to set up a laboratory of molecular 
developmental biology in 1952. The idea was enthusiastic- 
ally accepted by the MRC administrators; but when they 
came to refer it to an “expert” biology committee, 1t was 
turned down flat, much to their surprise. The plan was 


NATURE, VOL, 222, JUNE 21, 1969 


revived again some years later, and this time the MRC 
took more care to steer ıt through hoops, so that it 
actually got authorized m 1962. Even then, they could 
not build anywhere to put it; but they gave me what 
help they could to raise elsewhere the money for building. 
Since then, far from booming, the financial resources have 
remained almost static; there has been a slight rise for 
under-estimated devaluation, but the impact of the 
sophistication factor has resulted in actual contraction 
in the number of scientists on the staff. 

The basic difficulty is very simply identified. Molecular 
biology as a whole is more expensive than classical 
experimental biology; and this applies with special force 
to studies on the differentiation of eukaryotic systems, 
where one is trying to put tabs on the activity of small 
fractions of the total genome. The experienced molecular 
biologists who drew up the budget for the projected 
EMBO laboratory put a round figure of $4,000 per annum, 
per worker (excluding graduate students), for consumables, 
and the Kendrew Report! states that ın three out of four 
established British laboratories the figure ıs between 
£1,000 and £1,200. But there is no experienced molecular 
biologist on any research council in Britain, and I think 
only one on the next level of advisory committees which do 
the actual vetting of proposals. The classical experi- 
mentalists and biochemists of these committees accept 
about $1,000 as the standard level of expenditure on 
consumables. The result can be seen in Kendrew’s Report 
that much of the work “is at best dull and at worst 
trivial”. 

It 1s for these reasons that I have at last come round to 
whole-hearted support for what Nature’s review bas to 
say about EMBO: an international laboratory is needed 
(222, 836; 1969). I was responsible for first suggesting 
that EMBO should get started by a programme of fellow- 
ships, training courses. seminars and so on; and I have 
been no more than lukewarm about the establishment of a 
central laboratory, on the grounds that the harm this 
would do to untversities by draining away their best 
people would not certainly be compensated by any 
advantages. The experience of the last three or four years 
has convinced me that significant decentralized advance is 
not actually a practical proposition in the present set-up 
in Britain. A central European laboratory (or perhaps a 
small number of regional laboratories) will in the short 
run almost certainly damage existing laboratories and 
university departments, but I now see ıt as the only 
practical way forward to adequate developments in the 
Jong term. 

Yours faithfully, 


C. H. WADDINGTON 
Department of Genetics, 
University of Edinburgh. 


1 Council for Sclentific Polic; . Working Group on Molecular Biology, 
July 1968, Omnd 8675 Cee, London, 1968). 


Isaac Newton Telescope 


8im,—An editorial in Nature (222, 211; 1969) is critical of 
the management of the Isaac Newton reflector. We do 
not wish to comment on that, which is purely a national 
matter, but we cannot ignore the unrealistic description 
given by your ancnymous editorial writer on the way 
successful observational astronomy actually proceeds. 
You stress that “expert and highly paid astronomers are 
taken away from their jobs to operate equipment which 
can be run equally well by proficient technicians”. 
Although some routine observing 1s necessary in any 
collection of data, it 1s the experience of highly trained 
astronomers, themselves working at the telescope, which 
turns otherwise routine programmes into major advances 
of a fundamental kind. It is the msight of observers who 
are in nightly contact with the subject which carries the 
work above mere data collection. Do you mmagine that 
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Herschel would have led British astronomy to its early 
world position if a proficient technician had made his 
observations ? 

The astronomer 1s at the telescope as much for the dis- 
covery of new problems as for their solution, and must be 
capable of adapting his observing to meet what he dis- 
covers. In this context we would agree that, if you 
substituted “unsuccessful observational astronomer” for 
“proficient technician” you would have a point, but not 
the one you were striving for. 

There have been observatories in both the UK and the 
USA that have attempted to operate on the hierarchy 
system you propose. They have been successful ın com- 
piling data, and in finding what they intended to find. 
But what they missed is what we would expect Nature to 
be the first to criticize them for missing—the unexpected, 
unforeseen, and subsequently the undeveloped: in short, 
the life blood of modern astronomy. 


Yours faithfully, 


OLIN EGGEN 
ALLAN BANDAGE 


Mount Stromlo and Sidmg Spring Observatories, 
Canberra, Australia. 


University News 


Dr J. F. Nye has been appointed professor of physics ab 
the University of Bristol. 


Dr G. T. Williams, International Agency for Research 
on Cancer, Lyons, has been appointed to the chair of 
statistics at the University of Bristol. 


Dr H. Heywood, Department of Chemical Engineering, 
has been appointed to a personal chair at Loughborough 
University of Technology. 


Mr A. C. Bajpai, Department of Mathematics, has been 
appointed to a personal ohair at Loughborough Univer- 
sity of Technology. 


Appointments 


Professor F. W. Shotton, University of Birmingham, 
and Mr T. A. L. Paton, Sir Alexander Gibb and Partners, 
civil engmeermg consultants, have accepted mvitations 
from the Secretary of State for Education and Science to 
become members of the Natural Environment Research 
Council. Professor Mitcheson, Mr Rowntree and Professor 
Runcorn have retired. 


Announcements 


The New Zealand Government has established a research 
fellowship, to be administered by the Royal Society of 
New Zealand, to commemorate the bicentenary of 
Captain Cook’s first landing in New Zealand. Applications 
are invited from persons of semor status who wish to 
carry out research in New Zealand or the South West 
Pacific in any appropriate field. The fellowship, to be 
taken up during February 1970, will normally be tenable 
for two years, and must be held at a New Zealand univer- 
sity or research institution. Further details may be 
obtained from the Executive Officer, Royal Society of New 
Zealand, PO Box 196, Wellington, New Zealand. 


Erratum. At the end of the article by A. G. Levin, 8. 
Friberg and E. Klein, “Xenotransplantation of a Burkitt 
Lymphoma Culture Line with Surface Immunoglobulin 
Specificity” (Nature, 222, 997; 1969), the support of the 
“Institutet of Stockholm Foundation” was acknowledged. 
This should be the IOS Foundation. 
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International Meetings 


October 6-8, International Electronics Conference, 
Toronto (Dr R. de Buda, Technical Programme Chairman, 
International Electronic Conference, 1819 Yonge Street, 
Toronto 7, Canada). 


October 6-8, Antiparasites, Milan (CONGITA, Via 
Barberini 86, 00185 Rome, Italy). 


October 6-10, Congress of International Society of 
Orthopaedic Surgery and Traumatology, Mexico (Dr 
J. Farill, Morena 854, Narvarte, Mexico 12, DF Mexico). 


October 6-10, Project Planning by Network Analysis, 
Amsterdam (Secretariat, Holland Organizing Centre, 16 
Lange Voorhout, The Hague, Netherlands). 


October 6-10, Neoplastic Diseases, Heidelberg (Dr 
R. H. Jackson, 10607 Miles Avenue, Cleveland, Ohio 
44105, USA). 


October 6-11, Radiology, Tokyo (Kempo Tsukamoto, 
President Elect, c/o National Institute of Radiological 
Sciences, 9-1, 4-Chome, Angawa, Chiba, Japan). 


October 6-11, Rheumatic Diseases, Prague (Secretariat, 
Na Slupi 4, Prague 2, Czechoslovakia). 


October 6-13, Agricultural Engineering, Baden-Baden 
(Organizing Committee, Zeil 65/69, 6 Frankfurt am Main, 
Germany). 
























Sabbatical Itinerants 


In the hope of providing some practical assistance In the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective, 


Vacant: From early September 1969, for 1 year, 
4 bedroomed furnished detached house in Bearsden, 
Glasgow. Electric central heating, garden, easy 
access to universities. Please contact Dr A. D. 
Weaver, Department of Surgery, Glasgow Univer- 
sity Veterinary Hospital, Bearsden, Glasgow. 
Vacant: From September 1, 1969, to September/ 
October 1970, 2 bedroom furnished house in Bickley, 
Kent. Garden, garage and full central heating. 
Frequent train service, 26 minutes to Victoria or 
Holborn Viaduct. Please contact Dr T. Powell, 
Department of Physics Applied to Medicine, The 
Middlesex Hospital Medical School, London, WIP 
6DB. 


Vacant: 3 bedroomed semi-detached house m 
Baildon, Shrpley. Convenient for Leeds and Brad- 
ford, on the edge of the Yorkshire Dales. Electrical 
central heating, garage. Available August 1969 for 
up to 2 years. Please contact Mr D. Robinson, 
School of Chemistry, University of Bradford, Brad- 
ford 7, Yorkshire, UK. 


Wanted: Furnished 3—4 bedroom house for visiting 
professor in Edinburgh within easy access of the 
university (Institute of Animal Genetics) from 
September 1969 to August 1970. Please contact 
Dr B. H. Sells, St Jude Children’s Research Hospital, 
Memphis, Tennessee, 38101, USA. 


Wanted: Accommodation with 2-3 bedrooms m 
or near Southampton for research officer and family, 
October 1969 to October 1971. Please contact D. D. 
Shaw, Forest Research Laboratory, PO Box 4000, 
Fredericton, New Brunswick, Canada. 
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British Diary 


Tuesday, June 24 


Physics of Fast Reactor Operation and Design (three-day coat) 
rs Nuclear Energy Society, at the Institution of Civil Engineers, 
ndon SW1. 


Wednesday, June 25 


Light Filters (2 pm.) Photobiology Grou 7 
School, Cleveland Street, London V 


at Middlesex Hospital Medical 


The Epidemiol of Infection with ere (Anonymous) Myco- 
bacteria (2 pm.) Dr J Marks, at the Royal Postgraduate Medical 
School, Du Road, London W12. 


Nutritional Anaemias (5 gm ) Prof. E. B. Adams, at University College 
Hospital Medical School, London WC1. 


Politics and Technical Progrees (7.30 p.m.) Mr. Nigel Calder, Central 
London Fabian ee gerne and Technology Circle, at 11 Dart- 
mouth Street, London S 


Thursday, June 26 


Hydrocarbon Fermentation (9 45 a.m.) r) oaei o Chemical Indus 
biology Group, at Queen ege, Campden 
London W8. 


, Micro- 
1 Road, 


Fellow’s Open Day (from 10.15 ai National Instıtute of Agricultural 
Botany, Cambrıdge. AGM, Friday 2 30 p.m 


Robot ag eae p.m. Prok, Meredith Thnng, H. G. Wells Society, at 
al College, don SW7. 
Monday, June 30 


Computer Science and Technology (four-day conference) Institution of 
Electrical Engineers, at University of Manchester Institute of Science 
and Technology. 


Health Physica (ten-day summer school in radiation protection) at Imperial 
College, London SW7 


Reports and Publications 
(not included in the monthly Books Supplement) 
Great Britain and Ireland 


University of Oxford. Report of the Committee on Relations with Junior 
Members. plement No. 7 to the University Gazetie, Vol. 99, May 1000) 
Pp. 203. K ord: The Unversity, 1969.) iTA 

British Yearbook 19 


, complete to 81 December 1 
868. (London: British Standards Institution, 1969.) 20s. net. 
Bull Cng Regart Btaton Digest, No. 105. Win nd 


eB 


"HL Bash Pp. v+51. 


wats 
Institute of Information Scientists. Pro of the 8rd_Oonferenoe, 
Sheffield, 28-25 Tuy 1968. Pp. 106. (London tute of Information 
Scientists, 1908. (203. to mem ) ye 
Civil Servi Annual Report 1068. Pp.54. (London: Otvil 
Service Commielon, 1969. y hes 
The Scientiflo Proceedings of the Royal Dublin Society. Series A. Vol. 3 

No. 14: The Tower Falasazolo Booka ee Lo Acanon Area, Co. Cavan 
Ireland. By A. Phillips and D. Ske n. . 141-148 + plate 8 5. 
78. 6d. va. A! We 16: Award of the Boyle to mt O. Barry. Pp. 
149-152. 2s. Vol. 8, No. 16: Synthetic Phenazine Derivatives and Myco- 
bacterial Disease—a Tor ban! Investigation. By Vincent C. Barry. 
Pp. 159-170 t plato 6: 108. B. Vol. 2, No.17: Desynapsis in Biassca 
oleracea 8. Balearica. P. L. Curran and 0. M. Brickell. Pp. 168-170. 
78. 6d. Vol, 2, No. 18: Won Balas oene Hosts of Phytophthora erythro- 
geptica. J. Whelan and J. B, Lo Loughnane. Pp. 171-178. 73.6d. (Dublin: 
paces Ae ee ai 

vers 

the Department for the year 1967-68. Pp. 17. eanna po WS Univer- 


sity 1969.) 
Ambassade France, Service de Prease et d'Information. 


plotor rite ndon: Ambassade de France, Servi 
Presse et Aiea "10885 
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The Work of the Rutherford Laboratory in 1968. Edited by A. P. Banford 
and F. M. Telling: (RHEL/R 180, Rutherford Saeed Report.) (Science 
a CounciL) Pp. 145. (London: HM Stationery Office, ee > 

15s. ne 5- 


Other Countries 


Commonweal a i Australa. Bureau of Mineral Geology and 


ompiled by A. 

Resources, Geology and ern Te ios? 
bah vec’ Me of the Museum Board, 1st a 1967 to Be 
June, 1968. Ppl (Adelaide. Government Printer, eal, 

niversity of Calif forma Publications m Botany, Wa rs “Morphol 

Studies of a Nymphaeiceae. IV. Structure, ar and ad Devel t o 
Flower of Brasema schreberi Gmel. py E . C. Rich lag: = 
plates. (Berkeley and Los Angeles: Diversity of ra 


U8 Department of fa aig Agrionltaral 

Catalogue 
on i: po20752008. A AEAEE D.O.: Government Prin 

set of 8 volumes. 
the Interior: geological Survey. Abstracts of North 
, March 1969. Pp. {+335-606. (Washington, D 
Government Printing Office, 1969.) 80-76. 106. 

to Breeding for Improved Plant Protein. 

ches to Areng for Plant toin Im- 

t FAO/LIAEA Division of Atomic Bn in 


‘ood and A ture, and held in Sweden, 17-21 June 1 

Panel Pro Series.) Pp.193. (Vienna’ International Atomic 
; London: HAI Stationery Office, 1969.) 180 schillings; 41s. 

$5. 

Fondation Universi Bruxelles. 48° Rapport Annuel wr 
Pp. 145. (Bruxelles. ie on Universitaire, 1 

A Selected Bibl Documentation and Information ote 
Spring 1969. "Cleveland, Ohio: Center for Documentation 
Communication , School of Library Science, Case Western Reserve 
Univermty, 1069.) ie 

Off Records of the World Perea Organization, oe 172: The Wor 


cial 
WHO 1968: Annual Report of the Director-General to the World Beali 
Assembly and to the United Nations. Pp.xh+254. (Geneva: World Health 
Organization, London: HM Stationery Office, 1960.) 7 Sw. francs, 1¢s.; 


$2.25. [19 
Index to the Literature of Semiconductor Detectors. By J. M. MoKenzle. 
170. (Washington, D.O.: National Academy of Sczences, mre .) 


95. 
State of Califorma. The Resources Agency, Depar tnont of Fish and 
vironment Offshore from Point 
By Charles H. Turner, Earl E. Ebert and Robert 
: ish nbin i 141: Artificial Destratification of El 
Capitan Reservoir Aeration. Part 1: Effects on Chemical and Physical 
ral iy 


Parameters. F. Fast. Pp. 97. Fish Bulletin 142: Management of 
the White Seabee Oynoscion nobilis Re California Waters. By James O. 


Bulletn 1 


Surv 
Malcolm 8. Oliphant, and en. Pp. 42. Fish Bulletin 144: 
The California Fish Catch for 1967. By F. G. Heimann and 
. Pp. 47. (Sacramento. Department of Fish 
and Game, 1968. Obtamable from Office of Procurement, Documents 


Section, PO Box 1618, Sacramento.) 
Rendus des Travaux du Laboratoire Carlsberg. Vol. 86, No. 21: 
8 


quantitativo Stadion c tadies of Paging Induced in Amosba proteus by pimple 
tions. . 4 kr. Vol. 36, No. 22: On 
Vacuole vormailon tu in Tinie 


{forms GL. By Cialy Gasman 
. 405-482+1 plate. 5 kr. Vol. 
» No, 28: A ATE aered Sir Tnatrimoné Designed for pes tel 


oe ects and Macroscopic Liquid Samples, By D. Lagunoff, K. Max 
and P. Ottolenghi. Pp. 488-462. 5 kr. Vol 86, No. 24: Studies on Some 
Enzymes of Purne Metabolism in the Amoobae Chaos chaos and Amosba 
h By Miklos Möller and Knad Aax Maler: Pp. 468-497. (Copen- 
: Danish 8 lenge Frees, Ttd. 1969. 205 
t Hakideildar di—Vol. Nr. 9: On the Biology of the 
ipetendle Herning Stern a Jakobsson, Vilhjalmsson and 8. A. 


D. jas: (Reykja Hafrannsoknas' Dee Marine Research 
Mines and Resources. Geological Survey 


Canada: De; ent of Energy, 
of Canada. ap 1251A: Tectonic Map of Canada. Map 1204A: MoLeod 
Lake, Britta. Go lumbia. Paper 67-52: Surficial Geology of La paile T 


ke Area, Quebec, inclu By 
McDonald. Pp. vi+21-+map. $1.50. (Ottawa: T, 1980} [206 
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Chemical Evolution 


Molecular Evolution Towards the Origin of 
Living Systems on the Earth and Elsewhere 


Melvin Calvin 


The study of chemical evolution is based on the assumption that life appeared on the earth’s surface as a 
result of the normal operation of physical and chemical laws. This implies that there was a period in the 
earth’s history that encompassed the transition between non-living molecules and a population of 
molecular aggregates that we should call ‘living’. 


In this book, based on a series of lectures given in Oxford by Professor Calvin as George Eastman visiting 
professor, two approaches are used tn the attempt to determine the nature of this interface and transition. 
The first, molecular palaeontology, is the view backwards into the historical record; the second ıs the 
construction of hypothetical chemical models that could have given rise to living organisms. Both 
approaches are discussed in some detail. 


8 colour plates 151 text illustrations 55/—net paper covers 25/— net 


Oxford University Press 


This new 
immuno-fluorescence 
microscope 

from Polaron 


H y 
features Tiyoda's UV Th ide darkfield The Tiyoda RI mi I 
H is new superwide darkfie e Tiy microscope Is 
Superwide Darkfield condenser oases far more light an Ideal research Instrument, 
Condenser than conventional condensers and featuring a very fine focusing 
Is Ideal for fluorescence micro- mechanism, positive stops, ro- 
ae 5 A scopy. tating stage and precision binocu- 
Fittings are available to enable lar head. It Is especially suitable 
the condenser to be used with for fluorescence microscopy when 
most makes of microscopes, such fitted with fluorite objectives, 
as Zeiss, Reichert, Leltz, etc. special oil grooved stage and 
mounted on a UV pedestal. 


POLA To) NI Photographie facilities are also 


EQUIPMENT LTD. PEE ik 
. and servicing facilities throughout Europo. 


Head Office: Shakespeare Road, Finchley, London, N.3 
Telephone: 01-349 924! * 


Prance: Unloptique, 88 Gabriel-Faure, 
LEFT The conventional darkfleld condenser Dep ete ean S. A O, 


RIGHT The new Superwide darkfleld condenser Belgium, Holland, Luxembourg: Contact Head Offca. 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept Ilability for printers’ errors, 
although every care is taken to avold mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/!2th of an Inch 
103. Full page £158, Half e across £80. 
Colour (orange) €20 extra. 6 ıs charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2 Telephone: 
en Telegrams: Texcualist, London, 


APPOINTMENTS VACANT 


UNIVERSITY OF KENT AT 
CANTERBURY 


CHAIR IN BIOLOGY 


Applications are invited from candidates 
with interests in some aspects of Cell Bio- 
logy for the Universiues Fust Chair of 
Biology. 


Further particulars of the post may be 
obtained from the Registrar, ley 
Fecm, The 


s 


1969, quoting 
(2360) 





UNIVERSITY OF LANCASTER 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


Applications are invited for a RE- 
ASSISTANTSHIP in 


on a study of chlorophyA 
biosynthesis in rektion to the 


fogation. The appomtment wil be 
for 2 years with the possibilty of 
extension for a further year and 
wil commence on September 1, 
1969. The salary wl be in the 
Tange £940 by £60 to £1,060 plus 
F.S.S.U. 

Farther details may be obtamed 


of Lancaster, St. Leonard's House, 
Lancaster, to whom applicatrons 
should be seat by July 5, sae 





UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
SENIOR TECHNICIAN (ELECTRONICS) 


four weeks’ annual leave and generous 

sick and jong service leave. The University will 

assist wkh travel and removal expenses. Super- 

anpuation wil be available after a short qualify- 
married 


and experience. 

Apphcants should forward two copies of their 
apphcadan to the Secretary-General, Assocation 
of Commonwealth Universities " (Appin), 96 





Current 
Research Topics 


Heat Transfer — relating to Industrial and 
Domestic “off peak” storage devices. 


Fluid Flow in the application of shockwaves 
to Industrial processes, 


Non Ferrous Metallurgy — extraction, 
recovery, and heat treatment. 


Power Distribution Systems — design, 
control and equipment. 


Refractory Materials — in regions of high — 
temperatures, rates of flow, magnetic fields. 


Electrically Augmented Flames 
Electro Hydrodynamics 


If you are interested in working on any of 
these topics as a Research Officer (salary within a 
Band of a sertes of Bands having an overall 
maximum of £3,285 NJB), then please apply — 
stating area of interest — or write for further 
details to: 


Mr. D. C. Page 

Heed of Personnel Services 
Electricity Council Research Centre, 
Capenhurst. Near Chester 

quoting reference H {192 





(2411) 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF NATURAL 
PHILOSOPHY 


Research Fellowship 


BRUNEL UNIVERSITY 


DEPARTMENT OF 
CHEMISTRY 


in Computational 
Physics 


A computational physics research group 
hes been set up in the Universty of Glas- 
gow, supported by the Culham Laboratory, 
UKAEA, to study problems in MHD and 
plasma kinetic theory, especially in rela- 
tron to comtroMed thermonuciear research. 


Applcations are invited for a postdoc- 
toral fellowship to work in this expanding 
field of research. The appointmem will be 
for up to three years at a salary range of 
£1,125 to £1,470 per annum, with F.S S.U. 
benefits. 


Applications should be sent as soon as 
. Laing, Department 


Applications are invted for a RESEARCH 
ASSISTANTSHIP for work on the reac- 
tions and analytical applications of transi- 
tion metal complexes under the direction 
of Dr. C. F. Bell. 


Apphcants should have an honours degree 
in chemistry or Grad.R.I.C. The appoint- 
ment ia tenable for a period of up to 
three years from September 1, 1969, end 
the successful candidate may remster for 
a higher degree. Salary » within the 
range £900 to £1,150. 


Applications, with the names of two 
referees, should. be sent to Dr. C F Be, 
Chemistry Depanmem, Brunei University, 
Woodlands Avenue, London, W.3. 


(2727) 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF MATHEMATICS 


Applications are invited for a LEC- 
TURESHIP in the Department of Mathe- 
matics Applicants should be quatfied in 
Applied Mathematics 

lary 240 to £2,850, with 


acale—f1 
placmg according to qualificatons and ex- 
perience. ESSU: grant towards removal 


tained 


OXFORD UNIVERSITY 


FOUR RESEARCH ASSISTANTSHIPS IN 
ORGANIC CHEMISTRY 


Applications are invited for Post-doctoral and 
Postgraduate Research Assistantships for the syno- 
thesis of anubiotics related to cephalosporin C 
and the penicillins. The salary will be up to 
£1,400 per annum for postdoctorates and £1,000 
per annum for postgraduates depending on age 
and experince. 

Candidates should Include in their application, 
details of their academic career, the date on 
which they would be free to take up the appomt- 
mem and the names of two referees. Applica- 
tions should be sent as soon as possible to Dr. 
G. Lowe, The Dyson Pernns Laboratory, South 
Parks Road, Oxford. (2330) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR SCIENTIFIC 
INFORMATION OFFICER 
at the 
COMMONWEALTH FORESTRY BUREAU, 
OXFORD 
Quahfications: Degree in science oF modern 
languages with mterest in information science and 
a reading knowledge of some foreign language(s), 


preferably German. 

Duties Abstracting, indexing, editing and 
literature searches. Opportumucs for further 
training in languages and forest science. 

Salary: In the scale £1,020 to £2,675. 
salary according to age, q 
perience Provision for superannuation 

Applcation forms (to be submitted in dupl- 
cate before June 30, 1969) and particulars 
from the Director, 
Bureau, South Parks Road, Oxford. 


PUBLIC HEALTH LABORATORY 
SERVICE 





Starting 
ex- 





A 
Pubhe 
Road, Leeds LS15 7TR 

INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCHR HOSPITAL. RESEARCH 
ASSISTANTS required ın Surrey branch of 
Chester Beatty Institute at Belmont to work m 
radiohiology unit on enzymatic repam of radia- 
tion damage to DNA in bactenal and mammal 
ian cals Quahfications: two * A” levels, age 
under 22; HN.C. or degree age 22 
Some laboratory experience desirable. 





the Secretary, 3 
ref, 301/B/365. 

TECHNICIAN REQUIRED FOR VIROLOGY 
laboratory at Queen Mary CoHege (University 
of London), Mile Ead Road, E.l. Previous ex- 
is essential and the possession of the 
Guilds Sconce Laboratory 















CSIRO 


AUSTRALIA 







paramagnetic resonance in crystals, 


POSTDOCTORAL FELLOWSHIP 
IN FLUID STATE PHYSICS 


Applications are invited for appointment to a Research Fellowship in the Physics 
of the Fluld State and of High Fluid Pressures with the Division of Physics of 
the Commonwealth Scientific and Industral Research Organization. The Division 
forms part of the National Standards Laboratory and is situated in the grounds of 
the University of Sydney, Sydney, N.S W. 


The Division has research groups working on the transport properties and thermal 
properties of solids and liquids both at low and high temperatures, as well as 
and on solar physics. The laboratory !s 
chiefly responsible for the development and maintenance of physical standards 
in Australia; therefore good facilities exist for accurate measurement of a wide 
range of physical quantties, and there are instrument, electronic and optical 
workshops which can assist the research groups. 


QUALIFICATIONS. Applicants should have a Ph.D. degree in physics or 
postgraduate research experience of equivalent standard and duraton, supported 
by satisfactory evidence of research ability. They should have active research 
experience ın some branch of the physics of the fluid state, and preferably some 
experience of experimentation at high fluid pressures. 





DIVISION OF PHYSICS 










SALARY. Upwards from a minimum of $A5,321 p.a for a person completing a 
Ph.D. degree, to substantially higher levels depending on qualifications and 
experience. 


CONDITIONS. The Fellowship 1s offered for a period of three years, with the 
possibility of a subsequent appointment for an Indefinite period. Fares patd for the 
appointee and his dependent famlly. Further particulars supplied on application. 


















should reach: 


Mr. R. F. Turnbull, 
Chlef Scientific Llaison Officer, 


64 Kingsway, 


The Sclentlific Attache, 
Australian Embassy, 

1061 Massachusetts Avenue NW, 
WASHINGTON DC 20036. 


HANNAH DAIRY RESEARCH 
INSTITUTE 


AN ASSISTANT EXPERIMENTAL OFFICER 
required to assist im operation and further de- 
velopment of calorimeter for studying heat losses 
A mo in using physi- 


engineering 

measurements would be particularly suiteble. 
Previous in animal calormetry not 
emmental. um qualifications ordinary B.Sc. 
or a Higher National Certificate or fs equiva- 
leot m gencral science or electrical cngmeenng. 
Salary on the A.E.O. grade with entry according 
to age (£770 at age 20; £1,150 at age 26 or 
over; rmaing to maximum £1,385). Superannua- 


the Secretary, The 
Ayr, by July 14, 1969. (2386) 


Applications, quoting (Appointment No- 770/389), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four 
persons acquainted with the applicant’s academic and professional standing, 


Australian ScientHlc Llalson Office, 


LONDON, W.C.2 by the 78th July, 1969. 
Applications in U.S.A. and Canada should be sent to’ 


ST. THOMAS’S HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
DEMONSTRATOR IN BIOCHEMISTRY 


Applcauons are invited for the post of 
Demonstrator m the Department of Biochemistry. 
Candidates should hold, or expect to obtain, a 

chemistry or biochemistry 


by July 11, 1969, to the Professor of Bio- 
istry, Thomas's Hospital Medical School, 

London S E.l, from whom information 

may be ol (2390) 
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H. Wynne-Jones, 
Personne! Dept., 





Stevenage, Herts. 


A replacement Is now required for our microscope specialist who has 
been promoted to head the Assessment Department. 


Supported by existing physical and chemical services, the Position would 
suit applicants with experience In the use of modern polarising and UV 
microscopes In forensic, organic, physical, blomedical or petrological 
analysis and possessing a degree or equivalent in an appropriate subject. 
The appointee will be contributing to the improvement of sensitive 
Instrument systems, whose performance Is strongly influenced by quite 
recondite aspects of physical chemistry, using an elaborately equipped 
Zeiss Photomicroscope for assessment and Isolation of unidentified 
materials, of organic contaminants and their properties and to support 
research Into the surface processes concerned. 


If you are Interested In discussing thls appointment, which offers work 
on problems in new and unexplored fields, besides generous conditions of 
service such as four weeks holiday a year, and assistance with housing. 


jom the men 
who lead 


Analytical 
Microscopist 


The output of our modern, well-equipped, clean, air-conditioned labora- 
tories situated North West of London, is vislble proof that we have one of 
the most advanced Instrument development facilities In Europe. 



























Please write in the first instance quoting Ref 1303 to 


British Aircraft Corporation, 


BRITISH AIRCRAFT ‘CORPORATION. 


the verfil 








Pa Company in Burpy, 





(2439: 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
LECTURER IN COMPUTATION 


We are currently runnmg an undergraduate 
e course in Computation, which m the first of its 
kwd in the country. 


There are vacances ia Computation 
Division for Lecturers, salary range (£1,585 to 
£2,850), who should have experience in the use 


of computers, preferably with teaching experience 


chester Institute of Science and Technology, 
Sackville Street, Manchester M60 1QD 


. Closing 
date for applications: July 9, 1969. (2352) 
. 


CAMBRIDGE UNIVERSITY 
DEPARTMENT OF GEODESY AND 
GEOPHYSICS 


The Appomtments Committee hope soon to 
be an a position to appoint a OR ASSIS- 
TANT IN RESEARCH, io the field of Geo- 
ph of solid earth, from October 1, 1969. 

scale £1,585 to £2,275. 

Tea copies of applications with names of three 
refecees should be sent by July 5, 1969, to the 

of the Committee, 


Museum, Downing 
whom further information can be ee 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 

Applications are iovmed for the post of LEC- 
TURER. Preference will be given to candedates 
with qualifications and experience im cryptogamic 
botany. The successful candidate will be ex- 
pected to take up his duties by October 1, 1969. 
Salary scale + £1,240 to £2,735 phos ESSU 





BP 


GEOLOGICAL 
INFORMATION 
ASSISTANT 


required for our Exploration Department 
ın London Head Office near Liverpool 


wg and supply of information on the ex- 
pioration = activities 


then made avai- 
able to member of the departmem in 
London and in overseas operations. 
Please write for an Application Form 
to Mr. J. C. Peppereal, External Recruit- 
ment, The Bntsh Petcokeum Company 
Lamited, Britannic House, Moor Lane, 
London, E.C.2, quoting reference 10464/ 
9N. (2428) 


LANCHESTER COLLEGE OF TECHNOLOGY . 


COVENTRY 


Applications are invited for the post of Senior 
Lecturer or Lecturer Grade I in 


PLANT PHYSIOLOGY 


Candidates should bave high qualifications and 
preferably expemence in teaching at undergradu- 
ate level. 

Salaries (under review): 

Sendor Lecturer: £2,280 to £2,595 per annam. 

Lecturer Grade Il‘ £1,725 to £2,280 per 
annum. 

In certain circumstances the commencing salary 
may be above the mnimum of the scale. 

Further particulars and application forms ob- 
taimable from the Principal, Lanchester College 
of Technology, Prrory Street, Coventry CV1 5FB, 
to whom applications should be retumed by 
July 4, 1969. (434) 


UNIVERSITY OF BELFAST 
LECTURESHIP OR ASSISTANT 
LECTURESHIP IN STATISTICS 
The Senate of the Queen's Univerzity of Bel- 
fast invites applicauons for a Lectureship or an 
Asmstant Lectureship in Statistics from October 
1, 1969, or other date. Salary range for a Lec- 
turestip w £1,585 to £2,735 end for an Assistant 
Lectureship £1,240 to £1,470. The scales are, at 
present, under review. Both scales carry con- 
tnbutory fasion rights under the F.SSU. 
Im ph on the salary scales wA! depend on 
q tions and experience. Applications 
atrould be recesved by July 9, 1969. 
Further particulars may be obtained from the 
Secretary, the Queen's University of Belfast, Bel- 
fest BT7 INN, Northern Ireland. (2432) 


UNIVERSITY OF SOUTHAMPTON 


WESTLAND CHAIR OF HELICOPTER 
ENGINEERING 
Applications are invited for the Westland 
en eh ee Salary not leas 
pecticulars may be obtained from the 
Secretary and Regnier, The University, South- 
ampton SO9 SNH, to whom apphcattons (14 
copies from applicants in the United Kangdom) 
should be sent before July 5, 1969. (2378) 


UNIVERSITY OF CALGARY 
DEPARTMENT OF BIOLOGY 
EXPERIMENTAL PLANT 
MORPHOGENETICS 
Ph.D., to teach undergraduate and graduate 
half-courses in Expenmental Plant Morphogenesis 
and advise graduate students. To commence 
January, 1970. Assistant or Associate Professor 
($10,300 to $13,750 ; $13,800 to $18,550, respec- 

tively’ g on ta 
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UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
TECHNICIAN in the teacinng laboratories 
of the above department. The person ap- 
pointed will be responsible for the organi- 


zation and day-to-day running of one of 
the undergraduate teaching laboratories. A 
knowledge of electronics and/or workshop 
practice would be an advantage. Excellent 

workang comhtlons, five-day week. 
Salary on a scale £692 to £1,057 pec 
plus allowances for approved 


Applicaton forms from Mr. D R. 
Ringer, Department of Physics, University 
of Notungham, Nottingham NG7 2RD 


(2409) 


UNIVERSITY OF MANCHESTER 


READER OR SENIOR LECTURER 
OR LECTURER IN BIOPHYSICAL 
CHEMISTRY 
Applications are invited for this appointment 


aspects of the subject. The 
would be expected to set up a rescarch group 
within his field and to maintain and develop the 
exsting undergraduate teaching programme in 
biophyacal chemastry. Salary range pec annam 
Reader or Semror Lecturer, £2,595 to £3,520; 
ae (under review) £1,585 to £2,735. 
Further particulars and application forms (re- 
tarnable by June 27) from the Regstrar, the 
University, Manchester, M13 SPL. Quote ref.: 
126/69Na. (2356) 


ST. BARTHOLOMEW’S HOSPITAL 
E.C.1 


DEPARTMENT OF MBDIOAL 
ELECTRONICS 


Applicants are invited for the post of PHYSI- 
CIST in the Depariment of Medical Electronics. 
The successful applicat will work im the field 
of clinical obystology, co-operateng with chni- 
cians in the developmen: of systems for physio- 
logical measurement The research programme 
18 orientated towards the development of trans- 
ducers and a Honeywell computer, type DDP 516, 
m wcd for on-kme neurophysiological measure- 
mem. Opportunities exist within the Department 
for formal tuition in electronics and the research 
work undertaken by the successful applicant may 
be considered for a higher degree The eppoit- 
ment will be on the bask grade Whitley Council 
scale for Physicists. (Salary scale £1,080 to 
£1,845 per annum plus £90 London Weighting). 

Applications, nenung two referees, should b 
sent to the Clerk to the Governors quoting Refer- 
ence ASC/1929 by July 1, 1969. (2408) 





UNIVERSITY COLLEGE, 
CARDIFF 
DEPARTMENT OF APPLIED MATHEMATICS 
AND MATHEMATICAL PHYSICS 


Appbcations are invited for two posts as 
ASSISTANTS ın the Department. They are both 


to pursue research and 
teachmg work in the Department. One post w 
surtable for a person holdmg or completing a 
higher degree (salary up to £1,240 per annum). 
The other post ıs suitable for a recent graduate 
Galary in the range £825 to £935). Research 


retatrvity theory. 

Appbcations, naming two referees, should be 
sobmutted by July 4 to the Registrar, University 
College, Cardiff, from whom further details may 
be obtained (2345) 





ROYAL VICTORIA INFIRMARY 
NEWCASTLE UPON TYNE 


RESEARCH ASSISTANT requred immedi- 
ately in the Department of Dermatology for re- 
search into Hormonal Control of Skan Pigmenta- 
tion. Post suiteble for postgraduate Ph D. stu- 
dents Candidates should possess a degree in 
zoology, physiology, or similar qualificanon 

Applications, ın writing, to House Governor, 
Royal Victoria Infirmary, Newcastle upon Tyne 
NE1 4LP. (2416) 





* 








Head of 
Toxicology and Pathology 


This leading Pharmaceutical Company is seeking to appoint an experienced 
scientist to head rts Toxicology and Pathology Department. 


The rasponsibilities of the post include both research and service aspects of 
toxicological studies of potential new drugs and the presentation of all relevant 
data to the Dunlop Committee. The operational activities of the Department 
include histopathology. haematology, teratology, biochemistry, histochemistry 
and, principally, these relate to animal studies. 


Close collaboration with senior colleagues in the fields of chemistry, pharma- 
cology, pharmacy and clinical investigation ıs a particular feature of the appoint- 


ment. 


Applicants may well possess a medical or veterinary qualification and ex- 
perience in histopathology would be particularly valuable although these factors 
are not regarded as essential requirements. 

The appointment will be located in the Medical Research Institute at Taplow, 
near Maidenhead, and its importance to the Company will be reflected in 
the salary offered. A non-contributory pension scheme is operated. 


Please apply to. 


Personnel Manager, 


John Wyeth and Brother Limited, 
Huntercombe Lane South, 
Taplow, Maidenhead, Berks. 


UNIVERSITY OF BRISTOL 


Department of Mathematics 


Applications are mwted for the post of 


LECTURER 
IN STATISTICS AND 
MATHEMATICS 


within the Department of Mathematics ten- 
able from August 1, 1969, or as soon 

ths date as possabie. Initial salary within 
the scale £1,585 to £2,045 per annum, 


Further particurs may be obtained 
from che Registrar, Umversity Senate 
House, Bnstoi BS8 1TH to whom applica- 
tions should be seat by June 30, 1969. 


(2349) 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSICS 


Applications ere invited for posts in the 
Department of Physcs from candxates 
with previous expemence in one of the 
following fields 

(a) Polymer physics, particularly with 

reference to the relation between 
structure and propertics. 


(b) Physics anphed to gmciology or other 
earth sciences. 
(c) Physical metalturgy or ceramics. 


Appoutments wHl be made at LEC- 
or RESEARCH ASSOCIATE- 

SHIP level as may be appropaate. Initial 
salary within the range £1,585 to £2,045 


particttars 
from the Registrar, 
House, Brstol BS8 1TH to whom applica- 
tions should be seat by July 1, 1969 


(2348) 


(2440) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


Applications are invited from 
BOTANISTS OR  MICRO-BIOLOGISTS 


Teesdale The project will 
and laboratory studies and 
pend on the field of experience of the 


Micro-algae 

Stream Brolosy 

Steuk Culture Techniques 
Measurement of rates of primary 


The apphcant should hold a current 
dnvmg Hcence. The post will be for two 
years from October 1, 1969 or earlier if 
possible. 

Salary will be in the region of £1,300 
wih F.S SU. 

Applications (three copies), together with 
the names of three referees should be sent 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF BLECTRONIC AND 
ELECTRICAL ENGINEERING 


TWO LECTURESHIPS 


One with interest in physical electronics ; 
other with interest in either electromagnetic 
theory applied to mucrowave devices, or 

For both 


Applications by July 7 to the Secretary, 
UC.L, Gower Street, WC.1, from whom 
further particulars may be obtained 


(2388) 
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Pfizer | TBE FEDERAL UNIVERSITY OF 
AND RESEARCH 


e e AND CH 
on NUCLIBAR RBACTOR PHYSICS by 
October 1, 1969. Canchdates shouid have 
i a Ph.D. from a university In Britain, ex- 

e À in the nuckar energy field. 

f | en S inn . Salary: £2,760 to £3,520 per annum ac- 
x cordang to quaHfications and expsmence. 
£392, married (anaccompamed) £436 to 
n Ta £207, nogle £22 to £ENW. Children’s and 
home education allowances. Income tax 


modation. Outfit grant. Employer's 


The kesearch Division of Pfizer Limited employs over 400 scientists and : gaa tasaeeiee. oes paid: ae te 
technicians from many different sclentific disciplines and the direct Lecturer ip family, janes Goreng 
research effort in the U.K. is over £1.5 million per year. Moxa Selby emaren teed be. tke ‘welve- 
The Blochemical Group now requires the services of a Senior Technician Council. 90U 56. 

to join a team concerned with the evaluation of fibrinolytic agents in CEYLON 

yee PERADENIYA requires PROFESSORS Xi 
Applications are Invited from men or women with an A.I.M.LT. or H.N.C. } SENIOR LECTURERS in each of the 
and experience of working with small laboratory animals. An added folowing posts AGRICULTURAL 


advantage would be experience of biochemical work. 


x ; $ SCIENCES) by early October, 1969. Ca 
The person appointed will work in well-equipped laboratories located at didates for Senior Lectureships shoukd hake 
Sandwich on the Kent coast. A wide choice of residential areas is a good second class honours degree from 
available and property is reasonably priced. The starting salary will be Ao eau Cerna ne Seca nana 
competitive and the conditions of employment include free pension and gree and relevant aata and/or profes- 
life assurance, bonus scheme and the payment of removal expenses if sional experience. Candidates for the Pro- 


fessorsiip should have a good first-class 
honours degree, with the above qualifica- 


ė . 3 tions, and university teaching expenence. 
Applications, whlch will be treated in the strictest confidence, should be Salary’ £3,174 to £4,048 or £2,616 to 
angum Mamed 


addressed to: £3,145 ` pæ z 
A 4 : 7 allowances whhin the folowing ranges: 
ekg oi gee Ta 


cd) £265 to £5, » for Io salary 
Pfizer Limited, Sandwich, Kent. sale: (acamninied Fie A 377 (anac- 
77. Chiden 


appropriate. 


Britain Assistance with freight and 
import duty on approved car. Tw 


UNIVERSITY OF EAST AFRICA contract guaranteed by the British Counci 
UNIVERSITY COLLEGE, NAIROBI PERADENIVA aan NOTION: 


E hes P : : ISTRY @D QUANTUM CS 
Applications are invited for the following appointments DIRT 2 QU M MECHANII or 
ber, 1969. Candidates for the Lectureships 


FACULTY OF ENGINEERING honours" degree from "a nnivemiy in 


J : tain, or recognized profesmonal quallfi- 
G) Lectureship in Civil Engineering. Candidates should have special interest Ba postgrai degree Candi. 
in : Fluid mechanics, hydrology, soil mechanics or structures. Loci eae Sour resis shouid 


(i) Lectureships in Mechanical Engineering. pave the S a net Pucca with 


FACULTY OF SCIENCE SR eg 
G) Lectureship or Assistant Lectureship in Mathematics. ana an io Po marita “Quni 
for lower salary scaks: mæmed (accom- 


FACULTY OF VETERINARY SCIENCE panied £403 to E515" single ENS to E63. 


Children’s and h educati a 
G) Senior Lectureship in Animal Production Income tax refunded if levied. ‘Free fur 
Gi) Lectureship in Veterinary Pathology and Microbiology. 


schemes. 

Salary scales : Senior Lecturer £K1,950 to £K2,615 per annum. Lecturer paid for Sentor Lecturer/Lecturer and 
£K1,350 Pern Nie gph eters Lecturer ee apts per buldrea m hain. Assistance with fragi 
annum, = s. 4d. sterling. ries supplement appropriate a port duty on approved car. Two- 
cases in range £265 to £505 per annum (sterling) under British Expatriates Cond, SOU by the British 
Supplementation Scheme. F.S.S.U. Family passages ; biennial overseas leave. Weite, quoting relevant reference num- 

tailed applications (six copies), naming three referees, by July 30, 1969, to ber to Appomtments Divésion, The British 
Inter-University Council, 90/91 Tottenham Court Road, London, WIP ODT, aka, toe He bara nd aoe 
from whom particulars are available. 


tion forms to be returned completed as 
(2406) soon as possible (2423) 
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Grassland Research Institute 
HURLEY, MAIDENHEAD, BERKS 


CHEMIST 


Asistant Experimental Officer / Experi- 
mental Officer required by Sofls and Plant 
Nutrition Drvelon to asst with studies of 
the soil chemical processes that determine 


Applicants should have, at Kast, a pass 
degree in chemistry, or equrvalent qualifi- 
cation, with an interest in soil/ptant inter- 
relanon. Salary’ AEO. on age sak 
eg., £830 (age 21), £1,150 (age 26 or over) 
to £1,385 per annum. E.O. £1,514 to 
£1,910 per annum. 
For apphcation forms and further 

ticulars apply Secretary Closing date for 
apphcations July 14, 1969. (2401) 


‘UNIVERSITY OF ; 
LEEDS. 7 


Applications are inytted for posts in 
the following Departments : 


ORGANIC CHEMISTRY 


POST-DOOTORAL FELLOWSHIP | 
for research in collaboration with Dr. 


for one year in the first instance, will 
take effect from ether October 5, 1969 
or January 5, 1970. 


PHYSICAL CHEMISTRY 


DEMONSTRATORS 


required to give laboratory instruction 
and to engage on research, for which 
good facihties are available and which 
may kad to the PhD. degree. Ap 
pointment for a period mot exceeding 
three years. Reference No. 24/6/D. 
SALARY SCALES: 

DEMONSTRATORS £785 to £1,235. 

POST-DOCTORAL FELLOW £1,300 

to £1,500. 

Applications (three copies), naming | 
three referees, should be submitted to 
tbe Regmwtrar and Secretary, The Um- 
versity, Leeds, LS2 9JT (from whom 

obtained) | 


reference 
(2353) 


NON-CLINICAL 
SCIENTIST 


MR.C. BLOOD PRESSURE UNIT, 
WESTERN INFIRMARY GLASGOW 


AppHcatlons are invited for the post of 
the above unit. The 


bio-assay, protein punfication and wotope 
es. The project will be undertaken 
the ae Sa? D 


Eaquines about this post should be ad- 
dressed to Dr. A. F. Lever, the Director 
of the to whom applications should 
be sent by July 6. (2415) 
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IRELAND 
APPLICATIONS ARE INVITED FOR NEWLY-CREATED 
POSTS AS 


(a) PRINCIPAL SCIENTIFIC OFFICER 
(b) SENIOR SCIENTIFIC OFFICER (2) 


under the 


NATIONAL SCIENCE COUNCIL 


The Council’s functions are to advise the Government on science and 
technology with particular reference to economic development. 

The Principal Scientific Officer will be particularly concerned with 
Tesearch and development activities. He will be expected to survey 
and assess current work, to initiate technico-economic studies of pro- 
posed future research and to attempt technological forecasts of require- 
ments. The duties of the Senior Scientific Officers (two) will include 
work in the new and expanding fields of 


TECHNIGO-ECONOMIGS 
TECHNOLOGICAL FOREGASTING 


Opportunities for study abroad may be provided. 
An Honours University degré in SCIENCE, ENGINEERING or 
¢: 


ECONOMICS, or an equivalent qualification, is essential for each post 
as well as experience (8 years for post (a) and 5 years for post (b) in 


RESEARCH AND DEVELOPMENT 


or comparable activity. 


The upper age limit for t (a) is 40 years and for post (b) 35 yn 
The salary scales are £2,865 to £3,375 (man) and £2,045 to £2,495 
(man) respectively. Entry above the minimum may be allowed in 
each case. The appointments will be either permanent or short-term 
assignments with prospects of becoming permanent, as may be 
mutually agreed ; a secondment arrangement will be considered. 
Application forms and further particulars may be obtained from the 
Secretary, Civil Service Commission, 45 Upper O’Connell 
Dublin i. The latest date for receiving completed application forms is 


24th JULY, 1969 


(398A) 





p 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
BOTANY DEPARTMENT 


Research Assistantship 
in Plant 


Biochemistry 


Applications are invited for the post of 
ASSISTANT to work 15 a 


istry or biochemistry or 
Initial salary will be in the range of 


(2422) 


BRUNEL UNIVERSITY 


DEPARTMENT OF 
CHEMISTRY 


Applications are invited for a RESEARCH 
ASSISTANTSHIP for work on the surface 
properties of solids under the direction of 
Professor K. S. W. Sing. 


Applicants should have an honours degree 
ia chenustry or Grad.R.LC. The appoint- 
ment tenable for a period of up to three 
years from September 1, 1969, and the 
successful candidate may register for a 
higher degree. Salary fs within the range 
£900 to £1,150. 


Applications, with the names of two 
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HEAD 
of 
CEREALS RESEARCH 


The work of the Cereals Research Department, at the Main Research 
and Development Centre of the Ranks Hovis McDougall Group is 
of particular importance because of the Group’s huge interests in the 
manufacture and distribution of a wide variety of cereal-based 
products. 


To head up this department, we require a first-class Biochemist with 
a Ph.D. or higher d » and at least three years post-doctoral 
research experience, either in industry or in a good academic insti- 
tution. 


Applicants should have a biological background and a specialist 
knowledge in enzymology and its application in the field of proteins 
and carbohydrates. The ability to organise and manage a scientific 
department is essential. 


The post carries responsibility for a team of qualified scientists and 
assistants, and equipment and support facilities are of a high order. 
The successful applicant wıll be paid well and will enjoy excellent 
employee benefits. 


Please write with details of age, qualifications and experience, to— 


The General Manager, 


THE LORD RANK RESEARCH CENTRE, 


Cressex Estate, High Wycombe, Bucks. 
(23377) 





DRUG 
METABOLISM 


Following the growth of our actlvities In the area of drug metabolism, we are 
looking for a man aged 28-35 to lead a team in this tast developing field of 
research. He will probably have a Ph.D. and several years’ experience in 
drug metabolism In the pharmaceutical industry and be used to directing the 
work of others. 


In this position the successful candidate will be required to haise with staff in 
a variety of scientific disciplines, and to Integrate the activities of his team 
with those in other areas, often against a background of the metabolism 
requirements of drug regulatory authorities. The tight man will be pald a 
salary in keeping wrth the responsibility of the job. 


The Department of Drug Metabolism 1s part of a research division of over 400 
staff, and all modern techniquss (including mass spectrometry) which have 
application in this field are available. A liberal attitude ıs taken towards 
publication and attendance at sclentific meetings. 


The Company is situated in East Kent, where there is a wide choice of residence 
in a pleasant coastal and rural area. The conditions of employment tnclude 
free pension and life assurance schemes and the payment of removal expenses, 
if appropriate. 


Please write giving brlef details of experience to: 


D. W. Sells, 
. Personne] Manager, 
Research Division, 
Pfizer Limited, 
Sandwich, Kent. (2387) 








HILL FARMING RESEARCH 
ORGANIZATION 
The Organization has a vacancy for ao 
Assistant Experimental Officer 
with an approprate agricultural pasa degree 


or equivalent, to be stationed at Sourtrope, 
in the Border Hills and to assist in the 


terestang, will include the taking of meteor- 
olomeal observations and some photo- 
graphic records. The post is superanou- 
ated, 


Write for application forms and further 
paruculars to the Secretary, 29 Lauder 


Road, Edinburgh EH9 23Q 


Clomng date 
July 5, 1969, (2402) 


UNIVERSITY OF LANCASTER 


DEPARTMENT OF : 
ENVIRONMENTAL SCIENCES 


Applications are invited for a Sensor Lecture- 
smp in Geophysics in the Department of Ea- 
vironmental 


ate courses in Surface 


meant, 

Further details may be obtained (quotme refer- 
eoce L451/A) from the Unrvessity Secretary, 
Univeraty House, Bangg, Lancaster, to whom 
appkecations (four copies) shoukl be sent by July 
12, 1969. (2351) 





UNIVERSITY OF READING 
DEPARTMENT OF FOOD SCIENCE 
APPOINTMENTS SUPPORTED BY THE 
LEVERHULME TRUST 
Apphcations are invited for two posts to be 
supported by the Leverhulme Trust. Salares 
wall be on the Lecturer or Senior Lecturer scales. 
The duties of the canddates appointed wall ın- 
chade assistance in the M.Sc. taught courses, in 
the supervision of postgraduate students from 
overseas and in research projects Applicants 
should have good academic qualifications end 
research experience m food science, biochemutry 
or some other appropmate subject. For one of 
the posts at kast, experience in overseas food 
and notrtion problems would be an advantage. 
Farther [oformation may be obtained from the 


by whom applicanons should be received as soon 
as posnbie. (2354) 


RESEARCH ASSISTANT 


SCIENCE GRADUATE (female) for biocherm:- 
cal research work relating to coronary throm- 
boas. The post ms vacant now but candidates 
who can start within three months may apply. 
The work involves the investigation of the bto- 
chemical changes that occur during ischaemic 
heart disease. Suitable candidates would have 
the opportunity to register for a higher degree. 

Applications to the House Governor, The Lon- 
don Hospital, E.l. (2380) 





RESEARCH STUDENTSHIPS 
Basic and Molecular Virology 


Vacancies are available in October, 1969, 
for graduates with a good honour degree 
in a biological scieaoce mtending to study 
for the Ph.D degree. The Institute has 
a large scientific staff and the current re- 
scarch programme covers the folowing 
feds > virus specified nucleac acea ana 
proteins, virug genetics, tumour virology, 
geactcs of mammalian cels. 


Baquiries shoud be made, if possible 
before July 3, 1969, to Professor J. H. 
-Sharpe, Institute of Vaoloa, pa 
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This company, which is a leader in the field of agricultural plant breeding, wishes to make two new senior 
appointments due to an expansion of thelr international plant breeding programmes. Successful appli- 
cants will join a team of young and progressive scientists working under excellent conditions with first 
class facilities at their research station in North Lincolnshire. 


Senior Gereal Breeder : Plant Pathologist 


J 
J 
Applicants should hold an honours degree and a higher degree or Applicants for thls post should hold at least an Honours 
have had previous experience In genetical research and plant Degree in Science. The successful applicant will ultimately. 
breeding, although not necessarily in cereal crops The successful | become responsible for pathological work associated with 
applicant will be expected to take control of an expanding team ! breeding programmes on cereals and other crops and should be 
of Graduates working on an extensive international cereal breeding j capable of organizing the support programme and Initiating 
project and wili possess the necessary qualities of leadership | independent research projects. 


Attractive salaries will be negotiated recognizing experience and qualifications. Company cars will be provided. 
There ts a first class Company Pension, Health and Life Assurance Scheme and there are other fringe benefits. 


Applications, which will be treated in strict confidence, should give full details of qualifications and 
experience and should be submitted by 24th July to:-— 


Dr. R. C. F. Macer 

Director of Scientific Development, 
Rothwell Plant Breeders Ltd., 
Rothwell, Caistor, Lincoln. 
(Telephone: SWALLOW 212) 


QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


RESEARCH ASSISTANT 


Biology and Microbiology. The person ap- 
poumed wil be given an opportunity of 


pursuing hs own research 
programme in addition to assusting in this 
appoimmem iu for three 


Salary within 

plus 

F.S S.U participation and 

scale maximum dependent upon qualifica- 
tions and experience. 


Applications should be made to 
Registrar, Queen Mary College, Mile End 
Road, London, E.1, by July 11, 1969. 


(2361) 





UNIVERSITY OF GLASGOW 


LECTURER OR ASSISTANT 
LECTURER IN VETERINARY 
HISTOLOGY/EMBRYOLOGY 


Apphcations ace invited for a Lecture- 
ship or Assutant Lectureship in Veterinary 
Histology / Embryology. Salary scale: 
£1,585 to £2,735 per annum for Lecturers, 
£1,240 to £1,470 per annum for Asustan 
Lecturers FSS.U 


Apphcauons (eight copies for a Lecture- 
Lectu 


ROBT. T. HUTCHESON, 
Secretary of the Uaiversity Court. 


(2347) 





UNIVERSITY OF BRADFORD 
Applications are invited for the post of 
LECTURER IN MATERIALS 
SCIENCE 


(with particular reference to Ceramics) In tho 
School of Matenals Scsence and Technology. 


The person appormted will have the oppor- 
tunity to pursue his own research interests and 
wil take pect in developing the courses in 
ceramics which form part of the Honours Degree 


wadest sense, and applicants with interests in any 
aspect of the subject will be considered. 


: £1,240 by £115 to £2,850 per 
The post 


Application forms, to be returned by July 9 
and further mformatron (please quote ref. PY/ 
L/20/X), may be obtained from the Registrar, 
Unadversity of Bradford, Bradford 7. (2393) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATURE CONSERVANCY 
RESERVE WARDENS 
The Nature Conservancy has vacancies for 
Reserve Wardens in various parts of Great 
Rein foi men aged 26 years or over on June 


current driving licence needed. 

Quaitficanons and Experience. A strong m- 
terest 19 Natural History, preferably with exper 
ence ın routine estate work. 

Salary £888 (age 26), £920 (age 27), £951 (ege 
28), £983 (age 29), £1,014 (age 30 and over) then 
by annual increments to £1,274. Prospects of 
peosfonable employment and promotion. 

Accommodation. House provided or rent 
allowance in lieu. 

Application to the Nature Conservancy (E), 19 
Belgrave Square, London, S.W.1, for an appl- 
cation form. The closing date for receipt of 
completed appHcatfons ss July 11, 1969. 


(2373) 
a e E 


SENIOR 
TECHNICIAN 


required, fully experienced in all Histo- 

logal Techniques for Umversity Teaching 

Laboratory Permanent post. Good con- 
ons. - 


Salary scale £915 to £1,230 (plus recent 
7 per cent award), according to qualifica- 
tions, e¢mpenence, etc. 


Apphcations m writing with two referees 
to the Admunistrator, Departmem of 
Human Anatomy, South Parks Road, 
Oxford. (2374) 


UNIVERSITY OF EDINBURGH ' 


LECTURESHIP IN ANIMAL 
PRODUCTION 


Applications are invited from candidates 
with ap appropmate honours degree and 
research experience in an aspect of anmal 
production for the post of Lecturer m 
Ammal Production in the Edinburgh 
School of Agriculture 

Salary scale: £1,585 to £2,850 per 
annum, with placmg according to age, 
qualifications and experience. Supcrannua- 
tion under F S.S.U. 

k n hoped that the successful candt 
date will take up the appointment from 


may be obtained 


College, South Bridge, Edinburgh EH8 ' 


SYL, with whom applications by ktter*@m 
copies), giving the names of two referecs, 
should be lodged not later then July 19, 
1969. Please quote reference 1063/53. 


(2413) 


' 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF VETERINARY 
ANATOMY 


A ‘RESEARCH ASSISTANTSHIP is 
available from October, 1969, for a gradu- 
ate in veterinary science, physiology or 
zoology, to vestigate the neural control 
of breathing in birds by edlectrophysfolg- 
cal methods. 

Further detas may be obtained from 
the Registrar, the University, P.O Box 
147, Lywerpool, L69 3BX. Quote Ref. 
RV/2757/N. (2435) 


UNIVERSITY OF BELFAST 
RESEARCH ASSOCIATE 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 
The successful candidate wal join a small team 
eogaged n research and development of dye 
lasers for continuous working devices. Prefer- 
ence will be mven to candidates with cxpenence 
in lasers, optica, or opto-ckectronics. The ap- 
pointment us initelly for one year but may be 

renewed 


Salary in tho range of £1,240 to £1,470, initial 
Placing dependent upon qualifications and ex- 


Apphcations, giving full details of postgradu- 
d 


WALTHAM FOREST TECHNICAL 
COLLEGE 
FOREST ROAD, LONDON, E.17 

Applications are invited for a vacant RE- 
SEARCH ASSISTANT post m the Physical Wo- 
chemistry Research School The appointed per- 
son will work for a higher degree under Dr S. 
Lewin on the effect of heavy water on proten/ 
antibody biosynthesis at the ribosomal level. 
Candidates should be Honours graduates or 
holders of Grad. RI.C. The work involves corre- 
physico-chemical 





HEBREW UNIVERSITY— 
HADASSAH MEDICAL SCHOOL 
JERUSALEM, ISRAEL 

Applications are invited for the post of 
HEAD OF THE DEPARTMENT OF 
HISTOLOGY 

Applicants must have bad a productive teach- 
ing and research career and admunistrauve ex- 
penence. Appointee will be responmble for org- 
animng undergraduate teaching, mainly for medi- 


cal and dental students, graduate teaching for 
PhD. and MSc. students. Appointee wiH also 


will be according to the Academic grade given 
to the successful candidate. 

Send detailed appHcations, with curriculum 
vitac and list of publications to the Dean, Med 
cal Faculty, PO B. 1172, Jerusalem, Israel no 
later than July 15, 1969. (2418) 


GOOD HOPE GENERAL HOSPITAL 
SUTTON COLDFIELD, WARWICKSHIRE 
BASIC GRADE BIOCHEMIST required for 

the Brochemsuy Department. This 1s a new 

expanding district hospital with a large maternity 
unit, Facilites for tramng for M C.B. are 
available. Whitley Council condions of service. 
Applications to Group Secretary, from whom 
further mformation may be obtained. (2284) 


UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN BIOCHEMISTRY 
Applications are ae for above post vacant 








Unarversity, 
(two comes), givrng the names of referees, should 
be lodged by July 5, 1969. (2385) 


JOHN INNES INSTITUTE 


An 
ASSISTANT 
EXPERIMENTAL OFFICER 


SCIENTIFIC ASSISTANT 


is required in the 


DEPARTMENT OF CELL 
BIOLOGY 


for work on plant biochemistry, with 
particular reference to nucleic acids. 

revious experience with chromato- 
graphic techniques will be an advant- 
age but 1s not essential. 

um Qualifications 

Assistant rimental Officer: 
pass degree, H N.C. or equivalent. 

Scientific Assistant: .C.E. four 
passes “O” level including a scientific 
subject or Mathematics and English 
Language. Salary in the scales: 

Assistant Experimental Officer: 
£830 at age 21; £1,150 at age 26 and 
over, rising to a maximum of £1,385. 
Scientific Assistant: £430 at age 16 
to £1,100, depending upon age and 
qualifications. Superannuation. 

Applications, with the names of 
two referees, should be sent to the 
Secretary, Colney Lane, Norwich, 
NOR _70F not later than Monday, 
July 7, 1969. (2437) 





- THE™: eas 
. UNIVERSITY OF 


.: LEEDS 


DEPARTMENT OF 
PHYSICAL CHEMISTRY 


Applications are invited for an appoint- 
ment as a 


RESEARCH ASSISTANT 


at pre- or post-doctoral level. The 
subyxct to be studied is the growth of 
explosions from hot spots, or some 
allied topic. 
[he Pages are a good honours 
gree Physacs or Chemistry; an 
Apphed Mathematicaan could also be 
considered. 
















Salary on the Civil Serwee Scientfic 
Officer Scale (£995 to £1,685). 


Further details may be obtained from 
Professor P. Gray, 





UNIVERSITY OF EXETER 


DEPARTMENT OF 
CHEMISTRY 


Apphcations are invited for a post as 
DEMONSTRATOR m the Depanment of 
Chemistry, tenable from October 1, 1969 
for two year. Applicants should hold the 
degree of Ph.D. or have equivalent re- 


search expericace and have special interests 
ın phymcal chemistry. 


Salary scale’ £1,010 to £1,125 per 
sanum, with F.S.S.U. benefits. 


overseas candidates, one copy) should be 
sent not Inter than July 14, 1969. 
(2357) 











HEAD OR SENIOR 
TECHNICIAN 


Applicants must have a wide expeneace 


19 Pharmacological Techniques. Position 
offers good opportunues with excellent 
conditions 

Apply in wrung to: Research Director, 
Biorex House, Canonbury Villas, London, 
N1 (2436) 


MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 


HOLLY LANE, SMETHWICK, WARLEY, 
WORCS. 

Applications are invited from suxably quali- 
fled state registered medical laboratory techni- 
cians for the post of Senior Technician A or ID 
in haematolegy. The laboratory ts well equipped 
ami provides a comprehensive routine hacmat- 
ology/blood transfusion service to the hospital. 
Wintley Council scale, grading according to quali- 
fications. The laboratory may be visited by 
appointment. 

Applications, with the names and addressees of 
two referees, to Group Secretary, West Brom- 
wieh and Dstnct Hospital, Edward Street, West- 
Bromwich. (2384) 


LEEDS (GROUP B) HOSPITAL 
MANAGEMENT COMMITTEE 


KILLINGBECK HOSPITAL, YORK ROAD, 
LEEDS, 14 

BIOCHEMIST (Basic Grade) for the Group 
Laboratory Applicants should possess an ap- 
propmate Science Degree or be Associate or 
Graduate Members of the Royal Inststute of 
Chemistry Whitey Council conditions. Com- 
meocing salary within range £960 per annum to 
£1,080 per annum subject to qualificanons held 
Applications, with fold details, ctc., and names 
of two referees, to Geoup Secretary, Seacroft 
Hospital, Leeds, 14 (2346) 


UNIVERSITY OF 
NEW SOUTH WALES 
LECTURERS/SENIOR LECTURERS 

PHYSIOLOGY and/or PHARMACOLOGY 

Salary. $A5,400 range $A7,300 per annum 
(Lecturer), $A7,600 range $A8,750 per annum 
(Senior Lecturer). Commencing salary according 
to qualifications end experience. Applications 
will be welcomed from persons qualified in 
medicme, science or vetertmary science, For one 








pected to enter on duty before March 1, 1970. 
Detats of appointment, including superannue- 


obtained from she Secretary-General, 
tion of Commonwealth Universaties (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close in iAustraka and London on July 28, ig 
(2404. 





RESEARCH ASSISTANT REQUIRED TO ’ 


salary in range £600 to £93 
Research Unit, 


3 Laboratones, Woodmansterne Road, 
Carshalton, Surrey. (2365) 


HOSPITAL BIOCHEMIST (BASIC GRADE) 


and 
of some specialised tests. Previous experience in 
lipid or steroid field demrable.—Apphcadions to 
Professor of Chemical Pathology, Westnnnster 
Medica! School, London, S.W 1. (2364) 





First- or second-ciess honours degree required, 
Salary in the range £1,235 to £1,530 per annum 
including London weighting (salary scales under 


review). Write to Director, MR.C. Cyclotron 
Unit, Hammersmith Hospxal, Ducane Road, 
London, W.12. (2429) 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GENETICS 


RESEARCH ASSISTANT 


required to coMmborate in a research pro- 
ject which uw concerned with genetically 
determined dafferences in the growth of 
Drosophila, with special reference to suc- 
cessive in retes, of DNA. and, pro- 
tein synthesss dunng devel 

The work is varied, avolesa number 
of biochemice! techmques and offers scope 


for Indtiative. Applicants shouid posscss a 
suitable e"ausiseaizon m Chemwtry or Bio- 


The ee is for a three-year period, com- 
1, ry with a maty of 


kge, South Badge, Edinburgh, 
Please quote Reference 5011/53. 


OF WALES 
ABERYSTWYTH 


DEPARTMENT OF BOTANY 


Apphcations are invited for the pos of 
LECTURER IN 


BOTANY with special 


Further particulars and apniication forms 
may be obtained from the Regwtrar, to 
whom all appkcations must be seat by July 
13, 1969. (2372) 





UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF GEOLOGY 


ASSISTANT IN 
PALAEONTOLOGY 


A Research Assistant is required to work on 
graptoEte morpbology aad evolution under the 
dwection of Professor O. M. B. himan and 
Dr. R. B. Rickerds. The appointment wall be 
for a maximum of three years, starting October 
1, 1969. Salary scale according to quahfications. 
ring to a maximum of £1,180; F.S.S U. Some 
knowledge of, or interest m graptolites Lower 
Palaeozoic palacontology/stratigraphy or biolog- 
cal techniques would be an advantage. The post 
wH involve some coWecting in this country and 
abroad. 

Three copies of epphcs lone and mames of two 
referees to Professor O M. B. Pulman, Depart- 
ment of Geology, Sedgwick Museum, Downing 
Street, Cambndge. Closing date June 30,1399: 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF GEOLOGY 
SEDGWICK MUSEUM 
TEMPORARY ASSISTANT CURATOR 


An paan PA i required for the 
Salary commensurate with 

No Te -aan to P: hearted 

ancinde all aspects of ‘corating ; 








UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 


Apploations are invked for SENIOR LEC- 
IN PHARMACOLOGY in Depart- 
N alty sak peaa qualified 


consal overseas leave. 

R tions (six copies) naming three 
referees by Juty 30, 1969, to Inter-University 
Council, 90/91 Tottemham Court Road, London, 
WIP ODT, from whom are available. 








UNIVERSITY OF 
LIVERPOOL 


Applications are invited for two poms of 
TECHNICIAN 


service to hospitals. 
wous expenence in sterse techniques and/ 


or issa cukture is desirable but not essen- 
tal. 

Fnrtial salary on the scale £373 to £575 
per annum (Grede D or £722 to £1,007 
per annum (Grade ID, accordmg to age, 
lor pacer and expenieace. (Both scales 


ried pear forms may be obtained from 
the Regstrar, The Unuivermty, P.O. Box 
147, Tuverpooi L69 3BX. Quote Ref. RV/ 
2153/N (2394) 





FELLOWSHIPS AND 
STUDENTSHIPS 


THE 
-UNIVERSITY OF 
LEEDS : 


Procter Department of Food and 
Leather Science 


OPPORTUNITIES FOR 
POSTGRADUATE RESEARSH 


Several postgraduate studentships wil 
be avadable in the department from 
October, 1969. Areas of work for 
which grants may be avaible are: 
flavour studies using G.L.C. and Tiasa 
research 


pectrometry, analytical 
foods, fluidisation of parnculate foods, 
physico-chemical 


propriate for particular 

good degree in combined studies or a 

biological subject would be considered. 

Two studentships ın clectron micro- 

scopy are available. These involve use 

of the modern equipment in the de- 
partment. 

@ Structure of meat and processed 
meat. Ia co-operation with the 
British Food Manofacturing In- 
dustnes Research Association. 


degree would form a good basis 
for the work. 

G) Stcucture of skin and leather. 
co-operation with the British 
Leather 


permit 
ather M.Phil. or Ph D. 
Tnquiries and requests for application 
forms to Professor A. G. Ward, Proc- 
of Food and Leather 


PORT ARTHUR, ONTARIO, OANADA 
DEPARTMENT OF GEOLOGY 
available 


* Structural Geology” relating to the Pre- 
cambrman Shield. Stpend Canadian, $6,000 
(tax free). 


Appkcams should provide curriculum vitae, het 
of publications and names of two referecs. 
quiries to Dr. J. L. Talbot. (2308) 


XLI 





UNIVERSITY OF 
SOUTHAMPTON 


RESEARCH FELLOWSHIP IN 
THEORETICAL 
AERODYNAMICS 


d mechanics research 
the numencal solution of partial 
differential equations. 


The appointment is for two years in the 
The ini 


first instance. tal salary wil de- 
pend on qualifications aod experience in 
the range £1,500 to £2,700. 

Further details may be obtaiacd from 
the Deputy Secretary, The Uatverstty, 
Southampton, SO9 SNH, to whom a; 
cations should be semt (seven coples 


U.K. a ma) and quoting reference N 
before July 11, (2420) 





BATH UNIVERSITY OF TBCHNOLOGY 


The School of Mathematics will have 
vacancies on October 1 for 


TWO RESEARCH STUDENTS 


to work on applications of hybrid 

Cenalogue t deun computing. The first, 

rted by the Ministry of Techanioay, 
-aided f 


lems. Applicants should already have or 
expect to obtain a first or second class 
honours gemee in Engineering, Physics or 
Mathematics 


For further information, apply giving 
brief personal details to Professor D. E. 
Baiey, Bath Uaiveruity of Technology, 
Bath BA2 7AY. (2400) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 
RESEARCH STUDENTSHIPS 


Research Studemshrps are avaiable as 


from October 1, 1969 for work in the 
folowing fields: 

1. Gyathesis of n polymers 

2. Influence of additives om hydrocarbon 

com! n 

3. Spontancous ignition of gases 

These studen will be awarded 
either by the Science R Council or 


rate). tails may be ol 

from Dr. C. F. Blakeley (project 1) or 

Professor C. F. Cornice 2 and 3), 

Department of Chemistry, The City Um- 

versity, St. John Street, London, E.C.1. 
(2355) 





UNIVERSITY OF BELFAST 


investigator wii haye chose contact 
ons should be sent, preferably by July 
1969, to Dr. R. G. R. Bacon Department of 
Ganie Chemistry, David Kek Building, BeHast 
BT9 SAG, from whom further information may 
be obtamed. (2366) 


XLI! 
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UNIVERSITY OF 
MANCHESTER 


SIMON ENGINEERING 
LABORATORIES 


RESEARCH STUDENTSHIP 


Applications are invited for a Research 
by the Central 


The research is of 
a fundamental nature and is aimed at pro- 
viding information relevant to future high 
pressure thermal power systems. 

The Studentship is tenable for two to 
three years and applicants should hold a 
good honours degree ın engineering or 
physics. intial 


Manchester, 
/Na. 


UNIVERSITY OF SURREY 
GUILDFORD 


DEPARTMENT OF METALLURGY 
AND MATERIALS TECHNOLOGY 


RESEARCH FELLOWSHIP 


Applications are mvited for the posi- 
thon of a postdoctoral feHow to join a 
team investigating the physcal metallurgy 
of constant modulus aMoys Starting salary 
will be in the range £1,450 to £1,650 with 
annual increments and F S.S.U benefits. 


RESEARCH STUDENTSHIP 
Apolicauons are inwted from students 


with good second class honours degrees for 
two research bursaries equivalent to current 
SR.C. Scholarships. 


Further particulam can be obtained from 


uona, prior experience and 
two referees. 


POST-DOCTORAL 
FELLOWSHIP 


for work on surface-chemical aspects of 
wood polymers. Surface-chemical collond 
background $7,500 to $9,000. 


Reply to: 
Dr Philp Luner, 
Empire State Paper Research Institute, 
State University College of Forestry 
at Syracuse University, 
Syracuse, N Y., USA. 13210. 
(2396) 


UNIVERSITY OF 
ST. ANDREWS 


DEPARTMENT OF CHEMISTRY 


RESEARCH STUDENTSHIP 


Applicationz are invited for a research 
studentship leading to the degree of Ph.D. 
for studies on the 


second class honours degree or equivalent. 

The award 1s tenable from October, 1969 

Applications should be sent to the Head 

of the Chemistry Department, The Purdio 
Building, The Universky, St. Andrews. 
(2389) 


Wolverhampton 
College of Technology 


(Proposed Polytechnic) 


RESEARCH IN 
ENZYME/POLYMER 
CHEMISTRY 


Applications are Invited from potential 
good Honours Graduates in Chemistry 


Post I A studentship 1s available under the 
ee of Messrs. Koch-Light 


Post H The Science Research Council is 
prepared this year to offer to a 
suitable canchdate 


The holders of these awards will be ex- 
pected to register for eather a higher de- 
gree of the Council for National Academic 
Awards (C.NAA) or a higher degree of 
thear owo university. 


For further particulars please write to: 


eh J. V McLaren, 

Cpartment of Chemistry, 
Wolvechampton College of Technology, 
Wulfruna St, Wolverhampton. 

(2369) 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSICS 


RESEARCH STUDENTSHIPS 


Applications are invited from Ist or 2nd 
class Honours graduates or final year 
Honours students, for two postgraduate 
studentships mm Atomic and Molecular 
Spectroscopy 


(@) to pariecipate in crossed beam experi- 
ments wvolyvng the study of inelastic cross- 
sections for electron-ion and jon-1on colt- 
sons Most of this work will be carried 
out at the Culham Laboratory 


(b) to develop a high resolution x-my 
photoelectron spectrometer for the study 
of atomic and mokcular systems. 

The successful candidate will be expected 
to register for a higher degree. 

Further details can be obtained from the 
Deputy Secretary, The Umrversky, South- 
ampton SO9 5NH, to*whom applications, 
naming two referees, should be 
June 30, 1969, quoting ref N. 


UNIVERSITY OF KENT 
AT CANTERBURY 


RESEARCH STUDENTSHIP IN 
ELECTRONICS 


Applications are invited for a student- 
ship in Electronics for research imo aenals 
for the 9 and 4 millimetre microwave band. 
Support will be at the same rate as for 
Science Research Council studentships 


Facuky of Natural Sciences, 
Chemistry Buikung, The University, Canter- 
bury, Keat. Please quote reference PG 4/ 
69. (2405) 








POSTGRADUATE 
STUDENTSHIPS IN 
BIOCHEMISTRY 


A limited number of postgraduate 
studenishi 


have a first or uppa 

(Single or Joint Honours) in Biochemistry. 
Tomwcs for research may be in the fields of 
Enzymology or Nuckic Acid Metaboliaem 
and the awards will be based on S.R.C. 
scales. 


Apply m wreting by June 30, to Pro- 
fessor K. Burton, Department of Biochem- 
istry, Physcs Building, The University, 
Newcastle upon Tyne, NEI MU esis 





GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 


GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS 


Applications for grants from the second 
alfotment of the Government Geant for 
Scientific Investigations for the year 1969 
should be made as soon as posible on 
forms of appication to be obtained from 
the Executive Secretary of the Royal 
Society, 6 Carlton House Terrace, London, 
S.W 1. No application can be considered 
which is received later than July 31, 1969. 


Applicants must be of British nationality, 
resident in Grea Northern 


expeditions and collections ; but not 1p aid ` 
of scientific publications. (2370) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH AWARDS 

Applecatrons are iovked for 


grants 

valued at £550 per annum plus fees for work in 
the fieids of: 

(a) the relationships between polymer structure 
and dye adsorption. 

(b) the factors governing mass transfer of dyes 
from Solution to polymer fibres and textile fibres 

Applicatrons should be addressed to Professor 
R. H Peters, Department of Polymer and Fibre 
Scrence at the Iostkute, P.O. Box No 88, Man- 
chester M60 1QD. (2350) 


FOR SALE AND WANTED 
WM. DAWSON & SONS LTD. 





Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


ALL TYPES OF SCIENTIFIC DRAWING 
for journals, etc., undertaken by boncis biology 
gtaduate.—Box 2419, Nature, T. G. Scott and 
Son, Ltd., 1 Clement's Inn, London, WC 





MISCELLANEOUS 


Reg. No 788337, Trade Mark SEPHADEX 
Goods: Polymers being chemical compounds for 
industreal use m the purification of chemical sub- 
stances 

Reg. No. 882324, Trade Mark SEPHAROSE 
Goods: As above. (2410) 
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YOU'VE JUST UNEARTHED 
CHARRED WOOD. 


WITHIN WEEKS WE CAN 
TELL YOU ITS AGE. 





Our radiocarbon laboratory 
and counting facilities can give 
you the fastest service avail- 
able anywhere. A complete age 
determination report on your 
charred wood sample will be in 
your hands within weeks. . 

And the stress is on accuracy. 
Not only do we routinely date 
samples of your charred wood | 
using C* age determination 
methods, but our C/C”? analy- 
sis, also done routinely, can 
compensate for natural isotopic 
fractionation, one of the key 
factors affecting the accuracy 
of the date. The prices of our 
radiocarbon dating service are 
based on the number of sam- 
ples we date for you during 
any given 12 month period. The 
prices range from $160 for a 
single sample to $120 per sam- 
ple for 50 or more samples. For 
C™ plus C?/C® analysis, the 
charge is $185. Again, less for 
multiple analyses. 

For complete details on the 
fastest, most accurate age de- 
termination service available 
anywhere, call or write ISOTOPES, 
50 Van Buren Avenue, West- 
wood, New Jersey 07675. 
U.S.A. 








ISOTOPES 
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thermostatic 
control unit 





The Grant SU2 thermostatic control unit 
enables any vessel or sink to be used as a 
thermostatic water bath. A centrifugal pump 
can be fitted to circulate water through 
external apparatus. 

This unit is very robust; a stainless steel 
shield surrounds the submerged components 
for, protection. 

Sensitivity is +0.25 deg C in vessels holding 


at least 10 litres, and +0.1 deg C in a 
30 litre vessel. 

All Grant equipment is guaranteed for 
two years, and, in the United Kingdom, 
we operate a 48 hour repair service. 


UK prices: 
SU2 £28.00 (£33.00 if fitted with a 
pump). 








NAI URE 


INTERNATIONAL JOURNAL OF SCIENCE 


New labelled 


substrates 


specially prepared, 
tested and packaged for 


enzyme 
assays 





} The Radiochemical Centre 








= Precise product yield can be calculated because the 
- substrates are pplied at accurately measured 


ire supe jata 


= Assay sensitivities are safeguarded by meticulous 
control of purity including measurement of typical 
blank value 


Preparation of reagent is simplified by supplying 
acks containing individual test quantitie 


Radiation decomposition problems are minimised by 
hoice of low specific activity materia 





Amersham England 





Macmillan (Journals) Limited 










June 28 
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NEO” 
Statistics and 
inference 


Fusion catalysis 
by quarks 


Haemoglobin 
Bohr effect 


Counting 
chromocentres 


Production of 
cold agglutinins 


More about 
pulsars 


Phytohaemagglutin 
and gene activities 


Recent books 


Vol 222 No 5200 


4)-UK 60c USA 
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Of potential interest to qualified investigators 





'BCo’s Puromycin... 


the great inhibitor 


Puromyein has been tested 
against a variety of experimental 
tumors in various animals (1) (2). 
It showed significant cytotoxicity 
in vitro against a series of tissue 
cultures derived from normal cells 
(3) (4) (5). 

Puromycin completely inhib- 
ited protein synthesis, but not 
nucleic acid synthesis in Pseudo- 
monas fluorescens (6). In experi- 
ments with Escherichia coli it was 
concluded that Puromycin pre- 
vented the final condensation of activated amino 
acids tọ peptides (7). 

It was reported effective against Trypanosoma 
equiperdum infections in mice and rabbits. It was 
partially effective against T. cruzi (8) (9). 

Tobie tested Puromycin for its trypanocidal 
properties against six species in mice. Four hours 
after inoculation with the trypansomes, Puromyein 
had a strong suppressive effect against all species 
except T. congolense (10). 

PUROMYCIN DIHYDROCHLORIDE 
1 gram bottle 
500 mg. ampule . 


100 mg. ampule . 
25 mg. ampule 


gram $450 
ampule $235 
ampule $47.50 
Pars? dap rye PT, le ae Bg ampule $13.25 
To order, phone 216 662-0212 collect (USA only). 

If desired, 24-hour delivery anywhere in the conti- 
nental USA; 80 hour delivery anywhere in the world. 
Send for our free catalog containing over 3500 items. 





(1) Troy, W. Smith, S. Personeus, G. 
Moser, L. James, E. Sparks, S. J. 
Stevens, M. Halliday, S. McKenzie, 
D. and Oleson, J. J. Antibiotics Annual 
1953-1954: 186:190. 

(2) Sugiura, K. J. Stock, C. C. Reilly, 
H. C. and Sehmid, M. M. Studies jn 
Tumor Spectrum. Cancer Res. 18: 66-77, 
1953, 

(3) Cobb, J. P. Trans. N. Y. Acad. Se. 
Ser. 2, 17: 237-249, 1955. 

(4) Eagle, H., and Foley, G. E. Am. 
d. Med. 21; 739-749, 1948. 

; (5) Foley, G. E., and Handler, A. H. Ann. 
N. Y. Acad. Se. 76: 506-512, 1958. 

(6) A Sanvma, K. Chem. Abstr. 53: 7320d, 1959, 

(7) Nathans, D. and Lipman, F. Proc, Natl Acad. Sei. U.S. 
47: 497-504, 1961, 

(š) TRINCAO, C. Noguelra, A. R. and De Almeida Anais. 
Inst. Med. Trop. Lisbon 13: 429-431, 1956. 

(9) Agolini, G. Boll. Soc. Ital Biol Sper. 33: 877-880 1957. 
(10) Tobie, E. J. Am. J. Trop. Med. 3: 852-859, 1954, 


The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in Jaboratory research animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 


Nutritional 


Biochemicals 


Corporation 


26201 Miles Road • Cleveland, Ohio 44128 
Phone 216 662-0212 
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Sector 
Publishing Ltd 


To be published in July 1969 


Lubrication and 
Wear in Joints 


Proceedings of a symposium organised in Leeds, by 
the Biological Engineering Society, April 17, 1969 


EDITED BY VERNA WRIGHT 


Rheumatism Research Unit, University of Leeds 


152 pages of illustrated papers and discussions on 
lubrication in human joints; tribology and arthritis; 
physical properties of synovial fluid: lubricating 
properties of synovial fluid in human and animal 
joints; load deformation response of the micro- 
structure of articular cartilage; lubrication mech- 
anism in human joints by scanning electron micro- 
scopy; indentation stiffness in articular cartilage 
in normal and osteoarthrosic femoral heads: tensile 
properties of articular cartilage; magnitude of forces 
transmitted at hip and knee joints; wear in artificial 
joints; a joint simulator; experiments on friction 
in the human hip; new information on weeping 
lubrication; study of articular gelling; the require- 
ments of an artificial lubricant for joints; studies 
on the formation of hyaluronic acid films. 


Speakers include D. Dowson, V. Wright, 
M. D. Longfield, P. S. Walker, R. Goddard, 
P. Sellers (Leeds); D. V. Davies, J. Pal- 
frey (St. Thomas’s); R. Vos (Delfi; J. 
McCall, J. P. Paul (Strathclyde); G. E. 
Kempson, C. J. Spivey, M. A. R. Freeman, 
S. A. V. Swanson, A. Maroudas, T. Little 
(Imperial College); J. Scales, D. Goddard 
(Stanmore); W. C. McCutchen (Bethesda). 


Copies are available at 53 shillings or 26.50 
Swiss francs (post paid) from 


SECTOR PUBLISHING LTD. 
20/22 Bedfordbury, 
London, W.C.2. 


Seravac 


ENZYMES 





SERAVAC LABORATORIES (Pty.) LTD. 
Holyport Berkshire England Tel: Maidenhead 21343 


In the U.S.A. Seravac Products are obtainable from: 


GALLARD-SCHLESINGER CHEMICAL MFG. CORP. 
584 Mineola Avenue, Carle Place, L.I., N.Y. 11514 


| 


e 


_asflatas a... 


Whatman porous polyethylene support disc? 


You'll find one in either end-piece of every 
Whatman Precision Chromatography 
Column. It’s rigid, porous and very, very flat. 
So flat that you get perfect horizontal layers 
when loading the column bed, and perfect 
even layers of bands on elution. All that 
flatness mounts up to better results. With 
every set of polyethylene support discs you get: 
one precision bore glass tube 

two identical column ends of special design 
two lengths of P.T.F. E. to fit the column ends. 


Quite a package deal! 

You can use it for ascending or descending 
chromatography. You can stop worrying 
about contamination. Sample loading is 
simple and reproducible. And dead space is 
practically a thing of the past. Water Jackets 
are also available. Need any more reasons for 
using a Whatman Precision Column? Go on, 
ask us-we can give you plenty. 


w & R Balston (Modified Cellulose} Ltd, Springfield Mill, Maidstone, Kent, England. soe 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12th of an inch 
iOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Inn, Strand, London, W,.C.2. Telephone: 
01-405 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 



























JOHN INNES INSTITUTE 
An 


ASSISTANT 
EXPERIMENTAL OFFICER 


SCIENTIFIC ASSISTANT 


is required in the 


DEPARTMENT OF CELL 
BIOLOGY 


for work on plant biochemistry, with 
particular reference to nucleic acids. 
Previous experience with chromato- 
graphic techniques will be an advant- 
age but is not essential. 
Minimum Qualifications 
Assistant Experimental Officer: 
pass degree, H.N.C. or equivalent. 
Scientific Assistant: G.C.E 






E. four 
passes “O” level including a scientific 
subject or Mathematics and English 
Language. Salary in the scales: 
Assistant Experimental Officer: 
£830 at age 21; £1,150 at age 26 and 
over, rising to a maximum of £1,385. 
Scientific Assistant: £430 at age 16 
to £1,100, depending upon age and 
qualifications. Superannuation. 
Applications, with the names of 
two referees, should be sent to the 
Secretary, Colney Lane, Norwich, 
NOR 7OF not later than Monday, 
July 7, 1969. (2437) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
BOTANY DEPARTMENT 


Research Assistantship 
in Plant 
Biochemistry 


Applications are invited for the post of 
RESEARCH ASSISTANT tọ work in a 
research programme directed by Dr. E. G. 
Brown and concerned with the biochem- 
istry of pyrimidine d in plants. 
Applicants should ha a degree in chem- 
istry or biochemistry or Grad.R.LC. 
Initial salary will be in the range of £850 
to £1,000 per annum. 








Further particulars, quoting reference 
number B6 may be obtained from the 
Registrar, University College of Swansea, 
Singleton Park, Sw a, SA2 SPP, by 
whom applications should be received not 
later than Friday, July 25, 1969. 





< 





SRN AE 


THULE OL ULL 


Mathematician/ 
Statistician 








BERNARD MATTHEWS LIMITED, currently producing over 20% 
of the oven-ready turkeys consumed in the U.K., wishes to 
appoint a Graduate or equivalent to its Planning Department. 
This department plans and controls all aspects of the production 
programme, currently totalling 2,000,000 turkeys per year from 
pedigree breeding right through to processing of the finished 
product. He would understudy the present Head of the Planning 
Department with a view to taking over in two to three years time. 


TET ETH 





A computer is being installed and it would be of value if 
candidates had experience of systems analysis. As well as 
routine planning, accounting and stock-keeping functions, the 
computer will be used for operational research in all aspects of 
turkey production. The person appointed will be responsible for 
initiating and conducting such research. He would not, 
however, be responsible for programming nor for the day-to-day 
management of the computer installation. 


The Company's Head Office is a country mansion north of Norwich, 
with easy access to the leisure areas of the Norfolk Broads and 
North Norfolk coast. 


Candidates, either male or female, should apply giving full details 
of their qualifications and experience to Mr. S. Sutherland Smith. 


BERNARD MATTHEWS LIMITED 
Great Witchingham Hall, Norwich, Norfolk NOR 65X 
Tel: Gt. Witchingham 363 


(2484) 


TAMMA MANANA 


HERHHENHIEHNHRNHHEHAHHHHRANHENHHNHRHH 
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CONSULTANT NUTRITIONIST 





BERNARD MATTHEWS LIMITED requires a Consultant 
Nutritionist to advise on all aspects of the nutrition of breeding 
and fattening turkeys. A digital computer is being installed, 
which would be available for work on least cost formulations. 


Applicants for this Consultancy should apply giving details 
of their qualifications and experience to Dr. R. A. N. Napier. 





BERNARD MATTHEWS LIMITED 


Great Witchingham Hall, Norwich, Norfolk NOR 65X. 
Tel: Gt. Witchingham 363 
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UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF PHARMACOLOGY 


TEMPORARY LECTURESHIP/ 
ASSISTANT LECTURESHIP IN PHARMACOLOGY 


Applications are invited from graduates in Pharmacology, Pharmacy, 
Physiology, Biochemistry or Medicine for the post of Temporary Lecturer/ 
Assistant Lecturer in Pharmacology. The appointment will be for one year, 


The appointee will require to assist in the running of undergraduate courses 
in Physiology and Pharmacology and, depending on experience, to 
train graduates for higher degrees of the University. Adequate facilities 
are available for research and the successful applicant will be required 
to participate in the research of the Department or to conduct his own 
research. 


Salary scales: Assistant Lecturer £1,240-£1,470, Lecturer £1,585— 
£2,850 per annum, plus F.S.S.U., if required. Placing according to 
qualifications and experience. 


Application forms and further particulars (quoting 30/69) can be obtained 
from the Registrar, University of Strathclyde, George Street, Glasgow, C.1., 
with whom applications should be lodged by 7th July, 1969. 


(2485) 


BRITISH MUSEUM 
(Natural History) 


Education Officer 


PRINCIPAL SCIENTIFIC OFFICER required for newly-created post 
of Education Officer in the Exhibition Section of the Museum. 





DUTIES: To be responsible for the development of the educational 
function of the Museum and to control a large and expanding pro- 
gramme of exhibitions, 


AGE: Preferably between 30 and 50. 


QUALIFICATIONS : Normally Ist and 2nd class honours degree. 
or equivalent qualification, in a biological or earth science subject. 
Candidates should have a keen interest in natural history, and experi- 
ence in teaching or scientific journalism would be an advantage. 


SALARY : £2.600-£3.550. Starting salary may be above minimum. 
Non-contributory pension. 


WRITE to Civil Service Commission, Savile Row, London WIX 2AA. 
or telephone 01-734 6010, Ext. 229 (after 5.30 p.m. 01-734 6464 
t Ansafone | service), for application form. quoting $/7218/69. 
Closing date July 15, 1969. 

(2542) 


aris H ASSISTANT THE DEPART- RESEARCH ASSISTANT REQUIRED TO 

from aoe r 1, 1969, to in in biochemical laboratory techniques and 
into hospital infection, Ap- st in medica] research. Two “A” levels in 
“fave an Honours deg ny nee subjects preferred. Day release by 
ra related subject. Salary scale arrangement. Prospects of promotion. Starting 
per annum.~-Write, naming two salary in range £000 to #930.—Apply to the 
the Clerk to the Governors, St. i f Neuropsychiatric Research Unit 
‘s Hospital. London, E.C.l, quoting . Laboratones, Woodmansierne Road. 
ASC 37. (2444) Ca alton, Surrey, £23653 
e 
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NON-CLINICAL 
SCIENTIST 


M.R.C. BLOOD PRESSURE UNIT, 
WESTERN INFIRMARY GLASGOW 





Applica s are invited for the post of 
non-clinical scientist at the above unit, The 
work will be concerned with the investiga- 
tion of the chemistry and enzymology of 
renin involving the use of immunotogical. 
bic-a protein purification and isotope 
techniqu The project will be undertaken 
in association with the University Depart- 
ment of Biochemistry (Dr. G. Leaf). The 
work would be suitable for either a post- 
doctoral worker or a graduate, and could 
be arranged to comply with regulations for 
Ph.D. in the University of Glasgow. Initial 
salary would be in the range of £1,375 to 
£1,930 according to experience. 











Enquiries about this post should be ad- 
dressed to Dr. A. F. Lever, the Director 
of the Unit, to whom applications should 
be sent by July 6. (2415) 





THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for a post in 
the following Department: 


CHEMICAL PATHOLOGY 


LECTURER 


imedically or non-medicaly qualified). 
The duties of the post will be centred 
on the routine Hospital Labor i 

the Leeds General Infirmary 
include particular attention t 
complicated analyses, and inv 








































a r qualifi- 
cations are ts jal. A suitable can- 
didate may be allowed to spend half 
his time in research and development 
work with the possibility of preparing 
for a higher degree. Intending appi- 
cams may visit the Department by 
arrangement with Professor G. H. 
Lathe. 

Reference No. 47/3/D. 


SAL ARY SCALES: Lecturer £1,240 
robationary to 1,470: 

5 2.340); Lecturer Gf 
medically qualified) £1,590 to £3.235. 













Applications (three copies) s be 
sent to The Registrar and tary, 
The University, Leeds, LS2 9JTF (from 


whom further particulars may be ub- 
tained) not later than July 5, 1939. 


Please quote reference number. 





(2481) 





QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


LECTURER IN PLANT 
TAXONOMY 


Apnlications are invited for this posi ten- 
able in ihe Department of Plant Biology 
and Microbiology with effect from Ocio- 
ber I. 1969, or as soon as possible afier 
that date. Preference will be given to 

candidaies with r ch interests in if 
taK Onam Or chemi cal faxong my. È 











Applicaton forms epainabie fram the 


Registrar, Queen Mary College, Mile End 
Road, London, E.i, to be returned by 
July H. (2488) 
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Liverpool 


Education 





LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 


(Proposed Polytechnic) 
BYROM STREET, LIVERPOOL L3 3AF 


DEPARTMENT OF 
CHEMISTRY AND BIOLOGY 


Applications are invited for the following 
appointments, Duties to commence in 
September, 1969. 


1. SENIOR LECTURER IN 
INORGANIC CHEMISTRY 


Applicants for this post should be academi- 
aliy well-qualified. and should have previous 
ching, industrial and/or research experi- 
ence. 

The successful candidate will be expected 


Current 
Research Topics 


Heat Transfer — relating to Industrial and 
Domestic “off peak” storage devices. 


Fluid Flow in the application of shockwaves 
to industrial processes. 








to make a substantial contribution tọ the 
development of inorganic chemistry within 
the Department, commensurate with his 
Senior Lectureship status. He will be able 
to teach inorganic chemistry at all leveis, 
fram H.N.C. to Honours Degree, and to 
participate in the work associated with the 
M.Sc. course in Instrumentai Chemical 
Analysis and other postgraduate courses, He 
will be expected to pursue a research pro- 
gramme, but the exact nature of his research 
specialization is not critical. 


2. LECTURER GRADE |I 


IN BIOCHEMISTRY 


Applicants for this post should preferably 
both first and higher degrees in Bio- 


Non Ferrous Metallurgy — extraction, 
recovery, and heat treatment. 


Power Distribution Systems — design, 
control and equipment. 





Refractory Materials -in regions of high — 
temperatures, rates of flow, magnetic fields. 





Electrically Augmented Flames 


Electro Hydrodynamics 





. and should be active in research ; 
the successful candidate will be expected to 
teach to Honours Degree level in Biochemistry 
to both Chemistry and Biology Students. He/ 
she will also be expected to contribute to the 
postgraduate teaching programme and to 
undertake research. 


3. PRINCIPAL LECTURER 
IN PLANT BIOLOGY 


Applicants for this position should be well- 
qualified, preferably with a higher degree. 
Yhey should have previous teaching experi- 
ence and should be active in research. The 
exact mature of their specialization is not 
impor i, although it would be especially 
te if they had experience in eco- 
logy, plant pathology or microbiology. 

‘The successful candidate will effectively 
be in charge of the teaching of botanical 
subjects at all levels in the department. One 
of his/her most important functions will be 
to encourage, initiate and co-ordinate re- 
starch and other postgraduate studies in 
plant biology. 


SALARIES FOR FURTHER 
EDUCATION ESTABLISHMENTS 


£1,725 to £2,280 p.a. 
(The commencing salary 
will be assessed accord- 
ing to qualifications, 
professional experience 
and present salary.) 


£2,280 to £2,595 p.a. 


If you are interested in working on any of 
these topics as a Research Officer (salary within a 
Band of a series of Bands having an overall 
maximum of £3,285 NJB), then please apply — 
Stating area of interest — or write for further 
detailsto: 





Mr. D. C. Page 

Head of Personnel Services 
Electricity Council Research Centre, 
Capenhurst, Near Chester 

quoting reference H {192 


Lecturer Grade H 





(241D 


Senier Lecturer 





0 to 





Principal Lecturer £2,53 





Application forms and further particulars 
can be obtained from the Director of Educa- 
ton, l4 Sir Thomas Street, Liverpool Li 
on receipt of an addressed foo'scap 
ype, 


UNIVERSITY OF 
BRITISH COLUMBIA 


RADIO ASTRONOMY 


UNIVERSITY OF HULL 
DEPARTMENT OF BOTANY 







ompleted forms should be returned to the 
Principal of the College by July 7, 1969. 


STANLEY HOLMES, 





Applications are invited for the post of 


T, Town Cierk. 








(2431) 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for an EXPERIMEN- 
TAL OFFICER with practical experience in bio- 
chemistry or chemistry as personal assistant to 

the Head of Department (Professor D. 
Parke). The research work of the Department 
currentiy includes studies in the fields of pharma- 
cological biochemisiry, steroid biochemistry and 
nutrition, and is progressively expanding into 
clinical biochemistry and toxicology. The De- 
partment is at present located in temporary ac- 
commodation in London but is shortly moving 
into laboratories on the new University site at 
Guildford. Salary will be within the range 
338 to £1,766 per annum, 
plications should be forwarded to the Staff 
icer, University of Surrey, Guildford. 

(2494) 











Applications are invited for the position 
of VISITING ASSISTANT or ASSOCI- 
ATE PROFESSOR to carry out research 
in Radio Astronomy using the facilities of 
Dominion Radio Astrophysical Observa- 
tory, Penticton, B.C., and of the Algon- 
quin Radio Observatory operated by the 
National Research Council. 





The appointment is available for one 


year commencing July 1, 1970, with the 
possibility of renewal for a second year or 
of conversion to a permanent appointment. 


Preference will be given to applicants 
with post-doctoral research experience, and 
with experience in supervising graduate 
students. 

Applications, giving a brief curriculum 
vitae and the names of two referees, should 
be sent to: Dr. G. M. Volkoff, Head, 
Department of Physics, University of 
British Columbia, Vancouver 8, British 
Columbia, Canada. (2398) 


CHIEF TECHNICIAN 


in the Department of Botany. This is the 
senior technical appointment in the de- 
partment and is available on Sepember 1, 
Applicants should have H.N.C. or equiva- 
lent or higher qualification and experience 
of administration in a large department, 
The Chief Technician will be responsible 
for undergraduate and research laboratories, 
and supervision of training of technical 
staff. 


Salary will be at a suitable point on the 
scale £1,294 to £1,475 per annum (under 
review), 

Applications (four copies), giving details 
of age, qualifications and experience, to~ 
gether with the names of three referees, 
should be sent by July 10, 1969, to the 
Registrar, The University of Hull, from 
whom further particulars may be obtained. 


(2471) 





CHIEF CHEMIST 


required by largest milling company in East 


Africa with interests in the processed foods 


industry. Duties include directing the work 


of the quality control laboratory and test 


bakery in Nairobi, advising management on 


chemical and related problems, and playing a 


leading part in the development of new 


products. Applicants should have an Honours 


degree in Chemistry, or the equivalent, and 


should have at least five years experience 


in the food industry. Please write with full 


details to :— 


Group Managing Director, 


Unga Millers Limited, 


P.O. Box 30096, 
Nairobi. 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATURE CONSERVANCY 
RESERVE WARDENS 

The Nature Conservancy has vacancies for 
Reserve Wardens in various parts of Great 
Britain for men aged 26 years or aver on June 
1, 1969, 

Duties inchide making scientific observations 
under guidance, keeping records and supervising 
and carrying out routine estate work. Full 
gurrent driving licence needed. 

Qualifications and Experience. A strong in- 
terest in Natural History, preferably with experi- 
ence in routine estate work. 

Salary: £888 (age 26), £920 (age 27), £951 (age 
28), £983 (age 29), £1,014 (age 30 and over) then 
by annual increments to £1,274. Prospects of 
pensionable employment and promotion. 

Accommodation. House provided or 
allowance in lieu. 

Application to the Nature Conservancy (E), 19 
Beigrave Square, London, $.W.1, for an appli- 
cation form. The closing date for ieceipt of 
completed applications is July H, 1969. 

(2425) 


rem 








JUNIOR TECHNICAL OFFICER OR TECH- 
nician ręauired for biochemical research at 
MRC. Rheumatism Unit. Canadian Red Cross 
Memorial Hospital, Taplow, Maidenhead, Berks. 
Training if necessary would be given in new 
separative procedures.—-Applications, with names 
of two referees, to the Director. (2478) 





UNIVERSITY OF 
THE WEST INDIES 
JAMAICA 


Applications are invited for the CHAIR IN 
CHEMISTRY. Appointee will be expected to 
direct the teaching and research activities of the 
Department which prepares students for the 
B.Sc. General and B.Sc. Special degrees and has 
a number of postgraduate students enrolled in 
M.Sc. and Ph.D. programmes. Salary in range: 
£3,500 to £4,990 per annum. F.S.S.U. (Family 
passages ; triennial study leave). 

Detailed applications (six copies), naming three 
referees by July 31, 1969, by persons Hving in 
the Americas and Caribbean area to Registrar, 
University of the West Indies, Mona, Kingston, 
7, Jamaica, and by all others to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
wiP ODT. Further particulars obtainable 
similarly. (2446) 


TECHNICIAN REQUIRED FOR VIROLOGY 
laboratory at Queen Mary College (University 
of London), Mile End Road, E.1. Previous ex- 
perience is essential and the possession of the 
LS.T. or City and Guilds Science Laboratory 
Technician’s Certificate, preferably advanced, or 
an ON. or similar qualification is desirable 
though not essential, Salary according to age 
and ability on the scale £692 to £977 per annum 
pilus London Weighting £125 per annum and 
possibile £30 or £80 per annum qualification 
award. Five-day week. Four/five weeks annual 
leave. Pension scheme.—Letters only to Regis- 
trar (B/T), stating full details of age, experience 
and present work. (2376) 





For further Clas@ifiedeadvertisements see page xxxvi. 
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-BUPA 
MEDICAL 
CENTRE 


Kings Cross, London 


CHIEF 
TECHNICIAN 
(Biochemistry) 


required for new automated 
laboratory at the BUPA Medical 
Centre in Central London. Candi- 
dates should hold F.LM.L.T. or 
equivalent qualification. Experi- 
ence in biochemistry and labora- 
tory automation is essential and 
some knowledge of data processing 
is desirable. The laboratory will 
be equipped with the AGA Auto- 
Chemist incorporating a Digital 
PDP/12 computer. The appointee 
will receive special training in 
Sweden for the AutoChemist and 
an attractive salary will be offered. 
The post will be pensionable. 





Enquiries and applications in 
writing to the 

Director of Biochemistry, 
BUPA Medical Centre, 
Mowbray House, 

14 Norfolk Street, 

London, W.C.2. 


ROYAL HOSPITAL FOR SICK 


CHILDREN 
EDINBURGH 
SCIENCE GRADUATE 







cal 











interest in fa er in 
tissue culrure A Post 
would be suitable for applicant vw g tọ study 
for higher degree. Salary in ran £960 to 
£1,845 per annum, depending on qualifications 
and experience 





. together with the names of two 

the Secretary, Edinburgh Central 

Rilibank Terrace, Edinburgh, 
(2505) 


UNIVERSITY OF BRADFORD 
ENGINEERING 
MATHEMATICS 


Applications are invited from applied 
maticians for the post of 


LECTURER IN 
MATHEMATICS 


An interest in some branch of fluid mechanics 
or solid m nies or control theory wowd be 
an advanta 

Salary on Lecturer, £1,240 by £115 ta 
£2.850 per annum, with placing ing to 
qualifications and experience. Superannuation 
under F.S.8.U. Grants towards the cost of re- 
moval expenses are payable under certain 
circumstance: 

Further 
be returned 
from the 
Bradford 7. 


referees, to 
Hospitals, 1 


mathe- 

















iculars and applic 
y July 31, 1969, ma 
ar, University of 
z quote ref. EM7L71 
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OLYM PUS model FH 


... the researcher’s best assistant 


The OLYMPUS FH research microscope which has 

a fine focusing sensitivity of 0.0005mm can perform 

quick and accurate focusing. There’s no fiddling. 

Other ways the FH makes manipulations easy in- 

clude coaxial coarse and fine focus knobs; an inter- 

changeable 360° revolving mechanical stage with 

concentric controls on two sides; built-in illumina- 

tor; and revolving, interchangeable viewing heads. 

Various optional accessories such as photogra- 

phing equipment, phase contrast accessory, 

dark field condenser and fluorescent light 

source are available to always keep up with 

the continuously progressing researches. 

And this high grade, high quality micro- 

scopes and accessories are available 

for far less than you'd expect such 
quality to cost. 

The OLYMPUS FH research micro- 
scope is the result of over 50 years of 
optical research and achievements. 
OLYMPUS’ unique precision tech- 
niques are evident everywhere in 
this FH which is designed with the 
userin mind. This easy-to-use and 

extremely accurate research microscope is 
now highly recommended by researchers in 
































many countries. 

If you need a microscope without the FH’s 
0.0005mm sensitivity, our model EH (with 0.00i1mm 
sensitivity) includes the same optics, illuminator and 
condenser at a lower cost. Full details on the com- 
plete line of OLYMPUS instruments for biological and 
research use—and on microscopes for your particular 

application—are yours for the asking. 
OLYMPUS also produces cameras, respective 
series of metallurgical and stereo 
microscopes, optical measuring 
apparatus and medical instru- 
ments including optical fiber 
endoscopes. 





mode! FHF -Tr 


OLYMPUS 


OLYMPUS OPTICAL CO., LTD., 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO. (EUROPA) GmbH, 2, Hamburg 1, Steindamm 105, West Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A. 
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The JEM-T7 is still the only medium 
resolution electron microscope 
with the double gap condenser lens 
which gives better control 

over the illuminating beam with 
less specimen damage. 


The result—Better performance 
all round. 


PRINCIPAL FEATURES INCLUDE: 


Resolution—7A lattice spacing 
Magnification—-600 to 80,000 times 
Accelerating voltage—60kV 


No routine alignment, except for illumination 
shift 


Absolutely simple operation 


Full range of accessories 


But there's much more to it than this— 
Contact Jeolco (UK) for a detailed 
specification 


NOW, DIRECT SALES & SERVICE BY 


Shakespeare Road 


JEOLCO (U.K.) Ltd. London N3 
Telephone: 01-346 7211 


A subsidiary of Japan Electron Optics Laboratory Co. Ltd. 





ask for a 
demonstration 
of the new 
compact... 


DESK MODEL 


It’s a precision engineered life science re- 
corder, capable of accurately measuring 
and recording up to five physiological 
parameters simultaneously. In addition to 
four rectilinear or curvilinear recording 
channels, it features an optional servo 
channel for full chart width recording of 
a fifth parameter. It accepts E & M’s com- 
plete range of transducers, preamplifiers 
and accessories. 


The Desk Model Physiograph is also 
rugged, student proof, reliable, flexible, 
and, in addition to being compact, it is 
amazingly simple to operate. 

Seeing is believing. Call or write for a dem- 
onstration in your lab or office . .. at your 
convenience. 


*Trademark of E & M Instrument Co., Inc. 


geese mise 


Nature, June 28, 1969. pp xi 


Write for 48 page Ilustrated catalog No: 107. 







_E & M INSTRUMENT CO., INC. Le 


P. O, Box 12511 7651 Airport Bivd. 





Cable: FISIO 





Telephone (713) 644- 7521 


Houston, Texas 77017 USA 


ORE 


A NARCO COMPANY: 
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I PUBLISHING CORPORATION 


Announcing a New 
Journal for publication 
in 1970 





Readers are requested to 
contact the publishers for further 
information: 
. 
Plenum Publishing Co., Ltd., 


Donington House, 

30 Norfolk Street, 

London, W.C.2. (Tel. 01-836 5238) 
e 












NEW AND 
FORTHCOMING TITLES 


Foundations of Physics 


An International Journal Devoted to the Conceptual Bases of Modern Natural 
Science 

Edited by Henry Margenau, Yale University, New Haven, Connecticut and Wolfgang 
Yourgrau, University of Denver, Denver, Colorado 

EDITORIAL BOARD: Peter G. Bergmann, Robert Cohen, Prince Louis de Broglie, 
Vladimir Fock, Murray Gell-Mann, R. Bruce Lindsay, Per Olov Löwdin, Andre-Mercier, 
C. Moller, Lars Onsager, James Park, Sir Karl R. Popper, H. J. Treder, S. L. Synge, 
Eugene Wigner, Robert H. Dicke. 

This quarterly journal, to be published for the first time in 1970, deals with the philosophical 
bases of recent physical theories and procedures. The journal will be of interest to physicists 
and philosophers, as well as to philosophically oriented mathematicians, chemists, biologists 
and social scientists who are sensitive to the crucial and often controversial issues that under- 
lie current studies in the physical sciences. Prospective contributors may submit articles to 
Professor Henry Margenau, Yale University, 44 Sloane Physics Laboratory, 217 Prospect 
Street, New Haven, Connecticut 06520, or to Professor Wolfgang Yourgrau, University 
of Denver, South Pioneer Hall, Denver, Colorado 80210. 


Viscous Drag Reduction 


Proceedings of the Symposium on Viscous Drag Reduction held in Dallas, 1968 
Edited by C. Sinclair Wells, LTV Research Centre, Dallas, Texas 


Presents original research in several areas of fluid mechanics relating to problems of viscous 
drag reduction. Topics covered include: effects of hypersonic speeds, wing sweep, and 
distributed suction on boundary layer transition; general characterization of drag reduc- 
tion due to additives in pipe flows and boundary layer flows; instrumentation for flow 
measurements in additive solutions; applications of drag reduction to various vehicles; 
effects of compliant walls on turbulent skin friction; rheology of additive solutions; effects 
of additives on wall pressure fluctuations and radiated noise; and general theories of wall 
turbulence as applied to drag reduction. These contributions should prove valuable to 
fluid mechanics and acoustical physicists, and materials science, aerodynamic, aeronautical, 
aerospace, chemical, and mechanical engineers. 


500 pages March 1969 £10 10s. Od. 


Biological Effects of Magnetic Fields, Volume 2* 

Edited by Madeleine Barnothy, Dept. of Chemistry, University of Illinois, Chicago, Ilinois 
CONTRIBUTORS: Robert A. Abler, Charles C. Conley, L. D’Souza, V. R. Reno, L. G. 
Nutini, E. S. Cook, R. W. Pumper, J. M. Barnothy, J. C. Fardon, L. G. Nutini, Wei Young, 
M, F. Barnothy, I. Sumegi, G. D. Hanneman, A. I. Likhachev, Douglas W. Dunlop, 
B. L. Schmidt, R. L. Liboff, Peter W. Neurath, T. R. Tegenkamp, Robert O. Becker, 
Ju. A. Kholodov, M, M. Alexandrovskaya, S. N. Lukjanova, N. S. Udarova, D. R. Russell, 
H. G. Hedrick, Dietrich E. Beischer, F. E. Senftle and W. P. Hambright. 

Approx. 300 pages Sept. 1969 £8 3s. Od. 


Progress in Analytical Chemistry 

Based on the Eastern Analytical Symposia 

Series edited by Ivor L. Simmons, M & T Chemicals, Inc., Rahway, N.J., and Paul Lublin, 
General Telephone and Electronics Laboratories, New York, N.Y. 

This series is designed to cover selected topics presented at the Eastern Analytical Symposia 
held annually in the fall. Written by recognized authorities in their respective fields, each 


volume presents new advances in analytical chemistry for research workers in this and allied 
disciplines. 


Volume 3: X-Ray and Electron Probe Analysis in Biomedical Research 
Selected papers from the 1967 Eastern Analytical Symposium 
Edited by A. J. Tousimis, Biodynamics Research Corporation, Rockville, Maryland, and 
K. M. Earle, Chief, Neuropathology Branch, Armed Forces Institute of Pathology, Washington 
D.C. 

Approx. 100 pages October 1969 In preparation 


Volume 4: Computers in Analytical Chemistry 

Selected papers from the 1968 Eastern Analytical Symposium 

Edited by Charles H. Orr, Miami Valley Laboratory, The Procter & Gamble Co., Cincinnati, 
Ohio, and John A. Norris, Baird Atomic Laboratory, Cambridge, Massachusetts 

Approx. 120 pages October 1969 In preparation 


* Place your continuation order today for books in this series. It will ensure the delivery 
of your new volumes immediately upon publication; you will be billed later. This arrange- 
ment is solely for your convenience and may be cancelled by you at any time. 
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This Glass Sample Holder 


helps bring automation to a new range of Pye chromatographs 





The new range is called the Pye Series ionization isothermal chromatograph chart and the baseline is zeroed 
106 Automatic Analytical fitted with an Auto Solids Injection automatically. The Auto Solids 
Chromatographs. It combines all the System. Injection System can be fitted to 
sensitivity and reliability of the well The sample holder—made of glass— existing Pye Series 104 
established Series 104 has low absorption and can hold chromatographs. 
chromatographs with a sophisticated up to 40ul. If you would like to take a closer look 
automatic injection system.” Each sample holder is automatically at the new Pye sample holder, write to 
The first of the new series is the Model injected and ejected. Up to 36 samples us today. We will send you one free 
§--an automatic instrument for the can be analysed with an injection with our brochure on the Series 106 
analysis of steroids and other solid cycle of between 10 and 90 minutes. chromatographs. 
samples. It consists of a single flame The sample number is indicated on the *See Column 2, 4. 

ae ky 
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PYE UNICAM P$ 


Tut iuern s awann tu owbuaTay 


Pye Unicam Ltd 
ie} York Street Cambridge, CB1 2PX, England 
Precision | nstru ments Telephone (6223) 58866 Telex 81215 








LETTERS 


PHYSICAL SCIENCES 


Pulsar energies—-Measurements at cm wavelengths 
DOWNS, MORRIS and REICHLEY (Caltech) . 
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Students are not Employees 


A NUMBER of postgraduate students at the Imperial 
College of Science and Technology in London seem bent 
on contributing to the Oedipal Revolution, the greatest 
absurdity so far. In a document now circulating, a 
group of the students has outlined a number of 
demands on the university and the rest of society 
which amount to what would be called elsewhere new 
conditions of employment. The first, and the most 
striking, of the new demands is that postgraduates 
should be given a 35 hour week, in much the way that 
workers in manufacturing industry are able to clock 
on and clock off. The chances are, of course, that even 
among postgraduate students, this manifesto will 
carry very little weight. Most of them are probably 
painfully enough aware of the old fashioned truth that 
the quality of theses and the speed with which they are 
completed must depend on the intensity of the effort 
devoted to them. Yet the mistaken belief that the 
act of being a student must be considered as the 
performance of a duty to society at large has been an 
important theme in the university troubles of the 
past two years. Even the exaggerated bleat which has 
now come from Imperial College should be a reminder 
that the rights and obligations of students at univer- 
sities are still too loosely defined and, at the same 
time, a stimulus to serious discussion of ways in 
which a better relationship can be found. 

The tendency of students to regard themselves as 
servants to society stems from the great wealth of 
literature and of legislation which goes to show that 
education is an essential ingredient of industrialized 
society. Certainly a failure to spend money on schools 
and universities is to court disaster, or at least stagna- 
tion. But what purpose is served by buildings if they 
are empty of students ? It is no surprise that govern- 
ments have also been anxious to find ways of filling the 
university departments which are most likely to con- 
tribute to the health of the economy. But in the 
circumstances, it is easy to see how some students 
come to mistake the objectives of the social investment 
for the means. The truth is that such social benefits 
as there may be in the educative process stem not from 
the existence of students but from the way in which 
they may afterwards contribute to the quality of life, 
culturally and economically. Students, in other words, 
are not a blessing, but a long term investment. The 
Maoists among them may resent this form of words, 


but it is the most appropriate, even if it must also be 
acknowledged that students are not mere chattels, 
and that their influence as students on social institu- 
tions, universities included, is often welcome. 

This is the point at which the familiar demand by 
students for equality with the faculty becomes most: 
obviously absurd. The fact that students are birds 
of passage in comparison with university teachers is 
less relevant than that they are socially less productive. 
If this asymmetry is in doubt, it is only necessary to 
ask what would happen if the students at Imperial 
College, say, were to take a leaf out of the book of 
industrial workers and were to go on strike. The 
chief losers, of course, would be the students. The 
university faculty might even be relieved by a respite 
from the daily confrontation. Society at large would 
begin to show the scars only when the striking students 
were adult, which only goes to show that investment in 
students is as much for their benefit as for that of 
people now adult. Certainly there is no prospect that 
a strike of students would affect the economy of the 
country in any noticeable fashion. Few shop stewards 
would withdraw the labour of their colleagues in cir- 
cumstances like these. 

In Britain, this train of thought has an important 
practical implication in the present circumstances. 
Hitherto it has been assumed that most students should 
be supported at university by their local authorities and, 
given that there are financial relationships between 
public bodies in the United Kingdom, ultimately by 
the central government. To be sure, the students of 
well to do parents are not usually given the full amount 
of their grant. It is also true in many areas that 
students who go to polytechnics do less well from their 
local authorities than students who go to universities, 
which only goes to reinforce the sense of class disting- 
tion between the two kinds of establishment. This 
pattern is increasingly anomalous, however. For one 
thing, it is now planned that the age of majority in 
Britain should be reduced to 18 (which is a sensible step), 
thus implying that a great many legal adults will in 
future be dependent on their parents for support at 
universities. There is also a danger that the cost of 
supporting students with grants will becom’ an unduly 
large part of the cost of running universities and thus 
a brake on the speed of development in higher educa- 
tion. For all these reasons, but also because it would 
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help if the confusion in students’ minds about their 
status as employees could be cleared up, it would be a 
good move if the Department of Education and Science 
could now take up again the issue of student loans. 
In all kinds of ways, such a system of financing people 
at universities could be of great advantage. Fears 
that loans would make it harder for poor students or 
women to find their way to universities are real enough, 


In Place of Information 


Brifisii governments are well used to ignoring the 
recommendations of the Royal Commissions which 
they appoint, but only rarely do they go out of their 
way to pour lukewarm water on them. This, however, 
is more or Jess what has happened to that part of the 
Fulton Commission’s report on the organization of the 
Civil Service which argued that there should be a pro- 
gressive loosening of official secrecy about information 
of public importance. Certainly the White Paper 
Information and the Public Interest (Cmnd 4089, ls 9d) 
which appeared last week will do as much to reinforce 
as to exoreize the secretive proclivities of British 
officials. To be sure, the Government says that the 
survey of departmental practice which constitutes the 
bulk of the White Paper is intended as a foundation 
for the encouragement of “the increasingly liberal 
attitude of the last few years’. Unfortunately, by 
accident or even design, the document then goes on 
elaborately to miss the point underlying the Fulton 
Commission’s wish to see “carried much further” the 
“trend in recent years towards wider and more open 
consultation before decisions are taken and . . . the 
increasing provision of the detailed information on 
which decisions are made”. Although, as the White 
Paper claims, there has recently been some progress in 
the production of public information, especially as 
economic statistics, there has been hardly any progress 
in the engagement of the public interest in the making 
of decisions. 

This is not an academic issue and, indeed, science and 
technology are particularly harmed by the present 
reticence of government departments. There are 
countless illustrations. The British Government has 
not yet, for example, published its views on the reform 
of Intelsat, with the result that this important matter 
has not become the public issue which it deserves to be. 
So far, the technical reports of the flights of the super- 
sonic aircraft over England last summer have not been 
released, with the result that taxpayers are much more 
in the dark than the Government about the chances 
that the Concorde will be allowed to fly overland. (The 
likelihood that the aircraft used in the tests are not 
easily comparable with the Concorde does not argue 
for secrecy, but the other way.) Although the British 
Government is ben® ongfinding some agreement with 
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but safeguards are not impossible. Fears that student. 
loans would hang a crippling debt around the necks of 
people embarking on careers are probably groundless 
—the immediate and desirable result would be an 
increase in starting salaries. And in the long run, of 
course, the benefit would be that students would not 
become confused enough to ask for conditions of work 
appropriate to factories and not universities, 


the German and Dutch governments on the develop- 
ment of gas centrifuges for the enrichment of uranium, 
nothing has yet been published to show whether talk 
of economic benefits is justifiable. In the administra- 
tion of pure science, it remains to be fully explained how 
the British Government eventually decided against 
participation in the 300 GeV machine. Did the De- 
partment of Education and Science conceal from the 
rest of the government the weight of professional 
opinion ? And is it really true that the Foreign Office 
encouraged the negative decision eventually arrived 
at by suggesting that other European governments 
would follow a British lead (which is at least an explana- 
tion of the pointless haste with which the British Govern- 
ment said no)? Approximations to what seems to be 
the truth on matters like these can often be obtained 
by diligent gossiping, but inevitably the result is at 
once imprecise and evocative of too much drama. 
Matters which could become straightforward subjects 
for informed discussion become mysteries. In science 
as in the whole of public life, free discussion is poisoned 
by too much secrecy. 

It is fair, of course, to acknowledge that there are 
powerful explanations of this reticence. Military, 
commercial and even personal considerations justify 
secrecy in several fields. Mock secrecy about. civil 
matters derives from the British Constitution, implicit 
though that may be. In theory, members of the Cabinet 
are supposed to be individually responsible for all the 
decisions made by their departments, which implies 
that the advice tendered by the Civil Service is secret 
at least until the decisions have been announced. And 
then, naturally, the Government seeks to put a good 
face on its decisions by stifling contrary advice. But 
this theory, if it applies at all, should not apply to the 
advice given by independent advisory bodies. There 
is a strong case for asking that this should be published 
almost as a matter of routine. As things are, the 
advisory committees often become means of stifling 
the opinions of those who belong to them. 

In the White Paper now published, the British 
Government takes a good deal of eredit for the way 
in which a number of government departments have 
recently issued documents which are intended as a 
basis for public discussion in fields such as the planning 
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of transport in England and Wales, and this is certainly 
a welcome step forward. It is less creditable that 
there has also been a proliferation of newsletters from 
government departments—these often make com- 
mercial advertisements seem like academic theses. 
But these devices, in any case, are voluntary. Except 
for the increasingly ineffectual Question Time in 
Parliament and the necessarily sporadic excursions of 
the Select Committees, there is no way in which the 
British Government can be forced to part with informa- 
tion unless it chooses. Although the new White 
Paper promises that the Government will distribute 
increasing amounts of information, there is no weaken- 
ing on the central assumption that the Government 
should be the only arbiter of what is done. 
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This is an assault on the spirit of the Fulton Report 
—‘The public interest. would be better served if there 
were a greater amount of openness”. Experience 
elsewhere—in Sweden and the United States, for 
example—shows that secrecy about the steps which 
lead to the making of decisions is not a necessary 
condition for coherent government. On the contrary, 
openness is a necessary condition for the kind of 
government in which electors are informed both of 
decisions and of the reasons for them. Not the least 
of the ironies of the present situation is that the British 
Government, busily complaining of how it is misunder- 
stood by the British Press, should be chiefly responsible 
for the circumstances in which even honest journalists 
are fobbed off with half-truths or even no truth at all, 


Midwife for British Astronomy 


Ir would be ungenerous not to recognize what the 
Science Research Council is doing for British astronomy. 
Everybody knows that the SRC, and in particular its 
Astronomy, Space and Radio Board, which deals with 
these matters, has its heart in the right place. If proof 
is required, there is the way the SRC came to the rescue 
of the Astrophysical Research Unit at the Culham 
Laboratories of the Atomic Energy Authority, which 
is doing valuable work with Skylark rockets stabilized 
so that instruments can point at a particular object 
instead of scanning the sky in a mad whirl. Threatened 
with closure, the unit was promptly taken over by the 
SRC. And there is also the support the council is 
giving to the infant and (it must be admitted) largely 
unproved field of infrared astronomy. The SRC has 
been so vocal on this issue that it seems most probable 
that the council will give the go-ahead for the 
next generation of infrared flux collectors just as soon 
as a good site with the necessarily small level of atmo- 
spheric water vapour has been found. 

This sort of midwifery has become possible only 
since 1965, when the SRC took over the mantle of the 
now defunct Department of Scientific and Industrial 
Research, and at the same time inherited the Royal 
Observatory at Edinburgh and, from the Admiralty, 
the Royal Greenwich Observatory (which is, of course, 
at Herstmonceux in Sussex) and the Royal Observatory 
at the Cape of Good Hope. To complete the picture, 
the SRC has the job of supporting university astronomy 
in Britain, which includes the national radio astronomy 
observatories at Jodrell Bank and at Lord’s Bridge. 
With all the astronomy sensibly under one roof, the 
SRC has been able to carry out a worthwhile process 
of rationalization, with its greatest success so far the 
principle that there should be only two, heavily sup- 
ported, centres of radio astronomy in Britain. But it 
should be recognized that this process is still going on, 


and astronomers should be aware what the choices 
are. This is the time to hammer out in public how they 
want their science to develop. 

An immediate problem is what to do with the radio 
astronomy group which is now the Cinderella of 
the Royal Radar Establishment at Malvern. Radio 
astronomy at Malvern had its origins in the philosophy 
that to make defence research establishments respect- 
able in the eyes of scientists who might work there, 
basic research of some kind was a necessity. Sensibly, 
the Ministry of Technology which now runs Malvern 
disclaims responsibility, and the group has now found 
itself for the next eighteen months or so in the generous 
hands of Jodrell Bank, which is using Malvern as a 
second station for a series of long-baseline experiments. 
Radio astronomy at Malvern has been built up over 
the past ten years by Dr J. 8. Hey, who as much as 
anyone is responsible for the way radio astronomy has 
imperceptibly changed from the hobby of a handful 
of physicists thrown into civilian life after a wartime 
in radar to the indispensable part of astronomy which 
it is now. Two weeks ago, Dr Hey began his well- 
deserved retirement, and everybody will wish him well. 
But it is not churlish to suggest that once Malvern 
ceases to be useful as an outstation, the radio astronomy 
facilities should be closed down and the equipment 
moved elsewhere. 

On a grander scale, a subcommittee of the Astronomy, 
Space and Radio Board has already produced a con- 
fidential review of how it sees astronomy developing in 
the southern hemisphere (see page 1222), and the board 
is at present deciding what action to take. Limited to 
optical astronomy, because all the SRC’s facilities 
either extant in South Africa or planned fer Australia 
are optical, the review looks ahead as far as ten years. 
Yet such a far reaching report is apparently not going 


to be published before decisions on its contents are 
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made. This is doubly a shame, first because widespread 
rumour has it that the report recommends some changes + 
and, second, because by publishing last year a review 
of the scientific interests of the Astronomy, Space and 
Radio Board together with a sober look at some ofits 
future plans, the SRC had seemed to be moving toward 
some of the recommendations of the Fulton Commis- 
sion. 

But if the way British astronomy is to develop in 
the southern hemisphere is as good as decided, there 
is still time to influence what is to happen in the north. 
The Astronomy, Space and Radio Board has set up 
a second committee, the names of the members of which 
the SRC would not release last week. So far, the com- 
mittee has had two meetings, and is considering the 
whole gamut of astronomy—optical, radio, ultraviolet, 
infrared, and so on. By this time next year, the 
recommendations are expected to be going through the 
mechanism of discussion and implementation by the 
board. 

What should the northern hemisphere committee 
discuss ? For one thing, it might ask whether there 
really is a case for a large British optical observatory in 
the north. The way the SRC has sprung to the support 
of the long-neglected (in Britain) field of optical 
astronomy is, of course, marvellous, and there are few 
doubts that there will be great scientific benefit from 
the 150-inch Anglo-Australian telescope (so long as 
doubts which have been expressed about the seeing 
conditions at Siding Spring prove to be unfounded). 
And there has long been a need for optical telescopes 
to match the radio equipment in Australia. 

On the same tack, the anonymous committee might 
ask whether it is now time that the charade being 
played out on the Channel coast of Sussex should 
come to an end, It would be a shame if the 98-inch 


What Future for the ISC? 


Tur Committee of the International Seismological 
Centre, based on Edinburgh, will be meeting in Madrid 
this coming September. The growth of seismology in 
the past ten years has been remarkable and there does 
not as yet seem to be any drying up of the wells, so it 
is a matter of considerable importance to the United 
Kingdom that we should keep an active interest in 
this lively subject. History has certainly been favour- 
able—many of the pioneers were British—and it was 
this interest that led to the founding of the International 
Seismological Summary, an attempt to provide global 
coverage of information about earthquake locations, 
times and magnitudes. The Summary steadily im- 
proved in quality as more seismic stations contributed 
to it. 

The Bulletin of the ISC has effectively taken over 
the role of the summary but with much more help 
from computers. The output of the Bulletin is now 
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Isaac Newton telescope at Herstmonceux should be 
relegated to becoming a test-bed for equipment destined 
for Australia, but that is the way the wind is blowing. 
As one of the largest telescopes in the world, the Isaac 
Newton deserves a better fate. If British astronomy 
really needs a big telescope in the north, why not 
take the plunge and move the Isaac Newton to a better 
site nearer the Mediterranean, or perhaps to Canada 
where it could reach parts of the sky not easily acces- 
sible from California? With the Queen Elizabeth 2 
telescope in British Columbia now done away with, 
the Canadians might well be prepared to go halves. 
A second possibility already in the melting pot is the 
scheme whereby the Saudi Government finances a 
telescope at Riyad University (23:5° N) which the 
SRC would run. This fine-sounding arrangement, 
which would answer many problems, is still under 
consideration by the Saudi Government. 

Instead of going in for northern optical astronomy, 
the SRC might also consider putting most of its eggs 
in just two baskets—southern hemisphere optical 
astronomy and northern hemisphere radio—-with some- 
thing left over to finance the new astronomies as they 
come along. For it is in these new fields that the real 
shocks are likely to be-—certainly the chances of 
producing a surprise are less in conventional optical 
astronomy which has been well worked over, from the 
Earth’s surface at least. The argument the other way 
is that radio astronomers need access to an optical 
telescope which is big enough to provide useful supple- 
mentary information. 

But what is essential is that the SRC should bring 
these discussions out into the open. Then the SRC 
might have a much better chance of achieving the 
balance between the various astronomies that it is 
obviously striving for. 





basically a least-squares solution of anything from 
four to three hundred simultaneous equations for each 
earthquake and a list of the stations and their deviation 
from the solution together with additional comments 
based on local operators’ readings of the seismic records. 
Something between five and ten thousand events are 
located each year, with most of the data coming from 
the stations on cards ready for machine reading. At 
the same time, the centre publishes a semi-annual 
catalogue of locations of events, and produces an excel- 
lent bibliograpny of seismology and a modest attempt 
to classify earthquake mechanisms. 

The location process is obviously the expensive 
step, and the ISC has been in financial difficulties over 
this almost since its inception. ISS bulletins were 
always regarded as the last word on seismic events, and 
often appeared seven or eight vears late. If need 
arose, a quicker, less accurate location was available 
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from an agency at Strasbourg (the BCIS). Surely, it 


was argued, computers would speed up operations so 
that the last word would be only two years at most 
after the event. These hopes have not been realized. 
The last Bulletin, published six months ago, was for 
March 1965. In the first three years of publication, 
the clock has slipped back more than a year and a half. 
Now, of course, the money-givers (predominantly the 
US National Science Foundation and the Royal 
Society) are bound to want to know about the future. 
Less money could bring the ISC to a grinding halt, 
but will funding even at the present level help ISC to 
keep reasonably abreast ? An attempt has been made 
to put the bulletins on a commercial basis by charging 
for them, but many complimentary copies have to be 
distributed and other users may feel that they cannot 
afford a Bulletin which is published at irregular 
intervals. 

The root cause of the trouble, however, is probably 
the remarkable achievement of the US Coast and 
Geodetic Survey in the publication of Preliminary 
Determination of Epicenter cards within a month or so 
of the occurrence of an event. These cards are widely 
circulated free of charge and the supporting material 
can be obtained on request. The service, started in the 
early 1960s, now has two hundred contributing stations 
(the vast majority also reporting to ISC) and no praise 
can be too high for it. The recent publication of global 
seismicity maps based on these data for the past eight 
years (something neither the ISS nor the ISC seems to 
have bothered to do), the regular annual seismicity 
maps and assorted literature which comes with the 
cards (the latest, a splendid layman’s glossy account of 
what earthquakes are and how to avoid earthquake 
damage, 30c to the public, free to the card users) all 
commend the operation widely to the geophysical 
community. The inevitable question for the ISC 
Committee is whether the Edinburgh effort will con- 
tinue to be justified. 

The answer may well be no. What do geophysicists 
want from bulletins ? First, they want a clear picture 
of global seismicity, which they now have. Second, 
they may want a more local picture of certain areas. 
This they cannot get unless the area is densely popu- 
lated with seismic stations, and most of these areas 
have been fully studied. If any other region is coming 
under scrutiny, there are several laboratories round the 
world with portable equipment which are steadily 
covering the Earth’s surface in micro-earthquake 
studies. Third, they may want to study the quirks 
that are likely to be the ingredients of the next few 
years of geophysical research—the stations that do not 
fit the pattern well, the earthquakes that are not 
recorded in some azimuths but are in others, the per- 
sistent mislocations of known events. It is quite 
possible that the ISS and its successor have, or will 
have within a year or two, recorded everything that 
bulletin searching will ever turn up. 

So what ? Do we dismantle the ties that have been 
built up over the years? Do we write to eight hundred 
stations and tell them their services are no longer 
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néeded ? Do seismologists want nothing more from 
international cooperation ? The answer is, of course, 
that it would be nonsense to jettison all the goodwill 
because only some needs are satisfied within the present 
framework. ISC should be serving the geophysical 
community by changing its principal wares as demand 
changes, and one commodity for which the demand is 
bound to increase is seismic records themselves. At 
present, the ISC deals in times and operators’ decisions, 
but many of the quirks can only be fully studied by 
analysis of the total seismic record, and this analysis ` 
can only be performed by one person looking at many 
seismograms. It can be argued with some justice that 
the excellent system by which the hundred or so 
World-Wide Standard Stations installed by the United 
States in 1962-64 send in their recordings regularly 
for copying and subsequent cheap distribution is 
adequate. Certainly one major advance—the reliable 
determination of earthquake mechanisms—has sprung 
from just this. But the coverage of this network is, 
as its supporters would readily admit, not always 
adequate, nor is the instrumentation neceasarily the 
most suitable for every environment. It cannot be 
argued that if ISC could produce a library eight times 
as big, it would be eight times as useful. Some of the 
contributing stations are very poorly sited and badly 
instrumented, but if they were made part of a global 
data exchange system they might well do something 
to improve their siting and instrumentation—or ISC 
could help them. One of the obvious attractions is 
that the high quality Soviet and Chinese networks 
already report to the ISC and might well be prepared 
to consider sending records. But this is an incursion 
into the political arena, with nuclear test detection and 
its ramifications. The Soviet Union reports none of its 
own nuclear tests and claims it is capable of identifying 
American tests satisfactorily. Since nobody believes 
either that the Soviet Union does not test regularly or 
is as good as it makes out in monitoring American 
tests, there seems little point in withholding data. 

If ISC were to assume this major new role as keeper 
of the records, distributor of them on request and 
perhaps aiding seismic stations in increasing their 
usefulness, a lot of money will be needed as capital 
outlay. Photographic reproduction in a standard 
format would probably mean several hundred give- 
away cameras. Adequate servicing of the archives, 
and provision of advice and maybe even new equip- 
ment, is not going to be cheap. However, unless some- 
one heeds the seismologist’s requirements, the ISG 
could easily capsize. Here is a golden opportunity to 
add a high class data service to the high quality arrays 
that the United Kingdom now has. 


POLLUTION 


Pesticides and the Rhine 


THE Danish Government’s ban on DDT, “announced 
last week, and the pollution of the Rhine on June 24 
by a chemical unknown at the time Nature went to 
press—there was speculation of an organophosphorus 
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insecticide—are likely to add new impetus to the 
various campaigns against pollution of the environ- 
ment. DDT and the other organochlorine pesticides 
are plainly in the front line. In March, Sweden 
declared a two year moratorium on the use of DDT, 
aldrin and dieldrin, to start from 1970, and the states 
of Arizona and Michigan followed suit by banning 
DDT. Bills have been introduced in the Senate to 
ban DDT throughout the United States. 

In Britain the use of DDT is under review by the 
Advisory Committee on Pesticides and Other Toxic 
. Chemicals. The committee’s predecessor recommended 
in 1964 that no restrictions should be placed on the 
uses of DDT then current, but that this decision should 
be reviewed at the end of three years, a step that is 
now more than two years overdue. DDT residues in 
human tissue have averaged two to three parts per 
million over the past few years, compared with twelve 
parts per million in the United States, where for a 
long time DDT was used indiscriminately. These 
levels are not toxic, as far as is known, and it is in fact. 
remarkable that the 1-5 million tons of DDT applied 
throughout the world in the past 25 years have caused. 
no known human death except in cases of improper use. 

The campaign against DDT has rested more on what 
it may do than on any particular damage that can be 
laid at its door. The persistence of DDT residues, their 
ability to creep up extended food chains, to accumulate 
in the fauna of the Antarctic thousands of miles away 
from the chief sites of application and to reduce photo- 
synthesis by phytoplankton, are all matters to make 
ecologists sleep uneasily. It says much for the changed 
climate of opinion that concern about issues of this 
kind has reached a wider public and with sufficient 
impact to bring about legislation. 

If the Advisory Committee on Pesticides were to 
decide solely on the scientific evidence available, it 
would doubtless follow Sweden and Denmark in 
declaring a trial ban on DDT and possibly further 
restrictions on some of the other organochlorines. 
(Certain uses of aldrin, dieldrin and heptachlor were 
curtailed in 1964.) But the cost of such action would 
be considerable, although far less for Britain than for 
countries with hot summers and flourishing pest 
populations. It has been calculated that a total ban 
on DDT, aldrin, dieldrin and heptachlor would add 
£1 million to the annual pesticide bill of British farmers. 


SPACE RESEARCH 


ESRO makes Plans 


Tat Scientific and Technical Committee of ESRO, at 
its meeting in Frascati last week, seems to have pro- 
-vided the managers with a straightforward account of 
the immediate future. By all accounts, the committee 
has recommended that ESRO should go ahead with two 
projects—a cosmic ray satellite launched into a polar 
orbit and a geostationary satellite designed to study 
solar-terrestrial relationships. The committee also 
said that it would like to hear more of the ambitious 
scheme to launch an ultraviolet astronomical satellite, 
although jit is not expected that this will be possible 
until later in the year or even in 1970. 

The particular decisions which have been made at 
Frascati—altogether there were six satellites to choose 
from—are less important than the spirit in which the 
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decisions seem to have been arrived at. At the end of 
the Frascati meeting, nine of the ten governments 
represented voted in favour of the decision. Only the 
Belgian representative abstained. All this augurs well 
for the meeting of the Council of ESRO next week in 
Paris when the approval of the member governments 
will be sought for the commitment of the necessary 
funds. As things are, ESRO is already assured of the 
funds needed to support the two new satellites between 
now and 1971, but it would at some stage be necessary 
for the council to supply the money needed to com- 
plete the project by 1974 or even 1975. 

The experiments for the cosmic ray satellite will 
travel in a highly eccentric orbit reaching out to a 
hundred thousand kilometres and with a period of 
roughly a day and a half. Experiments will be con- 
tributed by groups from the Universities of Southamp- 
ton, Leiden and Milan and by the laboratories at 
Saclay and Garston. This and the geostationary 
satellite would serve as vehicles for carrying experi- 
ments developed with national funds. The proposal 
for an ultraviolet satellite is more complicated, chiefly 
because this would have to be used in much the way 
in which large telescopes are used, with would-be 
observers allotted time in rotation. By all accounts, 
the resolution passed last week at Frascati suggests 
that here too the proposal should be worked up in 
such a way as to allow a consortium of laboratories to 
design and share the device. 

No doubt the Council of ESRO will be most of all 
heartened by the way in which it seems that technical 
priorities have been established in an orderly fashion, 
but there is no likelihood that next week’s meeting will 
throw much light on the continuing future of ESRO 
and of ELDO. The working party of officials of the 
European governments to devise a joint programme for 
ELDO and ESRO seems to have made good progress on 
matters such as aircraft navigation systems, but has, 
to the surprise of some observers, run into difficulties 
with its scheme for the development of telecommunica- 
tions satellites. The immediate problem seems to be 
the similarity between a programme which makes sense 
for Europe as a whole and what the French Govern- 
ment is already embarked on. It remains to be seen 
just how this conflict is resolved, but everybody seems 
cheerful that something will be known by the autumn, 


ELDO 


Plain Sailing? 


Wirn any luck, the Europa I rocket, with all three 
stages fully operational, will launch a test satellite 
into orbit on June 30. This will be the ninth develop- 
ment flight of the rocket and the first since the 
European Space Vehicle Launcher Development Organ- 
ization was forced severely to curtail its programme to 
survive the British Government’s reduced commit- 
ment. Speaking in London on Tuesday, Sr H. E. 
Renzo di Carrobio, the director-general of ELDO, said 
that, with the April decisions (Nature, 222, 311; 1969) 
behind it, the organization now had its feet firmly on 
the ground. He looked forward to the development of 
the third generation rocket Europa IIT and to the 
start of a production programme for Europa launchers. 

In all the previous test flights of the Europa I, the 
first stage, a Blue Streak rocket, has fired successfully. 
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In the last flight, the engines of all three stages ignited 
correctly, but the propellant system of the third stage 
failed almost immediately. This time, the third stage 
has been slightly modified and extensively tested on 
the ground while the electronic system of the second 
stage has been made more reliable, so that now it 
seems likely that the rocket will successfully launch 
its 354 kg test satellite into a low circular orbit on 
Monday. In the next flight, which should take place 
this November, the test satellite will carry a limited 
telecommunications experiment. 

The Europa IH rocket which ELDO hopes to start 
developing in 1971 will be designed to launch geo- 
stationary satellites of up to 700 kg, which would be 
sufficient for semi-direct TV transmission. To launch 
this sort of payload, the power of the first stage will 
have to be increased, and the three possible ways of 
doing this are to use Blue Streak with solid or liquid 
boosters, to use an entirely new first stage, possibly 
based on a French idea known as L135 or, more 
tentatively, to design a new first stage based on 
Rolls-Royee engines. Blue Streak has the advantage 
that it has been well tested, and the development 
of the complete rocket should take two years less than 
the cight years estimated for the development of a 
rocket with a new first stage. A spokesman from the 
Ministry of Technology assured the press conference 
that Blue Streak with boosters was capable of anything 
a new stage would be. The director-general guessed 
that Europa IIT might cost something like $450 m to 
develop using Blue Streak and possibly $600 m with- 
out. The second stage of Europa ITI will use liquid 
hydrogen and oxygen as propellants. 


ELECTRONICS 


Radars Galore 


from our Special Correspondent 

Malvern. June 

“Diversiry or die” may be the slogan of many research 
organizations, but the chief commodity of the Royal 
Radar Establishment, in the lee of the Malvern Hills, 
is still radar. And radar in all shapes and sizes, for 
the establishment’s experiments range from the most 
powerful radar in Britain, coupled to a 43 m dish aerial 
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to probe the ionosphere, to the tiniest hand-held radar 
torch. In between, there are radars to help 200,000 
ton oil tankers to dock, radars which look sideways for 
airborne reconnaissance and radars to track satellites. 
Last week, all this equipment was on show at the estab- 
lishment’s first open day since 1963, together with 
much of the basic research which has made the small 
radar systems, in particular, possible. 

The secret of the small radars is a gallium arsenide 
solid-state device called the Gunn diode which can be 
made to oscillate and produce radio waves in the 
frequency interval from 1 to 88 GHz. Except when 
high power radar beams are required, the Gunn diode 
can replace the bulky and less robust klystron as the 
generator of microwave signals. Development of the 
Gunn diode at the Royal Radar Establishment has 
made possible radars which fit neatly into the hand, and 
which are finding applications as speedometers, burglar 
alarms, high resolution radars and in SPRAT (Small 
Portable Radar Torch), a hand-held radar weighing 
less than 5-5 pounds which can detect movement 
within 625 m. Wearing headphones, the operator 
points SPRAT like a torch, and any movement which 
is picked up is presented as an audible tone. Although 
developed for the battlefield, SPRAT has obvious 
applications as an aid for the blind. 

So long as solid state devices such as the Gunn diode 
continue to be developed, the Royal Radar Establish- 
ment will have a happy hunting ground devising equip- 
ment to measure small distances and speeds. At the 
other end of the scale, the establishment has developed 
a new kind of sideways looking radar for the Phantom 
aircraft which picks out moving targets and displays 
them on a map of the ground, and has built a high power 
ionospheric radar which can measure electron densities 
from 80 to 1,000 km. Unlike an ionosonde, which 
probes the atmosphere by detecting radar echoes only 
from the ionospheric layers, the Malvern radar is 
powerful enough to produce an electron density profile 
throughout most of the ionosphere. 

The establishment is earning its keep by applying 
the electronic techniques of radar to other situations. 
A project called Terminal Area Air Traffic Control, 
devised to see whether computers can safely cut down 
the intervals between landings (and between takeoffs) 
at Heathrow, is under consideration. The hope is to 
increase the airport’s capacity by 10 per cent, and thus 





A thermal picture of part of London taken with a Royal Radar Establishment infrared sensor. Buckingham Palace is to 


the left of centre and Waterloo Station is on the right. 
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give the procrastinators among the airport planners 
more time to decide how the airport should develop. 
The establishment is also carving out something of a 
reputation for itself in the field of infrared mapping. 


PHOTOGRAPHY 


Silent Talkie 


THE visit of a group of Russian scientists to a special 
conference on high speed photography at the National 
Physical Laboratory on June 20 seems to have been a 
moderate farce. Not only had they singularly little 
to report, but the translation facilities provided by 
the Association of High Speed Photography seem to 
have created confusion, not enlightenment, and to have 
diverted the sizable audience from the few points 
that were of interest. 

The conference was organized by the Association 
for High Speed Photography in conjunction with the 
Ministry of Technology. The Russian delegation, con- 
sisting of twelve specialists in high speed recording, 
image tube cameras, lasers, holography and flow 
visualization techniques, is on a fact-finding visit to 
Britain, and the one-day conference was inserted to 
give British specialists in these fields the opportunity 
to learn about recent developments in the Soviet 
Union. It seems that the organization of the con- 
ference was rather hurriedly contrived. 

One point which made some impact at the conference 
was the sheer number of optical and mechanical 
devices that have been developed in the Soviet Union 
for recording high speed phenomena. Although no 
new techniques emerged from the lectures, the scale 
of work on high speed photographic techniques in the 
Soviet Union caused some surprise. The most informa- 
tive paper was that of Professor U. Nesterikin, director 
of the Institute of Automation and Electrometry in 
Novosibirsk, who described experiments that have 
been carried out in the Soviet Union using electronic 
image tube cameras. One of these involved measure- 
ments on plasma flow to give the temperature in dif- 
ferent regions of an electron plasma shock wave. The 


exposure time for the photographs was of the order of 


a few nanoseconds. Professor Nesterikin also showed 
some slides of his image converter tubes. 


NUCLEAR REACTORS 


Dragon Looks Ahead 


Ow its tenth anniversary, the Dragon reactor project 
at Winfrith is beginning to show promise of a com- 
mercial benefit, although the electricity boards are 
' doing little more than make encouraging noises. Run 
by the European Nuclear Energy Agency of the 
OECD, Dragon is a joint project involving twelve 
European states. It has a noble history, beginning as 
a feasibility study by the UKAEA which was suggested 
to the predecessor of the OECD by Sir John Cockcroft 
as a possible collaborative project. Now, the chief 
executive of the project, Dr L. R. Shepherd, says that 
Dragon is at a stage where industrial application is 
imminent. 
The concept of Dragon is that it eliminates the known 
limitations of gas-cooled reactors by making extensive 
use of graphite, in particular to replace the metal 
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sheaths around the fuel. With no metal in the reactor, 
high temperatures can be achieved in a compact reactor 
core—that of Dragon, producing 20 MW, is 4 feet 
across—and with a high conversion efficiency. The 
structure of the core and moderator is also graphite, 
the fuel is ceramic (uranium oxides or carbides, for 
example) and the coolant is an inert gas—helium. 
The project began in March 1959 with twelve countries 
signatory to the agreement, and the reactor began 
operation in August 1964. 

But the sponsors of Dragon still do not know 
whether their pioneering work will be taken up com- 
mercially in Europe. The chief British utility, the 
Central Electricity Generating Board, is, for example, 
satisfied to say that the third generation of reactors 
(high temperature gas cooled reactors like Dragon) 
are likely to come into operation in Britain in 1975-76. 

Meanwhile Dragon’s sponsors have their competitors. 
One of the twelve signatories, Germany, has its own 
national effort in this field. Gutehoffnungshitte is 
building a 25 MW high temperature gas cooled reactor 
(HTGCR) at Geesthacht, in which the helium cooling 
gas drives the generating turbines directly, instead of 
through an intermediate steam-producing cycle. The 
same company has designs for 300 MW and 1,000 MW 
stations. Using a similar principle to the Dragon 
reactor, Brown Boveri has built a 15 MW reactor at 
Jülich (the “Pebble Bed” reactor) and is said to be 
about to receive an order for a 300 MW plant. In the 
United States, there is a 40 MW experimental HTGCR 
(the “Peach Bottom” reactor) and a 300 MW reactor is 
planned for Colorado. This work is being done by 
General Atomic, sponsored by the Gulf Oil Company 
of America. 

What of the future of Dragon, now that the pioneer- 
ing work has been done? The reactor management is 
eager to keep at least the nucleus of the design team in 
existence. Dr Shepherd says that his team are in- 
creasingly giving support to industry and the utilities 
which are concerned with exploiting the system. The 
experimental facilities seem to be very much in demand. 
The current agreement expires in March next year 
when the total investment in Dragon will be £31 
million, but Dr Shepherd hoped this could be extended 
to March 1973, and to an investment of £38 million. 
A decision will be made in September this year. 

Dr Shepherd considers that the ultimate advantage 
of the HTGCR will be that it sounds the death knell 
for the intermediate steam cycle. The CEGB has 
concluded that the third generation of reactors can be 
expected to produce savings in generating costs of 10 
per cent over the second generation reactors, the AGR. 
But, using the helium to power the turbines, an extra 
saving variously estimated at from 5 to 25 per cent is 
possible. At one time, Dr Shepherd said, some organ- 
izations tried to persuade the Dragon management to 
add a small gas turbine, but the feeling was that the 
information gained would not be worth the trouble. 


ROLLS-ROYCE 


Engines by Appointment 


Tr there are legends left in British industry, Rolls- 
Royce is one of them. For almost as long as there have 
been internal combustion engines, the company has 
been selling distinctive automobiles which make up 
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with technical sophistication for the sobriety of their 
appearance. Now the company is also one of the 
largest of all suppliers of aircraft engines. At the 
company’s annual meeting a week ago, this record of 
continuing suecess needed very little help in telling. 
With all its operations, the company turned in a profit 
of £24-05 million, compared with £18-70 million in 
the previous year, on a total revenue of £322 million. 
Aircraft engines continue to provide most of the busi- 
ness—-81 per cent in 1968—-and something like a third 
of what the company produces eventually finds its way 
abroad. Research and development is necessarily a 
large part of the company’s operations, and cost last 
vear £1408 million compared with £9-57 million in 
1967. Rather more than a third of this expenditure is 
for the development of the RB-211 engine due to be 
fitted to the Lockheed airbus in the early seventies. 


INDUSTRIAL REORGANIZATION 


Shot-gun Marriage Broker? 


Wawes the Industrial Reorganization Corporation was 
set up two years ago, the most common fear among 
its opponents was that it would become a device by 
means of which the British Government could national- 
ize a large part of British industry without having to 
trouble Parliament with legislation. In the event, 
however, the IRC has emerged as a quite different sort 
of animal, and its opponents—still numerous—are 
more alarmed by its piratical methods than by the 
danger that it will become a kind of nominee share- 
holder for the British Government. The cheek with 
which, in July last year, the IRC prevented the Rank 
Organization from taking over George Kent Ltd, the 
instrument manufacturers, by the simple expedient 
of buying enough of the saleable stock of the smaller 
company to swing the balance in favour of the Cam- 
bridge Instrument Company excites the admiration 
and the fury of many entrepreneurs. This is part of 
the reason why the annual report of the IRC, published 
last week and covering for the first time a full year 
of the corporation's activity, has been read with close 
attention for signs of how the wind is blowing. 

The corporation makes no bones of its intention to 
throw its weight about. Its justification is the way in 
which British manufacturing industry seems to be 
losing its traditional place as the backbone of export 
industry. A decade ago, imports of manufactured 
goods were 35 per cent of manufactured exports, but 
in 1968 the ratio had increased to 72 per cent. The 
IRC points out that if things go on this way, imports 
will exceed exports of manufactured goods seven 
vears from now. The corporation says that its aim in 
seeking to reorganize industry, chiefly in the private 
sector, has been to make industry internationally more 
competitive, especially in marketing, product develop- 
ment and in the rate of investment. Although the 
corporation is best known for its stimulus of mergers 
such as that of GEC Ltd and the English Electric 
Company, the annual report says quite explicitly that 
size as such is not one of its objectives, but merely one 
of the factors which determine the international com- 
petitiveness of a company. The IRC goes on to say 
that two others now deficient in much of British indus- 
try are the quality of management and the character 
of labour relations. 
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The range of the IRC’s interests is impressive. During 
the past year, the corporation has set the pattern for 
the reorganization of the nuclear power industry, 
helped the British Oxygen Company to buy up Edwards 
High Vacuum Ltd, helped along the creation of the 
British Leyland Motor Corporation, dabbled in trawl- 
ing, film-making and pumps, and has most recently 
been engaged in fending off a Swedish invasion of the 
ball-bearing industry. But if the list of activities is a 
striking testimonial to the energy of the IRC, it also 
shows that the corporation lacks the Midas touch. 
Some of the mergers which it has helped along have 
been successes, but the reorganization of the nuclear 
power industry is a different story. The moral may well 
be that the IRC should cherish more its opportunist 
instincts, intervening in the pattern of industry only 
when it is sure of being successful, and fighting shy of 
promises to bring about what government departments 
would like to see happen. Another pitfall is that the 
purely commercial successes of the mergers which the 
IRC creates may provide a framework for continuing 
technical deficiencies. The great GEC merger, for 
example, has not chased away all the technical com- 
placency which has in the past made the British com- 
pany seem a poor cousin of its American namesake. 
This is probably the direction in which the TRC needs 
most urgently to develop in the year ahead. 





RADIO ASTRONOMY 


New Claim on Frequency 


Rapio astronomers will have their next chance to 
make a claim on the available radio frequencies at the 
special meeting of the International Telecommunica- 
tions Union which is likely to be held either at the 
end of 1970 or the beginning of 1971, and the Inter- 
national Union of Radio Science has now published the 
draft list of frequencies on which its representatives 
agreed at their meeting in Brussels earlier this year, 
Although the ITU conference will be concerned both 
with radio astronomy and with telecommunications in 
space, it is already clear that commercial if legitimate 
interests of the common carriers will so dominate the 
allocation of frequencies for space communication that 
there is hardly anything that URSI can usefully say. 
This, no doubt, is why the report of the February 
meeting is largely concerned with radio astronomy, and 
there is a long list of recommendations which it is 
hoped national governments will cherish as their 
own between now and 1971. On the face of things, 
however, there is at least a danger that URSI may 
have undermined its own ease by asking for too much. 

The best hope is that there will be agreement in the 
ITU on the allocation of a world-wide band of fre-, 
quencies between 404 and 410 MHz. So far as Britain 
is concerned, international agreement on the 136 MHz 
band would be a boon. This includes the frequency 
for which radio telescopes such as the two-mile telescope 
at Cambridge have been designed. ‘There seems to 
be strong hope that most governments will agree 
that this band should be reserved for radio astronomy. 
For the rest, URSI recommends the following reserva- 
tion of frequency bands: 17-23 MHz (wérld-wide), 
37-75-38-25 MHz (world-wide), 150-05~-153-00 MHz 
(where sharing with other uses would be acceptable), 
608-614 MHz (where there is a need for unified stand- 
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ards in all parts of the world), 1,400-1,427 MHz (which 
ineludes the hydrogen line at 21 em and which URSI 
would like to see extended towards lower frequencies so 
as to make possible observation of Doppler-shifted 
lines, but where international reservation of the fre- 
quency seems to be impracticable), 1,660-1,670 MHz 
(where the draft would like to see improved protection 
for observations of the OH line) and at a number of 
frequencies in the GHz range where URSI would like 
to see improved protection. 

How many of these matters will be implicitly 
decided before the ITU conference is at present in 
doubt, but there seems to be no shortage of potential 
problems. By then, the allocation of frequencies may 
be less immediate a question than the allocation of 
parking spaces for geostationary telecommuniecations 
satellites. 





CARBON FIBRES 


Morgan Changes Course 


WHATEVER the outcome of the takeover bid by Morgan 
Crucible for Fothergill and Harvey, the Lancashire 
company speci ializing i in composite materials, it is clear 
that Morgan Crucible has committed itself to a new 
policy on carbon fibres. The shutting down of the 
research laboratory at Northfield near Wandsworth 
marks the end of Morgan Crucible’s effort in funda- 
mental research in carbon fibres and signals its new 
interest in going full scale into the development and 
production of composite materials. 

This train of events is not altogether surprising. 
Dr J. Saunders, head of Morganite Research, pointed 
out last week that the research laboratories have 
produced more basic knowledge than can be absorbed 
on the production side. The “real profit from carbon 
fibres lies in the manufacture of composites, he said, 
and Morgan Crucible is now engaged in finding the 
best a arrangement to carry this out. The 
strands of fibre are essentially useless until they are 
incorporated in a matrix material, which can be a 
resin, a plastic or a metal. 

Morgan Crucible has an exchange agreement with 
Whittaker Corporation in the United States for a 
feedback of information on fibre techniques, and it is 
hoping that, by taking over the going concern of 
Fothergill and Harvey, it will be better placed to pro- 
duce composite materials in the immediate future. 
Dr Saunders has emphasized that the glass fibre tech- 
niques used by Fothergill and Harvey cannot be 
switched overnight to the production of carbon fibre 
composites, but that the transformation would be far 
simpler ae starting up a plant from scratch. 

The chances of the takeover going abead are not 
very great, however. The initial response of Fothergill 
and Harvey to the offer has been cool. It may prefer 
to build up closer ties with one of the American com- 
panies with which it has been associated. 





ASTRONOMY 


Planning for Southern Skies 


from our Astronomy Correspondent 


Everyone knows of the rich pickings for astronomers 


in the understudied skies of the southern hemisphere, 
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and the British Science Research Council is now in the 
throes of seeing how best to exploit its facilities within 
a limited budget. Pride of place will of course go to 
the 150-inch reflector being built 350 miles north of 
Canberra as a joint effort with the Australian Govern- 
ment, but the burning question is what other telescopes 
the SRC will be able to afford. According to the 
Director of the Astronomy, Space and Radio Division 
of the SRC, Mr J. F. Hosie, rumours that the council 
is to cut down its operations in South Africa so as to 
concentrate on the Australian observatory are ill- 
founded. The key document in the council's delibera 

tions is the Southern Hemisphere Review, so far un- 
published, which was compiled last year by a committee 
of three under the chairmanship. of Professor Fred 
Hoyle. Its members were Professor R. O. Redman 
(Cambridge), Dr R. Wilson (SRC Astrophysics Research 
Unit, Culham) and Mr Hosie. Limited to optical 
astronomy, the review was ready at the beginning of 
the year and, as well as spelling out the scientific case 
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Model of the observatory on Siding Spring Mountain. 

at the left contains the Anglo-Australian 150-inch; 

dome is for the proposed British instrument; and the dome 

on the right marks a telescope which is being allowed for in 
the plans and could be added at a later date. 


for astronomy south of the equator, it made specific 
recommendations which are at present under considera- 
tion by the Astronomy, Space and Radio Board of 
the SRC. 

One of the recommendations is likely to be that a 
purely British telescope should be set up alongside the 
150-inch Anglo-Australian instrument at the Siding 
Spring site. Justification for this comes out of ex- 
perience at Pretoria, where the permanent. staff were 
called on to give a great deal of assistance to visiting 
astronomers. The SRC feels that it would be public- 
spirited to have a permanent British staff on hand at 
the observatory, and that a telescope ought to be 
provided to keep them happy when not w orkiny on 
the 150-inch. Another reason is that some of the work 
British astronomers will want to do can almost cer- 
tainly be carried out on a smaller instrument. Just 
now the question is what instrument would be most 
valuable. The Australian National University already 
has telescopes of 60-inch, 40-inch and 24-inch aperture, 
and the SRC is eager to choose something which w ould 
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fit well into this spectrum. One strong possibility is a 
48-inch Schmidt to match the Schmidt at Mount 
Palomar and thus extend the Palomar Sky Survey to 
southern latitudes. A second possibility is a 60-inch 
telescope—either would cost roughly £750,000 spread 
over four years. The SRC hopes to come to a decision 
by the end of the year. 

Naturally the SRC hopes the extra money will come 
from an increase in its resources, but the chances are 
that it will have to show willing by squeezing some of 
its programme. The facilities in South Africa which 
some have considered threatened are the Royal Obser- 
vatory at the Cape of Good Hope, and the Radcliffe 
Observatory at Pretoria. Although it seems that only 
in the direst financial circumstances will the SRC 
abandon altogether its connexions with South Africa, 
the observatory at Pretoria which is leased from the 
Radcliffe Trustees is less secure than that at the Cape, 
taken over from the Admiralty together with the Royal 
Greenwich Observatory in 1965. The SRC assumed 
responsibility for the Radcliffe Observatory at a time 
when the trustees were finding the observatory a 
drain on their resources, and the lease expires in 1974 
——as it happens, the year when the 150-inch telescope 
comes into operation in Australia. After 1974, Mr 
Hosie says, the SRC has no legal responsibility for the 
Radcliffe Observatory, although there is a moral 
commitment to the staff involved. Just now the 74-inch 
Radcliffe telescope, and the 74-inch at the Mount 
Stromlo Observatory of the Australian National Uni- 
versity, are the two largest telescopes in the southern 
hemisphere, and the Radcliffe Observatory is costing 
the SRC £55,000 each year. 


JAPANESE SPACE 


Another Rocket 


Japan is to have a long-range space development 
programme, it has been announced by the Director- 
General of the Science and Technology Agency. 
Despite the country’s distinguished record in rocketry 
developed without outside help or military con- 
nexions and on a remarkably small budget—this will 
be the first time that there has been an extended 
“forward look”, with clearly defined targets estab- 
lished. As part of the exercise, consideration is to be 
given to the creation of a central agency to coordinate 
and revise Japan’s scattered space development. pro- 
jects. Somehow, this all sounds familiar and may draw 
a pang from officials of the Ministry of Technology and 
members of the British Interplanetary Society who 
seem over the past 10 years to have been continuously 
involved in evaluation of potential benefits and targets 
though the first nationally launched satellite is still 
6 months away. The first Japanese attempt to launch 
a Japanese built satellite by a Japanese designed 
rocket took place two years ago. 

Meantime, another Japanese Government agency 
has announced that a Japanese experimental com- 
munications satellite is to be built for launch in 1973. 
The Ministry of Posts and Telecommunications will 
be responsible for the design while the Science and 
Technology Agency will handle the launch method and 
provide the rocket hardware. As a preliminary, work 
is being carried out on an ionospheric satellite for 
launch in 1971. For this programme a further stage is 
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to be added to the LSC rocket which will then be 
Japan’s Q rocket. (Japanese rockets have taken the 
letters of the alphabet starting from L as they have 
grown in size’and sophistication.) The LSC rocket, 
which had its first firing (a relative success) last 
January, has a solid first stage and a liquid second 
stage. In support of the satellite communications 
programme, a Space Development Corporation is to 
be set up to look after matters relating to satellites 
for practical purposes. It will start with a staff of 
150 drawn from current teams concerned with rocketry 
and radio research. 

Japan has had individual views at the year-long 
Intelsat negotiations. Basically, it favours permanent 
arrangements for Intelsat but considers that the inter- 
national organization’s influence should be limited. 
For instance, Japan does not favour Intelsat taking 
over all special satellite communications services, such 
as meteorology, data collection and navigation satel- 
lites. Japan also strongly insists on her right to operate 
regional satellites in the South East Asia area. 


INSECT PHYSIOLOGY 


Unit Divided 


THe Agricultural Research Council announced last 
week that it is setting up a Unit of Invertebrate Chemis- 
try and Physiology which is to be based on two univer- 
sities—Sussex and Cambridge. The section housed at 
Sussex is to be directed by the professor of chemistry 
there, Professor A. W. Johnson, while that at Cam- 
bridge will be directed by Dr J. E. Treherne. Why 
start a unit which, from the outset, suffers from the 
disadvantage of being split between universities as far 
apart as Cambridge and Sussex? The reason seems 
to be partly historical and partly the magnetism of 
Cambridge. 

Originally, it seems that the ARC intended to set 
up the unit at the University of Nottingham with 
Professor Johnson as director, but when he moved 
to Sussex, the putative unit went with him. The ARC 
then decided to disband the Unit of Insect Physiology 
at Cambridge when Sir Vincent Wigglesworth retired 
last year. Several of Sir Vincent’s group left Cambridge 
for the Field Station of Imperial College, London, at 
Silwood Park, Ascot, where the ARC set up a new unit 
for insect physiology headed by Sir Vincent’s former 
colleagues Dr J. S. Kennedy and Dr A. D. Lees (Nature, 
218, 112; 1969). The rump of Sir Vincent’s unit, in- 
cluding Dr Treherne, remained at Cambridge and, 
by all accounts, Dr Treherne was reluctant to leave 
Cambridge even for the attractions of Brighton. Whe 
new bargain also entails the unit taking over about half 
a dozen senior staff from the Biochemistry Department, 
of the Ministry of Agriculture’s Pest Infestation Labora- 
tory at Slough, who will probably be divided equally 
between Sussex and Cambridge. 

The Unit of Invertebrate Chemistry and Physiology, 
clearly the second lineal descendant of Sir Vincent 
Wigglesworth’s old unit, will in the long term aim to 
provide a scientific basis for pest control and the devel- 
opment of pesticides, still very much a matter of trial 
and error. Even the mode of action of DDT,‘1‘5 million 
tons of which have been used in the past twenty-five 
years, is still obscure. But Professor Johnson is quick 
to point out that the new unit willbe concerned with 
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the fundamental biochemistry of all compounds of 
physiological importance to insects, including the 
hormones, pheromones and insect attractants, which 
could well become the third generation pesticides. At 
Cambridge, work will chiefly ‘be concerned with neuro- 
physiology and neuromuscular physiology. The two 
teams hope to be able closely to integrate ‘their research 
programmes in spite of their geographical separation. 

For the first year, the ARC has given the unit 
£100,000 to cover capital costs and £21,140 for running 
costs, salaries apart. The nucleus of the Cambridge 
section is already in existence and the Sussex group 
will start work at the beginning of September when at 
least part of it will have been. recruited. In the im- 
mediate future, the ARC expects a total staff at the 
two universities of about fourteen scientific officers, 
ten experimental officers and a supporting staff of 
technicians. 


AUSTRALIAN SCIENCE 


CSIRO Miscellany 


ANNUAL reports for 1968 from assorted divisions of 
the Commonwealth Scientific and Industrial Research 
Organization of Australia which are beginning to 
appear reflect the government’s s emphasis on the solu- 
tion of problems of immediate economic importance. 
The division of chemical engineering, for example, 
estimates that about a quarter of its effort is con- 
cerned with basic applied research while the rest is 
directed to the practical implementation of successful 
processes. Most of the work of the division is con- 
nected with the process industries such as minerals, 
food processing, pulp and paper and petroleum, as 
well as the chemical industry, and the programme is 
centred around selected operations in the fields of 
particle mechanics, transport processes and process 
development. During 1968, a major project for pro- 
ducing high calorific gas cheaply by the direct hydro- 
genation ‘of coal had to be scrapped because recent 
extensive discoveries of offshore natural gas in Victoria 
will make such a process unnecessary for several decades 
at least. 

Another of the five divisions of the CSIRO Chemical 
Research Laboratories—applicd chemistry—is chiefly 
concerned with synthesizing new chemicals and isolat- 
ing naturally occurring ones that could be effective 
as insecticides or plant growth regulators. Conven- 
tional hydrocarbon insecticides like DDT are being 
improved and a novel class of steroid hormones seems 
to hold promise of controlling insects by interfering 
with their moulting. Many of the compounds being 
investigated are automatically screened for pharmaco- 
logical effects such as anti-tumour activity. The 
division is putting considerable effort into dev eloping 
a novel ion-exchange process for removing salt from 
brackish water which promises to provide a large scale 
desalination process which could be competitive with 
other methods. It is also looking at combustion 
phenomena in connexion with the control of bush fires, 
methods for reducing water losses by evaporation from 
reservoirs and the mechanism of ice-formation in 
super-cooled clouds. * 

The report from the division of mineral chemistry 
describes the major research programmes of mineral 
exploration, mineral treatment, fuel technology and 
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solids and surfaces. An interesting project is the use 
of neutron irradiation as an analytic tool to reduce the 
cost of exploratory drilling programmes. The divisions 
of nutritional biochemistry and dairy research are 
concerned respectively with digestion in sheep and the 
production of cheese, butter and recombined dairy 
products. 


CANCER 


Sloan—-Kettering’s Year 


THE most conspicuous event last year for the Sloan- 
Kettering Institute for Cancer Research, New York, 
was the reopening of its fourteen storey Howard 
Laboratory after a complete refurbishing, started in 
February 1967. The institute now seems to have 
enough accommodation for its twenty-five research 
divisions. That and the expenditure in 1968, 
$10,024,497, gives some idea of the scale on which the 
institute works. Federal Government agencies provided 
$5,004,274 of the total expenditure and another 
$3,774,424 came from donations and foundations. 
This, of course, left it $1-246 million in the red on its 
eurrent account, but the institute seems to be accus- 
tomed to living ‘with deficits. 

Unlike many other cancer research laboratories, 
the Sloan-Kettering has the advantage of being a 
postgraduate and postdoctoral teaching institution. 
It enrolled 31 PhD candidates in 1968 and awarded 
three PhDs, all of whom are supported by the institute. 
But it is at the postdoctoral level that most teaching 
takes place. During 1968 there were 92 postdoctoral 
fellows, 64 of w hom were paid by the institute and 
over half of whom came from overseas. 

The Sloan-Kettering Institute more or less covers 
the whole spectrum of cancer research and is justly 
proud of the part it played in the discovery that 
certain cancer cells, including some leukaemias, are 
dependent on a supply of the amino-acid asparagine 
which normal cells can synthesize for themselves. 
By depleting the amount of asparagine in the blood with 
the enzyme asparaginase some leukaemias have been 
suce essfully treated. The institute is also involved. 
in the immunology of cancer, especially those forms 
induced by viruses. And there is increasing evidence 
that viruses which induce cancer in animals as disparate 
as frogs and man share some antigens. It may prov e 
possible in the short term to diagnose cancer at an 
early stage by immunochemical techniques, and 
eventually to harness the body's immune system for 
treatment and prevention of the disease. 

For many years, scientists at the Sloan-Kettering 
have been trying to show differences between the DNA 
of cancer and normal cells, but they have recently 
found evidence to suggest that DNA or chromosomes 
from cancer cells can transform normal cells to 
cancer. They have also discovered that bridges 
arise between cancer and normal cells grown in mixed 
cultures through which cell material including DNA 
passes from the cancer cell to the normal but never 
in the reverse direction. 

At the other end of the spectrum, surgeons have been 
experimenting with organ transplantation as a treat- 
ment for cancers restricted to an organ. They have 
also developed, using dogs, a successful technique for 
vascular implantation, increasing locally the blood 
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supply to an organ. Splenic arteries can be successfully 
implanted into the kidney, and surgeons are now trying 


to do the same with the liver, because an increased | 


blood supply is useful in the treatment of many patho- 
logical conditions including cancer, 


AGRICULTURE 


Growing and Testing 


Tue annual report of Rothamsted Experimental 
Station was becoming so unwieldy that it has had to 
be split in two, This year’s report (price £1 10s) comes 
in two parts, the bulging report of the year’s progress 
in the various departments and a thorough assessment 
of the most famous piece of agricultural research—the 
wheat experiment on Broadbalk field at Rothamsted. 
Recent changes in this experiment, set up in 1843, 
have been so extreme that the second part of the report 
is devoted to this topic. 

When John Bennet Lawes and J. H. Gilbert first 
planted wheat in the thin plots on Broadbalk field, 
they wanted to know the relative importance for plant 
nutrition of nitrogen and “minerals ”—their name for 
compounds containing potassium, sodium and mag- 
nesium. They gave the plots either no manure; farm- 
yard manure: nitrogen only; “mineral manures”, or 
“mineral manures” plus nitrogen, and similar treat- 
ments have continued ever since. Lawes and Gilbert 
soon found that yields were small unless nitrogen was 
given and that “minerals” produced increases only 
when given with nitrogen. Onlookers were amazed 
that a few hundredweight of chemicals could produce 
wheat yields equal to those obtained with many tons 
of manure. Since then, the Broadbalk plots have con- 
tinued to show farmers the sorts of fertilizers they 
should be using to obtain the best yields of wheat. 

The variety of wheat grown on Broadbalk field has 
now had to be changed to a short strawed type, to 
bring the experiment into line with modern farming, 
and so in 1967 the scope of the work was further ex- 
tended by the drastic innovation of introducing new 
crops. Potatoes and spring beans will be grown as well 
as wheat, in various cycles of rotation. The first harvest 
after the change was unspectacular—1968 was a bad 
year—but interesting effects are beginning to emerge. 
The pre-emergent herbicide used on the beans, for 
example, only partially controlled weeds on the 
manured plots, but on the unmanured plots it damaged 
the young bean plants. 

Another innovation is described in the annual report 
of the National Institute of Agricultural Botany. This 
is the first issue of a recommended list of grass varieties. 
The list has grown out of the annual farmers’ leaflet 
describing the grass varieties commercially available 
in England and Wales, issued since 1960. The new list 
recommends varieties of perennial, Italian and hybrid 
ryegrass, timothy, meadow fescue and cocksfoot on 
the basis of trials carried out by NIAB. 

The digestibility of the grasses in the list is expressed 
in the new unit—the D-value—which has replaced the 
DMD (digestible dry matter). The new unit can be 
defined as digestible organic matter in the dry matter. 
For grass the conversion factor is about 0-9 and it is 
easy to establish that 70 per cent DMD includes 
about 7 per cent mineral matter, giving a D-value 
of sixty-three. 
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SHELLFISH 


Mussel Eating Hazards 


Ereuty people became severely ill in Northumberland 
last year after eating local mussels, and along the 
neighbouring coast sea birds and sand eels died in great, 
numbers (Nature, 220, 21; 1969). The epidemic turned 
out to be a case of paralytic shellfish poisoning, never 
previously recorded in England but common enough 
on the coasts of Peru, Japan, the United States and 
Canada. 

British Columbia has long been afflicted with out- 
breaks of the disease, and the Fisheries Research Board 
of Canada has just issued a booklet describing its 
researches into the matter (Paralytic Shellfish Poisoning 
in British Columbia, Fisheries Research Board of 
Canada Bulletin 168, Ottawa, 1969). The first recorded 
instance of the disease took place on Captain Vancou- 
ver’s voyage of discovery along the Canadian coast in 
1793. The captain gave a detailed deseription of the 
meal of fresh mussels which sent several of his men into 
a state of “numbness, sickness and giddiness” and cost 
the life of one of them. In 1799 a Russian expedition 
lost 100 men in similar circumstances at Peril Strait, 
Alaska. 

After the Captain Vancouver incident, the next 
recorded outbreak in British Columbia was in 1942 
when the consumption of poisoned clams led to much 
illness and three deaths. Since 1942, the Canadians 
have carried out regular surveys of shellfish toxicities 
in their coastal waters, and there is a now considerable 
amount of information about the disease. The poison 
in the shellfish is a compound of low molecular weight 
and of empirical formula C,)H,,N,0,2HCI, caled 
saxitoxin. It is one of the most potent known. poisons 
and 100 micrograms is thought to be the human lethal 
dose by oral ingestion. It probably acts directly on 
nerve and muscle membranes, blocking their permea- 
bility to sodium ion. 

The toxin is made by certain dinoflagellate speci 
but it only becomes a threat when the dinoflagellates 
reproduce explosively to produce their characteristic 
“blooms”, sometimes bringing tracts of the ocean to 
the colour and consistency of tomato soup. Unfor- 
tunately the growth of a bloom is highly unpredictable, 
depending on a critical balance of temperature, light, 
salinity and nutrition. In bloom conditions, it is 
sometimes possible to extract saxitoxin from the ocean 
itself, and shellfish feeding on dinoflagellates naturally 
accumulate the toxin, though apparently without 
themselves suffering harm. 

It was only in 1965 that a dinoflegellate responsible 
for an outbreak of paralytic shellfish poisoning +was 
identified in British Columbia. It turned out to 
be Gonyaulax acatenella. (The closely related Gonyaulax 
tamarensis was responsible for last year’s Northum- 
brian outbreak.) 

Canadian ecologists have given much thought to the 
possibility of forecasting outbreaks of paralytic shellfish 
poisoning, but the complex topography and weather 
conditions of the Canadian coastline probably doom 
all such efforts to failure. A blanket ban on the eating 
of shellfish is likewise impracticable. The Fisheries 
Research Board of Canada i$ therefore * contenting 
itself with an investigation of detoxification techniques, 
a routine sampling programme, and the generation of a 
publicity machine to give warning when necessary. 
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SELECT COMMITTEE 


NERC and the Earth 


THERE are things to be done in British geology, par- 
ticularly by the universities. That was the impression 
given by Dr K. C. Dunham, director of the Institute 
of Geological Sciences, during the final sitting of the 
subcommittee of the Select Committee on Science and 
Technology investigating the Natural Environment 
Research Council. There is a pressing need for some 
more university departments devoted to geophysics 
and hydrogeology. But Dr Dunham seemed to 
feel nothing but gratitude towards NERC since it 
took over responsibility for the Geological Survey 
and incorporated it into the Institute of Geological 
Sciences. 

The great blessing of NERC has been money; in 
1968 the institute spent £500,000 on equipment. This 
compares well with Dr Dunham’s memories of times 
when the Geological Survey was much less well 
equipped than some university departments. All the 
same, activities are restricted, particularly, it seems, by 
lack of manpower. At the present rate, Dr Dunham 
estimates that it will take another thirty years to 
complete the geological mapping of the British Isles 
on the scale of six inches to one mile. The cause of this 
trouble is the Treasury limitation on manpower, not 
a lack of suitably trained geologists. 

Relations with industry are good, although Dr 
Dunham wishes that he could be less secretive with 
some af the information passed on by commercial 
operators. There is evidently free exchange of informa- 
tion, but industry can ban publication of anything it 
passes to the institute. Dr Dunham would like to 
see a legal requirement to publish after a certain 
number of years. 

He dismissed the criticism that the marine work of 
his institute is restricted by the necd to share the 
research vessel John Murray with university depart- 
ments. He said the needs of the institute are met by 
chartering ships. This is often more useful than 
owning the vessels because, if needs change, different 
ships can be chartered. The ideal situation, he said, 
would be for NERC to own more ships but to charter 
as well. 

In spite of the institute’s practical function, Dr 
Dunham believes that it should always be helping to 
push forward the frontiers of knowledge. Its consulta- 
tive function needs to be based on good science, and 
in any case academic geology should not be left to the 
universities. He is clearly disappointed with the 
response of universities to the need for more trained 
geophysicists and hydrogeologists. He said that some 
universities teach geophysics in far too academic a 
fashion, and there is a good case for the foundation of 
one or two new departments or for enlargement of 
existing schools. The situation in hydrogeology is 
even worse, with only one university where this subject 
is taught. Dr Dunham is relying on NERC and the 
University Grants Committee to put his point per- 
suasively to the universities. As to the suggestion that 
there are too many departments of geology in univer- 
sities, he remarked that a university is not really a 
university unless the Earth sciences are taught there. 
He said that the capacity to produce geologists is 
nicely in balance in Britain now. Graduates are well 
supplied with jobs, at home and overseas. 
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Parliament in Britain 


Oil Pollution 

Ax agreement for cooperation in dealing with oil 
pollution in the North Sea and the Channel was signed 
on June 9 in Bonn by the British ambassador and 
representatives of the governments of West Germany, 
France, Belgium, Norway, Sweden and Denmark. Mr 
F. Mulley, Minister of State for Foreign and Common- 
wealth Affairs, told the House that the agreement 
comes into force on August 9 and requires that major 
oil slicks be reported by shipping and aircraft of mem- 
ber states. The member governments must then 
circulate reports of the presence, size and movements of 
slicks to each other. A country can also request the 
help of others in dealing with oil that comes ashore. 
In the North Sea, member countries have been allocated 
zones of responsibility; south of the Thames estuary 
and in the English Channel there will be just two zones 
of joint responsibility. 

Replying to a suggestion that tankers which do not 
operate the load-on-top system should be refused 
entry into British ports, Mr W. Rodgers, for the Board 
of Tr ade, said that more than 75 per “cent of the world’s 
tankers operate this system, The board would be glad 
to see it used universally but is not prepared to pro- 
hibit tankers which do not use it. (Written answers, 
June 16.) 


North Sea Gas 

Mr Roy Mason, Minister of Power, summarized the 
progress in exploiting North Sea gas. Four major 
fields have been discovered and by the end of May 
sixty-one production wells had been drilled, ten fixed 
production platforms had been built and four undersea 
pipelines laid. Gas is coming ashore from the Leman 
Bank and West Sole fields. Supplies from the Hewett 
field should start in July. 

Mr R. Freeson, for the Ministry of Power, said that 
the natural gas trunk line would reach Scotland by the 
spring of 1970 and Glasgow should be getting natural 
gas by the autumn of 1970. (Written answers, 
June 17.) 

Chemical and Biological Warfare 

Mr Joux Morris, Minister of Defence for Equipment, 
told the House that “there are no poisonous gases and 
substances in the United Kingdom for use in biological 
and chemical warfare”. Only laboratory quantities are 
held in stock and on the rare occasions when these have 
to be moved they are always transported in vehicles 
of the armed forces, in special containers and accom- 
panied by trained staff. (Written answer, June 18.) 


Alaskan Oil and Hovercraft 

Mr J. P. W. Matrarrev told Mr E. Marples that as a 
result of Government trials with hovercraft in the 
Canadian Arctic in 1966 and 1968, the hovercraft 
industry, assisted by the Ministry of Technology, had 
been able to develop the equipment that British 
Petroleum needed in Alaska. BP, guided by the 
ministry, has been studying the use of hovercraft for 
carrying large loads such as drilling rigs over the Alas- 
kan terrain, especially in the summer when the ground 
is too soft to take very heavy point loadings. The 
ministry is also supporting further developments in 
this field, and during July oil companies are being 
invited to watch trials of a communications hovercraft 
in Canada over terrain very similar to that in Alaska. 
(Written answer, June 18.) 
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NEWS AND VIEWS 


Bohr Effect Explained 


Tue affinity of haemoglobin for oxygen depends on 
the pH of the environment, and this is physiologically 
important because as the concentrations of carbon 
dioxide and therefore the need for oxygen increase 
in tissues, the pH decreases and so does the affinity 
of haemoglobin for oxygen. In other words, the higher 
the concentration of carbon dioxide, the easier it is 
to transfer oxygen from haemoglobin to a tissue. This 
Bohr effect must depend on the state of ionization of a 
few amino-acid residues in the two pairs of interlocking 
protein chains that constitute a haemoglobin molecule, 
for only the charge of a protein depends on the pH 
of its milieu. 

But which residues are involved in the Bohr effect ? 
On page 1240 of this issue, Perutz’s group suggests an 
answer which takes into account all the apparently 
conflicting chemical evidence accumulated in the past 
thirty years. It believes that the imidazole side- 
chains of the histidine residues at the end of one pair 
of chains (the 8 chains) together with the free amino 
groups at the opposite end of the other pair of chains 
(the a chains) are essentially responsible for the Bohr 
effect. 

At various times in the past, three types of ionizing 
groups in haemoglobin have been suggested by bio- 
chemists as candidates for producing the Bohr effect: 
sulphydryl groups of cysteine residues, the basic 
imidazole side-chains of histidine residues and the 
terminal amino groups of the first amino-acid of the 
four chains. Perutz’s group has shown by X-ray 
crystallography that during the oxygenation-deoxy- 
genation cycle, the molecule changes its shape and the 
imidazole group of the last histidine residue in the two 
£ chains is involved. In oxyhaemoglobin, these residues 
are free for ionization, but in deoxyhaemoglobin they 
interact with carboxylate groups of aspartic acid 
residues further in the 8 chain. Perutz’s group also 
finds that, in the a chains, a similar sort of interaction 
occurs when oxyhaemoglobin loses its oxygen. The 
free amino groups at the end of one a chain interact 
with the free carboxy group at the opposite end of its 
twin, so that the two a chains are linked head to tail. 
Both these interactions, which take place on deoxy- 
genation, will increase the affinity of basic groups in 
the molecule for hydrogen ions and decrease the affinity 
for oxygen. 

Another result of the conformational change on 
deoxygenation is the partial sequestration of one of the 
sulphydryl groups in the £ chains. When this SH 
group is blocked by chemical reaction with a blocking 
agent, not only is the conformational change on de- 
oxygenation prevented but also a part of the Bohr 
effect is lost. Perutz and his colleagues have studied 
this chemically modified form of oxyhaemoglobin, and 
the chemically modified form of deoxyhaemoglobin 
obtained from it. First, they proved that the SH 
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group blocking agent itself does not cause any detect- 
able change in the conformation of oxyhezemoglobin, 
They then have determined which of the amino-acid 
residues has an altered position in deoxyhaemoglobin 
with a blocked SH group. It turns out that in this 
chemically modified form of deoxyhaemoglobin the 
conformation of the histidine residue at the very end 
of the two f chains is restricted compared with un- 
modified deoxyhaemoglobin. This appears to be the 
only residue to be affected and so they argue that this 
is the residue that must be responsible for that portion 
of the Bohr effect that is inhibited by SH reagents. 
The crystallographic evidence therefore shows that 
oxygenation-deoxygenation involves interaction be- 
tween the ends of the a chains and change in the 
geometry of the terminal histidine residues of the £ 
chains. Kilmartin and Rossi-Bernardi (see page 1243) 
have also shown that chemically blocking the amino 
groups of the « chains reduces the Bohr effect by about 
25 per cent. Thus the crystallography provides at long 
last a molecular understanding of the Bohr effect and 
several other of the chemical properties of haemoglobin 
into the bargain. 


LINNEAN SOCIETY 


Bringing back Bones 


Tue four palaeontologists who returned last November 
from their search for mammal ancestors in Lesotho 
are obviously not going to sit on their findings for long. 
Two members of the expedition, which was sponsored 
by the Natural Environment Research Council, gave 
a preliminary report at the meeting of the Linnean 
Society on June 19. Their finds in the Red Beds of 
western Lesotho included remains of the mammal-like 
reptiles which were the immediate precursors of the 
first mammals, some dinosaurs and the complete 





A view of the area in western Lesotho where some of the fossils 
were found, including the complete skull of what is probably a 
very early mammal. 
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skeleton of what is probably a tiny, very early mammal. 

In southern Africa the Red Beds form the uppermost 
sedimentary beds of the great Karroo series. Consist- 
ing of red and purple marls, they were laid down in the 
rather arid conditions of the Upper ‘Triassic (about 
180 million years ago) when the mammals were first 
emerging. But, as the leader of the expedition, Dr K. A. 
Kermak of University College, London, said, their 
rich store of fossils is mostly inaccessible because of 
the overlying Drakensburg basalts. These were formed 
by outpouring ys of lava in the Jurassic which followed 
the Triassic. 

Lesotho is a valuable hunting ground for palaeon- 
tologists because erosion has exposed large areas of 
the Red Beds so that fossils can be picked up easily. 
And Lesotho follows the enlightened policy of permit- 
ting the temporary export of fossils for study, unlike 
some other parts of southern Africa. 

The small mammal-like reptile Tritylodon was 
first found in these beds eighty years ago, and Dr 
Kermak and his team found some very good specimens 
last vear. From the palaeontologist’s point of view 
the mammal-like reptiles are the most important 
constituent of the fauna of the Red Beds, for they will 
tell a great deal about the origin of the mammals from 
their reptile ancestors. On the Mountain of the Lion 
a block of mudstone cracked to reveal the complete 
skeleton of a tiny animal which is probably related to 
the Welsh Morganucodont, and is about the size of a 
common. shrew. 

The expedition found some good remains of Ornith- 
ischian dinosaurs, herbivorous reptiles which never 
reached the size of the other order of dinosaurs, the 
Saurischia, which included such giants as Tyrannosaurus 
rex. The Red Beds yielded to Dr Kermak and his 
colleagues limbs, jaws, vertebrae, skulls and pelvic 
girdles of two genera of Ornithischia: Fabrosaurus and 
Heterodontosaurus, the latter apparently a bizarre 
animal with pseudocanine teeth. 

Fish are very rare in these beds, but two have now 
been recorded in the cave sandstone which alternates 
with the Red Bed sediments. Discussing these, Mr 
Peter Forey of Queen Elizabeth College, London, drew 
on material collected by a previous expedition led by 
Dr Kermak in 1963. A new member of the family 
Dietvopygidae has been found and named Endemich- 
thys likhoelei (which means a fish native to the area 
known as likhoele). The other fish is Semionotus, of 
which only a headless impression has been found. 
Comparing these two specimens with Lower and U pper 
Triassic fish from the western United States, Mr Forey 
has concluded that the cave sandstone is Upper 
Triagsic in age, probably laid down contemporaneously 
with the Red Beds. 


TRANSFER RNA 


What’s Recognized ? 


from our Cell Biology Correspondent 
In last week’s Nature (222, 1122 and 1147; 1969), 
Imura, Weiss and Chambers suggested that the double 
helical stem of a transfer RNA cloverleaf is the region 
of the tRNA molecule required for specific recognition 
by the aminoacyl synthetase enzyme when it charges 
a tRNA with the correct amino-acid. Their evidence is 
that when a {RNA is split into fragments with ribo- 
nucleases, only the dogble helical stem fragment is 
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specifically charged by the synthetase. Moreover, 
because all seven yeast {RNAs analysed so far have 
unique base sequences at positions five, six and seven 
counting from the 3’ amino-acid acceptor end, Imura 
et al. suggested that these residues may contain the 
chemical information for specific recognition by the 
synthetases. The nucleotide sequence of wheat phenyl- 
alanine {RNA, which has just been published by 
Holley’s group (Dudock, Katz, Taylor and Holley, 
Proc. US Nat. Acad. Sci., 62, 941; 1969), in part 
supports this contention. 

Wheat germ phenylalanine (RNA is an acceptable 
substrate for yeast phenylalanine {RNA aminoacyl 
synthetase, so it is not surprising that the nucleotide 
sequences of wheat (RNAP! and yeast tRNAPH are 
very similar. There are only sixteen differences between 
the two molecules which contain seventy-six bases in 
all, and all but two of the differences occur in regions 





of the molecule which, according to the cloverleaf 
model, are double stranded. And as Imura et al. 


would no doubt predict, because wheat {RNAP can 
be charged by the corresponding yeast synthetase, 
these differences do not involve the bases at positions 
five, six and seven from the 3’ end, which are CGC in 
both molecules. To that extent the results of Holley’s 
group support the suggestion of [mura et al. 

Dudock et al., however, draw attention to the loop 
of the {RNA molecule that contains dihydro-uracil 
residues; this dihydro-U Joop and its short stem, 
nineteen bases altogether , is the only chief region in 
which there are no differences at all between wheat 
and yeast (RNAP. Moreover, this is true of serine 
tRNAs from rat liver and yeast which, as Staehelin et 
al, (Nature, 219, 1019; 1968) showed, have identical 
sequences in their dihydro-U loops. Perhaps this 
region also plays a part in aminoacyl synthetase 
recognition. 

laccarino and Berg (J. Mol. Biol., 42, 151; 1969) 
have tackled the RNA synthetase recognition problem 
from the other end, by determining the requirement of 
sulphydryl groups for the catalytic and tRNA recogni- 
tion functions of the synthetases. Using Æ. coli iso- 
leucyl-tRNA synthetase they find that there is one 
SH group which reacts rapidly with compounds which 
block SH groups. When this rapid reacting SH group 
is blocked, the ability of the synthetase to “couple iso- 
leucine to its (RNA is greatly reduced, but the equilib- 
rium constant and the rate of binding of RNA": to 
the enzyme is unaffected. Presumably the fast reacting 
SH group is in the catalytic site; this seems to be a 
general feature of aminoacyl synthetases; only two 
of those studied so far, porcine alanyl-tRNA synthetase 
and methionyl {RNA synthetase from Sarcina lutea, 
have proved to be immune from inhibition by sul- 
phydryl reagents. When the other SH groups in the 
isoleucine synthetase are blocked, binding of RNAHe 
is reduced. This implicates SH groups in (RNA 
binding, but whether they are directly involved or 
influence binding by maintaining the conformation 
of the protein is still obscure, although a direct involve- 
ment seems the most likely explanation. 

The catalytic and {RNA binding sites of the synthet- 
ase, whatever their nature, must interact (Yarus and 
Berg, J. Mol. Biol., 42, 171; 1969) because isoleucine 
increases about six-fold the rate at which #RNAVe 
enters and leaves its binding site; this stimulation 
by the amino-acid does not require transfer of it to the 
tRNA or activation to form isoleucine-AMP. The 
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synthetase is therefore another allosteric enzyme and 
Yarus and Berg propose an ingenious four state model 
for the conformational changes during a round of 
catalysis, in which release of aminoacyl-tRNA is the 
rate limiting step in the acylation reaction. 


PLANT GROWTH 


Statolith Controversy Resolved 


from our Plant Physiology Correspondent 

THE most satisfying experiments in plant physiology 
are often the simplest, but the results of such experi- 
ments rarely prove as simple to interpret, and just as 
frequently lead to disegreement and controversy. 
Research into the mechanism by which roots and shoots 
perceive gravity has been burdened with such a con- 
troversy since 1928. The theory in question is the 
starch statolith hypothesis. Gravity can influence a 
plant cell only by virtue of the mass of one or more of 
its component parts. Starch statoliths are mobile 
starch grains found in almost all plant organs that 
respond to gravity. When a cell is turned on its side 
it is thought that these starch grains sediment until 
they touch the cell membrane lining the lowermost wall 
of the cell. This contact is believed to constitute the 
primary geoperception stimulus. Attempts have been 
made to manoeuvre starch statoliths into particular 
regions of the cell, and the controversy has stemmed 
from two of these experiments. 

Zimmerman placed roots horizontally for a suitable 
stimulation period, and then turned them so that the 
apex pointed vertically upwards for a short time before 
reorienting them normally to observe the degree of 
curvature (Jahrb. Wiss. Bot., 66, 631; 1927). This 
treatment should cause the starch grains to slide the 
entire length of the membrane on to which they had 
sedimented during the stimulation period. Zimmer- 
man found greater curvature in roots treated in this 
way compared with roots which had not been inverted. 
This result seemed to be excellent support for the stato- 
lith hypothesis, but in 1928 von Ubisch repeated 
Zimmerman’s experiment with one important modifica- 
tion; she inverted her roots before as well as after the 
stimulation period (Biol. Zentralle, 48, 172; 1928). 
This preliminary inversion should have decreased the 
distance that the statoliths were free to slide along the 
wall membrane, and therefore decrease the amount of 
curvature, In fact, von Ubisch found an increase in 
curvature similar to that found by Zimmerman. 
von Ubisch has been strongly criticized for the 
documentation of her work, but her data have remained 
the single most serious objection to the statolith 
concept. 

Some forty years later, Poul Larsen, of the University 
of Aarhus, performed a series of experiments which 
should go some way towards resolving the argument 
(Physiol. Plant., 22, 469; 1969). Larsen has been 
interested in geoperception mechanisms for some years; 
at one time he abandoned the classical statolith hypo- 
thesis in favour of a hinged, intracellular, sub-micro- 
scopic detector, perhaps analogous to a molecular 
pendulum. His recent papers, however, summarize his 
current ideas and research on starch statoliths. Larsen 
has repeated the experiments of both Zimmerman and 
von Ubisch and has obtained essentially similar results 
(Physiol. Plant.,18, 747; 1965). He now suggests that 
if the function of a statolith is to exert pressure on the 
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cell membrane, then a starch grain sliding vertically 
down a membrane may not cause any stimulation. The 
experiments of Zimmerman and von Ubisch would 
therefore have no bearing on the validity of the stato- 
lith hypothesis. It is possible, however, that geotropic 
stimulation might result from starch grains sliding 
down a membrane at an angle to the vertical. It is well 
known that the angle of stimulation giving maximal 
response in roots is not 90° but nearer to 140°. This 
agrees well with the statolith hypothesis. Larsen has 
therefore attempted to find the optimal angle of stimu- 
lation for cress roots which were inverted before the 
start of geotropic stimulation. For stimulation times 
which would allow the starch grains to move through 
the entire distance of which they were capable, the 
angle giving the greatest curvature was much greater 
than 90°. According to the statolith hypothesis the 
optimal angle should have been much less than 90°. 
It is interesting, therefore, that the roots showed 
appreciable curvature during the actual stimulatory 
period, and that this curvature is significantly greater 
in roots stimulated at angles less than 90°, compared 
with those stimulated at angles greater than 90°. These 
results are perfectly compatible with the statolith 
hypothesis. Clearly it is the curvature that develops 
after the end of the stimulation period that does not 
follow the theoretical prediction. Larsen interprets 
these observations to mean that two different processes 
contribute to the overall growth curvature. The 
movement of the statolith provides the primary geo- 
perception stimulus, but this is modified by the “tonic” 
or sensitivity of the tissue, an effect which cannot be 
explained by amyloplast movement. 

In another investigation, Larsen and his colleagues 
have examined root cells microscopically, and found 
that statoliths do not move in the simple manner 
envisaged in most schemes of statolith sedimentation 
(Physiol. Plant., 21, 811; 1968). They move quite 
rapidly towards the “ceiling” of the cell on inversion, 
but come to rest after moving a distance dependent on 
the length and age of the cell, never travelling more 
than 60 per cent of the whole cell length. The starch 
statolith remains the most likely candidate for prime 
mover in the geoperception mechanism, but the chain 
of events leading from the initial stimulus to the 
differential growth response and final curvature 
remains to be elucidated. 


BIOLOGICAL RESEARCH 


Ageing at Brighton 


In its fourth year of operation, the biological sciences 
building at the University of Sussex was officially 
opened on June 20. The newest part of the building 
has not long been occupied, but there was no ceremonial 
unlocking of doors or cutting of tapes. Instead, there 
was a short address by Sir Peter Medawar, who praised 
the virtues of schools of biological sciences where, he 
said, it will be easy to redeploy teachers and facilities 
as biological fashions change. Thus it will be possible 
to prevent molecular biology becoming a bore, as 
happened to the earlier dominant biological disciplines 
—comparative anatomy and physiology. e 

Some of the fruits of four years cohabitation by 
biochemists, physiologists, geneticists and experi- 
mental psychologists were on show after the formal 
proceedings. Eight groups vitle disparate interests 
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had set up demonstrations to show off their results and 
apparatus. The animal physiologists had a video tape 
recorder showing the behaviour of a chick frustrated 
when deprived of the food it had been expecting. In 
Professor John Maynard Smith’s laboratory they are 
trying to find out why Drosophila dies when it grows 
old, and are looking for a molecule with a life span 
similar to that of the fly. Some structural proteins 
seem to fit this role. Flies were fed tritiated leucine or 
thymine, the fate of which was traced by autoradio- 
graphy of gut epithelium, or by counting the radio- 
activity in various types of protein after extraction 
from the flies. Results indicate that although some of 
the protein in Drosophila turns over very quickly, 
some is very stable. This is the structural protein, 
such as mitochondrial protein, which is not syn- 
thesized after the fly reaches a certain age. Professor 
Maynard Smith suggests that because these structural 
proteins are not replaced when they are damaged the 
flies are bound to die. The stability of structural 
proteins could be a cause of death in Drosophila. 

In the next laboratory, Professor J. H. Sang and 
his colleagues have had pioneering success culturing 
embryonic cells of Drosophila. After spending three 
years perfecting the medium, they can now watch cells 
from three hour old eggs differentiate into epithelial 
cells, nerve cells and muscles, which can be seen 
contracting under the microscope. The technique has 





A transverse frozen section of a young barley root, cut 2 mm 

from the tip. Dark staining shows activity of ATPase at the 

surface of all cells, hyt it is especially obvious on the cells of 
the outefnost layer (x 862). 


NATURE. VOL. 222, JUNE 28, 1969 


been developed with the aim of comparing cellular 
differentiation in various mutants with that in normal 
Drosophila, and perhaps tracing the cause of pheno- 
typic abnormalities to irregularities of early develop- 
ment. 

In another part of the building Professor J. F. 
Sutcliffe’s team has found some interesting correlations 
between the behaviour of plant roots and the localiza- 
tion of the enzymes they contain. By staining thin 
sections of barley roots. by standard lead sulphide 
precipitation techniques, they have found adenosine 
triphosphatase (ATPase) activity at the surface of 
all the cells but, as in the photograph, it is particularly 
high at the outermost cells of the cortex. This fits 
well with the idea that ATPase is concerned with the 
uptake of salts through the outermost layers of the 
roots. In young meristematic cells the nucleus con- 
tains very high ATPase activity, and this is thought to 
be important in the contraction of the mitotic spindle. 

Glycerophosphatase has been found to be associated 
with the destruction of cells—perhaps plants have 
lysosomes. Staining showed that glycerophosphatase 
becomes active in cells of pea roots that are about to 
rupture to let the developing lateral roots pass through 
the cortex of the main root, as they push their way to 
the outside. This has suggested to the plant physio- 
logists at Sussex that glycerophosphatase activity is 
associated with cells that are about to die. They have 
supported this idea by finding glycerophosphatase in 
many cells that are nearing the end of their life. 


ENZYMES 


Aspects of Methylation 


from our Molecular Biology Correspondent 


Tue knowledge which has now accrued on the sequences 
and some of the structural features of various transfer 
RNAs has begun to lead to important discoveries about 
the functions associated with different parts of the 
molecule, and the structural requirements for interac- 
tion with transfer enzymes and ribosomes. So far, 
however, relatively little has been said about another 
recognition function—that involving the ‘RNA methyl- 
ases. These enzymes are responsible for the substitu- 
tions into the heterocycles, which occur only after 
synthesis of the polynucleotide chain is complete. 

The greater part of the work on methylases has so 
far been confined to bacterial species, but now Björk 
and Svensson (Europ. J. Biochem., 9, 207; 1969) have 
prepared the methylases of a yeast strain. As in E. 
coli, the methylating activity does not reside in a single 
protein, and Bjérk and Svensson have isolated eight 
active components. Between them they catalyse the 
formation of four differently methylated guanines, 
and one each of methylated adenine, cytosine and 
uracil (this last being thymine). All the corresponding 
methylated bases have been found in yeast tRNA, 
as well as two others, » dimethyladenine and a methyl- 
hypoxanthine, for which methylase specificities were 
not present. Three of the protein fractions were all 
active with respect to the production of only one 
modified base, 5-methyluracil (thymine). There is 
evidence that methylation of ribose also occurs in 
yeast. 

The substrate specificities of these enzymes are 
considered in a second paper (Svensson et al., ibid., 
216), which includes the results of cross-reactions with 
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tRNA of other species. The most striking upshot is 
that the three 5-methyluracil methylases have different 
substrate specificities. They will all operate on Æ. coli 
‘RNA, but when a nuclease digest is prepared after 
methylation, it is found that each enzyme has brought 
about the methylation of a different uracil. It seems 
then that the activity of the methylases is not governed 
merely by factors of steric accessibility, but rather that 
each enzyme recognizes a particular sequence of nucleo- 
tides: these results support earlier work by several 
groups, indicating that enzymes from one species 
generally find methylation sites on {RNA molecules 
from other species, which have already been worked 
over by their endogenous methylases. Svensson et al. 
find again that a yeast uracil-methylating enzyme will 
work on {RNA from the bacterial species A. aeruginosa, 
but not on that from wheat embryo. It is found that 
all the fractions will insert some methyl groups into 
ribosomal RNA from Æ. coli, though this, it is suggested, 
may be a case of breakdown of specificity. 

An elevated level of methylase activity has been 
noted in tumour tissue by Borek and his group and 
by others. Correspondingly, it wes found that whereas 
there is in general little difference between the {RNAs 
of different tissues, those from tumour cells indeed 
show markedly changed heterogeneity and chromato- 
graphic profiles generally. A further investigation 
by Baliga et al. (Proc. US Nat. Acad. Sci., 62, 899; 
1969) involves the fractionation of {RNA from a 
tumour tissue, Novikoff hepatoma, by chromatography 
on MAK (methylated albumin-kieselguhr) columns. 
With healthy liver (RNA as the norm, new components 
were found in the elution profile with histidine, tyro- 
sine and asparagine acceptor activity. Six other species 
had also evidently undergone some structural] change, 
for they eluted later in the salt gradient than the nor- 
mal species. It seems likely that differences in methyla- 
tion are the basis for these observations, but no analyses 
have yet been performed. It is interesting to note that 
a high level of methylation of DNA has just been 
reported in the same tissue (Sneider and Potter, 
J. Mol. Biol., 42, 271; 1969): methylation in the 5- 
position is found to occur in one in every twelve to 
fourteen cytosine residues. There is evidence of subse- 
quent deamination of the modified base, to give 
thymine, which, it is suggested, might well have its 
effect. on replication and transcription. 


NUCLEAR MAGNETIC RESONANCE 


Relaxing Protons 


from our Enzymology Correspondent 

Tue group of workers associated with the names of 
Albert Mildvan and Mildren Cohn is famous for the 
ingenuity with which it has pressed nuclear magnetic 
resonance into the service of enzyme studies. A 
stream of papers has shown that scrutiny of NMR 
signal shape and its dependence on time, temperature 
and magnetic field strength can tell a great deal about 
the structure and kinetics of enzyme active sites. But 
some new work by Mildvan and Weiner (J. Biol. Chem., 
244, 2465; 1969) must rank as the most sophisticated 
excursion of the technique yet seen. 

Mildvan and Weiner have managed to make an 
analogue of the redox coenzyme NAD which bears an 
unpaired electron in a region corresponding to the 
pyridine N-ribose C, bond of the coenzyme. The 
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analogue has a 2,2,6,6-tetramethylpiperidine-1-oxyl 
group standing in for the usual ribosylnicotinamide, and 
it has been the key to a fascinating dissection of proton 
relaxation rates in various complexes of that much- 
studied but still inscrutable enzyme, liver alcohol 
dehydrogenase. The unpaired electron in the analogue 
exerts such a potent effect on the relaxation processes 
of the protons nearby that a specific NMR study of 
these protons becomes almost a straightforward 
matter, though the drawing of firm structural conclu- 
sions from the relaxation data remains hazardous. 

Three conclusions of Mildvan and Weiner’s study are 
perhaps of special interest. First, ternary complexes of 
alcohol dehydrogenase with the analogue and sub- 
strate are less effective at relaxing solvent water 
protons than the binary enzyme-analogue complex. 
This implies that acetaldehyde and ethanol displace 
water molecules from hydrogen-bonded union with the 
paramagnetic nitroxide group of the analogue. Second, 
the analogue alone relaxes the methylene protons of 
ethanol more than the methyl protons, but in the 
presence of enzyme the priority is reversed, methyl 
protons displaying the effect eight to twenty-three 
times more strongly than those at methylene. The 
enzyme evidently reorients ethanol with respect to the 
coenzyme analogue as it forms its ternary complex. 

Third, by measuring the temperature dependence of 
signal broadening, Mildvan and Weiner were able to 
calculate the distance between the unpaired electron 
and each relaxing nucleus. Results so far show that 
substrates bind close to the coenzyme, and on the 
“water side” of its pyridine ring. The relative position 
of coenzyme and substrate fits the idea of direct hydro- 
gen transfer from one to the other. 

Mildvan and Weiner end their paper with a large 
ambition. They hope to accumulate a set of spin 
labelled coenzyme analogues, and measure substrate 
proton distances from each. By collating the resultant 
data, they hope to build up a precise picture of the 
geometry of the catalytically active complex, much as 
a geographer would use his theodolite to map a peak. 
Such a map would be of value even for those enzymes 
that have had the full attention of X-ray crystallo- 
graphy, for it would relate to the act of catalysis in 
solution. 


BIOCHEMICAL DISEASE 


Tyrosine and Parkinson’s Disease 


from our Medical Biochemistry Correspondent 


Some areas of the brain in patients with Parkinson’s 
disease contain much less dopamine than normal 
brains, and this has promoted interest in tyrosine 
metabolites. Initial trials of treatment with p.L-di- 
hydroxyphenylalanine (p,L-dopa) were disappointing, 
but there have been two recent reports that the natural 
L form does affect the disease. Dopa is formed in the 
body by hydroxylation of tyrosine, and is readily 
decarboxylated to dopamine. It was assumed that 
the deficiency in Parkinsonism was the consequence of 
low tyrosine hydroxylase activity, and that the 
administration of dopa would increase the concentra- 
tion of dopamine and thus restore normal,brain func- 
tion. 

Cotzias et al. (New Engl. J. Med., 280, 337; 1969) 
heve recently given gradually increasing doses of 
L-dopa to twenty-eight patients who were not respond- 
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ing to conventional treatment. After five to seven 
weeks Cotzias ef al. determined the optimum dose 
that gave maximum benefit with minimal side effects 
(some patients could tolerate eight grams per day) 
and maintained the patients on this regime for up to 
two years. All patients showed some improvement, 
which was rated as modest in four of them, moderate in 
four, marked in ten and dramatic in ten. The double 
blind trial conducted by Calne et al. (Lancet, i, 744; 
1969) was concerned only with postencephalitic cases 
of Parkinson's disease (the Cotzias trial included idio- 
pathic and possibly arteriosclerotic cases as well). 
Calne et al. gave their twenty treated patients one gram 
per day, increasing the dose every third day if the 
increase was tolerated, but the maximum dose of 
L-dopa given was very much less than doses given by 
Cotzias et al. Patients were kept on the drug for 
forty-seven days and then given placebo t tablets. 
Seven out of the tw enty improv ved substantially, three 
moderately, five show ed no useful response and five 
gave up the drug because of side effects. Although 
they were less enthusiastic than Cotzias et al., Calne 
et al. felt that their results established that L- dopa 
was a useful treatment for Parkinson’s disease. 

Braham ef al. (Brit. Med. J., 2, 552; 1969) have 
found recently that absorption of phenylalanine and 
tyrosine seems to be altered in patients with Parkin- 
son’s disease. After a large oral dose of phenylalanine 
or tyrosine, the conce ntration of the two compounds 
in the blood one hour after the loading dose was signi- 
ficantly lower in the patients than in two control 
groups. The blood phenylalanine remained signifi- 
cantly lower in the Parkinsonian patients two hours 
after administration of es lalanine. This is probably 
a sign of generalized malabsorption, for xylose tolerance 
tests carried out on some of the Parkinsonian patients 
indicated that the absorption of this sugar was also 
reduced. But the more interesting result was that after 
administration of phenylalanine the amount of tyrosine 
in the blood was not significantly different in the 
Parkinsonian patients from that in the controls, 
although there was significantly less phenylalanine 
in the blood of the patients. This fits the current con- 
cept of a deficiency in tyrosine hydroxylase activity 
in these patients, and a conse quent reduction in the 
rate at which tyrosine disappears from the blood. 
Their results are, of course, open to other interpreta- 
tions, but these latest results are strong evidence for 
the alteration of tyrosine metabolism as a possible 
cause for the symptoms of Parkinson's disease. 


ELECTRICITY RESEARCH 


A Diverse Programme 


Dr L. Roruernam, member for research of the Central 
Electric “ity Generating Board, was keen to remove the 
spectre of the MHD programme when the CEGB 
research laboratories at Leatherhead, Surrey, were on 
show on June 18. The most cheerful feature of the 
work at CERL is the balance between the twin objec- 
tives of supplying the increased demand for electricity 
in the decades ahead and of encouraging innovation, 
This balange is particularly difficult to “find be cause 
much of the work at CERL is bound to be of a long-term 
nature, but the decision to stop the MHD programme 
has generated its own share of heat. 

Two of the principal projects in progress at CERL 
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Scale model of West Burton power station in a low speed 
wind tunnel. 


are an on-line computerized control system to co- 
ordinate the working of the CEGB’s 230 power stations 
and a series of experiments to find the best ultra- high 
voltage transmission system. There is also work on the 
biological effects of di scharging warm water from power 
stations into rivers and, foll lowi ing the Ferrybridge 
disaster in 1965, a group has been using a wind tunnel 
and model cooling towers to investige ate the stresses 
built up during heavy gales. One of the more specula- 
tive projects involves the design of a superconducting 
cable, and although the required cooling makes the 
cost prohibitive at present, Dr J. S. Forrest, direetor 
of CERL, thinks it likely that a cable will be in limited 
operation before long. 

The computerized control system is intended for 
introduction within a few years. It will enable a central 
control engineer to carry out a number of coordinating 
functions, such as rez adjusting the load in the most 
economical way in the event of a failure at one station 
or locating the cause of a failure. A specialist from 
CERL is visiting the Soviet Union to find out about the 
control systems used there, which are something of a 
mystery at the moment. 

CERL is engaged in a collaborative research pro- 
gramme with its opposite numbers in France and Italy, 
EDE and ENEL. to study the design of a 765 kV 
transmission line. The present grid system in Britain 
operates at 400 kV, but with demand doubling about 
every ten years the transmission voltage has to be 
increased by a similar amount about every twenty 
years, and the CEGB foresees the introduction of new 

cables some time after 1980. The initial use will prob- 
ably be to link some very large new power station to 
the existing grid. The facilities at Leatherhead are 
being extende d to allow for research into the megavolt 
and higher regions as well, at a cost of about £2! 50, 000. 

The study of the stresses on model cooling towers has 
shown that the resonance re ‘sponse of structures is a 
major cause of failure. Several ingenious experiments 
using wind tunnels have been carried out; the appro- 
priate turbulence is created by elliptic wedges » which 
generate vortices, and shear effects are simulated by a 
rough material. The results of these experiments 
have been substantiated, by measurements on the 375 
foot cooling tower at West Burton. The‘ ‘high chim- 
ney’ ’ policy to reduce pollution is adding new momen- 
tum to the research effort on wind loading. 
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Statistical Methods in Scientific inference 


by 
A. W. F. EDWARDS 


Gonville and Caius College, 
Cambridge 


Tt is remarkable that, in a century which has seen such 
a large growth in the application of statistics to the 
natural sciences, the fundamental issues of statistical 
inference have not been resolved. There are not many 
more statisticians than opinions as to how to assess rival 
hypotheses in the hght of data, and although what follows 
is not a review, a short account of the more influential 
points of view is necessary as an introduction to a new 
scheme of inference which, I believe, supplies precisely 
those elements which many hold to be essential without 
any of the featufes to which many object. 

First, it is necessary to delimit the field of enquiry by 
definmg “statistical hypothesis”, which I take to be a 
specific probability model for the conceptual generation of 
observations, adopted so that it can be compared with 
other hypotheses ın the ght of a particular set of observa- 
tions. The essential statistical feature is that it is possible 
to attach a probability to each of the possible out- 
comes, and its peculiarity 1s that it cannot be directly 
verified. I thus exclude from consideration a hypothesis 
such as “‘the next ball drawn from this bag will be black”, 
for it does not, as specified, have statistical consequences, 
and is directly verifiable when the draw has been made. 
An event such as drawing a black ball may be called an 
“outcome”, and it has long been recognized! that the 
probability of realizing a particular outcome 1s—when it 
can be calculated—a rational measure of belief that the 
outcome will occur. Much of what has been written 
about hypotheses concerns outcomes rather than statis- 
tical hypotheses. Occasionally a hypothesis is iteelf an 
outcome of another probability model, in which case the 
process of ference is much simplified. 

The debate on statistical inference has been conducted 
with more than usual vigour, perhaps because of the 
unconscious uncertainty of each contributor about his 
own. position. But the polemics of the past have been 
replaced by the tacit acceptance of a wide variety of 


Examination of the conflicting statistical methods currently used 
in sclentific inference reveals an increasing awareness of the utility 
of likelihood. 
means of completing a scheme of inference which does not share 
the logical disadvantages of other methods. 


The concept of prior likellhood is introduced as a 


usage and a widespread, if muted, concern that no single 
position is fully satisfactory. 

At one end of the spectrum is Sir Harold Jeffreys’, who 
holds that prior behefs about hypotheses, held before 
any data are available, can be measured ın terms of 
probability and so can be handled by the axioms of 
probability and, furthermore, that there are canonical 
values for such probabilities, about which ideal scientists 
would agree. The weighing of hypotheses, or of the 
different parameter-values of a model, is to be achieved by 
applying the axioms to the prior probabilities and to the 
probabilities of the data conditional on the hypotheses, 
thereby obtaimmg posterior probabilities for the hypo- 
theses. The calculation may be conveniently made using 
Bayes’s Theorem’: 


Posterior probability œ Prior probability x Likelihood. 


Here the hkelthood, first formally defined by Fisher‘, is 
equal to the probability of the data given the hypothesis. 
The case of contmuous data may be satisfactorily handled 
using the concepts of probability density and the likelihood 
ratio (see Hacking‘). Jeffreys weighs hypotheses by 
forming the ratio of their posterior probabilities on* the 
data. Lindley*, a modern advocate of Jeffreys’s funda- 
mental position, lays a greater emphasis on significance: 
testing. 

Next in the spectrum come the subjectivists, who hold 
that although prior beliefs may properly be measured by 
probability, there will be such disagreement about the 
values of the probabilities m any one instance that the 
only satisfactory method is to allow everyone his own 
subjective value. It is often suggested that this is to be 
assessed through conceptual bets. The modern use of 
subjective probability derives from the works of Keynes’ 
and de Finetta®, and the chief advocates of its use in 
statistical inference today are Good*?° and Savage!?. 
Subjectivista hold that all behefs mgy be interpreted by 
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probability, and so Bayes’s theorem is used, with the 
understanding that the posterior probabilities have an 
element of subjectivity, though how much is not always 
clear. This point has particularly concerned Smith", 
Good!? and Dempster™ who, though subjectavists, favour 
more complex schemes involving upper and lower proba- 
bilities. Good?* has also advanced a scheme in which there 
are various levels, or ‘“‘types”, of probability. Thus the 
uncertainty about a prior probability of one type can be 
expressed by a prior probability distribution for the prior 
probabilities, and so on. Lindley}, from his point of view, 
regards the “prior of a prior” as the orthodox solution to 
the problem of uncertainty ın this context. Polya!‘ 1s 
prepared to use probability only to make statements of 
inequality about degrees of belief. 

It ıs customary to refer to all these positions as 
“Bayesian”, but it should be remembered that the 
opinions vary from Jeffreys’s counsel of perfection to 
Polya’s inequalties. Good!” writes that “The essential 
defining property of a Bayesian is that he regards it as 
meeningful to talk about the probability P(H/E) of a 
hypothesis H, given evidence E”. Because this definition 
would almost certainly have excluded Thomas Bayes, 
many writers have preferred to continue with the older 
term “Inverse probability”’ for the resulting type of infer- 
ence. Good continues: “An extreme Bayesian believes 
that every intuitive probability is precise, whereas less 
extreme Bayesians regard intuitive probabilities as only 
partially ordered so that each probability merely lies in 
some interval of values”. 

In the middle of the spectrum is Bartlett’’1*, who, 
following Carnap, holds that probabilities can be used to 
describe such beliefs, but that this type of probability must 
not be confused with classical frequency probability. 
Bartlett does not, however, develop any scheme for hand- 
ling the two types jointly, but seems content to adopt the 
methods of significance-testing. 

From this point of the spectrum onwards there 1s a 
denial that beliefs about hypotheses can be measured in 
terms of probability. No alternative measure is sugges- 
ted, except where data alone are concerned, in which case 
some hold that relative likelihoods may be used. The 
use of hkelihood for this purpose has been advocated by 
Fisher, particularly at the beginning’ and end’ of his 
career. (In the middle? he was more concerned to 
emphasize likelihood for its role in estimation.) Modern 
exponents of this view are Barnard*!-*, Birnbaum™, 
Hacking‘ and also myself. Hypotheses are to be weighed 
by likelihood ratios as far as data are concerned, but any 
prior opinions are to be included in the final assessment in 
the vague intuitive way ın which opinions are combined. 
Publication of the hkelihood surface (giving the hkelihood 
at ail parameter-values, or for all the rival hypotheses) is 
adopted as the best method of presenting results. 

. Next in the spectrum come those who view the weighing 
of hypotheses principally in terms of tests of significance 
and estimation. Fisher was much concerned with this 
approach, and contributed greatly to both fields. He 
was associated with many of the early teste, and argued 
strongly m favour of his fiducial probability, which 
seems to allow, in certain circumstances, probability 
statements about parameter-values to be made on the 
basis of data. The circumstances include an acceptance 
of Fisher’s definition of probability and the complete 
absence of prior information. The statistical world is 
somewhat bemused by the concept. In practice, the 
argument has not bégn influential because of the difficulty 
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or impossibility of phrasing many problems in its terms. 
By contrast, Fisher’s influence on the theory of estimation 
has been enormous, largely through his advocacy?’ of the 
“rnethod of maximum likelihood”. Although the wide- 
spread use of the standard tests of significance and of the 
method of maximum likelihood is a measure of Fisher’s 
influence, since the adoption of the method has often been 
largely empirical, the frequency with which they are used 
should not be taken as a measure of their logical validity. 

Finally, at the opposite end of the spectrum from 
Jeffreys are the many advocates of the Neyman—Pearson”™ 
theory of hypothesis-testing. Hacking notes that this 
“is very nearly the received theory”. The method is 
unexceptionable when it is necessary to decide absolutely 
between two hypotheses, for it establishes a critical value 
(in the cage of a single variable) which divides the space of 
possible observations into two parts: if the observation 
falls in one part, one hypothesis is chosen, and if in the 
other part, the other hypothesis is chosen. Elegant 
theories aim at the choice of a critical value such that some 
combination of the probability of rejecting the “false” 
hypothesis and the probability of accepting the “true” 
one is optimized. This is the cornerstone of Wald’s* 
sequential theory. Some Bayesian enthusiasts have 
added inverse probability as well, thus linking the two ends 
of the spectrum ‘round the back’’*°. 


Importance of Likellhood 

In this literature there is abundant criticism of every 
point of view, for each protagonist has sought support for 
his own position by contrasting it with others. All but the 
most transparent criticisms (such as the Bayesians have 
sometimes suffered) seem to contain convincing elements, 
so that it is easy to be a sceptic who feels that there has 
been no firm progress towards the solution of the con- 
troversy. Yet necessity forces the practising scientist to 
adopt certain methods. Fortunately there is general 
agreement that in well behaved situations the several 
methods are highly correlated ın effect, at least when the 
evidence from the data is near to overwhelming the prior 
opinions. Perhaps the chief dichotomy in the spectrum is 
not between those who measure belief in hypotheses by 
probability, and those who do not, but between those who 
seek to compare rival hypotheses by some relative 
measure, and those who apply tests based on the concept 
of repeated trials. From Jeffreys to the advocates of 
likelihood there is a measure of agreement that hypotheses 
may best be weighed against some scale of relative accept- 
ability, rather than by significance-testing. They hold? 
that in this context the relevance of the significance-test, 
with its relance on tail-areas, has never been satisfactorily 
established. Furthermore, there is general agreement ` 
that the likelihood, or likelihood function in the case of 
contmuous parameters, 18 very important. It enters into 
all Bayesian methods in addition to providing a method 
in 1ts own right. It possesses some attractive propérties, 
which Birnbaum" in particular has analysed in depth. 

Indeed, likelihood seems to be the one rock in a shifting 
scene, and the only criticisms that Bayesians have con- 
sistently levelled at the likelihood method are that ıt does 
not allow for the formal incorporation of prior beliefs, and 
that likelihood has no “meaning’’. On the latter point, 
the root objection seems to be that lkelihood has no 
interpretation in terms of probability, which is precisely 
its merit. Birnbaum™ and Barnard’? have suggested 
various “evidential” interpretations, though ıb seems to 
mo that none 1s needed. Lindley?! complains that argu- 
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ments based on the likelihood function alone do not allow 
nuisance parameters to be integrated out, a restriction 
which prevents logical distinctions being sacrificed to 
expediency. 

Fisher*-!*,32-35 waged continuous war on inverse proba- 
bility, echoing the doubts of Cournot**, Boole?! and Venn’. 
All his erticisms centred on the Bayesian’s use of proba- 
bility as a measure of belief. Its use, he argued, to specify 
prior belief in the absence of any ‘“‘chance set-up” 
(Hacking') led to the error of treating a problem as though 
one knew that of which one was in fact ignorant; it was 
not invariant to transformations of the parameters; and, 
in particular, the uniform prior distribution used to convey 
complete ignorance about a parameter led to apparently 
gratuitous information about any new parameter funo- 
tionally related to the first. I agree with these criticisms, 
and developments in the logic of Bayesian inference since 
Figher’s death seem to have done little to meet them. As 
noted earlier, these developments have been designed to 
allow for the fact that there are differing degrees of 
confidence in subjective probabilities, but because these 
degrees are themselves measured in terms of probabilities, 
all of which, whatever their kind in Bayesian terms, obey 
the axioms of probability, a confusion of probabilities 
results. The confusion can only be removed by maintain- 
ing a rigorous distinction between frequency probabilities 
on the one band and measures of degrees of belief in statis- 
tical hypotheses on the other, as well as between subjective 
and objective measures. This distinction was carefully 
drawn by Fisher*:** nearly fifty years ago in his definition 
of lıkelhood. In his last book!* he was quite explicit: 

“Apart from the simple test of significance, therefore, 
there are to be recognized and distinguished, between the 
levels of certain knowledge and of total nescience, two well- 
defined levels of logical status for parameters lying on a 
continuum of possible values, namely that in which the 
probability 1s known for the parameter to lie between any 
assigned values, and that ın which no probability state- 
ments being possible, or only statements of inequality, the 
Mathematical Likelhood of all possible values can be 
determined from the body of observations available”. 

“The likelihood supplies a natural order of preference 
among the possibilities under consideration”. 

Venn!, in 1876, had ventured the same idea: “To 
decide this question, what we have to do is to compare 
the relative frequency with which the two kinds of cause 
would produce such a result.” Bernoulh had said as much 
a century before*’. 

Figher’s long advocacy of likelihood was overshadowed 
for most of his life by his work on estimation, significance- 
testing, and the design of experiments, and the enthusiasm 
with which this was greeted. Current use of likelihood 
can more often be traced to a Bayeman argument (as in 
human genetics; Smith?!) or to the analogy with informa- 
tion or entropy (as in physics), than to the direct influence 
of Fisher. Indeed, Barnard has been alone in his con- 
tinued support for likelthood on theoretical grounds, 
though he has now been joined by Hacking. 


Testing Hypotheses 

In addition to contendmg with mverse probability, 
Fisher had repeatedly to stress the irrelevance of the 
Neyman—Pearson method of hypothesis-testing to the 
weighing of scientific hypotheses. Whatever its other 
merits, the concept of acceptance or rejection of alterna- 
tive hypotheses 1s alien to their assessment in pure 
science. What comfort is it for a scientist, who has 
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rejected a hypothesis in favour of ite rival by the slenderest 
of margins, to know that if he applies the method ın 
enough cases, the frequency with which he ig wrong will 
in some sense be a minimum? His concern is for the 
inference he should draw from the data he has, not from 
the data he might have possessed. It seems to me that 
Fisher’s'® indictment of the Neyman—Pearson method 
as applied to scientific problems is completely convincing, 
and anything I add would be mere repetition. But anyone 
inclined to discount Fisher’s writings may refer to 
Hacking. 

Nor do I regard the classical methods of significance- 
testing, exemplified by the use of t, x° and F, which Fisher 
did so much to promote, as entirely satisfactory from a 
logical point of view. No real explanation has yet been. 
offered as to why one is allowed to add the clause “or 
greater value” so as to form a region of rejection; Fisher!’ 
skates round this when considering fiducial lumits, and in 
connexion with confidence limits he admits that “This 
feature is indeed not very defensible save as an approxim- 
ation”. To what? His reaction to the pomt 1s to take 
refuge in the comparison of likelihoods, and it is interesting 
to note, as Hacking does, that Gosset ran for cover in the 
same direction. 

And go, rejecting inverse probability as erroneous, the 
theory of hypothesis-testing as irrelevant, and significance- 
testing as no more than a valuable expedient, I am left 
with likelihood, coupled with a desire to incorporate my 
prior opinions into inference in a formal manner. 

Fisher evidently never felt any such desire, or he would 
surely have made the proposal I now make. On the con- 
trary, any tendency towards an overformalization of scien- 
tifie induction, particularly in the direction of decision 
theory, made hım reach for his pen’: “‘... the Natural 
Sciences can only be successfully conducted by responsible 
and independent thinkers applying ther minds and their 
imaginations to the detailed interpretation of verifiable 
observations. The idea that this responsibility can be 
delegated to a giant computer programmed with Decision 
Functions belongs to the phantasy of circles rather 
remote from scientific research”. 

Nevertheless, the numbers of those who, while rejecting 
this notion, feel the need for a scheme by which prior 
belief can be formally incorporated mto statistical 
inference may be gauged from the strength of the Bayesian 
school today, many of whose adherents seem to be 
prepared to smother their doubts about inverse probability 
for the sake of introducing prıor belief. To adopt alterna- 
tive means for achieving this is not to assert that the whole 
of statistical inference can be conducted with them, but 1t 
does allow some of the simpler problems to be handled 
more satisfactonly than before, which, in turn, may be 
expected to lead to a greater understanding of statistical 
inference as a whole. 


Prior Likelihood 

These means may be provided within the framework of 
likehhood, and without embracing the enigmas of inverse 
probability, by adopting the concept of prior likelihood. 
Tor if, as Fisher asserts, we can measure our relative 
belief in mval hypotheses or parameter values, contributed 
by a set of observations, by relative likelihood, where, in 
the absence of a chance set-up, probability is inapprop- 
riate, then it is natural to measure our relative belief, ın 
the absence of specific data, by the same means. Because 
likelihoods are not probabilities, how else are data-based 
or “experimental” relative likelihoods to be interpreted 
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other than by reference to a scale of relatıve belief which, 
though arbitrary, lke temperature, acquires meaning 
through experience and example ? 

The formal treatment requires that we only contem- 
plate relative likelihoods, or likelihood ratios, either for 
two contrasted hypotheses, or for a continuum of para- 
meter-values, in which case the same end will be achieved 
by considering the likelihood function determined only 
down to a constant factor, which may be arbitrarily chosen 
by assigning unit value to the likelihood at some particular 
point (such as its maximum). Followmg Jeffreys’s ter- 
minology**, the natural logarithm of the hkelihood ratio 
may be called the support for one hypothesis against 
another. When based exclusively on data, given the 
“model, it may be referred to as experimental support. 
Loosely, the same terms may be adopted for the logarithm 
of the hkelihood function, it being understood that true 
support can only be adduced for one parameter-value 
against another, by forming the difference of their log- 
likelihoods, ın which case the arbitrary constant 1s can- 
celled. 

I now define prior support, but only when the prior 
knowledge does not contam any element of a chance 
set-up. The prior support for one hypothesis or set of 
parameter-values against another hypothesis or set 1s S if, 
prior to any experiment, I support the one against the 
other to the same degree that I would if I had conducted 
an. experiment which led to experimental support S in a 
situation in which, prior to this conceptual experiment, I 
was unable to express any preference for the one over the 
other. The defined quantity is, of course, subjective. It 
has, by virtue of its definition, the properties of experi- 
mental support. The conceptual experiment plays the 
same part as Laplace’s “device of mmaginary results” m 
Bayesian inference. Birnbaum™ regards a “prior hkeli- 
hood function” which is constant as “a natural formal 
representation ... [of] the absence of prior information”’, 
but seems not to have pursued the matter. Barnard*, 
similarly, has written of a “neutral result”. The scheme 
of inference 1s now: 

posterior support = 

prior support+experimental support (1) 
whereas in Bayesian thinking the analogous relation may 
be derived by forming relative probabilities (for two 
hypotheses) or odds, and taking natural logarithms: 

posterior log-odds = 
prior log-odds + experimental support (2) 
for the logarithm of the ratio of the likelihoods is, of course, 
the experimental support, defined earher. 

Everyone agrees that, when a chance set-up existe, the 
application of Bayes’s theorem 1s vald, for the pror 
prohabilities are then determined by the set-up. Inference 
becomes an exercise in conditional probability, but may be 
formulated as equation (2). In the total absence of a 
chance set-up, I suggest that equation (1) 1s appropriate. 
Furthermore, I hold that any situation can be treated by 
one, the other, or a mixture, of these two schemes, as 
necessary, a8 long as throughout the inference log-odds 
and support, which are as probabilities to likelihoods, are 
not confused. In addition ıt will generally be prudent to 
maintain the distinction between prior and experimental 
support. 

The differences betwe&n equations (1) and (2) are vital. 
If we start with a chance set-up and prior log-odds, we 
can state our results in probability terms, using equation 
(2) to give the posterior log-odds. But ıf we start with 
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mere opinions, we are unable to make a terminal proba- 
bility statement, but must adopt the weaker form of 
inference, using equation (1) to derive a posterior opinion. 

Valid Bayesian prior probabihties or probability dis- 
tributions can profitably be thought of as part of the 
model. All mferences of the kind here considered are 
conditional on specific statistical models, and an inference 
will only be generally accepted if the model on which it is 
based ıs generally accepted. The adoption of a pror 
chance set-up 1s an extension of the model, and good 
grounds are needed for accepting all aspects of a model 
before inferences based upon ıt are accepted. If the model 
is complete, so must the inference be. The adoption of 
further probabilities to specify this incompleteness, as 
Good’* recommends, similarly requires a model, and is 
thus of no avail. The difficulty can only be overcome by 
adopting a measure of belief that ıs not subject to the 
axioms of probability. Likelihood, and hence support, 
supplies this. 

The use of support avoids the inconsistencies of sub- 
jective probability. It enables situations with and with- 
out prior chance set-ups to be distinguished, so that we no 
longer need assume that of which we are, in fact, ignorant; 
1b is mvariant to transformations of the parameters, and, in 
particular, uniform prior support for a parameter implies 
uniform prior support for any single-yalued transforma- 
tion of that parameter. 

It is not supposed that the weaker form of mference 
supplied by support can achieve, though in a more satıs- 
factory way, as much as inverse probability, for ıt 1s 
precisely the “achievements” of inverse probability 
to which exception is taken. One important difference, 
mentioned by Barnard***, is the inability of support to 
attach meaning to the disjunction of two hypotheses. 
Whereas in inverse probability “H, or H,” is regarded as 
a hypothesis, provided H, and H, are mutually exclusive 
hypotheses, in terms of support this disjunction is mean- 
ingless. ‘‘The hkelihood of A or B means no more than 
‘the stature of Jackson or Johnson’; you do not know 
what ıb 1s untal you know which is meant” (Fisher**). And 
this is quite right, for although, when prior probabilities 
may be validly attached to H, and H, through the exis- 
tence of a chance set-up, the distribution of outcomes of 
the hypothesis “H, or H,” is defined as the weighted sum 
of the separate outcomes, m the absence of such a set-up 
no distribution of outcomes can be contemplated. The 
essence of a statistical hypothesis is a predicted distribu- 
tion of outcomes, and so “H, or H,” 1s not an admissible 
hypothesis when support 1s ın use. Similarly, the sugges- 
tion that a contmuous parameter les m a particular 
interval, such as 0<p<4, is only a hypothesis if a prior 
distribution of p 1s admitted; otherwise ıt only admits of 
an inequality statement about the possible distributions 
of outcomes, which does not merit the title of hypothesis 
in the precise statistical sense in which the word 1s used 
here. Perhaps the lack of meaning of such statements 18 a 
clue to the obscurity of the fiducial argument. 


Mendelian Example 

A single iJlustration mvolving both probability and 
support must suffice. It 1s an extension of Fisher’s!* well 
known example. ‘In Mendelian theory there are black 
mice of two genetic kinds. Some, known as homozygotes 
(BB), when mated with brown yield exclusively black 
offspring; others, known as heterozygotes (Bb), while 
themselves also black, are expected to yield half black 
and half brown. The expectation from a mating between 
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two heterozygotes is 1 homozygous black, to 2 hetero- 
zygotes, to 1 brown. A black mouse from such a mating 
hag thus, prior to any test-mating in which it may be used, 
a known probability of 1/3 of being homozygous, and of 
2/3 of being heterozygous. If, therefore, on testing with 
a brown mate it yields seven offspring, all being black, we 
have a situation perfectly analogous to that set out by 
Bayes in his proposition”. 

Fisher then computes the likelihoods of the “homo- 
zygote” and “heterozygote” hypotheses on the data, 
obtaining 1 and 1/128, and applies these to the prior 
probabilities, 1/3 and 2/3, by means of Bayes’s theorem, 
obtaining posterior probabilities of 64/65 and 1/65. In 
the terms of equation (2), the prior log-odds for homo- 
zygosis against heterozygosis are log (1/2)= — 0-693, the 
experimental support is log (128)=4-852, and the pos- 
terior log-odds are thus 4'159, or log (64). 

Now suppose there 1s another prior possibility: that the 
mouse in question is the offspring of a mating between two 
black mice, as before, but one is now homozygous BB, the 
other being Bb. The expectation amongst the offspring is 
one homozygous black to one heterozygous black, prior 
log-odds of zero. The experimental support is the same, 
and the posterior log-odds are therefore 4:852, or log (128). 

One day we are given a black mouse to test, and are 
told that it is the offspring of one of these types of mating, 
with no prior evidence to favour one type over the other. 
The test-cross, as before, gave seven black mice. The 
experimental support is still 4-852. If the parental mating 
is of the first type (expectation 1:2) then, as we have 
seen, the posterior log-odds are 4-159, but if the mating is 
of the second type (expectation 1:1) the posterior log- 
odds are 4-852. 

We must now consider the other two hypotheses, con- 
cerning the types of parental mating. We have no reason 
to believe ın one type rather than the other, prior to the 
test-cross, and adopt prior support of zero. The likeli- 
hood of the first hypothesis is the probability of obtaining 
seven black mice from a test-cross when the tested mouse 
is homozygous with probability 1/3 and heterozygous with 
probability 2/3, or 


l 2 l 65 
go gs ioe tos 
and the likelihood of the second hypothesis is, similarly, 
1 1 1 129 
2% 1+3% ies 7 256 


The likelihood ratio for the first hypothesis against the 
second 18 thus 260/387, a support of — 0-398. Because the 
prior support was zero, the posterior support is also 
— 0-398. 

All knowledge about the hypotheses of primary interest 
can therefore be summarized by asserting that the proba- 
bility of the mouse beg homozygous 1s either 64/65 or 
128/129, the support in favour of the second value beng 
0-398. 

This is not a statement solely of probability or of 
support, but a hybrid of the two, as is to be expected from 
the nature of the problem. Such hybrid statements fill 
the continuum between support and probability. Inverse 
probability, by contrast, leads to the same answers for 
different problems. In this instance it would be argued 
that the prior probability of the mouse being homozygous 
was 


l 
= 
2 


v= 


27 3 
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and of being heterozygous, 7/12. The posterior proba- 
bility of homozygosity would turn out to be 640/647. 
This is the answer we would obtain if we interpreted the 
posterior support of log (260/387) for the first type of 
mating against the second as if it were posterior log-odds; 
for we would then weight the posterior probabilities of the 
hypotheses of primary interest accordingly, obtaining 


128 
84 |. 387 x 3p) (280 + 387) = 640/647 


260 
( * 66 


as before. 

But this result is too strong, for it makes a probability 
statement where it is not valid. It draws a conclusion 
that should only be drawn if the mouse in question had 
had probability one-half of deriving from each type of 
mating. The earlier statement, mvolving support, 
supplies the weaker inference which is needed. Re 

I thank Professor J. H. Edwards, Dr K. E. Machin and 
Dr J. H. Renwick for stimulating discussions. I also thank 
Profeasor D. G. Kendall for hospitality in his department. 

Note added in revision. Through the courtesy of Mr 
A. D. McLaren and Dr D. Hudson I have recently seen a 
draft of Dr Hudson’s paper which similarly advocates the 
use of prior likelihood. 


1 Venn, J., Ths Logic of Ohanoe, second ed. (Macmulan, London, 1876). 
Ree sy H., Theory of Probability, second ed. (Oxford University Press, 
1948). 


T., Phil. Trans. Roy. Soc., 53, 370 (1768) reprinted in Biometnka, 
, 206 (1958). 
1 Fisher, R. A., Phil. Trans. Roy. S06., A, 222, 309 (1922). 
kerra I., Logic of Statistteal Inference (Cambridge University Press, 
. Lindley, D. V., Introduction to Probability and Statistics from a Bayesian 

Veswepoint (Cambridge University Presa, 1066). 

1 Keynes, J. M., A Treatise on Probability (Macmillan, London, 1021). 
*De Finetti, B., m Studies in Subjectiwe Probability (Wiley, New York, 


*Ba 


1964). 


* Good, T. J., Probability and the Wewhing of Evidence (Griffin, London: 
¥ Good, l J, The Estimation of Probabilities (MIT Prees, Cambridge, Mass., 


ar Savage L. J., in Ths Foundations of Statistical Inference Qdethuen, London, 
1982). 


13 Smith, C A. B., J. Roy. Statist. Soc., B, 23, 1 (1961). 

13 Good, I. J., J. Roy. Statist. Soc., B, 23, 1 (1961); in discussion. 

1 Dempster, A. P., J. Roy. Statist. Soc., B, 30, 205 (1968). 

18 Tandley, D. V., J. Roy. Statist. Soo., B, 30, 205 (1968); in discussion. 

18 Polya, G., Mathematics and Plausible Reasomng, 2 (Princeton University 
Preas, 1954). 

1 sae M. S., Essays on Probability and Stattstics (Qlethuen, London 


13 Bartlett, M. S., J. Roy. Statist. S06., A, 180, 457 (1967). 

1° Fisher, B. A., Statistical Methods and Scientific Inference (Olrver and Boyd, 
Edinburgh, 1956). 

10 Fisher, R. A., Statistical Methods for Research Workers (Oliver and Boyd, 
Edmburgh, 1925). 

+1 Barnard, G., J. Roy. Statut. Soo., B, 11, 115 (1949). 

32 Barnard, G. A., Proo. Fifth Berkeley Symp. on Math. Statist. and Proba- 
bity, 1, 27 (1966). 

n Barnard, G., J. Inst. Actuar., 98, 220 (1967). 

u Birnbaum, A., J. Amer. Statist. Assoc., 57, 260 (1982). 

= T L. L, and Edwards, A. W. F., Bull. Intern Statist Inst., 41, 


% Cournot, A. A., Exposition ds la Theorie des Chances et des Probalnlités 
(Hachette, Pars, 1848) 
" Fisher, R. A., Contributions to Mathematical Statesircs (Wiley, New York, 


1950) : 
n Ne J., and Pearson, E. 8 , Paid. Trans, Roy. Soc., A, 231, 236 (1983). 
Repeats in Jomi Statistical Papers (Cambridge Umversity Press, 


n Wald, A, Sequential Analysis (Wiley, New York, 1947). 

» Raiffa, H., and Schlatfer, R , Applied Statistical Decision Theory (Harvard 
University, 1961). 

31 Lindley, D. V., J. Amer. Statist. Assoc., 57, 269 (1982); in discussion. 

~ Fisher, R. A., Proc. Camb. Phil. Soo., 28, 528 (1980). 

* Fisher, R. A., Proc. Roy Soc., A, 144, 285 (1984). 

a Fisher, R. A., J. Roy Statest. Soc., 98, 80 (1935). 

43 Fisher, B. A., Proc. Amei. Acad. Arts and Sci., 71, 245 (1036). 

“u Boole, G., An Investigation of the Laws of Thought (Waltop and Maberly, 
London, 1854). 

3? Bernoulli, D (1777), reprinted in Bromeinka, 48, 3 (1061). 

% Smith, C. A. B, Amer. J. Human. Genet., 11, 280 (1959). 

» Joffreys, H., Proc. Camb. Phil. Soe., 32, 416 (1938) 


1238 


NATURE, VOL. 222, JUNE 28, 1969 


Solar Energy without Neutrinos: Fusion Catalysis by Quarks 
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Ly a continuing study? of quark chemistry we have mede 
some estimates of the capabilities of quarks to catalyse 
fusion reactions of hght elements, analogous to fusion 
catalyses by muons, which has been observed? in the 
laboratory for the case of a proton and a deuteron produc- 
ing He’. 

Quarks slowing to rest m matter should live for ever 
without being captured by strong forces in nuclei, because 
nuclei may not carry non-integral charge. Strong force 
binding of clusters of quarks, (Q)y, saturates?’ at N =3. 
Thus quarks ın nuclear matter should be able to catalyse 
fusion reactions more or less indefinitely. It is our purpose 
in the present article to describe some features of fusion 
catalysis by quarks and the consequences relating to 
release of stellar energy. In particular, the recent non- 
observation? of solar neutrinos which rules out*-12 the 
carbon cycle as the main mechanism for solar energy 
could be accounted for by quarko-fusion-catalysis pro- 
ducing energy without neutrinos. 

A negatively charged quark or antaquark™ (—e/3, 
— 20/8, —4e/8, —5e/3, . . .}—both, for convenience, 
referred to hereafter as quarks—slowing to rest, will be 
captured in the Coulomb field of a nucleus and de-excite 
to the K orbit m ~10-" s, estimated using considerations 
of Fermi and Teller™ for capture of negative muons. 

For the lightest elements, in a time determined by 
density and temperature, a quarko-nucleus (A%™)—Q 
collides with another nucleus (43^) and captures it into 
a 3-body entity, (A%")}-Q-(A%*), which exists until fusion 
occurs. In hydrogen at 300° K and density ~1 g/cm? 
this time is about a microsecond. For heavier elements, 
3-body quarko-molecules probably form only ın ionized 
matter. 

Assuming a quark to have mess ~5 GeV and radius 
~ 1 Ferm, we may compute the binding energies of these 
3-hody entities if we assume them to be linear. The quark, 
in contact with and between both nucle, mitigates their 
mutual Coulomb repulsion. With this picture, we find that 

. Q-1/3.bmds hydrogen isotopes to each other while Q-?/, 
Q=, Q=”, . . . bind hydrogen isotopes to heavier nuclei 
and heavier nucle: to each other. In Fig. 1 we have 
summarized our main conclusions on the ability of quarks 
to bind nuclei to each other. 

The Bohr radius of the quarko-berylium, estimated for 
spherical beryllium, would be approximately equal to the 
radius of the beryllium nucleus itself, and more sophisti- 
cated considerations enter in the question of whether 
quarks bind protons tq nucle: heavier than beryllium in 
the ground state. We expect, however, that fusion cata- 
lysis may continue with trans-beryllium nuclei for the 
following reasons. First, the time for de-excitation is 
long enough for barrier penetration and fusion to occur 

e 


light elements. The solar energy output could be provided by quark 
catalysis of the alpha fusion reaction without production of neutrinos. 
The required abundance of quarks is ~ 10-33 per proton if there are 
no heavy elements Inside the Sun and is ~10-!4 per proton if heavy 
element occurrence Is like that In the solar system 105. 
latter case the reaction rate Is strongly temperature dependent. 


In the 


before the 3-body entaty reaches the ground state. For 
example, for p-Q—C which has a barner factor ~ 1/10, the 
proton and carbon would collide ~ 105 tımes ın the time 
lapse of ~ 10-12 s needed for de-excitation of the 3-body 
molecule. Second, the negative quark polarizes both 
bound nuclei, deforming them so that their barriers are 
reduced and speedmg the rate of fusion. One expects a 
Imearly elongated quarko-molecule to have the chargo 
concentrated near the centre of gravity and the neutrons 
at the two ends of the prolate system so that the effective 
charge radii are reduced (private communication from 
W. F. Libby). Because the quark velocity 1s no larger than 
nuclear velocities, the polanzed deformations of the nuclei 
follow the quark motion. Third, ıt is conceivable that a 
quark is repelled by nucleons, that 1s, Q, is not bound and 
perhaps 18 energetically disassociated, so that the quark 
remains outside the nucleus. 

In the 3-body entity the two bound nucle: continue to 
collide with each other until fusion occurs. Thus, in spite 
of the Gamow barrier, fusion may occur in a short time 
(~ 10-1! s) because of the high frequency of collision. After 
fusion the quark and the newly formed fused nucleus 
recoil from each other, sharing the energy released by 
fusion, usually several MeV of kinetic energy, a large 
part of which goes to the quark. If the fusion energy is 
insufficient to free the quark by recoil, as may be the case 
in fusion of the lightest olements, build-up by fusion with 
hydrogen may nevertheless continue in 1omzed matter 
until the quark is freed by recoil. 

Build-up of elemente by quark fusion occurs most 
directly through such reactions as the followmg (in 
catalysis, the binding energy of the quark does not play 
a pert ın the total energy evolved). 


pQpr>d+er+v+Q+ 144 MeV 
dQd— Het + Q + 23-8 MeV (1) 
d Q Het > 3 Lı? + Q + 1:5 MeV 


Fusion of two protons with emission of a beta particle 
18 @ special case; 1t occurs at about 1 s-! for two protons 
bound to a quark" and ıs thus the slowest of these resc- 
tions, the others gomg at rates dependent on collision 
times of the free particles. We note that in nuclear build- 
up in ionized matter by quark catalysis the well known 
difficulty at atomic number 5 does not occur. Other 
reactions appropriate to nuclear build-up are, for example, 


pQd— He? + Q + 54 MeV 
d Q Hot > Lat + 1-5 MeV + Q (2) 
He? Q Het — Be? + Q + 20:7 MeV 
sLit Q Het > ,BY + Q + 4:4 MeV, and go on. 
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Next we discuss quark catalysed fusion as a mechanism 
of stellar energy release. In the Sun, with a central 
temperature of about 15 milhon degrees**, elements are 
for the most part completely ionized, and even neon loses 
all but one electron on the average so that nuclear fusion 
of hght elements catalysed by quarks may occur freely. 
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Fig. 1. Map showing synthesis reactions able to be catalysed by 
quarks and anti-quarks of charges —1/8, ~2/8, and 4/8 .... partial 
square indicates binding for only some of the isotopes. 


In a star of central density ~ 100 g/cm? and contaming 
no heavy elements, the hydrogen cycle could produce 
the energy output!’ of the Sun, ~3-9x 10* erg/s, by 
proton-proton fusion catalysed by a primordial density of 
~2x10-* quarks per proton for a central temperature 
of ~15 milhon degrees. Low energy neutrinos will be 
emitted from deuterrum formation, and will amount to 
a flux of 1:4 x 101! neutrinos/cm* s at 1 astronomical unit 
distence. At the same time, high energy neutrinos from 
Be’ and B® will be emitted with a flux strongly dependent 
on the central temperature. For example, Kuzmm'* 
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shows that a decrease of 25 per cent in central temperature 
decreases the effective fast neutrino flux by a factor ~ 50, 
in agreement with similar predictions by other authors’. 
The central temperature is in turn dependent sensitively 
on primordial quark density. Thus one sees in fusion by 
quark catalysis the possibility for a solar model with low 
central temperature and neutrino flux sufficiently low as 
to avoid the difficulties at present encountered ın computa- 
tion of solar models®1*. 

If primordial quarks consist only of Q-1/3, then no 
Be” and B® neutrinos will be produced by quark catalysed 
fusion because Q-1/? cannot bind nucle: other | than 
hydrogen isotopes. But until a solar model 1s constructed 
based on the hypothesis of quark-catalysed fusion it 18 
not clear whether this consideration is important. ; 

We suggest that the most important reaction for 
production of the Sun’s energy by quark catalysis is 
3 He‘—+C"! according to the steps, 


(He*-Q—Het) — ([Be*]*-Q) 
([Be*}*-Q-Het) + C! + Q+74MeV : (3) 


Although a free (Be?) 13 unstable by ~ 95 MeV, binding in 
the Coulomb field of the quark should stabilize it, so that 
1t becomes a candidate for fusion hke any other nucleus. 
For reaction (3) ~ 10? quarks per proton 1s the required 
primordial quark abundance to produce the observed 
solar energy output in a sun consisting of hydrogen and 
20 per cent helium. 

The temperature (T) dependence of the triple-alpha 
process catalysed by quarks would be expected to vary as 
~ T1/2, but 1s instead drastically altered by quark capture 
in heavy elements, in the following way. Writmg the 
heavy elements (chiefly Fe, see ref. 19) as [Fe], a quark 
would be captured on iron after a number of triple fusions 
proportional to [Fe]. This follows because at the average 
temperature of the Sun Fe 1s not completely ionized, so a 
captured quark, insulated by the surrounding electro 
cloud, can no longer function as a catalyst. 

If an energetic proton penetrates the Gamow barrier 
of the Fe nucleus and fuses to it, however, 1ts binding 
energy of ~8 MeV becomes available to free the quark. 
(The quark may be ionized by mternal conversion or 
alternatively may acquire the necessary kinetic energy by 
collision with nucleons in the nucleus. The coefficient of 
internal conversion increases as the fourth power of the 
radius of the bound orbit, and so for the heavy quark it is 
essentially unrty**. As to probability of collmon, quarks 
are supposed to comprise nucleons and so may be expected 
to exhibit the hard core repulsive forces of nucleons and 
hence to have collision cross-sections of the same magnt- 
tude as nucleons.) 

Elements heavier than Fe would remove quarks from 
fusion catalysis more efficiently than Fe. We discuss Fe 
because the Fe group is more abundant than all the 
heavier elements together. For elements heavier than 
gold, capture of a quark produces fission of the element 
and frees the quark!. ; 

The probabilty for the quark to become freed is given 
by the integrated product of the Maxwellian velocity 
distribution times the Gamow barrier factor, which 18 
approximately proportional to?! 


(1/T?/*) exp (—8 (21*e? Z}Z$A,, ym/hik T)*/*) 
where ,,,! 1s the reduced mass of the proton—Fe system 
and Z,, Z, are the respective charges of proton and Fe 
nucleus. 

The effective temperature dependence of this function 
varies as ~ 7°, We suggest, however, that the actu. 1 
power dependence is smaller ın that when a proton tries 
to penetrate the barrier the presence of the quark increases 
the probability for barner penetration. Thus the tempere- 
ture dependence ıs somewhere between ~T and T13, 
and thus may be compatible with the apparent tempera- 
ture dependence observed for stars of the main sequence’, 

e 


e 
1240 


In a mixture of hydrogen and helium containing only 
light elements, each quark catalyses ~ 2:5 x 101! fusions/s. 
In the presence of iron m abundance [Fe], however, the 
rate falls to ~10-*/[Fe] fusions per second, because the 
quarks per proton (note that the big bang theory of the 
Thus the density of quarks required to produce the ob- 
served flux of solar energy would mcrease to ~ 10-14 
quarks per proton (note that the big bang theory of tho 
universe predicts ~ 10-!° primordial quarks per proton**), 
assuming the Sun contains Fe in proportion to cosmic 
abundance!®, It may be remarked, however, that the 
Sun may have a great deal Jess iron, its coronal abundance 
reflecting the iron content of dust falling m from the 
neighbourhood of the Sun, instead of from inside the Sun. 

Because only 10? quarks per proton would be operative 
at any moment, the flux of neutrinos from the proton— 
proton fusion reaction would be too small by ~10-"! to 
be observable. Consequently, quark catalysis of the 
reaction 3a—C offers a mechanism to produce the 
observed flux of solar energy without producing neutrinos. 
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HAEMOGLOBIN is a two-way respiratory carrier. In the 
tissues, the discharge of oxygen by haemoglobin is 
accompanied. by an uptake of hydrogen ion which makes 
an important contribution to the transport of CO,. This 
uptake of hydrogen 10n occurs only above pH 6 and is 
known as the alkaline Bohr effect. Ite physiological 
fun¢tion is thought to be the neutralization of hydrogen 
10ns released on uptake of CO, by the blood. It has been 
attributed to an increase in pK of conjugate bases from 
6-2 in’ oxy to 7-7 in deoxyhaemoglobin. Below pH 6 a 
reverse, or acid, Bohr effect is observed, and is attributed 
to a decrease in pK of conjugate bases from 5-7 in oxy to 
4-9 in deoxyhaemoglobin1. 

According to J. V. K. and Rossi-Bernardi the «-amino 
groups of the «-chains contribute to the Bohr effect*?; 
chemical observations, combined with our X-ray studies, 
show that the C-terminal histidines of the 6-chains also 
contribute. In oxyhaemoglobin both groups are free, but 
m deoxyhaémoglobin thby appear to be linked to carboxyl 
groups: the a-amino group of each a-chain to the a- 


~ Now at Istituto Chiméoo, Naples, Italy. 
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The Imidazole groups of the C-terminal histidines of the ®-chains, 
together with the «-amino groups of the «-chalns, are responsible 
for most of the Bohr effect. 
free, while In deoxyhaemoglobin their pKs are raised, probably by 
linkage to carboxy! groups. 


In oxyhaemoglobin these groups are 


carboxyl group of the other «-chain, and the C-terminal 
ımıdazole of each B-chain to aspartate FG1(94) of the same 
f-chain. These lmkages are brought about by the con- 
formational changes which accompany deoxygenation. 
They are consistent with the observed changes in pK of 
the conjugate bases and with several other observations. 
Especially interesting is the change in structure of the 
f-chain which causes its C-terminal region to restrict 
access to the SH groups F9(93)B in deoxy but not in 
oxyhaemoglobin; this explains their diminished reactivity 
in the deoxy form‘ . 

A substantial portion of the alkaline Bohr effect 18 
inhibited if the reactive sulphydryl groups of the cys- 
teines ¥'9(93)B are blocked by N-ethylmalermide (NEM), 
forming N-ethylsuccinimide (NES) haemoglobin, or by 
other SH- reagents‘. In this article we report the 
results of an X-ray study of NES haemoglobin. 

A 10 per cent solution of human or horse oxyhaemo- 
globin was dialysed against 0-2 M potassium phosphate 
buffer of pH 7-15. After dilution to a haemoglobin 
concentration of 6-5 per cent, 3 moles of NEM per mole 
haemoglobin were added. After 1 h at 25° C the mixture 
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was dialysed against 0:01 M ammonium phos- 
phate buffer of pH 7:0. Oxy or deoxyhaemo- 
globin was then crystallized as described by 
M. F. P.. X-ray data were collected within 
a limiting sphere of radius 5:5 A-. Three- 
dimensional data for human deoxyhaemoglobin, 
and two-dimensional data for horse deoxyhaemo- 
globin were collected photographically, and three- 
dimensional data for horse oxyhaemoglobin by 
diffractometry. No data were collected for 
human oxyhaemoglobm because the phase angles 
were unknown. Difference electron density 
maps were calculated ın the usual way, using the 
phase angles of the appropriate native structure 
amplitudes#!-}, 

All crystalline NES haemoglobms were isomor- 
phous with the corresponding crystals of native haemo- 
globm. The difference electron density maps of both horse 
and human NES§-deoxyhaemoglobin show one negative and 
two positive peaks in the half molecule (numbered 1, 2 
and 3 in Fig. 1). Peak 1 comeides with the mercury atom 
which reacts with cysteine ¥'9(93)f in paramercuribenzoate 
haemoglobm and clearly represents the NES itself. The 
meaning of the negative peak 2 became apparent as & re- 
sult of an X-ray analysis of deoxyhaemoglobin Rainier by 
one of us (unpublished results of J. G.). Difference maps 
show that in this abnormal human haemoglobin the 
replacement of the penultimate tyrosine HC2(145)8 
by histidine gives mse to a conformational change. One 
of the negative peaks in these maps could be identifled 
with the C-terminal histidine HC3(146)8, showing that 
in haemoglobin Ramier this residue has become dis- 
placed. The negative peak 2 in the difference maps 
of NES deoxyhaemoglobin coincides with that negative 
peak in deoxyhaemoglobin Rainier, which identifies 
it as the C-terminal histidme and shows that NES 
also causes this residue to be displaced from its normal 
position. Consequently peak 3 in Fig. 1 must represent 





Fig. 1. Map sh 


owing the difference in electron density between NES- 
deoxybaemoglobin and normal deoxyhaemoglobin of horse. (The ma 
for human deoxyhaemoglobin is vav: , BBS . 8.) Peak 
repregentezthe NES molecule, peak 2 cation of histı HO8(146)8 
in normal Geox Cae obin and peak 8 new position of the histidme 
in NES-deoryhaemoglobin. @, Hg, on SH 0688; ——, positive; 
*s>, Negative. 





Fag. 2. Map showing tho difference in electron density between NES-oxyhaemo- 
globin and normal oxyhaem 
molecule. Peaks 2 and 


obm of horse. The positive peak represents the 
are the faint traces of the other two major peaks 


son in NES-deoxyhaemoglob @ , Hg on 8H 9388. 


l 
the new position taken up by this histidme m NES 
deoxyhaemoglobin. In summary, our comparative 
studies have provided two important clues: they have 
led us to locate the C-terminal histidines of the -chans 
ın normal native deoxyhaemoglobin, and to discover that 
the reaction with NEM causes these residues to be dis- 
placed. 

The difference maps of horse NES-oxyhaemoglobin 
show only one major peak, coinciding with that of the 
mercury atom in paramercuribenzoate oxyhaemoglobin 
(Fig. 2). This must represent the NES group itself. 
Accompanying ıb are faint traces of the other two major 
peaks which are seen in NES-deoxyhaemoglobin; other- 
wise the difference maps are blank. This ımphes that in 
oxyhaemoglobin NES does not cause a displacement of 
the C-terminal histidines nor any other conformational 


change. 


A Change In the Conformation of the C-terminus of 

the -Chains accompanying Oxygenation 

The electron density map of horse oxyhaemoglobin at 
2-8 A resolution! shows a peak corresponding to tyrosine 
HC2(145)8, but no peak ın any of the positions expected for 
histidine HC3(146)8, which indicates that the C-terminal 
histidmes im crystals of oxyhaemoglobin are free to take up 
several alternative positions. Electron density maps of 
deoxyhaemoglobin at 5:5 A resolution, on the other hand, 
show a famt loop of density extending from the end of 
helix H. around the reactive SH groups at F9(93)p (refs. 
11 and 12) (Fig. 3). That loop of density 1s absent in 
oxyhaemoglobin. The negative peak observed in the 
difference maps of NES-deoxyhaemoglobin and of deoxy- 
haemoglobin Rainier coincides with that loop and identi- 
fies ıt as the C-terminus of the §-chains. Model building 
shows that the C-terminus is hkely to be held in this 
position by a hydrogen bond between the imidazole ring 
of histidine HC3(146)8 and the carboxyl group of aspartate 
FG1(94)6 of the same chain, and that the histidme residue 
restricta access to the SH-groups at F9(93)p, although it 
does not entirely block it. A stereo drawing of this region 
of the B-chain in oxyhaemoglobin 1s shown in Fig. 4 of 
ref. 14 but with the C-terminal histidine omitted, beeause 
its position m oxyhaemoglobin 18 uncertain. 


Changes In the Conformation of the C and N-termini 

of the a-Chain accompanying Oxygenation 

The electron density map of horse oxyhaemoglobin at 
2-8 A resolution shows the a-amimo group of valne 
NAI(1)« to be free; the map contains no continuous 
region of density that could be identified with arginine 
HC3(141)«, which suggests that the C-terminus of the 
«-chain is able to take up several alternative conforma- 
tions. In the electron density maps of humgn and horse 
deoxyhaemoglobin at 5-5 A resolution, on the other hand, 
a bridge extends from the amimo-termunus of each «-chain 
to the carboxyl terminus of ite partner chain, suggesting 
a link between the «-amino and a-garboxyl groups. 

e 








80 A 


—— I, 


Pig. 3. Eleotron density map of normal human deoxyhaemoglobin 
with the peaks numbered as ın Fig. 1 from the NES erence map 
superimposed, The tion of the negative peak 2 corresponding to the 
normal position of histadine HO3(146)8 comeides with the faint loop 
of density (solid line) in the map extending from the end of helix 

around the reactive sulphydryl group. » Rlectron density of normal 
human deoxyhaem m; ——-—-—, positive contours in difference map, 

E OE ER negative contours in difference map. 





Tentative Stereochemical Interpretation of the Bohr 
Effect 


The presence of NES on the sulphydryl groups does not 
affect the structure of oxyhaemoglobm, but produces a 
definite change in the position of the C-terminal histadines 
of the ®-chains in deoxyhaemoglobin of both man and 
horse. No other residues are affected by the reagent. 
This shows that the histidines must be responsible for 
that part of the Bohr effect which is inhibited by NES. 
Because the histidines ın oxyhaemoglobin are free, their 
mnidazole rings would be expected to have an approxi- 
mately normal pK somewhere between 6 and 7. In 
deoxyhaemoglobin, on the other hand, the histidines 
appear to be bound by a hydrogen bond between the 
imidazole rmg and aspartate 948. This bond would raise 
the pK of the mmidazole and explain 1ts contribution to 
the Bohr effect. 

An analogous mechanism would operate for the «- 
amino group of each a-chain which is free ın oxyhaemo- 
globin and appears to be linked to the C-terminal carboxyl 
groups of its partner chains in deoxyhsemoglobin. In 
both instances the existence of these links must remain 
tentative until they have been confirmed by electron 
density maps of deoxyhaemoglobm at high resolution. 

Do the proposed mechaniams account for the whole of 
the alkaline Bohr effect? In an accompanying article 
‘J. V: K. and Rossi-Bernardi show that the «-amino 
groups of the a-chains are responsible for approximately 
one-quarter of the effect. If, as is believed, the reaction 
with NEM inhibits about one-half of 1t, this would leave 
one-quarter to be accounted for. A search for other 
possible groups should therefore be made. 

The change ın the position of the C-terminal histidines 
of the -chains also accounts for the followmg hitherto 
puzzling observations. (1) The low reactivity of the SH- 
groups F9(93)B in deoxyhaemoglobin‘:*7.15_ This arises 
because access to them m deoxyhaemoglobin is restricted 
by the C-terminal histidmes, while ın oxyhaemoglobin 
the cysteines are freely accessible. (2) The increase in the 
reactivity of the sy- groups in deoxyhaemoglobın with 
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increasing pH (ref. 4). An mereasing number of the 
imidazole groups would lose a proton as the pH 1s raised, 
breaking their bonds to the aspartates and thus removing 
the barriers around the SH- groups. (3) Increased oxygen 
affinity when the SH- groups are blocked'*. By hindering 
the transition of the B-cham from the oxy to the deoxy 
conformation, blocking of the SH- groups would shift the 
equilibrium in favour of the oxy form which has the higher 
oxygen affinity. (4) Changes in ESR spectra accompanying 
the binding of hgands to haemoglobm which carries a 
spin-labelled substituent on the SH- groups!’. These 
changes are proportional to the amount of ligand bound, 
rather than to the fraction of molecules which have 
changed their quaternary structure. Owing to the 
freedom of the SH- groups m oxyhaemoglobin, and 
the restricted access umposed on them im the deoxy 
form, the conformations of the spm-labelled substituents 
would be expected to differ in the two forms, thus chang- 
ing the ESR spectra. The proportionality between hgand 
binding and spectral change suggests that the con- 
formation of the C-termmal histidines depends purely 
on the state of ligand binding of the f-chains, and is 
independent of the quaternary structure of the molecule 
as a whole. The same conclusion is suggested by the 
proportionality observed between ligand binding and 
reactivity of the SH- groups; and by the proportionality 
between the uptake of carbon monoxide and liberation of 
Bohr protons!*-**. (5) Partial mhibition of the Bohr 
effect by digestion with carboxypeptidase A (ref. 21). 
This enzyme removes histidines 1468 and tyrosines 
1458. If the former are responsible for part of the 
Bohr effect this result ıs obvious. Digestion with the 
enzyme also inhibits haem—haem interaction, but this is 
probably due to the removal of the tyrosines, which 
produces dislocation extending through most of the B-sub- 
unite. These dislocations apparently interfere with the 
transition of the quaternary structure to the deoxy form 
(J. K. Moffat, unpublished resulta). (6) The low rate 
of digestion of deoxyhaemoglobin by carboxypeptidase 
A (ref. 20). Judging by the electron density maps, 
the C-terminal histidines in oxyhaemoglobin are free 
and accessible to the enzyme. In deoxyhaemoglobin, 
on the other hand, the binding of the histidines to 
aspartates makes them maccessible to the enzyme. 

We now come to the conformational changes at the 
termini of the «-chains. Carboxypeptidase B removes the 
C-terminal arginines and produces a partial inhibition of 
the Bohr effect, but without inhibiting haem—haem inter- 
action’*. Apparently digestion with carboxypeptidase B 
does not remove the Bohr groups themselves, but the 
carboxyl groups which are needed to raise their pK. The 
links between the terminal groups of the «-chains in 
deoxy and their absence in oxyhaemoglobin also explain 
the lower rate of digestion of the deoxy form with carboxy- 
peptidase B, and the greater stability of the deoxy 
tetramer, which expresses itself, for instance, ın a lower 
dissociation constant to «ß dimers*™. 

High concentrations of neutral electrolyte would weaken 
the interactions needed for the Bohr effect in both the 
« and B chains, m agreement with observation". 

In the lght of our resulta, J. V. K. and Rossi- 
Bernardi’s findings*? that the a-amino groups of the 
«-chains contribute to the Bohr effect and also bind CO, 
may seem paradoxical, for increased affinity of the amino 
groups for CO, in deoxyhaemoglobin would require a 
reduction, rather than an increase, in pK. Their findings 
could be explained only if a further change ın secondary 
or tertiary structure occurred at the ends of the «-chains 
on bmdimg of CO,, for example, by linking the negatively 
charged carbamino groups of each «-chain to the positively 
charged guanidinium groups of its symmetrically related 
partner chain. 

Residues vital to the function of haemoglobin should be 
imvariant in all mammalian species. This 1s true of valine 
NAI(1)a, arginme HC3(141)«, aspartic acid FG1(94)8 and 
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histidine HC3(146)8. Myoglobm does not exhibit a Bohr 
effect, because it contams five extra residues at the 
carboxyl end which are rigidly attached to the rest of the 
globin; also residue FGI 1s a threonine"?. 


A Possible Test of the Dimer Hypothesis 

Physico-chemical studies have suggested that the af 
dimer 1s sufficient for the functioning of the cooperative 
effects in haemoglobin, whereas our X-ray studies indicate 
that the entire tetramer is needed. In the past, studies of 
the oxygen equilibrium curves of haemoglobin solutions 
have not givén conclusive evidence on this pomt, because 
the very low dissociation constant of the deoxy form made 
it difficult to ensure that both deoxy and oxy molecules 
were fully dissociated mto dimers. 

In the equilibrium «,8,=2a6 the dissociation constant 
of deoxyhaemoglobin ıs twenty-five times smaller than 
that of oxyhaemoglobin, corresponding to an increase ın 
the free energy of dissociation of about 2 kcalories/ 
mole”, Formation of the two extra hydrogen bonds 
between the terminal residues of the a-chains might be 
sufficient to account for this crease. If formation of 
these bonds is prevented, either by digestion with carboxy- 
peptidase B or by blocking the «-amimo groups, then the 
dissociation constant of deoxyhaemoglobm might approach 
that of oxyhaemoglobm. 

Both the carboxypeptidase B-digested and the cyanate- 
blocked haemoglobins exhibit full haem—haem interaction. 
Using one or the other of these derivatives, 1t should now 
be possible to determme the influence of a similar degree 
of dissociation of both forms on the value of Hill’s con- 
stant. If the dimer hypothesis 1s correct it should remain 
independent of haemoglobin dilution or salt concentration; 
if ıt is wrong, then the oxygen equilibrium curve should 
become hyperbolic as the fraction of «aß dimers increases. 


The Acid Bohr Effect 


The acid Bohr effect could clearly derive from the 
lowering of the apparent pKs of the carboxylic groups of 
arginine l4l« and aspartate 948 on combination with 
their respective bases. We were reluctant to advance 
this interpretation, however, because we thought that the 
apparent pKs of the free carboxyl groups ın oxyhaemo- 
globin should be much lower than 5:7. Dr George Hess 
of Cornell University has now pointed out to us that this 


(J 
1943 


interpretation is not ruled out, because there is con- 
siderable evıdence that carboxyl groups with apparent 
PKs greater than 5-7 exist in protems?’. The possibility 
of the acid Bohr effect beng due to these two pairs of 
carboxyl groups should therefore be kept in mind. 

The importance of the C-terminal residues for the Bohr 
effect was first pomted out by Antonim: and his colleagues 
on the basis of the properties of carboxypeptidase-digested 
haemoglobins'*1*.*°, We thank them for arousmg our 
interest ın this problem; we also thank Dr F. 8. Mathews 
for calculating the three-dimensional difference Fourier of 
horse NES-oxyhaemoglobin. 

One of us (J.G.) thanks the US National Science 
Foundation for a fellowship, and another (J. V. K.) 18 
a Medical Research Council scholar. 
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TEE direst transport of CO, by haemoglobin accounts for 
60 per cent of the total CO, exchanged by the red blood 
cell durmg respiration‘. Human oxyhaemoglobin binds 
about 0-15 moles CO,/mole haem im physiological condi- 
tions, and human deoxyhaesmoglobm binds about 0:40 
moles CO,/mole haem; the bound CO, 1s thought to be 
combined with the «-amino groups in the form of carba- 


Blocking of the a-amino groups by cyanate Inhibits the uptake of 
CO, by haemoglobin. It also inhibits the influence which changes In 
pCO, at constant pH normally have on the o 
the Bohr effect. Blocking the a-amino groups of the a chain reduces 
the alkaline Bohr effect by 25 per cent. 


gen affinity and on 


mate. Because CO, will react only with uncharged amino 
groups’, the amount of carbamate formed will depend on 
the pK of the a-amino groups, , $ 
R—NH; = R—NH, + H+ (1) 
and on the equilibrium constant of the reaction 
R—NH, + CO, = R NHCOO- + H+ (2) 
e 
e 


e 
1244 


The pK of «-amino groups 1s Known to lie within the range 
of 7:0-8-0', which means that they would be largely 
unionized at the physiological pH of 7-3, and capable of 
forming carbamino compounds. 

There ıs an important physiological relationship 
between the Bohr effect and this carbamino CO, If 
haemoglobin and CO, did not interact, then the Bohr 
effect would not be altered by the presence of CO, in 
physiological amounts‘. L. R.-B. and Roughton‘ showed, 
however, that CO, causes a drastic reduction in the Bohr 
effect. A contribution to the Bohr effect by the «-amino 
groups in the absence of CO, has been suggested by other 
authors’-, 

We have prepared derivatives of horse haemoglobin 
specifically modrfied at the «-amino groups by reaction 
with cyanate?-12, 


R—NH, + HCNO + R—NHCONH;, 


These modified haemoglobins retain the normal coopera- 
tive effects associated with the combination of oxygen. 
The Bohr effect retains its full value when only the 
a-amino groups of the B chams are blocked, but is dimin- 
ished by 25 per cent when those of the « chains are blocked. 
When all four amino groups are blocked, haemoglobin 
probably binds no CO, at all. This mhibition could be 
caused either directly by the chemical modification of the 
a-amino groups, or indirectly by a structural change 
which masks the (unknown) groups really responsible for 
the binding of OO,. X-ray analysis of crystals of the 
modified haemoglobins shows no evidence of such struc- 
tural changes, either in the oxy! or deoxy" forms. 


Preparation and Chemical Characterization of the 
Derivatives 


The fast component of horse CO-haemoglobin!1* was 
first reacted with cystamme!* to protect the reactive 
sulphydryl group, and then with cyanate. The cystamine 
was then removed by dithiothreitol. The reacted haemo- 
globm was fractionated on ‘Amberlite OG-50’ (ref. 17). 
Using “C-KCNO and following, the fractionation by 
separation of the « and § chains!*15, digestion with trypsin 
and isolation of the radioactive peptides, it was possible to 
characterize the fractions as haemoglobin in which cyanate 
has reacted with all four a-amino groups (a$$); with 
those of the a chain only (a$6,); and with those of the 
B chain only (a,89). The details of the preparation and 
characterization of these derivatives are described else- 
where”. 

The sedimentation constants of carbonmonoxy agg? 
and deoxy «$8¢ are the same as those of the fast component 
oP. (Table 1), showing that the chemical modification 
had not caused dissociation of the subunits. 


Table 1 
Haemoglobin Moles ™ anate Saw HH 
derivative per mole af dimer co— deoxy constant n 
a6; 1-86 42 42 255 
of} 103 20 
aip, 0 96 26 
Horse haemoglobin, asp, (fast component) 43 4-2 2-7 


M. F. Perutz and J. Weinzierl found that crystals of 
oxy alB, and «96? and deoxy aP? are isomorphous with 
cr of the native forms. The unit cell dimensions 
of the modified oxyhaemoglobins show slight changes, 
accompanied by small alterations in the intensities of the 
reflexions. Three-dimensional difference electron density 
maps for «$82 oxyhaemoglobin at 5-5 A-1 contain no 
significant peaks, which suggests that the cyanate groups 
are free to take up several alternative positions m the 
crystal. Crystals of deoxy gpg have the same unit cell 
dimensions as those of the native form; the intensities 
had changed slightly hs would be expected from the chemi- 
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cal substitutions. These results show that the substitution 
of the a-amino groups of haemoglobi with cyanate does 
not lead to significant conformational changes of either 
the deoxy or the oxy form. 


Bohr Effects exhibited by the Carbamylated Haemo- 
globins 


CO was removed from the derivatives by exchange with 
oxygen under strong light, after which they were deoxy- 
genated with nitrogen. Residual OO and O, and met- 
haemoglobin were less than 5 per cent. The results of the 
oxygen equilibrium curves"! are shown in Table 1 and the 
conditions in Fig. 3. The Hill constant n of a8} and 
alB, is essentially unchanged, indicating normal haem- 
haem interactions. It is somewhat low for a,B}. 

The Bohr effect is here defined as the change in oxygen 
affinity with pH or as the difference in proton binding 
between oxy and deoxy haemoglobin at constant pH in 
the absence of CO,. Because the oxygen affinity is 
affected by buffers, we have measured the Bohr effect for 
all the derivatives by differential titration curves*. The 
results show that a§6, and «$6 on the one hand, and a,8¢ 
and «,8, on the other , have similar Bohr effects 
(Fig. 1). The diminished Bohr effect of «$82 (which 1s 
easily obtained in larger quantities than the other deriva- 
tives) was confirmed in four other differential titration 
experiments, but the results for «62 and a$f, are each 
derived from a single experiment, due to shortage of 
material. The «-amino group of the « chain appears to 
be responsible for about 25 per cent of the ‘‘alkaline” 
Bohr effect. 

The titration curves used to measure the Bohr effect of 
the derivatives also allow their charges at different pHs 





8 7 8 
pH 


Fig. 1. Bohr effect measured from the differential titration curves of 

the derivatives at 25° O. (4X is the difference in negative charge per 

haem between oxy and deoxy haemoglobin.) O, af.; A, af? 
D. asp; o, aSp,. 
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Fig. 2. Titration curves of the carbonmonoxy forms of the derivatives. 
Haemoglobin concentration 0-8 mequiv. in 02 M KCI, 25° ©. —O—, 
CO—a,f1; —A—, CO—a,f?, —@—, CO—a%s,, —O—, CO—a%8°. 


to be compared. If the chemical modification had not 
affected the ionization of any other groups, then modified 
and unmodrfied haemoglobins should carry the same 
charges at pH 8-5, where unreacted «-amino groups will 
be uncharged; however, at pH 6-0 they will be almost 
fully charged, whereas the reacted «-amino groups 
(R—NHCONH,) will still be uncharged. Thus at pH 6-0 
there will be a difference of 1-0 protonic charge for each 
amino group modified. An example of these comparative 
titration curves is shown in Fig. 2. There is no difference 
ın charge at alkaline pH, whereas at acid pH the correct 
quantitative differences are seen. Similar results were 
obtamed for the derivatives in the deoxy form. 


CO, Binding Studies 


The classical barium precipitate method? of directly 
measuring the carbamino CO, combined with haemoglobin 
uses more haemoglobin than we were able to prepare in 
the ae aber ee we determined the carb- 
amino 1 indirectly by measuring the change in oxygen 
affinity at constant pH produced by CO, (ref. 22) and the 
effect of carbon monoxide on the CO, affinity. Because 
bicarbonate ion itself causes either no, or only a slight, 
change in oxygen affinity™, the observed change in oxygen 
affinity produced by CO, is thought to be due to the 
formation of oxygen-linked carbamino compounds. In 
that case, the change should be inhibited if the amino 
groups responsible for the formation of carbamino com- 


100 
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Fig. 8 (0) diagociation curves of the derivatives. The conditions were: 1 
po um phosphate buffer pH 7:40 O—O and pH 7:25 A— A, 0-2M KOI, 25° O 
per cent haemoglobin concentration. For the curves in the 5 
icarbonate, 15 mM phosphato and 0-15 M KOI were and d 
CO, and 95 per cent N, at 25° C, to gtve a final pH of 7-40. e 
e 


with 5 per oan 


° 
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pounds are blocked. Thé dependence of the oxygen 
equilibrium curves of each of the derivatives on the 
presence or absence of OO, 1s shown in Fig. 3. Each 
diagram gives equilibrium curves at pH values of 7-40 
and 7-25 in the absence of CO,, not to measure the Bohr 
effect, which would be inaccurate over so small a pH 
range, but to provide a scale for comparison with the 
effect of CO,. The third curve shows the oxygen equili- 
brium at pH 7-40 ın the presence of CO,. In a,f, the large 
effect of CO, at constant pH shows up clearly*. In 
afBe, on the other hand, CO, is without effect on the oxygen 
equilibrium curve. Intermediate effects are seen in aS, 
and aß}, indicating that all four «-amino groups partici- 
pate in oxygen-Imked CO, binding. 

To exclude falsification of our results by interference 
between. the specific effects of CO, and phosphate 10n, we 
have also investigated the effect of carbon monoxide on 
CO, affinity at constant pCO, and pH. This was done 
by the method of L. R.-B. and Roughton‘, except that 
carbonmonoxyhaemoglobin was used mstead of oxy- 
haemoglobin because the latter rapidly forms methaemo- 
globin at 37° C. The results for a6¢ and «,8, are shown 
in Fig. 4. In a,®,, the usual difference in total CO, of 
1-3-1-4 mM/l. between Hb and HbCO is seen; however, 
with «$89 no difference is seen, in agreement with the 
absence of any effect of CO, on the oxygen equilibrium 
curve. 

The dotted line of Fig. 4 has been calculated to correct 
for a slight difference in the pCO, used for the measure- 
ments on «%9, arising from use of a slightly different gas 
mixture. The differences in carbamino content of the 
different forms should therefore correspond to the differ- 
ences in ordinates between the dotted line and the two 
other lines above. These amount to 3 mmoles/I. for the 
deoxy and 1-5 mmoles/l. for the carbonmonoxy form. 
This is in reasonable agreement with the results obtained 
by Ferguson and Roughton!:?, and by Stadie and O’Brien™ 
on bovine haemoglobin, and by Ferguson? on human 
haemoglobin, in comparable conditions. 

Deoxyhaemoglobin has a high affinity for CO, and a 
low one for oxygen and CO; in oxyhaemoglobin the 
affinities for these ligands are reversed. In agreement with 
the theory of linked functions, high concentrations of 
CO, lower the affinity for oxygen or CO, and vice versa. 
If CO, is taken up by the «-ammo groups, then blocking 
them should inhibit these linked functions. 

Our method of blocking the «-amino groups of either 
the a or the B chains, or of both pairs of chains, with 
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cyanate, has the advantege of being specific and of 
avoiding significant conformational changes of the globin. 
When all four amino groups are blocked, and the haemo- 
globin is kept at constant pH, CO, does not influence the 
oxygen affinity, nor does carbon monoxide affect the 
affinity for CO, In fact, this blocked haemoglobm 
probably binds no CO, at all. Haemoglobins in which 
only the «ammo groups of the «æ chains or the B chains 
are blocked exhibit intermediate effects, suggesting that 
all four «-amino groups participate in CO, binding. Our 
results confirm the participation of a-amino groups in the 
Bohr effect but suggest that only those of the «æ chains 
are involved and that they take up about one quarter of 
the total number of protons bound by haemoglobin on 
deoxygenation at pH 7-4. 

The reaction of CO, with an uncharged a-amino group 
releases protons (equation 2), and, in physiological condi- 
tions, this causes the equilibrium expressed by equation 1 
to be shifted to the mght with the further release of protons. 
Thus in unmodified haemoglobin at pH 17-4, the Bohr 
effect ıs drastically diminished by CO, (Fig. 5) because 
protons, instead of bemg taken up by the a-ammo groups 
on deoxygenation, are actually released by them, due to 
the extra carbamate formed by deoxyhaemoglobin, and, 
at pH 7:45, exactly compensate for the uptake of protons 
by the Bohr group histidines‘. If haemoglobin and CO, 
did not interact, then the Bohr effect should not be 
reduced‘. Thus blocking the «-amino groups restores the 
Bohr effect despite the presence of CO, (see Fig. 5). 

The classical theory of the role of the Bohr effect in 
CO, transport stated that it was the protons absorbed in 
the change from oxy to deoxy haemoglobin which 
neutralized the extra HCO; present in the red cells of 
venous blood. Our work, and that of L. R.-B. and 
Roughton‘, shows that as the pH increases from 7-0 to 
7-6 the contribution of carbamates to CO, transport 
becomes steadily greater relative to the simple neutraliza- 
tion of the extra HCO, by the Bohr effect. Thus at 
pH 7-4 the protons absorbed in the change from oxy to 
deoxyhaemoglobin are those released by the a-amino 
groups, arising from the additional carbamate formed by 
deoxyhaemoglobin. In these conditions the CO, is 
exchanged, not as neutralized freo bicarbonate ion as 
origmally thought, but as carbamate on the a-amino 
groups. 

In conclusion, our results show that all functions lmked 
to the binding of CO, are inhibited ıf the a-amino groups 
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5. Bohr effect calculated from the titration curves in the presence 
of CO,, in the same conditions as Fig. 4 (filled symbols) compared with 
the Bohr effect calculated from the titration curves in the absence of CO, 

(open symbols). Temperature 87° C. 


are blocked by cyanate; they also prove that the rise ın 
CO, affinity of the ~-ammo groups which accompanies the 
transition from the oxygenated to the deoxygenated form 
of haemoglobin provides the major physiological mechan- 
ism of CO, transport by the red blood cell. A stereo- 
chemical mterpretataon for the difference ın pK of the 
a-amino group of the « chain in the two forms of haemo- 
globin ıs offered in the accompanying paper’. 
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Tue small, peripheral blood lymphocyte 1s thought to be a 
resting cell, with a low mitotic rate tn vitro! and a 
prolonged life span in vivo‘. Under the influence of several 
mitogens, however, such as phytohaemagglutinin (PHA)*’*, 
lymphocytes increase their synthesis of RNA’ and protein’, 
replicate DNA? and divide. These biochemical changes are 
also expressed morphologically; dense, active hetero- 
chromatin becomes fibrillar, metabolically active euchro- 
matin!®, nucleoh appear, the cytoplasm enlarges and 
acquires pyroninophilia and basophilia"’, while increases ın 
the activity of several enzymes't- can be demonstrated 
histochemically. These events culmmate im mitosis. 
During this process, called ‘“‘strmulation” or “transforma- 
tion”, lymphocytes synthesize at least one protein 
(mterferon)#® not previously detectable, and considerably 
increase their content of organelles’, enzymes?*-14:1819 
and secretory proteins*®. Because of this, the stimulation 
of small lymphocytes by PHA has been considered & 
model of widespread gene activation m mammahan cells. 

No new messenger RNA, however, has been shown to be 
transcribed from the previously active DNA of resting 
lymphocytes. Hybridization and competition studies of 
the RNA produced by the transforming cell have not 
demonstrated sequences significantly different from those 
in the resting cell*!. Moreover, base-pair analysis has 
not revealed increased amounts of DNA-hke RNA in the 
stimulated cells**. But the absence of this sort of defimtive 
evidence does not exclude changes at the transcription 
level, because the sensitivity and specificity of such 
methods have not been established in mammalan systems 
(n which DNA redundanoy is crucial). Furthermore, the 
early shifte from dense heterochromatin to euchromatin, 
associated with increments in acetylation of histones and 
turnover of nuclear phosphoproteins, probably indicate 
changes in controls of transcription’? "4, 

Direct evidence of transcriptional controls might be 
obtained from studies of the template activity of nuclei 
from control and PHA-stimulated cells. The capacity of 
isolated nuclei or chromatin to act as template for RNA 
synthesis in the presence of exogenous RNA polymerase 
is one indicator of the amount of DNA available for 
transcription in the cell. To determme if lymphocyte 
stimulation is associated with changes in the availability 
of DNA, we have examined the capacity of nuclei from 
resting and stimulated lymphocytes to prime for RNA 
synthesis. 

The template activity of mammalian cell nuclei and 
chromatin is increased by the tn vitro action of trypsin**’*”. 
We have previously shown that very shortly (2 h) after 
stimulation with PHA or pokeweed mitogen, there is, in 
cell homogenates, a redistribution of acid hydrolases from 
granular to unsedimentable fractions of the cell*®*. 
This redistribution of enzymes might expose nuclei to a 
previously latent or mactive hydrolytic enzyme, the 
action of which might grossly resemble that of trypsin. 
Consequently we have also studied the effeot of trypsin on 
the priming capacity of nuclei from stimulated and control 
nuclei. 


* Present address: Medizinieche Klinik, Klinikum Essen, Stadt. Krank- 
enanstalten, 48 Hasen/Rubr, Hufelandstr., West Germany. 


Nuclei Isolated from human peripheral blood lymphocytes stImulated 
by phytohaemagglutinin have a greater capacity to prime for nucleo- 
tide incorporation into RNA in the presence of exogenous bacterial 
RNA polymerase than nuclei from unstimulated lymphocytes. 


Template Capacity of Human Lymphocytes 

Lymphocytes were isolated and purified from human 
peripheral blood, cultured and collected**. Concentrations 
of PHA-P (Difco) were used, which were optimal for 
stimulation of “C thymidine incorporation into’ DNA 
24-48 h following addition. The washed cells (5-7 x 107) 
were homogenized in 4 ml. 0-34 M sucrose in a Bellco 
Plexiglass homogenizer driven by a variable speed motor. 
The homogenates were centrifuged at 800g for 10 min and 
the nuclear pellet resuspended in 2-3 ml. of 0-34 M sucrose, 
0-05 M tris (pH 7-5) 0-005 M MgCl, Only occasional 
non-disrupted cells were seen in crystal violet stained wet 
preparations under dark field ulumination. 


Effect of PHA on Template Capacity 


To determine rf there was a change ın template capacity, 
lymphocytes were incubated with and without PHA for 
4h, the nuclei were isolated and their ability to prime the 
incorporation of *H GTP into RNA was determined in the 
presence of added RNA polymerase**. Determinations 
were algo made ın the presence of 25 ug actinomycin D and 
the results have been expressed as “‘actinomycin-sensitive 
c.p.m.”. In these conditions of assay, the level of en- 
dogenous RNA polymerase wes insufficient to cause 
incorporation of 7H GTP into RNA. Indeed, incorporation 
was not detected until exogenous RNA polymerase was 
added (fig. 1). Four hours after stimulation (Fig. 2), 
nuclei isolated from stimulated cells primed for the produc- 
tion of greater amounts of RNA than nuclei from control 
cells, at all concentrations of DNA per assay tested—the 
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Fig. 1. Effect of RNA polymerase concentration on the incorporation 

of °H GTP into RNA by isolated nuclei. Nucle: were isolated and 

meubated without RNA polymerase and in th® presence of 5, 20 and 25 
units exogenous RNA polymerase (Hf. lysodstktrcus). 
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Table 1. EFFECT OF FRREXING AND *THAWING ON TEMPLATR GAPACITY 


OF NUCLEI ISOLATED FROM HUMAN LYMPHOOYTES*. 
Nucler No. of exp. Control+ S.E.M. PHA+S.F.M. 
Intact 6 500 + 87-0 2,040 + 150 
Disrupted 5 430 + 13-0 1,760 + 122 


* Lymphocytes were Incubated for 2 h with and without PHA. Aliquots 
of the isolated nuclei were rapidly frozen and thawed six times and the nuole! 
assayed for thelr: oa pedis prime for scene eet GTP 
Incorporation 1n in presence of exogenous po! assay 
conditions as in ng 2). Values represent actinomycin sensitive o.p m. 
*H GTP incorporated into RNA/100 ug DNA S.E.M. 


average increase was three-fold (3-1 + 0-21). This increase 
in template activity was observed even at 2 h after stimula- 
tion (Table 1). To determine if increased incorporation of 
*H GTP into RNA might reflect a differential permeability 
of the nuclear membrane to nucleotides or enzyme, 
aliquots of the nuclear preparations were rapidly frozen in 
dry 1ce-acetone and thawed at 37°C mx times. Control 
nuclei (Table 1) incorporated 500+ 37 c.p.m./100 pg DNA 
compared to 430+ 13 c.p.m./100 yg DNA after disruption. 
Nucle: from PHA stimulated cells incorporated approxi- 
mately four times as much 7H GTP into RNA whether 
intact (2,004+150 c.p.m./100 yg DNA) or disrupted 
(1,760 +122 e.p.m./100 pg DNA). In addition, in one 
experiment, nuclei treated with ‘Trıton X-100’ before 
freezing showed the same three-fold increase in the 
priming capacity as PHA stimulated nuclei. The increased 
ability of PHA nuclei to prime for RNA production did 
not therefore seem to be secondary to an increased 
permeability of the nuclear membrane. These differences 
might, however, be due to a differential destruction of the 
RNA produced tn vitro. Addition of 10 pmoles of EDTA 
at the start of experiments abolished the cation-dependent 
production of RNA by RNA polymerase (Fig. 3). Nuclei 
were therefore incubated for 10 min to permit mcorpora- 
tion of °H GTP into RNA; 10 umoles of EDTA was 
then added and the reaction mixture incubated for a 
further 10 min to permit breakdown of newly synthemzed 
RNA (Fig. 3). The results of these experiments indicate 
that neither the RNA produced by control nor by PHA 
stimulated nuclei showed any significant differential 
breakdown. The apparent difference in priming capacity of 
nucle: might result from the presence either of inhibitors or 
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Fig. 2. Effect of stimulation of Iymphocy tes with phytohaemagglutinin 
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Fig. 3. Fate of °H labelled RNA produced by lymphocyte nucle: in the 
pee of exogenous RNA rase. Nuclei from lymphocytes 
cubated with and without P for 2 h were isolated and incubated 
with RNA polymerase and *H GTP as described in Fig. 2 EDTA 
(10 pmoles) was added at the indicated times. O, PHA; A, control. 


activators of the priming reaction. Nuclei from control 
and stimulated cells were therefore mixed after isolation 
and subsequently assayed. Whereas control nuclei 
primed for the incorporation of 372 c.p.m. of SH GTP and 
stimulated nuclei for 948 c.p.m., the mixture of nuclei 
incorporated an intermediate amount, 715 c.p.m. Thus 
no evidence for inhibitory or enhancing activity was 
obtained m either preparation. 


Effect of Trypsin on Template Capacity 
Trypsin can increase the template activity of isolated 
nuclei and chromatin for “endogenous” RNA poly- 
merase***7, To examine the DNA-protem relationships 
in stimulated and non-stimulated cells, we studied the 
effect of trypsin on the template activity of nucle for 
bacterial RNA polymerase. Nuclei were incubated with 
trypsin at concentrations rangmg from 1-25-25 ug/ml. 
The reaction was stopped by the addition of soy bean 
trypsin inhibitor at twice the concentration of the trypsin. 
In nuclei from PHA treated cells the usual, approximately 
three to four-fold (3-56+0-507) increases ın template 
activity were observed. When such nuclei and those from 
cells not treated with PHA'for 2 h were subsequently 
exposed to trypsin (Table 2), the template activity of 
nuclei from PHA treated cells was not augmented by 
in to the same relative degree as that of nuclei from 
control cells (Table 2). The ratio of template capacity of 


Table 2 BVFEOT OF TRYPSIN OX THH TEMPLATE CAPACITY OF NUOLRI 
ISOLATED FROM PHYTOHABMAGGLUTININ AND NON-STIMULATED HUMAN 


g LYMPHOOYTRS* 
) No. of 
ml, exp. PHA Control P/C ratio 
0 9 1,370 + 225 $870 + 24 $8 56 + 0-507 
1-26 2 0,050 + 550 5,820 + 848 1 8040-071 
107 3 14,100 + 251 8,880 + 156 1:60 +0 102 
12-5 2 18,250 + 150 10,450 + 1,900 1-29 + 0 150 
25-0 2 25,500 + 4,500 12,200 + 1,300 208+ 0 145 


Average with trypsin {1-7 +0110 


* Nuclef wolated from cells cultured with and without PHA for 2 h were 
incubated for 20 min at 87° O with trypsin (1-25-25 ug/ml) and the reaction 
stopped by addition of soy bean trypsin inhibitor (2-56-50 mL). The 
capacity treated nuclel e for incorporation of *H GTP into RNA 
in the presence of exogenous A polymerase was determined. con- 
ditions of assay were as deseribed in 2.) Values re ta cin 
D sensitive o.p.m. °H GTP tncorporated/100 ug DNA + S.E.M. The amount 
of DNA per assay was varied between 10-20 ag for fypein treated nuclei and 
between 10—40 for non- treated nuole!. PHA/ ratio = incorporation 
2H GTP into RNA by nu from PHA treated cells/incorporation of *H GTP 
into RNA by nuolkef from untreated cells. 


t P<0-005 (paired ¢ teat) PHA versus control. 
t P<0-006 (¢ test) P/O ratio without trypeln versus trypsin average. 
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nucle: from PHA treated cells to that of nucle: from 
control cells (PHA/C ratio, Table 2) decreased at all 
trypsin concentrations from 3:56 + 0-507 (Table 2) in the 
absence of trypsin to 1-7+0-110 (mean value for all 
trypsin concentrations) ın the presence of trypsin, 8 
difference significant at P< 0-005. We have also calculated 
the absolute increase of °H GTP incorporation into RNA 
produced by trypsm in PHA nuclei and control nucle. 
Trypsin treatment of nuclei isolated from PHA stimulated 
lymphocytes induced greater absolute mcrements i 
3H GTP incorporation nto RNA (8,675 o.p.m. at 1-25 pg 
trypsin/ml.—24,130 c.p.m. at 25 ug trypsin/ml.) than did 
treatment of nucle: isolated from resting cells (4,950 
c.p.m. at 1-25 ug trypsin/ml.—11,830 c.pm. at 25 pg 
trypsin/ml.). This difference in absolute increments of 
7H GTP incorporation mduced by trypsin treatment was 
significant (paired ¢ test) at P<0-025. These experiments 
wdicate that nucle: showed their greatest template 
activity when prepared from PHA stimulated cells and 
when subsequently treated with trypsin. 


Events following PHA Stimulation 


Our data indicate that stimulation of lymphocytes by 
PHA increases the ability of isolated lymphocyte nuclei to 
act as templates for exogenous (bacterial) RNA polymer- 
ase. Several alternative explanations for this apparent 
meorease in the primimg capacity must, however, be 
considered. The observed rise in incorporation of °H GTP 
into RNA could result from changes in nuclear architec- 
ture or contents, such as (a) an mcreased permeability 
of the nuclear membrane to nucleotides or enzymes; (b) 
the action of soluble actavatérs or inhibitors on the 
exogenous enzyme; or (c) differential rates of degradation 
of- products (RNA). We have examined these three 
possibilities: experimentally. Six cycles of freezmg and 
thawing or treatment with “Triton X-100’ did not abolish 
the increase in apparent RNA synthesis by PHA treated 
nuclei. Although the precise state of the nuclear mem- 
brane ım these preparations was not examined by electron 
mucroscopy, both of these procedures disrupt bio- 
membranes in general, and ‘Triton X-100’ disrupts the 
outer nuclear membrane*?. 

Because: these treatments did not alter observations 
made with mtact nuclei, mcreased permeability of the 
nuclear membrane cannot be responsible for the increased 
rate of RNA synthesis observed. Furthermore, it 1s 
possible that the tact cell or nucleus contams activators 
or mhibitors of RNA polymerase, or of the transcriptive 
capacity of DNA itself. Because, however, mixing nuclei 
from PHA stimulated and from non-stamulated lympho- 
cytes resulted in a rate of incorporation of °H GTP into 
RNA intermediate between that observed for either 
nuclear suspension alone, 1t seems unlikely that activators 
or mhıbıtors played a part in the creased yate of incor- 
poration, Moreover, no differential degr: ion of °H 
labelled RNA was observed; such data seem to exclude 
the possibilty that this early effect of PHA is mediated 
by nucleases. Finally, the presence of all four unlabelled 
nucleotides in abundance, in addition to *H GTP, makes 
unhkely the possibility that the observed were 
the result of alterations in the availability, of Jabelled 
precursor (pool-changes). 8 

The-observed changes could also result from alterations 
in the relationship of DNA to either endogenous or 
exogenous enzyme. For example, the inoreased incorpora- 
tion of °H GTP into RNA could be due to: (a) an increase 
in the activity of endogenous RNA polymerase; (b) an 
increased rate of synthesis at sites on DNA previously 
available to the enzyme; or (c) the appearance of addi- 
tional sites newly available for transcription of RNA. 
Although there may be an increase ın endogenous RNA 
polymerase, the conditions of the assay were such that the 
levels of endogenous polymerase were insufficient to cause 
detectable incorporation of nucleotides into RNA either 
by control or atimulated nuclei. Moreover, the amounts 
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of exogenous polymerase added were so high as to render 
insignificant any morease in the much smaller amount of 
endogenous enzyme. It seems more likely that the 
increased capacity for RNA synthesis demonstrated here is 
secondary to alterations other than an mecrease in endo- 
genous RNA polymerase. We have no direct evidence 
that mcreased rates of RNA synthesis in the presence of 
added polymerase are not simply due to increased rates 
at previously available sites on the DNA. Evidence 
obtained with chromatin™ that nucleotide 
incorporation into RNA in these conditions does reflect 
the proportion of DNA avaiable for transcription m the 
whole cell. 

The actual experimental data are neither as extensive 
nor as complete for nucle: as for chromatin, and are 
primanly correlative in nature. For example, Pogo et al. 
have demonstrated an mcreased template activity of 
nuclei from regenerating compared with normal liver*, 
a system ın which Church and McCarthy have demon- 
strated the production of new species of RNA. Hybrid- 
wation studies of the RNA produced by isolated nuclei 
(although without added RNA polymerase) suggest that 
this RNA produced in vitro is specific for the DNA used?s, 
The data presented here therefore suggest that, following 
stimulation of peripheral blood lymphocytes by PHA, 
more of the lymphocyte DNA is available for transcrip- 
tion into at least partly new RNA. But it.remams'to be 
demonstrated that some of this RNA does indeed represent 
new messenger RNA. 

After treatment of nuclei with trypsin, the ratio of the 
template activity of stimulated nuclei to that of non- 
stimulated nuclei decreased. This decrement was the 
result of relatively greater increases produced by trypsin 
in the template activities of nuclei from unstimulated 
cells than of stimulated cells. One possible explanation 
for this finding is that trypsin-like activity induced by 
PHA had already provoked increases in template activity 
before isolation of the nuclei. Finally, the absolute 
increases in template activity produced by trypsin were 
greater in stimulated than in unstimulated nuclei. This 
suggests that early changes induced by PHA result ın the 
exposure of additional nuclear sites which are attacked by 
trypsin and made available for RNA synthesis. 
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Observations on Chromocentres in Cultured Mouse Cells 


by 
M. ABERCROMBIE 
E. M. STEPHENSON * 


Department of Zoology, 
University College, London 


INTERPHASE nucle: often contain a number of particles 
of condensed chromatm—chromocentres—that are vimble 
with the hght microscope. They are interesting because 
such condensed chromatin 1s relatively active in RNA 
syn isit, Chromocentres of different species vary 
greatly in number, size and discreteness from the nuclear 
background?. The followmg observations concern mouse 
fibroblast-hke cells from various sources in monolayer 
culture where ıt 18 easy to examine the entire nucleus of 
each cell. 

Withm a population of such cells the characteristics of 
the set of chromocentres (which we will call for short 
the chromotype) of each cell vary*. The work descnbed 
here started from an observation which indicated that this 
variability 1s not merely random. In binucleate cells, 
which arise in culture by failure of cytoplasmic division‘—*, 
the two nuclei of any one cell usually look distinctly similar 
in chromotype, at least ın the numbers and sizes of the 
chromocentres, though not ın their spatial arrangement 
(Fig. 1). Binucleate cells from species other than mouse 
give the same mmpression. 


Chromocentre Counts 


We have validated this impression by counting the 
chromocentres of mouse cells, putting them mto five 
size categories by means of an eyepiece marked with 
circles which represented graded areas in the field of 
from 0-26 to 2-1 um diameter. No attempt was made to 
distinguish the Barr body, which can be recognized in 
only a small mmority of female mouse cells’. Counts of 
the total number of chromocentres per nucleus in a fixed 
preparation are highly reproducible. The counts to be 
quoted include both nucleolus-associated and “scattered” 
chromocentres*. The size distribution 1s more subject to 
estimation errors than the total number, but ıt can still 
be quite adequately replcated. The correlation between 
the number of chromocentres per nucleus and their total 
volume pór nucleus (treatmg them as spheres) is mgnifi- 
cantly positive in three of the four types of fibroblast-like 
cells studied, and there 1s no significant correlation 
between the number of chromocentres and the mean 
volume of a chromocentre. It follows that differences 
in the number of chrombcenircs are not as a rule explic- 
able by differing degrees of aggregation within a fairly 
constant total volume of visible condensed chromatin. 
Our lower size limġ is hkely to exclude a considerable 
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Counting and sizing of the chromocentres in mouse fibroblast-like 
cells is feasible. It has shown that, In spite of the great variations 
of chromocentres in a population of such cells, there are certain 
regularities. 


number of chromocentres which are at and below the 
limit of resolution, but when the frequency distribution 
of sizes is arranged ın classes of equal volume increment, 
the mode for at least two of our cell types lies in a class 
higher than the smallest used, and in the other two types 
the smallest volume class has only margmally the highest 
frequency. We conclude that, unless their distribution 
is bymodal, we have been counting a substantial fraction 
of all the chromocentres, visible and invisible. 


Chromotype of Binucleate and Mononucleate Cells 


The chromotype was examuned in ten groups of cultured 
fibroblast-hke cells from embryo mouse carcasses which 
had been passaged twice, grown for 48 h and then fixed 
and stained. Each group consisted of one binucleate cell 
and the two nearest mononucleate cells. In the mono- 
nucleates the average total number of chromocentres was 
18-4, with a standard deviation of the distribution of 4-7. 
Analysis of variance of the total (unsized) counts showed 
a variance within the pairs of mononucleate cells very 
simular to that between thcm (F=1-80, d.f. 9 and 10, 
2°>0-2). Among the binucleate cells, ın only three out 
of the ten was there any difference withm the pairs (that 
ia, between the two nuclei in the same cytoplasm) in the 





mgd A of nuclei In a binucleate cell (number of chromocentres 
n and fourteen); and a pair of nuclei in two mononucleate cells 


(number of chromocentres ten and sixteen). Haematoxylin-stained 
embryonic mouse heart flbroblast-like cells. __ 
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total numbers of chromocentres. The vamance within 
mononucleate pairs (S.D. 4:4) was thirty-five times that 
within the bmucleate pairs (S.D. 0-7), which 1s highly mgn1- 
ficant. ‘The variance between the different bmucleate 
cells did not differ significantly from that between mono- 
nucleate pairs (F=1-67, d.f. 9 and 9, P>0-2). So alike 
are the members of a binucleate pair of nucle: that the 
question arises whether the few differences found were 
merely technical errors, caused by the obscuring of a 
chromocentre by others. We do not consider that m 
every case this is a possible interpretation. The average 
number of chromocentres ın a binucleate cell nucleus was 
somewhat less (15-8), but not significantly so, than in e 
mononucleate cell nucleus. 

The impression of an exceptional simularity of chromo- 
type between two nuclei m a common cytoplasm is also 
valid in terms of the distribution m size classes or of the 
estimated total volume of chromocentres per nucleus; 
though both these parameters show a good deal more 
variance withm a binucleate cell than does total chromo- 
centre number. Errors ın sizing doubtless account for 
much, but probably not all, of this extra variance. In 
five trmucleste cells, two of them produced in mouse L 
cells by means of ‘Cytochalasin B’ landly supphed by 
Dr S. B. Carter, there was no special similarity in chromo- 
type of nucle: within a common cytoplasm. 

This peculiarity of the chromotypes ım a binucleate 
cell mght be simply explained. A population of fibroblast- 
like cells may conceivably consist of many lneages, within 
each of which substantially the same chromotype 18 
mherited. The nucle: of a bmucleate cell originatmg 
through failure of cytoplasmic division would naturally 
belong to the same lmeage, while adjacent mononucleate 
cells—because of randomization by locomotion—would 
commonly not. If this explanation 1s correct, the variance 
within a clone should be no different from that withm 
binucleate cells. 

Clones were therefore prepared from secondary cultures 
of embryonic mouse beart by plating out a suspension 
that was overwhelnungly of single cells at a low denmty 
in 50 per cent conditioned medium. The cloning efficiency 
was much less than 1 per cent. Only the smaller clones, 
contamıng between ten and thirty-one nuclei (average 
seventeen), were examined. In each of seven such clones 
the chromocentres of mx mononucleate cells were counted 
and sized. As will be mentioned later, the cloning seems 
to have selected a class of cell with a distinctive range of 
chromotype. Nevertheless the clones had sprung from 4 
satisfactory variety of founder cells. Within the clones, 
the variance in total number of chromocentres turned out 
to be considerable (S.D. 3-6); it was less than that between 
clones (S.D. 6:2), but not significantly so (F= 2-08, d.f. 6 
and 35, 0-:05<P<0-1). On the other hand, it was more 
than the variance within binucleate cells. A binucleate 
cell was found ın each of these seven clones and in three 
others. The variance of the number of chromocentres 
within these pairs of bmucleate cell nucle: was as usual 
very small (S.D. 1-2), and significantly less than the vari- 
ance of mononucleate cells within the clones (F = 8-80, d.f. 
35 and 10, P<0-001). Between the binucleate cells the 
variance was rather higher than, but not significantly 
different from, that between clones. 

Use of the total volume of chromocentres per nucleus 
gave essentially the same results as use of the total number 
of chromocentres. In a single clone, one cell could have 
five times the volume of chromocentres of another. 
With this measurement, however, the variance of mono- 
nucleate cells between clones was significantly greater 
than that within clones (F = 2.90, d.f. 6 and 35, 0:01 < P< 
0-05). The cloning experiment was repeated with L cells 
(a line derived originally from mouse subcutaneous fibro- 
blasts), which clone easily, but the chromotype of which is 
rather difficult to characterize quantitatively. 

Sıx mononucleate cells from each of ten clones, ranging 
in size from twelve to twenty-five cells (mean seventeen), 
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were examined. Bimuocleate*cells were not found within 
these clones, so a sample of eleven was obtained from 
mass cultures. They showed the usual binucleate effect 
(S.D. of the number of chromocentres 1:2). The results 
from L cells confirmed those from heart cells. In both 
the total number and total volume of chromocentres 
per nucleus, the variance withm clones of the mono- 
nucleate cells was significantly greater than the variance 
within binucleate cells (for example, for total number F= 
10-0, d.f. 50 and 11, P<0-001), though ıt was significantly 
less than the variance between clones (for example, for 
total number F= 2-54, d.f. 11 and 50, 0-:01<P<0-06). 
A good deal of divermfication of chromotype thus occurs 
within a clone durmg the course of four to five cell genera- 
tions, and the hypothesis that there are almost invariant 
lineages cannot be maintained. i 


Diversity of Chromotype . 


The data from the clones, however, make another point. 
There is less diversity of chromotype within clones than 
between them—a restriction of variance reminiscent of, 
but less extreme than, the restriction of variance within a 
binucleate cell. How are these restrictions to be explained ? 
It may be simply that variability is small, but we must 
also consider a different and rather attractive hypothesis. 
This 1s that there 1s free variation of chromotype during 
the life of a cell (the variance within cell-hfe approxmmately 
equalling that of the population), and that the restrictions 
of variance we have observed are due to correlation of this 
variation. There are two likely ways in which this might 
ocour. (1) Nuclei may go through the whole gamut of 
chromotype differences in regular succession durmg each 
interphase, ın relation to the progress of the cell cycle. 
Moreover, the cell cycle is hkely to be partly synchronized 
in small clones, and ın its nuclear manifestations very 
closely synchronized within a binucleate cell’. (2) In 
each mnterphase the chromotype fluctuates according to 
the metabolic state of the cytoplasm; in a small clone the 
fluctuations might be correlated by the restricted environ- 
ment of the cells, and more strongly correlated inside a 
bmucleate cell by the common cytoplasm. 

We obtained an estimate of the amount of variability 
in chromotype during an interphase by observing living 
cells. In all, seventeen fibroblast-lke cells in primary 
or secondary cultures have been watched for a total of 
145 h. Four cells were each observed for up to 12 h 
immediately after mitosis; another entered mitosis at 
the end of 6 h of observation; four others were binucleate. 
The longest that a cell was watched was 20 h. The cell 
cycle time of these cultures, estimated from mitotic 
indices and durations, varied between 24 and 75h. The 
chromocentres were watched for changes, and they were 
counted with fair accuracy. Estimates of size were con- 
sidered too unreliable for use. In almost all cases the 
number of chromocentres did not change. Twice we 
observed what might have been the origin of a new chromo- 
centre, but there was the possibility of error. Other 
apparent examples of change were due to the begmping 
of prophase*:!°, Our observations are not nearly extensive ` 
enough to permit us to assert that any change ın numbers 
during interphase is unlikely; but they seem to rule out 
free variation durmg interphase m our conditions of 
culture. 

In form, size and relative position, chromocentres did 
change slightly while under observation. Occasionally 
one lost or gained contact with a nucleolus. Nucleoli 
showed more obvious changes in form, often ‘related to 
changes ın shape of the whole nucleus. Sometimes a 
nucleolus divided or two fused. Occasionally we saw a 
striking but transitory streaking out of both chromo- 
centres and nucleoli into elongated shapes at right angles 
to the long axis of the nucleus; we interpret this as the 
result of a rotation of the periphery of the flattened 
nucleus, shearing the nuclear contehts. But although, 
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on the analogy of the Barr body, changes in size and shape 
are to be expected, at least during the DNA synthetic 
phase!!-5, the predommant impression is of a high 
stability of chromotype during interphase. 


Mitosis and Changes of Chromotype 


What about mitosis as a time of change in chromotype 
within a lmeage ? During mitosis, chromocentres become 
mdistinguishable by merging with the generally con- 
densed chromatin, and they cannot be distinguished from 
the dispersing chromosomes until an hour or more after 
the daughter cells have separated. We have not been 
able to compare systematically parent and daughter 
chromotypes, but only the two daughters with each other. 
We believe ıt is possible to pick out pairs of daughter cells 
in fixed and stained preparations of small clones of L cells. 
The pairs, which have probably not long finished mitosis, 
are identified by their contiguity, therr small and similar 
size of cytoplasm and nucleus, and their generally darker 
than usual staining. Experience of watching lvmg 
mitoses in L cells gives confidence ın this identification, 
though ıt may introduce some bias towards the selection 
of daughter cells that are particularly similar to each 
other. - 

Ten pairs of such cells, taken from a number of different 
clones, showed a much smaller variance of the number of 
chromocentres within the pairs (S.D. 2-1) than between 
them (S.D. 6-7) (F=10-5, d.f. 9 and 10, P<0-001); the 
variance between the pairs did not differ significantly 
from the variance between whole clones. The same 
relations held for the total volume of chromocentres per 
nucleus. The small variance within these pairs is never- 
theless mgnificantly greater—in the case of the total 
number of chromocentres but not the total volume of 
chromocentres—than the variance within the sample of 
binucleate L cells previously mentioned (F=3-09, d.f. 
10 and 11, 0:01<P<0-05). Of the eleven binucleate cells, 
only one showed a difference between its pair of nuclei 
greater than one chromocentre, and in this the nucle 
were of unusually different size. Of the ten daughter 
pairs, eight showed a difference greater than one. It 
seams that changes in chromotype in the course of a 
lineage commonly occur at mitosis, though the changes 
are restricted in amount in comparison with the variability 
of the whole population. Some confirmatory data on 
the number of chromocentres were obtained from embry- 
onic skeletal muscle fibroblasts by observing mitoses and 
ther daughter cells. The difficulty here is that by the 
time that chromocentres can be reliably counted after 
a muitosis—which may sometimes be 2s much as ð h after 
separation—the daughter cells, unlike those of L cells, 
have often travelled an awkward distance apart. 

- Observations of seven daughter pairs, sxx of them 
confirmed after fixing and staining, showed a diversrfica- 
tion of chromocentre number by mitosis similar to that 
found with L cells; the S.D. within the pairs was 2-5. 
The variance within the pairs was one-third of the vari- 
ance between the pairs, but ın such a small sample the 
difference 1s not significant. A set of eleven binucleate 
cells from the same group of cultures showed the usual 
small variance within the pairs (S.D. 0-7); this is signifi- 
‘cantly less than that within the daughter pairs, but the 
counting of the daughter pairs was probably less reliable 
because of the post-mitotic obscurity of some of them. 


Implications 


From these observations on change in chromotype it 
may be concluded that the restriction of the amount of 
variability within a small clone is to be explained by the 
finding that change is slight or absent during interphase, 
and (thougk per unit time apparently much large: than 
during interphase) slight at mitosis. The clones therefore 
do not have tıme to diversify fully. There seems no need 
to introduce correlation of change into the explanation, 
though we have not axcluged it. Neither have we excluded 
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a contribution from the circumstance that different 
clones from the same mass population may be permanently 
different from each other; to test this reqwres that clones 
should be grown to a large size, so that diversification 
has time to go as far as ıb can. 

These considerations do not, however, explain the most 
restricted variance of all, that between the two nuclei of a 
binucleate cell. We think ıt can readily be accounted for on 
the followmg lines. The relatively restricted variance 
between daughter cells indicates a degree of cell-to-cell 
inheritance. The binucleate cells, which differ only in 
a failure of their cytoplasm to divide, suggest that this 
inheritance 1s mediated by the cytoplasm. If the chromo- 
type is determined during the post-mutotic reconstruction 
of the interphase nucleus by the cytoplasmic state at the 
time, nucle: in & common cytoplasm would have little 
chance to diverge. Daughter cells, however, apart from 
inequalities of division“, would have an hour or more 
after their separation and before therr chromotypes become 
distinct for ther cytoplasms and consequently their 
chromotypes to diverge. The cytoplasm may, during this 
critical post-mitotic period, imprint a stable chromotype 
that lasts through the rest of the interphase. Or, ıf there 
is change during interphase, the cytoplasmic influences 
may produce further divergence of chromotype between 
separated daughter nuclei, but correlated changes in a 
binucleate cell. On the question of change of chromotype 
during interphase our observations were made in rather 
constant conditions (which did not, however, obscure the 
changes at mitosis). Some normally highly condensed 
nuclei, lke those of erythrocytes, lymphocytes or sperm, 
can, naturally or artificially, be mduced to undergo both 
condensation and dispersion durmg interphase. Brain 
cell nuclei transplanted into an oocyte undergo mterphase 
dispersion of their condensed chromatin; more relevant 
to our conditions, Comings’? found decreased condensed 
chromatin in the G, phase, and the frequency of occur- 
rence of the Barr body in human cell cultures can be 
rapidly changed by suddenly altering the density of cell 
population}. 

The changes in chromotype in the course of a cell lineage 
clearly cannot indefinitely extend the range of variability. 
The changes are not only limited ın all populations— 
they are differently biased between populations of 
fibroblast-like cells from different sources. Of the four 
types of culture that we have used, the chromotypes in 
three (carcass, uncloned heart and L cells, which have 
nearly double the normal number of chromosomes!’) do 
not differ significantly in the mean number of chromo- 
centres (18-4—19-0) or in the mean total volume of chromo- 
centres per cell (2-8-3-2 um?). The fourth type of culture, 
the cloned heart cells, differs significantly—the mean 
number of chromocentres being 14:6 and the mean total 
volume 6-0 m. Cloning has here produced a significant 
change, presumably by the extremely strong selection 
exerted; cells similar to those in the clones occur in the 
mass heart cultures in small numbers. But although 
only one of our culture types diverges in these mean 
values, when the full frequency distributions of chromo- 
centres in the different size classes are compared by 
chi-square, all four culture types are very highly signifi- 
cantly different from each other. The size spectrum of 
chromocentres may be a very sensitive way of distinguish- 
ing cell types, but probably not too much should be made 
of this until the effects of different culture conditions and 
of other variables are properly understood. It may be 
added that binucleate cells tend to have fewer total 
chromocentres, but more of a large volume, than do 
mononucleate cells, in the case of both cloned hesrt and 
L cells. It is reasonable to suppose that the oytoplasm 
differs between mononucleates and binucleates, for one 
has succeeded in dividmg and the other has not. 

Assuming, as is well documented’, that condensed 
chromatin is relatively inactive in RNA synthesis, the 
outstanding question is: what does the behaviour of 
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chromocentres mean in terms of transcription? A very 
rough estimate of the total volume of metaphase chroma- 
tin in a mouse cell, obtained from the data of Crippa"*, 
18 about 25 um’. The total volume of the chromocentres 
in mouse fibroblast-like cells, also a very rough estimate, 
varies between 1 and 12 um?. Although the degree of 
condensation is doubtless somewhat different in the two 
cases, it seems safe to say that the proportion of chromatin 
inactivated in chromocentres is far from negligible. It 
1g also extraordinarily variable, between species, between, 
cell types, and, in spite of the cell heredity we have found, 
within populations of a given cell type. 

It may be that such variations in chromotype do not re- 
flect corresponding variations in transcription. Condensa- 
tion mto visible chromocentres might be secondarily super- 
imposed on varying proportions of a pool of chromatin that 18 
already inactive ın transcription: 1t may be permanently 
untranscribable, or temporarily repressed, and1tmay indeed 
already be condensed, but into invisibly small blocks’. 
There is evidence that the Barr body 1s a condensation 
sometimes but not always superimposed on an already 
mactivated chromosome! 1*,*°, But if the amount of 
visible condensation into chromocentres is nothing 
much to do with the amount of genetio activity, the 
precision of control of chromotype implied by our results 
is strange. It could perhaps be that, at least in a pair of 
daughter cells, dispersion of chromosomes after mitosis 
occurs in a regular temporal pattern with the inactive 
regions dispersing towards the end of the process, and the 
course of events undergoes interruption at a variable 
point determined by the cytoplasmic state. On the other 
hand, variations in chromotype may be correlated with 
variations in transcription', suggesting an intrinsic meta- 
bolic vanability within a population of the same cell 
type. If this is assumed, it is tempting to connect our 
finding that change of chromotype tends to occur at 
mitosis with the various examples where mduction of 
a phenotypic change in cells seems to require concom- 
mortant mitosis*!-*, 

In summary, counting and sizing of the chromocentres 
in mouse fibroblast-like cells is feasible. It has shown 
that, in spite of the great variation of chromocentres in a 
population of such cells, there are certain regularities. 
The total number of chromocentres per nucleus is the same 
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or very similar in the nuclei within one binucleate cell; 
less similar ın the nuclei of å pair of daughter cells; quite 
variable in a small clone; and more variable still in the 
cell population from which the clone was drawn. The 
total volume of chromocentres per nucleus, though basic- 
ally more variable, also follows this pattern of variability? 
It seems that change in the chromocentres from the 
parental type, but rather restricted change, ocours as they 
emerge in the daughter cells after mitosis; the separate 
cytoplasms of mononucleate cells, it is suggested, produc- 
ing greater divergence than the common cytoplasm of a 
binucleate cell that has failed to cleave. Whether change 
also ocourred in our cultures during interphase 18 uncer- 
tain, but if it did it was very mfrequent. Populations of 
fibroblast-like cells from different sources seem to be 
readily distinguishable by the size distributions of their 
chromocentres. 
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Rep cell cold agglutinins of anti-I specificity are fre- 

quently produced m human infection with Mycoplasma 

pneumontae!. There 1s, however, no evidence that the 

cold agglutumms have antibody activity against this 
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The reaction product of | antigen with Mycoplasma pneumoniae, 
rather than M. 
production of cold agglutinin In man. 


neumoniae alone, may be responsible for the 


infective agent*-*. I antigen has not been detected in the 
long, a site commonly mvowed in M, pneumonias 
infection, nor in other human organs®. It seems that 
anti-I agglutanin is directed probably exclusively against 
the red cell. Indeed, m some cases of M. pneumonias 
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infection haemolytic anaemia occurs®:”. There are several 
alternative explanations for the development of cold 
agglutinins in M. pneumoniae infection. It 1s possible that 
I antigen ıs present on or in the M. pneumoniae organism 
in amounts too small to be detected, but ıs capable of 
‘stimulating the production of anta-I agglutmin. Alter- 
natively, the I antigen may be lost from organisms which 
have been grown outside the human body, for example in 
chick embryos or in cell-free media. Another possibility, 
difficult to prove or disprove, is that human infection with 
M. pneumoniae in some way reduces tolerance to self 
antigen I. A fourth and perhaps more likely possibility 
is that M. pneumoniae, during in vivo infection, alters the 
I antigen and renders ıt autoantigenic. This could be 
brought about by the haémolytic activity of M. pneu- 
montae®, which 1s associated with the production of a 
peroxide. 
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Fig. 1. Cold agglutinin (@—@) and AO (@ - - - @) antibody response 


of rabbit (R5) inoculated intravenously with human OI red cells 
incubated for 1 h at 37° O with PBS-washed M. pasumoniae. 
indicate days of inoculation. 


pre- 
Arrows 


The experiments described here were designed to test 
the effect of M. pneumoniae on the immunogenicity of 
red cell I antigen. The rabbit was used because its red 
cells contain I antigen’, and ıt is resistant to M. pneu- 
moniae infection!®. Thus the effect of viable M. 
pneumoniae organisms per se and of these organisms pre- 
incubated with red cells, homologous or human, could be 
studied. In addition, serum cold agglutinin (anti—I) 
titreg could be determined using autologous red cells 
without resort to human group OI red cells, the use of 
which would require the prior absorption of the rabbit 
sera at.37° C. 

Human group OI erythrocytes from a single donor, or 
autologous rabbit erythrocytes, were washed three times 
in phosphate buffered saline (PBS), pH 7-3, and re- 
suspended in PBS to produce a 50 per cent suspension. 
The amount used for immunization was 0-5 ml. of the 
suspension, either alone or after incubation with viable 
M. pneumoniae organisms. The M. pneumoniae antigen 
consisted of viable organisms and was prepared according 
to the methgd of Somergon et al.. Liquid medium! in 
100 ml. amounts in Roux bottles was inoculated with 
10° or more colony-forming units of the FH strain of 
M. pneumoniae. The bottles were incubated aerobically 
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in the horizontal position at 36°C. After 3-4 days, when 
a thick sheet of organisms had giown on the glass 
surface, the medium was removed, the sheet washed three 
times with PBS and scraped into 3 ml. of PBS containing 
2 per cent rabbit serum. This antigen suspension, 
“PBS-washed antigen”, was stored at —70° C until used. 
After storage, the suspension contamed at least 10° 
colony-forming units per ml. and the dose used for 
immunization was 0-2 ml., either alone, or after incubation 
at 37° C for 1 or 6 h with 0-5 ml. of red cell suspension. It 
18 possible that mycoplasmas, though viable, sustain some 
loss of “activity” after washing m PBS. In one set of 
experiments, therefore, we used the following procedure. 
Mycoplasma sheets, adherent to Roux bottles, were 
washed with rabbit mfusion broth; ‘this we call “broth- 
washed antigen”. Then 20 ml. of a 1 per cent suspension 
of human OI cells in rabbit infusion broth was added, 
incubated at 37° C for 6 h and kept at 4° C for up to 20h. 
Slight brown discoloration of the red cell suspension 
occurred after this treatment. The mycoplasma sheets 
and the red cells, some of which were adherent to the 
sheets, were removed from the bottles and 10 ml. 
quantities of the resulting suspension were injected 
intravenously into each rabbit. To prepare M. hominis 
antigen, liquid medium (800 ml.) was moculated with the 
PG21 strain and incubated at 36°C. After 3 days, when 
the medium contained at least 10’ colony-forming units 
per ml., the culture was centrifuged at 2,000 r.p.m. for 
lh. The deposit was resuspended in PBS, washed three 
times and finally resuspended in 8 ml. of PBS. This 
suspension was stored at —70°C until used. The dose 
for immunization was 0:2 ml., which was incubated at 
37° C for 6 h with 0-5 ml. of human group OF red cell 
suspension. New Zealand White rabbits weighing 2-2 to 
3-5 kg, obtamed from one breeder, were used. The 
antigen suspensions were injected, either without adjuvant 
into the marginal ear vein or, after emulsifying with an 
equal volume of complete Freund’s adjuvant, into the 
hind foot-pad. 

The rabbits were bled from the marginal ear veins and 
their sera were separated at 37°C. One to four pre- 
immunization samples were taken over a period of I to 
2 weeks. Thereafter serum samples were obtamed at 3 to 
10 day intervals for 50 to 110 days. The sera were stored. 
at —20° C and serial samples from each animal were tested 
on the same occasion at the end of the follow-up period. 
For the determination of cold autoagglutinin titres, blood 
from each rabbit was collected in acid-citrate-dextrose 
solution and stored at 4° C for a period not exceeding 1 
week; the red cells were washed three times and a 1 per 
cent suspension was made in physiological saline. 

Cold agglutinins were assayed at 4°C by a micro 
technique using autologous red cells!*, Each serum was 
tested four times and the mean of four readings, expressed 
as log, titre, was recorded. A rise in cold agglutinin titre 
was the difference between the maximum pre-immunization 
and the maximum post-immunization values (expressed as 
log,). Metabolic-inhibiting (MI) antibodies agamst M. 
pneumoniae and other mycoplasmas of human origin were 
measured by a micro technique as previously described", 

For a pilot study of cold agglutinin responses, each of 
four pairs of rabbits received one of four antigen prepara- 
tions: (a) 0-5 ml. of autologous red cell suspension pre- 
incubated for 1 h at 37°C with 0-2 ml. of PBS-washed 
M. pneumoniae suspension; (b) 0-5 ml. of human OI red 
cell suspension pre-incubated for 1 h at 37° C with 0-2 ml. 
of PBS-washed M. pneumoniae suspension; (c) 0-5 ml. of 
autologous red cell suspension; (d) 0-5 ml. of a suspension 
of human OI red cells. The immunization course con- 
sisted of eight intravenous injections 7 to 10 days apart. 
A 6-6 log,-fold rise in cold agglutinin titre, that is a 
greater than sixty-four-fold rise, occurred in one of the 
rabbits (R5) in group (b) (Fig. 1); in the remai 
rabbits, cold agglutinin titre rises were either not detect- 
able or less than four-fold. 
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, Before investigating further the immunogenicity of 
human OI red cells treated with M. pneumoniae, a second 
series of immunizations was performed with the antigens 
that had stimulated not more than a two-fold rise in the 
first series, namely (a) human OI red cells alone and (b) 
autologous red cells pre-incubated for 1 h with PBS- 
washed M. pneumoniae. In addition, rabbits were 
ımmunized with (c) a suspension of PBS-washed M. 
pneumoniae alone. A further group of rabbits (d) was not 
inoculated but cold agglutinin titres were determined as in 
the inoculated rabbits. The immunization details and the 
cold autoagglutinin titre responses are shown in Table 1. 
Of a total of thirty-three rabbits, only two showed a four- 
fold mse in cold agglutinin titre. This was detected in one 
of seventeen rabbits (group a) inoculated with human OI 
red cells and in one of eight uninoculated rabbits (group d). 

The results of the pilot study suggested that rabbits 
inoculated with human OL red cells treated with 
M. pneumoniae might be most likely to develop cold 
Table 1. DDIUNIZATION DETAILS AND COLD AUTOAGGLUTININ RHSPONSES 

OF THIRTY-THRHB RABBITS IN SHOOND BXPERIMENTAL SERIES 

No. with a four- 
No. of fold rise in cold 
rabbits agglutanin titre 


4 0 


Immunization 
route Schedule 


IV Weekly eight times 


Group Antigen 


(a) Human OI cells 


” » » ' ” ” 2 0 

sis pe. Os IV Weekly three times 11 1 
(b) Autologous red cells 

+Al, pneumomas 

(PB8-washed) 

pre-incuba: 

lh IV Weekly ten times 2 0 
(e) M. pheumonine 

(PBS-washed) 

alone IV Weekly elght times 4 0 

» » » FP D T 2 0 
(d) None — — 8 1 
IV, intravenously; FP, via foot-pad. 


Table 2. DDIUNIZATION DETAILS AND COLD AUTOAGGLUTLNIN RESPONSES 
OF TWENTY-SIX RABBITS GIVEN HUMAN OI RED CELLS TREATED WITH Al. 
pneu 
No. with a four- 
Immunization No. of fold or greater 
Gioup Antigen route Schedule rabbits mse in cold 
agglu titre 
(a) Human OF celle+ 
M. pneumoniae 
(PBS-washed) 
pre-Incubated1h IV Weekly eight times 1 1 (2-0)* 
(b) Š a 55 IV Weekly four times 1 1(20) 


(c) Human OI cells + 
A. pnewmonias 
(PBS-washed) 


pre-incubated 6 h IV Weekly elght times 2 1(2-5) 

(d) 5 ins IV Ondays0,2and7 6 0 
(e) ” » » FP Once 4 0 
(6a) a as i IV Weekly four times 6 2(20, 50) 
(g) Human OI cells + 

U. pneumoniae 

(bioth-washed) 

ple-ncubated 6h IV Every 7-14 days 6 3(20,2 25,25) 


four times 
IV, intravenously, FP, via foot-pad. 
* Rise in title expressed as logs. 


Table 8. THE REACTION OF PRE AND POST-DOIUNIZATION COLD AGGLUTDNINS OF A RABBIT WITH HUMAN OI, Ol, Al AND AUTOLOGOUS RED SELLS 
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agglutinins. A further twenty-six rabbits were therefore 
inoculated with antigen preparations consisting of human 
OI cells pre-incubated for 1 or 6 h with PBS-washed M. 
pneumoniae, or for 6 h with broth-washed M. pneumoniae. 
We used a variety of immunization schedules (Table 2). 
Four-fold or greater rises in cold agglutinin titre occurred 
in eight of twenty-mx rabbits. ` These rises, which ranged 
from four to thirty-two-fold, were seen ın groups (a), (b), 
(c), (f) and (g). One rabbit (R57) from group (f) produced 
more cold agglutinin than the others (Fig. 2). ' 

The ability of another mycoplasma of human origin, 
namely M. hominis, to stimulate cold agglutınin produc- 
tion was investigated. Eight rabbits were inoculated once 
a week for 3 weeks with human OI cells pre-incubated for 
6 h with M. hominis antigen. A four-fold cold agglutinin 
response was not detected in any of the rabbits over a 
period of 72 days after the initial inoculation. 

Fig. 3 summarizes, first, the cold agglutinin titre rises 
which occurred with human OI erythrocytes pre- 
incubated with M. pneumoniae; second, the titre rises 
with the various other antigen preparations used (col- 
lectively termed “others”); and third, the mses in 
uninoculated rabbits. 


6 


Titro (logs) 





48 


56 
Days 


Fig. 2. Cold agglutinin (@—@) and MI (@ --- @) antibody response 

of rabbit (R57) Inoculated intravenously with human OI red cella 

pe as ee for 6 h at 7° O with PBS-washed M. pneumonias (group f, 

ble 2). Arrows indicate days of inoculation. Note that AIT antibody 
titre not determined between days 0 and 21. 


The mean cold agglutinin titre mse expressed as logs 
for the unmoculated group of rabbits was 0-59. The 
mean rises for the groups designated ‘“‘others” and “M. 
pneumoniae + OI cells” were 0-79 and 1-55, respectively, a 
difference which is statistically significant (P<0-01). If 
the cold agglutinin titre rises in rabbits given M. 
pneumoniae-treated OT cells (mean rise 1-55) are compared 
with the responses of rabbits given OI cells alone (mean 
rise 0:78), agam the difference is significant (P <0 05). 

The cold agglutinin response of rabbits was obaprved 


Agglutination at 4° O Agglutination at 37° Ç 
Isolated Red cells used (reciprocal of dilution) (reciprocal of dilution) 
cold agglutinin 2 4 8 16 32 2 4 8 
Pre-mmmunization Autologous +++ ++ + - - = = a 
Human OL +++ ++ + - - + - = 
Human Af + + = pe im i a a 
Post-immunization Autologous ttt ++++ ++ ++ - = = = 
uman OL Hts ++ ++ + - ++ + - 
Human Al ++ + — = = Res = 
Human Ol + - - - - wh NT» NT 


+, Two or three cells sticking together; +, agglutinates of four to twelve cells; + +, A 


utinates of twelve to twenty cells; + + +, large agglutinates 


but some free cella remaining; + +++, complete agglutination with no free cells. NT, Not tested. 
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over several months. When cold agglutinin titre mses 
were less than four-fold there were slight fluctuations or 
plateaux without clear-cut peaks. With rabbite of the 
“OI cell+M. pneumoniae” group, however, in which a 
four-fold or greater rise ın cold agglutinin titre occurred, 
clear cut peaks were the rule, the onset of mse for in- 
dividual rabbits being observed between day 8 and 22 
after the first inoculation. The duration of the cold 
agglutinin response ranged from 5 to more than 43 days. 
In the uninoculated rabbit, which developed a four-fold 
rise, the onset was 46 days after commencement of 
observation. 


»(65) 
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umonias, wi 
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The specificity of naturally occurring pre-rmmunization 
and post-immunization cold agglutinins was investigated 
in sera from rabbit R5 with the greatest cold agglutmm 
response (Fig. 1). Cold agglutinins were isolated from one 
of the pre-1mmunization sera and from a serum taken at 
the time of maxrmum response by repeated adsorption 
onto, and elution from, autologous red cells. The titre of 
the isolated agglutinins was tested at 4° C and 37° C with 
human OI, Oi, Ai and autologous red cells (Table 3). 
Both the naturally occurring and the post-1mmunization 
antibodies behaved as cold agglutinins with autologous 
red cells, whereas they reacted both at 4°C and 37° 0 
with human red cells, although at 37°C the titres were 
lower. The titres with human i red cells were lower than 
with { cella as expected with anti-I antibodies. 

None of the pre-immunization sera had MI antibody 
against M. pneumoniae. All rabbits receiving M. 
pheumoniae-containing antigens developed antibody to 
this organism. Antibody to other mycoplasmas of 
human origin was not detected. Serial sera from twenty 
of the thirty-eight rabbits inoculated with M. pneumonias- 
containing antigens were tested for MI antibody to M. 
pneumoniae. This antibody was detectable on the sixth 
to eighth day after the first inoculation. In rabbits given a 
short immunization course, three doses of M. pneumoniae- 
containing antigen ın 1 week, the maximum MI antibody 
titres (range:. 16-256) were found 8 to 17 days after the 
first inoculation and antibody was detectable, although at 
a lower titre, 3 months later. In rabbits given a long 
immunization course,consisting of eight or ten doses of 
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antigen in 50 to 80 days, the maximum MI antibody 
titres (range: 128-2,048) were found 30 to 50 days after 
the first inoculation and were detectable after 6 months. 
Thus MI antibody was detected before and persisted for a 
longer period than cold agglutinin. In general, the maxi- 
mum MI antibody titres were found after the maximum 
cold agglutinin titres. Furthermore, there was no cor- 
relation between the. magnitude of the MI antibody 
response and the magnitude of the cold agglutinin 
response in individual rabbits. 

Although no four-fold mses in cold agglutinin titre 
occurred in rabbits inoculated with M. homints-treated 
erythrocytes, they all rapidly developed high titres of 
specific antibody to this organism (maximum MI titre 
range: 2,048-16,384 or greater). 

The occurrence of four-fold or greater mses in cold 
agglutinin titre in nine of twenty-eight rabbits (32 per 
cent) unmunized with human OI cells pre-incubated with 
M. pneumoniae is similar to findings ın human infection 
with M. pneumonias where 30 to 40 per cent of patients 
develop four-fold or greater rises in cold agglutinin titre. 
Also, as in man, the development of specific antibody to 
M. pneumoniae is unassociated both in time and titre with 
the production of cold agglutinin. In addition, the cold 
agglutmin of one of the rabbits behaved as both a warm 
and cold agglutmm with human red cells in the same 
way as human cold agglutinins react with rabbit red 
cells at 4° C and 37°C*, The high titre cold agglutinin 
produced in this rabbit showed anti-I specificity as did the 
pre-immunization cold agglutinin, suggesting that the 
immunization procedure boosted the level of “naturally 
occurring” cold agglutinin rather than producing a new 
antibody. Treatment of the rabbits’ own erythrocytes 
with M. pneumoniae did not stimulate the production of 
cold agglutinins. Perhaps too few rabbits have been 
etudied to exclude the possibility that this does not 
rappen. 

Greater than four-fold rises of cold autoagglutinin were 
obtained exclusively among rabbits which recerved OI 
cells pretreated with M. pneumoniae. These observations 
suggest that the reaction product of I antigen with M. 
pneumonias, rather than M. pneumoniae alone, may be 
responsible for the cold agglutinin rises observed in man. 
Why only some rabbits developed high titres of cold 
agglutinin has yet to be explained. Our results suggest 
also that the ability to stimulate cold agglutinin after 
incubation with human red cells may be specific to M. 
pneumoniae, because M. homints-treated erythrocytes 
did not produce cold agglutinins. Conclusive evidence, 
however, that the phenomenon 1s specific to M. pneumoniae 
and that it is not a non-specific adjuvant effect shared by 
other mycoplasmas, and mdeed other mfectious agents, 
would require further studies with such micro-organisms. 

We thank Miss M. Schumacher and Miss J. P. Addey for 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Average Pulsar Energies at 
Centimetre Wavelengths 


Pursars were first detected successfully at centimetre 
wavelengths by Moffet and Ekers’*. Seven pulsars, 
OP 0328, PSR 0833, OP 0950, OP 1133, JP 1933, AP 2015 
and PSR 2045, have now been observed at a wavelength 
of 12-5 om (2,388 MHz) using an 865 foot azimuth—clevation 
antenna of the Goldstone Tracking Station in California. 
Observation of three of these, OP 0950, OP 1133 and 
AP 2015, was attempted at 3-5 cm (8,448 MHz) using the 
game antenna. The data recorded in the observations 
were analysed to determine the level of activity of each 
pulsar averaged over several weeks. The results of this 
analysis are presented here. A detailed analysis of the 
pulse arrival times and the short-term fluctuations in 
the pulse energy will be presented elsewhere. 

Left circular polarization was used throughout the 
observations. Maser amplifiers were used to obtain system 
temperatures of 20° K at 12-5 om and 53° K at 3-5 cm. 
Bandwidths of 13 MHz and 10 MHz were used at 12-5 cm 
and 3-5 cm wavelength, respectively. After detection and 
filtermg the signal was sampled digitally at least every 
1/5,000 of a pulse period. The samples were stored in 
an on-line SDS 930 computer. The r.m.s. level of the sys- 
tem noise was reduced further by superimposing date 
taken durmg 500 pulse periods. After 500 pulses were 
sampled, the 5,000 samples representing an average 
over 500 pulses were recorded on magnetic tape. The sets 
of 500 pulse data were analysed to obtain the ratio of the 
pulse energy to the system temperature. These ratios 
were multiplied by the system temperature to obtain the 
pulse energy. System temperatures were measured once 
each hour with an accuracy of 0:1° K. 

The 12-5 cm observations were made over at least 3 h 
and at least once a week. The measured pulse energies 
were then combined to obtain the average pulse energy 
for each month of observation. The 12-5 om results are 
hsted ın Table 1. The 3-5 cm wavelength observations 
consisted of several 2 h integrations made during the last 
2 weeks in October 1968. In no case did the mtensity, 
averaged over 2 h, appear greater than five times the 
r.m.s. level of the system noise. Upper limits to the 
average energy of three pulsars at 3-5 om are presented in 
Table 1. 

Recent investigations**.* mdicate that at low frequen- 
cies the spectrum of some pulsars varies typically as 
f=. High frequency cut-offs exist in the spectrum of a 
few of these sources’. The observations presented here 
indicate other source spectra which have high frequency 
cut-offs. Comments appropriate to each source follow. 

OP 0828. Comparing the average pulse energy of 
OP 0328 at 12-5 om with values determined at 1,420 MHz 
(refs. 3 and 4), a spectral index of — 2:7 to —4:3 is implied 
for frequencies greater than 1,420 MHz. Between 100 
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MHz and 600 MHz the spectrum is nearly flat’, suggesting 
a cut-off ın the spectrum near 1,000 MHz. 

PSR 0833. Our results for PSR 0833 are consistent 
with the results obtamed by CSIRO observers at 2,700 
MHz and 1,720 MHz. They report a spectral dex of 
—0-9 between 408 MHz and 2,700 MHz. A possible high 
frequency cut-off 1s then higher than 2,700 MHz. 

OP 0950. The pulse energy of OP 0960 averaged over 
1 h inoreased steadily during September 1968 to the level 
of activity observed during November 1968. The average 
pulse energy for January 1969 is comparable with the 
value of 06x 10-8 J m-* Hz measured by Ekers and 
Moffet® in early 1968. Between 100 MHz and 1,420 MHz 
the of this source is nearly flatt”. Between 
1,420 MHz and 2,388 MHz the spectral mdex is — 2-9, 
implying & cut-off near 1,500 MHz. This rapid drop in 
pulse energy with moreasing frequency persists at least 
up to 8,448 MHz. 

OP 1133. The 12:5 om energy of OP 1133 averaged 
over 1 month was nearly constant for the 3 months 
of observation. These values are comparable with the 
value of 20x 10-28 J m- Hz-! reported by Ekers and 
Moffet?. The 12:5 cm and 3-6 cm results show that the 
spectral index is less than — 2-5 at centimetre wavelengths. 
Below 2,388 MHz, the spectral dex is near — 0-9, We 
conclude that a cut-off exists in the spectrum between 
2,388 MHz and 8,448 MHz. 

JP 1933. Comparing the average pulse energy of 
JP 1933 at 12-5 cm with results obtained at 1,420 MHz 
(ref. 4), the spectral index of this source 1s — 2-5 at centi- 
metre wavelengths. No lower frequency results have 
been published, so a possible high frequency cut-off lies 
below 1,420 MHz. 

AP 2016. Comparing the 12-5 em and 3-5 cm results m 
Table 1, the spectral index of AP 2016 1 less than — 2-0 
at centimetre wavelengths. Because the spectral index of 
AP 20165 1s near — 1:0 at lower frequencies*, the spectrum 
turns over somewhere between 600 MHz and 2,388 MHz. 

PSR 2045. A peak pulse energy of 25x10- J m~ 
Hz- has been reported by the Meudon observers‘. Com- 
parison of this result with the average pulse energy at 
12-5 cm suggests that the spectrum of PSR 2045 may be 
flatter than that of PSR 0833 at centimetre wavelengths. 


Table 1. AVERAGE PULSE HNHRGIES 


12-5 om 8-5 cm 
Period of Perlod of Energy 
Source observation (J m= ) observation (J m- ty 
OP 0828 November 1968 52x10- 
December 1968 47 
PSR 0888 December 1988 80 
January 1969 26 
OP 0050 August 1968 012 October 1968 <65x107° 
September 1968 0°55 5 
November 19868 073 j 
December 1968 0-67 
January 1960 0 64 
OP 1188 November 1068 1:8 
December 1968 1:7 October 1968 <9x10-° 
January 1969 1:8 
JP 1983 January 1069 0-27 
AP 2015 November 1968 084 October 1968 <6%10-% 
er 1968 060 
PSR 2045 December 1968 18 


January 1969 22 


Five of the seven pulsars investigated here have spectral 
indices less than — 0-9 at centimetre wavelengths. Four 
of these five, OP 0328, OP 0960, OP 1133 and AP 2015, 
show definite cut-offs in the energy spectrum. The cut-off 
frequencies cover a range possibly as large as 600 MHz 
to 8,000 MHz. Cut-offs in the spectra of PSR 0833 and 
JP 1933 have not yet been observed. Insufficient data 
exist to make definite conclusions about the spectrum of 
PSR 2045. 

This article presents the results of one phase of 
research carried out at the Jet Pyopulsion Laboratory, 
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Pulsars as Nonradial Oscillators 


Many authors have pointed out that ether rotation or 
vibration could account for the periodicity of pulsars. 
Most of the models proposed are rotating, and the pulses 
are due to a searchlight effect. A 10 ms pulse with a 
period of 0-1 s corresponds to a sweeping solid angle of 
the order of 47/10 ar. Models based on plasma instability 
(for example, ref. 1) have to maintam very stable geo- 
metric configurations for long periods of time (at least a 
year) to account for the stability that 1s observed. A 
plausible mechanism has been proposed by Chiu and 
Canuto (unpublished work) m which, because of very 
large magnetic fields and plaama frequencies, radiation 
was considered to be trapped along field lines with emis- 
sion only m the polar direction (in the case of a bipolar 
general field). But the wave propagation of such a field 
has not been considered in detail, and it 1s easy to show 
(unpublished work of J. H.) that the so-called extraordin- 
ary mode can freely propagate even ın such fields, destroy- 
ing the directional effect proposed. 

Here we attribute the periodicity to a nonradial gravity 
wave in the almost adiabatic matter of degenerate neutron 
stars. Because high modes are difficult to excite, we assume 
that the vibration is the first gravity mode of the second 
spherical harmonic, ]=2. A very simple stellar configura- 
tion is used, in which the density is everywhere small 
enough (p<10%* g cm) to neglect repulsive potentials 
and hyperon formation in the first approximation. The 
characteristics of the model are pe~ 101 gom~, M x10 g 
and R=10° om. In this case, the gravitational radius 
2G'M/c*= 10° cm is small compared with the actual radius 
of the star, so that we still can obtain order of magnitude 
values for the frequencies in the Newtonian approxima- 
tion. The frequencies of the gravity modes are used as 
derived by Ledoux? in the almost adiabatic approximation, 
assurhing that in the largest part of the body the eigen- 
function 8 r/r is constant. For a given distribution of 
tess, which is almost independent of T because of the 
high degree of degeneracy, the frequency o 18 proportional 
to the temperature. In the model considered here 


T 

ox b0 To (1) 
The maximum plausible central temperature is essentially 
determined by the timescale of evolution of the object. 
If the central temperature is too high, neutrino production 
by the plasma oscillatiof mechanism will cool down the 
star very rapidly. It has been shown by Tsuruta? that the 
critical temperature is of the order 10° °K, so that plausible 
values of T must be less than 10*°K. Equation (1) 
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defines the central temperature if the pemod is known. 
For NP 0532, To. =4 x 10! °K, and for a somewhat longer 
period a smaller central temperature as, for example, m 
OP 1919: T.=108 °K. 

The radiation mechanism could be due to some kind of 
shock wave. It is difficult, however, to explain the optical 
puls from NP 0532. At maximum luminosity the star 

an absolute magnitude of 2 or 3, while it is completely 
undetectable at mmimum lummosity. This implies that 
some 10** ergs are liberated m each pulse in the optical 
range, that is, an energy output of some 10"! ergs om~ s-1 
for an emisaive volume of the order of the volume of the 
star. The radio energy output ıs of the order of 10 ergs 
pulse. This radio emission mght be explained on the 
basis of coherent bremsstrahlung from a collisionless 
shock wave as usually invoked for type II solar bursts. 
It is well known that such a coherent mechanism results 
in the appearance of two radiation peaks around the 
plasma frequency and twice the plasma frequency. 
Tidman and Dupree‘ give the following energy output 
per second per cubic om of the emitting plasma at the 
plasma frequency wp 





2 2 e £, F K 


where Kp is the Debye wave vector, F is the integrated 
distribution function along the wave vector 


F (u) = fav 3(u— Eny (o) (3) 


and ve is the thermal electronic velocity. 

It is seen that if F'(wp/K) is approximately zero over 
some range of velocities, the emission is greatly enhanced. 
As is well known, a quasilinear relaxation phenomenon 
leads to the formation of such a distribution function’, 
but zero slope can never be mamtained because of collision 
phenomena which tend to restore a Maxwellian distribu- 
tion function. We can deduce a crude order of magnitude 
estimate of the slope of the distribution function by writing 
the quasilinear diffusion equation with a supplementary 
collision term in the form 


oF G OF 


a T u du 
where Fmax 18 the Maxwellian velocity distribution, and 
Vco11. the collision frequency. At equilibrium we have 


— Yeoll- (F = Fax) (4) 


= Vooll- (F Eh Fuar) (5) 


The diffusion coefficient ıs taken ın the form given by 
Vedenov and vecon. 18 taken as given by Spitzer”. Intro- 
ducing a characteristic decrease velocity vp by 

oF 1 

SS dt 6 

ae as (6) 
and assuming the width of the turbulent spectrum to be 
of the order of Kp and the turbulence to be quite strong, 
we obtain 





W.: 
vp/ve X @p/Vcou- Wes. ~ Wp/Veon. ~ 50 Ta? (7) 
while 
: To, X 86x 10-7 P? vp (8) 


For a volume of 10} cm? (that 18, a characteristic length 
of 10 R) emitting metre wavelengths, we finally obtain 


Lemittea 6 x 101° 75/2 ergs 8-1 


The characteristic duration of a pulse is 1/200 s, so this 
last figure has to be compared with 1038 x 200~ 10° ergs 
s-', which implies the existence, at least during the radio 
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pulse, of an electron gas with ne~ 10° cm and Te~ 108 °K 
extending over some ten stellar radu. The characteristic 
time of the pulse is the time it takes for the exciting shock 
wave to propagate along ten stellar radi. ing this 
velocity to be of the order of the velocity of light, we get 


T ~ 107/10 ~ 108 


The existence of a second radiation peak at twice the 
plasma frequency would be responmble for the double 
peak structure of the radio pulse. The fact that all 
frequencies are not excited exactly at the sume time is of 
no importance because the delay time between them 1s 
of the order of the pulse width. These estimates are only 
orders of magnitude. In fact we should be dealing with 
the development of an instability; it cannot be assumed, 
as we did, that there 1s a stationary state in the emitting 
region. 

As shown in equation (1), the period of the oscillation 
is sensitive only to the internal temperature, so that the 
observed increases in period have to be interpreted as a 
coolmg of the star. If we admit that the star has no 
more energy sources it cools down and the equation of 
cooling is 

dEr ne = 
= — 9 
a L (9) 
where Er 18 the total thermal energy of the star. It can 
be shown that the outer layers composed of degenerate 
electrons and nondegenerate protons, and the entirely 
nondegenerate fringe, are so thin that the main contribu- 
tion to the thermal energy is the degenerate neutron 
gas. Thus Er, proportional to 7, can be written 


kT 


Ma c? 





Er= Ža ( yof (G+) 4rxtpdr=ET* (10) 


where x is the degeneracy parameter defined by 





(11) 


Integrating the outer layers very roughly, using a Kramer’s 
law for the absorption coefficient, the luminosity can be 
expressed m terms of the central temperature by 


i= GB) 

M Nio 
Lumunosities of the different models are given in Table 1. 
L decreases very rapidly with the value of the central 
temperature; this might explain the fact that no optical 
radiation has been detected from long period pulsars. 
Equation (9) is a differential equation in T' and gives the 


timescale te of the cooling. Table 1 gives + and the 
observed timescale of the period variation tp. 





(12) 


Table 1. LUMINOSITIES OF THA DIFFERANT MODELS 
Pulsar To L To Tp tå 
NP 0582 4x 108 10-8 100° 10" qos 
CP 1138 10* 10” Joms 10" 1017" 


The discovery of pulsars in supernovae sites gives 
some support to the notion that they were formed during 
the explosion. The outer layers of the exploding star are 
ejected, but the central regions shmnk violently into a 
very dense configuration’ leading to an oscillation in the 
dense core, which we propose is responsible for the pulsat- 
ing signals. If the damping timescale is shorter than the 
lifetime of pulsars, a driving mechanism has to be found. 
Up to now, no mechanism able to excite an oscillation has 
been proposed for such late stages of stellar evolution. 
Neither outer convective zone and ionization layers nor 
pycnonuclear or thermonuclear energy production shells 
seem to be plausible driving mechanisms. But the energy 


storage in the large magnetic field seems to be of the right . 
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order of magnitude to feed the oscillation over an appro- 
priate period. À 

The problem of damping by gravitational radiation is 
still controversial and no general solutions have been 
obtained. Gravitational damping for a quadrupole stellar 
pulsation has been treated by Thorne’. In the case of the 
nonradial pressure modes of a cold neutron star he shows 
that gravitational radiation dissipates the kmetic energy 
of the pulsation. The rate of dissipation is in qualitative 
agreement with calculations based on the linearized theory 
given by Landeu and Lifschitz!°. In this case the energy 

radiated away can be estimated by the formula ! 

dix @ (# >» J | 

dt 45 08 Se P 


where Æx ıs the kinetic energy of the pulsation and Dag 
the quadrupolar momentum tensor. According td equa- 
tion (13), the damping time is proportional to the' fourth 
power of the frequency for a given denmty distribution. 
One can write for two different models in orders of 
magnitude i 
a (E Oaa 

(D of Æ o)1 ! 


(13) 





ad 1 

= re (14) 
t beng the damping timescale, w the frequency ‘of the 
oscillation, and R the mass and radius of the star, and 


E, o° eAot = Eg and D, elo = Dag 


For M,=Mo, Thorne gives t,=1 s and w,=10'. For 
the same deformation Di/H,>~MR*. For the very dif- 
ferent perturbations of pressure and gravity modes, & 
coefficient has to be introduced. In the gravity mode the 
eigenfunction has a large negative minum and D, can 
be appreciably smaller than for pressure waves of the 
same surface amplitude, so that 


(D*/Ho)grav K (D}/-Ho)pressure 
From equation (14) one can write for M,=0-5 Mo 
Ti > 101 or~ 


This leads to t> 101>3 s for P=1 s and a,~6, and 
t> 1071 s for P= 0:03 s and œ, œ 200. These values show 
that long period pulsars do not dissipate appreciably 
their energy by gravitational radiation. But short period 
oscillators seem to be damped too quickly. One can stall 
hope to gam a few orders of magnitude for T, however, 
by correctly treatmg the gravitational damping of the 
slow gravity modes. 

Our model has been chosen so that neutrmo production 
is unimportant, and damping due to neutrino emission 
durmg the oscillation, 1s also negligible (see ref. 11 for the 
same mechanism in white dwarfs). 

Let us now examine the radiative damping in the outer 
nondegenerate layers. A rough approximation of the 
damping timescale is found by integrating the outer 
layers and using an empirical eigenfunction which repre- 
sents its very rapid increase near the surface. We took 


E(r 
G(r) = tee GY : 
where R is the radius of the star and čg the amplitude at 
r=R. Reasonable conditions correspond to k~ 30. : 


The damping timescale ta is expressed as a function of 
the adiabatic period o, luminosity, mass and radius by 


Ta 
The values of ta are tabulated in the last column of 
Table 1—they are considerably longer than the evolution 
timescale so that no appreciable damping of the oscillation 
is expected to occur. 
This model is also able to explain the period range of 
pulsars. Neutrino emission limits the central temperature 


1 280° 


of the object, and the maximum value seems to be reached 
in NP 0532 with Ta~ 4x 10° °K, which is reasonable for a 
young neutron star. No very much shorter period should 
be observed. On the other hand, very long periods would 
correspond to very cold objects, with extremely small 
outer layers and. weak luminosity. 
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Decrease in the Period of 
Pulsar PSR 0833-45 


A DECREASE of 196 ns in the period of pulsar PSR 0833—45 
has recently been observed"?; I suggest that this decrease 
results from the addition of mass to the pulsar. A remnant 
of the supernova explosion forming the pulsar may not 
have escaped the gravitational field and may now have 
fallen back on the pulsar. 

If the pulsar PSR 0833-45 mcreased its mass, M, by 
3M, conservation of angular momentum yields (assuming 
that 8M does not carry appreciable angular momentum) 


I(M)Q,=I(M+8M)Q, (1) 


where J(M) is moment of inertia, and Q, and Q, are the 
extrapolated angular velocities at the time the sudden 
decrease in period is thought to have occurred. Thus 
O,=2r/P, and Q,=2n/P, with P,=0-089209 and 
P,=P,+196 ns (ref. 1). Because 0,<,, conservation 
of angular momentum implies J(M+8M)<I(M). It is 
to be expected that this inequality should be satisfied 
near the points of change of stability, because these 
points occur when dM/dE.=0 (H.=central density). A 
large increase in Wo produces only a small increase in M; 
furthermore, in the stable region, the radius of the star 
decreases with increasing M. Because Q, and N, are 
known, equation (1) allows us to calculate 8M as a funo- 
tion of M 
8M = 1(M)(Q,— O,)/I(M)Q, (2) 
where 
dl(M) 
dM 
It has been shown by Hartle* that the moment of 
inertia of a slowly rotatmg (RQ*?<G@M/R»), relativistic 
star is a function only of the metric of the non-rotating 
star. The moment of inertia can be calculated by solvmg 
the following equations 
dP (H+ P)(M+4rr*P) 
dr. r(r—2M) 


dv __ 2 d4 
dr H+P dr 


I'(M)= 


(3) 


(4) 
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id . do 4 dj — 
aa) t rare (5) 
where 
j(r) =e M2] — 2M (r)/r]t 
and the notation is the same as m Hartle’s article. The 


boundary conditions for solving equations (3) and (4) are 
E(0)=E., M(0)=0, and v(co)=0. Equation (5) determines 
the angular velocity relative to the local inertial frame?. 
Its appropriate boundary conditions are G=@. and 
da/dr=0 at the centre of the star. 

The star’s angular momentum J, angular velocity N, 
and moment of inertia I are then given by 


l da = 2J J 
o=— Rif — = oss = — 

J=58 (z Q = DR) +5, leS (6) 
where R is the radius of the star. Equations (3)-(5) were 
integrated for mcreasing values of F. from H, = 9-6 x 10- g 
cm~* and for decreasing values of E. from Ht=2-96x 
10% g cm. (The points of neutral stability were found 
to be close to H, and Mj). The integration was stopped 
when I’(M) became positive. The equation of state was 
V, as tabulated ın Hartle and Thorne‘. Other values of 
H=H(P) were calculated by interpolation. It was difficult 
to get the desired accuracy near H, In Table 1 we give 
values of 8M (as determined by equation (2)) as a function 
of E. for values of E. near Hi. 8M is given in unite of 
the solar mass and He m g cm~. 


roR’ 


Table 1. VALUBS OF 6M 


Column 2: Increase in mass necesaaiy to account for the Increase In period 
of PSR 0833-45 as a function of central density. Column 3: 24/0, (radiat- 


ing dipole hypothems) 

E,/10" (OMIM ,) 10 0/0, 
2-06 0-035 1-0000058 
281 0 26 1 0000062 
272 0-49 1 0000056 
2-60 0-90 1-0000047 
251 1 80 1 0000048 
2-48 1-84 1-0000084 
230 2 94 1 0000085 
2-21 4:27 1-0000011 
212 7 28 0 9999058 
2-00 22:8 0 9998588 


If the linear decrease m the periods of the pulsar is due 
to a radiating dipole as proposed by Gunn and Ostriker’, 
the ratio of the rate of change of the angular velocities is 


given by å Bai : 
a7 Ge) Ga) 


(To obtam equation (7) 1t is assumed that the angle 6 
between the axis of rotation and the magnetic dipole 
moment does not change.) From Table 1 it is clear that 


,/G, decreases with central density. The oscillations 


of Q,/O, as Eo decreases are probably due to numerical 
maccuracies; a better table for the equation of state 
must be used. For values of Æ. near E} the decrease in 
radius with increasing mass (see ref. 4, Fig. 2) overwhelms 
the increase m angular velocity and Q,/Q, is smaller 
than one. 

In principle, and under the assumptions mentioned, the 
observed quantities Q3 Ni, Q,/Q, allow us to calculate 
3M and M (or a series of values for M). For a given M, 
R, is known; conservation of angular momentum determ- 
ines 8M and R, can be calculated. Equation (7) is then 
an equation for M. 

The pulsar PSR 0833-45 was not observed for about 
10 days, and the increase in its mass must have occurred 
during this tıme. Radiation pressure hmits the rate at 
which mass can accrete onto a star’. (I thank Pro- 
fessor A. G. W. Cameron for pointmg this out to me.) 
An order of magnitude calculation shows that the star’s 


(7) 
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mass could be increased by approximately 10-° Mo m 
about 1 week. 

I thank Drs R. A. Kopp, G. W. Pneuman and E. 
Walbridge for discussions, and Mrs Nancy Werner for 
carrying out the numerical calculations. 
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Some Difficulties with the Oblique 
Rotator Model for Pulsars 


PRAOTIOALLY all the available evidence up to now (short 
duration of pulses, rapid pulsing, slowing down of the 
period, association with past supernovae, and so on) 
suggests that pulsars are produced by rapidly rotating 
neutron stars. One of the first, and probably most widely 
discussed, models in this category 1s that proposed by 
Gold’. The general feeling, however, 1s that Gold’s 
hypothesis might be an oversimphification of the problem, 
because it is hard to understand that there is only one 
hot spot (or at the most two, 1f one counts the two pulsars 
with an interpulse**) on the surface of the spmning 
neutron stars which remains active and at exactly the 
same position for at least many months. 

In this respect the oblique rotator models seem to be 
more natural. They imvolve rapidly spmning neutron 
stars with a dipole field, the axis of which makes an angle 
œ with the rotational axis of the star. Several authors 
have presented such models and have developed well 
thought out mechanisms to explain the emission of radia- 
tion in these cases. The attractive feature of these models 
is that the emitted radiation 1s essentially confined in a 
narrow wedge angle § about the plane of the magnetio 
equator, and as the star rotates, a celestial observer 
receives @ short pulse when the emission pattern sweeps 
past hig direction. Observations show that the width of 
the pulse t+ is much shorter than the period p between 
pulses (t~ 0-1p) and therefore the angle 9 must be smaller 
than about 20°. 

Unfortunately, this very attractive feature of the 
oblique rotator model turns out to be probably its weakest 
pomt, which does not seem to have received enough 
attention so far. It is true that when the lme of mght and 
the spin axis of the star are at mght angles (case A), or 
when they form an angle equal to (§ — æ) (case B), the predic- 
tions of the theory agree with the observational data 
which tell us that all pulses are spaced at equal intervals. 
In the general case, however, when the angle is between 
the two limiting cases A and B, the observer will receive 
two asymmetneally spaced pulses during each complete 
rotation of the star. Thus in a typical oblique rotator 
model one should expect the pulses to be separated by 
alternating shorter and longer time intervals. 

Let us set a coordinate system on the surface of the 
star co-rotating with the star, with A the longitude 
measured along the equator from the ascending inter- 
section with the magnetic equator, and 8 the latitude 
measured from the equator to the poles. The intersection 
of the equatorial plane of the star with the celestial sphere 


6 
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defines the celestial equafor and ß represents also a 
celestial latitude (declination) with respect to the star. 
For simplicity, we can consider that the radiation is 
emitted in the radial direction. For radiation emitted 
in a direction tangential to the magnetic equator, or any 
other angle in between, the formulae are somewhat 
different but the essence of the results is essentially the 
same. The radial beam emitted from the region where the 
magnetic equator intersects the meridian of longitude A 
will project on the celestial sphere at a celestial latitude 6 
given by the relation l 
tan§ = sinAtan« (1) 
where a, as mentioned, is the obliqueness angle of the 
magnetic field. As the star rotates, this beam will trace a 
band of angular width 6 along the parallel circle of 
celestial latitude 8. Because sinà=sin(180°— 1), an 
observer at celestial latitude 8 will receive in general two 

pulses during each complete rotation of the star. 

When 6 =0° (case A), 2 is ether 0° or 180° and therefore 
the time mterval between consecutive pulses is equal to 
p/2. When S=a (case B), A=90°, which means that the 
two pulses merge into one, because A=(180°— A), and the 
pulse period becomes equal to p. In the general cago, 
however, when the observer is located at an arbitrary 
celestial latitude Bọ m the mterval 0<8,<o, he will 
receive a sequence of pulses separated by consecutive 
short (pı) and long (p,) periods, such that 


asza a 
and 
Pi=P-P, (3) 


Table 1 gives the value of p, and p, for different values 
of Bo, 1n the case of «=45°. Such an interchange of short 
and long time intervals between consecutive pulses 
contradicts the observations and therefore, before dis- 
cussing the physics of such models, it is necessary to 
find a solution for this very basic difficulty with the 
oblique rotator model. It is true that in two cases 
(OP 0950 and NP 0532) there is an interpulse nearly 
midway between the main pulses, but this is found in 
less than 10 per cent of known pulsars, while if the simple 
oblique rotator model was correct, the case of p, +p, should 
be the rule rather than the exception. One should there- 
fore try to explain the interpulses by a more complex 
model and their occasional appearance can by no means 
Justify the oblique rotator model in ita simple form. 


Table 1. VALUHS OF SHORT AND LONG PERIODS YOR am45° ° 
Po 0° 5° 10° 15° 20° 25° 30° 85° 40° 45° 
Pdp 060 047 O44 041 038 085 030 025 018 000 
Plp 060 053 056 0-59 062 065 070 075 082 100 


A similar model with an inclined but also considerably 
off centre axis of the magnetic field could conceivably 
correct this basic difficulty by allowmg emission from only 
one side of the star. This would eliminate the second 
pulse in each revolution and would bring the predictions 
of the model in line with the observational data. It is 
rather difficult, however, to see why the magnetic axis of 
all these stars should be so strongly off centre, unless the 
eccentricity and the obliqueness of the magnetic axis are 
interconnected in the case of neutron stars with strong 
magnetic fields. In such conditions a rather consistent 
pulsar model could emerge. 

The fact that OP 0950 (ref. 2) and especially NP 0532 
(ref. 3) display an interpulse nearly, but not.exactly, half 
way between the main pulses probably suggests that at 
large obliqueness angles the eccentricity is not as pro- 
hibitive, thus allowing the emission 9f a second pulse per 
revolution. Assuming a reasonable value for Bo, we can 
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use the observed ratios of p,/p in equation (2) to find the 
corresponding obliqueness angle «. In the case of NP 
0532, for ee aes oe pı/p ~ 14/33 for By= 30° to 45°, 
we find «= 68° to 

This work was ees in part by the AFCRL. 
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Geomagnetic Disturbance and the 
Troposphere 


THERE have been many searches for a possible influence 
of solar or magnetic disturbance on the troposphere, 
either for a direct effect or for one operating indirectly 
through propagation downwards from the upper to the 
lower atmosphere. Due to the many complex and variable 
factors involved, it has not proved easy to establish any 
clear-cut evidence for such effects. Recently there have 
been suggestions for coupling ın the reverse direction, 
namely that perturbations ın the troposphere may produce 
significant effecta at 1onospheric levels. Consideration of 
the overall energy mvolved would indeed indicate that 
this process is probably more likely than coupling down- 
wards from above. That propagation of disturbances 
from the troposphere to 1onospheric levels can occur has 
been conclusively demonstrated in the case of waves 
generated in the lower atmosphere from nuclear explo- 
sions? ?, 

In the course of certam geophysical studies at Aberyst- 
wyth, we have obtamed some rather striking further 
experimental evidence which bears on this question. In 
particular, we have examined evidence for a correlation 
between disturbances ın the troposphere and in the 
magnetic field. 

A number of earlier investigations have suggested that 
some correlation exists between geomagnetic activity and 
ground pressure, and an examimation of published results 
indicates that for some latitude and longitude zones the 
correlation 13 positive and for others it 1s negative. If 
there ıs any validity m such correlations, then ıt might 
be expected that, ın certain localities, pressure differences, 
and thus wind speed, would correlate even more clearly 
with magnetic activity. In the present analysis we have 
examined this possibility in two ways, by searching for 
(a) eny change in magnetic activity following periods of 
widespread high winds at the ground and (b) any change 
in wind speed following large magnetio storms. In both 
approaches we have used the usual superposed epoch 
method. What follows is a summary of some of the mam 
results. 

(a) In the 40 year period 1929-67, we selected those 
dates on which high gales (wind specds > 34 knots) were 
widespread in or around the British Isles—these are listed 
in the Monthly Weather Report issued by the Meteoro- 
logical Office. Using these as “zero days”, we then carried 
out & superposed epoch analysis extending from day —7 
to day +14 on the m&gnetic disturbance “K values” 
published for Abinger (and in recent years for the Hartland 
Point) Magnetic Observatory. The resulting mean curve 
for 211 independent,periods ıs shown by the solid line in 
Fig. la. (The K figuse shown is the average value of the 
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3 h index for the respective days.) It will be seen that IZ 
shows a small but marked peak value on day +1, and 
that the amplitude of the perturbation is about ten times 
that of the largest fluctuation found m the mean of 211 
periods randomly selected from the same 40 year interval 
(shown dotted in Fig. la). 


K 211 Penods 
1929-1967 


K daily total 


211 Random 


K 233 Periods 


1929-47 1959-6 


K dally total 





8 6 4 2 0 2 4 6 8 10 1 it 
Day number 


Mean magnetic disturbance vanation (dally sum K indices). 


Fig. 1. 
4, Gale force winds on zero day; b, calm on zero day. 


We next tried a similar analysis for “calm” days. In 
this case the selection of a zero day is not quite so straight- 
forward because in such calm periods the wind velocity 
often goes through a very flat minum. Taking the 
middle day of a sequence of calm days as zero day, how- 
ever, we obtained the curve of Fig. 1b as the mean for 
233 periods in the mterval 1929-47 and 1959-67. Agam, 


a small but clearly significant minimum occurs ın K on 
day +1. 

At first these results would strongly suggest a direct 
local influence of tropospheric wind on the degree of 
magnetic disturbance. But we must be cautious in 
interpreting these results ın terms of ‘‘cause and effect” 
for the choice of the zero day (baged on wind data for ihe 
British Isles) 1s, to a degree, arbitrary. We have other 
reasons, too, for believing that the cause of the pheno- 
menon may not be a straightforward local troposphere- 
ionosphere coupling. 

(b) In the second approach we have taken the days of 
the commencement of large magnetic storms as zero days 
and carried out a superposed epoch analysis on the wind 
speed data. A similar analysis has also been made using 
days of magnetic quiet as zero days. In this case we 
examined mean results for 127 periods centred on mag- 
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AROMATIC NUGLEOPHILIC 
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J. Miller, Superintendent, Organic Chemistry Division, 
Defense Standards Laboratories, Melbourne, Australia 


CONTENTS: Occurrence and mechanisms of aromatic 
nucleophilic substitution; Sxl mechanisms; the benzyne 
or elimination-addition mechanism; substituent effects; 
variation of leaving groups; the nucleophilic reagent; 
nucleophilic substitution in non-benzenoid aromatic 
systems; medium, catalytic and steric effects; some less 
common and related aromatic Sy reactions; subject index. 


1968 408 pages 125 illus. £715 0 


RESEARCH IN THE CHEMICAL 
INDUSTRY 


A. Baines, Mond Division, Imperial Chemical Industries 
Ltd., Runcorn Heath, Cheshire, F. R. Bradbury, Professor 
of Industrial Science, University of Stirling, Scotland, and 
C. W. Suckling, Deputy Chairman, Mond Division, Imperial 
Chemical Industries Ltd., Runcorn Heath, Cheshire 


CONTENTS: The industrial environment; the research 
remit; research economics; the tactics of explorato 
research; process discovery; process definition and devel- 
opment (h: process definition and development (2); 
the semi-technical and the full-scale plant; research 
support for the plant; index. 


1969 313 pages 16 illus. £4 0 0 


ESS 


INORGANIC SULPHUR 
CHEMISTRY 


Edited by G. Nickless, Department of Inorganic Chemistry, 
University of Bristol 


CONTENTS: Preface; the sulphur atom and its nucleus; 
orbitals in sulphur and its compounds; stereochemistry 
of sub-group VIB of the perlodic table; mechanisms of 
sulphur reactions; structural studies on sulphur species; 
analytical chemistry of sulphur compounds; elemental 
sulphur; the sulphur cycle; the chemistry of the phos- 
phorus-sulphur nd; sulphanes; oxides of sulphur; 
compounds containing sulphur-halogen bonds; the nitrides, 
nitride-halides, imides and amides of sulphur; the lower 
oxy-acids of sulphur; sulphuric acid: physico-chemical 
aspects of manufacture; sulphurie acld as a solvent system; 
fluorosulphuric acid; amido- and imido-sulphonic acids; 
sulphides; subject index. 


1968 T10 pages 128 illus. £18 5 0 


COMPREHENSIVE CHEMIGAL 
KINETICS 


Edited by C. H. Bamford, Campbell-Brown Professor of 
Industrial Chemistry, University of Liverpool, and C. F. H. 
Tipper, Senior Lecturer in Physical Chemistry, University of" 
Liverpool 


Volume 1: The Practice of Kinetics 


CONTENTS: Preface; experimental methods for the 
study of slow reactions; experimental methods for the 
study of fast reactions; experimental methods for the study 
of heterogeneous reactions; the detection and estimation 
of intermediates; the treatment of experimental data; 
references; appendices; index. 


1969 450 pages 161 illus. 


1 
' 


£11 5 0 


Volume 2: The Theory of Kinetics 
CONTENTS: Kinetic characterization of complex reaction 
systems; chain reactions; theory of the kinetics of ele- 
mentary gas phase reactions; theory of elementary reac- 
tions in solutions; theory of solid phase kinetics. j 


1969 462 pages 16 tables 17 ilus. £11 10 0 


STEROID REACTION 
MECHANISMS 


L. N. Kirk, Lecturer in Chemistry, Westfield College, Univer- 
sity of London; Deputy Curator, Medical Research Council 
Steroid Reference Collection, and M. P. Hartshorn, Reader 
in Organic Chemistry, University of Canterbury, Christ- 
church, New Zealand 


CONTENTS: Steroids, reaction mechanisms and con- 
formational analysis; reactions of alcohols and halides; ster- 
oid olefins; steroid ketones; solvolytic reactions and 
rearrangements of steroid derivatives; steroid amines; 
reactions of derivatives of sterold ketones; rearrange- 
ments of epoxides; rearrangements involving functional 
groups; functionalisation of nonactivated carbon atoms: 
photochemical reactions; appendix; subject index. 


1968 476 pages 57 illus. £10 0 0 


INORGANIC ELECTRONIC. 


SPECTROSCOPY 


A. B. P. Lever, Associate Professor of Chemistry, York 
University, Toronto, Canada 


CONTENTS: Preface; atomic structure; molecular . 
mmetry group theory; crystal fleld diagrams; term 
lagrams; selection rules, band Intensities and dichroism; 

some theoretical aspects of electronic spectra; chatge 

transfer spectra; crystal fleld spectra; appendices; index. 


1968 440 pages 130 illus. 
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Experimental Leukemia 

Edited by M. A. RICH 

1969. 316 pages. Hfl. 60.— (1408.) 

CONTENTS: A historical sketch of experimental leuke- 
mia, Virus-induced murine leukemia. Pathology of 


murine leukemias. Morphology of murine leukemia 
viruses. Radiation-induced leukemia. Chemical and 


hormonal induced leukemia. Experimental leukemia in cats - 


and dogs.Bovine leukemia. Introduction to avian leukemia. 
The pathology of avian leukemia. Antigenic structure of 
avian leukosis/sarcoma viruses. Vurus-induced avian 
leukemia-cell-virus relationships. 


Current Topics in Radiation Research, 
Vol. V 

Edited by M. EBERT and A. HOWARD 

1969. 304 pages. Hfl. 48.— (1128.) 

CONTENTS: K. G. Zimmer: Some recent studies in 
molecular radiobiology. D. Schulte-Frohlinde and K. 


Vacek: Radiation chemistry of aqueous frozen solutions. D. 
Roy Davies: The induction and repair of, radiation damage 


in Chlamydomonas. H. M. Patt and Mary A. Maloney: ` 


System aspects of granulopoiesis and radiation effects. 
J. W. Boag: Oxygen diffusion and oxygen depletion 
problems in radiobiology. H. A. S. Van den Brenk: The 
oxygen effect in radiation therapy. Name index. Subject 
index. 


Computing Techniques in Biochemistry 
An account of the FEBS Summer School, Edinburgh, 24 
August—7 September 1968. 

Organized by J. H. OTTAWAY 

Supplement to ‘FEBS Letters’, volume 2. 

1969. 71 pages. Hfi. 20.— (478.) 

CONTRIBUTORS: J. G. Reich — D. Garfinkel - C. W 
Sheppard - G. J. Cooper — J. A. Burns — W. R. Gardiner 
- J. H. Ottaway — W. H. Swann - M. Berman - B. 
Girling - J. G. P. Barnes. 


Circulatory Drugs 

Edited by A. BERTELLI 

Proceedings of an International Symposium held at Milan, 
2-3 December 1967 

1969. 341 pages. Hfl. 54.— (126s.) 

CONTENTS: Preface. Pharmacological and clinical 
evdluation of coronary dilatating drugs. Pharmacological 
and clinica] evaluation of antihypertensive drugs. 
Pharmacological and clinical evaluation of analeptic 
drugs. Author index. Subject index. 


= HOLLAND 


e . 
PUBLISHING COMPANY 
AMSTERDAM P.O. BOX 3489 NETHERLANDS 


CHEMTRIX 
polarographic systems 


teaturing image 
storage, for the 
added dimension 
In organic and 
inorganic chemical 
analysis 


Precise chemical anatysls to 
paris-per-biliion made in less 

han a minute, with storage 
display for detalled waveform 
studies. Several models are 


llable, with 
as dig ital seadnit at Soak cue Other Chemtrix Instruments 


rent ) and three-eleotrode Type 800 
operation for dynamically con- Waveform Source for 
trolled IR compensation. Electrochemistry 

(Triangle and rectangular 
Polarographic Systems waveforms, variable slope with 
Model SSP-2 wide-range control) 
3-Eleotrode System . ...$3070 No. A-111 


Model SSP-3 Digital 
Readout System 


Plug-In units’ available separ- (For voltammetry in anodic ra- 
ately. Tektronix oscilloscopes gion where DM operanon is 
avallable locally worldwide prohibited) ! 


For information on these and other polarographic Instrumen anā 
systems, contact your local representative, or write dirèct to: 


All prices f.o.b. factory. 


CHEMTRIX, INC. 
Inshumentation for Tiense 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
Properties suitable for particular manufacturing and/or 
testing processes you are Invited to contact 


for suppiles, 

We hold stocks of an enormous vanety of dyes, ready for immediate 

despatch, Including: 

Cyanine, Dicyanine, Fast Bordeaux O, Auranta, Crystal violet, BPC- 

Scarlet R, BPC, Diazonlum salts, Neutral violet, Lacmold, Nia btue, 

Janus green, Brililant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 

chrysoldin, Methyl red, Nitrazine yellow, Pinacrypto! green, etc. 
Industrial Research Establishments 


ere Invited to make use of our professional services as 
consuftarts ou the aslection and use of dyes as research 
and production tools. 


BIOLOGISTS are Invited to send for our catalogue of: 


‘MAICHIROME’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grinwaid, Leishman, Giemsa, Tolurdine blue, Creey! fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nule blue, 
Pyronin Y, Trifalgle acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, &.W.14 
Cables: Micromlabs London SW14. Telephone : 01-876 82289 





Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser å 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs å letran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura 6 a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Iranda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


Nature, June 28,@1969, p. xd 
e 


NATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 








IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 





Date of Page 
Name of Manufacturer 02 -nev ee eevee nee ene £ Issue No. 










Product __........_..._-.... - oe 








Date of 


Name of Manufacturer 2. sses2eeeaeoe eevee issue 


Frodüct: ziuen i Ot Et e aaa 





Name of Manufacturer. .——-——--.-___--....- 


Prodūct seoan abn te Se se ee ec 








Name of Manufacturer ———_—....__/___ 


Product 











Name of Manufacturer 


Product 








Date of 


Name of Manufacturer —...... 3 PEE issue 





Product a 








Name of Manufacturer -n 


Product ——_....-.. EEE AES Eer 








Name of Manufacturer —— 


Product ———.---— 8, =e 








PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASE 
Nat) ees = ae oe ale A nk tee oie Mee 


POSICIONNS oetne- a a ee 





Organisation: 2-2 a 


Address- e A fags dl ee aae 









® 
ature, June R, 1969, p xxi 


READERS OUTS#DE U.K. PLEASE 
AFFIX POSTAGE STAMPS 







NO POSTAGE 
STAMP 
NECESSARY IF 
POSTED IN 
GREAT BRITAIN 
OR NORTHERN 
IRELAND 












ACENSEE 








Ist Fold 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


-T. G. SCOTT & SON LTD 
1 Clement’s Inn 
Strand 
London WC2 
England 





HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


NATURE 


INTERNATICHAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


Er 


has been instituted ~ 


to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


NATURE. JUNE 28. 1969 


© XXIII 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘‘Nature” Office 


Mathematics 


BERGER, Melvyn, and BERGER, Marion Perspectives in Nonlinearity. an 
Introduction to Nonlinear Analysis. Xa Tathomates ura Note Series.) 9ł ın. xX 
6in (235cmx 15 5cm). Pp. 189. ew York and Amsterdam : W. A. Benyamin, 
Inc , 1968 ) $12.50 clothbound , $3.95 paperbound.* 

BRAUER, Fred, and NOHEL, John A. Ordinary Differentral Equations: a 
First Course, 9} In.x6 in. (23:5 cmx 15-5 cm). Pp. xvi+ 457. (New York and 
Amsterdam © W. A Benjamin, Inc., 1967.) n.p.* 

BRAUER, Richard, and SAH, Chih-Han. Theory of Finite Groups a Sympo- 
sium. Ba in. x 6$ ın. (23-5 cmx aes Pp. x11-+263. (New York and Amster- 
dam. W. A. Benjamin, Inc., 1969 12 50.* 

COLLECTED PAPERS OF G. H. HARDY including Joint Papers with J. E. 
Littlewood and Others, Yol. 3. Edited by a committee appointed by the London 
Mathematical Society. 10 in.x7$ ın (25:5 mx19 cm) Pp 748. (Oxford: 
Clarendon Press ; London: Oxford University Prass, 1969.) 105s. net.* 

CORDUNEANU, C. With the collaboration of GHEORGHIU, N.,and BARBU, 
V Almost Periodic Functions Translated from the Romanian edition by Gitta 
Berstein and Eugane Tomer. (Interscience Tracts in Pure and Applied Mathe- 
matics, No. 22.) 9} in. x 6} in. (235 cmx 16 em). Pp. x+237. (New York and 
London lnterscience Publishers, a Division of John Wiley and Sons, 1968 ) 
126s. 

GELBAUM, Bernard R., and MARCH, James G. Mathematics for the Social 
and Behavioral Sciences Probability, Calculus and Stacistics 9} in.x 6} In. 
(24cmx 16cm). Pp. x:4+337. (Philadelphia and London : W. B. Saunders Com- 
pany, 1969.) 74s.* 2 

GEL’FAND, |. M., GRAEV, M.1., and PYATETSKJ!-SHAPIRO, I.I. Representa- 
tion Theory and Automorphic Functions. Translated from the Russian by K. A. 
Hirsch (Saunders Mathematics Books ) min.x 6} in (23-5 cmx16 cm). Pp. 
xvi+427 (Philadelphia and London: W B. Saunders Company, 1969.) [53s.* 

GODBILLON, Claude. Géométrne Drfférenuelle et Mécanique Analytique. 
(Collectron ‘‘Méthodes"’, Série Mathématique ) 8} in. x 5} in. em x 15 cm). 
Pp [84 (Paris: Hermann, 1969.) 24 francs.* 

GREENBERG, Marvin J. Lectures on Forms in Many Variables. (Mathematics 
Lecture Note Senes ) 9} 1n.x 6} in. (23-5 cmx 16 cm). Pp. 167. (New York 
and Amsterdam: W. A. Benjamin, Inc., 1969.) $12.50 clothbound; $3.95 
paperbound.* 

IL'IN, Y P, {edited by). Boundary Value Problems of Mathematical Physics 
and Related Aspects of Function Theory, Part 1. (Seminars In Mathematics, Vol. 
5) 102 in.x8t in. (27 cmx21 cm) Pp. wii+96. (New York: Consultants 
Bureau, 1969.) $15.* 

KAPP, Kenneth M., and SCHNEIDER, Hans. Completely O-Simple Semigroups: 
an Abstract Treatment of the Lattice of Congruences. (Mathematics Lecture Note 
Serles.) 9fin.x6}1n.(23 5 cmx l6 cm). Pp. 110. (New York and Amsterdam: 
W. A. Benjamin, Inc., 1969.) $12.50 clothbound ; $3.95 paperbound.* 

KOBAYASHI, Shoshichi, and NOMIZU, Katsumi. Foundations of Differential 
Geometry, Vol.2. (Interscience Tracts in Pure and Applied Mathematics, No. 15, 
Vol. 2.) in. x 6$1n. (23-5 cmx 15m). Pp. xti+470. (New York and London: 
Interscience Publishers, a Diviston of John Wiley and Sons, 1969.) 164s.* 

KRUT’KO, P D. Statistical Dynamics of Sampled Data Systems. Translated 


by Seripta Technica, Ltd. Srm. x ot in. (22 cmx 15 œm). Pp 52I. (London: 
lliffe Books, Ltd., 1969.) 135s. net.* 
LOOS, Ottmar. Symmetric Spaces. Vol. | : General Theory. Pp vu+198. 


n p. Vol. 2: Compact Spaces and Classification. Pp. vu+183. $12.50 cloth- 
bound ; $3.95 paperbound. (Mathematics Lecture Note Series.) 9} in.x6 in. 
(23 5emx 15:5 cm). (New York and Amsterdam: W. A. Benjamin, Inc , 1969 )* 

MCKEAN,H P. StochasticIntegrals. (Probability and Mathematical Statistics : 
a Series of Monographs and Textbooks, No.5.) 9} in. x 6} in a cm x 16 cm). 
Pp. xut--140 (New York and London : Academic Press, 1969.) 845,.* 

STEINHAUS, H. Mathematical Snapshots. Third American ed:uon, revised 
and enlarged. 8¢in.x5}in.(21 5cmx 14cm). Pp 311. (London and New York: 
Oxford University Press, 1969.) 63s net.* 

TALMAN, James F. Special Functtons a Group Theoretic Approach. (The 
Mathematical Physics Monograph Serles.) 9} in.x 6} in. (23 5 cmx I6 cm). Pp. 
x11+260, (New York and Amsterdam: W. A. Benjamin, Inc., 1968.) n p.* 


Physics 


ARNOLD, V. | , and AVEZ, A. Ergodic Problems of Classical Mechanics. (The 
Mathematical Physics Monograph Series ) 94 in. x 6} in. (23-5 cm x [6 cm). Pp: 
ıx+-286. Mow York and Amsterdam : W. A. Benjamın, Inc , 1968.) $14. 
clothbound ; $6.95 paperbound * 

BALDWIN, George C. An Introduction to Nonlinear Optics. 9} ın x6} ın. 
(23-5 cm x 16 cm). "Po. x+$55. (New York: Plenum Press, 1969) $950*. 

BLAKE, A. G E. Thermal Physics, (Structural Communication Topics, 4.) 
92 in. x7} ın. (25 cmx 18 5 cm). Pp 96. (London: Unversity of London Press, 
Ltd., 1969) !5s net.* 

BODO, Zalan (herausgegeben von). Pal Selény:: Gesammelte Arbelten 
i nx 6b in, (24 cmx 165 cm). Pp. 473. (Budapest. Akadémiai Kiadó, 1969.) 

5s, 

CEMBER, Herman. Introduction to Health Physics. (International Series of 
Monographs in Nuclear Energy, Vol. 105.) 9 in.x 6} in. (23-5 cmx 16 cm). 
Pp. lt 22. (Oxford, London and New York: Pergamon Press, 1969) 100s. ; 
$13.50. 

COOL,R L.,and MARSHAK, R.E. Advances in Particle Physics, Vol.2. 9} in. 
Y 6} in. (23-5 an x 16 em). Pp. +734. (New York and London: Interscience 
Publishers, a Drvision of John Wiley and Sons, 1968.) 235s * 

DAVIDSON, J. P (edited by). Third Symposium on the Structure of Low- 
Medium Mass Nuclel. (Sponsored by the Nuclear Structure Laboratory, Univer- 
sity of Kansas; The Aerospace Research Laboratories, Wright-Patterson Aur 

94 In. x 6} in. (23-5 cmx 16 cm 


Force Base. Pp. vi+294. (Lawerence and 

London University Press of Kansas, 1968.) $1250; 119s * 
FAST, J. D. Entropy: The Stgnificance of the Concept of Entro) ang is 
enlarged. 


Applications in Science and Technology. Second edition, revised an 
af in.x6 in. (22 cemx155 cm). Pp. xII+332. (Eindhoven: Philips Technical 
library, 1968. Distributed in the UK and EIRE by Macmillan and Co., Ltd., 
London. 5 

IVANOV, S. N., PENIN, N. A., SKVORTSOVA, N. E., and SOKOLOV, Yu. F. 


Physics of Microwave Semiconductor Diodes. Translated by R. C. Glass. English 
translation edited by M. H. N. Potok 8$1in.x54 in. (22 cmx I4 cm). Pp. 13+ 
163. (London : Ilrffe Books, Ltd., 1969 ) 60s. net.* 

LICHTENBERG, Allan J. Phase-Space Dynamıcs of Particles. (Wiley Serios 
in Plasma Physics.) 9} in. x 6} in. (23 5 cm x l6 cm). Pp. xln+331. (New York 
and London: John Wiley and Sons, Inc., 1969.) 150s.* 

MASON, Warren P. (adıted by). Physical Acoustics : Principles and Methods, 
Vol. 5. spray IE a 6cm). Pp xvi+30I. (New York and London : 
Academic Press, 1968) 135s. 4d.* 

MILLER, Julius Sumner Demonstrations in Physics. 8¢in.x5$1n (21:5 cmx 
eae Pp. xti-+439. (Sydney and London: Ure Smith Pry, Ltd., 1969) 


RAPOPORT, 1. M. Dynamics of Elastic Containers Partially Filled with Liquid. 
Translated from the Russian by Scripta Technica, Inc. Translation edited by H. 
Norman Abramson, (Applied Physics and Engineering Series, Vol 5.) 9} in.« 
61n, (23-5 cmx 15:5 cm). Pp. vii+368. (Berlin and New York: Springer-Verlag, 
1968) 59.20 DM; $14,.80,* 

RUBINOWICZ, A. Quantum Mechanics. 9 in.x6 in. (23 emx 15:5 cm). Pp; 
vhi+-584, (Amsterdam, London and New York: Elsevier Publishing Company 
Warszawa ; PWN—Polish Scientific Publishers, 1968.) 150s.* 

SAAVEDRA, Igor (edited by). Solid State Physics, Nuclear Physics, and Particle 


Physics. (Ninth Latin American School of Physics) 9} in.x 6} in. (23-5 cmx 
18 em: P: xIlv+-844. (New York and Amsterdam: W. A. Benjamin, Inc., 
-) n.p 


SAKURAI, J.J. Currents and Mesons. (Chicago Lectures In Physics.) 8 in.x 
5} in. cmx [4 em). Pp. 169. (Chicago and London: Unrversity of Chicago 
Press, 1969.) 18s. paper.* 

SCHARFF, Morten. Elementary Quantum Mechanics. 8}1n.x5d1n.(2] 5cmx 
13 cm). Pp. viii+213. (London and New York: Wiley-Interscience, a Division 
of John Wiley and Sons, Ltd., 1969.) 42s.* 

SEITZ, Frederick, TURNBULL, David, and EHRENREICH, Henry (edited by). 
Solld State Physics: Advances tn Research and Applications, Vol. 9% In.x 
6} in. (23 5 cmx [6 cm). Pp. xvi+531. (New York and London: Academic 
Press, 1968.) 233s 4d.* 

SLADKOVA, Jarmila. Interference of Light. English translation edited by 
Anna Thomas-Betts. (Physics Paperbacks.) 8 in.x5 in. (20 cmx 12-5 cm). Pp. 
164. (London: Iliffe Books, Ltd., Prague: SNTL—Publishers of Technical 
Literature, 1968.) 18s. net.* 

SOKOLOV, A. A. and TERNOV,1.M Synchroton Radiation. Translated from 
the Russian by M. August and H. R. Kissener English translation edited by E. 
Schmutzer. 9}1n.x Brin. (24cemx165cm) Pp. vitr-+202, (Berlin: Akademis- 
Verlag ; Oxford, London and New York Pergamon Press, 1968.) 120s ; $16 * 

SVARTHOLM, Nilis (edited by). Elementary Particle Theory: Relativistic 
Groups and Analyticity. (Proceedings of the Eighth Nobel Symposium held May 
19-25, 1968, Sweden ) 9} in. x 6} in. (24 cm x 16 cm). Pp. 399. (New York and 
London : John Wiley and Sons, Inc. ; Stockholm: Almqvist and Wiksell, 1968.) 
300s. 

TAKAHASHI, Y An Introduction to Field Quantization. (international Series 
of Monographs in Natural Philosophy; Vol. 20 ) 8} ın.x5¢ in. (22 cmx 14 cm). 
ar 98. (Oxford, London and New York Pergamon Press, 1969.) 75s. ; 

THOMPSON, M. W. Defects and Radration Damage in Metals. (Cambridge 
Monographs on Physics.) 8ł}ın.x5łin. (22 cmx15cm) Pp.x+384. (London: 
Cambridge University Press, 1969.) 120s. net.; $18.50.* . 

ZIOCK, Klaus. Basic Quantum Mechanics. 93 in. x6} tn. (23-5 cmx 16 cm). 
Pp xui+271. (New York and London: John Wilay and Sons, Ine , 1969) 88s.* 


Technology 


ABRAMOVICH, G. N. (edited by). Turbulent Jets of Air, Plasma, and Real Gas. 
Translated from the Russian. !0}tn.x8t1n.(27 cmx2l cm). Pp vit144, (New 
York : Consultants Bureau, 1969.) $22.50.* 

BEKEY, George A., and KARPLUS, Walter J. Hybrid Computation 9}in x 
64 in (235 cmx 16cm). Pp xitit+464. (New York and London John Wiley 
and Sons, Inc., 1968.) 125s.* . 

BENEDICT, Robert P. Fundamentais of Temperature, Pressure, and Flow 
Measurements. 94 ın x6} In. (23 5 cmx 16cm). Pp. xtv+353. (New York and 
London: John Wiley and Sons, 1969.) [38s.* 

BLACKALL, T.E Concorde: The Story, The Facts and the Figures [0in x 
74 in. (25:5 cmx 19 cm). Pp xiv-+ 108-47 plates. (Henley-on-Thames G.T. 
Foul:s and Co., Ltd., at 56s net.* 

CRAWFORD, D. L., ME!NEL, A. B., and STOCKTON, Martha W. (edited by). 
Symposium on Support and ions of Large Astronomical Mirrors, Tucson, 
Arizona, December 4-6, 1966. (Technical Report 30) 10Ẹ in. x 8} in. (27 cm x 
21 cm). Pp 252. (Tucson: Kitt Peak National Observatory and the University 
of Arzona, 1968.) Gratis.* 

CUENOD, Michel, and DURLING, Allen. A Discrete-Time Approach for 
System Analysis. (Electrical Science . a Series of Monographs and Texts.) 9}1n2x 
6h in, (23-5 emx16 cm). Pp. xu+221. (New York and London Academic 
Press, 1969.) 126s.* 

ERINGEN, A. C. (edited by). Recent Advances in Engineering Science, Vol, 3. 
(Proceedings of the 4th Tachnical Meeting of the Society of Engineering Science, 
Inc., held at North Carolina State University, Raleigh, October 31, November 
1-2, 1966.) in x6}1n. (23 5 cmx16 cm). (New York and London: Gordon 
and Breach, 1968.) n.p.* 

GASSNER, E., and Scuurz, W. (edited by) Fatigue Design Procedures : 
Proceedings of the 4th Symposium of the International Committee on Aero- 
nautical Fatigue held in Munich, 16—18 June 1965. (International Series of Mono- 
graphs in Aeronautics and Astronautics. Division IX - Symposra, Vol.20.) 9}in. 
x6} in. (23:5 cmx 16 cm). Pp. xui+520. (Oxford, London and New York: 
Pe on Press, 1969 ) 200s., $27.* 

GENIE ATOMIQUE . Cours Fondamental, Tome |l. (Biblloghéque des Sciences 
et Techniques Nucléaires ) 9} 1n.x 6} In. (25 omx I7 cm). Pp. 401. (Saclay: 
Institut National des Sciences et Techniques Nucléaures ; Paris: Presses Universi- 
tures de France, 1968.) n.p.* 

GLOYNA, E. F., and ECKENFELDER, Jr., W Wesley 
Water Quality Improvement. l0} in.x7 In. (26ecmx 18 cm). 
(Austin and London University of Texas Press, jens 143s." 

GROSS, B., GRYCZ, B., and MIKLOSSY,eK. echnology. 8$1in.x6 in. 


Advances in 
Pp. xvin +513. 
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21 cmx 15°5 em Pp. 487. (London: ,Iliffe Books, Led.; Prague: SNTL— 
Publishers of Ti ical Licaratiire. 1968.) 95s. net.* 

HUGHES, Edward. Electrical Technology. Fourth edition. 8} in.x5$ In. 
gi 5 cmx 14 cm). Pp. xvii+709. (London: Longmans, Green and Co., Ltd., 
969) 25s paperback ; 35s. cased edition.* 

KOVACS, T. Principles of X-ray Metallurgy. 84 In. x5} in. (21-5 cm x 13 em), 
Pp 185. (London : Iliffe Books, Ltd., 1969.) 28s. net.* 

LARSON, Robert E. State Increment Dynamic Programming. (Modern 
Analytic and Computational Methods in Scrance and athematics, No. [2.) 
It in. x 64 In. (23-5 cmx 16 cm). Pp xvi+256. (New York: American Elsevier 
Publishing Company, Inc., nara 145s.* 


LIEBOWITZ, H. (edited by Fracture: an Advanced Treatise. Vol. [: 


Microscopic and Macroscopic Fundamentals. Pp. xvin+597. 245s. Vol. 4: 

Engineering Fracture Design. Pp. xv+455. 214s. 8d. 94 In. x 64 in, (23-5 cm x 

16 cm).° (New York and London . Academic Press, 1968 and 196 y* 
LINDBERG, Donald A. B. The Computer and Medical Care. 10} In. x 7$ in. 


(26 cmx I8 5m). Pp x1+210. (Springfield, Illinois: Charles C. Thomas, 1968.) 
$12.75.* 


LUIKOV, A. VY.. Analytical Heat Diffusion Theory. Edited by James P. Hartnett. 

Skin. x $t n. 2 5cmx l6cm). Pp.xv+685. (New York and London : Academic 
Press, 1968.) 303s. 4d.* 
LUTZ SR ,'E. L. Handbook of Plastic Embedding of Animals, Plants, and 
Varlous Objects with improved C.M.E. D6 Polyester Resins. 8} tn.x5} In. 
Ge cmx I3 cm). Pp. 186. (Healdsburg, California - Naturegraph Publishers, 
968.) $3.95 paperbound ; .95 clothbound.* 

MAEDA, Ken-Ichi (edited by). Small Rocket Instrumentation Techniques. 
(Proceedings of tha Symposium held on the occasion of the Eleventh Plenary 
Meeting of the Committee on Space Research, Tokyo, Japan, 17-18 May eed 
H in. x 6# in, (24 cemx 17 cm). Pp. tx+231. (Amsterdam  North-Hollan 
Publishing Company, 1969.) [05s.* 

MELTZER, Bernard, and MICHIE, Donald (edited by). Machine Intelligence 4. 
92 in. x64 in. (25 cmx 16 cm). Pp. vin +508. (Edinburgh : Edinburgh University 


Press ,1969.) 100s. net.* : 
MOHRING, F. Farbfernseh-Servicetechnik. in. x53 In. (21 cmx 15 em). 
inter sche Veriagshandlung, 


ae vintt+246. (Basle und Braunschweig: C. F. 
1969.) 36 DM.* 
(Prepared under the 


ROBERTSON, J. A.L. Irradiation Effect in Nuclear Fuels, 
direction of the Amencan Nuclear Society for the Division of Technical Informa- 
tion, U.S. Atomic Ene Commission.) 9$ in.x 6% in. (23-5 cmx 16 em). Pp. 
x+309. (New York and London . Gordon and Breach, 1969.) n.p.* 

SNELLING, E. C. Soft Ferrites Properties end Applications, 10} In. x8 In. 
(26 5 cmx20cm. Pp 390. (London : Iliffe Books, Ltd., 1969.) 180s. net.* 

TREATMENT OF AIRBORNE RADIOACTIVE WASTES. (Proceedings of a 
Symposium on Operating and Developmental Experience In the Treatment of Alr- 
borne and Radtoactive Wastes held by the International Atomic Energy ency in 
New York, 26-30 August 1968 Ings Series ) 94 In.x 6} in. (24 cmx 
16 cm). Pp 817 (Vienna : International Atomic Energy Agency , ndon : 
H.M. Stationery Office, 1968.) 491 Austrran ee ; 158s. 4d.; 19.* 

USE OF SPACE SYSTEMS FOR PLANETARY GEOLOGY AND GEOPHYSICS. 
AAS Science and Technology Series, Vol. ae Edited by Robert D. Enzmann. 
2 In. x 74 in. (25 cmx 19-5 cm). Pp. xvin+605. (Tarzana, California: American 

Astronautical Society, 1969.) $17.25 * 

VON AULOCK, Wilhelm H., and FAY, Clifford E. Linear Ferrite Devices for 
Microwave Applications (Advances in Electronics and Electron Ph ics, Supple- 
ment 5.) 9$in.x6tn ie 5S cmx 15-5 cm), Pp. xiv-+223. (New York and Lon- 
don: Academic Press, 1968.) 112s.* 

WINTERS, R.F (edited by) Newer Engineering Materals. 
recent developments in new matermls for use in engineering. 83 in. x 54 In, 
(2 cmxI4em). Pp. vi+143. (London: Macmillan and Co., Ltd., 1969) 60s. 
net.* 

WOHLERS,M Ronald Lumped and Distributed Passrve Networks : a General- 
ized and Advanced Viewpoint. (Electrical Science: a Series of Monographs and 
Texts.) 9} in. x on (23-5 cmx 16 cm). Pp. x+235. (New York and London: 
Acadamle Press, 1969.) }12s.* 


symposium on 


Earth Sciences 


BAER, A. J., and NORRIS, D. K. (edited by). Research in Tectonics (Report 
of a workshop held in Ottawa, 14-15 March, 1968, under the sponsorship of and 
with financial assistanca from tha National Advisory Committee on Research 
in the Geological Sciences.) (Geological Survey of Canada, Paper 68-52.) 9}1ın.x 
64 in, (25:5 cm x 16-5 cm), Pp. vi+373. (Ottawa: Queen’s nter, 1969.) $5.* 

COLBERT, Edwin H. Men and Dinosaurs . The Search In Field and Laboratory. 
94 In. x63 in. (24 cmx 16 cm). Pp. xvit+283+116 plates, (London : Evans 
Brothers, Ltd., 1969.) 63s. net.* 

KONDRATYEV, Ya. Radiation in the Atmosphere. (Internationa! Geo- 
hystcs Series ) 9} in. x 6} in. (23-5 cmx 16cm). Pp. xvi+912. (New York and 
ondon : Academic Press, 1969.) 364s.* 

LONGWELL, Chester R., FLINT, Richard Foster, and SANDERS, John E. 
Phystcal Geology. 10} in. x7# in. (26 cmx 19-5 cm). Pp.685 (New York and 
London . John Wiléy and Sons, Inc., 1969.) n.p.* 

MCGINNIES, William G., GOLDMAN, Bram J., and PAYLORE, Patricta 
(edited by). Deserts of the World: an Appraisal of Research into their Physical 
and Biological Environments. 11} in. x 82m, (28:5 cm x22 cm). 
(Tucson : University of Arizona 15.* 

READINGS IN THE Ba he TENCE, 


ROUTHIER, P. Essar Critique sur les Méthodes de la Géologie (de l’Obyet a la 
Genèse), lution des Sciences) 8f in.x 54 in. (22 cmx 14 cm). Pp. 204 
(Paris. Masson et Cie., 1969.) 38 francs.* 

SEARS, M (general editor). Progress in Oceanography, Vol. 5. 94 In.x 
6] in. (23:5 cm x l6 cm), Pp xi+191. (Oxford, London and New York: Perga- 
mon Press, 1969.) 84s., $TI hard cover.* 

THORNBURY, Willlam D Principles of Geomorphology. Second edition 
94 in. x 6} In. (23 5 cmx16 cm). Pp xi+594, (New York and London: John 


Wiley and Sons, 1969) 130s.* 
VITA-FINZI, Claudio. Tha Mediterranean Valleys : Geological Changes in 
Historical Times. 10 in.x 7} in. (25:5 cmx19 cm), Pp. ix+140 (London: 


Cambridge Unrversity Press, 1969.) 80s. net., $13.* 


Chemistry 


ADAMS, Ralph N. Electrochemistry at Solid Electrodes. (Monographs in 
Electroanalytical mistry and Electrochemistry.) 9% in.x 6d in. -5 omx 
l6 em). Pp. xm+ eo (Nev York: Marcel Dekker, inc., 1969.) $18.75.* 

X Ailen J. (edi 3: Electroanalytical Chemistry, Vol. 3. (A Series of 
Advances.) 9} in. x 6} In. (23°5 cmx 16 aen i Pp. x14311. (New York: Marcel 
Dekker, Inc , 1069.) n.p." 

BUTLER George B., and QSDRISCOLL, Kenneth F. (edited by). Reviews in 
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Macromolecular Chemistry, Vol. 3, 94 In.x 6% in. (23-5 cmx I6 em). Pp. vu 
422. (New York: Marcel Dekker, Inc., 1968.) n.p.* 

CATCHPOLE, A.G., ANDERSON, R. M., and WEBB, D. F Organic Chemistry: 
a Modern Introduction 9 in.x6 in. (23 emx155 cm). Pp. 440. (London: 
Georga G. Harrap and Co., Ltd., 1969.) 50s * 

CHEMICAL REACTIONS IN ELECTRICAL DISCHARGES. 


(Advances in 
Chemistry Series, No. 80.) 9} In.x 6% in. (23:5 cmx l6 cm). 


Pp. xi+514. 


(Washington, D.C.: American Chemical Society, 1969.) $15 * 

DeT, DeLOS F. (edited by). Computer Programs for Chemistry, Vol. 2. 
94 in. x 64 in. (23-5 cmx 16 cm}. Pp. xix+260. (New York and Amsterdam : 
W. A. Benjamin, Inc., 1969.) $14.75," 


FLORY, Paul J. Statistical Mechanics of Chain Molecules. 9f In. x 6 in. (23-5 
cmx 16cm). Pp. xix+432. (New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1969.) 164s.* 

GAYLORD, Norman G. (edited by). Macromolecular Syntheses: a Periodic 
Publication of Methods for the Preparation of Macromolecules, Vol 3, 94 ın x 
6 in. (23-5 cm x 16 cm). Pp.x+1!70. (New York and London : John Wiley and 
Sons, 1969.) 112s.* 

GOLDING, R M. Applied Wave Mechanics. (The Van Nostrand Series in 
Physical eperalecey:) 9} In. x 6f in, (23-5 cmx 16 cm). Pp. xt1-+476. (London 
and New York: D. Van Nostrand Company, 1969.) 130s.* 

HARBOURNE, J: AIWAN, T. (diced by), rar ap acaysa in Phytochamis- 
try. (Proceedings of the Phytochem ociety um, ridge, Apri 
1968.) 9ł In. x 64 in. (23-5 cmx 16 cm). Pp. x E235 (London and New York: 
Academic Press, 1969.) 63s.; $9.* 

HEINEMANN, Heinz (edited by). Catalysis Reviews, Vol 2. 9} m xer in. 
ee alg cm). Pp. viii+359. (New York: Marcel Dekker, Inc., 1969.) 

17.50. 

HOGG, D.R. Programmes in Organic Chemistry Vol. 4: Electronic Effects 
and their Ap lication. (Chemical Science Texts.) 8} in.X5ł in. (21 5 cmx 
13 em). Pa; . (London : The English Universities Press, Ltd., 1969) lós. net. 


pape Sad 

NESSON, J. P., and MUETTERTIES, E. L. Chemists Guide : Basic Chemical and 
Physical Data. 9 in.x6 in. (23 cmx 15-5 em). Pp. i443. (New York: Marcel 
Dekker, inc., 1969.) $1.95.* 

JORGENSEN, Chr. Kincbull. Oxadation Numbers and Oxidation States. (Mole- 
kulverbindungen und Tee ta tonsver bindungen in Einzeldarstellungen. 
Herausgegeben yon G. Briegleb, P Cramer und H. Hartmann.) In. x 6$ in 
GaS m xiha): Pp. vil+291. (Berlin and New York : Springer- erlag, 1969.) 

DM. ; 


KIRK/OTHMER. Encyclopedia of Chemical Technology. Vol. 17: Radioactive 
Drugs and Tracers to Semiconductors. Second completely ravised edition. 
10¢ nx In. (27 cmx 19 cm). - xtv+684, (New York and London: Inter- 
science Publishers, a Drviston of John Wiley and Sons, ree 470s.* 

KNEWSTUBB, P. F. Mass Spectrometry and lon-molecule Reactions. (Cam- 
bridge Chemistry Texts.) 88 in. x52} in. (22 cm x 15 em). Pp.wii+136 (London: 
Cambridge University Press, 1969.) 40s. net.; $7.* 

KUNII, Darzo, and LEVENSPIEL, Octave. Fluldization Engineering. ani 
6 in. (23-5 em x 15-5 cm). Pp. xix+534. (New York and London: Sohn iley 
and s, 1969.) 132s.* 

LOWDIN, Per-Olov (edited by). 


Proceedings of the International Symposium 
on Atomic, Molecular, and Soli 


tate Theory and antum Biology. (Inter- 
national Journal uantum Chemistry, Symposium No.2.) [0in.x7 in. (25-5 cm x 
18cm). Pp.x+38!. (New York and London : Interscience Publishers, a Drvision 
of John Wiley and Sons, 1968.) [65s.* 

LOWDIN, Per-Olov (edited by). Proceedings of the Intarnational Symposium 
on Atomic, Molecular, and Solid-State Theory, Sanibel Island, Florida, Janua 
16-21, 1967. (international Journal of Quantum Chemis i Symposrum, No. I.) | 
in. x 6} in. *5 cmx 17 em). . xvili+-854, (New York and London : Inter- 
science Publishers, a Division of John Wiley and Sons, 1967.) 328s.* 

MARCUS, Y., and KERTES,A.S. fon Exchange and Solvent Extraction of Meta! 
Complexes. 9} In. x6 in. Q3-5 cm x 15*5 cm). PP: x+ 1037, (London and New 
York: Wiley-Interscience, a Division of John Wi ey and Sons, 1969.) 3!5s.* 

MILLAR, lan T., and SPRINGALL, H. D. (revised and rewritten by). A Shorter 
Sidgwick's Organic Chemistry of Nitrogen. 9% in.x6 in, (23-5 cmx 15-5 cm). 

x A ESOR. Oxford : Clarendon Press; London: Oxford University Press, 
1969. . net, 

OWEN, Terence C. Characterization of Organic Compounds by Chemical 
Methods : an Introductory Laboratory Textbook, 9} in. x6} Le ae cm x 
16cm). Pp. vii+247. (New York: Marcel Dekker, Inc., 1969.) $6.75.* 

PALIN, G. R. Electrochemistry for Technologists. (The Commonwealth and 
International Library of Science, Technol » Engineering and Liberal Studies 
Electrical Engineering Division.) 72 in-x Shin, (195 cmx 13 cm). . w-+225, 
Oxford, London and New York : Pergamon Press, 1969) 35s., $5.50 hard cover; 


+» $4 flexicover.* 

SOUCHAY, P., et LEFEBVRE, J. ullibres et Réactivité des Complexes en 
Solution, (Collection de Chimle Ph ue.) 9$ in.x6} in. (24 cemxl65 cm) 
Pp. 358. (Paris: Masson et Cie., 1969.) 120 francs, * 

SUCHET, J, P. (textes réunis et édités par). tssance de Composés Minérarx 
Monocristallins. (Séminaires de Chimie de l'État Solida, 1967-1968, No. 2. 
Fa in. x 6f In, (24 mx 16:5 cm). Pp. 169. (Paris: Masson et Cie., 1969.) 5 


rancs. 

SUCHET, J. P. (textes réunis et édités par). Liaisons Interatomiques et Pro- 
priótés Physiques des Composés Minéraux. (Séminalres de Chimie de l'État 
Solide, Yol. 1, 1966—67.) 10} tn. x 8 in, (26°5 cm x 20 cm). Pp.270. (Paris: Centre 
de Documentation Universitaire, et SEDES, 1969.) n.p.* 

TSUTSUI, Minoru (edited by). Characterization of Organometallic Compounds, 
Part I. (Chemical Analysis > a Series of Monographs on Analytical Chemistry and 
Its Applications, Vol. 26.) 9¢ in. x 6} In. (23-5 cm x 16 cm). Pp. vu+371. (New 
ioe and London : Interscience Publishers, a Division of John Wiley and Sons, 

YATES, Peter (editor-in-chief), Organic Syntheses, Vol. 48. (An annual publica- 
tion of Spcisfactory Methods for the pepParation of Organıc Chemicals.) Bhin. 
6 in. (23°5 cmx 15-5 cm). Pp. ix+164, (New York and London: John iley 
and Sons, 1968.) 66s.* 

ZIEF, Morris (edited by). Purification of Inorganic and Organic Matarrals - 
Techniques of Fractional Solidification. 9h in. x 6} in. (23-5 cm x 16 cm), Pp. xvu + 
318. (New York: Marcel Dekker, Inc., 1969.) $17.50, 168s.* 


Biological Sclences 


ALDEN, Peter. Finding the Birds in Western Mexico : a Guide to the States of 
Sonora, Sinaloa, and Nayarit, Color plates by John O'Neill. [0 in.x7 in. (25 5 


cmxI8 œm). Pp. xlv-+138. (Tucson, Arizona: University of na Press, 
1969.) _$7.50.* 
AS N, John, 


Curious Creaturesin Zoology. Sin. ta Q2 an x I5 cm). 
Pp, x1-+348, (Detroit : Singing Tree Press, a Division of Gale esearch Company, 
1968. ee published 1890 by J. C. Nimmo, London.) $12.50.* 
BADENHUIZEN, N. P The Biogenests of Starch Granules in Higher Plants. 
Cenk Pee (21-5 cmx 15cm). Pp. wil+I2I. (New York: Appleton-Century- 
cs, , 


$5.* 
BECKER, bene Emil (herausgegeben von), Humangenetik : Ein kurzes Hand- 
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Band !, Tell 2. Merkmale des Gesichts ; Schmecken und 
chologie. 198 in.x 
hieme Verlag, 1969.) 


SLANDINO, a Giovanni. Theories on the Nature of Life. S$ in.x5¢ in. 
(22 cmx 14cm). Pp. x11+374. (New York: Philosophical Library, 1969.) $6.* 

BOURNE, G. H., and DANIELLI, 7 a F. (edited by). Assisted by JEON, K. W. 
International Review of Cytology, V 9} in.x6ł In. (23°5 mx 16 em). 
Pp. xvil +441. (New York and aie Academic Press, 1969.) 182s * 

BURNS, George W. The Science of Genetics: an Introduction to Heredity. 
Sin. x 6pin. 4cmx 16cm). Pp.x+399. Mise rene: The Macmillan Company; 
London : Collier-Macmillan, Led , 1969) 64s 

CHAMBERS, Robert Vestiges of the Saal History of Creation. (The 
Victorian Library.) 8ın.x4ł in. (20 cmx 12cm). Pp.390. (Leicester > Leicester 
University Press, New York: Humanities Press, 1969. First published [844.) 

s,” 


buch In funf Banden. 
Riechen ; Merkmale der Gliedmassen ; ; Papillarleisten ; 
7 ne Qei cmx 18 cm). Pp. xvi+572. (Stuttgart: Georg 
224 DM. 


CHAUVIN, Rémy. Psycho Physiologie Tome 2: Le Comportement Animal. 
Précis de Sciences Biologiques.) 9} tn. x ot in. (25 cmx16:5 cm). Pp. 418 
Paris © Masson et Cie., 1969.) francs.* 

COWDRY, E. V., and SENO, S. (edited by). Nucleic Acid Metabolism, Cell 
Differentration and Cancer Growth. eee we of the Second International 
Symposium for Cellular Chemistry at Ohtsu, October 17 to 21, 1966.) in.x 
6 In. (235 cmx 15-5 cm). ae xvin 483. (Oxford, London ‘and New York: 
Pergamon Press, 1969.) 3 $21. 

DAVIDSON, Eric H. Gare peri in Early Development. 9} In.x6} In. 
Q3- Pp. .4-+375. (New York and London: Academic Press, 
1968.) 


DAVIDSON, J N.,and COHN, Waldo E. (edited by). Progress in Nuclelc Acid 
Research and Molecular Blology, Vol. 9. in. x 6$ in. (23°5 cmx {6 cm). Pp. 
xoaii+469. (New York and London: Academic Press, 1969.) [82s.* 

DAWSON, R.M C., ELLIOTT, Daphne, ELLIOTT, W. H., and JONES, K. M. 
Data for Biochemical Research. Second edition. 94 in. x 6f in. 4 cmx l6 cm). 
Pp. x1n+655. (Oxford: Clarendon Press; London: Oxford University Press, 
1569.) 126s. net boards; 70s. net plastic covers." 


DICKENS, F., RANDLE, P. J., and HELAN, W. ri (edited by). Carbohydrate 
Metabolism and Its Disorders. Vol. 1: Pp xv+576. 130s.; $20. Vol.2: Pp. 
xit+392. 100s.; $16. sA in. x 6} a. (23-5 cmx tie cm). (London and New 
York- Academic Press, 19 


DOELLE, H. W Bacterral Metabolism. 94 In. x 6$ in. 
Pp. x1+486. (New York and London : Academic Press, 1969. 

FISHER, James, SIMON, Noel, and VINCENT, Jack. The Red Book: Wildilfe 
in Danger. 10f1n. x7fin. "(26 cm x 19 cm). Pp. 368 (32 colour plates). London : 
Collins, 1969.) 70s. net.* 

FLO RKIN, Marcel, and STOTZ, Elmer H. (edited by). Comprehensive Blo- 
chemistry. Vol. 23: Cytochemistry. 9 in.x6 in. (23 cmx [5:5 cm). Pp. xi+ 
167. (amsterdam, London and New York- Elsevier Publishing Company, 
1968.) 85 

GLASS, David C. (edited by) Environmental Influences: Proceedings of a 
Conference under the auspices of Russell Sage Foundation ane the Rockefeller 
University (Biology and Behaviour Series.) 9¢ In.x . 25 cmx 17 cm). 
Pp. x+304. (New York: The Rockefeller Univarsity , and Russell Sage 
Foundation, 1968.) $7.50.* 

Goss, Richard J. Principles of Regeneration. 10} in.x7 in. (26 cm x 18 em). 
Pp. Ix-+ 287, (New York and London > Academic Press, 1969.) 107s. 4d.* 

GRASSE, Pierre-P (publie sous la direction de). Traité de Zoologie Anatomie, 
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Eighth Annual eee onal April 28-29, 1967.) 9f1n.x6 in. (23 5 cmx 
Pp ix-+ (Corvallis, Oregon: 


eae cm). Oregon State University Press, 

SAY, J. A. The Experimental Basis of Modern Biology. 9 in.x6 in 
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SMITH, Ray F., and MITTLER, Thomas E. (edited by). Annual Review of Entom- 

ol , Vol, 14, 9in.x6in (23 cm x I5- 5cm). Pp. vil-+478. (Palo Alto: Annual 
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Proceedings of the Meeting held tn Oxford, April 1968. (Proceedings of the 
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netic storm days in the years 1946-67 and 138 periods 
of magnetic calm for the years 1929-45. The two sets of 
data were deliberately selected from completely different 
years to avoid the possibility of any interaction between 
them. 

We found that the evidence for an association between 
magnetic storms or magnetic calm and wind speed is 
nothing like as positive as that found in analysis (a). 
There is, however, a definite suggestion for a sught mcrease 
in average wind speed 2 days after a magnetic storm day. 
In the case of the magnetic calm periods the average 
result taken over all years is inconclusive. But the analysis 
shows that for years of igh solar activity there seems to 
be a clear decrease ın wind speed following a period of 
magnetic calm. Thus Fig. 2 shows the mean variation for 
ninety-two magnetically quiet periods ın the nine active- 
Sun years 1936-38, 1945-47, 1957-60 and 1967—years for 
which the overall average sunspot number was 129. We 
find that the magnitude of the minimum on day +2 
is about ten times that of the largest variation which 
occurs in the mean of ninety-two periods selected at 
random. 


92 PERIODS 


Datly wind total (knots) 





6 4 2 0 2 4 6 8 
Day number 


Fig. 2. Mean wind speed variation ın years of high sunspot number, 


zero day magnetic calm. 


Tt 18 interesting to note that in 1888, Stewart and 
Carpenter? also looked for a connexion between magnetic 
disturbance and wind speed. From data for a 16 year 
period they concluded that mgh and low dechnation 
disturbance values “‘correspond with and slightly precede 
hugh and low wind values”. Their analysis also indicated 
a delay of about 2 days. 

The physical interpretation of these various results is 
not yet clear, but they certainly point to some interaction, 
direct or indirect, between solar (and/or) magnetic dis- 
turbance and the troposphero. 


Department of Physics, 

University College of Wales, 
Aberystwyth. 
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Transduction Mechanism in Olfaction 
and Gustation 


Tue natures of energy transformations between animals 
and ther environments are poorly understood! and in 
particular the mechanisms of olfaction and gustation 
remain unknown?. Here I report evidence which suggests 
a quimone-quinol (omdation-reduction) transduction of 
stimulant energy from olfactory and gustatory chemicals 
into the nervous system of the beetle, Scolytus multi- 
striatus. 

Many phenols, and especially hydroqumone, which are 
capable of change transfer reactions, are chemical stimu- 
lants of beetle feeding*. 5-Hydroxy-1,4-naphthoquinone 
(juglone) from the tree Oarya ovata, which 1s not a hosi 
of S. multistriatus, deters beetle feeding’. With S. 
multistriatus I have investigated the relative deterrent 
effect on feeding of several substituted naphthoquinones 
(Fig. 1). 

The details of the assay used (assay 1) have been 
published‘* and naphthoquimones tested are listed in 
Fig. 1. Each quantity of test naphthoquinone was mixed 
with 5 mg of extractable material from Ulmus americana, 
which stimulates feeding, ın 1 ml. of chloroform. Previous 
studiestë have shown that the amount of chemicals 
absorbed in each disk increases lmearly with the con- 
centration of chemicals per ml. of chloroform. 

The area of the disk eaten, measured with a grid micro- 
meter ın a binocular microscope, 1s & measure of feeding. 
The mean amount of treated disks eaten is expressed 
as a percentage of the mean mm? of positive control disk 
eaten, (Fig. 1). 

All the naphthoquinones tested reduced the amount of 
feeding when added to the standard feeding stimulants 
(Fig. 1). The extent to which the chemicals deterred 
feeding depended on: (1) presence or absence of sub- 
stituent groups; (ii) the type of substituent group; and 
Qu) the position of the substitution(s). The effects of 
substituents cannot be readily generalized’, but the 
substitution of OH in the 5 or 6,8 positions increased 
deterrent effect, and in the 2 position reduced such 
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tive 
control) per assay disk by twenty-five Scolytus multistriatus adults in 
48h. D were soaked for 20 min Jn the indicated. oe or the 
naphthoquinone + 5 mg of positive feeding-stimulant per ml. of roform 


solvent, The positive control was 5 mg of stémulant per ml. of chloro- 


form without any naphthqguinone. - 
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activity. Molecules with substitutions ın the 2, or 2,3 
positions were less of a deterrent than the unsubstituted 
1,4-naphthoqutinone. In these latter positions, OH > 
CH,>Cl groups deterred feedmg in that order. 

Assuming that the initial energy mput reaction in 
the transduction mechanism ıs an oxidation-reduction 
reaction, the redox potential of any added quimone- 
quinol system (for example feedmg-stimulant phenol or 
deterrent quinone) would be umportant’. A relatively 
high redox potential in an added quinone-quinol that was 
not commensurate with its posttion ın the larger electron- 
transfer system of transduction would block the electron 
transfer and make the quinone a deterrent to feeding. 
Any substitution in an otherwise-deterrent qumone 
molecule, which reduces its redox potential, would be 
expected to reduce the deterrent effect of the molecule. 
Substitution in the 2 position in 1,4-naphthoquinones 
reduces the redox potential of the molecule much more 
than substitution at other positions’. Thus reduced 
potential could explain the decrease m deterrent effect 
with CH, and Cl substitutions, but could only partially 
account for the deterrent effect of a molecule with OH at 
the 2 position. Based on redox potential’, the molecule 
with a CH, group should be slightly more of a deterrent 
than a molecule with an OH group in the same position, 
but this was not observed (Fig. 1). Hydrogen bondmg 
might explain this discrepancy. 

An OH in the 5 position has the greatest chance for 
hydrogen bonding’, and 5-hydroxy-1,4-naphthoquinone 
was the best deterrent (Fig. 1). 

Certain quinones are spatially orientated in the oxidative 
metabolic complex of animals, and shuttle (transfer) 
electrons between enzymes’. These quinones have 
redox potentials which are commensurate with their 
positions in the biological electron-transport mechan- 
ism. Some benzoquinones, the oxdized forms of the 
hydroquinones which stimulate feeding of S. multtstriatus, 
occur in many animal tissues. Naphthoquinones, on 
the other hand, are foreign to higher animals‘, and, 
because of their relative redox potentials, they can 
block oxidative metabolic mechanisms ım most animals 
when given access through environmentally exposed 
specific sites, for example, chemoreceptors in S. multi- 
striatus. 

In summary, all known chemical olfactory and gustatory 
stimulants of S. multistriatus have hydroxyl groups which 
can be hydrogen-bonded and/or oxidized. Most, if not 
all, of these chemicals taste sweet to humans and so the 
taste of sweetness in humans probably involves the same 
basic energy transduction mechanism. 

This study was supported m part by a grant from the 
US National Science Foundation. 

Y D. M. Norris 
Department of Entomology, ` 
University of Wisconsin, 
Madison. 
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Survival and Fecundity of Mosquitoes 
fed on Insect Haemolymph 
In captivity the mosquitoes, Aedes aegypit and Oulex 
tarsalis, are attracted to and feed on msect larvae, 
and they live to produce viable eggs. This suggests that 
e 
e 
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mosquitoes may sometimes feed on insects in ‘nature. 
Here we report the amount of haemolymph taken by 
A. aegypti and the mortality and fecundity of insects 
fed haemolymph. 

Insect larvae, paralysed by coddling in warm water, 
were placed in cages with A. aegypti (given access to 
honey solution) kept at 26° C, 65 per cent R.H., and in 
a l4 h photoperiod. After feeding, the mosquitoes were 
confined individually (without honey solution) in ovi- 
position chambers'. Length of life after feeding, the 
number of eggs laid and the number of unlaid eggs m 
Christophers’ stages III to V? at the time of death were 
recorded. Controls were fed rat and guinea-pig blood. 

The meal size (Table 1) is expressed as the difference 
between the median weights of samples of unfed and fed 
mosquitoes. The amount of haemolymph taken from all 
the insects listed, except Neodiprion lecontei, was similar 
to the amount of guinea-pig blood taken. We mfer 
from this that any large differences in fecundity between 
mosquitoes fed on insects and mammals reflect the 
content, not the size, of the meal. For some unknown 
reason, only small amounts of haemolymph were taken 
from the sawfly, N. lecontei. Ovarian development 
in A. aegypti is activated by sustamed stretching of 
the midgut® so the absence of eggs developed beyond 
stage II m most mosquitoes fed on N. lecontei (Table 2) 
may simply reflect the small size of the meal. 


Table 1. SISH OF MHAL TAKEN BY A. aegypti FROM INSECT AND VHRTEBRATR 
HOSTS 


Host fed ¢ after 
sant Canoe) A. aogypii* 

Celerio suphorbiae (L.) 11 6 8 (4:7-7°5 161 
Manduca quinquemaculata (Haw.) 6 56 (4-8-6 6 115 
Calophasia lunula (Hufn.) 13 6 0 (4-4-6 8 180 

15 6 0 (4 5-7 4 181 
Neodiprion lecontes (Fitch.) 10 4-9 (3-0-5 5 88 
Rat 8 78(5 5-9 181 
Guinea-pig 8 6 0 (4 8-9 0 181 

( 


* Median weight of 15 unfed A. aegyptt was 2 6 mg (2:3-8 3). 

Survival of mosquitoes fed haemolymph varied. (Table 
2). Some mosquitoes died withm 3 h after feeding. 
In one case this mortality seems to reflect the condition 
of the host: all five mosquitoes that fed on a O. euphorbiae 
larva infected with nuclear polyhedrosis died. Otherwise, 
about ten per cent of the mosquitoes died after feeding 
on haemolymph. Sudden death has been reported in 


Anopheles‘ and Glossina’ when the osmotic pressure : 


of the gut contents was much higher or lower than that 
of vertebrate blood, the normal food. This, however, 
1s unlikely to be the cause of death of the mosquitoes 
fed on insects because the osmotic pressure of haemolymph 
and blood is similar. Most mosquitoes fed on Danaus 
plexippus (L.) larvae died within 3 days, perhaps because 
these larvae contain a cardiac glycoside, which makes 
them toxic to birds’. 

We assume the food value of the mosquito meals 
18 directly proportional to their solid content, found by 


Table 2. HFFROT OF {[HABNOLYMPH AND BLOOD MEALS ON A. aegypti 


Length of life after feeding 
> 
Ne. Dying with with 
Host fed 0-3 h 3-72h activated vated , 
ovaries* ovartes 
Lepidoptera 
euphorbias 87 7 0 25 5 
Blanduca quinguemaculata 16 3 5 5 8 
Calophasia lunula 21 1 4 18 $ 8 
Euxoa messoria (Har.) 4 0 1 3 0 
plezippus 6 1 5 0 0 
Gallena 16 1 0 15 0 
Coleop 
Leptinotarsus decemHneata 
Bay) 8 1 2 0 0 
H: ptera 
Neodiprion lecontei 8 2 1 1 
Rat 10 0 0 10 0 
Guinea-plg : 5 0 0 5 


* Developing follicles beyond stage O. 


“Nb 
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Tabie 8. FECUNDITY OF A. aegypti ON VARIOUS HOSTS . 
cent Number Per cent adults Per cent adults 
Host solids A. aegypti with activ- Number follicles activated maturmg Number follicles manmel 

‘ in meal fi ated ovaries t Average (Range) follicles Average (Range) 
M. quinguemaculata 54 18 88 95 4—41 0 0 (— 
O. euphorbias 59 80 83 23 0 EE 23 14 (1-82) 
E. messoria 11-1 4 75 180 TET 25 25 10) 
0. lunula ` 18 4 20 68 88 9 16-108) 85 212 80-108) 
N. lecontei 17-9 6 17 50 ) 17 5:0 80 
a. 18-6 15 100 58-8 30-99) 87 467 a 
Guinea-pig 220 5 100 79 2 66-92. 100 79 2 66-92 
Bat 28 6 10 100 736 34-102) 100 73-6 34-102) 


* Excluding mosquitoes dying within 8 h of feeding (Table 2). 


weighing samples (35 mg or more) of the blood or haemo- 
lymph before and after drying in vaouo at 60° C. Most 
of the solid is protein, for example, Celerto plasma con- 
tains 6-4 per cent protein’, and we found that solids 
comprise 5-9 per cent of whole haemolymph (Table 3). 
It appears that the number of eggs matured varied 
directly with the intake of protein (solids) (Table 3). 
Mosquitoes fed on rat blood laid slightly fewer eggs 
than expected from the meal size, probably because 
they received more protein than was needed to mature 
their full egg complement. We suggest that M. quin- 
quemaculaia and O. euphorbiae were poor hosts because 
their haemolymph supplied too little protein. 

The number of follicles activated and matured decreased 
with protem mtake (Table 3). The mosquitoes fed low 
protem meals started to develop more follicles per unit 
of protein than those fed high protein meals. This 
situation would arise if the extent of ovary activation 
reflects the duration of gut distension, as suggested by 
Colless and Chellapah'. 

The follicles of A. aegypti fed on blood develop syn- 
chronously beyond stage II. Mosquitoes fed haemolymph 
behaved similarly except those fed on O. euphorbiae. 
On this host the number of follicles activated was two 
to sixty-six in a bimodal distribution with peaks around 
three and thirty-five. The reason for the two peaks is 
unknown, but it is noteworthy that populations of 
arctic mosquitoes with both facultative and obligate 
autogeny have a similar pattern’. Eggs were laid by 
three out of seven mosquitoes which developed less 
than eight follicles, but by only two of eighteen that 
developed more than eight follicles. Development in 
the latter mosquitoes usually ceased at stage III or 
IV, presumably when the protein supply of the meal 
was exhausted. A few A. aegypti appeared to develop 
their follicles uniformly to stage IIL and then mature 
only one or two of them. 

Our results show that haemolymph is inferior to 
blood as a food for mosquitoes, although mosquitoes 
fed haemolymph can produce eggs. In nature, 
heemolymph meals would be a poor investment for 
mosquitoes where vertebrates are common. Where 
vertebrate blood is scarce, however, they provide an 
alternative to autogeny and thus could be advantageous. 


P. Harris 
D. Coors 


Canada Department of Agriculture, 
Research Institute, ‘ 
Belleville, Ontario. 
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t Beyond stage II. { Stage V. 


Conducted Impulses in the Skin of 
Young Tadpoles 


THE terms action-potential and umpulse are often con- 
sidered interchangeable’. But while action potentials 
would include impulses together with graded potentials, 
it may be useful to define umpulses as all or none potential 
changes with a constant amplitude and shape unaffected 
by changes ın the strength or quality of the stimulus}. 
Impulses, so defined, are usually associated with conduc- 
tion’in nerye and muscle but are also found in plants’, 
protozoans’*, and may be common in epithelia of coelenter- 
ates but are only definitely established in some hydrozoan 
jellyfish’. The first example that I know of impulses 
from non-nervous and non-muscular tissue in a vertebrate 
is described here from the skin of clawed toad (Xenopus 
laevis) tadpoles. 

Observations on tadpoles were made during develop- 
ment from late embryos (stage 21, see ref. 6) to free 
swimming larvae, 2 days old (stage 41). During this trme 
the skin consists of two layers of regular, rather cuboidal 
cells. The outer layer has a slightly thickened surface 
membrane and 1s a patchwork of ciated and non-ciliated 
cells. The mner layer lies on a basement membrane 
under which there is a basement lamella’-*. 

Experiments were performed at 18°-22° C in Holt- 
freter’s solution (3-5 g/l. of NaCl, 0:05 g/l. of KCI, 0-1 g/l. 
of CaCl, and 0-2 g/l. of NaHCO,) on mtact embryos, on 
belly preparations made by removing the head and dorsal 
part (spinal cord and myotomes) of embryos and larvae, 
or on small pieces of .peeled off skin. When a micro- 
electrode, filled with 3 M KCl and with a tip diameter of 
less than 1 micron, is pressed on to any point on the skin, 
after a little dumpling of the skin, the potential jumps 
sharply negative by 20 to 75 mV. Asa rule this potential 
gradually declines to zero ın 1-2 mm. If, however, the 
skin is stimulated at any point while recording this nega- 
tive (resting) potential, a brief depolarizing change occurs 
provided the stimulus is strong enough. Examples of 
penetrations and responses are shown ın Fig. 1. These 
transient potentials have the following properties. (1) 
They are evoked, all or none, by a sharp prod with’a 
blunt pin. (This stimulus is similar to that required to 
make an intact anımal respond.) (2) They are evoked by 
brief cathodal current pulses (1-5 ms) given anywhere on 
the body surface. (3) They appear at a repeatable thres- 
hold stimulus voltage and above this are not graded with 
stimulus intensity. (4) They decrease in amplitude with 
the resting potential, but when this is high the potentials 
“overshoot” zero potential (Fig. 1). (5) They do not 
vary in amplitude ın relation to the distance from the 
point of stimulation. (6) They have roughly constant 
duration in successive penetrations of one mdividual but 
durations from 60 to 300 ms in different animals. (7) 
They are refractory to a similar stimulus for a period 
approximately equal to the duration of the response. (8) , 
They propagate over attached flank skin at velocities of 
5-11 cm/s. (9) They spread out in all directions from 
the point of stimulation. 

The transient, depolarizing potentials hive all the 
features of propagated, all or none impulses recorded 
intracellularly. That they are recorded after the first 
sharp jump in potential from an electrode penetrating the 
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‘cellular and recording the skin potential!. 
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Fig. 1. Examples of responses recorded with microslectrodes from belly 
skin of larval Yenopus. A and B are from different points on stage 31 
larvae. At the top of each are pen 1ecords with pads -moving paper 
(see A). These show’ left to 1ight, ınitial zero potential level, a variable 
potential when the electrode contacts the skin, a sudden negativity on 

enotration, impulses in response to sumuli (1, 2, 8, attenuated by the 
ow frequency response of the Toconlen; and a gradual reduction of the 
potential baok to zero. The num ogcilloscope records underneath 
show the Identified impulses in 4 and B on ane: ed time scale. The 
thick horizontal line is at zero potential. As ks and arrowheads 
mark the time of prod and electrical stimull, respectively. In Al the 
prod Jogged the electrode into the cell 48 has one sweep where the prod 
was sub ld. C is simflar to A and B but from a stage 41 larva. 
D, from a stage 89 larva, shows a longer impulse. Time marks in the 

oscilloscope traces are at 50 ms intervals. 


skin at any location (even when the skin has been cleanly 
peeled off) suggests that they are recorded from ectodermal 
cells, and not from underlying cells or occasional nerve 
cells in the skin. The negative resting potential is consis- 
tent with this interpretation and its decline may be a 
consequence of damage by the microelectrode. It is not 
yet clear whether impulses are present in one, or both, of 
the ectoderm layers, for I have not recorded more than 
one negative jump on penetration of the skin. If advanced 
white recording a negative resting potential, the electrode 
gradually depolarizes and often swings slightly positive. 
When this happens the electrode is presumably extra- 
In these 
conditions the impulse i recorded as a small, negative 
going wave of duration comparable with the impulse 
recorded intracellularly. There remains the possibility 
that the impulses, though recorded from ectodermal cells, 
are a consequence of activity in an epidermal nerve net. 


` This is hard to disprove but impulses can be recorded from 


the skin of embryos (stages 21 and 22) in which nerve 
processes extend only very short distances from the central 
nervous system!??. s 

The presence of propagated impulses in the skin of 
larval Xenopus offers a modus operandi for conduction of 
excitation m the gkin of larval amphibiang which was 
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first proposed by Wıntrebert to explain behavioural 
observations!!:!!. Further experiments should reveal 
more of the mechanisms underlying the impulses and their 
transmission from cell to cell which one might expect to 
be by direct electrical coupling such as that described in 
Xenopus embryos’? and several other embryonic and 
mature tissues and usually associated with “‘tight”’ 
membrane junctions between cells!4:15, In the only other 
ectodermal conduction systems, those of coelenterates, 
impulses are transmitted over the nerve-free areas to evoke 
behavioural responses’. This may be true also of ectoder- 
mal impulses ın Xenopus tadpoles'! but, again, more 
experiments are needed before the funcfional significance 
of the impulses is certain. 

The skin conduction systems 10 jellyfish and Xenopus 
tadpoles are examples of “neuroid” transmission first 
proposed by Parker'*. Both offer a model for possibly 
primitive, unspeciahzed, sensory, conduction and inte- 
gration systems and are considérably simpler, and more 
easy to study, than nerve nets. With regard to the system 
in the amphibian, one can speculate that conducted 
ectodermal impulses are an adaptation to a free living, 
early larval life, allowing sensitivity ın parts of the animal 
which are not yet innervated. Impulses may therefore be 
lacking ın larvae which do not live free until a late stage 
in development (for example, Salamandra)". 

I thank Professor G. M. Hughes for research facilities 
and the Science Research Council for a fellowship. 
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Spatial Recognition of Arginine in the 
Tropocollagen Macromolecule 


TROPOCOLLAGEN macromolecules, in appropriate reaction 
conditions, pack into the segment long spacing form 
(SLS) with the molecules arranged in parallel array and 
with like features in registert. SLS collagen thus provides 
an intensified and laterally extended -picture of the 
tropocollagen molecule from which it is possible to 
determine by electron microscopy, after appropriate 
staining, axial distribution of those regions of the molecule 
rich in polar amino-acids. Comparison ofthe positions of 
these regions with the distribution observed in native 
(640 A periodic) collagen fibrils allows the broad features 
of the fibril-assembly mechanism to be deduced**. To 
date the staining has been non-seleetive, presumably 
involving the binding of phosphotungstic acid (PTA) to 
the guanidino and amino side chains of arginine, lysine and 
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a 


Fig. 1. 





b 


Electron micrographs of (a) SLS treated with 0-1 per cent ferric nitrate (pH 2-8), x 159,000, and (4) SLS treated with 8-hydroxy- 


quinoline and subsequently with ferric nitrate (pH 2:8), x 150, 000. 


hydroxylysine, or the uptake of chromium complexes and 
uranyl cations by the carboxylic groups of glutamic and 
aspartic acids‘. Bensusan et al. claimed to have located 
the position of arginine residues using PTA staining of 
SLS prepared from solutions of collagen which had been 
S87 per cent acetylated to block the s-amino group of 
lysine. They argued that with so few histidines in the 
collagen molecule, the bonds observed after this treatment 
must reflect the position of the arginyl residues. 

Kuhn, Grassmann and Hoffmann attempted to locate 
the position of lysyl residues in collagen by prolonged 
washing of PTA-stained fibrils with distilled water; they 
assumed that PTA is bound more strongly to lysine than 
to arginine, and lysine would therefore be more likely to 
retain the acid®. Here we describe a new approach to 
the general problem of spatial location of specific amino- 
acids by clectron microscopy which depends on (a) 
reacting a linkage molecule with a particular amino-acid 
side chain and (b) forming a metal ligand after this 
reaction has taken place. The electron density distribu- 
tions in SLS treated with the linkage molecule and sub- 
sequently exposed to a suitable metallic salt—in conditions 
minimizing non-specifie uptake—should reveal the location 
of the particular amino-acid derivative. 

2z-Naphthol. or its analogue 8-lydroxyquinoline. reaets 
specifically with the guanidine side chain of arginine. 
Sakaguchi, who first proposed the reaction, assumed it to 
take place between the hydroxyl group of g-naphthol and 
the guanidino groups of arginine’, but Bhattacharya et al.’ 
suggested that it is the carbon atom of 2-naphthol para 
to the hydroxyl group which is involved. This type of 
coupling, using 8-hydroxyquinoline, would leave a 
chelating site suitable for reaction with a variety of metal 
salts. We have used the reaction to locate the arginine 
residues in the tropocollagen macromolecule. 

Calf skin collagen SLS was prepared by a modification 
of the method of Bowden et al.°. The preparation was 
dried onto grids coated only with thin carbon film, which 
were then dipped in a solution of 0-2 per cent 8-hydroxy- 
quinoline in acetone. allowed to dry and rinsed with pure 
acetone. They were then treated for 15 min at 4° C with 
a solution of 0-1 per cent ferric nitrate (pH 2-8) and washed 
with distilled water. Blank preparations were made by 
omitting the 8-hydroxyquinoline from the acetone. Fig. 1 


shows the blank and 8-hydroxyquinoline treated SLA. 
The position of the arginine bands was reproducible as 
were the bands observed in the blank preparation. These 
latter are almost certainly caused by binding of Fe 

with non-protonated acidic side chains. As would he 
expected all the located arginine lines have a corresponding 
line in the PTA treated sample (Fig. 2). Their position, 












Fig. 2. Comparison of electron micrographs of SLS segments stai 
&-hydroxyquinoline followed by 0-1 per cent fe rric nitrate (pH 2; 
segment), ©1 per cent ferric nitrate (pH 2-8) only (centre 
and phosphotungstic acid (bottom segment). _x 360,000. Thy 
locate the lines according to the Hodge and Schmitt notatit 


° 


° 
1208 


however, in no way correspońñds with that postulated by 
Bensusan et al.*. 

Lines of high ee concentration occur at each end 
of the molecule. Using the notation of Hodge and 
Schmitt?, one, near to the A end, corresponds to the 
a,*, Bt region and two, close together at the B end, corre- 
spond exactly to the 3, and y,? lines respectively. Other 
lines of high arginine intensity correspond to the 6,°, 33, 
a4 and B,? lines. Note there is no arginine detectable in 
the $, position. 


A B 








Fig. 3. Densitometric scan of electron micrographs of arginine located 
{top scan) and blank preparations (bottom scan) of SLS, x 300,000. 


A comparison has been made of test and blank pre- 
parations using both electron micrographs (Fig. 2) and a 
line by line comparison of densitometric traces (Fig. 3). 
Most lines on the test pattern are, as expected, more 
intense than the lines. if any, which appear on the blank. 
Thus, for example. §,' and various other lines can be 
detected in the blank preparations—-though they are 
rather more diffuse---and the arginine lines can be seen to 
be supenniposed on them. In other regions (3, and y”, 
ya and §,*), however, the width of bonds in the blank is 
greater than in the test. In particular, a trough between 
the arginine lines 8, and y," corresponds to an intense 
diffuse region in the blank and it appears that the blank 
pattern has disappeared after treatment with the arginine 
reagent. It seems likely that this may reflect the presence 
of amino-acids with carboxylic side chains adjacent to 
arginine. The pKs of such groups would be appreciably 
lower than those for carboxylic side chains not close to 
a basic amino-acid, But after reaction of the guanidino 

group the degree of ionization would revert to normal and 
would allow only minimal binding of Fe at pH 2:8. 

We thank Dr J. A. C ‘hapman for his encouragement and 
advice and Professor J. H. Kellgren for his support of 
this project.* 
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Amino and Carboxy-terminal 
Sequences of Ovine Lactogenic Hormone 


Lactocenic hormone (prolactin) isolated from sheep 
pituitary glands is a protein of molecular weight?:? 24,000 
with threonine at the NH,-terminus* and half-cystine at 
the COOH-terminus'. It has six half-cystine and seven 
methionine residues®. We report here the structure of 
the NH,-terminal sequence, consisting of twenty-four 
amino-acids as well as six amino-acid residues at the 
COOH-terminus of the hormone. 

The hormone was isolated from fresh sheep pituitary 
glands by a procedure® previously deseribed, with slight 
modifications. The hormone protein was reduced by 
dithiothreitol and alkylated with iodoacetamide or ethyl- 
enimine using the published procedures’; the reduced- 
alkylated products were designated = RA-prolactin and 
RE- -prolactin respectively. The Edman-dansyl pro- 
cedure®? was used to analyse the NH,-terminal sequence 
of the RA-prolactin and gave the following resul 
NH.,-Thr-Pro-Val-CySCM-Pro-Asx-Gly-Pro- where CySC} 
denotes S-carboxymethyleysteine. RE-prolactin was 
hydrolysed by carboxypeptidase A or/and B in 0-1 M 
NaHCO, with an enzyme-protein ratio of 1:30 (w/w) at 
37°C; samples were taken out at intervals for amino- 
acid analysis! on a Spinco model 120B automatic amino- 
acid analyser. Results showed that the COOH-terminal 
sequence of RE-prolactin is: -(Ile, Tyr)-Asn-Asn-Asn- 
CySAE where CySAE stands for S-8-aminoethyleysteine. 

The reaction of the native prolactin with w 
bromide (CNBr)! was carried out}? in 70 per cent (v/v) 
formic acid. The reaction products were fractionated and 
purified by gel filtration on ‘Sephadex @-50° and by ion 
exchange chromatography on car boxymethyleellulose. 
When one of the purified CNBr- fragments (CB- 2) was 
sequence analysed, it turned out to be derived from the 
NH,-terminal portion of the prolactin molecule. CB-2 
has the following amino-acid composition (molar ratio): 
HSL, Arg, Asx, Thr Ser,Glx, Pro,Gly,Ala,Cys,Val,Leu,Phe, 
where HSL denotes homoserine lactone. By a Edman- 
dansyl procedure the NH,-terminal sequence of CB-2 was 
found to be: Thr-Pro-Val-Cys-Pro-Asx-Gly-Pro-Gly-Asx-. 
Reaction of CB-2 with carboxypeptidase A indicated the 
sequence -Ala-Val-HSL at the COOH-terminus. 

CB-2 was oxidized by performic acid and the product 
digested with trypsin in 0-2 M CH,COONH, of pH 85 
at 37° Ç for 18 h with an enzyme-peptide ratio of 
1:50 (w/w). The digested mixture was separated into 
three fractions on ‘Sephadex G-15’ with 0-01 M NH,OH as 
eluant. The amino-acid compositions in molar ratios of 
these three fractions are: 












CB-2-T-1: Arg,..Cy8O,H,.,Asx,.,Thr,.pSery.,Glxy.oPro..; 


Gly,.9Val,.,leu,., 





CB-2-T-2: Arg,.,Asx,.oLeu,.,Pheg., 
CB-2-T-3: HSL).,Ala,.9Valj.o 


It is evident that CB-2-T-3 was cleaved from the COOH- 
terminus of CB-2. The sequence of this peptide was 
shown by the Edman-dansyl procedure to be Ala-Val-HSL. 
Again, by the Edman-dansy! procedure, the CB-2-T-2 has 
the following sequence: Asx-Leu-Phe-Asx-Arg. This 
peptide was digested to completion with leucine amino- 
peptidase, and amino-acid analysis of the digest gave 
aspartic acid (no asparagine) in addition to leucine, 
phenylalanine and arginine. 

CB-2-T-L has threonine as the NH,-terminal amino- 
acid by the dansyl procedure and hence occupies the 
NH,-terminal end of CB-2. The COOH-terminal sequence 
of this peptide was established by the rate of amino-acid 
liberation with carboxypeptidases Band Aas: -Val-Ser- 
Leu-Arg. Thus CB-2-T-1 has a partial amino-acid 
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sequence as follows: 
Thr-Pro-Val-CySO,;H-Pro-Asx-Gly-Pro-Gly-Asx-(CySO,H, 
1 2 3 4 5 6 7 8 9 10 ll 
Glx)-Val-Ser-Leu-Arg 
12 13 14 15 16 


In order to ascertain the amino-acid residues in positions 
Il and 12, CB-2-T-1 was partially hydrolysed in 0-03 M 
HCI at 110° C for 16 h. The COOH-terminal hexapeptide 
liberated was purified by high voltage electrophoresis 
(2,000 V) in pH 21 HCOOH-CH,COOH buffer and by 
gel filtration on ‘Sephadex G-15° with 0-01 M NH,OH as 
eluant. The peptide (40 per cent yield) had the following 
composition: Arg,.oCySO,H,.,Ser,..Glx,.,Val,.,Leu,.,. The 
Edman-dansyl degradation revealed the sequence to be: 
CyS8O,H-Glx-Val-Ser-Leu-Arg. From these data, to- 
gether with those for CB-2-T-2 and CB-2-T-1, the sequence 
of the tetraicosapeptide at the NH,-terminus of the ovine 
prolactin molecule is 





eset a i als . 
Thr-Pro-Val-Cys-Pro-Asx-Gly-Pro-Gly-Asx-Cys-Glx- 
1 2 3 4 5 6 7 8 9 10 TL 12 
Val-Ser-Leu-Arg-Asp-Leu-Phe-Asp-Arg-Ala-Val-Met 
13 14 15 16 17 18 19 20 21 22 23 24 


The NH,-terminal sequence of ovine prolactin has been 
reported? to be: Thr-Pro-Val-Thr-Pro. It is now found 
that the fourth residue is half-cystine and not threonine. 
Further, two of the six half-cystine residues are located 
near the NH,-terminus in positions 4 and 11, forming a 
small loop encompassing six amino-acid residues. 

The fact that the COOH-terminal amino-acid in ovine 
prolactin is half-eystine>™ has now been confirmed. We 
have also shown that the hormone protein has the sequence 
-(Tle.  Tyr)-Asn-Asn-Asn-Cys at its COOH-terminus. 
Studies on the size of this terminal disulphide loop are 
in progress and will be reported later. 

We thank Daniel Gordon, Jean Knorr and Barbra 
Starman for technical assistance. This work was sup- 
ported in part by grants from the US Public Health 
Service, the Allen Foundation, New York, and Mr Maxwell 
M. Geffen, New York. K. D. S. and T.-B. L. are Fulbright 
scholars and Y. A. P. is a US-Soviet health exchange 
fellow for 1968. 

Note added in proof. Since completing this letter we have 
isolated and characterized a peptide from peptic digest of 
ovine prolactin. The amino-acid content and end group 
analyses indicate that the peptide was derived from the 
COOH-terminus of the hormone. From the data of 
sequence analyses, the structure of the peptide can be 
formulated as follows 









[j eet 
Leu-Asn-Cys-Arg-He-Tyr-Asn-Asn-Asn-Cys 


Thus the COOH-terminus of ovine prolactin consists of a 
small disulphide loop in which six amino-acid residues 
separate the two half-cystine residues. 
Cuon Hao Lr 
JONATHAN S. Dixon 
Kwvup D. Scumiptr* 
YURI A. Pankovt 
Tuna-Bin Lot 
Hormone Research Laboratory, 
University of California, 
San Francisco, California. 


Received April 22, 1969, 


* Permanent address: Nordisk Insulinlaboratorium, 
Biochemistry, 2, Ved Stadion, Gentofte, Denmark. 

t Permanent address: Institute of Endocrinology and Hormone Chemistry 
of the USSR Academy of Medical Sciences, Moscow. 
r ł On leave from Department of Chemistry, National Taiwan University, 
Formosa. 


Department of 


‘Li, C, H., Cole, R. D., and Coval, M., J. Biol. Chem.,229, 153 (1957). 

* Squire, P. G., Starman, B., and Li, C, H., J. Biol. Chem., 288, 1389 (1963). 
* Cole, R. D., Geschwind, I. I, and Li, C. H., J. Biol. Chem.,224, 399 (1957). 
+ Li, C, EL, J. Biol. Chem.,229, 157 (1957). 


e 
1469 


ë Sluyser, M., and Li, C. H., Arch. Bigchem. Biophys., 104, 50 (1964), 

* Cole, R. D., and Li, C. H., J. Biol. Chem., 218, 197 (1955). 

* Bewley, T. A., Dixon, J. 8., and Li, C. H., Biochim, Biophys. Acta, 184, 420 
(1988). 


* Gray, W. R., in Methods in Enzymology, 11 (edit. by Hirs, O. H. W.), 469 
(Academic Press Inc., New York, 1967). 

? Woods, K. R., and Wang, K. T., Biochim, Biophys. Acta, 188, 369 (1067). 

30 Apartman, D. H., Stein, W. H., and Moore, S., Anal. Chem., 80, 1190 

58). 

1 Gross, E., and Witkop, B., J. Biol. Chem., 287, 1856 (1962). 

* Steers, jun., E., Craven, G. R., and Anfinsen, C. B., J. Biol, Chem., 240- 
2478 (1965). 

33 Tsung, C. M., and Fraenkel-Conrat, H., Biochemistry, 4, 793 (1965). 

Li, ©. H., and Cummins, J. T., J. Biol. Chem., 288, 73 (1958). 


Platelet Factor 4 and Adenosine 
Diphosphate Release during Human 
Platelet Aggregation 


PLATELET FACTOR 4 (PF,) is a low molecular weight, heat 
stable protein which neutralizes heparin'*. Recent 
reports indicate PF, is released from human platelets 
during aggregation by adenosine diphosphate (ADP), 
adrenaline, thrombin and collagen®t. It is known that 
human platelet aggregation in plasma containing citrate 
proceeds in two phases in response to adrenaline, ADP 
and thrombin’-*, Reversible platelet aggregation seems 
to be chiefly the result of changes in the platelet membrane 
induced by external stimuli. The second phase is accom- 
panied by the selective release of various platelet contents, 
including adenine nucleotides, 5-hydroxytryptamine and 
certain lysosomal enzymes’, We have examined the 
release of PF, in human platelet-rich plasma with 
particular reference to the two phases of platelet aggrega- 
tion. We also compared release of PF, with ADP release. 

Aggregation of platelets in platelet-rich plasma con- 
taining citrate was studied photometrically at 37° C 
using 2 ml. samples of platelet-rich plasma*®, with con- 
tinuous recording of light transmission on a l-mV 
recorder’. At the end of each experiment, the samples 
were divided immediately into two aliquots for PF, and 
ADP measurements. We determined ADP concentrations 
by a firefly luminescence method?". 

Platelet Factor 4 was measured using a heparin- 
thrombin time method. The clotting times were tested 
in duplicate at 37° C in the following system: 0-4 ml. of 
tested sample + 0-08 ml. of heparin (Upjohn) (1 unit/ml.) 
+01 rml. of thrombin (Parke, Davis) (20 NIH units/ml.). 
To obtain total release of platelet PF,, one volume of 
platelet-rich plasma was mixed with 0-025 volume of 


3 min. The heparin-thrombin time of the incubation 
mixture, containing platelet-rich plasma treated with 
‘Triton’, was approximately the same as the glotting time 
of a sample in which saline was substituted for heparin. 
The amount of PF, in a sample of platelet-rich plasma 
treated with ‘Triton’ was taken as 100 per cent; serial 
dilutions with platelet-poor plasma were made and the 
heparin-thrombin time of each dilution was measured in 
duplicate. The percentage of PF, release during aggréga- | 
tion was then calculated from a standard dilution curve. |, 
5-10 per cent of the total PF, available for interaction with, 
heparin was detected in samples of unaggregated platelets., 
ADP (Sigma), adrenaline (Parke, Davis), and collage T 
(Sigma) did not affect the heparin-thrombin time whe) 
incubated with platelet-poor plasma at the concentration 
tested. In some instances, however, thrombin a} 
shortened the heparin-thrombin time of platelet-p¢ 
plasma even when no spontaneous clotting occurred. | 
this reason, in experiments designed to study the effeg 
thrombin-induced PF, release, two samples were tests 
parallel: (a) platelet-rich plasma + thrombin; *6) pla 
poor plasma + thrombin. The heparin—-thrombin time 
obtained with platelet-poor plasma were subtracte 
the values obtained with platelet-riche plasma. i 
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Experiments were performed on twenty-five samples 
of platelet-rich plasma obtained from normal healthy 
volunteers. The average release of PF, during first phase 
platelet aggregation induced by ADP, adrenaline and 
thrombin was 1-5 per cent. The average maximal release 
of PF, during second phase aggregation induced by ADP, 
adrenaline, thrombin and collagen was 53-7 per cent 
(8.D. 421-1). Only those experiments in which platelet 
aggregation was fully reversible were considered first 
phase. 

Parallel release of PF, and ADP was observed in 
response to all the agents tested, starting at the onset of 
second phase of platelet aggregation., Although more 
PF, than ADP was released from the platelets, a highly 
significant correlation (correlation coefficient, 0-92) was 
observed between the total amounts of both substances 
released (Fig. 1). PF, and ADP release occurred in an 
explosive manner at the beginning of the second phase of 
aggregation, whereas insignificant amounts of both 
substances were released during the first phase (Fig. 2). 
Similar results were obtained with ADP and thrombin- 
induced aggregation. 

The parallel release of PF, and ADP during the second 
phase of platelet aggregation can be explained by the 
finding that both PF, (ref. 12) and the non-metabolie pool 
of ADP" are located in the platelet granules. Our results 
are also consistent with previous observations that PF, 
release during adrenaline-induced aggregation is inhibited 
by imipramine, which is known to inhibit the second 
phase of platelet aggregation’, They also confirm the 
observations of Mills et al.® that significant amounts of 
ADP are released from platelets during the second phase of 
platelet aggregation, but not during first phase aggrega- 
tion. 
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jì, adrenaline (@), thrombin (©) and collagen (A). Maximal values 

obtained during either reversible or second phase platelet aggregation are 

plotted. The calculated formula for the regression slope is y= 2°6834 + 
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Fig. 2. Sampit%s of platelet-rich plasma were stirred in the aggregometer 

for various times after the addition of 2-5 uM adrenaline. The per cent 

release of PF, and of ADP is plotted against the right hand axis while a 

composite aggregation curve is drawn against the per cent transmission 
escale (left hand axis). 
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We conclude that PF, release contributes to the 
platelet release reaction. Because of the relative sim- 
plicity of the PF, assay, and the large amounts released, 
this assay may be useful in the evaluation of the release 
reaction. The physiological role of PF, in haemostasis is 
uncertain, but it is possible that the antiheparin activity 
is incidental. PF, also causes paracoagulation of soluble 
fibrin monomer complexes, and it has been postulated 
that PF, may play a part in the adherence of platelets to 
fibrin threads and in the consolidation of the platelet 
haemostatic plug’. Enhancement. of platelet aggregation 
by PF, was found in vitro*, while PF, injected into rabbits 
caused a rapid drop of the platelet count and fibrino- 
genopenia™. It is possible that PE, released from 
platelets together with ADP, may act as one of the 
messengers facilitating the formation of a haemostatic 
plug. 

This work was supported by grants from the US 
National Institutes of Health and the American Heart 
Association. 
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Effect of Hydrocortisone on the 
Keratinization of Chick Embryonic 

Skin cultured in a Chemically 

Defined Medium 

During keratinization of the epidermis—a process of cell 
maturation—synthesis of specific protein(s) within the 
cells is accompanied by degradation of the cellular con- 
stituents. Hormones may be involved as controlling 








factors. This has been one of the most attractive topics 
of tissue culture studies ever since Strangeways and Fell 


cultured chiek embryonic skin by the watchglass method 
using a natural plasma clot medium. Later, Fell ef al?” 
found that hydrocortisone accelerated the keratinization 
of chick and rat embryonic skin cultured on a plasma 
clot. Chemically defined media have been used success- 
fully for cultivating ratt, chick®-§ and human? foetal 
skin. and Wessells* demonstrated that thyroxine initiated 
keratinization of the epidermis of chick embryonic skin 
growing in such media. These histological findings suggest 
that hormones are probably important in keratinization 
in embryonic development. 
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Fig. 1. 








Shank skin of the chick stained with Mayer's haematoxylin and eosin. 
. explant from 13 day old embryo cultured for 4 days in BGJb alone: 


® 271 


a, 13 day old embryo; b, 2 day old fowl after hatching: 
d, explant from 13 day old embryo cultured for 4 days in BGJb 


containing OOL agimi. of hydrocortisons. 


In an attempt to examine both histologically and 


biochemically the effects of a minimal concentration of 


hydrocortisone on keratinization. we devised a simple 
replicate culture method for growing rather large pieces 
of chick embryonic skin in a chemically defined ‘medium. 

A sheet of skin (7 x 7 mm) from the shank of 13 day old 
chick embryos (Fig. la) was obtained by carefully remov- 
ing bones, muscle and loose connective tissues under a 
dissecting microscope; the skin was spread out on a 
Petri dish and covered by a piece of ‘Millipore’ filter. The 
skin was then ready for culture, the dermis being tightly 
in contact with the filter. The ‘Millipore’ filter with the 
stretched skin was put into a roller-tube containing 1 ml. 
of the medium (BGJb® supplemented with 50 ug/ml. of 
sodium ascorbate). The tubes were incubated at 37° C, 
rotating ten times per hour in a roller-drum which held 
them at an angle of approximately 5 degrees. The medium 
was renewed every other day. The explant on the filter 
was fixed and sectioned for histological examination: 
for chemical and biochemical analyses the epidermis was 
separated from the dermis by incubating the cultured 
skin on the filter in Tyrode solution free of calcium and. 
magnesium and containing 0-4 per cent EDTA. 

The skin grown in the chemically defined medium 
showed no sign of cornification during the 6 days of culture 
period (Fig. 1b), but a heavily cornified eosinophilic 
layer appeared over the epidermis when hydrocortisone 
was added to the medium, even in a concentration of 
only 0-001 ug/ml. (Fig. le). The cornification of the 
epider mis induced in vitro by hydrocortisone was histo- 
logically very similar to physiological keratinization 
(Fig. 1d) and the effect was clearly discernible with a wide 
range of concentrations of the steroid (10-5-10-* M) 
including physiological concentrations. When the separ- 
ated epidermis was examined under the dissecting miero- 
scope. the control was semitransparent and soft while 
the treated explant was opaque and stiff. In the basal 
layer of control and treated epidermis, the cells were 
histologically well arranged and showed no sign of necrosis. 
Chemical analysis of the epidermis revealed a three-fold 








increase in total protein during 4 days of culture either 
in control medium or in medium containing hydro- 
cortisone in the rather higher concentration of 1-0 ug/ml. 
(Pig. 2}, although proteins clearly differed in amino-acid 
composition. 

To investigate the specificity of the effect of hydro- 
cortisone, three natural steroids related biosynthetically 
to the glucocorticoid were examined for the ability to 
induce keratinization. In a concentration of 1-0 ug/ml. 
the precursors—pregnenolone and progesterone- had no 
effect while a mineralocorticoid. deoxycorticosterone, had 
a very slight effect comparable with that of 0-0001 ug/ml. 
of hydroe. -ortisone. 

In the chick, adrenals begin to function at 13-15 days 
of incubation, and cornification of the skin of the shank 
is clearly visible after 17 days, so we think that our 
findings show that hydrocortisone participates in the 
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Fig. 2, Total amount of protein in the epidermis of explanted shank 
skin from 13 day old chick embryos. O---O, Cultured in BGJb 
alone; @—®, cultured in BGJb containing 1 ¢@/ml. of hydrocortisone. ; 
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keratinization of the epidermis in the embryonic develop- 
ment of the chick. 
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Cone Dominance of the Human Early 
Receptor Potential 


Tue early receptor potential (ERP) of the frog and 
monkey retinas is generated chiefly by cone visual pig- 
ments, even though the predominant visual pigment in 
these retinas is rhodopsin’. Rhodopsin, however, is 
responsible for the large ERP of the rod-dominated rat 
retina”. The purpose of the experiments reported here 
was to determine whether the ERP of the rod-dominated 
human retina is generated primarily by cone pigments or 
by rhodopsin. The rate of ERP recovery after a bleaching 
flash was compared with the rates of rod and eone dark 
adaptation measured psychophysically after the same 
bleaching flash. 

The ERP was elicited by stimulating the eye with light 
from an electronic flash gun (Aimes-Hershey Sunlite-2) 
with flash duration lms. In most of the experiments, the 
output of the flash gun was attenuated with a 0-6 neutral 
density filter in order to minimize bleaching by the stimu- 
lus flash. This attenuated flash bleached about 10-20 
per cent of the visual pigment. Subjects were a normal 
21 year old woman (L. K.) and a normal 31 year old man 
(E. B.). Their pupils were dilated with 0-5 per cent 
tropicamide or 10 per cent phenylephrine hydrochloride 
with 1 per cent cyclopentolate hydrochloride, and their 
position was fixed with a chin and head rest. They were 
dark adapted for a minimum of 1 h before each experi- 
ment. The stimulus light, which subtended a visual 
angle of 60 degrees, was seen by Maxwellian view. The 
ratio of rods to cones in the stimulated retinal area is 
about 10 to 1 (ref. 4). Fixation was controlled by a red 
light subtending a visual angle of 1 degree. Infrared and 
ultraviolet light was excluded with Jena KG-3 and WG-1 
filters to restrict the stimulus to the visible region of the 
spectrum. The stimulus was either red (Wratten 26; 
A> 620 nm) or white. Responses were recorded with a 
silver electrode mounted in a sidearm attached to a 
scleral contact lens®. Contact between the cornea and the 
silver electrode was made through a saline bridge. Details 
of this lens will be described elsewhere. Appropriate 
Shielding eliminated photovoltaic and electrical artefacts. 
Responses were amplified with a Tektronix 122 pre- 
amplifier with bandpass 8-10,000 Hz and were displayed 
on a Tektronix 502A oscilloscope. Response amplitudes 
were measured from the peak of the corneal positive 
phase, R1, to the peak of the corneal negative phase, R2. 
Dark adaptation was measured psychophysically with 
a modified Goldman-Weekers adaptometer*. Threshold 
responses to an 11 degree white field were tested 8 degrees 
above the fovea. The 11 degree area of retina tested 
psychophysiecally was ‘therefore inside the 60 degree 
area tested by the ERP stimulus. 

The procedure was to present a test flash to the dark 
adapted eye and éhen, 1 min later, through the same 
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Fig. 1. Early receptor potentials recorded before and after bleaching. 


The left column shows responses to a series of white test flashes presented 

1 min before bleaching (top). 10 s after bleaching (middie), and 3 min 

after bleaching (bottom), The right column shows the same sequence for 

red test flashes. Calibration symbol, lower left corner, signifies 0-5 ms 

horizontally and 50 xV vertically. Responses of positive polarity at the 
cornea are displayed as upward deflexions. 


Maxwellian view optics, to present an intense yellow 
30 ms bleaching flash (General Electric M3 flashbulb 
with Corning 3384 filter). The long-wavelength bleaching 
flash (A>500 nm) minimized irradiation of short-wave- 
length photoproducts of bleaching that could have been 
formed by the initial test flash’. For the records shown 
in Fig. 1 two additional test flashes were presented 
following the bleaching flash, one at 10 s and one at 3 
min after bleaching. For Fig. 2 only one test flash was 
presented after the bleaching flash in order to avoid 
possible distortion of the recovery curve by multiple 
test flashes. 

Fig. 1 shows that extensive bleaching decreases the ERP 
amplitude, but that the ERP generated by both white 
and red test flashes recovers extremely rapidly. The 
bleaching flash reduces the ERP generated by the test 
flashes to 20-30 per cent of its dark adapted amplitude 
but the ERP returns to 70-80 per cent of its full amplitude 
within 3 min. The similar recovery to both white and 
red test flashes (Fig. 2) indicates that electrical responses 
that may be generated by short-wavelength photoproducts 
of bleaching? cannot be responsible for this recovery. 
This recovery was also observed with white test flashes 
0-6 log unit more intense and 0-3 log unit less intense than 
used for Fig. 1. 

Fig. 2 shows the correspondence between the time course 
of the cone branch of the psychophysical dark adaptation 
curve and ERP recovery for subject L. K. ERP ampli- 
tude and log psychophysical threshold coincide for the 
first 16 min, at which point rod adaptation becomes 
measurable. By 22 min the rod threshold has fallen 
considerably without a corresponding increase in ERP 
amplitude. Both the ERP and cone psychophysical 
dark adaptation recover with a half-time of about 1-5 min 
and are almost completely recovered 6 min after the 
bleaching flash. The half-time of recovery for subject 
E. B. was also 1-5 min. This 1-5 min half-time matches 
that observed by Rushton for the regeneration rates of 
human cone pigments measured by fundus reflecto- 
metry®!® and is much faster than the 5 min half-time of 
rhodopsin regeneration}, 

The ERP is generated directly by the visual pigments’, 
and should not therefore be affected by the neural 
mechanisms that inhibit the psychophysical rod response 
during the cone branch of the dark adaptation curve. 
Because rhodopsin begins regenerating immediately 
after the bleaching flash and reaches approximately 90 
per cent of its full concentration by the rod-cone break 
at 16 min??, the maximum effect of rhodopsin regeneration 
on the ERP should be seen during the cone branch of the 
dark adaptation curve. The close correspondence be- 
tween ERP recovery and cone dark adaptation in Fig. 2 
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at 520-540 nm. If only rhodopsin {max =502 nm)’ were 
responsible for the ERP, the action spectrum would 
follow the dashed curve in Fig. 1. The action spectrum 
observed indicates that long-wavelength cone pigments 
(Amax = 535, 570 nm)? make a substantial contribution 
to the ERP, and its breadth suggests that more than one 
visual pigment: generates the ERP. The similarity of the 
ection spectra of the whole excised eye and the peripheral 
retina indicates that the large cone ERP is not due to 
irradiation of the cone-rich fovea. 

To assess further the contribution of cones to the ERP, 
the rate of dark adaptation was measured in the live 
monkey. <A test flash eliciting a response of about 50 uV 
was presented to the dark adapted eye. The eye was then 
light adapted through the Maxwellian view optics for 
1 min with white light from a zirconium arc. This exposure 
decreased the ERP amplitude to 10-20 per cent of the 
dark adapted level. ERP recovery was then measured 
by presenting test flashes following termination of the 
bleaching light. The results, shown in Fig. 2, indicate 
that the ERP generated by 490 nm, 590 nm and white 
test flashes recovers rapidly after bleaching, with a half- 
time of about 2 min. The rapid recovery measured with 
the 590 nm test flash indicates that responses generated 
by short wavelength photoproducts of bleaching® are not 
responsible for the recovery. Comparison of ths ERP 
recovery with the regeneration curves for human rod? 
and cone® pigments indicates that ERP recovery is much 
more rapid than the rate of rhodopsin regeneration but is 
only slightly slower than the rate of human cone pigment. 
regeneration. Blough and Schrier’s® psychophysical dark 
adaptation curve for the monkey indicates that the rates 
of dark adaptation in man and monkey are similar. The 
psychophysical data were not used in Fig. 2, however, for 
they are too imprecise during the initial rapid phase of 
cone regeneration. 

The 520-540 nm peak of the action spectrum and the 
rapid rate of ERP recovery during dark adaptation 
indicate that cone pigments play a major part in generat- 
ing the ERP in the rhesus monkey retina. This large 
cone ERP means that the cone pigments, which account 
for only about 10 per cent of the visual pigment in the 
retina!, generate a response far out of proportion to their 
concentration. 
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Fig. 1. Action spectrum of the monkey early receptor potential. 


A, Live monkey; @, whole excised eye; ©, peripheral retina. Sen- 

sitivity is the reciprocal number of photons per test flash that excite a 

constant amplitude of ERP. Each point is the average of five to eight 

experiments. The dash@d line is the absorption spectrum of monkey 
s thodopsin'. 
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Fig. 2. Recovery of the ERP in the intact monkey. ERP amplitudes 
are expressed relative to the response recorded from the dark adapted 
eye before bleaching (dark adapted response = 100). The bar along the 
ssa indicates the period of irradiation with the bleaching light. 
©, White test flash; (0,490 nm; A, 590nm. Hach point is the average 
of four to seven experiments on two monkeys. ~~-~, Regeneration 
of human cone pigment®; —-—, regeneration of human rod pigment’. 
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Synchronization of the Mitotic Cycle 
in Acute Leukaemia 


Tut proliferating cells of the leukaemic population in 
acute leukaemia have been found to be randomly dis- 
tributed throughout the mitotic cycle’. Most chemo- 
therapeutic agents effective in this disease act principally 
on one phase of the mitotic cycle. Therapy might be 
more effective if leukaemic cells were synchronized in a 
sensitive phase to produce the most susceptible cells for 
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Fig. 2. Comparison of ERP recovery and psychophysical dark adapta- 
tion for subject L.K. Both the psychophysical curve and the ERP re- 
covery were measured after presentation of the bleaching flash at 
time =0. The ERP amplitudes have been scaled along the ordinate to 
fit the psychophysically measured dark adaptation curve and are 
expressed relative to the response recorded from the dark adapted cye 
1 min before bleaching (dark adapted response=100). Recovery 
measured with white test flashes is indicated by open circles, and red 
test flashes by filled circles. Each point is the average of three to four 
experiments. The record marked DA is the dark adapted threshold 
measured before bleaching. In the inset, the data from Fig. 2 have 
been used to plot log relative threshold (ordinate) against ERP ampli- 
tude (abscissa), The solid line is the relationship between log relative 
threshold and cone pigment concentration (abscissa) measured by 
Rushton”. The dashed line is Rushton’s measurement of log relative 
threshold versus rhodopsin concentration (abscissa}'*. 




















indicates, however, that the rhodopsin regeneration is not 
contributing appreciably to the ERP in these experiments. 

‘The relationship between log relative threshold and ERP 
amplitude is plotted in the inset of Fig. 2. The solid line 
drawn through the points defines the relationship between 
log psychophysical threshold and cone pigment concen- 
tration measured by Rushton”. The points fit this linear 
function but do not correspond to the function describing 
the relationship between log threshold and rod pigment 
concentration (dashed line)”. 

These results indicate that the major part of the human 
ERP is generated by the cones. Further support for this 
idea has been obtained in a 16 year old rod monochromat 
who had an ERP amplitude less than 30 per cent of normal 
despite normal rod function. The cone domination of 
the human ERP occurs even though the cone pigments 
account for less than 10 per cent of the visual pigment 
in the retina!4. The cone pigments therefore generate 
a response far out of proportion to their concentration. 
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(E. L. B.). We thank G. Wald for his advice and 
criticism of the manuscript, R. A. Cone and P. K. 
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Troendal for providing the contact lenses, and Miss 
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Contribution of Cones to the Early 
Receptor Potential in the Rhesus Monkey 


Ix the frog! and human? retinas the ERP is generated 
predominantly by the cone pigments, even though these 
pigments account for only a small fraction of the total 
visual pigment in these retinas. Brown? has found that 
the ERP of the cynomolgus monkey, measured in small 
areas of the retina with microelectrodes, is governed by 
the local density of cones rather than by the local density 
of rods. The experiments reported here show that the 
ERP of the rhesus monkey (Macaca mulata) originates 
predominantly in cones. 

Early receptor potentials were recorded from intact 
animals, whole excised eyes and excised patches of peri- 
pheral retina. Monkeys were anaesthetized with an 
intravenous injection of ‘Nembutal’, their eyes were 
dilated with eyclomydril, and they were then dark adapted 
for a minimum of 1h. Responses were recorded with a 
cotton wick-~Ag~AgCl electrode placed on the cornea and a 
Grass silver disk electrode taped over the animal’s cheek- 
bone. Eyes of anaesthetized monkeys which had been 
dark adapted for 4-16 h were excised in dim red light. 
Responses were recorded from these eyes with one wick 
electrode on the cornea and one on the base of the eyeball. 
Small patches of peripheral retina were prepared by 
cutting away the front of an excised eye, removing the 
vitreous, and punching out a 6 mm patch containing 
peripheral retina, pigment epithelium, choroid and sclera. 
One wick electrode was placed on the retina and one on 
the selera. e 

The stimulus light from a Honeywell 65C electronic 
flash gun with flash duration 1-3 ms was focused onto the 
in situ or excised eyes with Maxwellian view optics. The 
stimulus field subtended a visual angle of 40 degrees. The 
patch of peripheral retina was illuminated homogeneously. 
Intensity was controlled by Bausch and Lomb neutral 
density filters and wavelength was controlled by Baird- 
Atomic interference filters with half-band widths of 6-15 
nm. Responses were amplified with a Grass P5 pre- 
amplifier with bandpass 0-2-10,000 Hz for the excised 
eyes and patches of retina, and 7-10,000 Hz for the live 
monkey. The responses were displayed on a Tektronix 
502 oscilloscope. Appropriate shielding eliminated elec- 
trical and photovoltaic artefacts. 

The action spectrum of the dark adapted retina was 
determined by measuring the relative number of photons 
necessary to elicit a response of 20-30 uV at seven wave- 
lengths. The test flashes usedeto determige the action 
spectrum each bleached a small amount of visual pigment. 
but caused only a small decrease in the responses generated 
by subsequent flashes. Fig. 1 shgws that the action 
spectrum of the dark adapted eye ig maximally sensitive 
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another mitotic cycle-dependent drug. A segment of 
leukaemic cells in the s phase of the mitotic cycle ean 
be synchronized in children with acute lymphoblastic 
leukaemia after a single injection of cytosine arabinoside?. 
We have used cytosine arabinoside to synchronize cells 
in the s phase of the mitotie cycle for subsequent admin- 
istration of vincristine. 

The patient was a 5 yr old white boy with untreated 
acute lymphoblastic leukaemia. His haemoglobin value 
was 12-3 g per cent and white blood count 4,450/mm?3 
with 15 per cent lymphoblasts. The bone marrow was 
completely replaced by lymphoblasts. 

Cytosine arabinoside in a dose of 5 mg/kg was given 
intravenously for 1-2 min. This drug was followed in 
72 h by an intravenous injection of 0-05 mg/kg of vin- 
cristine. Serial bone marrow samples were obtained during 
the study. The number of mitotic figures per 10,000 
nucleated cells was determined for each sample by Japa’s 
method? and expressed as the mitotic index (number of 
mitotic figures per 1.000 cells). The percentage of cells 
in DNA synthesis in each sample (labelling index) was 
determined by incubating 1 ml. of marrow specimens 
with I Ci of tritiated thymidine (specific activity 1-9 Ci/ 
mmole) for 1h. The specimen was centrifuged. Coverslip 
smears were made from the buffy coat and autoradio- 
graphs were prepared. Labelled cells per 3,000 leukaemic 
blast cells were counted after a suitable exposure period. 
The results from each marrow study were compared using 
the Z test* when necessary. 

The response of the marrow proliferative activity to the 
drugs is shown in Fig. 1. The percentage of labelled cells 
and the quantity of label per cell, indicated by the number 
of grains overlying the nucleus, had decreased consider- 
ably I h after injection of cytosine arabinoside. This 
effect persisted for 24 h. The number of mitotic figures 
likewise decreased after the drug and recovery lagged 
24 h behind the return of DNA synthesis activity. 

Seventy-two hours after administration of cytosine 
arabinoside the mitotic index had returned to pretreat- 
ment levels. At this time there were already more cells 
in DNA synthesis than before treatment. Vincristine was 
given and in 24 h there was a remarkable and sustained 
increase in mitotic figures. There were significantly more 
cells in DNA synthesis than before treatment until 72 h 
after administration of vincristine. Mitotic index was 
still significantly greater than before treatment 96 h 
after injection of vincristine. 

A second, similar cycle of drug treatments was given 
1 week after the beginning of the first cycle. The results 
of this second cycle were the same as those of the first 
except that the increase in mitotic figures was not as 
great. The cycle was repeated a third time after which 
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the patient was in complete’ remission. At the time of 
writing, 9 months later, he is receiving maintenance 
therapy with 6-mercaptopurine and is still in remission. 

Studies in vitro® showed that cytosine arabinoside slows 
or stops DNA synthesis. Cells newly entering the DNA 
synthesis phase are affected by the drug, and so they, too, 
are trapped in this part of the mitotic cycle. Thus there 
is progressive accumulation of cells in the S phase of the 
mitotic cycle. 

In this patient the drug had a similar, prompt in- 
hibitory effect on DNA synthesis. Subsequently mitotic 
figures decreased because of the inability of cells to com- 
plete DNA replication and enter mitosis. The effect was 
reversible, and, 48 h after the administration of the 
drug, DNA synthesis had recovered. The striking further 
inerease in labelling index indicated that, as in vitro, the 
lymphoblasts continued to enter the S phase during the 
drug-induced period of inhibition. These cells, too, were 
held up in this phase and there was a much enlarged 
proporcion of cells in DNA synthesis. As the effect of the 
drug wore off, DNA synthesis resumed in all these cells 
and they were synchronized. Vineristine was given when 
the greatest number of cells were thought to be in DNA 
synthesis, judged by the return of cells in mitosis. 

We have previously reported that in six out of seven 
patients with acute lymphoblastic leukaemia after a single 
dose of 0-075 mg/kg of vineristine, lymphoblasts are 
arrested in mitosis and removed from the mitotic cycle?. 
The peak increase in the number of mitotic figures after 
this dose of vincristine occurred after 12-24 h. Mitotic 
figures returned to pretreatment levels within 24 to 48 h. 
The patient was given a smaller dose of vincristine. Even 
then, using a combination of cytosine arabinoside and 
vincristine, there were significantly more mitotic figures 
than before treatment. and the effect lasted longer than 
after vincristine alone had been given. 

Although we have too little experience to know whether 
this form of combined drug therapy will be useful in the 
treatment of acute leukaemia, further studies should be 
made to explore the manipulation of the cell population in 
an effort to increase the number of susceptible cells by 
synchronizing the mitotic cycle. 

This investigation was supported by grants from the 
US Public Health Service. B.C. L. was an advanced 
clinical fellow of the American Cancer Society, Inc. We 
thank the Upjohn Company for cytosine arabinoside, and 
Virginia Fisher, Ann Damon and Clare Anderson for 
technical assistance. 
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Somatic Pairing, Reduction and 
Recombination: An Evolutionary 
Hypothesis of Meiosis 
Wir the development of the cpncept that meaningful 
pairing of homologous chromosomes and cfossing over 
oceur only during meiotic prophase has come a series of 
reports of somatic pairing of homologous chromosomes in 
the Diptera? and in Yueea’. Additional examples are 
e 
° 
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random or predictable cases*of metaphase and anaphase 
ehromosome pairing and interphase-paired prochromo- 
somes in flowering plants®+ and in spermatogonia of 
various animals®®, In some eases prochromosome 
reduction by pairing of presumed homologues occurs in 
tissues seen to have somatic pairing during mitosis™*, 
The intimate association of homologous prochromosomes 
during interphase implies synapsis of euchromatic regions. 
Giant, interphase chromosomes of many Diptera are also 
synapsed during interphase. The occurrence of somatic 
recombination in fungi? and in the flowering plant 
Arabidopsis! (which evidently has somatic pairing 
throughout'*) also indicates intimate interphase synapsis. 

In 1942 Smith stated dogmatically the heresy that “The 
meiotic pairing consumated at pachytene is initiated at the 
latest by the telephase of the last premeiotic division’ 
That is, somatic pairing in spermatogonia of animals and 
sporogenous cells of plants (premeiotic pairing) is an 
essential early phase of the chromosome reduction process. 
Needless to say, the heresy was ignored. Recently, 
however, it has been revived by cytogeneticists'*-!* and 
eytologists!*’ who require it theoretically and find 
additional observational cases especially in flowering 
plants. Paired chromosome knobs of Zea mays!’ and 
prochromosomes'** during premeiotic interphase indicate 
that homologous chromosomes are synapsed during DNA 
replication and enter meiosis already synapsed. It now 
seems not only likely that premeiotic pairing occurs in 

cells approaching meiosis but that identical, often wide- 

spread somatie pairing occurs also in some somatic tissues 
of some animals and plants. It can be assumed that all 
somatic pairing in any tissues at any phase of development 
may be related to the premeiotic pairing that is really 
necessary only for meiosis. 

It follows, then, that in most diploid organisms there 
must be a transition from non-paired mitosis to the 
sormatically or premeiotically paired condition. Little is 
known about such a recently conceived transition’:'§ 
whether it is abrupt or gradual. It must be abrupt in 
species undergoing zygotic meiosis. Some evidence from 
a few flowering plants indicates that it may be variously 
gradual involving morphological changes in chromosomes 
and spindles as well as gradual pairing of homologues of 
the set (ref. 8 and unpublished results of S. M. S.). 

Given somatic pairing, significant somatic recombination 
seems to follow. It is now well established that somatic 
pairing and crossing over occur in male? and female”? 
Drosophila and are widespread in fungi (Aspergillus, 
Penicillium, Saccharomyces, Ustilago™ and others). Fur- 
thermore, by treatment with ultraviolet radiation it has 
been established in Ustilago and Saccharomyces that the 
somatic recombinationoccurs simultaneously with the DNA 
replication during the S-period of mitotic interphasc?’. 
Somatic recombination may constitute a small percentage 
of the total recombination in many species. The signi- 
fieance of recombination and/or sexuality is the inercase 
of variability and evolutionary potential. 

Westergaard** proposed that somatic pairing and 
exchange be considered primitive traits in evolution. It 
seems safe now to propose that somatic synapsis preceded 
both sexuality and meiosis in evolution as the first 
fneans* of accomplishing recombination followed by the 
initial rise of parasexual diploidy. It can be assumed from 
transduction, transformation. bacterial crossing over, 
fungal parasexuality and pairing of homologues in higher 
eukaryotes that the synapsis of homologous DNA is in- 
herent per se in the DNA similarity. As part of the 
parasexual cycle or as true sexuality evolved in eukaryotes 
which have paired homologues, as a further mechanism to 
increased variability, reduction in chromosome number was 
accomplished SnD by the evolution of a “quick” 
interphase with neither DNA nor chromosomal replication. 
At the following anaphase the homologues would separate, 
vielding haploid dqughter nuelei, very much like the 


second meiotic divisign as it now occurs. Next to evolve 
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after that “reduction division” would be a divisioun 
devoted primarily to crossing over. The “crossing over 
division” should immediately precede the “reductional” 


to produce maximum variability among the products of 
these divisions. Thus the complex meiotic process was 
tacked on at the end of the pre-existing paired condition; 
the pairing of homologues must occur before the twe 
unique meiotic divisions can take place. Perhaps the 
synaptinemal complex evolved as a meiotic structure to 
insure regular disjunction®’. Probably the last significant 
evolutionary advancement was the gradual development 
of an organized process to accomplish large scale re- 
combination (superimposed on the existing synapsed 
condition) during premeiotic interphase or subsequent 
stages called zygotene and pachytene. Somatic re- 
combination was already an established more or ke 
random act, and so we can assume that meiotic re- 
combination is really a further gradually evolved and 
genetically controlled sophistication of the pre-existing 
mechanism, possibly including the enigmatic synaptinemal 
complex. Subsequently, as Westergaard”? has proposed, 
genetic systems evolved in animals and plants to repress 
more or less somatic pairing and somatic synapsis to 
eliminate inevitable somatie crossing over. 

In many fungi, Diptera, Yucca, and other evolutionary 
lines considerable somatic (as distinct from premeiotic) 
pairing has persisted. Indeed, it is not unlikely” that the 
Diptera at least may even utilize the intimately synapsed 
condition of sornatic Interphase chromosomes for sornatic 
crossing over and more subtle genetic controls and effects 
which are made possible only by the intimate trans 
association of genes and operons. It is a sort of position 
effect between homologous genonemata (transvection) 
that is impossible in somatic nuclei containing unsynapsed 
homologues. In many other species and larger systematic 
categories, somatie pairing has been reduced to one or a 
few premeiotic divisions. In types having zygotic meiosis, 
somatic pairing must occur abruptly, without any division, 
in the melocyte as the first phase of meios 

This research was supported in part by a grant from the 
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Non-random X-Inactivation in the 
Female Mule 


Tue mule (Qn=63) is a hybrid between a jack donkey 
(Equus asinus, 2n= 62) and a mare (E. caballus, 2n= 64). 
The two chromosome complements are quite distinct, and 
in particular the X chromosomes differ morphologically ; 
the donkey X (XV) is submetacentric and the horse X 
(XH) is metacentric (Fig. 1). It has also been shown 
that the glucose-6-phosphate dehydrogenase (G6PD) 
locus is X-linked in botht*. The electrophoretic pheno- 
type consists of a fast and slow band in both species, the 
G6PD of the donkey moving faster than the G6PD of the 
horse (Fig. 2). If one of the X chromosomes in the female 
mule is inactivated at random and if this inactivation can 
be recognized by a delay in its DNA synthesis*-§, then 
about 50 per cent of cells should show a late replicating 
XH and 50 per cent a late replicating XD. Furthermore, 
the G6PD pattern in the mule should consist of three 
bands, a fast G6PD-donkey, a mixed intermediate band 
ponding to the slow G6PD-donkey plus the fast 
G6PD-horse and finally a slow G6PD-horse (Fig. 2). 

We have some preliminary results on DNA synthesis 
in the X chromosomes of three female mules; skin 
eultures were established from all three, lymphocyte 
cultures from two and the G6PD isoenzymes were studied 
in one. The results seem to demonstrate preferential 
late replication of the paternal X chromosome (XP) in 
all three animals; in the one examined for both the 
G6PD phenotype and the chromosomes there was com- 
plete agreement between X chromosome behaviour and 
the G6PD phenotype. 

Lymphocyte and fibroblast cultures were established 
by standard methods*:?. ?H-Thymidime (Tdr) was added 
in a concentration of 0-3 yCi/ml. (specific activity, 5 Ci/ 
mmole Amersham) 3-3-5 h before collecting the cells. 
Different timing was used to account for the different 
G, periods in the two culture systems. Slides were made 
in the usual way and stained lightly with lacto acetic 
orcem, Suitably spread metaphase plates were photo- 
graphed. The slides were then coated with Kodak 
stripping film (‘AR 10’) and the cells which had been 
photographed were examined for a differentially labelled 
X chromosome, defined as having at least twice as many 
grains as other chromosomes of similar size. A few slides 
were coated before photography and cells with a differ- 
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Horse Female mule Donkey 


Fig. 2, Diagram to show the G6PD isoenzyme patterns in the horse, 


donkey and mule. The G6PD in the mule is that which would: be. 


expected if both Y chromosomes were Inactivated at random, 


entially labelled X chromosome were selected for study. 
This chromosome was identified by its morphology. after 
removal of the film® or bleaching of the grains. G6PD 
phenotypes were studied using red cell haemolysates and 
fibroblast lysates. Blood was collected in acid—citrate 
dextrose. The red cells were separated, washed twice in 
normal saline at 4° C. Haemolysates were prepared by 
freezing and thawing red cells three times and adding 
distilled water to give a final concentration of 4 g haemo- 
globin per cent. Fibroblasts were obtained from con- 
fluent monolayer cultures trypsinized with 0-075 per cent 
trypsin (1: 250) in Hanks balanced salt solution (BSS), 
washed once with BSS and twice with 0-9 per cent sodium 
chloride. Cells were homogenized in 1 ml. of distilled 
water +05 ml. of saturated digitonin and frozen and 
thawed twice. 

Vertical starch gel electrophoreses were carried out 
for 16 h at 4° C at a potential gradient of 4-5 Vjem. Gels 
were prepared by Smithies’s method’ using a 0-05 M 
tris EDTA boric acid buffer at pH 8-0; 167 mg/l. of 
NADP was added to the hot starch before degassing. The 
electrode buffer was 0-5 M tris EDTA boric acid at pH 8-0. 
The gels were sliced and stained in a solution containing 
70 mg of NADP; 50 mg of nitro blue tetrazolium; phena- 
zine methosulphate; 025 M Na, glucose 6-P.3H.O; 


i a 
f 


xH 


SRAKRSAREAX SARK KRE AKA KX Bes : 


PADRDRAAAABanAGonAAen 


Am aA AEE 


Fig. 1. 


Karyotype of a female mule (No, 33). The two XY chromosomes are arrowed. : 
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10 ml. of tris HCI buffer atepH 7-0. Gels +Ë 
were then fixed in an ethanol—acetic acid- : 
glycerol mixture. 

The relative frequencies of cells contain- 
ing a differentially labelled XP or XB are 
given in Table These depart consider- 
ably from the expected value of 0-5 in 
both lymphocyte and fibroblast cultures. 
The frequeney of the differentially labelled 
XY varied between 0-8 and 0-9. Examina- 
tion of Fig. 3 shows that both erythrocytes 
and fibroblasts from one animal (No. 100) ‘ 
contained only a very low level of G6PD- ie -A 
donkey; both fast mov ing bands are very si 


weakly represented, while the slower = 
G6PD-horse bands are very much in usin 1 
evidence. = 


These observations indicate that in the Fig. 3. 
three mules studied, the paternally derived 
XY preferentially shows late labelling, and 
that im one animal (No. 100) the 
product of the paternally derived G6PD allele is only 
weakly represented. This provides further evidence for a 
correlation between the differential cytological behaviour 
of one X chrornosome and its genetic inactivation, at least 
at one gene locus. Our autoradiographic findings dis- 
agree with those of Mukherjee and Sinha’, who reported 
that 50 per cent of lymphocytes from a female mule had 
a late replicating XH and 50 per cent a late replicating XP. 








Table 1. FREQUENCY OF DIFFERENTIALLY LABELLED XP at THE END OF 
THE S PERIOD IN THREE FEMALE MULES 
‘Tissue Lymphocytes Fibroblasts 
Total cells Per cent cells Total cells Per cent cells 
Animal with with with with 
No. differentially differentially differentially differentially 
labelled X labelled X? labelled ¥ labelled XD 
27 == _ 14 93 
33 27 89 45 96 
106 65 88 a 100 
Total 85 88-4 67 95-5 


We are not speculating on the significance of the pre- 
ferential inactivation of the paternal X until further 
animals have been studied. In the mule the maternal and 
paternal sets of chromosomes are very different, and it is 
possible that the genetic information contributed by the 
oocyte may influence either mactivation or subsequent cell 
selection. Recently Ohno et al.t!1* have shown delayed 
ectivation of paternally derived alleles at one autosomal 
loeus im chicken-quail hybrids, and have also shown 
ynehronous activation of parental alleles for hybrid 
brown and rainbow trout and their reciprocal cros 
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Chromosome Pattern of Bone Marrow 
Fibroblasts in Patients with Chronic 
Granulocytic Leukaemia 


GRANULOCYTES, erythroblasts and megakaryocytes from 
patients with chronie granulocytic leukaemia contain 
the Ph! chromosome?-? in contrast to lymphocytes, which 
do not®. Skin fibroblasts from at least. one case of chronic 
granulocytic leukaemia did not, however, have the Ph! 
ehromosome?. Because myelofibrosis oceurs in association 
with chronic granulocytic leukaemia®-? and because it 
is also considered to be a myeloproliferative disorder. the 
question has arisen’ of the presence of a Ph? chromosome 
in marrow fibroblasts. 

Bone marrow when cultured in vitro sooner or later 
gives rise to cells which resemble fibroblasts. We have 
cultured marrow from patients with chronic granulocytic 
leukaemia, but chromosomal analysis of the resulting 
fibroblasts failed to reveal the Ph! chromosome. 

Marrow was obtained from seven patients with chronic 
granulocytic leukaemia by aspiration into a heparinized 
syringe and was transferred aseptically to a flask contain- 
ing 5 ml. of Eagle’s basal medium. The clumps of cells 
were dispersed by repeated aspiration through a Pasteur 
pipette and the final concentration of cells in the suspension 
adjusted to approximately 1-2 x 107/ml. Portions con- 
taining 1 ml. were placed in 120 ml. prescription bottles 
containing 9 ml. of culture medium (Eagle's basal medium 
with Hanks salts +20 per cent foetal calf serum + 1 per 

cent L-glutamine + 1 per cent of a penicillin—-streptomycin 

solution containing 5.000 u of penicillin and 5,000 ug of 
streptomycin/ml.). Cultures were incubated at 37° C 
for 10 days: the medium was changed every 3 days. 

At the end of the period, all the cells attached to the 
had looked like fibroblasts (Fig. 1). These cells were 
removed using a plastic scraper after the addition of a 
0-25 per cent trypsin solution. The suspended trypsinized 
cells were washed twice with Hanks solution. centrifuged 
at 600g for 3 min and prepared for chromosomal analysis 
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yA 
Cells resembling fibroblasts from a 10 day old bone marrow 


Fig. 1. 
culture (x 360). 


according to the method of Kiossoglou et al.§. Chromo- 
somes were also prepared from all marrows immediately 
after aspiration. 

The Ph) chromosome was identified in the metaphases 
of the direct marrow preparations of all seven patients 
(Ph! chromosome was present in all eighty-eight meta- 
phases analysed). Metaphases obtained from fibroblasts 
of the cultures showed marked aneuploidy with a pre- 
dominance of hypodiploid forms. Karyotypes revealed 
normal chromosomes in group G; in no case was there a 
Ph chromosome (twenty-eight metaphases analysed). 

It is not known definitely whether the cells resembling 
fibroblasts seen in cultures of haemopoietic tissues derive 
from stromal elements of the marrow present in the original 
cell suspension or whether they represent modulated 
haemic cells. It seems unlikely that circulating blood 
cells can assume the morphological characteristics of 
fibroblasts when cultured®. Marrow “stem cells”, on the 
other hand, have been shown to give rise to inflammatory 
fibroblasts in vwo", 

Our finding indicates that cells resembling fibroblasts 
in marrow cultures do not derive from granulocytic. 
erythrocytic and megakaryocytic elements or their com- 
mon precursor cell (haemocytoblast. Fig. 2); if this were 
the case they should contain the Ph! chromosome. 

Certain speculations can be based on these results. If 
the insult resulting in the deletion of a Ga, chromosome 
occurs at the level of the undifferentiated mesenchymal 
cell (Fig. 2), the Ph! chromosome would be present in the 
cells which resemble fibroblasts, regardless of their origin. 
Its absence suggests that the affected cell is the haemo- 
eytoblast”’. 

If, furthermore, the fibroblasts in the cultures derive 
from connective tissue cells in the original marrow sus- 
pension it can be argued that in myelofibrosis which 


Fibroblast 


Undifferentiated 
mesenchymal cell *. 


ae ~ Granulocytic series 


/ 


` Haemoeytoblast © 


` Megakaryoeytie series 


Fig. 2. 


---~- Brythroid series 


Derivation of marrow cells (simplified scheme from Rappaport**). 
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accompanies chronic granulocytic leukaemia the prolifer- 
ating connective tissue, lacking the Ph' chromosome, is 
not part of the neoplastie process, but is a reactive pheno- 
menon. 

These studies were supported with funds from the 
Atomic Energy Commission and from the National 
Institutes of Arthritis and Metabolic Di es, US Public 
Health Service. 
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Mammary Gland Neoplasms after 
Fission Neutron Irradiation 


A SINGLE sublethal whole body X-ray exposure of young 
female Sprague-Dawley rats results in the early appearance 
of mammary neoplasms’, the incidence of which seems to 
be linearly related to dose between 25 r. and 400 r. (ref. 2). 
Earlier comparative studies on the incidence of mammary 
neoplasms after irradiation with fission neutrons and 
6Co y-rays* revealed that the incidence of neoplasms was 
significantly higher, and the life span considerably 
shorter, in rats irradiated with neutrons. 

Female Sprague~Dawley/ANL rats, free from specific 
pathogens, were exposed to single whole body doses of 
fission neutrons in the y-neutron radiation chamber! at the 
Argonne National Laboratory research reactor CP-5. The 
neutron dose rate was 7~11 rad/min, and the y-ray con- 
tamination was 10-15 per centë. All rats were rotated 
during exposure in a plastic irradiation cage’, ‘ 

Fission neutrons produce mammary neoplasms in female 
Sprague-Dawley rats (Table 1). In contrast to the effects 
of X-rays or y-rays, there is no apparent linear relationship 
between neutron dose and neoplastic incid- 
ence. There is no significant difference in 
the percentage of rats showing at least ‘one 
mammary tumour in the range of doses 
from 10 to 250 rad of fission neutrons., 
Mammary neoplasms include both benign 
and malignant tumours, which are very 
different biological entities’. Only on the 
completion of appropriate gross and histo- 
pathological work may we propose mean- 
ingful hypotheses concerning the mechan- 
isms of mammary radiocarcinogenesis. 


The relative biological effectiveness 
(RBE) of fission neutrons to X-rays 
or y-rays must *be remarkably high 


for this effect. For tumour incidence 
il months after irradiation—-when Bond 
et al.2 terminated seaeral of their ex- 
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Year of experiment 
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e Table 1, MAMMARY NEOPLASMS FOLLOWING SINGLE WHOLE BODY IRRADIATION 
Animals were observed throughout their entire life-span 


Radiation 
dose (rad) 
Single doses, 





Rats with neoplasms 
(per cent) 


222, JUNE 28, 1969 


Mean time (days) to first 
palpable mammary tumour 


fission neutrons 





1965 
l 
26/31 
1966 20/25 
30/41 
29/34 
1967 14/27 
Unirradiated controls (1961-67); n= 89 ~~ 43 
periments—the comparative figures are shown in 


Table 2. 

Particularly at the lowest neutron doses a very high RBE 
is evident. Two groups of rats were exposed to 100 r. and 
300 r. of 250 kVp X-rays in Memphis. Five months after 
irradiation, no tumours appeared in the lower dose group; 
22 per cent (5/22) show palpable mammary tumours in the 
300 r. group. 


Table 2 
X-rays? Fission neutrons 
Dose (r.) Per cent Dose (rad) Per cent 

25 10 5 26 

50 12 10 30 
100 21 35 65 
200 40 50 67 
400 80 


A comparison of the mean time, in days, to the first 
palpable mammary tumour (last column, Table 1) reveals 
no significant difference among the rats receiving doses 
from 50 to 250 rad. The data from the earlier (1961) 
fractionated exposures to neutrons (100 rad x4) also 
indicate this same mean time to the first palpable mam- 
mary neoplasm (218 days). At the lower neutron doses, 
from 10-35 rad, this time is significantly increased. A 





764 229-9 
87-1 247-6 
83-9 212-7 
80-0 310-3 
73-2 B89 
85-3 434-6 
51:8 = 
(18 months after irradiation) 
48-3 594-2 


niques between the Brookhaven procedures and ours: (1) 
they removed all mammary tumours surgically, whereas 
we did not disturb any neoplasm; (2) the Brookhaven 
rats were 40 days old at irradiation; our rats were exposed 
at 2-4 months of age. Shellabarger et al.* have shown no 
significant difference between rats irradiated at 40 or 160 
days of age. 

Fig. 1 illustrates the first appearance of mammary 
neoplasms in the Sprague-Dawley female rats, exposed to 
seven neutron dose levels, compared with unirradiated 
controls. There appears to be a positive correlation 
between mean life-span and incidence of rats with mam- 
mary neoplasms. Shellabarger ef al.* reported a mean life 
span of 793 days and a final cumulative incidence of rats 
with mammary neoplasms of 64 per cent. In our experi- 
ments the mean survival time of thirty-six unirradiated 
controls in the 1965 experiment. was 709 days (from birth). 
In a total of eighty-nine controls (1961-67) the incidence 
of rats with mammary neoplasms was 48 per cent. Com- 
parable reported figures in the literature are those in 
Table 3. 

Table 3 
Cumulative incidence 









































} i : Mean life of rats with mammary Ref. 
graph of this mean time versus neutron dose is a smooth span (days) neoplasms (per cent) 
curve from 0 dose (~ 600 days) to 50 rad (~ 215 days) and 511 14 9 
then a straight line from 50 to 400 rad. eo = n 
There are two major differences in experimental tech- 774 53 12 
! ¥ 26/34 = 
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t doaliboml ru : 
150 | 4 E 
= on ee 1i | | = 5 
4 50 + | 26312 E 
. 5 z ` | | 83-99% e 
Z ott uaga 2 
3 bas i. l an ss 7 a | fa £ 
5 35 t | 20/25= 2 
z | | E | 80:0% 5 
$ | NE: a E EAT KEE - aa 2 
p : 
s z 30/41= 7, 
Z 18-22 | , 732% È 
Žž i of Z 
poo tt eh th A weed: oe 
‘ Į = 
29/34= E 
10g | | | i o] "853% 2 
pii ' tikpa gl 4 ! | i 
ele Ite UE ed ee ek a __ E 
R i u27= Š 
E Wise LE a me EE a 
Unirradiated 
controls 
1 Hoof 
T 1am aai sia i ET TT el i s HH t fi 
. T 


100 200 300 400 





500 


600 
Days after irradiation to first palpable mammary tumour 


700 800 900 


Fig. 1. First appearance of mammary neoplasms in irradiated female Sprague-Dawley rats. Arrows 


indicate mean times of appearance of mammary 
e 


tumours. * Eighteen months after exposure. 
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If female Sprague-Dawley rats live long enough, they 
apparently show a high incidence of mammary neoplasms’. 

Exposure to radiation appears to accelerate a naturally 
occurring biological process. We do not know why a dose 
of 10 rad of fission neutrons “saturates” the production of 
mammary neoplasms, whereas it takes 400 r. of X-rays 
or y-rays to produce this same result. The (n/y) RBE for 
this effect is much higher than the usual factor of two to 
four for acute mortality in rodents’, or even the quality 
factor of ten recommended for neutron protection by the 
ICRU, This very high RBE figure is reminiscent of 
similar high factors reported in chromosome damage in 
plant material 5-17 and in mammalian genetic studies at 
low dose rates!**°, Bateman (personal communication) 
has recently reported extremely high RBE (n/y), possibly 
as high as 70, for radiation cataract production in mice 
exposed to neutrons (see also ref. 21), These new results 
may lead to a re-evaluation of the relative biological 
effectiveness of neutrons. A report on the tumour path- 
ology is being prepared in collaboration with R. Zaldivar. 

The work was initiated under the auspices of the US 
Atomic Energy Commission at the Argonne National 
Laboratory, Division of Biological and Medical Research, 
Argonne, Illinois, and was continued at the University of 
Tennessee, supported in part by the US Public Health 
Service. 
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and D. L. Jordan and N. A. Frigerio for scientific help. 
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Antitumoral Activity of the Fern 
Cibotium schiedei 


THE use of plant preparations for treating cancer, first 
mentioned in the Ebers papyrus of 1500 sc, has long 


e 
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been widespread in spite of the general ineffectiveness of 
such remedies. At present, several compounds of plant 
origin are known to have demonstrable oncolytie activity. 
These include colchicine*, the vinca alkaloids*, podo- 
phyllotoxin‘, the cucurbitacins®, lapachol® and the steroid 
tumour inhibitors from certain of the Solanaceae’; all 
these are derived from angiosperms. The only anti- 
tumoral agent reported in lower vascular plants is 
calagualine, a saponine isolated from the fern Polypodium 
leucotomos®. A note by Maruzzella® relating to the anti- 
biotic activity of methanolic extracts of several ferns 
prompted us to test Cibotium schiedei Schlect and Cham. 
as a possible source of tumour inhibitors. This tree fern, 
of the family Dicksoniaceae, is a native of the Vera Cruz 
province of Mexico, but is quite widely cultivated as a 
house plant. 

Fresh fronds were supplied by Dr D. G. Huttleston, and. 
young plants were also purchased from the Julius Roehrs 
Company of Rutherford, New Jersey. The leafy portions 
were air-dried at room temperature, and extracted re- 
peatedly with 70 per cent aqueous ethanol by prolonged 
maceration in a Waring blender; about 20 ml. of solwent 
was used per gram of dried leaf. After filtration, the 
extract was evaporated to dryness in a flash evaporator, 
the residue was extracted with water and this cloudy 
suspension was frozen. After thawing, the heavy pre- 
cipitate that had formed was removed by centrifugation, 
and the yellow solution was diluted with isotonic saline, 
as appropriate, before injection. Ehrlich carcinoma and 
sarcoma 180 (S180) ascitic tumours were carried in white 
mice (CD-1). Lymphoblastic tumours L1210 and L5178Y 
were carried in C57BLxDBAFI1 mice. Mice were 
inoculated with 3x 10° cells, and 24 h later treatment 
with extracts was begun with a single intraperitoneal 
injection. Treatment continued daily for 6 days. The 
animals were given Purina laboratory chow and water 
freely, and were weighed daily. 


Table 1. EFFECT OF SIX DAILY TREATMENTS WITH AQUEOUS Ctbolinm 
EXTRACT ON THE SURVIVAL OF TUMOUR-BEARING MICE 
Weight 
Tumour Dose* Days surviving t 50-day change 
(g/kg) survivors (per cent) 
$180 0 3-8415 0/15 +167 
Os 22-641-6 (0-01) 0/10 ~ 13 
1-2 21-6+43-2 (0-01) 1/10 - 05 
16 24-9431 (0-01) 1/10 ~ 30 
2°5 21-143-0 (0-01) 0/10 ~ 39 
33 211432 (0-02) 0/10 - 58 
Ehrlich 0 16-540-7 0/10 +101 
0-8 20-441-5 (0-05) 0/10 0-0 
16 22-240-7 (0-01) 0/10 0-0 
2-5 30-544-7 (0-01) 3/10 — 10 
3-3 246 +32 (0-05) 1/10 ~ 28 
1L1210 0 S2+01 0/9 +137 , 
Y8 9-4 +03 (0-01) 0/10 « +117 
16 10-4+0-4 (0-01) 0/10 + 12 
2-5 10-0404 (0-01) 0/10 + de 
33 8:9405 (0-2) 0/9 + 63 
* Dosage is expressed in terms of the weight of dried leaf to which the 


volume of injected extract corresponded. 


+ Figures are accompanied by their standard errors and P-values for 
differences from controls (in parentheses) calculated by the ¢ test. 


Antitumoral effect was determined by prolongation of 
survival and by the incidence of mice surviving for 50 
days or more. Mice living more than 50 days were counted 
as 50-day survivors in calculating mean survival time. 
Initial experiments showed that essentially all the anti- 
tumoral activity was present in the final aqueous extract. 
The extent of this activity is shown in Table 1, where it 
can be seen that a considerable increase in survival time 
could be achieved in S180 and Ehrlich tumours, with only 
a small though significant increase for L1210;*the growth 
of L5178Y was unaffected, however. Extracts prepared 
in the same way from the unrelated ferns Osmunda cin- 
namomea (Osmundaceae) and Pteridium aquilinum (Poly- 
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podiaceae), collected locally, had no inhibitory effect on 
tumour growth. 

The biochemical effects of the extract on the tumour 
cells were investigated by measuring the incorporation of 
precursors in vivo. Mice with 4 or 5 day growths of S180 
were given an intraperitoneal injection of extract equiva- 
lent to 8 g of dried leaf per kilo of body weight, and then 
either immediately or 24 h later were injected with 
2-5 uwCi of deoxyeytidine-5,6-"H (2-5 Ci/mmole), uridine- 
5,63H (28 Ci/mmole), sodium acetate-2-4C (25 mCi/ 
mmole) or valine- (22 mCi/mmole). One hour was 
allowed for metabolic utilization; the mice were then 
killed and the tumour cells collected. After exposing the 
cells to hypotonic saline to lyse erythrocytes. isotonicity 
stored and the cell pellet was collected by centrifuga- 
tion. Incorporation of acetate into lipids was measured 
by extracting the cell pellet with hot ethanol-ether (3 : 1), 
evaporating the extract to dryness and dissolving ‘the 
lipids in petroleum ether’. These extracts were then 
evaporated to dryness and the lipid was dissolved in 
scintillation fluid and counted in a Packard ‘Tri-Carb° 
scintillation spectrometer. Incorporation of radioactivity 
into RNA or DNA was measured as described previously", 
by first extracting the cell pellet with cold perchloric acid 
(0-5 M) to remove acid-soluble material, and then hydrolys- 
ing the nucleie acids by heating the precipitate with the 
same acid at 90° C for 30 min. The supernatants were 
then assayed for radioactivity. Uptake of valine into 
protein was assayed by first removing acid-soluble 
material with cold perchloric acid, and then dissolving the 
residue in sodium hydroxide (0-2 N); aliquots of this 
suspension were used for scintillation counting. Protein, 
used as a basis for most of the data on incorporation, was 
measured by the biuret method'®?. As Table 2 shows, 
treatment with the aqueous extract caused a marked 
inhibition of the biosynthesis of all macromolecules. 
Nueleic acids, however, were affected earlier than protein 
or lipid. In experiments carried out in vitro. extract 
added at a level equivalent to 8 mg of leaf/ml. of medium 
produced a 98 per cent mhibition of the incorporation of 
deoxyeytidine--H into DNA by S180 eells. This in- 
hibitory effect on cellular anabolism contrasts with the 
lack of such action by calagualine®, and suggests that the 

active principle is not related to that saponine. The nature 

of the active principle is being studied now, but pre- 
liminary experiments show that it occurs in the alkaloid 
fraction. 


























Table 3. EFFECTS OF A SINGLE DOSE OF AQUEOUS Cibolium EXTRACT ON 


BIOSYNTHETIC PROCESSES IN S180 CELLS 
Treated (8 g/kg) 








Incorporation Control ih 24h 
Deoxycytidine into DNA 1,865 1,014 245 

. (e pm.jmg protein) 
Uridine into RNA TIH 180 36 

te. p.m. mg protein) 
Valine into protein 278 394 101 

{e.p.m./mg protein) 
Acetate into lipid 355 301 63 


{c.p.m./mg lipid) 
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Influence of Germ-free Status on 
Hepatoma Induction by 
7,12-Dimethylbenz(a)anthracene in 
C3H Mice 


THE susceptibility of C3H male mice to the apparently 
spontaneous development of hepatomas has long been 
recognized!, Castration reduces the incidence of these 
tumours? and a high protein diet increases it’. 

Hepatoma induction brought about in mice of various 
strains by the administration of chemical agents shortly 
after birth has recently become interesting and contro- 
versial, Certain polyeyelic hydrocarbons and aromatic 
amines?:5, 6-aminochrysene® and maleic hydrazide? when 
administered during the neonatal period have been shown 
to induce hepatomas in male mice. Administration of the 
same substances to adult male mice either has no carcino- 
genic effect at all or no carcinogenic effect on the liver, 
In all cases females are either completely unresponsive 
or develop very few hepatomas whether treated as new- 
borns or adults. 

In two of our experiments (unpublished), germ-free 
mice have proved slightly less susceptible to the induc- 
tion of sarcomas by a single subcutaneous injection of 
a carcinogenic polyeyelic hydrocarbon. Most reported 
studies, however, have given little evidence that germ-free 
status influences susceptibility to chemical earcinogens*- Ii 
Cycasin is the notable exception. The explanation in this 
ease is that germ-free animals lack the gut flora necessary 
for the enzyme conversion of cycasin to the proximate 
carcinogen, methylazoxymethanol!. 

Against this background, the discovery r reported here 
of a marked effect of germ-free status on the induction of 
hepatomas by a carcinogenic polyeyelic hydrocarbon 
administered during the neonatal period is of consider- 
able interest. For this study, we used the carcinogen 7.12- 
dimethylbenz(ajanthracene (DMBA) (L. Light and Co., 
Colnbrook, England). C3H mice were obtained germ-free 
(and therefore milk agent-free) during 1965 from the 
Centre de Selection des Animaux de Laboratoire, Gif-sur- 
Yvette, France. They were maintained germ-free in our 
laboratories in Trexler-type plastic isolato Regular 
checks for bacteria and fungi gave negative results 
throughout all three experiments. “Minimal disease” 
animals were obtained from germ-free animals by removing 
them from the isolators and introducing them into a mini- 
mal disease closed animal unit, the features of protection 
of which included sterilization of bedding, non-accept- 
ance into the unit of animals from other laboratories. 
ventilation by filtered air, and control of staff hygiene. 
The relation of the mice maintained germ-free to those 
maintained in minimal disease ee eg in each of 
experiments A, B and C is shown in Fig. 

Details of treatment in the three ieee seals are shown 
in Table 1. Injections were given into the interscapular 
region through a needle inserted under the skin near the 
root of the tail. All mice, both germ-free and minimal 
disease, were fed an irradiated (5 Mrad) 20 per cent protein 
chet (PRM Diet” supplied by Christopher Hill, Poole. 
Dorset—-formula: 20 per cent wheat meal, 20 per cent 
wheat feed, 20 per cent oats. 10 per cent maize meal. 
5 per cent barley meal, 5 per cent white fish meal. 10 per 
cent soya bean meal, 7-5 per cent dried skim milk, 2-5 per 
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Table 1. DEVELOPMENT OF HEPATOMAS 


AND PULMONARY TUMOURS IN MALE C3H MICE AFTER A SINGLE SUBCUTABEOTS 


be 3 


INJECTION OF DMBA ON THE 


FIRST OR SEVENTH DAY OF LIFE 


Experi- No. of Age at 
ment Treatment Status mice necropsy 
(weeks) 
A 40 vg of DMBA in 0-04 mL of | Minimum 
trioctanoin* on day 7 disease 24 30-35 
Germ free 17 29-34 
B 20 ug of DMBA in 0-02 ml, of Minimum 
trioctanoin*® on day 1 disease 13 33-34 
Germ free i7 32-33 
£ None Minimum 
disease 17 40-41 
Germ tree 16 36-40 


* Obtained from Eastman Kodak Co. 


cent dried unextracted diastase yeast, and vitamins and 
minerals in adequate amounts). Mice were killed at ages 
between 32 and 41 weeks as shown in Table 1. Each was 
subjected to complete and careful necropsy. Large numbers 
of hepatomas and occasional pulmonary adenomas were 
encountered (Table 1). 

One out of sixteen untreated germ-free mice developed 
a solitary hepatoma, but no pulmonary tumours were seen 
in this group. A solitary pulmonary adenoma, but no 
hepatomas. was seen in seventeen mice given 20 ug of 
DMBA on the first day of life and maintained germ-free. 
Three out of seventeen germ-free mice given 40 ug of 
DMBA on the seventh day of life had one hepatoma each 
and one had a pulmonary adenoma. Minimal disease 
status had no obvious effect on pulmonary tumour induc- 
tion in response to DMBA compared with germ-free status; 
but it had a striking effect on hepatoma incidence in both 
untreated and DMBA-treated mice. The incidence of 
mice bearing hepatomas, the multiplicity of the tumours 
and numbers of mice with large tumours were all strikingly 
greater in minimal disease mice, particularly in those 
treated with DMBA. 

The histological appearances of the hepatomas pre- 
sented no unusual features. They were all of parenchymal 
cell type, some showing conspicuous fatty infiltration. In 
no case was extrahepatic spread observed. 

Parallel observations were made on female C3H mice 
in experiment C. No hepatomas or pulmonary tumours 
were present in thirteen germ-free females or fifteen 
minimal disease females examined post mortem when 
40-41 weeks old. 

It is hard to predict a likely mechanism for the differ- 
ences observed. For example, it is difficult to believe that 
the germ-free and minimal disease mice in the three 
experiments could be sufficiently different genetically to 
account for the findings. Germ-free status might be 
associated with the presence in low titre of a hepatoma 
virus present in higher titre in mice maintained in minimal 
disease conditions. In this case hepatoma induction by 
chemical agents such as DMBA would seem to depend on 
the presence of the hepatoma virus in adequate titre. 


F,/GF [13 and 1 2 (brother and sister)]. 


7, s A ¢ 
F,/GF (One litter with 5 or more ọ and 1 or more g]. 


FGF [5 or more litters produced by brother and sister mating 
from F,]. 


ks 


Alternate hitters 5 


Alternate litters transferred to 
minimal disease laboratory 
(EF; MD). 


F,/GF [Germ-free mice used F,/MD [Minimal disease mice 
in experiment derived by used in experiment derived 
brother and sister mating of by brother and sister mat- 
F,/GF]. ing of F,/MD). 


Fig. 1, Relationship between mice maintained germ free and those maintained 
in minimal disease conditions in experiments 4, B and C. 


No, of No, of mice with No. of 
No. of mice with Total hepatomas of mice with 
mice with multiple No. of 5 mm diameter pulmonary 
hepatomas hepatomas hepatomas or more tumours 
12 6 29 3 2 
3 0 3 0 1 
10 7 38 4 1 
a 0 0 0 1 
6 1 7 3 1 
1 0 0 0 


Alternatively, an immunologically unstressed mouse might. 
be able to reject antigenically altered tumour cells more 
effectively than a mouse exposed to a wide range of 
microbes. Both sets of animals had the same diet, but 
the gut flora and other microbes in the environment of 
the minimal disease mice may have destroyed an agent 
that protects the liver from hepatoma induction. DMBA 
was administered by subcutaneous injection, and it seems 
unlikely that the absence of gut flora capable of convert- 
ing it to a hepatoma-inducing metabolite could be the 
explanation of the low incidence of liver tumours in 
germ-free mice. 
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Malignant Transformation of Hamster 
Cells by Cell-free Extracts of Boyine - 
Papillomas (in vitro) 


BovINE papilloma virus (BPV), which is closely related 
to polyoma, SV-40 and other papilloma virusest:?, induces 
a transformation in animal tissue cultures of various 
origins**. This transformation has been defined bye the 
alterations in cell morphology, growth rate and pattern, 
and rate of acid production. Neoplastic transformation, 
defined as the capacity of a cell population to give rise’ 
to progressive tumour growth after injection into com- 
patible host, has not been demonstrated so far; attempts 
to graft the transformed cells into animals produced no 
evidence of tumour formation®*. In this communication 
I report the induction of tumours in hamsters by inocula- 
tion of hamster embryo cells transformed in vitro by BPV. 
Embryonic cells from non-inbred Syrian hamsters, 
obtained by means of embryo trypsinization, were cul- 
tured as monolayers in 500 ml. fnedical flat bottles with 
Eagle’s medium modified to contain a double concentra- 
tion of vitamins and amino-acids plus 10 per cent unheated 
ealf serum and 10 per cent tryptoge phosphate broth. 


1g 


Table 1. TUMOUR INDUCTION IN NON-INBRED SYRIAN HAMSTERS BY ENOCULA- 


TION OF HAMSTER TRANSFORMED CELLS 


Line Subculture No, of cells Frequency of | Latent period 
No, No. inoculated tumours* (days) 
1 18 107 2/10 73-164 
20 10? 3/3 90 
96 108 4/4 12 
2 35 5 « 10° 2/2 30 


* No. of tumours induced/No, of animals inoculated. 


The animals were inoculated subcutaneously at the age of 24 days, with 
the cells resuspended in 0-5 mil. of modified Eagle's medium containing 
ò per cent heat inactivated calf serum. The viral extracts were used at a 
dilution of 1: 100. 





The maintenance medium was the same (except for 5 per 
cent serum) and it was renewed every 4 days. When 
confluent, the cells were subcultured by trypsinization 
und transferred to 250 ml. flasks. 

Cultures were maintained at 37°C and inoculated (as 
soon as a cell sheet was obtaimed) with 1 ml. of a bovine 
papilloma viral suspension prepared by the method of 
Levy et al.2, from papilloma collected from several animals 
and diluted in the medium containing 2 per cent of heat- 
inactivated calf serum. Extensive tests failed to reveal 
mycoplasmas in the viral preparations used. The control 
cultures received only medium. 

Cultures in the second passage inoculated with viral 
suspension showed within 4-8 days the alterations already 





Comparison of normal foetal diploid Syrian hamster cells 
with transformed cells at fourteenth passage level (haematoxylin and 


Fig. 1. 


eosin, * 250), 4, Control cells, primarily epithelial in morphology; 
EB, transformed culture, consis ing of spindle-shaped cells growing in 
® disorganized pattern. 
e 
s 
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Fig. 2. Hamster bearing a large bilateral tumour, 34 da 
cutaneous inoculation in the interscapular region of 107 
cells. 





deseribed?-5; the cells, normally of epithelial appearance, 
elongated and soon became long, thin, spindle cells, 
growing in disorganized patterns. These changes were 
obtained with viral suspensions extracted from three 
different bovine papillomas and never with extracts of 
normal bovine skin. The control cultures remained un- 
changed with respect to cell type. 

When infected and control cultures were serially sub- 
cultured, the morphological differences were maintained 
(Fig. 1) and the altered cells showed a more rapid growth 
rate and acidification of the medium. When a control 
culture degenerated at the 23rd passage, the corresponding 
transformed line was at the 33rd passage. This line is at 
present at the 115th subculture. 

In three instances, the addition to Syrian hamster 
embryo cells, and to bovine embryonic skin cells, of 
supernatants and cellular extracts of hamster embryo 
transformed cells did not induce any further cell trans- 
formation. Electron microscope observations failed to 
reveal the presence of virus particles in the transformed 
cells. 

Subcutaneous inoculation of transformed cells into 
hamsters consistently induced tumour formation in the 
site of injection. The results are in Table 1. It is evident 
that the malignant potentialities of the transformed cells, 
measured as the percentage of tumours induced and 
extent of latent period, increased with the number of 
subcultures in vitro. 

When the animals are not killed, 
progressively and reach large dimensions (Fig. 2). Tuocu- 
lation of normal control cells alw failed to induce 
tumour formation after periods of observations of over 
one year. 

Serial transplantation into harnsters has been achieved 
by means of cells obtained by trypsinization of the 








the tumours vrow 





tumours. One of the series is presently at the ninth 
transplantation. Further studies on the nature of these 
tumours are in progress. 


I thank Dr M. Thomas of Centre Georges Hayem, 
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suspensions used in these experiments. 
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Incorporation of Nucleosides and has been frequently discussed. The isolation of miyco- 


oo ae : plasms from leukaemic tissues is a common observation, 
Amino-acids in Human Erythrocyte although a causal relation between these microorganisms 


Suspensions: Possible Relation with and the disease is not yet established. Pease has suggested 
a Diffuse Infection of Mycoplasms or that conditions of autoimmunity and malignant degenera- 

tn: tion may occur as a result of an altered tolerance to the 
B acteria in the L Form L-form of Listeria, a widespread microorganism which is 
Tue finding of bacteria, mycoplasms and virus-like found in a variety of morphological forms in animal blood 
forms in association with malignant diseases in humans and also in the blood of many clinically healthy human 
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Fig. 1. A and B, Incorporation of: 6-H thymidine (@— @), G-H uridine (A—A), 6-H thymidine -+ GJH uridine 
(@A—@A). Direct extraction with hot HCIO,. C, Incorporation of: 2-*C thymidine (@— @), 2-“C uridine (A —A ), 
2-MC thymidine diluted x 50 with inert thymidine (O—©). Direct extraction with hot HCIO, D, Incorporation of: 
6-H thymidine (1, 2) and G-*H uridine (3, 4) in the presence of the corresponding inert nucleosides at concentrations 
500 (1, 3) and 15,000 (2, 4) times greater. Sixteen h incubation. Direct extraction with hot HCIO,. The results are 
given in terms of percentage variation from the controls incubated with only the radioactive substances. H, Incorpora- 
tion of: 6H thymidine, G-°H uridine, 2-*H glycine: extraction with hot HC1O,, with (O, A, im) or without (@, A, BD 
previous removal of the acid-soluble fraction. F, Incorporation of: G-“C L-lysine: fraction extracted with hot 
HCO, (W— W); protein fraction (+—+). G, Incorporation of: 2-H glycine in the purines and 6-*H thymidine into 
DNA. Extraction from suspensions of 5 ml. of erythrocytes at the twenty-second hour of incubation. The values, 
if not otherwise specified, refer to the products of incubation of 1 ml. of erythrocytes at 37° ©. The erythrocytes were 
suspended at a concentration of 1:10 in PPLO broth containing antibiotics and the radioactive substances at a 
concentration of 1 uCi/ml. The values obtained indicate the incorporation of thymidine and uridine in the fractions 
extracted with hot HCIO, (4, B, C, D, E) and in the nucleic acids (E, @), the incorporation of glycine in the nucleic 
acids (E) and in the purine bases (G), the incorporation of lysine in the fraction extracted with hot HCIOe and in the 
protein fraction (7). The incorporation of a quota of radioactive thymidine inhibits further incorporation and is 
followed by the release of some radioactivity already incorporated (A, B, C}. The dilution of radioactive uridine 
with inert uridine stimulates incorporation (DP). Inert thymidine in lesser concentrations modifies the curve of incor- 
poration of radioactive thymidine, giving rise to a progressive increase with time and the elimination of the maximum 
peak (C, D); in greater concentrations it prevents the incorporation of radioactivity. e 
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subjects. We feel that some common mycoplasms may 
play an analogous part, The reader will know that the 
relations between mycoplasms and the L-forms of schizo- 
mycetes are still an object of much debate. 

We have described various factors?®-! which indicate the 
px sence of mycoplasm-like forms in the blood of clinically 
normal human subjects. The experiments reported here 
explore the metabolic activity of these mycoplasm-like 
forms. 

Blood was collected on citrate after being drawn from 
about 100 subjects of both sexes and varying ages teken at 
random from the local population. Erythrocytes were 
collected at 1,200 r.p.m., washed several times with saline, 
and diluted 1: 10 with Difeo PPLO broth containing 100 
1u/ml. penicillin, O} mg/ml. streptomycin, and the radio- 
active or inert substances under study. The preparations 
were incubated at 37° C with frequent sheking. The 
radioactive substances obtained from the Radiochemiesl 
Centre, Amersham, and used at a final concentration of 
l uCijml. were: 6-H thymidine (5,000 mCi/mmole). 


generally labelled °H uridine (2.730 mCi/mmole), 2-"C 
thymidine (58 mCi/mmole), 2-4C uridine (58 mCi/ 
mmole), 2-H glycine (923 mCi/mmole), generally 


labelled “C L-lysine (75 mCi/mmole).  Tneorporation 
into the sediment (obtained by centrifugation for 10-20 
min at 7,000 r.p.m.) was followed with time. 

The sediment was washed three times with saline con- 
taining mert substances at a concentration one thousand 
times that of the radioactive substances in question, 
after which it was washed with aleohol and ether and 
dried. 

Radioactive upteke was determincd in the following 
samples: those obt: ined by direct extraction with 0-5 N 
HCIO, at 80° C for 45 min; the same, but preeeded by 
removal of the acid-soluble fraction; purines extracted 
and precipitated, after the addition of inert adenine and 
guanine as carriers, by AgNO, followed by 0-1 N HCI; 
the hydrolysate obtained by hot 0-38 N HCIO, from DNA 
extracted with 10 per cent NaCl in 0-01 M EDTA :nd 
collected in the presence of inert carrier by the addition of 
equal volumes of absolute alcohol; the protein fraction 
remaining after the extraction with hot HCIO, and hydro- 
lysed in 12 N HCl at 105° C. The nature of the radio- 
active substances extracted was confirmed by eleetro- 
phoretie fractionation? and chromatography on paper or 
silica gel. 

Readings were carricd out with a liquid seintillation 
counter. The extracts or their products of hydrolysis 
were brought to pH 7 7 and.2 ml. aliquots placed in 15 ml. 
of a solution of 7 g PPO, 0:3 g POPOP, 10 g naphthalene 
in 1 1. of dioxan. Ele etrophoretie and chromatographic 


strips were cut transversely in series and immersed 
in ‘Liquiflor’ (Nuclear Chicago). Quenching was 


determined, by the addition of solutions of known radio- 
activity. 

Fig. 1 shows some of the data obtained. The results 
obtained in different experiments were qualitatively 
consistent but varied quantitatively from case to 
case. 

Nucleic acid synthesis, the incorporation of thymidine 
and uridine in the acid-soluble fraction and the incorpora- 

. tion of radioactivity from glycine into purine bases are 
not part of the normal metabolic activity of erythrocytes 
or reticulocytes. Nor may the extent of the incorporation 
of lysine be attributed to a slow maturation in vitro of 
the small number of reticulocytes present in the pre- 
paration. The features of incorporation of these 
substances are similar to those observed with bacterial 
cultures®-!, 

The quantitative differences between the various cases 
are roughly proportional to the initial numbers and subse- 
quent increase of the particulate material present in the 
suspensions or linked to the erythrocytes; this suggests 
the conelusion that the metabolic activi ity observed here 
reflects processes induced by the presence of this material. 

° 
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It has been suggested that this material is bacteria in the 
L phase or mycoplasms, multiplying in the haemoculture, 
but giving no particular symptomatology. 
G. G. TEDESCHI 
D. AMICI 
M. PAPARELLI 
Institute of General Physiology, 
University of Camerino, 
Italy. 
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Lymphocyte to Macrophage 
Transformation in the Peritoneal Cavity 
preceding the Mobilization of Peritoneal 
Macrophages to Inflamed Areas 


Ir has been shown that most of macrophages in inflam- 
matory exudates arise from rapidly proliferating pre- 
cursors situated in the bone marrow, some of which may, 
during their circulatory and migratory phases, resemble 
small ‘lymphoeyt es rather than monocytes'*. My findings 
suggest that the peritoneal cavity may act as an extra- 
vascular “eulture chamber” where lymphocytes transform 
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Fig. 1. Effect of single subcutaneous injection of 10 ug oestradiol-173 


on differential cell count and pereentage of peritoneal cells labelled with 
*H-thymidine. a, Small lymphocytes; b, lymphocyte-macrophage 
intermediate cells; e, mature macrophages, 
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to macrophages before their mobilization to distant 
inflammatory sites. 

I used male white mice (T.O. Swiss strain) of 20-25 g 
body weight. Test animals were given a single sub- 
cutaneous injection of 10 ug oestradiol-178 in 0-1 ml. 
arachis oil, and controls were given 0-1 ml. arachis oil 
alone. On various days thereafter (Table 1), twelve groups 
of fifteen test and fifteen control mice were killed. all 
animals having received a subcutaneous injection of 
l uCi #H-thymidine per g body weight 4 h before death. 
Each mouse was then injected intraperitoneally with 1 ml. 
Hanks solution, and after | min of gentle abdominal 
massage, some of the resulting cell suspension was aspirated, 





Table 1. BFFEID OF SINGLE SUBCUTANEOUS INJECTION OF 10 ug OESTRA” 
DIOL-178 ON TOTAL AND DIFFERENTIAL PERITONEAL CELL COUNT IN P.O 
SWISS MICE 


Numbers in parentheses refer to controls. | 








Days Numbers of peritoneal cells x 10° 
after Small L-M inter- Mature Epithelioid 
injec Total lymphocytes mediates macrophages macro- 
tior. 5-7 microns 8-10 microns > 10 microns phages 
1 W454 (11-2) 5-7 (3-1) 35 (33) 32 (2-8) 21 (2-0) 
2 W7taL OF(33) 417 (29) Tt (3-3) 2 
3 1547 ULE 2 (35 3°8* (2-8) 54t (3-2) 
4 15-BF 1-9 “BF (3-5) 35 (3 3-9* (2-9) 
6 19-55 (11-9 “81 (3-7) 3-5* (2 50t (3-0) 
7 2181 “23 (3-4) 444 (2 8-92 (3-3) 
8 19-0$ (11-6 “O* (3-1) 3-0" (3 9-0 (3-4) 
10 2L2F UDS) 34 G2) B81 (28) 123fB6) 
i 16-37 5 (3-1) 3-5 Tit (3-0) 
14 12 4) “2 (3-0) 3-6 34 (3-1) 
21 115 (10-6) 3:3 (3-5) 2-7 3-1 (2-8) 
28 V7 013) 31 (3 2-9 35 (3-1) 
*P<00. *P<001. $P<0-001. 


Apart from a few granulocytes and mast cells, the 
peritoneal cell population consisted of (1) non-phagocytic 
cells, 5-7 microns in diameter, morphologically indis- 
tinguishable from small lymphocytes; (2) actively 
phagocytic mature macrophages, more than 10 microns in 
diameter, having dense indented nuclei and abundant 
granular basophilic cytoplasm; (3) cells intermediate in 
appearance and activity between (1) and (2); and (4) 
phagocytic “epithelioid” macrophages, 20-50 microns in 
diameter, having abundant pale vacuolated cytoplasm 
and pale oval nuclei with a fine chromatin network. In 
the control animals, autoradiography showed that 1-2 per 
cent of small lymphocytes and 3-4 per cent of mature 
macrophages were labelled. Other cells were labelled 
occasionally. 

After a single injection of oestrogen (Table 1, Fig. 1), 
two peaks of increased numbers of small lymphocytes 
were observed in the peritoneal cavity on the first and 
sixth days after oestrogen injection. The peaks of in- 
creased lymphocytes were followed 24 h later by an 
increase in the number of “intermediate” cells, and 48 h 
later by an increase in the number of mature macrophages. 
Both peaks of increased lymphocytes were accompanied 
by an increase in the percentage of small lymphocytes 
which had incorporated *H-thymidine in the peritoneal 
cavity and in the blood stream (Figs. 1 and 2). The 
second peak of macrophages also showed an increased 
percentage uptake of *H-thymidine (Fig. 1). No signi- 
ficant changes occurred in the total or differential white 
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Fig. 2. Effect of single subcutaneous injection of 10 ug oestradiol- 178 


on percentage of small lymphocytes in the blood labelled with tritiated 
thymidine, a, Oestrogen-treated mice: b, controls. 
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cell count or in the labelling of large lymphocytes and 
monocytes in the blood. Examination of the mesothelium 
and omental “milk spots” did not reveal evidence of 
increased macrophage production at these sites. 

These findings suggested that oestrogen stimulated the 
proliferation of two populations of small lymphocytes 
which migrated by means of the blood stream to the 
peritoneal cavity. where they transform to macrophages. 














Vig. 3. Subcutaneous coverslip removed from mouse 48 h after intra- 

peritoneal injection of carbon-labelled macrophages. Carbon-containing 

cells which have appeared at the inflammatory site are evident. Eosin 
{x e. 800). 


To demonstrate the origin of peritoneal macrophages 
from peritoneal lymphocytes, almost pure suspensions of 
peritoneal lymphocytes’ were cultured in vitro in TC 199 
medium with autologous serum added. Samples were 
taken from the cultures at intervals for total and differen- 
tial cell counts and assessment of viability. To aid the 
identification of phagocytic cells, a suspension of colloidal 
carbon particles was added to some of the cultures 2 h 
before killing. It was found that, in the absence of 
viable polymorphonuclear leucocytes, transformation of 
lymphocytes to macrophages did not take place. This is 
in agreement with similar experiments using lymphocytes 
obtained from other sources®. When viable polymorphs. 
were added to the lymphocyte cultures, however, trans- 
formation of non-phagoeytic lymphocytes to actively 
phagocytic macrophages took place. Not all lymphocytes. 
underwent transformation and, in repeated experiments., 
the maximum yield of macrophages was 39 per cent in 
48 h cultures. 

These findings strongly support the lymphocytic origin 
of some of the peritoneal macrophages, and suggest an 
important role for the relatively few polymorphs seen in 
the non-inflamed peritoneal cavity. 

Oestrogen administration increases the number of 
peritoneal macrophages and also increases the number of 
macrophages in inflammatory exudates’. To investigate 
the possible mobilization of peritoneal macrophages to 
distant inflammatory sites, carbon-containing macro- 
phages were transferred from donor to recipient mice in 
which an acute inflammatory response was then initiated. 
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Untreated donor mice were iħjected intraperitoneally with 
colloidal carbon. Forty-eight hours later, the peritoneal 
cavity was washed out. The washings consisted of about 
95 per cent macrophages, all of which contained phago- 
eytosed éarbon. Untreated recipient mice were litter- 
mates of the donors. Each mouse was injected intra- 
peritoneally with thrice-washed carbon-containing donor 
macrophages in Hanks solution, and glass coverslips 
were inserted subcutaneously over the posterior thorax to 
initiate an acute inflammatory response. The recipient 
mice were killed at various intervals and the coverslips 
removed. Examination of the coverslips revealed that, 
although many carbon-containing macrophages were 
present at the inflammatory site 24 h after injection, the 
greatest numbers were present at 48 h (Fig. 3). Micro- 
scopic examination of the liver did not reveal any 
earbon in the Kupffer cells during this 











period, indicating that no freed carbon 2,048 4 @ 
had been released into the circulation to 1,024 
label the inflammatory macrophages in > 
this way. These findings indicate that = 256 J 
peritoneal macrophages may be mobilized = BCE X 
to inflammatory sites situated elsewhere in È 64 4ad} 
the body. i 
The function of the abundant mixed 16 
population of mononuclear cells free in the : 
peritoneal cavity has been the subject of ž 4 
much speculation. My results suggest that = P 
& <2 


cells indistinguishable from small lympho- 
cytes, probably originating in the bone 
marrow*, migrate by means of the blood 
stream to the peritoneal cavity where they 
transform to macrophages with the aid of 


an essential factor provided by poly- Figi. 
morphs. From accumulated evidence. 
it would appear that most peritoneal 


macrophages originate in this manner, and the role of the 
omental “milk spots’ and mesothelium in peritoneal 
macrophage formation is unclear. Peritoneal macrophages 
may be mobilized to local or distant inflammatory sites 
when required and, if this necessitates migration through 


the blood, it is reasonable to assume that the circulating 
macrophages would be indistinguishable from blood 
monocytes. 


If extra-vascular cell transformation in the peritoneal 
cavity plays an intermediate part in the transformation 
of bone marrow?’ lymphocytes to blood monocytes, 
this would reconcile the finding that the bone marrow 
is the major site for the production of inflammatory cell 
precursors'-? with the known paucity of identifiable 
monocytes in normal marrow, and that the macrophages 
of early inflammatory exudates are derived from blood 
monocytes as opposed to lymphocytest:?)7:5:°. It would 
also explain the delay in the emergence of newly formed 
monocytes in the blood in response to inflammatory 
stimuli? 
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Antibody Heterogeneity of Anti-l 
Cold Agglutinins as shown by Cord 
Celi Studies 


Mosr red cell cold agglutinins encountered in clinical 
practice show anti-I specificity. reacting best with I red 
cells and weakly or not at all with i (adult) or cord (icora) 
cells!:*. Because red cells from adults of i status are not 
generally available, a convenient and commonly used way 
of determining cold agglutinin specificity is to compare 
titres obtained with OT and Oigorq cells. Here I deseribe 
a remarkable heterogeneity in the reactions of anti-I 
sera and of cord cells from different donors. Such hetero- 
geneity was a feature even of cold agglutinins associated 
with a single aetiological agent, infection with Mycoplasma 
pneumoniae. 


‘Fs 
it 
:@: @ 
‘ABC 
DEJ ote 
IE ons, e — 
Be: e e e re) 
i 
ADi is a 9! 
‘ P 
rer i Br fo} — fBCEFi Bec; O a, 
4 i f t t7 ` a 
Eu i ni Ct oo 'ABF; i D it 180,0 0 
Poy ER a Ag EF IDE, WAST HEF, eo o 
aa set ' i a et 
1 tte tl Fy BCDE: ee ee (CF) 
1 
EA he ay d ssiase © MA Me DEN capt: 18 | 
iFa IADE) iD] SA JO CABCDF) KADE ACDES LAC 5 SABC DFYABCDEF ADE; 


Serum number 


Cold agglutinin titres with OL cells (@) and with six cord cells (A-F) of sera from fifteen 


patients with M. pneumoniae infection. 


Sera from fifteen patients with respiratory infections. 
in whom increases in cold agglutinin titres were associated 
with four-fold or greater rises in complement fixing anti- 
body titres against M. pneumoniae, were studied. The 
cold agglutinin titre (at 4° C) of each serum was deter- 
mined by the microtitre technique? using group OT cells 
from a single donor and group O cord cells from six 
babies (A-F). For each serum all seven determinations 
{with OT es with the six cord cells) were performed at 
the same time. Because the microtitre technique gives 
inaccurate results (very high values) when cold agglutinin 
titres are above 1 : 128, sera with titres above these levels 
were pre-diluted in order to achieve end points within the 
accurate range of this technique. The titre determinations 
were performed blind after being set up by an assistant 
who did not indicate the serum or cell identity. Vig. l 
shows the cold agglutinin titres of the fifteen sera when 
tested with OI cells and with Oicora cells (A-F} from six 
babies. With few exceptions lower titres were obtained 
with cord cells than with OF cells, thus confirming the 
anti-I specificity of the cold agglutinins. Often, however. 
there were considerable differences in the reactions of 
different cord oo with the same cold agglutinin. With 
seven sera (1, 7, 8, 9, 13, 14 and 15) all the cord cell titres 
were less jee those with OT cells and the cord cells 
results were within a four-fold dilution or less of one 
another. With each of the remaining eight sera variable 
cord cell titres were obtained, particularly with sera 3 and 
10 in which up to 128-fold differences among cord cells 
were obtained. Among the latter eight sera there were 
examples of overlap between cord cell and OT cell titres 
(sera 2, 10, 11 and 12). The overlap did not necessarily 
oceur with the same cells in different sera. Whereas 
there was a similarity in the cord cell reactions with sera 11 
and 12, those with sera 2 and 10 differed. Sera 3 and 8 
were from a brother and sister who developed M. 
pneumoniae infection during an epidemic*. Their patterns 
of reaction with different cord cells were dissimilar. With 
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The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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Yes, our Fraction Collector. The UltroRac, ts ijs 
a fraction larger than some others on the mar- i 
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The two newls-published comprehensive 
catalogs shown here demonstrate the broad- 
ening scope of the Miles program to provide 
advanced products for scientific exploration. 
More than 2,200 products are described, 
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cold agglutinin sera from patients with the chronic cold 
agglutinin syndrome a similar heterogeneity has been 
observed (results not shown). 

These observations reveal a considerable heterogeneity 
in anti-I antibodies and they indicate the problems which 
rnay arise if cord cells from a single donor rather than from 
several sources are used in defining the specificity of cold 
agglutinins. Awareness of ens heterogeneity is also 
necessary in studies aimed at correlating molecular 
structure with antibody specificity using cold agglutinins 
which can be isolated from serum with ease*®. 

I thank Miss Mary Schumacher for skilled assistance. 
This work was supported by grants from the Royal Free 
Hospital and the Medical Research Council. 
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Partial Unresponsiveness of Mice to 
Subcutaneous Tetanus Vaccination 
following Aerosol Treatment with 
Plain Toxoid 


THERE are numerous studies of aerosol immunization’, 
but only few have been concerned with toxoids as 
antigens®, 

Experiments in this laboratory showed that inhalation 
of 10-20 Lf units of tetanus toxoid failed to induce an 
appreciable immune response in mice, unless an adequate 
adjuvant was added*. In mice pretreated with a sub- 
cutaneous injection of plain toxoid, however, a subsequent 
aerosol treatment provoked a marked anamnestic reac- 
tion, similar to that induced by a booster injection. By 
contrast, the immunogenic effect of an aerosol treatment 
followed by a subcutaneous injection was extremely weak; 
the animals treated in this way exhibited a lesser degree 
of protection against a lethal toxin challenge than “the 
control animals which had been given a subcutaneous 
injection only (Table 1). These findings suggested that 
the inhalation of plain toxoid, which is a soluble protein 
antigen, might provoke a state of partial immunological 
unresponsiveness. 

To investigate this possibility, we studied antibody 
titres in four groups of adult mice, three of which were 
pretreated by inhalation of 10-20 Lf units of plain toxoid? 





Table 1, SURVIVAL RATES OF MICK CHALLENGED WITH TETANUS TOXIN 
3 WEEKS AFTER REPEATED ADMINISTRATION OF PLAIN TETANUS TOXOID BY 
VARIOUS COMBINATIONS OF INHALATION AND SUBCUTANEOUS INJECTION 
Survivors} 5 days 
after challenge with 
50 LD,» of toxin 


First treatment Second treatment” 


10-20 Lft inhalation 10-20 Lf inhalation 1/16 
5 Lf subcutaneous 5 Lf subcutaneous 
injection injection 16/16 
0-5 Lf subcutaneous 
injection 10-20 Lf inhalation 16/16 
0-5 Lf subcutaneous 
10-20 Lf inhalation injection 1/16 3/10 
0-5 Lf subcutaneous 
None injection 11/20 10/108 


* Treatments given 3. weeks apart. 

t Numbers of survivors/numbers challenged. 
+ Estimated inhalation doses. 

€ Repeated experiment. 
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Table 2. HAEMAGGLUTINATION TITRESeOF INDIVIDUAL AND POOLED SERA 

FROM MICE, KILLED AT DIFFERENT INTERVALS FOLLOWING SUBCUTANEOUS 
VACCINATION WITH TETANUS TOXOTD 

Group F Group II Group HI 


) i Group IY 
{25 mice) (24 mice) (20 mice) 


25 mice) 





Pretreatment: ix aerosol 1x aerosol 2x aerosol 6 
3 weeks l week and 3 weeks 
before sub- before sub- before sub- None 
cutaneous cutaneous cutaneous 
vaccination vaccination vaccination 
2 weeks after first <4 4 <4 
subcutaneous <4 16 16 
injection 64 32 32 
64 512 32 
256 G4 
(64) (128) (32; 
3 weeks after first 4 <8 8 
subcutaneous 8 <8 64 
injection 8 8 128 
32 128 128 
32 512 
(16) (8) {128} 
4 days after second 4 <8 512 
subcutaneous 64 <8 2,048 
injection 256* <pt 2,048 
256 <8 2,048 
512 4,006 
(128) (<8) (2,048) 
11 days after second 16 128 4,096 
subcutaneous 256 256 4,006 
injection 1,024* 1,024* 8,192 
1,024 1,024 16,384 
2,048 16,384 
(1,024) (512) (8,192) 
3 weeks after second 32 <8 1,024 
subcutaneous 32 8 2,048 
injection 1,024 256" 4,096 
1,024 512 4,096 
2,048 8,192 
(1,024) (1,024) (256) (4,006) 


* Significantly different from group IY (control) by Wilcoxon's 
sum test with Bonferroni’s simultaneous inference’, 

Groups F, I] and IH were pretreated with toxoid aerosols; group TV is 
the control group. Each column presents the titres of individual sera and 
oe (values in parentheses) from four or five mice, killed at the times 
indicated. 


rank- 





using a modified Henderson apparatus’. Groups I and H 
received one aerosol treatment, group IIL reccived two 
treatments before subcutaneous vaccination, Group IV 
served as a control. 

All animals were given an initial subcutaneous injection 
of 0-5 Lf unit of plain toxoid. Two and three weeks later 
four or five mice from each group were killed. The remain- 
ing animals received a second injection of 0-25 Lf units 3 
weeks after the first, and were successively killed in groups 
of four or five after 4, 11 and 21 days. Sera from individual 
animals as well as serum pools from each group were 
titrated by the passive haemagglutination (HA) method’ 
(Table 2). 

Table 2 shows that aerosol treatment with plain toxoid 
leads, in most mice, to a reduced immune response to 
subsequent subcutaneous vaccination. Two weeks after 
the first injection this reduction is not yet apparent. At 
this time a few animals in the test groups show even 
higher titres than are found in the control group; the 
aerosol treatment could have exerted a priming effect, 
probably caused by some unknown adjuvant factor, such. 
as a latent virus infection’. 

The first evidence of an impaired immune response is 
found after 3 weeks. The differences with the control 
group are, however, not significant, except for group IT. 
These differences become much more pronounced after 
the second subcutaneous injection. While the HA titres 
in the control group show a considerable and rapid rise 
after this booster injection, those in the test groups- 
particularly in group IHI-—lag far behind. The values 
found after 4 and 11 days differ significantly from those 
in the control group. After 3 weeks the titres in groups I 
and II show a relative improvement, suggesting that the 








state of decreased responsiveness is only transitory. The 
responses in group III, however, are still markedly 
depres ed. 


Tt is also obvious that the results of serum-pool titra- 
tions are often less significant than those of, individual 
titrations, because the wide variations in individual values 
are masked by pooling. These variations indicate that the 
immunosuppressive effect is not equally expressed in all 


animals. .? 
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Tetanus toxoid is a protein which has a good immuno- 
genic capacity and, for that reason, is thought to be 
unsuitable for inducing low-zone tolerance in adult 
animals’. In agreement with this idea, our attempts to 
induce partial tolerance by intravenous injection of small 
doses of tetanus toxoid had only marginal success. None- 
theless, a markedly decreased immunological responsive- 
ness could be induced in adult mice by aerosol treatment 
with plain toxoid. It was clearly shown in separate 
experiments that the inhalation doses used are far below 
those required for respiratory immunization. 

Apparently, the observed tolerance effect is associated 
with administration by the respiratory route whieh implies 
a more gradual and prolonged resorption of the antigen. 
This resorption might also involve a process of biological 
filtration by which the passage of particles that can be 
phagocytosed—-an essential for the induction of the 
antibody response—-would be inhibited®. This filtration 
might also involve the removal of the non-specific stimu- 
lus, or the adjuvant properties of the antigen, resulting 
in a shift of the balance between the immunogenic and 
tolerogenic activity in the remaining moiety of the antigen. 

These phenomena may be significant for further develop- 
ment of methods for respiratory immunization, especially 
with protein antigens. 
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Studies on the Mechanism of Binding 
‘of Immune Complexes to Phagocytes 


BINDING of antigen-antibody complexes to the surface 
of phagocytes depends on the integrity of the Fe region 
of the antibody, and occurs even when antibody alone 
apparently binds only weakly'*, One possible mechanism 
is. that antigen interacts with antibody to produce an 
allosteric change in the conformation of the antibody 
molecule (analogous to that observed by Feinstein and 
Rowe’), exposing a site capable of interacting with the 
phagocyte surface. The alternative explanation is that, 
although “free” antibody molecules have an exposed 
binding site available for attachment to phagocytes before 
reaction with antigen, binding is unstable: more stable— 
and therefore detectable-—binding results from the forma- 
tion of complexes with multiple sites. This possibility 
does not invoke a change in antibody conformation. 

We have studied the binding of 1'I-labelled, purified 
anti-hapten antibody to phagocytes alone or in the 
presence of haptens containing one, two or many de- 
terminant groups per molecule. 

Macrophage rich and polymorphonuclear leucocyte rich 
cell suspensions were prepared from peritoneal exudates 
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of Hartley albino guinea-pigs and New Zealand rabbits 
by methods previously described’. The cells were washed 
and suspended in tris(hydroxymethylamino)methane phos- 
phate-buffered 1066 medium (Baltimore Biological Labora- 
tories) containing 20 per cent foetal calf serum. 

Pooled antiserum was obtained 1 week after a second 
injection of benzylpenicilloylated bovine y - globulin 
(BPO,,;-BGG) into rabbits previously immunized with 
2 mg BPO,,-BGG in Freund’s adjuvant. Specific anti- 
body was absorbed from the sera by benzylpenicilloylated 
hide powder, eluted with benzylpenicilloyl-propylamine, 
and separated from this hapten by dialysis against saline. 
Tt was 90 per cent specifically precipitable, and showed 
only a y-globulin line on immunoelectrophoresis against 
goat anti-rabbit whole serum®. It was labelled according 
to the method of Greenwood et al.? with I (New England 
Nuclear Corp.) using 2 mCi for 200 to 300 ug. Unbound 
radioactivity was removed by dialysis and the prepara- 
tions were passed through ‘Millipore’ filters and stored 
at 4°C. 90 to 96 per cent of the radioactivity was 
precipitable in cold 5 per cent trichloroacetic acid. The 
antibody titre, as checked by the haemagglutination 
assay®, was virtually unchanged by the labelling process. 
A polyvalent hapten, succinylated benzylpenicilloylated 
poly-L-lysine (BPO,,;-PLL,., 5); a divalent hapten, 
benzoylpenicilloylated hexamethylenediamine (BPO, — 
HMD); and a monovalent hapten, benzoylpenicilloylated 
propylamine (BPO,~Prop), were all prepared as described 
previously®’*. The cross-reacting monovalent haptens 
dimethoxyphenylpenicilloyl-amylamine (DPO,~Amyl) and 
sodium oxacilloyl-propylamine (OPO,-Prop) were pre- 
pared from the semi-synthetie penicillins by methods 
similar to that used for BPO,—Prop'’, 

To duplicate 1 ml. volumes of medium containing 
phagoeytes, an equal packed cell volume of washed sheep 
erythrocytes (Animal Blood Center), or no cells, were 
added successively 0-1 ml. of hapten solution or saline 
alone, and O-1l ml. of §'E-antibody (2-5 ug) in saline. 
After incubation at 37° C for 10 min, 2 ml. of cold medium 
was rapidly added and the vials were centrifuged at 
1,200 r.p.m. for 10 min. The supernatant was removed, 
the vials were washed four times (to constant radio- 
activity) with 2 ml. of medium, and radioactivity was 
counted in a well-type scintillation counter. (In the 
earliest experiments, only three washes were used. and 
the control values were subtracted from those of the vials 
containing phagocytes.) Counts bound were not con- 
sidered significantly above background or control values 
unless the difference for each member of a pair of duplicates 
was greater than twice the standard deviation of the 
difference. 

As shown in Table 1, only polyvalent hapten signi- 
ficantly and consistently increased the binding of antibody 
over that observed in the absence of antigen. A greater 
increase was observed with polyvalent hapten at equi- 
valence than at ten times equivalence. Neither mono- 
valent hapten tested at a range of concentrations nor 
cross-reacting monovalent hapten used at great molar 
excess significantly altered the amount of antibody 
bound. Using divalent hapten it was found that. only at 
equivalence, and then only in three out of ten experi- 
ments, was a slight but significant increase in antibody 
binding observable. Accordingly, it is not yet clear to what 
extent divalent hapten at equivalence can really enhance 
the binding of antibody. 

These results favour the idea that the enhancement 
of antibody binding to phagocytes after complex forma- 
tion depends on the presence of multiple sites of attach- 
ment, for only polyvalent hapten consistently promotes 
this enhancement. One may argue that these monovalent 
haptens are too small to induce the hypothetical allosteric 
change in the antibody molecule, but the larger hapten 
(BPO,-HMD), used at 1,000 times equivalence, and large 
cross-reacting monovalent haptens, which would be 
expected to distort the combining sites, also failed. 
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Table 1. I-LABELLED RABBIT ANTI-BENZYLPENICILLOYLATED ANTIBODY (ng) BOUND TO GUINEA-PIG AND RABBIT PHAGOCYTES IN THE PRESENCE OF 
MONOVALENT, DIVALENT AND POLYVALENT HAPTENS AND CROSS-REACTING MONOVALENT HAPTENS 











Cells x 107 Hapten added and eae (moles/moles antibody) a DPO-Amsl . 
2p BPOs~PLLio: BPO, -HMD -Prop ~Prop yr amy! 
antibody None o-02* 020 LO © 1,000 | 20 2,500 10,000 25,000 2,500 10,000 25,000 
Guinea-pig macrophages j $ 
27 52t5t 48649 32449 — — 4845 5045 — — — = a == 
(7,000) 
22 38 tö 2508 — 57T 2146 4946 - i a a 
7,000 z 
20 EIR ee = = — 7 = — RAR 
(13,000) “as 5 
14 <27 167415 — 8314+13 <27 <27 — -= <27 —- = <27 i 
(< 7,000) e : 
14 3347 15848 =- 337 Sli? 4247 — 4947 — _ 3847 = cam 
(9,060) 
14 4043 — — 5823 4343 = = pi 
(11,000) 
Guinea-pig polymorphonuclears 
6-4 46412 418416 ~ 172414 62412 — a z o = iy. ag 
(3,000) F PE 
44 2545 9546 _ 2745 3045 2545 — 2245 a = 255 Ei ae 
(2,000) 
27 <14 1947 — <14 <14 <i4 — — _ = ne = i 
( < 2,000) : 
25 38217 — — 37417 51417 — — à 2k = = Ga 
(6,000) 
Rabbit macrophages : 
2-0 81+10 114410 : 25410 39+10 <20 = = 7 = Se — TE 
(6,000) : 5a 
13 87413 84414 ~~ 32413 <26 30413 — — <26 ca = < 26 g 


* Hapten/antibody molar ratio at equivalence as determined from quantitative precipitation curves. 


+ Average of duplicates. 


Figures in parentheses represent approximate numbers of molecules bound per cell. 


Enhancement of binding seems to us more likely to 
arise from the increased energy of binding resulting from 
the summed effects of individual binding sites plus an 
entropy factor. We have not, however, excluded the 
considerations that (a) aggregation may be necessary for 
an allosteric change, and (b) only large molecules may be 
capable of inducing such changes. but it does seem that 
simple antigen-hapten interaction is insufficient to induce 
this hypothetical allosteric change. 
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Specific Inactivation of Antigen- 
reactive Cells with '*I-Labelled 
Antigen 


A QUESTION of current interest is whether the initial 
stages of an immune response—either the induction of 
antibody formation or of specific tolerance—may involve 
the reaction of an antigen with a specific lymphocyte. 
Naor and Sulitzeanu! have demonstrated, both in vivo 
and in vitro, a reaction of 'I-labelled bovine serum 
albumin with a small proportion (about 1/5,000) of 
mouse spleen lymphocytes. We have since shown? that 


both flagellin and polymerized flagellin (Salmonella 
adelaide) and haemocyanin (Jasus lalandii) labelled with 
1233F or iJ react in vitro with certain cells from spleens 
of rats and mice. Of the strongly reactive cells, almost 
all are mononuclear with a high nuclear/cytoplasmic 
ratio and 7-12 microns in diameter and, for any one 
antigen, comprise about 1/5,000 of the total cell popula- 
tion. These reactive cells adsorb between 4,000-40,600 
molecules of labelled protem when allowed to react at 
0° C with labelled protein (about 3x 10? molecules/ml.) 
in 10 per cent foetal calf serum. A similar proportion of 
such reactive cells was observed in cell suspensions from 
lymph nodes and thoracic duct lymph, while peritoneal 
exudate contained a higher proportion and thymus a 
lower proportion of these cells?. The reaction was not 
inhibited by concentrations of sodium azide which 
restricted the uptake of labelled antigen by macrophages 
but was inhibited, using mouse cells, by rabbit anti-mouse 
globulin serum. Spleen cells from germ-free and con- 
ventional mice reacted equally well with ™1I-labelled 
flagellin?. We wished to know whether the ability of 
these cells to react with antigen was immunologically 
significant. Experiments were devised to distinguish 
between the following possibilities: that the reactive 
cells were (1) cells present because of a prior experience 
of the animal with a related antigen, (2) antigen-reactive 
cells? which had not had prior antigenic experience but 
which were capable of contributing to a specific immune 
response such as formation and secretion of antibody, 
and (3) cells coated non-specifically with cytophilic 
antibody. 

We treated normal mouse spleen cells with unlabelled 
or ™5]-Jabelled polymerized flagellin and stored the cells 
in appropriate conditions in vitro to allow radiation 
damage to cells coated with the labelled antigen. The 
cells were then injected into X-irradiated syngeneic hosts 
which 1 day later were challenged with an immunogenic 
dose both of the same and a serologically unrelated 
flagellar antigen. In detail: spleen cells of either male or 
female CBA/C,, mice (6-8 weeks old) were reacted with 
128] labelled polymerized flagellin (moles iodide/40,000 g 
protein, about 0-5; specific activity, 25 wCi/ug) at 0°C 
for 30 min in the presence of sodium azide (0-015 M) 
and in the proportion of 5 or 50 yg protein/1-3 x 10° cells, 
present in 6 m!. of 10 per cent foetal calf serum in 
Dulbecco’s’ medium. The two preparations of pelymerized 
flagellin were Salmonella, SW13838, H antigen, f, g; and 
Salmonella, SL871, H antigen, 1, 2. The cells were then 
deposited by centrifugation at low spegd, resuspended in 


si 


robe 


6 ml. medium and centrifuged in 2 ml. lots through 9 ml. 
of a 50-100 per cent (v/v) foetal calf serum gradient. The 
supernatant, containing unbound antigen, was removed. 
About 0-5 per cent of the added radioactivity was asso- 
ciated with the pellet of cells; these were gently resus- 
pended in the medium and kept for 16-20 h at 0°-4° C, 
after which they were recovered by centrifugation and 
suspended in 2-3 ml. of medium. Cells (13x107) in 
(2 ml. were then injected intravenously into X-irradiated 
(750 r.) syngencie mice (7-8 weeks old, ten per group). 
Twenty-four hours later, the mice were injected intra- 
peritoneally with an aqueous solution containing I pg 
of each of the two antigens. Eight days after the injection 
of antigen, the mice were killed and serum antibody titres 
measured by the immobilization test®. Control experi- 
ments vielded the following results: (1) injection of both 
antigens into normal mice caused high antibody titres; 
(2) injection of both antigens into X-irradiated mice did 
not cause detectable antibody formation; (3) injection 
of cells, pretreated with labelled or unlabelled antigen 
inte X-irradiated mice without a later injection of antigen 
resulted in either no or only a trace of antibody response; 
(4) injection of Ree pretreated with either unlabelled 
antigen (Table 1) or antigen labelled with non-radioactive 
(carrier) iodide, into irradiated mice, gave the results 
below, 

Smears and autoradiographs were made of cells exposed 
to labelled antigen before and after the 16-20 h exposure 
period at. In one experiment, the counts of labelled 
mononuclear cells were 148 and 49 per 10° cells, respee- 
tively. The number of grains per cell varied from > 200 
to <30 (lowest counted) which indicated that the average 
number of disintegrations occurring per labelled cell was 
very approximately 200 (y-ray emission) and 230 (8-ray 
emission y. 











Table 1. ANTIBODY TITRES OF X-IRRADIATED MICE INJECTED WITH TWO 
SEROLOGICALLY DISTINCT FLAGELLAR ANTIGE 1 DAY AFTER RECEIVING 
SYNGENEIC CELLS PRETREATED WITH '"[-LABELLED OR UNLABELLED ANTIGEN 


Mean antibody titre Jog.) 








Experi- Antigenic pretreatment from groups of ten mice 

ment {per 13x 10 cells) after challenge with 
SW1338 SL871 

1 0-5 ug SW1338, labelled 42 

0-5 ug 5W1338, unlabelled : BL 

5 pe SW1338, labelled 5 54 

5 pe SW1338, unlabelled 9 43 

No antigen 23 47 

a 5 npg SL871, labelled 0-82 <05 

& pg SLS71, unlabelled 16 48 

No antigen 11 4:2 

3 5 ag 8L871, labelled 2-0 yi 

5 eg SL871, unlabelled 33 42 

No antigen 2-4 +9 


The results of these experiments are presented in Table 
1. Statistical analysis was by the Rank test*. In every 
gase, pretreatment of cells w ith unlabelled antigen before 
Injection iato X-irradiated animals did not significantly 
ciminish the subsequent response either to the same or to 
the heterologous antigen. In contrast, pretreatment of the 
cells with labelled antigen either abolished or significantly 
reduced the subsequent response to the same antigen 
(2.<0-01), without affecting the response to the hetero- 
logous antigen. Pretreatment of cells with antigen labelled 
with carrier iodide did not significantly reduce the sub- 
sequent antibody response to the same antigen. 

It is clear that many aspects of this phenomenon require 
further investigation, but at present the following 
conclusions can be tentatively drawn: (1) at least 
some of the cells which reacted with antigen take 
part in an antibody response and, because of their 
radiosensitivity, may be lymphocytes: (2) at any one 
time, most if not all cells in the mouse spleen which 
are capable, on appfopriate stimulation, of producing 
antibody by 8 days, have the ability to react with antigen 
in vitro; (3) the s PERRY of the reaction shown in these 
experiments is difficult to reconcile with any theory other 
than one requiring cell populations with a very restricted 
potential for antigenic stimulation, such as the clonal 

+ 
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selection theory®; (4) the ability to inactivate selectively 
particular cells in mixed populations should prove useful 
in studies to assess the contribution of such cells in the 
immune response. 
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Growth of Human Foetal Tissue in Mice 
treated with Antilymphocyte Serum 


HETEROGRAFTS of human skin or tumour cell lines can 
be grown in the mouse using antilymphocyte serum (ALS) 
as immunosuppressant!*?. Human foetal tissue has been 
successfully grafted to rats treated with cortisone’, We 
have found that human foetal tissue will grow in mice 
thymectomized as adults and treated with ALS. 

ALS was prepared as previously described? The 
efficacy of the ALS was tested by its ability to sustain 
the growth of the human tumour cell line HeLa in Swiss 
mice. Swiss mice were thymectomized when 14 days old, 
using the technique of Sjodin etali. Lung, gut and kidney 
tissue from 10 to 14 week old foetuses (kindly made 
available to us by the Royal Marsden Hospital tissue 
bank) were minced in Eagle’s minimum essential medium. 
Thymectomized mice were injeeted subcutaneously in the 
ventral midline with approximately 0-2 ml. of the cell 
suspension using a size 1 needle. They were given 0-5 ml. 
of ALS on days 1, 2, 5 and 8. Control groups were thymec- 
tomized and injected with foetal tissue but not treated 
with ALS. By day 14 the tissues had formed subcutaneous 
nodules approximately 0-5 em in diameter. These were 
sectioned and examined histologically. The gut tissue, 
while showing some organization at the periphery, was 

















Fig. 1. 


Human foetal hung 14 days after subcutaneous transplantation 
to mouse thymectomized as adult and treated with ALS. Haematoxylin 


and eosin; x ¢. 31, 
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Fig. 2. Human foetal kidney 14 days after subcutaneous transplantation 
to mouse thymectomized as adult and treated with ALS. Haematoxylin 
and eosin; x 120. 


chiefly necrotic. The kidney and lung tissues appeared 
healthy and had become organized. The kidney tissue 
contained Bowman’s capsules and tubules; the lung tissue 
had formed bronchioles. Al tissues became necrotic by 
day 28. None of the tissues grew in mice which had been 
thymectomized but not given ALS. 
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H-24 Antigens on Mouse Spermatozoa 


Tae view that the phenotype of mammalian gametes ` 


does not reflect their haploid genotype but rather the 
gene content of their diploid parent still predominates in 
mammalian genetics. But the differential melanizing 
activity, in the presence of dihydroxyphenylalanine, of 
spermatozoa from rabbits of different coat-colour geno- 
types! suggests haploid gene action in mammalian gametes. 
And the very irregular transmission ratios of some alleles 
of the T-loeus (brachyury) in the mouse provide very clear 
examples of gene action in spermatozoa®>, These findings 
justified a search for further evidence on gene action in 
mammalian spermatozoa. Histocompatibility antigens 
might be suitable markers of such action; they are 
present on the membrane of many types of mammalian 
cells, probably associated with general cell physiology 
rather than with specific functions of differentiated cells. 
Here we report that mouse spermatozoa of the genotype 
H-24 absorb specific H-2¢ antibodies. Whether the diploid 
prereduction or haploid postreduction activity of the H-2 
locus is responsible for the presence of H-2 antigens on 
spermatozoa remains to be elucidated. 

The mice we used were two H-2 congenic strains, 
C57BL/108eSn (or B10) with the allele H-2 and B10.D2 
carrying the allele H-2¢. B10 anti-B10.D2 sera were 
produced by injecting B10 females intraperitoneally with 
suspensions of normal lymphoid B10.D2 cells in phosphate- 
buffered saline (PBS). Stimpfling’s polyvinylpyrrolidone 
(PVP) haemagglutination test! was used for testing the 
activity of antisera before and after absorption; inhibition 


-` 

6 
1299 
of haemagglutinating activity was used as the criterion 
of H-2 antigenic capacity of the cells used for absorption. 
The serum was usually diluted 1:9 with PBS containing 
1-5 per cent of PVP (Antara Chemicals, New York, or 
Kodak, Ltd, London). 

Absorptions of the antiserum with the cells under test 
were performed in vitro, following essentially the tech- 
nique described by Shreffler et al.°. A standard volume of 
0-2 ml. of the serum (diluted 1:9) was absorbed with 
doses of 25-400 x 10% packed cells obtained from bled 
male mice (Table 1). Titrations after absorptions were 
usually started at an antiserum dilution of 1/20. A 
negative control absorption was usually carried out in 
parallel with each experiment. Relatively pure suspensions 
of spermatozoa were prepared by stripping the latter into 
PBS from the vas deferens after dissecting out the cauda 
epididymidis and vas deferens. An additional yield of 
spermatozoa was obtained in some experiments from 
homogenized caudae and vasa deferentia. Prepared sus- 
pensions of spermatozoa contained admixture of up to 
10 per cent of non-spermatozoal, mostly epithelial, cells; 
the average yield of sperm cells from one male was 14 x 106 
(ranging from 4-21 x 10°). Non-spermatozoal cells from 
the epididymidis were prepared in essentially the same 
way as spermatozoa. The yields per male were low, and 
there was always a high contamination with spermatozoa. 
Usually the suspensions contained equal parts of sperma- 
tozoa and of non-spermatozoal cells. Spleen cells were 
dissociated from tissue fragments in a glass homogenizer 
and prepared in the same way as spermatozoa. Erythro- 
cytes were obtained by bleedings from the tail vein into 
3-8 per cent sodium citrate. 


Table I. CAPACITY OF DIFFERENT TISSUE CELLS OF B10.D2 (H-27) ORIGIN 

TO ABSORB B10 (H-2") ANTI-B10.D2 ANTIBODIES in vitro DEMONSTRATED 

BY THE HAEMAGGLUTINATION TEST WITH B10.D2 ERYTHROCYTES (CELL 
COUNTS CORRESPOND TO THE VOLUME OF 0-2 ml. OF ANTISERUM) 









Absorbing 
Absorbing cells i capacity 
Type Dosage + Complete 
{x 10°) — Slight ifany 
Spleen cells 400 + 
100 + 
50 ~ 
25 ~ 
Erythrocytes 400 + 
200 + 
100 _ 
50 ~ 
Spermatozoa 400 (+ 40) + 
(+ non-spermatozoal cells) 200 (+20) - 
100 (+10) ~ 
Non-spermatozoal cells (+ 
spermatozoa) 50 (+50) ~ 


When a dosage of cells is denoted by a plus sign as having a complete 
antibody-absorbing capacity it means that no activi y to agglutinate H-2¢ 
erythrocytes remained in the serum (in any of the six to seven dilutions 
tested) after the absorption with H-2¢ cells, while the same dosage of similar 
H-20 cells had no antibody-absorbing effect. When the activity of the 
antiserum remained unaltered (or only slightly reduced) after the specific 
absorption, the dosage of the cells used for such absorption is denoted bye 
a minus sign. 


Table 1 summarizes the results of absorption of B10 
(H-2b) anti-B10.D2 (H-2¢) serum with different doses of 
H-24 cells from different tissues. The absorption with 
each dose of each tissue was repeated three to five times 
with similar results. A complete absorption was obtained 
with H-2¢ spleen cells, erythrocytes and spermatozoa, All 
three cell types seem to carry on their surface antigens 
controlled by the H-2¢ allele. Indications of some dif- 
ferences in the degree of their antibody-absorbing capacity, 
possibly reflecting quantitative differences in their anti- 
genicity, require further analysis with a quantitative 
assay more reliable than the PVP haemagglutination test. 

Because it was not possible to obtain a pure suspension 
of spermatozoa (a suspension not contaminated with up 
to 10 per cent non-spermatozoal éells) we assayed the 
antibody-absorbing capacity of the contamination. A 
dosage of 50x 10° epididymal non-spermatdzoal cells 
(which slightly exceeds the maximum contamination of 
the spermatozoa preparations) had no Specific antibody- 
absorbing capacity. 


ek 
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The results of the absorption experuaents demonstrate 
that at least some antigens controlled by the H-2¢ allele 
are expressed on spermatozoa and that the non-sperma- 
tozoal cells are not responsible for the antibody-absorbing 
capacity of contaminated suspensions of spermatozoa. 
This finding is consistent with other results obtained with 
indirect immunofluorescent methods and tests of the 
capacity of spermatozoa to induce an accelerated rejection 
of an antigenically similar skin graft, which show the 
presence of other H-antigens on spermatozoa (M. V., 
Poláčková and Pokorná, in preparation). 

The different capacity of spermatozoa of different mouse 
strains to absorb sperm-agglutinating antibodies demon- 
strated by Snell® seems to reflect the presence on sperma- 
tozoa of alloantigens of some kind. My results seem to 
indicate that mouse spermatozoa, like other cell ypes, have 
at least some H-2 antigens on their membrane. 
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Live and Inactivated Vaccines of 
Group B Arboviruses: Role of 
Neutralizing Antibody and Serum 
Protective Factor 


Iv is generally accepted that vaccination provides pro- 
tection against subsequent viral disease either by stimulat- 
ing the production of neutralizing antibody or by sensitiz- 
ing the antibody producing cells so that on infection 
neutralizing antibody is produced!. The results presented 
here suggest that inactivated group B arbovirus vaccines 
“depend chiefly on the production of neutralizing antibody 
to provide protection against subsequent viral disease, 
whereas live group B arbovirus vaccines depend not only 
on neutralizing antibody but also on the presence of a new 
humoral substance which we call serum protective factor 
(SPF)? Indeed, using the immunosuppressant drug cyclo- 
phosphamide, serum protective factor can be shown to 
provide protection in the absence of any detectable neu- 
tralizing antibody response before the initiation of infection 
or subsequent to the challenge virus. Thus live group 
B arbovirus vaccines produce two lines of defence because 
neutralizing antibody acts on the virus before it penetrates 
the cell and serum protective factor acts on the cell to 
confer protection®. 

The recent isolation of an attenuated strain (Langat E5) 
of Langat virus? and the limited increase of the severity 
of infection in mict treated with cyclophosphamide 
(Cytoxan’)** led us to develop an experimental model to 
compare the role of neutralizing antibody in protection by 
live and inactivated vaccines. All materials and methods 
described in this article have already been reported in 
detaili. . 
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To determine the efficacy of the various immunization 
procedures, we used the following method. Groups of 
mice were treated as described in “Tables l and 2. The 
groups of mice were then split up into groups of twenty 
mice each and 10-fold serial intraperitone al titrations were 
made with the homologous challenge viruses. Using this 
method the higher the titration values the less Doo 
was conferred by the immunization treatment. All the 
results shown in Tables ] and 2 were repeated once. 


Table 1, NEUTRALIZING ANTIBODY RESPONSES AND TITRE OF CHALLENGE 
VIRUS IN IMMUNIZED MICE ON CHALLENGE WITH LANGAT M4 VIRUS 
Preparation of mice Neutralizing 


Cyclophos- indices$ against 








phamide ¢ 7 Cyclophos- challenge i 
with Vaccine* phamide — virus-—days lenge virus 
vaccine or with after in immun- 
controls challenge chatienge ized mice 
0 t 
Yes Inactivated* (procedure re- 
peated after 10 days) Yes 0 Q O Bs 
Yes Normal chick embryot 
(procedure repeated after 
10 days) Yes 0 ğü O Er 
No Inactivated (procedure re- 
peated after 10 days) No 100 > 1,000 3,200 <10 
No Normal chick embryo (pro- 
cedure repeated after 10 
days) No © tü 100 30 
Yes Live Yes 0 is) 9 <10 
No Live No 100 1,000 6,300 <10 


* Experimental mice received 0-3 mi. of 10 per cent chick embryo infected 
with Langa E5 virus, having an F.C. £D,, of 10°? per 0-3 mi. in 8-10 g mice. 
Cais was given either after BPL inactivation (“inactivated or no treatment 
tiyar” 

ive”). 


t Control mice were given 0-3 ml. of 10 per cent normal chick embryo 
suspension inactivated with BPL instead of BPL inactivated Langat Eô 
virus-infected chick embryo. 





= Cyclophosphamide with inactivated vaccine only given before inimuniza- 
tion, while cyclophosphamide with live vaccination and challenge virus given 
24 h before and 24 h after inoculation. 


§ Neutralization indices were determined on the sera of mice which were 
challenged with about 100 lethal doses of Langat M4 virus. The tests were 
carried out by the sensitive ILP. suckling mice neutralization test‘. 








Table 2. NEUTRALIZING ANTIBODY RESPONSES AND TITRE OF CHALLENGE 
VIRUS IN IMMUNIZED MICE ON CHALLENGE WITH WEST NILE VIRUS 





Preparation of mice Neutra 





zing in- Log I.P. 


Cyclophos- dices§ against LD,, titre 
phamide t Cyclophos- challenge of chal- 
with Vaccine* phamide virus—days lenge virus 
vaccine or with after challenge in immun- 
controls challenge 0 4 6 ized mice 
Yes Inactivated* (procedure re- 


peated after 10 days) Yes 0 ü Q tee 


Normal mouse braint (pro- 
cedure repeated after 10 
days) 


No Inactivated vaccine (pro- 
cedure repeated after 10 
days) No 10 19 100 «10 


No Normal mouse brain (pro- 
cedure repeated after 10 
days) No 0 0 10 Er 


* Experimental mice received 0:3 ml, of 10 per cent infected mouse brain 
suspension of WN TL443M8 virus having an LC, LDDs, of 10°? per 0-3 ml. in 
8-10 g mice. This was given after BPL inactivation (‘inactivated’) and 
contained no detectable live virus. 

t Control mice were given 0:3 ml. of 10 per cent suspension of normal 
mouse brain inactivated with BPL instead of inactivated WN vaccine. 


į Cyclophosphamide with inactivated WN vaccine given 24 h before 
inoc ulation, while cyclophosphamide with challenge virus was given 24 h before 
and 24 h after inoculation. 


iw 


Yes 











§ Neutralization indices were determined on the sera of mice which were 
thallenged with abont 100 lethal doses of WN v These tests were 
ied out by the sensitive T.P., suckling mice neutralization test’. 





Three week old mice were given two intraperitoneal 
(1.P.) inoculations 10 days apart of 03 ml. inactivated 
Langat E5 virus vaccine, Twenty mice were used in each 
group described in this article unless otherwise specified. 
The Langat E5 virus suspension titred 6-5 logs 8-10 g 
mouse intracerebral ([.C.) ED, per 0:3 ml. before %-pro- 
piolactone (BPL) inactivation. Some of these mice were 
also given cyclophosphamide intraperitoneally 24 h 
before each inactivated vaccine inoculum. All rice 
were challenged intraperitoneally, 10 days after the 
lest vaccine inoculum, with varying concentrations of 
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live virulent Langat virus (Langat M4)*. Mice receiving 
cyclophosphamide at the time of immunization were also 
given cyclophosphamide 24 h before and after the challenge 
inoculum (Table 1). Two inoculations of inactivated 
Langat E5 vaccine provide protection against at least 
100 LP. LD,» of Langat M4 virus. This protection is 
associated with the presence of serum neutralizing anti- 
body at the time of challenge and an anamnestic response 
after it. When cyclophosphamide was used, however, the 
mice were not protected against the challenge virus nor 
was there any detectable serum neutralizing antibody. 
Control mice given BPL inactivated normal chick embryo 
suspension in place of the Langat E5 inactivated vaccine 
developed serum neutralizing antibody following challenge 
with Langat M4 virus as a concomitant of infection. 
Langat M4 virus titred 3-0 logs on intraperitoneal 
inoculation in these mice. Control mice given BPL 
inactivated normal chick embryo suspension and cyclo- 
phosphamide had no detectable serum neutralizing anti- 
body following challenge with Langat M4 virus and 
additional cyclophosphamide. 

As with certain other arboviruses?*, cyclophosphamide 
increased the virulence of Langat M4 virus which titred 
5-7 logs in these mice. We stopped neutralizing antibody 
determinations at 6 days after challenge because the 
control mice began to die on the seventh day. 

Three week old mice were immunized intraperitoneally 
with 0-3 ml. of live Langat E5 virus (6-5 log 8-10 g mouse 
LC. LD per 0-3 ml.) and given cyclophosphamide 24 h 
before and after the viral inoculum. When challenged 
3 weeks leter with Langat M4 virus and given cyclo- 
phosphamide 24 h before and after the challenge inoculum, 
these mice were protected against at least 50,000 I.P. 
LD; of virulent Langat M4 virus, although they had no 
detectable neutralizing antibodies at the time of challenge 
or after it (Table 1). Liver and spleen homogenates of 
Langat E5 immunized mice treated with cyclophospham- 
ide had no neutralizing activity against Langat virus’. 
Indeed, these mice were protected as completely as 
the mice given live Langat E5 virus only. Mice receiving 
live Langat E5 virus without cyclophosphamide were 
protected against at least 100 I.P. LD,, of Langat M4 
virus and protection was associated with the presence of 
neutralizing antibody at the time of challenge and an 
anamnestic response afterwards. Protection against 


higher doses of challenge virus could not be tested in, 


these mice because of the low titre of virulent Langat 
M4 virus in control mice of similar age in the absence of 
evelophosphamide. 

No serum interferon-like activity was detected at the 
time of challenget and anamnestic serum interferon pro- 
duction did not play any part in protection against 
challenge. 

Identical results (Table 2) have also been obtained with 
inactivated West Nile (WN) virus used for immunization 
and challenged 3 weeks later with live West Nile virus. 
Experiments with live WN virus using cyclophosphamide 
were not done because of the marked increase in the 
severity of infection resulting in a very few survivors for 
challenge”. 

As reported previously with live virus immunization, 
SPF is present in the sera of mice treated with cyclo- 
phosphamide and infected with Langat E5 which will 
protect on passive transfer against homologous or hetero- 
logous viruses*. Furthermore, anamnestic SPF response 
to the challenge virus occurred only with viral combina- 
tions associated with cross-protection’. Recently SPF 
has been reported to play a chief part in recovery from 
primary Langat E5 viral infection in mice’. But no 
SPF is produced by inactivated Group B arbovirus 
vaccines in the presence of cyclophosphamide, while 
this humoral factor is produced by immunizations 
with live viruses in the presence of cyclophosphamide’. 
These findings suggest that in screening live attenuated 
virus strains for possible use as vaccines, in addition to 





12%. 


determining neutralizing antibody, in vivo protection 
studies and SPF determinations are warranted. _ 
This work was supported by the Office of the Surgeon 
General, US Departinent of the Army. 
W. H. PRICE 
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DNA Synthesis by Antibody-forming 
Cells during the Primary Immune 
Response 


Tur mechanism of the rapid increase in specific antibody- 
producing cells during the primary immune response may 
involve cell division, cell ‘“reeruitment”’, or a combination 
of both. The use of mitotic blocking agents has indicated 
that. very rapid cell division, stimulated by antigen, alone 
accounts for the rapid increase in haemolytic plaque- 
forming cells during the primary response by the mouse to 
sheep erythrocytes'. Several autoradiographic studies 
were also interpreted to indicate an antigen-stimulated 
increase in the rate of division by plaque-forming cells 
during the primary response®*. One group has, however, 
interpreted its own and other autoradiogrephic data to 
indicate that antigen does not stimulate more rapid 
division by plaque-forming cells'5. Two of these studies? § 
involved examination of plaque-forming cells only, 
sampled on one day. The other two studies** were 
severely limited in sensitivity by the technique for 
examining DNA synthesis--continuous exposure to 
’H-thymidine from the time of antigen administration 
to the time of death. ; 
This communication describes an autoradiographic 
comparison of DNA synthesis by relatively large numbers 
of plaque-forming and non-plaque-forming e lymphoid 
spleen cells sampled on days 3-13 of the primary immune 
response, using pulse-lebelling with 3H -thymidine. The 
results provide additional support for the idea. of a 
specific antigen-induced increase in the rate of mitotic 
division by antibody-forming cells. = 
Male Swiss Webster albino mice (30 g) were immunized 
with a single intravenous injection of -4 x 10°, washed 
sheep erythrocytes and were killed at daily intervals . 
during the ensuing primary response. One hour before 
death each mouse received an intravenous dose of 2 uCi/g 
of *H-methyl-thymidine in saline (specifie activity 2-0 
Ci/mmole). l l 
A modified Jerne plaque technique was used to identify 
haemolytic antibody-producing spleen cells on microscope 
slide preparations’. After plaques developed the slides 
were dried at 45° C, fixed by immersion in methanol for 
45 min, rinsed in water for 20 min and then dried again. 
They were then dipped in Kodak NTB-3 nutlear track 
emulsion diluted with an equal volume of distilled water, 
developed after about 45 days, and stained with nuclear 
fast red and picric acid. Cover slips were not used 
° 





è 
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because their placement+destroys many plaques. This 
method permitted the autoradiographie study of many 
plaque-forming cells without micromanipulation. 

A cell was considered positive for DNA synthesis if it 
contained four or more silver grains within its boundaries 
and negative if it contained three or fewer grains. More 
than 50 per cent of positive cells had seven or more grains 
while more than 50 per cent of negative cells had no grains. 
Grain counts were also made on a sample of the non- 
plaque-forming lymphoid cell population of each slide, 
using the same criteria. In parallel control experiments, 
slides were treated with 0-1 mg/ml. of electrophoretically 
purified DNase before autoradiography’. Positive cells 
were virtually eliminated by this treatment, indicating 
that only tritiated thymidine actually incorporated into 
DNA. caused the observed grains. 

The total numbers of plaque-forming cells and lymphoid 
cells per mouse spleen were determined daily. Before 
antigen administration there were fewer than 10? plaque- 
forming cells per spleen. The most rapid rate of increase 
occurred between the second and third day after antigen 
administration. The number of plaque- forming cells 
reached a peak of about 10° on day 4, when they con- 
stituted about 0-1 per cent of all ly mphoid spleen cells, 
and declined gradually to about 5 x 10% on day 13. The 
largest. fraction of plaque-forming cells (39 per cent) was 
positive for DNA synthesis on day 3 and the fraction of 
positive cells decreased to 4 per cent on day 13 (Fig. 1). 
The totel number of lymphoid cells per spleen did not 
change significantly during the primary response and 
fewer than. 4 per cent of the general lymphoid cell popula- 
tion were positive for DNA. synthesis at the time of their 
peak response on day 5. 
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Fig. 1, The DNA-synthetic response to sheep erythrocyte administra- 


ion, by single plaque-forming cells (60-300 cells per point) (@—@) 

and by single randomly chosen lymphoid spleen cells (400-800 cells per 

point) (@--- @). Bach point represents averaged data from two mice 

in independent but identical experiments. There were too few plaque- 
. forming cells before day 3 to give significant data. 


The results demonstrate clearly that during much of the 
primary response specific antibody-producing spleen cells 
have proportionally many more cells synthesizing DNA 
oe | h of sampling than the general population of 
lymphoid spleen cells. This strongly suggests that the rate 
of mitotic division is Specifically increased among plaque- 
forming cells. The regults also indicate, for the first time, 
that the Stimulation of DNA synthesis among plaque- 
forming cells is maximal on day 3, at the same time when 
the observed rate of increase in number of these cells is 
maximal, The fisding that no more than 39 per cent of 
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plaque-forming cells showed uptake of *H-thymidine 
during 1 h is consistent with rapid continuous mitotic 
division by all cells of an unsynchronized population and 
is in reasonable agreement with the result of Koros 
et al.? for in vitro labe ‘Hing: on day 3. 

The results contradict Tannenbe rg’st; he reported no 
significant difference in total uptake of *H-thymidine 
between plaque-forming and non- plaque- forming spleen 
cells sampled on the fourth day after immunization and 
continuous exposure to “H-thymidine. The discrepancy 
in results probably reflects the greater sensitivity of our 
pulse-labelling technique to differences present at the timo 
of sampling. Recently Tannenberg and Malaviya’ 
reported, on the basis of a double-label autoradiographic 
technique, that with maximal antigenic stimulation the 
cell cycle time for plaque-forming cells on day 3 is 13 h. 
This also suggests that there is little or no specific stimula- 
tion of cell division by antigen. The accuracy of their 
method for measurement of “cell evele time is, however, 
questionable because of the possibility, not ruled out by 
their controls, that radiation from administered %H- 
thymidine itself slows cellular proliferation in a manner 
dependent on specifie activity rather than total activity 
administered. The work of Rowley et al.1, which indicated 
a much shorter cell cycle time, did not involve exposure 
of the cells to radioactive thymidine. 

This study provides further evidence that cell division 
accounts for most or all of the rapid increase in number of 
specific antibody-producing cells observed after primary 
antigenic stimulation, but cannot rule out a subsidiary 
role for cell “reeruitment’’. Resolution of conflicting 
measurements of cell eycle time for these cells would 
greatly clarify this problem. 

I thank Mrs Kay Bowling for technical assistance. 
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In vitro Synthesis of the Foetal 
a,-Globulin in Man 


DuRING the development of the human foetus, the serum 
proteins differ quantitatively and qualitatively from those 
present during neonatal life. IgG. the main immuno- 
globulin, is almost completely of maternal origin, although 
the foetal spleen starts to synthesize this protein at about 
the twentieth week of ge ationt?, IgA is usually absent 
in foetal serum, and its synthesis commences only a few 
weeks after birth. IgM does not cross the human placenta, 
but small amounts can be detected in foetal serum; its 
synthesis also begins at about the twentieth week of 
foetal lifet?. 

Another serum protein, foetal xp globulin, is present 
only in foetal serurn and cannot be detected after the 
few weeks of life?*. The concentration of this 
glycoprotein, which has a molecular weight of about 
45, 000 (ref. 9), is low during the first 10 weeks of gestation, 
to its highest level from about the tenth to the 
twentieth week, and then decreases’). These changes. 
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eould arise either from differences in the total amount of 
the foetal protem synthesized or from a disproportionate 
rate of foetal growth in relation to the relative inerease of 
the synthesis of the «,-globulin. 

The aim of the present study was to investigate the 
site of synthesis of foetal x globulin during foetal life 
and to obtain more information about the level of this 
protein in foetal sera. While these investigations were 
being carried out, Gitlin and Boesman“ reported the 
results of a study on the production of the foetal «,- 
globulin in three foetuses aged 6, 7 and 9 weeks. These 
results are confirmed and extended by our observations 
in a group of thirty foetuses aged from 10 to 31 weeks. 

The tissues and sera were obtained from foetuses which 
had been born alive but died immediately after delivery. 
The causes of abortion were caesarean section, multiple 
pregnancy, habitual abortion, cervical incompetence, 
placenta circumvallata, self-induced abortion or unknown. 
The age of the foetuses was calculated from the crown~heel 
length". 

Short-term cultures of foetal and adult tissues were 
carried out in Leiden and London in similar experimental 
conditions, namely, the technique of Hochwald, Thorbecke 
and Asofsky', which we have described before}, Tissues 
were incubated for 48 h in 1 ml. modified Eagle’s medium 
eontaining 1 pCi/ml. 4C-1-lysine (specifie activity 124 uCi/ 
mmole) and 1 pCi/ml. “C-n-isoleucine (specific activity 
110 pCi/mmole, Schwarz Bio-Research, Orangeburg, New 
York). The wet weight of the tissue fragments was 
between 100 and 350 mg. The cultures performed in 
London were incubated for 24 h in medium containing 
08 pCi MC-lysine and 0-8 uCi MC-isoleucine (specific 
activity 150 uCi/mmole, the Radiochemical Centre. Amer- 
sham). The culture fluids were dialysed, concentrated 
and then analysed by autoradiography of the immuno- 
electrophoretic pattern. Foetal serum or normal human 
serum was used as carrier; the immunoelectrophoretic 
pattern was developed with anti-human serum or with 
anti-foetal «,-globulin serum. 

The anti-foetal g globulin serum was prepared in a 
rabbit by immunization with serum from a 20 week old 
foetus. First, one injection of 0-2 ml. serum with Freund 
adjuvant was given intramuscularly; 1 month later four 
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Fig. L 


Trimuncelectrophoretic pattern and autoradiographs of the culture fluids from liver (2) and spleen (3) of a 12 week old foetus. 
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injections of an alum precipitaje of the serum (0-2 ml) 
were given at intervals of a week. Ten days after the last 
injection, the rabbit was bled. The rabbit serum, pre- 
viously heated to 56° C for 30 min, was adsorbed with 
human adult serum. In the immunoelectrophoretic 
analysis the adsorbed antiserum showed only one pre- 
cipitation line with the foetal and cord sera, and no lines 
with adult serum. 

De novo synthesis of proteins was detected and analysed 
by autoradiography of the immunoelectrophoretic pattern, 
with sheet film and an exposure time of 21 days. The 
intensity of the lines on the autoradiographs was graded 
by comparison with a standard pattern. Because the 
grading of the cultures done in Leiden and London gave 
similar results, we consider it justifiable to combine the 
results. 

The autoradiographs of the immunoelectrophoreti¢ 
patterns of the foetal liver cultures, prepared with anti- 
sera against adult-type serum proteins, showed labelling 
of albumin and of various « and §-globulins such as 
%a-globulin, g macroglobulin, and transferrin (Fig. 1), 
The synthesis of these proteins was studied to determine 
the viability of the tissues; foetuses showing no 
labelling of these proteins were excluded. Components of 
complement (Bc and 6,y-globulin) were detected as 
previously deseribed§*. The synthesis of foetal ap 
globulin was found in twenty-eight out of thirty foetal 
liver cultures (Fig. 1). During the 10 to 20 weeks of 
gestation, the synthesis of the foetal serum protein was 
greater than after this period, as judged from the intensity 
of the autoradiographic lines (Table 1, Fig. 2). 

The culture fluids of foetal spleen. thymus and lung 
did not contain any newly synthesized foetal x globulin 
(Table 2). The spleens from foetuses older than 20 weeks 





















Table 1. RESULTS OF THE AUTORADIOG 
CULTURES 


No, of foetuses 


APHY OF HUMAN FOETAL LIVER 


Foetal age Synthesis of foetal 





(weeks) per age group a globulin 
16-14 9 tet 
15-19 R he 
20-24 7 + 

6 (+) 





The intensity of the autcradiog: 
(+), just ible: 


graphic image is graded from: ~, negative; 
+, clearly visible; + + +, very dark. 
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foetal serum used as “carrier” (1) and the two culture fluids were tested with horse serum against adult-type serum proteins (H) and rabbit 


scrum against the foetal a,-globulin (M7). 


Only the liver culture fluid showed a radioactive line corresponding to the foetal o,-globulin (arrow). 
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Fig. 2. Lmmunoelectrophore 
of the radioactive line corresp; 


s and autoradiography of the culture fluids from foetuses aged 12 (1), 16 (2) and 2 
onding to the fostal a,-giobulins (arrow) decres i 


22 (3) weeks, 
(H, Horse anti-adult serum; 


The intensity 
M7, rabbit 





s in older foc 





serum against foetal a,-giobulin.) 


were found to synthesize immunoglobulins (IgM and IgG) 
in vitro, as previously demonstrated?. The cultures of 
adult liver, lymph nodes and bone marrow showed no 
production of foetal «,-globulin (Table 2), but the adult 
liver synthesized albumin, «-globulins and $-globulins. 
and cultures of lymph nodes and bone marrow produced 
IgG, IgA and IgM”. 


ORADIOGRAPHY OF FORTAL TISSUES, ADULT 
8S AND PLACENTA 


Synthesis of foetal 


Table 2. RESULTS OF THE | 


TESS 






‘Tissue No. tested Total a globulin Total 
Leiden London teiden London 

Foetal spleen 5 9 l4 Q 0 0 
Foetal thymus 5 5 p 0 
Foetal lung 8 X (i 0 
Adult Hver 2 2 4 0 ü 0 
Adult lymph 

nodes 3 3 Q 0 
Adult bene 

marrow 3 1 4 0 0 0 
Placenta 7 7 2 2 


The synthesis of the a, globulin was also studied in 
placental* tissues obtained from seven foetuses aged 
between 11 and 18 weeks. Two placental eultures con- 
tained newly synthesized foetal «,- -globulin; one placenta 
produced only a trace of radioactive protein, but the 
autoradiograph of the culture fluid of the second placenta 
showed a heavy labelled line. When antibodies against 
the adult-type serum proteins were used, labelled x and 
B-globulins were observed in the autoradiographs of all 
culture fluids of the placenta studied; albumin and 
immunoglobulins were not synthesized in these cultures 
The two positive cultures in our study are not easily 
explained. Studies by Gitlin and Boesman!! demonstrated 
the synthesis of foetal membranes including the yolk sae, 
and also of proteins in a culture of yolk sac only. Their 
cultures of the human placenta, obtained fror foetuses 
lesa than 10 weeks old, did not synthesize foetal proteins. 
i e results seem to imply that the yolk sac synthesizes 
this foetal protein, for the human centa is not con- 
sidered to contain remnants of the yolk sac. 

Studies on the sites of synthesis of the foetal x -globulins 
were completed b by the determination of the levels of this 
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protein and of albumin in the serum of sixteen foetuses 
from 6 to s of age, using the radial diffusion 
technique. The sera of the two foetuses aged 6 and 7 
weeks contained only traces of the foetal protein (Table 3). 
The level of the protein increased steadily to a maximum 
at l4 to 16 weeks, but then decreased. In thirty-nine 
cord sera the level of foetal «,-globulin was between 3 
and 17 mg per 100 ml., the average being 55 mg per 
100 ml. The amount of albumin in the foetal serum 
inereased gradually with age; after about the twentieth 
week of gestation the ratio of «,-globulin to albumin fell 
below 1 to 10 (Table 3). 


Table 3 





















CONCENTRATION OF FORTAL Q GLOBULIN AND ALBUMIN IN PORTAL 





SERUM 
Foetal Foetal 
Age of foetus a globulin Albumin eypgobulin’ 
(weeks) {mz/100 ml.) (mg/100 ml.) albumin ratio 

6 166 

7 300 
1 250 540 
11 300 600 
12 260 680 
12 320 630 
12 270 720 
14 230 1,435 
14 200 980 
i4 340 1,360 
15 835 i- 
18 245 
20 138 i 5 2600 
20 154 1.700 
22 230 2,600 
22 140 3.100 r 

Cord sera* 55 3,800 00o 


* Mean valne obtained from thirty cord sera. 


It may be concluded that the greatest amount of foetal 
#,-globulin is synthesized during the tenth to twentieth 
week of gestation. Synthesis then diminishes—in man 
as well as in other mammals! 19-— sibly as a result 
either of the disappearance of cells exclusively producing 
foetal -globulin or of a regulatory mechanism, at the 
intracellular level, which determines the rate of P produc- 
tion. It is conceivable that the ‘nert gene”, which 
regulates this process, can become activated in adults, 
for toetal «,-globulin is frequently found in the serum of 
patients with primary carcinoma of the liver? and 
sometimes in patients with testicular tumours”. Studies 
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of cloned human and animal hepatoma lines* should help 
to clarify this. The biological function of this foetal 
protein in vivo might then be elucidated. 


R. van FURTH 
Department of Microbial Diseases, 
University Hospital, 
Leiden, 
Holland. 
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Guy's Hospital Medical School, 
London SEL. 
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Neuraminidase in Avian Influenza A 
Virus antigenically related to that 
of Human A0 and Al Subtypes 


INFLUENZA A viruses of human and avian origin have a 
common (type-specific), ribonucleoprotein antigen which 
is located in the virus particle. Haemagglutination- 
inhibition (HI) tests and strain specific complement- 
fixation (CF) tests on some eighty avian influenza strains 
studied at the World Influenza Centre, London}-', indi- 
cated a wide range of antigenic variation in the antigens 
of their outer envelopes (subtype-specifie antigens). 
Limited attempts to demonstrate antigenic similarities 
in the surface antigens of avian and human influenza 
viruses using similar tests produced negative results, 
with the exception of cross-reactions demonstrated 
between A2/Singapore/1/57 and A/turkey/Massachusetts/ 
65 (refs. 4and 5). Closer studies on the antigenic structure 
of these latter agents using neuraminidase-inhibition (NI) 
and immunoprecipitation tests®7 indicated that A/turkey/ 
Massachusetts/65 virus contained a neuraminidase which 
was antigenically identical to that of the human A2 
virus strain, whereas its haemagglutinin was unrelated 
to that of human influenza viruses. NI tests, immuno- 
precipitation tests as well as HT tests have thus been used 
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in the study of avian influenza A viruses sent to this 
laboratory for identification. We describe here studies 
on a virus isolated from ducks in 1968 which indicated 
close antigenic similarities between its neuraminidase 
and that of human AO and Al virus strains, 

The virus strain A/duck/Germany/1868/68 was isolated 
at the Institute for Bird Diseases, Ludwig-Maximilians 
University, from ducks with a respiratory disease*. No 
human influenza virus strains had ever been handled in 
the laboratory. On arrival at the World Influenza Centre 
the strain was propagated through three serial passages 
in embryonated eggs. 

The neuraminidases of A/duck/Germany/1868/68 virus 
and other influenza A viruses were compared. in enzyme 
inhibition tests. 
of enzyme were prepared as described previously? and 
were then treated with pronase (0-05 per cent, British 
Drug Houses Ltd) in 0-01 M phosphate buffer at pH 7-2 
for 1 h at 37° C to destroy haemagglutinin, thus avoiding 
non-specific inhibition of neuraminidase by anti-haemag- 
glutinin antibody’. Hyperimmune rabbit antisera were 
prepared against intact influenza virus particles, or against 
the purified neuraminidase or haemagglutinin antigens 
separated by electrophoresis®! from virus particles 
disrupted with sodium dodecyl sulphate. Enzyme inhibi- 
tion tests were performed as described by Webster and 
Pereira’ except that mixtures of neuraminidase and 
hyperimmunized rabbit antisera were incubated at 4° © 
for 16-18 h before the addition of fetuin as substrate. 


Table 1. COMPARISON OF HUMAN AND AVIAN INFLUENZA VIRUS STRAINS BY 
NEURAMINIDASE-INHIBITION TESTS 
Antisera*/ 
AO/BEL A2/Sing./ 
A/Duck/ (Anti Aij 1/57 (Anti 
Source of neuraminidase Germany/ AC/ AO; purified FM1 purified 
(pronase-treated virus) 1868/68 PRS BEL haemag- neuramin- 
glatinin) idase) 
A/duck/Germany/1868/68 2407 500 
A/turkey/Mass./65 6,000 
AO/PRS (1934) 390 40 10 
AO/BEL (1939) 75 30 2,100 150 
A1/FM1 (1947) 25 40 450 500 
A2/Sing./1/57 2,500 


_* Antisera were from rabbits hyperimmunized with virus particle suspen- 
sions or with specific influenza antigens obtained from virus particles by 
electrophoresis, together with Freund’s complete adjuvant. 

+ Reciprocal of serum dilution producing 50 per cont neutralization of one 
to two units of enzyme. 


Blank spaces indicate neutralization titres less than 1:5. 


A marked antigenic similarity in the neuraminidases 
of A/duck/1868/68 and A0/BEL virus was indicated by 
reciprocal cross-reactions with hyperimmunized rabbit 
sera (Table 1). A less marked similarity was detected 
between the neuraminidase of the duck virus and that of 
A1/FM1. The finding of cross-reactions between the 
enzymes of the different human A0 and Al strains used 
in the tests was in agreement with the results of previous 
studies!*, Fowl plague virus (Dutch strain) and A2/ 
Singapore/1/57 appeared to contain antigenically distinct 
neuraminidases which were unrelated to those of the 
human AQ or Al viruses or to that of A/duck/Germany. 
The enzyme of turkey/Massachusetts/65 virus was strongly 
inhibited by antiserum prepared against purified A2 
neuraminidase, confirming the results of previous studies*. 

Antigenic similarities between A/duck/Germany and 
human influenza strains were also examined in strain- 
specific CF tests using guinea-pig anti-V antisera pre- 
pared as described by Lief and Henle", These tests 
indicated a pattern of cross-reactions similar to those 
detected in the NI tests. Guinea-pig antiserum for 
influenza A/duck/Germany/1868/68 had a homologous CF 
titre of 1 ; 640 and a titre of 1 : 320 with A0/BEL, whereas 
antiserum for AO/BEL (homologous CF antibody titre of 
1: 320) had a titre of 1:80 with A/duck/Germany. In 
the same tests no cross-reaction was detected between 
the duck virus and A2/Singaporef1/57 or fowl plague 
virus. 

In HI tests with post-infection chicken or ferret anti- 
sera, the duck/Germany/68 strain cross-reacted only 


The virus concentrates used as sources: 


00 


Table 2. COMPARISON 
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OF AVIAN AND HUMAN INFLUENZA A VIRUSES IN HAEMAGGLUTINATION-INHIBITION TESTS 


Antisera $; 





Ajduck/Ger, A/turkey/ A/turkey- Ajtu yf 
Virus strains$ 1868/68* Can/63t Cal/64 t Wise/66 7 AQ; BEL* Al/FML* 
Avian strains A/duck/Germany /1368/68 640 40 480 640 
Ajturkey/Canadaj63 20 480 120 240 
A/turkey /California/64 20 120 360 480 120 
A/turk RO 30 40 40 480 
A/turkey/ Wisconsin/66 80 960 
Human strains A0/BEL (1939) 2.560 
A1/PMI (1947) 200 1,280 
A2/Singapore/1/57 640 





* Post-infection ferret antisera. 
+ Post-intection chicken antisera, 
{ All sera were treated with receptor destroying enzyme. 


§ Four to eight haemagglutinating units of virus was incubated with antisera (RDE treated) for 1 h at room temperature before the addition of 


chicken erythrocytes. 
Blank spaces indicate titres less than 1: 10, 


with avian strains belonging to the antigenic group? 
represented by the following strains: A/turkey/Canada/63, 
Ajturkey /California/64, A/turkey/Massachusetts/65 and 
A/turkey/Wisconsin/66 (see Table 2), and not with 
members of other groups of avian influenza A viruses 
represented by fowl plague virus, virus “N”, A/duck/ 
England/56, A/duck/Czechoslovakia/56 and A/chicken/ 
Scotland/59. In addition there was no cross-reaction 
between the haemagglutinins of duck/Germany/68 virus 
and human virus strains, A0/BEL, A0/PRS8, Al/FM1, 
Al/England/1/53, Al/England/36/56 and A2/Singapore/ 
1/57, 

The antigenic relationship between duck/Germany/68 
and human influenza A viruses was further studied in 
immunoprecipitation tests in agar using virus concen- 
trates treated with sodium dodecyl sulphate. Using such 
methods, two of us (G. C. S. and H. G. P.) demonstrated 
precipitin lines corresponding to the ribonucleoprotein 
and neuraminidase of influenza A2 viruses’. Other 
studies (unpublished results of G. C. 8.) have shown that 
both the haemagglutinin and neuraminidase of influenza 
AO and Al viruses can be demonstrated by immuno- 
precipitation. In the present study a high titred rabbit 
antiserum prepared against the purified haemagglutinin 
of AO/BEL (HI titre 1: 128,000) produced distinct 
precipitin lines with A0/BEL and Al/FMI viruses. No 
line was, however, detected with duck/Germany/68, 
turkey /Massachusetts/65, fowl plague virus or A2/Singa- 
pore/1/57 (Fig. la). The evidence that the precipitin line 
produced by this antiserum corresponded to virus haemag- 
glutinin was based on the absence of antibody to neuramin- 
idase and ribonucleoprotein in the serum and the produc- 
tion of a precipitin lme with purified haemagglutinin 
separated from A0/BEL by electrophoresis. Spur forma- 
tion between precipitin. lines produced by different AO 
and Al viruses placed in adjoining wells as seen with 
AO/BEL and Al/FM1 has been a consistent observation 


. 





in a number of tests (unpublished results of G. C. S.). An 
antiserum prepared against pronase-treated AO0/BEL 
virus with high NI antibody titre (1 : 3,500) against the 
homologous virus produced a precipitin line which was 
continuous for A0/BEL and duck/Germany/68 (Fig. 1b). 
A strong indication that the precipitin line given by this 
antiserum corresponded by AQ neuraminidase was ob- 
tained by its failure to react with X7 virus, a recombinant 
virus known to contain AQ haemagglutinin and A2 
neuraminidase’, The common precipitin lne demon- 
strated between AO/BEL and duck/Germany/68 thus 
suggested that they contained related neuraminidases. 
In further immunoprecipitin tests the conclusion from 
NI tests, that duck/Germany/68 and turkey/Massa- 
chusetts/65 contained distinct enzymes was verified 
by the finding that an antiserum against purified A2 
neuraminidase gave a precipitin line which was common 
to A2/Singapore/1/57 and A/turkey/Massachusetts/65 but 
which was not given by duck/Germany/68 virus (Fig. Ic). 

These results strongly suggest that A/duck/Germany/ 
1868/68 contains a neuraminidase which is antigenically 
related to that of the AO and Al human influenza A sub- 
types and a haemagglutinin characteristic of members 
of a group of avian influenza A strains. The antigenic 
structure of duck/Germany/68 can thus be contraste 
with that of A/turkey/Massachusetts/65, a virus which 
has a haemagglutinin related to that of the duck virus 
but which has an enzyme related to that of the human A2 
subtypes. The epidemiological significance of these find- 
ings is difficult to assess, particularly in regard to whether 
the successive subtypes of influenza A virus infecting man 
may arise from avian sources or if bird populations may 
act as reservoirs in which past subtypes of human virus 
persist. 

It has been clearly demonstrated!®'®, however, that 
genetic interaction between avian and human influenza 
viruses in the laboratory may result in the appearance of 
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Fig. 1. Immunoprecipitation reactions of human and avian influenza viruses. Peripheral wells contain virus concentrations +1 per cent sodinm 


dodecyl sulphate. 





= duck/Germany/68, 2= A0/BEL, 3=FM1, 4=fowl plague virus, 5 = A2/Singapore/1/57, 6 = turkey/Mas 


achusetts/65. 


a, Reactions of antiserum for AO/BEL haemagglutinin placed in centre well (A); b, reactions of antiserum for AO neuraminidase placed in 
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centre well (B}; c, reactions of antiserum for A2 neuraminidase placed in centre well (C). 
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recombinant strains having an enzyme derived from one 
parent and haemagglutinin derived from the other’ It is 
therefore possible that strains like duck/Germany/68 may 
arise as a result of genetic teractions occurring under 
natural conditions between human and avian mfluenza 
viruses. 

We thank Mrs Susan Piddington and Mr Robert 
Newman for technical assistance, and Dr D. Breeze of 
Evans Medical Ltd, Speke, Liverpool, for supplying large 
amounts of human influenza viruses. 
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GENERAL 


Combined Mobility System for the 
Blind 


THE most potentially useful electronic guidance aid for 
the blind which ıs generally available 1s the Ultra Some 
Aid (produced and marketed by Ultra Electronics Ltd, 
Western Avenue, London W3). Essentially, this aid is a 
narrow beam ultrasonic device which provides its blind 
user with an auditory representation of certain aspects of 
the immediate environment. The audio-output of the 
aid is an analogue display of the distance (coded with 
respect to audio-frequency) between the aid and the 
object ın space being interrogated. The auditory display 
also allows coding of texture, movement and angular 
displacement (determimed by a scanning technique) of 
distant objects which fall withmn the ultrasonic trans- 
mission area of the device. The normal maximum range 
of the aid is between 8 feet and 10 feet. Full descriptions 
of the operational characteristics of the aid and its 
evaluation have been published!—. 

In spite of the inherent potential of the sonic aid and 
the optimistic users’ reports given at the Internation] 
Conference on Sensory Devices for the Blind ın 19665, 
there is still no evidence that any blind person has yet 
used the aid, with or without formal training, as a primary 
means of moving with safety and speed through any 
environment. 

It is almost certain that this failure is because of the 
complexity of the auditory display which the blind user 
is required to interpret. Thus the blind user’s appreciation 
of the topography of his environment 1s limited by the 
accuracy and extent of his interpretation of the display 
rather than by the lhmitations of the aid. To date, the 
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sonic aid has been thought of as a primary guidance 
system intended to replace, and obviously improve on, 
existing mobility aids. I believe that, in spite of the lack 
of ite success ın this capacity, the sonic aid could still be 
of considerable value 1f used ın a more secondary role. 

Without exception, all guidance and mobility systems 
for the blind currently available have some limitations. 
There is therefore an argument for considermg the com- 
bination of two, or more, mobility aids which together 
would afford the blind traveller an efficient and safe 
mobility system. 

Apart from electronic guidance systems, the most 
significant advance ın mobility training for the blind has 
been the introduction of the Hoover technique of long 
cane travel and orientation trangt. The long cane, 
when used correctly, provides the blind traveller with near 
perfect protection from obstacles and other hazards 
occurring in the traveller’s path below waist height. No 
protection, however, 18 given by this system for the blind 
person’s chest, shoulders and head. When the blind 
person in question lacks adequate hearing, then these 
parts of the body are exceptionally vulnerable. I am 
Investigating the possibility of using the sonic aid 10 
conjunction with the long cane as a means of providing ap 
overall protection for the traveller’s body. 

I have modified a small number of sonic aids, which 
allows the ultrasonic transmittmg and receiving trans- 
ducers to be mounted, by means of a light head-band, on 
the user’s forehead while the remainder of the electronics 
1s stowed in one of the user’s pockets. The sonic aid might 
be used in this way to provide non-specific information 
about that part of the environment into which the 
traveller next wishes to move and, together with the long 
cane, to ensure overall body protection. As a first step, 
four sighted subjects, who had previously been trained 
under blmdfold in the long cane technique, were fitted 
with the head-mounted modification of the aid and then 
given eight hourly trammg sessions m the use of this 
combined system. 

The four blindfolded subjects were then required to 
walk an artificially constructed pavement over which was 
suspended, at right angles to the pavement and 12 feet 
apart, two rec obstacles (cardboard sheets 
measuring 36 inches by 18 inches). One of these overhead 
obstacles was adjusted so that the subject under observa- 
tion could just walk under ıt without making contact. 
This “reference” obstacle remained fixed throughout the 
experiment. The second obstacle was adjusted during 
the expermment to cover a range of the reference height 
+3 inches. 

The purpose of the experiment was to determine 
whether or not the people could safely detect and avoid 
the adjustable obstacle when ıt was lower than the 
“reference” height and yet ignore it when it was at 

“reference” height or above. 

The width of the adjustable obstacle was such that the 
person could make a detour round ıt without falling off 
the pavement. Each person was specifically instructed to 
maintain his long cane technique in order to walk and make - 
necessary detours smoothly, without undue hesitation 
and without bumping into the side wall or leaving the 
pavement. In each of the ten separate sessions of the 
experiment each person was required to make ten decisions 
and the appropriate rcsponse to each of seven possible 
heights of the adjustable obstacle (from —3 to +3 
inches). 

Fig. 1 reveals that the greatest number of incorrect 
decisions were made by the subjects when the adjustable 
obstacle was near or at the “reference” height (labelled 
“R” in Fig. 1). It can also be seen that at the extremities 
of the range of heights performance was near perfect. In 
control experiments neither the ‘‘réference” ohstacle nor 
the adjustable obstacle at any of its possible heights 
could be detected by auditory means, that 1s, by echo- 
location. š 
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There is no doubt that in this laboratory situation the 
blindfolded subjects are monitoring both the long cane 
and the sonic aid as an effective combined travel system 
to ensure efficient mobility. Some pilot studies in real 
street situations have indicated that this combination of 
mobility aids does greatly reduce the incidence of collisions 
with overhanging branches and bushes which protrude 
onto the pavement. The findings also make it clear that 
the sonic aid mounted on the head can be used with great 
accuracy to make decisions about the positions of objects 
in near space while the user is moving. Obviously, 
conclusions derived from experiments involvmg blind- 
folded subjects in a laboratory situation cannot be confi- 
dently generalized to blind people in real life situations. 
Further experiments are now under way, with blind people, 
to establish the usefulness of the combined mobility 
system in street situations. 

I thank St Dunstan’s for financial support and Dr 
J. A. Leonard and Mr C. Espin for assistance. 
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Nottingham. 
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Polynomial Algebra: an Application 
of the Fast Fourier Transform 


Muona use 1s made in combinatorial problems of generating 
functions in the forni of polynomials and infinite power 
series, these being obtamed by the manipulation of other 
algebraic éxpressions. In order to save time and improve 
accuracy in the evaluation of the coefficients, one can, of 
course, make use of computer programs for doing 
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algebra?. But it is often easier to use the following 
method which relies only on arithmetical operations 
available in all programming 1 


Suppose that the polynomial required is of degree at 
most n—1, so that it is known to be of the form f(x)= 


Gotat? ... Haah Let a=, where o= 
exp (2xt/n). By straightforward arithmetical operations 
using complex numbers, we can compute a,*=f(xs.)= 
a-1 
x aw (s=0, 1, .,n—l1). This is called the (mod n) 
r=0 


discrete Fourier transform? of the sequence (a), a... 
Gy-,), although sometimes it is divided by y/n. By the 
formula for the inverse Fourier transform we have 


(The use of „y/n leads to greater symmetry here: compare 
the use of 4/2r in ordinary Fourier transforms.) Thus we 
can compute all the coefficients in the required poly- 
nomial. If they are known to be integers they can be 
obtained accurately, if necessary by making use of 
multiple-precision arithmetic. Moreover, the calculations 
can be performed by makmg use of the Fast Fourier 
Transform’ provided that n is a suitable mteger. Because 
n can always be increased we can certainly choose it to 
be of one of the forms required by the Fast Fourier 
Transform techniques, such as a power of 2 or the product 
of small relatively prime integers. 

The method can be extended to polynomials in several 
variables merely by replacing n by a vector n=(n, 
Ny, ...), r and s by vectors r and s, and the discrete 
Fourier transform by the multivariate form 


Cs* = ÈE aro" (r,, 8, = 0,1,..., 2,1, ete.) 
Tt 


where w™ is the “scalar indicial” way of writing 7% 


Q: . . . and where o,=exp (27%/n,), and so on. The 
inverse formula‘ 1s 
J 
ar = ———— E at o5 
Mnr... s 


The method described here is buried in some papers on 
statistics’, and is not mentioned ın the reviews of those 
papers. In the interests of mformation retrieval it seems 
useful to publish the present explicit statement of the 
method on its own, especially because the Fast Fourier 
Transform has now become familiar. 

As a simple example we take f(x) = (1 +7x)”"-! and obtain 

oll + 2r) 


CTY- Tz (1 (oon Yoon 


from which the binomial coefficients for large n can be 
rapidly computed with considerable proportional accuracy 
by taking, say, 24/n terms at the begmning and end of the 
series. The rate of “convergence” is like that of a theta 
series. 

I. J. Goop 
Virginia Polytechnic Institute, 
Blacksburg, 
Virginia. 
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Book Reviews 


SHAPES OF SYSTEMS 


General System Theory 

Foundations, Development, Applications. By Ludwig 
von Bertalanffy. Pp. xv+289. (Brazller: New York, 
March 1969.) $8.95 cloth; $3.95 paper. 


Tuo first thing to observe about this book is that very 
little of it—to be precise, only one chapter out of eleven 
—is new. The rest have been published before: indeed, 
the key chapter entitled “Tho Meanmg of General System 
Theory” has been published in substantially the same 
form no less than eight times since ıt first appeared mn 
1955. Other chapters first reached publication at various 
dates since 1940. Ths ıs therefore a recapitulation of 
the author’s numerous contributions to the literature 
of systems theory, contributions which, he repeatedly 
asserts, have been insufficiently recognized. He reproaches 
even such emiment American biologists as Dubos, 
Dobzhansky and Commoner for failing to acknowledgo 
the priority of his own advocacy, in the early 1920s, 
of “an organismic conception in biology which emphasizes 
consideration of the organism as a whole or system, and 
sees the main objective of biological sciences in the 
discovery of the principles of organization at its various 
levels”. At the same time, he readily acknowledges his 
own debt to Claude Bernard, and cites Whitehead’s 
philosophy of “organic mechanism” and Cannon’s work 
on homeostasis as examples of the simultaneous discovery 
of closely related phenomena. 

It was, however, in the twenty years after the Second 
World War that von Bertalanffy’s ideas began to command 
fuller acceptance. At this time also, no doubt prompted n 
each case by the exigencies (and rewards) of the military, 
three other conceptual systems came into prominence. 
These were Wiener’s cybernetics, Shannon and Weaver's 
information theory and von Neumann and Morgenstern’s 
game theory. Bertalanffy is at pains to pomt out both 
the primacy and the wider applicability of general system 
theory in relation to each of these fruitful contributions. 

Although many of the essays reproduced here are 
extremely theoretical, not to say metaphysical, there 
are a number of chapters (notably one on ‘““The Organism 
considered as a Physical System” and another on “Some 
Aspects of System Theory in Biology”) which are re- 
freshingly detailed in their biochemical illustrations. 
Nor are behavioural scientists neglected: human 
behaviour is considered as due to the operations of a 
hierarchical order of open systems, and a chapter is 
devoted to the practical implications of general system 
theory for psychology and psychiatry. 

A recurrent theme throughout the book is the question 
whether the paradigm of the physical sciences evolving 
ever more basic mathematical relationships tested by 
precise measurement and quantification, in crucial 
experiments, is incompatible with the biologists’ concern 
with extremely complex, multiple interactions in which 
the “arrow of time” often plays a crucial part. As von 
Bertalanffy puts it: 


“Tt may be that the structure of our logic is 
essentially determined by the structure of our 
central nervous system. ‘The latter is essentially 
a digital computer. . . . It may well be that quite 


13@3 

e 
different forms of science, of mathematics in the 
sense of hypothetico-deductive systems, are possible 
for beings who do not carry our biological and 

linguistic constraints.” 
Elsewhere, he speculates interestingly upon the possible 
shape of these conceptual systems yet to come. 

Q. M. CARSTAIRS 


PROGRAMS FOR PROBLEMS 


Computer Programs for Chemistry 
Edited by Delos F. DeTar. Vol. 1. Pp. xix+208. Vol. 2. 
Pp. xix+260. (Benjamin: New York and Amsterdam, 
1968 and 1969.) Each vol. $14.75. 


Tress first two volumes of an “open-ended” series con- 
tain details of a variety of programs which have been 
developed to help perform calculations associated with 
various chemical problems. Volume one contains details of 
four programs concerning NMR, two for treating first order 
kinetics data, and one for presentation of results in quasi- 
graphical form on a lme printer. Two programs for 
handling reaction mechanism problems are given in full 
in volume two, together with an, outline of a third. 

In volume one, the NMR programs, LAOCN3 and 
NMRIT, serve essentially identical purposes in the calcula- 
tion of transition energies and intensities based on assumed 
chemical shifts and coupling constents, with adjustment 
of these assumed values to ensure fitting with experimental 
data uf available. The methods adopted are, however, 
different: LAOCN3 is a least-squares approximatmg 
program, while NMRIT uses an iterative technique 
Involving improvement of the approximated eigenvectors 
of the Hamiltonians of the system. NMRENI and 
NMREN2 calculate energy levels from transition fre- 
quency data, and although they can be used indepen- 
dently, they are primamly used as subprograms by 
NMRIT 


Of the first-order kmetic programs, LSG ıs a simple 
treatment while LSKIN1 gives a more general treat- 
ment of first-order reaction data. Both are least- 
squares procedures, but the input requirements of LSKIN1 
are much more flexible, allowing for indirect input of 
various types of experimentally observed parameter 
(for example, optical densities) and a line-printer semi- 
graphical output can be obtained with this program. This 
output is presented by the use of PLOTLN, which is 
presented separately because it may be useful with other 


programs. 

The mechanism programs in volume two are RMCHSS, ° 
a short program for treating quite complex mechanisms 
which may involve steady state intermediates, and. 
REMECH. which can handle mechanisms of essentially 
any complexity (150 substances in 250 equations). 
RMCHES is limited to sets of equations with no more than 
two reactants or two products, details of which are Intro- 
duced in a symbolic numerical representation: the. 
restrictions on complexity and the input format are both 
relaxed in REMECH, where an essentially descriptive 
data input system is used, terms such as “ACID-BASE 
SYSTEMS”, “ANHYDRIDE” and so on being “‘under- 
stood”. Some mdications of further processing of the 
results from REMECH to compare them with experi- 
mental data are given in the outline of the program 
TSTMCH, which is not listed. 

An objective in the production of this series is that 
any program incorporated should be, as far as possible, 
free from errors or difficulties in p le use: some quite 
obscure possible causes of trouble have been foreseen. 
To meet such an objective implies the expenditure of 
considerable effort (an estimate of between $50,000 and 
$100,000 per volume is quoted as the development cost). 
A carefully thought out presentation of the material would. 
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thus be expected, and is indeed found, with some slight 
editorial umprovement, m volume two. 

The programs are written nominally in FORTRAN II or 
FORTRAN IV, but with some machine-oriented sections 
(based on a Control Data Corporation ODO 6400 Compu- 
ter). Full listings of the programs are given (one of which 
occupies 95 pages of volume two), although, because ıt 
is stated that these have been produced by computer, 1t 
is surprising that the numbering of FORTRAN statements 
remains in some oases haphazard, which makes 1t difficult 
to follow the program events from the listing. These 
details of the programs are supported by the availability 
from the publishers of listings on magnetic tape, from 
which program card decks can be punched by a suitable 
computer facility. Surtable amendment cards for inter- 
change between certam machine systems would be 
included, although for machmes not common on the 
American market such changes would require to be devised 
locally by a programmer with knowledge of both machmes 
Involved. 

It ıs therefore & reasonably sımple matter to arrange 
to set up these programs ın a form acceptable to suitable 
FORTRAN-handling computers of sufficient capacity (the 
largest program is stated to require 26,000 60-bit storage 
locations in the ODO 6400). It 1s also a reasonably mmple 
matter to prepare the relevant sets of data cards which 
would be required in order to run a particular program, 
because carefully detailed instructions for this are given. 
What ıs by no means so simple 1s to understand how some 
of the programs actually work. 

In some cases a brief theoretical mstruction to the 
necessary calculations is given, ın others only a literature 
reference is cited. Provided the user’s problem fite exactly 
ito the scheme foreseen by the authors of the relevant 
program, all is well, but xf it does not, then a very thorough 
probing of the FORTRAN listing might well be necessary 
in order to decide which sections would be relevant for the 
solution of a closely related problem not fitting mto the 
scheme. Because one advantage of FORTRAN 1s that ıt 
should be possible to incorporate complete sub-routines 
from one program into another, as is implied, for instance, 
in TSTMCH, ıt is unfortunate that fuller details, perhaps 
as flow diagrams, of the working of the constituent sub- 
routines were not given in a form comprehensible to the 
chemist who is not a FORTRAN specialist and an expert 
on numerical analysis. It may be that the authors’ obvious 
intentions to cover as wide a range of variants on a given 
problem as possible (for example, the range of possibilities 
covered by REMECH) have to some extent eliminated 
this difficulty, but the chemist faced with a problem 
requiring computer solution 1s as hkely to be tempted to 

‘start from scratch as to try to make his problem fit a 
program which he does not fully understand. 

. At their price, these books are unlikely to be of much 
interest to’ chemists other than those who are also FOR- 
TRAN experts, but they may well prove of considerable 
value tə programmers concerned with the performance of 
particularly difficult or tedious chemical calculations. 

: J. A. HUNTER 


RADIATION CHEMISTRY 


Fundamental Processes in Radiation Chemistry 
Edited by P. Ausloos. Pp. ix+753. (Interscience 
(Wiley): New York and London, April 1969.) 225s. 


THERE was a chairman who attempted to congratulate 
a lecturer by saying that he had always known that the 
subject was a difficult one, but how complicated and 
confused he had not realized until he had listened to the 
speaker. ithout dispraising the authors, the same can 
be said about this book. The subject 1s of great importance 
for chemiste, technologists, and biochemical and medical 
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workers, and has attracted a vast amount of research, 
but unambiguous interpretations of resulis and the 
making of confident predictions still prove elusive. 
This is unfortunately herent ın the nature of the matter. 
The energy of photons or of charged particles interacting 
with molecules 1s ultimately degraded to heat and chemical 
changes. The process ıs necessarily complex because ıt 
18 not only multi-stage but branching possibilities exist 
at each stage. The primary stage leads to excitation and 
lonization; one asks, how much of each? The highly 
energetic molecules and positive ions formed will tend 
to fragment; what energy redistributions occur within 
the molecules and 10ons and which bonds break? The 
new products still have high energy, and secondary 
electrons may produce more excitation and ionization 
with further chemical reactions following. Buimolecular 
interactions between ions, molecules and radicals super- 
impose their effects on the primary changes. How far are 
these problems tractable? Bold theoretical treatments 
combmed with lengthy calculations, and exceedingly 
difficult expermments with original techniques, appear 
to produce somewhat meagre and imperfect results. 
But continued pressure all along the line ıs allowing 
insights here and there which further work will enlarge 
and clanfy. 

The present size of the subject is indicated by the note 
in the preface that probably no single author could cover 
all the diverse topics ın an authoritative and compre- 
hensive manner. References, mostly recent, total over 
two thousand, and a dozen authors here cooperate in 
producing a critical account of results achieved up to the 
beginning of 1968. Topics dealt with are the processes 
involved ım the “deposition” of energy from charged 
particle beams or high energy photons on the molecules 
of matter, the fragmentation of ions and of excited mole- 
cules formed ın radiolysis, collisional processes between 
ions, molecules and radicals, the radiolysis of inorganic 
and organic gases and of organic liquids, radiation- 
induced polymerization, solid-state effects, and the 
radiolysis of water and aqueous solutions. 

The editor’s claim that the book attempts to bring 
together in one volume some critical evaluations of 
recent findings and to present some of the derved 
fundamental imformation well describes its nature. 
It does not give details of mathematical derivations or 
of experimental procedures, but concentrates on describing 
the way the work has developed, explaming what it 
was aiming at, estimating its successes and failures, 
and pointing out possible growth points. There are a 
few small misprints, for example, HN, for NH, on page 
159 and a transposition of figs. 3 and 4 of chapter 4, 
but the text, though not concise, clearly expresses what 
1t intends to convey. E. J. BOWEN 


QUANTUM CHEMISTRY 


Introduction to Quantum Chemistry 
By Jay Martin Anderson. Pp. xv + 446. 
New York and Amsterdam, 1969.) n.p. 


WHILE it can hardly be said at the present time that 
there is a dearth of books dealing with quantum theory, 
it does seem that many books either rely on the reader 
already possessing a good knowledge of specific branches 
of mathematics or alternatively attempt to be so non- 
mathematical that a knowledge of their contents still 
does not put the reader m the position whereby he can 
intelligently read and understand much of the current 
literature. 

This new book representa a very worthwhile attempt 
to remedy some of the difficulties mentioned here by either 
dealng with the pertinent mathematics as it is naturally 
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graduates in chemistry, some biochemists, and post- 
graduate and research workers mterested im steroids 
and/or reaction mechanisms. It is strongly recommended 
to all those who feel they might be mterested in it, only 
with the reservations that, first, the real steroid expert 
will find little that is new here (but, nevertheless, will 
gain an excellent catalogue of reaction types and refer- 
ences), and, second, the price is a bit high. 
Duprey H. WILIAMS 


EVOLUTIONARY PATTERNS 


The Pattern of Vertebrate Evolution 

By L. B. Halstead. (Univermty Reviews in Biology.) 
Pp. xi +209. (Oliver and Boyd: Edinburgh, May 1969.) 
608 boards; 308 paper. 

Ir 1s difficult to understand for whom this book has been 
written. In hs preface, the author states that it 18 
concerned with the mterpretation of data rather than its 
documentation, and some sections, such as those on the 
Agnatha, require considerable knowledge before they can 
be comprehended. This suggests that the author may 
have been writing for advanced students, yet m other 
sections elementary matters are expounded, such as the 
nature of the amniote egg. 

The first chapter is on the ongin of vertebrates and 
starts with a discussion of the non-vertebrate chordates. 
Here, the pogonophores are accepted as “‘incredibly 
aberrant” relatives of the hemichordates on the grounds 
that resemblances (which are not given) should be em- 
phasized, not differences. Yet in table 1 it is shown that 
they have none of the eight chordate characters selected 
by the author as important. In his account of the earliest 
vertebrates, the curious and interestmg Heterostraci, the 
author is at home, having studied them ın detail. But in 
his section on their environment he emphasizes that they 
occur in marine deposits without informing the reader 
that no freshwater deposits are known until much later. 
Sections on the histology of early skeletons are detailed 
and interesting, but the current Swedish theories con- 
cerning the fusions of early exoskeletal components are 
used to resuscitate yet again the archaic concrescence 
theory of tooth cusps, and Bolk’s doubtful embryology is 
preferred to the direct evidence of palaeontology. 

Jawed fishes are dealt with lightly and the omgins of 
tetrapods and their possible diphyletic nature are dıs- 
cussed; the reader ıs presumed to have considerable 
knowledge of the early amphibia. 

In his discussion of reptile classification, the author 
claims that Goodrich (1916) divided them into two 
groups on their blood systems, and that this has been 
brilliantly confirmed by Watson by a study of the ear. 
If he had read Goodrich’s article he would have known 
that this view was first advanced by Osborn in 1903 and 
that Goodrich acclaimed it as brilliant and supported it on 
the structure of the ankle as well as the blood systems. 
Yet Goodrich himself did not use it in his famous book 
published ın 1930. Those familiar with the facts do not 
accept reptile diphyletic evolution based on ear structures ; 
neither, m fact, does the author who, in a superficial 
examination of the problem, claims that six lines of 
reptiles evolved independently from the amphibia and uses 
this to mtroduce several new names. 

In his account of the evolution of the mammalian jaws 
the author states that the jaw musculature was divided 
into two parts, the temporalis and masseter (making no 
mention of the pterygoideus muscles), and claims that 
“ultimately a state was reached where the functioning of 
the jaws was accomplished entirely by the muscles...” ! 

The chapters on Mesozoic reptiles are interestmg and 
made provocative by the adoption of various new inter- 
pretations, though in a brief chapter on their extinction 
the author approaches the level of buffoonery. 
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There 18 no real account of the well documented evolu- 
tion of mammals during the Terttary, but the palaeontology 
of the higher primates is used as an introduction to a 
final chapter on sociology m which the author appears to 
believe that “evolutionary vitality” 1s stımulated by 
turmoil and sapped by affluence. 

The book gives the impression that the author has 
read widely, if not deeply. It is well illustrated and on 
the whole well produced. F. R. PARRINGTON 


SELLING EVOLUTION 


The Wonderful World of Evolution 

By Juhan Huxley. Pp. 96. (Macdonald: London, April 
1969.) 21s. 

WHEN this book was first published ın 1958 ıt promoted 
the story of evolution with compelling visual images. Tho 
text was sumple and relatively less important than the 
large and garish illustrations that spread across every 
page. An earlier reviewer wrote that ıt was designed to 
combine education with entertainment. It was divided 
into three sections: the evidence for evolution, the how 
of evolution and the course of evolution. 

The new edition follows the same pattern, but each 
section is typographically more independent. The text is 
the same, but an lustrated glossary has been added which 
occupies a quarter of the new book. 

The ulustrations are no longer the successful selling 
point of the book. Physophora has become a shadow, 
and four convincing illustrations of dark and light forms 
of peppered moth against coloured country and progres- 
sively darker and darker town landscapes in the first 
edition have been reduced ın this edition to one black-and- 
white meaningless picture. 

The original work was published in London with Enghsh 
spelling. This work is published in London with American 
spelling. There is no indication from the publisher that 
the spelling has been changed. 

It is a pity, when the glossary was added and the 
numerous symbols indicating words in the glossary were 
inserted into the text, that the text iteelf was not revised. 
Man 1s still said to have 48 chromosomes and Jaymoytius 
to be the most primitive vertebrate, related to the lancelet. 

A bright advertisement for evolution has faded out. 

Witma Groran 


DINOSAUR HUNTERS 


Men and Dinosaurs i 
The Search in Field and Laboratory. By Edwin H. 
Colbert. Pp. xvii+283+116 plates. (Evans: Londons 
March 1969.) 63e. 3 


Tx familiar story of dinosaur evolution is an interesting 
one, but many of the men who, over the past 150 years, 
have themselves provided first the physical bones, and 
then fleshed out the story with the details of dinosgur 
variety and of their range in time and space, qre quite 
as bizarre as any duck-billed dinosaur. Dean Buckland 
of Oxford, cleric-geologist who described the first dinpsaur 
remains in 1824, was almost the storybook caricature 
of the Oxford don, with a household that mcluded a 
jackal and a bear (and a precocious son). Baron Nopcsa, 
who studied the Cretaceous dinosaurs of Transylvania, 
was (except for his homosexuality) more a character 
from a boys’ adventure novel. He spent part of the 
1914-18 war disguised as a Romanian shepherd, spying 
for the Austro-Hungarian army along the Hungarian— 
Romanian border, and also aspi to the throne of 
Albania. Like men of other professions anf interests, 
scientasta are susceptible to pettuless and to small- 
minded rivalries. The long and bitter competition between 
; . e. ° 
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Marsh and Cope must have reared as hugely in their 
munds as did the great sauropods they studied; certainly 
it continually drove them on to explore and collect in 
the American south-west. 

These men, and many others, were responsible for 
the misinterpretations and the sudden insights, the collect- 
ing expeditions in tropical Africa or Arctic Spitzbergen 
and the laboratory work of removmg the fossil bone from 
its encasing rock and describing it, or the museum task 
of superintending the mounting of a complete skeleton. 
These men, and these tasks, have all contmbuted to the 
gradual realization that there were once such things as 
dinosaurs, and to the subsequent development of our 
modern understanding of these great reptiles. It is 
about these men that Colbert has written. To begin 
with, it 13 possible to develop the story in simple historic 
terms, describmg the personalities and contributions of 
workers, who, on both sides of the Atlantic, laid the founda- 
tions of our knowledge up to about 1880. From then on, the 
subject had become so diverse that Colbert finds it easier 
to keep the thread of coherence and relevance by & 
series of chapters devoted to the workers on the Triassic 
dinosaurs, to workers on the Jurassic dmosaurs of the 
United States, and to the extension of collecting activities 
to Canada, to Mongolia and to the Southern Hemisphere. 
This technique is very successful, so that the relationship 
between the individual worker or expedition and the 
broader picture is never lost. 

Inevitably, a number of the tales have been told 
before, particularly those dealmg with the nineteenth 
century workers and with the discoveries of the American 
Jurassic dinosaur fauna. Other subjects, such as the 
Sternbergs’ work along the Red Deer River in Canada, 
or the establishment of the Dinosaur National Park 
(with which Colbert was closely connected), are less 
famuliar. Still, like the Battle of Hastings and the Battle 
of Arnhem, both the oft-repeated and the more recent 
incidents of history form a necessary part of the full 
story. Taken all together, they make up an enjoyable 
book, telling a story which is full of terest. 

Barry Cox 


DESTRUCTIVE MAN 


The Vanishing Wildlife of Britain 
By Brian Vesey-FitzGerald. Pp. 159 (MacGibbon and 
Kee: London, May 1969.) 36s. 


Brian Vesmr-FrrzZGERALD is well known as an authority 


. on sporting and country questions and as a scientific 


natural historian. As a former editor of The Field he has 
taken a leading part m trying to preserve the British 
“countryside and in encouraging ite multi-purpose use. 
When they see the title of this book, many will expect 
another account of how modern farming practice, including 
the use of agricultural chemicals, has harmed our wildlife, 
and in particular how it has affected those birds and 
“mammals included in the category of “game”. They will 
nôt be disappointed, but they will find very much more. 
The first three-quarters of this book gives a picture of 


. the changes which have taken place in Britain in the past 


100,000 years, up to the period of the 1939-45 war. 
We read that before the last Ice Age, some 80,000 years 
ago, about 200 Neanderthal men lived here, with little 
effect on the wildlife. About 50,000 years ago, Palaco- 
hthic man (the first true Homo sapiens) arrived as the 
ice retreated. He was a hunter, but his small numbers 
(perhaps 2,000 individuals ın Britain) meant that he had 
little effect. At this same date, many of the large mammals 
died out in Africa, and some consider that man was 
responsible (the “Pleistocene overkill”). In Britain, 
climatic and vegetational changes were probably respon- 
sible for these faunal changes. As the land bridge with 
e o ; > 
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continental Europe remained until about 5000 Bo, 
extinction of a species did not produce a permanent 
impoverishment of the fauna, as occurred later. 

The changes which occurred in the Neolithic period, 
the Iron Age, the Roman occupation and so on until 
the Middle Ages are all descmbed. Man increased in 
numbers, the area farmed expanded. The larger and 
more ferocious animals were exterminated, the bear 
before 1066, the wolf continumg in Scotland until 
the eighteenth century. There were few important 
additions to our fauna except for the black and brown 
rats. 

The agricultural revolution began ım the eighteenth 
cen: and contmued until 1939. In the few years 
before the Second World War, things seemed to be settling 
down, with a reasonable balance between mterests, and 
with less risk to wildlife. But then Man discovered efficient 
synthetic insecticides, which he could produce in unlimited 
amounts. in agriculture, mcludmg the wide- 
spread destruction of hedgerows and the growing, year 
after year, of huge acreages of cereals with no other 
rotation of crops, took place. 

Mr Vesey-FitzGerald ends by stressing the drastic 
effects on our remaimuing wildlife of these changes, and 
he insists that only a positive conservation policy can 
save the situation. The speed of change is so great that 
our traditional latsser faire policy would have disastrous 
results. K. MELLANBY 


RED FOR DANGER 


The Red Book 

Wildlife in Danger. By James Fisher, Noel Simon and 
Jack Vincent. Pp. 368+32 colour plates. (Collins: 
London, May 1969.) 70s. 


Tm is & popular and more readable version of the Red Data 
Book distributed by the Survival Service Commussion 
(SSC) of the International Union for Conservation of 
Nature and Natural Resources (IUCN), and well known 
to biologists for its up to date records of endangered species 
of animals and plants. There are brief descriptions of all 
the threatened species of birds and mammals with notes 
on their geography and therr history of decline, and then 
there are more general accounts of what little there 1s 
known about éndafigered fish, amphibians and reptiles. 
A final chapter discusses rare plants which unlike some 
animals can only be satisfactorily conserved m their native 
habitats. This can pose all sorte of problems, but efficient 
conservation of natural vegetation can be of mutual 
advantage to many interests. Unfortunately, this realiza- 
tion has come too late n many cases, but, thankfully, 
international agencies, governments and societies are 
becoming increasingly aware of the need to preserve 
habitats, and the chapter ends on a hopeful note. 

Not surprisingly, however, it 1s the protection of warm 
blooded creatures that has so far won most public sym- 
pathy. The names of many of the endangered species 
listed in this book sound aay amusing, but the message 
18 no joke. As James Fisher seys in his introduction, since 
1600, the date accepted by the SSC as the reckoning date 
for modern extinction, 36 (or 0-85 per cent) of mammals 
out of 4,226 living then have become extinct and at least 
120 are m danger of extinction. Or to put the gloomy facts 
in another way, one out of every hundred species of our 
mammals and birds have become extinct since 1600, not 
to mention geographical races, and nearly one in forty 
are in danger of disappearing. In face of arguments that 
these animals would have died out anyway without man’s 
intervention, the book points out that only a quarter of 
the extinct species seem to have died out through natural 
causes—humans, directly or indirectly, have probably 
been responsible for exterminating the rest through 
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encountered or in a series of useful and extensive appen- 
dices. The mtelligent reader can thereby constructively 
use the text without constant recourse to other mathe- 
matical texte. 

The author, having briefly described the experumental 
evidence which led to the introduction of quantum mech- 
anics, ummediately sets out the postulates of quantum 
theory and develops the Schrédinger and Heisenberg 
“pictures” which are both made use of in the followmg 
chapters. A number of traditional quantum mechanical 
problems which are amenable to exact solution are then 
treated while the later chapters deal with approximation 
methods, molecular structure and spectroscopy. 

Anderson’s style is very lucid and it 1s clear that he has, 
at all times, been conscious of the difficulties which are 
encountered by many students when they first meet this 
subject. While he makes no attempt to avoid the appro- 
priate mathematical description of a situation, he 
develops his argument slowly and logically so as not to 
lose the reader. Exercises are set as an integral part of 
the text with more advanced problems (solutions are 
given) at the end of each chapter. Computer programs 
in FORTRAN II and FORTRAN IV are given for certain 
specific problems ın a separate section to emphasize the 
importance of digital computation ın quantum mechanics. 
One of the longer programs was selected at random and 
checked by me and found to be satisfactory. 

The book is well produced and after careful reading 
only half a dozen or so small typographical errors were 
noted. No price is stated. It would be a pity if this book 
were to be placed beyond the means of its potential 
readership. E. L. SHORT 


HAEMS AND CHLOROPHYLLS 


Heme and Chlorophyll 
Chemical, Biochemical and Medical Aspects. By Gerald 


S. Marks. Pp. xui+208. (Van Nostrand: London and 
Princeton, March 1969.) 75s. 


A KNOWLEDGE of the chemistry and biochemistry of the 
various haems and haem proteins and chlorophylls is 
important to workers m an unusually wide variety of 
disciplines. Because the cytochromes were first discovered 
by McMunn nearly a century ago and haemoglobin was 
recognized as a protein with the iron complex of proto- 
porphyrin 9 as prosthetic group, numerous haem protems 
have been isolated, purified and the structure of their 
prosthetic groups determined. These include myoglobin, 
numerous cytochromes, catalages, peroxidases and other 
enzymes such as tryptophan pyrrolase. 

The pioneer work of Hans Fischer on the structure of 
porphyrins and ther iron complexes, the haems, and 
subsequent work leading to our knowledge of structure 
and properties of haem protems and of the biosynthetic 
pathway to haem, chlorophylls and to the cobalt-contain- 
ing vitamin B,, can be fully appreciated only by specialists 
working ın the field. These topics have been the subject 
of a number of reviews and special volumes, including 
Fischer’s Die Ohemte des Pyrroles, Lemberg and Legge’s 
Haematin Compounds, and the report by Falk, Lemberg 
and Morton of the Canberra Symposium on Haematin 
Enzymes. These are mainly for the specialist and since 
their publication there have been many recent develop- 
ments concerning the control of the biosynthetic mechan- 
isms concerned. 

This volume provides a first class general account of 
these compounds; clearly and concisely written, ıt de- 
serves to be read by all scientrfic or medical workers 
whose interests impinge on this field. 

A chapter on haem proteins and tetrapyrrolic com- 
pounds generally 1s followed by that on the degradative 
and synthetic aspects of the chemistry of haem and 
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chlorophyll, which is the best and most concise account 
I have encountered. For the laboratory worker there 18 
a useful chapter on techniques for working with tetra- 
pyrroles and their precursors. Although other reviews 
have considered the physical absorption and infrared 
spectra of tetrapyrroles, this is the first which includes a 
general account of ther proton resonance and mass 
spectra. A chapter on the biosynthesis of haem and chloro- 
phyll 1s followed by an up to date discussion of the clinical 
and experimental forms of porphyria. 

It 1s difficult to fault this book, bearing in mind the 
readers for whom ıb 1s intended. Perhaps one would 
like to have seen a more up to date account of the break- 
down of haem proteins to bile pigments and of the algae 
bile pigments, topics which, however, were discussed 
fully at a symposium! of the Biochemical Society m May 
1968. One regrets, too, that the author has presented the 
bte-hydroxyl structures of bile pigments for bibrubin and 
biliverdin but correctly gives the keto-ımıde structures 
for the algal pigment phycoerythrobilin. This little 
volume will stimulate organic chemists to consider prob- 
lems of the biological and clinical umportance of the haem 
proteins and the related magnesium-contaming chloro- 
phylls and the cobalt-contamimg corms, and it will 
stimulate the clinician to examine their chemistry in 


greater detail. C. H. Gray 
1 Porphyrins and Related Compounds (edited by T. W. Goodwin) (Academic 
peed London and New York, Toi z? $i 


BASIC BIOLOGY 


Molecular Biology 
A Structural Approach. By C. U. M. Smith. Pp. 404+16 
plates. (Faber: London, December 1968.) 88s. 


A LARGE number of books has been published ın the 
past few years which attempt to expound, for the benefit 
of non-specialist readers, the various areas of scientific 
research which are contained withm the subject of 
molecular biology. As a visit to any good bookshop 
wul confirm, there are now m prmt many well written 
and skilfully illustrated books avaiable at moderate 
cost which offer stumulatmg accounts of the recent 
advances on the structure and function of biological 
macromolecules, cell biology and genetics. Individual 
topics of molesular biology are also the subject of many 
excellent magazine articles written at a popular level. 
The book under review represents yet another addition 
to this very active branch of scientific writing, and it, too,, 
is intended for the general reader, so that comparison 
with ıts many competitors 1s mevitable. 

This volume is noteworthy for the extent to which it 
attempts to provide some slight idea of the basic ideas, 
particularly those relating to chemical bondmg and 
structure, from which any real appreciation of molecular 
biology must be derived. Thus the first three chapters 
on “the primary substance’, atoms and molecules 
provide, somewhat breathlessly, a eketch of such concepts 
as bond lengths, electronegativity, bond energies and 
weak interaction forces. These ideas are freely used mm 
the subsequent discussion of the primary, secondary 
and tertiary structure of proteins. This section contains 
excellent accounts of the structural proteins and the 
structures of myoglobin and haemoglobin, including 
also a brief account of the function of haemoglobins, 
the abnormal haemoglobms and “molecular diseases”. 
The subject of protem structure is completed by a brief 
but clear discussion of enzyme structure and function 
and of the way in which some proteins are formed from 
subunits. There 1s a very good seétion on hpid assemblies 
end biomembranes, and simple accounts of energy 
traneducers and the internal organization of cells. 

The last three chapters deal withe DNA, the genetic 
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code and, briefly, with the organization and regulation 
of multacellular structures? 

The author has not been well served by his publishers. 
In comparison with many other books which deal with 
molecular biology at about the same level rt is too ex- 
pensive. A paper-bound edition would have reduced 
the price, and surely have made it more accessible to 
its potential readers. The diagrams also leave something 
to be desired when measured agamst present standards 
of popular scientific publications. Many of the simple 
line diagrams, especially those which depict the elements 
of complex biological structures, have the virtues of 
aunplicity and clarity, but others are old fashioned and 
quite unmemorable, particularly the structural formulae. 
Some of the full-page plates are very bad because of 
the printing process used and the resulting poor contrast. 
All the plates are sub-divided and some of the resulting 
sections are too small to provide adequate representation. 
of the structure they are intended to depict. 

These shortcomings detract from, but do not entirely 
obscure, the virtues of an otherwise excellent book. The 
progressive exposition of the main themes of molecular 
biology is very well done and the writing 1s both simple 
and careful. Some of the references to the current 
literature would be too specialized for the general reader, 
but the book can be specially recommended to sixth- 
form and undergraduate students who require a lucid 
introduction to the biological aspects of molecular biology. 

G. H. Braven 


HOW PLANTS WORK 


The one es Aspects of Photosynthesis 
By O. V. B. Heath. Pp. x+310+8 plates. (Heinemann 
(Educational): London, March 1969.) 60s. 


THE author describes himself, with characteristic modesty, 
as a botanical plant physiologist who must compensate 
for his relative ignorance of biochemistry, biophysics 
and mathematics by a better knowledge and under- 
standing of the behaviour of intact plants. His object 
1s to study how a plant operates m various environmental 
conditions including those ın which it exists naturally. 
In this book he has placed particular emphasis on the 
deseniption, of experimental methods and on examimation 
of the data obtained. He emphasizes the need for factorial 
experiments in which different levels of several factors 
are applied m combination and the results subjected 
to regression analysis. This is explained, for example, 
ım hig discussion of the effects of mtermittent illumination 
‘on the rate of photosynthesis. The author succeeds 
admirably in his objective. Inevitably, he considers in 
much less detail the interpretation of the data in terms of 
current thebdries of chemical mechanism of photosynthesis. 
He avoids altogether biochemical discussion of recent work 
with radiocarbon and describes in two pages present 
biochemical views of the photochemistry of photo- 
synthesis. He considers that experimental methods and 
data constitute the enduring aspects of science and this 
may welt be valid for the research worker. Students will 
find the book useful as supplementary reading, but must 

* appreciate it does not attempt to present a broad view 
of present concepts of photosynthesis. 

The first chapter provides a brief introduction to the 
structure of the chloroplast, its chemical composition 
and, rather briefly, information on the absorption spectra 
of leaves. In a later chapter, when the effect of light 

uality and duration on photosynthesis is discussed, 

e data on action spectra and enhancement effects are 
confined to studies with algae with unfortunately little 
discussion gn light quality in relation to leaf structure. 
The value of the ahsolute quantum efficiency of photo- 
synthesis 1s only briefly referred to, and again only with 
respect to the alga Chlorella. This points to the paucity 
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of data on the aspects of photosynthesis from leaves of 
higher plants. By contrast, several chapters are 
concerned with work on the diffusion of gases into 
and out of leaves of higher plants. The value of the 
concentration of carbon dioxide in the intercellular 
spaces of leaves ıs discussed at length, and the mportance 
of this in dist: ing two major groups of photosynthe- 
tic higher plants. The relationship between this para- 
meter, the presence of photorespiration and the initial 
pattern of carbon fixation 1s briefly discussed. Another 
considerable section discusses the effect of such factors 
as the concentration of carbon dioxide and light intensity 
on the rate of photosynthesis and their interaction. 

In accordance with the general philosophy of the book, 
there is a complete account of methods which have been 
used for the measurement of photosynthesis. Many are 
included rather for their historical interest than their 
present day significance as methods of measurement. 
In & book of this type ıt was surprising to find little 
discussion of photosynthesis in relation to crop yields 
and potential productivity of crop plants. 

C. P. WHITTINGHAM 


STEROID REACTIONS 


Sterold Reaction Mechanisms 

By D. N. Kirk and M. P. Hartshorn. (Reaction Mechan- 
isms in Organic Chemistry: æ Series of Monographs.) 
Pp. xi+476. (Elsevier: Amsterdam, London and New 
York, 1968.) 200s. 

By any standards, this book is a workmanlike job: com- 
prehensive in its field, authoritative, carefully produced, 
readable and well organized. Within some 450 pages of 
text and eleven chapters one is taken through an amaz- 
ingly wide variety of chemical reactions, each outlined ın 
mechanistic detail, which 1s usually (but not always) 
available from studies in the steroid field. 

This book does not deal at all with steroid biogenesis or 
with steroid synthesis. One might ask what 1t gives which 
is not included m Fieser and Fieser’s classio Steroids. 
The answer is that 1t is more comprehensive in d 
with reaction types and relatively up to date (the literature 
18 covered up to the early part of 1967 and a classified 
appendix extends the coverage to the begmning of 1968). 
The detail available ın the book is perhaps best exemplified 
by citing representative sections from within two chapters. 
Thus the chapter dealmg with solvolytic reactions and 
skeletal rearrangements includes discussion of carbonium 
ions, kinetics of tosylate solvolysis, the 3,5-cyclosteroid 
rearrangement, the “‘C-nor-D-homo” rearrangement, the 
dienone-phenol and anthrasteroid rearrangements, and 
the lke. Perhaps of more widespread general interest is 
the chapter dealing with ketones which includes excellent 
discussions of reductions with complex metal hydrides, 
reactions of ylids with ketones, and enolization, alkylation 
and halogenation of ketones. The chapters dealing with 
photochemical reactions and functionalization of angular 
methyl groups are particularly welcome because compre- 
hensive discussions of these topics have not previously 
been available. The treatments of the Favorskii reaction, 
conformation transmission and ‘‘back-bone rearrange- 
ment” are relatively detailed and clear. 

Criticisms of the text are few and relatively minor. In 
many places one admires the caution of the authors in 
not accepting previous ideas without a word of caution 
or qualification. One hopes that the readers will also 
keep open minds as to the possible mtervention of species 
such as RRCt-Zn+ ... Cl- and RR’C-—Zn* .. . Cl- m the 
Clemmenson reduction (page 134), and as to the concept 
that the inductive effect may be transmitted by a through- 
bond mechanism from C-3 to C-11 (page 234) (rather than 
a field-effect). 

This book 1s largely intended for final-year under- 
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factors such as hunting, imtroduced predators, habitat 
disturbance and destruction, and the ulegal bartering of 
some animals for disreputable zoos. Most of the endangered 
species are also in their present shaky state through man’s 
unthoughtfulness, and there 1s now the added weapon of 
insecticides. 

The book’s message is not all gloom, however; 1t reports 
success stories of animals rescued from the biink and 
now restored ın their native habitats through strict en- 
forcement of protective measures. Among these animals 
are the Hawauan goose, the southern sea otter, and the 
square lipped rhinoceros. 

The Red Book has a message for us all. It is a pleasure 
to read, and well produced, and the illustrations, some in 
colour, are of high qualty (many were commissioned. 
specially). My only criticism 1s that there are no photo- 
graphs of some of the animals in their natural habitats, 
necessary, I think, if the meaning of nature conservation 
in 1ts fullest sense 18 to get anywhere. SARAH BUNNEY 


SCIENTIFIC RUSSIAN 


Practical Scientific Russian 
By 8. Kaganoff. Pp. v+342. (Gordon and Breach: 
New York and London, 1967.) 160s. 


Tns is a well printed and well bound textbook of American 
origin, the aim of which, as stated at the beginning of the 
introduction, 13 “to offer detailed guidance . . . for the 
scientist or engineer who wishes to be able to make his 
own direct translation of Russian scientific and technical 
literature”. 

The major portion of the book is devoted to grammatical 
chapters, supplemented by a reader, three appendices 
and a cumulative vocabulary. 

Starting with the Russian alphabet, the author does not 
suggest any transliteration system. This may confuse a 
beginner while transliterating the Cyrillic alphabet into 
English. Reference, for instance, to the system used by 
the World List of Scientific Periodicals would be appro- 
priate. The following twenty-three grammatical chapters 
represent in short, word elements, parts of speech, the 
simple sentence, modifiers, compound and complex 
sentences and punctuation marks. 

For its content, this is an expensively priced publication, 
and the reasons for such a high price are not ummediately 
obvious. 

Out of about 4,300 words shown in the cumulative 
vocabulary, more than 3,500 words are repeated through- 
out the book in a form of “Vocabulary for Exercise”. 
The information contained in the appendices 1s offered in 
a somewhat lavish, overlapping way. At the same time 
one might feel strongly the absence of a list of abbrevia- 
tions, which is a necessity in scientific literature. Some 
abbreviations (for example, T-P for temperatures on 
page 51) are used but without any explanation to the 
reader. In opposition to this brevity the reader will 
find in the “Vocabulary for Exercise” on page 232 the 
conjunction M which has been used already on more than 
50 pages. 

While appreciating the standard of reproduction, I can- 
not congratulate the author and editors on the absence of 
errors. The work is marred by an inexcusable number of in- 
feliaities, such as Y AATEJIBA (page 15) and WETBIPMbA 
(page 51), persistent mistakes ın stress and even inaccura- 
cies in the English text (page 67). The whole work should 
be submitted for intensive revision. In spite of these 
reservations, however, this is a useful addition to Russian 
textbook literature. 

The abundance of frequently used idioms and expres- 
gions in the examples and exercises will make the book 
particularly attractive to physicists and also to engineers 
concerned with the application of electronics. 

V. BALASHOV 
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Dr Alastair C. Frazer 


THE untimely death of Dr Alastair C. Frazer has robbed 
British nutritional science of one of its leading and most 
colourful exponents, for Dr Frazer enjoyed life, good 
food and wme as much as he enjoyed teaching, research 
and latterly committeemanship. Born ın 1909 and 
educated at Lancing School and St Mary’s Hospital 
Medical School, he became a lecturer and then actmg 
professor ın physiology and pharmacology at the hospital. 
In 1943 he moved to the University of Birmingham 
where until 1967 he was professor of medical biochemistry 
and pharmacology. His research interests ranged from 
fat absorption and metabolism and the properties of oil- 
water interfaces to food research and toxicology. With 
such broad mterests, and energy and enthusiasm to match 
them, Dr Frazer was uniquely able to serve on a host of 
government and industrial committees. A few weeks 
ago he accepted -the chasrmanship of the Dunlop Com- 
mittee, having previously been chairman of one of its 
subcommittees (Nature, 222, 1016; 1969). He was also 
chairman of the Food Research Committee, a member of 
the Agricultural Research Council, scientafic adviser to the 
Ministry of Agnculture, Fisheries and Food, honorary 
consultant to the British Army on metabolic diseases, 
consultant to the UKAEA and a member of the FAO/ 
WHO Joint Advisory Panel on Food Additives. 

Dr Frazer had the great gift of being able to apply level- 
headedly the results of academuc research to the practical 
needs of the food and pharmaceutical industries. Unlike 
some other nutritional biochemists he was unwilling to 
lend his name to propaganda campaigns against particular 
foods or food additives until the scientific evidence was 
strong enough to be really convincing. Nor did he approve 
of food companies knocking one another, as, for example, 
during the most recent cyclamate scare. As a result he 
won the confidence of the food industry without appar- 
ently selling his soul to it, and was president of both the 
British Food Manufacturing Industries Research Associa- 
tion and the British Industrial Biological Research Assoo1- 
ation, the two research associations chiefly concerned 
with the biochemistry of food. He firmly believed that 
both the food and pharmaceutical industries were best - 
left with the responmbility of ensuring the safety of 
therr products, arguing that they knew only too well that 
that was where their own interests lay. Hus regret that 
the gentlemen’s agreement between the Dunlop Committee 
and the pharmaceutical mdustry on the procedures for 
licensing new drugs and formulations 1s to be replaced 
by more formal procedures under the Medicines Act, . 
and his dislike of the suggestion that Britain needs an 
organization with the power of the US Food and Drug 
Admunistration, are characteristic examples of his philo- 
sophy of industrial responsibility. : 

Since resigning his chair at Birmmgham in 1967, Dr 
Frazer’s chief achievement had been the establishment 
of the British Nutrition Foundation, an independent 
organization financed by the food industry (Nature, 
220, 118; 1968) of which he was the first director-general. 
He intended to mould the foundation into something akin 
to a OIBA Foundation for nutritional biochemistry; his 
plans included running international symposia for research 
scientists at one end of the scale, toecreating an, informed 
public opmion by publicizing topical nutritional research 
through radio, television and the foundation’s own 
Information Bulletin, at the other. 
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Correspondence 


International Laboratory 


Sm,—Dr Kornberg’s criticism of an EMBO laboratory 
(Nature, 222, 1102; 1969) ıs not as valid, I would think, 
as ıt appears. We should ask ourselves whether any single 
government would be agreeable to the financing of the 
resources which will be required to undertake, properly, 
any one of the research projects which EMBO might 
consider. 

Thus, the molecular mechanism of evolution, of com- 
plete cell metabolism or of memory and reasoning power, 
are programmes requiring supplies of biological materials 
and of scientific know-how of such tremendous variety 
that I seriously question if any one country could hope 
to make them available for any national research effort 
and (even less) would be agreeable to doing so. Presently 
such excursions into these fields of research are enabled 
mainly by exchange of material and personnel between 
Europe and America, but a major incentive for an EMBO 
laboratory is large scale intra-Europe collaboration of 
this type with the consequential moderation of the leak- 
age of exceedingly valuable fundamental knowledge across 
the Atlantic where it is quickly and efficiently exploited 
to our (Europe’s) economic disadvantage. 


Yours faithfully, 


A. I. MoMULLEN 
5 8t Osmond’s Close, 
Paul’s Dene, 
Salisbury. 


Cost of Living 


Srz,—Most people who have lived for any length of time 
in the US will have read Dr V. C. Reddish’s letter (Nature, 
222, 1009; 1969) on comparative living costs with amaze- 
ment, if not meredulity. The suggested equivalence of 
$10 to £1, in respect to rented housmg, would mply that 
a one-bedroom furnished apartment, such as may be 
obtained in the US for, say, $140 per month, could be 
rented in England for £14; or that a house costing 
$22,000, with three bedrooms, two and a half bathrooms, 
double garage and rumpus room, could be bought in 
England for £3,600. 

The figure of $7-1 given for the motoring equivalent of 
£1 is sheer fantasy. The current price for a new Ford 
Cortina two-door de luxe in the US is $1,873; gasoline 
costs between 27c and 50c per (British) gallon; registra- 
tion and third party insurance costs vary, but a typical 
value might be $150 per annum; and while the American 
motorist probably has a larger annual mileage than his 
British counterpart, this mileage ratio 1s probably no 
more than 1-6 or 2 to 1. I wonder whether the suggested 
. inverse relationship between “population density” and 

puleage “necessarily” travelled also applied to Australia, 

which, has a population density about one-fifteenth that 
of the U8? 

It would be easy to criticize in detail the rest of the 
figures given; I suggest they are all too large by a factor 
of two. Instead of pretending that the average UK 
citizen is as well off as his US counterpart, it would surely 
be more useful (and profitable) to examine the reasons for 
the differences in living standards between the two 
countries. 

Yours faithfully, 


Mionanm, Davis 


La Trobe University%, 
School of Physical Sciences, 
Bundoora, Victoria 3083, 
Australia. e 
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The Future of Biology 


Sm,—The recent letter from Dr Jennings and Dr Brad- 
shaw concerning the traming of PhDs in biological sub- 
jects (Nature, 222, 1209; 1969) criticized the inflexible 
attitude of postgraduates without offermg any selution 
to this problem. It seems imevitable that a training in 
original research must be gained m a very specialized 
field and, m view of the volume of scientific literature, 
postgraduates can hardly be expected to read widely 
outside their subject when there 1s no mmmediate incentive 
to do so. It is not surprising, therefore, that after three 
years’ research students appear to have retreated into 
the segurity of their particular field and lack wider 
academuc and vocational interests. 

One solution to this problem might be the inclusion of 
taught courses for postgraduates as in American univer- 
sities. However, such courses would probably still be 
specialized according to the interests of the staff members 
and they would not improve general biological awareness. 
In our opinion the mtroduction of seminars led by post- 
graduates in all universities would offer a more construc- 
tive solution. The postgraduate would then have an 
integral part to play in the educational system and could 
not become divorced from other facets of biological 
research. This would benefit all concerned; for the post- 
graduate it would improve his powers of communication 
and for the undergraduate ıt would offer more informal 
tuition and might provide advance warning of the psycho- 
logical problems of yesearch. Certamly such teaching 
responsibilities would be a more useful way for science 
postgraduates to supplement their income than the 
supervision of practical classes which is often their only 
contact with undergraduates at present. Of course, work 
of this kind would mean a sacrifice of research time, but 
it would provide another valuable criterion for assessing 
the employment potential of the postgraduate. 


Yours faithfully, 


E. 8. MARTIN 
M. R. TURNER 
University of Reading, 
Horticultural Research Laboratones, 
Shinfield Grange, 
Shinfield, Berkshire. 


University News 


The following members of the faculty of medicine at 
Harvard University have been promoted to full pro- 
fessorships: Dr G. S. Davidson, professor of medicine; 
Dr A. Ames, professor of physiology in the department 
of surgery; Dr H. Amos, professor of bacteriology and 
immunology; Dr J. R. Beckwith, professor of bacterio- 
logy and immunology; Dr A. Stone Freedberg, profes- 
sor of medicine; Dr E. J. Furshpan, professor of neuro- 
biology; Dr J. Gross, professor of medicine; Dr 
Elizabeth D. Hay, Louse Foote Pferffer professor of 
embryology; Dr J. Hedley-Whyte, professor of anaes- 
thesia; Dr E. Henneman, professor of physiology; 
Dr S. H. Ingbar, professor of medicine; Dr Susumu 
Ito, professor of anatomy; Dr R. W. Jeanloz, professor 
of biological chemistry; Dr W. E. Knox, professor of 
biological chemistry; Dr E. A. Kravitz, professor of 
neurobiology; Dr E. C. C. Lin, professor of bacteriology 
and immunology; Dr D. D. Potter, professor of neuro- 
biology; Dr J.-P. Revel, professor of anatomy; and 
Dr Ç. C. Richardson, professor of biological chemistry. 
Dr R. L. Sidman has been appointed Bullard professor 
of neuropathology m the faculty of medicine at Harvard 
University. 

Dr T. W. Lambe has been appointed Edmund K. Turner 


professor of civil engineering at the Massachusetts 
Institute of Technology. 
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Appointments 


Mr Per Bakke has been appointed an assistant director 
of the Buildmg Research Station to fill the vacancy 
created by Mr J. B. Dick’s appomtment to deputy 
director and subsequently to director. 


Announcements 


Dr R. S. Lindzen, University of Chicago, has been 
presented with the Eighth Annual James B. Macelwane 
Award of the American Geophysical Union in recognition 
of his research on the physics of the upper atmosphere, 
atmospheric waves on various planets and stratospheric 
conditions above the equator. 


The programme committee of the Second International 
Air Pollution Conference of the International Union 
of Air Pollution Prevention Associations invites proposals 
to present papers at the conference, which is to be held 
in Washington, December 6-11, 1970. Further details 
can be obtained from Professor A. C. Stern, Program 
Co-Chairman, Department of Environmental Sciences and 
Engmeering, School of Public Health, University of North 
Carohna, PO Box 630, Chapel Hill, NC 27514, USA. 


The National Aeronautics and Space Administration’s 
highest award, the NASA Distinguished Service 
Medal, has been conferred on Jesse L. Mitchell (director 
of physics and astronomy for the Office of Space Science 
and Applications, NASA, Washington) and Joseph 
Purcell (OAO project manager, Goddard) for their 
contributions to the Orbiting Astronomical Observatory 
2 (OAQ-2). A special award, the Distinguished Public 
Service Medal, was made to Dr Frederick Seitz, 
president of the National Academy of Sciences, for his 
work in solid state physics. The NASA Exceptional 
Scientific Achievement Medal was awarded to Dr 
J. E. Kupperain, jun., Goddard, and Dr Nancy Roman, 
Office of Space Science and Applications (OSSA), NASA 
Headquarters. The NASA Exceptional Service Medal 
has been awarded to Mr C. Dixon Ashworth, OBSA, 
Mr D. A. Krueger, Mr H. R. Lynn and Mr J. Sargent, 
all of Goddard, and to Mr R. F. Garbarini, formerly of 
OSSA. The NASA Public Service Award has been 
awarded to Dr A. D. Code, University of Wisconsin, 
Dr F. L. Whipple, Smithsonian Astrophysical Observa- 
tory, Mr D. L. Moyer, Mr N. S. Sinder and Mr H. 
Wexler, all from the Grumman Arrcraft Engineering 
Corporation, and to Dr Lyman Spitzer, Princeton 
University. 


Erpatum. In the article “Observations of Pulsar NP 
0527” by Zeismg and Richards (Nature, 222, 150; 1969), 
the declination of the source observed is given in Table 1 
as 28° 58’. This should be 21° 58’. 


Erratum. In the article ‘“Nonphototactio Mutants in a 
Study of Vision of Drosophila” by W. L. Pak et al. (Nature, 
222, 351; 1969), the reference number 15 in lme 14 of the 
right-hand column of page 353 should read 14. The 
statement in parentheses in line 18 of the same column 
should follow the sentence “The optac ganglia are also 
i ar and reduced”, and in hne 57 of this column 
there should be no reference number 14 after the word 


“found”. 


Erratum. In the article “Further Observations of the 
Crab Nebula Optical Pulsar” by B. Warner, R. E. Nather 
and M. MacFarlane (Nature, 222, 233; 1969), “30,000 
cycles” in lines 30 and 36 of the second column on page 
234 should read ‘3,000 cycles”. In lme 48 of the same 
column, “1-5 nsf/h” should read “1-5 ns-h”. On page 
236 the legend to Fig. 5 should read “Light curves m 
the ultraviolet (a), blue (b) and visible (c) regions, .. .”. 
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International Meetings - 


September 2-5, Mechanized Information Storage and 
Retrieval Systems, Cranfield (Mr C. W. Cleverdon, 
The College of Aeronautics, Cranfield, Bedford, UK). 


September 19, The Critical State (meeting to mark the 
centenary of Thomas Andrews’s publication), Belfast 
(Dr W. R. Jackson, Department of Chemistry, Queen’s 
University, Belfast). 


September 19, Meeting of the Carbohydrate Discus- 
sion Group, Birmingham (Dr N. A. Hughes, Department 
of Organic Chemistry, The University, Newcastle upon 
Tyne, NE1 7RU, UK). 


September 24-27, Suicide Prevention, London (Miss 
R. S. Addis, Conference Secretary, 5th International 
Conference for Suicide Prevention, 43 Queen Anne Street, 
London W1). 


October 20-24, Microdosimetry, Italy (European Com- 
munities, Euratom, Dr H. G. Ebert, 51—53 rue Belhard, 
Brussels 4, Belgium). 


October 22-23, The Engineer and the City, Washington 
(Miss D. Weatherby, National Academy of Engineering, 
2101 Constitution Avenue, NW, Washington DC- 20418, 
USA). ý 
October 30-31, Numerically Controlled Machines, 
London (E. P. Davies, Instatution of Mechanical Engineers, 
1 Birdcage Walk, London SW1). 


October 30-31, Blood Cells as a Tissue, Philadelphia 
(Dr W. L. Holmes, Division of Research, Lankenau 
Hospital, Lancaster and City Line Avenues, Philadelphia, 
Pa 19151, USA). 


November 6-8, Unusual Isolates from Clinical 
Material, New York (Jean Fitzpatrick, New York 
Academy of Sciences, 2 East 63rd Street, New York, NY 
10021, USA). 


November 11-14, Hydroponics, Canary Islands (Inter- 
national Working Group on Soil-lees Culture, UK Office, 
103 Wiltshire Lane, Eastcote, Pinner, Middlesex). 


Sabbatical Itinerants 


In the hope of providing some practical assistance In the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up perlods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 


It Is hoped that a period of experiment will show what 
form these advertlsements could most usefully take and 
whether they are effective, . 


Wanted: Furnished house, 3 or 4 bedrooms, con- 
venient for Hammersmith Hospital for 12 months 
from mid-August for St Lows (Missouri) professor, 
lus wife and 4 daughters. Please ‘phone 01-743 
2030 extension 354. . 


Wanted: 4 or 5 bedroomed house for visit 
American professor and family from approximately 
September 1; Boars Hill or similar location pre- 
ferred. Please send details, mcluding rent asked, to 
Administrator, Department of Biochemistry, South 
Parks Road, Oxford. 

Wanted: For the period October 15, 1969, to 
October 15, 1970, suitable housing for Dutch visit- 
ing scientist of Carleton University, accompanied by 
bis wife and 6 children. Location not necessarily 
in town, yet withm convenierft distances from 
Ottawa. Please contact Dr J. L. Verbeek, Acacia- 
straat 8, Nuenen, Netherlands. 
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British Diary - 


Monday, June 30 

Computer Science and Technology (four-day conference) Institution of 
Electrical Engineers, at University of Manchester Institute of 
Science and Technology 


Fibres for Composites: Strength, Structure and ayabality 
conference) Institute of P. wi and the Physical Socie ty, 
and Testing and Carbon and Graphite Groups, at the kivert en 
Sussex, Brighton, a 


cs (tenda; reall summer school of radiation protection) at Impenal 


oe 


ege, 
re July | 
Chemical Effects of Nuclear Transformations 
Chemical Society, at the University of Cambn 
Wednesday, July 2 


Lasers in Medicine (three-day conference) Institute of Physics and the 
Physical Society in collaboration with the Royal Society of Medicine, 
the Ophth ocal Society of the UK, and the woepital Physicists 
Association, at the Middlesex Hospital Medical Sch London W1. 


sre ah (ree day conference) 


Friday, July 4 


Polymers and Water (symposium) University of Wales Institute of Science 
and Technology, Cardıff, 


Some Bhan Aspects of Liver Disease (12.15 p.m.) Association of 
Clmical Biochemists, Southern Region, at the Sehool of Pharmacy, 
Brunswick Square, London WC1. 


oak sr kta 5 


Summer aie (fifteen days) Mathematical 


A it and Wadham College, Oxf 


Monday, July 7 


Auxiliary Power Service and ment for Road Vehicles (two-day 
symposium) Institution of Mechanical Engineers, at Cranfield 


Current Control Theory Research exposition, five days) Institution of 
Electrical Bugiisecs: at Wi 


Summer Meeting (three ) British Society for the History of Sa 
at Canat, College, tonne ‘y am re 


Vacation School on Aerials (seventeen days) Institution of Electrical 
Engineers, at Birmingham University. 


Reports and Publications 


(net included in the monthly Books Supplement) 
Great Britain and Ireland 


orts, 1967-1968. (Supplement No. 
y 1969.) Pp. 16. (Oxford: The 


7 205 
Study of Caused. By Eiofessor D. B. Brower. (An Ina l nra 
Lecture delivered in the Untversity of on 8rd December, 1 
Pp. 14. (B j re 1969.) 8s., 30.36. to 
oe i ommonwealth Univer Uni Post- 
graduate Awards : owships, Scholarsh{ rants, etc., tenable at 
Untvormties in the United Kingdom, Short list or Leads trabis t outerde the 
United m. Pp. 215. (London: The Association of Commonwealth 
Universities, 1969.) 10s. [216 
Institute of Perso nnel Management: a Biblio- 


mnel Management. Perso 
graphy. Pp. 158. (London: Institute of Personnel Management, 10969. 
University of Cambridge, School of Agriculture. Agricultural Reel 


and Teaching at Cambri ad com Re — 
i Tho Uae ey, 9 f nprising HE 


0.8: Be br mart Cestodes from 
EEEE 828. eee 1 18. No. 1 


Paa pa dae). ai 7. By P. 
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Install this new device in your labora- 
tory now. It contains one of the world’s 
largest collections of radiochemicals. It's 
our new radiochemical catalog and you're 
most welcome to it. 

Inside you'll find, for example: 46 4C-amino 
acids And 49 3H-amino acids. And 45 “C-ribonu- 
cleotides. And 17 “C-deoxyribonucleotides. And 13 
3H-ribonucleotides. And 10 3H-deoxyribonucleotides. 
And tritiated thymidine. (And literally hundreds of 
other radiochemicals.) 

These compounds are characterized by high specific activity, 
e.g. “C-amino acids are now at 52 mc/matom; 3H-amino acids 
up to 25-26 c/mmole; thymidine at 20c/mmole. Prices are 
equa! to or lower than those of other suppliers. Compounds are 


Report. There’s no ambl- 
guity as to what's in the bottle. 
So this new labor-saving device is now 
available to you. Free. Please complete the 
coupon below—or if someone has already de- 
couponed this ad—drop us a line. Schwarz BloResearch, 
Mountain View Avenue, Orangeburg, N. Y. 10962. Please for- 
ward to Dept. N 
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Schwarz BioResearch, Mountain View Ave.,Orangeburg, N.Y. 10962 N 
Please send your new radiochemical catalog. 
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available—in stock almost always. And as with all Schwarz 
radiochemicals, they are constantly reassayed while “in stock.” Titig Dept. 

Here are the details on this reassay program: every batch of Institution 
every radiochemical in the house is reassayed every ten weeks. 
Or oftener. Any batch showing a breakdown in excess of 3% Rdaress streat 
trom specification is immediately withdrawn from inventory 
and repurifled. Then this reassay information is also recorded city state e zp 


on the Product Analysis Report which contains all the prior 
analytical information on the specific batch you receive. Every Schwarz BioResearch 
Divisiqn of Becton, Dickinson and Company Bo) 


Schwarz radiochemical arrives with its own Product Analysis ETS EA eles cee EER RN ie EN ECR Ot 
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WALTHAM FOREST 
TECHNICAL COLLEGE 


FOREST ROAD, LONDON E.17, TEL. 01-527 2272 
(Part of the proposed North-East London Polytechnic) 


SCHOOL OF BIOCHEMISTRY AND MOLECULAR BIOLOGY 


SPECIAL COURSES AND FULL-TIME COURSES 


AUTUMN TERM 1969 





INTRODUCTION TO 
IMMUNOLOGICAL 
TECHNIQUES 


Five evenings 


ursday) commencing 
2nd OCTOB 


1969 





The course involves lectures, practicals and demonstrations and 
Is essentially an Introduction to the fleld, covering the basic 
concepts of immunology and Immunochemutry, and elementary 
facets of relevant experimental techniques, including immuno- 
electrophoresis and antibody isolation. 





GAMMA GLOBULINS 
ISOLATION, STRUCTURE 
AND PROPERTIES 


Thursday evenings, 6.0-9 0 p.m. 
4th DECEMBER-I8th DECEMBER, 1969 





The course Involves lectures, practicals and demonstrations. 





AMINO ACID 
ANALYSIS 


Wednesday evenin 


. 6.30-9.30 p m 
8th OCTOBER-I 


DECEMBER, 1969 


The following will be covered in lectures and practice. Qualitative 

and quantitative thin layer and paper chromatography. lon 

exchange methods. High voltage electrophoresis. Gas chromato- 

graphic determinations. Automated recording amino acid analysers 

yi be vred experimentally, and the theory of their working will 
covered. 





CHROMATOGRAPHY 
AND 
ELECTROPHORESIS 


A short full-time course 
6th OCTOBER-I0th OCTOBER, 1969 


This course is designed to give an up-to-date introduction to the 
various techniques of chromatography and electrophoresis In 
current use, and will consist of lectures and practical sessions. 
Particular emphasis will be placed on the practical aspects and 
limianons of the techniques. Radio-chemical aspects will be 
ncluded. 





RADIO ACTIVE TRACER 
TECHNIQUES 


Tuesday evenings, 6.30-9.30 p.m. 
30th SEPTEMBER-2nd DECEMBER, 1969 


This course is designed to give an introduction to the major uses 
of radioisotopes in Inorganic chemistry, organic chemistry, bio- 
chemistry and clinical chemistry. The emphasis will be on practical 
techniques suitable for adaptation to a wide variety of purposes. 

e course meets the requirements of the Department of Education 
and Scrence Memorandum 1/65 In respect of training of teachers 
tn the handling of radioisotopes 





B.8¢.GEN. (Hons. London) 


Brochemistry tn Part IJ 





Two years full ume. 





ADVANCED 
IMMUNOLOGICAL 
TECHNIQUES 


A five day course commencing 
20th OCTOBER. 1969 


The course ıs designed to give up-to-date Information In immuno- 
electrophoresis, immuno-drffusion and Immunofluorescence Irt 
will consist of lectures, demonstrations and practical sessions and 
is suitable for brochemusts, pathologists, medical practitioners, 
chlef laboratory technicians and other qualrfied personne! con- 
cerned with immunological work. 





BIOCHEMICAL 
TECHNIQUES 


A course leading to a College Diploma 
Monday evenings over one academic 
session, 6 30-9.30 p m 


The course Is designed as an introduction to practical biochemistry 
and covers description of materials of blochemistry and their 
analysis, methods of investigation of metabolism of living tissues 
and genetic Influences. 





SEPARATION OF SUB- 
CELLULAR 
COMPONENTS BY 
CENTRIFUGATION AND 
OTHER TECHNIQUES 


Thursday evenings, 6.30-9. 


30 p.m 
9th O k 


‘OBER-I[ Ith DECEMBER, 1969 





The course will Involve lectures and practicals on the following: 
The use of high speed centrifuges In preparation and subsequent 
analysis of sub-cellular components. use of molecular siaves 
in separation of sub-cellular components wil] also be covered 
Analytical ultracentrifugation of proteins, nucleic acids and ribe- 
somes. Zonal ultracentrifugation, proteins, nucleic acids and 
ribosomes, 


eS 


GEL 
ELECTROFOOU SING 
AND 


QEL ELECTROPHORESIS 


A short full-time course 
lOth NOVEMBER-I3th NOVEMBER, [969 


The course involves lectures, practical sessions and demonstrations 
and is mainly concerned with iso-electrofocusing. Immuno- 
electrofocusing facets are covered. It is suitable for chemist, 
biochemists, medical men and senior laboratory personnel, 





INTRODUCTION TO 
BACTERIOLOQY 


Thursday evenings, 6.00-9.00 p.m. 
6th NOVEMBER-27th NOVEMBER, 1969 


This course involves lectures, practicals and demonstrations. 





M.8c., M.Phil. and Ph.D. 
(PHYSICAL 


(PHYSICAL BIOCHEMISTRY) 


Ltume 


Research topics include the effect of D,O on nucleic acid-protein 
associations, DNA replication and protein biosynthesis antigen- 
body reactions. 





BIOCHEMISTRY) 
- e Other courses will commence in January 1970 ° 
FURTHER DETAILS are available from the Head, School of Biochemistry and 
° Molecular Biology 
(2549) 
° i 
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AGRICULTURE 


General Agriculturists end agricultural specialists of m kinds 
are frequentiy in the effort to match the s demand 
from the devel g countries, The vacancies ad below 
are a selection the many openings which exist now. While 
they ore being filled, other vacancies are arising. 

Salartes within the 

and co; and 

free or subsidised 


is 
Candidates must be citizens of, and normally resident in, the 
United Kingdom 


+ 


BOTSWANA 
(1) Agricultural Officer (Development) RC 213/19/022 


Duties: To work under the Land Use Planning Unit in the planning and 
development of settlement schemes on state lands. 

Qualifications’ Degree in Agriculture or Natural Science, preferably with 
planning and development experience. 


(2) Soil Surveyor Land Use Planning Unit RC 213/19/020 


Duties: To assist in drawing up land use plans. 
Qualifications: Degree in Soil Science. Previous experience in soil surveys, 
preferably In African countrles, desirable. 


(3) Soil Chemist RC 213/19/017 


Dutles: To advise on equipment of new soil analysis laboratory, organise 
A routine work, and undertake al! soil analyses as required by the Sor! 
u or. 

Qualifications Degree tn Agricultural Chemistry or Chemistry with 
at least flve years experience conducting soil analyses, preferably in a 
semi-arid region Experience in assessing physical properties of soil, 
e g infiltration rates and water holding capacity, for irrigation purposes, 
would be an advantage. 


Salares. Basic o) and (2) R.2,256—4,40 (£ Starling 1,316-2,590); (3) 
R.2,508—4,800 f Sterling 1,163-2.000) p-r: plus an inducement allowance 
normally tax free In the range £3 60 p.a. (payable direct to an 
officer’s home bank account) Tax free gratuity 25% of basic salary 
only Contracts 2-3 years. 


BRUNEI 
(I) Agronomist RC 213/28/02 


Dutles’ To draw up and advise on a programme for Improving major 
crops. 


(2) Agricultural Officers RC 213/28/07 


Duties’ To be in charge of a sub-district which will include one or more 
agricultural stations, to lay out and supervise experimental and/or demon- 
stration plots and advise and give lectures to groups of farmers 


Qualifications: a degree in Agriculture with tropical experience. 
Salaries: £1,992-3,526 ? a. Tax free gratuity 124% of salary No local 
income tax Contracts J years. 


EAST AFRICAN COMMUNITY 
Agricultural Statistician RC 213/214/08 


Duties: To assist in the dasign of soil, piant and anımal experiments; 
to propose methods of analyses of data and supply computer programmes 
and perform, when required, analyses of data. 

Qualifications and Terms: Honours degree ın Mathematics and/or Sta- 
tistics with graduate training in Statistics preferably at M.Sc. or Ph.D. 
levei with at least five years post-graduate experience. Experience in 
design of experiments, alternative methods of analyses of date, preparation 
of computer programmes and machine processing of data is desirable. 
Salary, baste: E.A. Sh 22,500-42,420 (£ ren 1,316-2,474) p.a. plus a 
tax free inducement allowance in the range £ Sterling 794-1,025 p.a (payable 
by the British Government on behalf of the East African Community to 
an officer’s bank account outside East Africa) Gratuity 25% of basic 
salary plus inducement allowance Contract 2 years. 


GHANA 


Adviser in Agricultural Marketing Economics 
RC 213/70/017 


Duties: To advise the Chief Agricultural Economist in marketing investiga- 
tions and collaction of marketing information. 

Qualifications’ Honours degree in Agricultural Economics, Economics 
or Agriculture with post-graduate qualrfication in Agricultural Economics, 
and considerable experience of marketing agricultural produce tn the 
tropics. 

Salary: £ Stg '5—3,425 p a. depending on qualifications and experience, 
subject to British Income Tax, plus a vamable non-taxable overseas allow- 
ance from £ Stg 705-1,395 p.a according to marital status 

Contract. 18 months 





LESOTHO 
Agricultural Officer (Botanist) RC 213/18/09 


Duties: To undertake the organisation with farmers associations for seed 
multiplication and production of wheat, hum, peas, beans and potatoes; 
responsibility for the administration of the Seed Testing Laboratory at 
the Maseru Research Station. 

Qualifications: Honours degree in Agriculture or Agricultural Botany 
essentral A post-graduate qualification eg Diploma in Agriculture 
(Cantab.) or D.T.A. (Trinidad) an added advantage Experience in seed 
production with small scale farms in Africa and of extensive methods of 
production under both dryland and irrigation conditions desirable. N D.A 
applicants with suitable experience may be considered in certain circum- 
stances, 

Salary: Rands 2,172-4,600 (£ Sterling 1,267-2,800) p.a. plus an inducement 
allowance in the range £288-528 p.a. Tax free gratuity 25% of salary and 
inducement allowance. Contract 2 years. 


MALAWI 
(1) Extension Alds Officer RC 213/134/034 


Duties: To undertake the organisation, financial control and administration 
of the Extension Aids Section; to plan the implementation of programmes 
using mass media and audio visual aids, and to evaluate and report on 
programmes, staff and methods. 

Qualifications Degree or diploma in Agriculture, with experience in 
administration and agricultural extension work, including some aspects 
of audto visual media. 

Salary: £2,655 p.a. 


(2) Senior Agricultural Economist RC 213/134/037 


Duties. To assume responsibility for agro-economic studies, including the 
supervision of fleld surveys and the interpretation of their findings for use 
In formulating agricultural policy. To give professional advice in the prep- 
aration and evaluation of agricultural development projects and to assist 
in the preparation of long-term agricultural supply projections. Supervision 
of work by agricultural and planning economists within the Planning Unit 
of the Malaw: Ministry of Agriculture. 

Qualifications: A good degree in Agricultural Economics with a bias 
towards micro-economic aspects of agriculture. Experience of farm manage- 
ment studies or the planning of agricultural development projects in 
developing countries is required. 

Salary: £2,655 p.a 


(3) Project Evaluation Officer RC 213/134/032 


Duties: To undertake the setting up and running of a small unit involved 

in evaluating the progress, interpreting the results and future planning 

of the Agricultural Development Schemes. 

Qualrfications- Degree in riculture preferably with post-graduate 
ualifications ın micro-Agricultural Economics or Farm Management. 

Experience with small farmers in tropical agriculture 1s desirable. A 

good knowledge of statistical surveying, marketing, evaluation and planning 

techniques desirable. 

Salary. £1,485-2,600 p.a. 

ALL POSTS: A terminal gratuity of 25% of salary ts payable on completion 

of tour of not less than 30 months. In addition a supplement of £216— 

£276 p a. 18 payable to officer's home bank account. Both supplement and 

gratuity are normally free of tax. Contract 2-3 years. 


MONTSERRAT 
Land Settlement Management Adviser RC 213/114/01 


Duties: To work with his local counterpart to establish a system of opera- 
tion that will achieve the effective management of land settlement schemes. 
Qualifications & Terms: Degree in Agriculture or relevant subject, with 

rience tn organtsing land settlament schemes overseas Honorarium 
£75-£100 a week, subject to British Income Tax, plus allowances Contract 
4 months. 


SWAZILAND 
Animal Husbandry Officer RC 213/169/01 


Dunes’ Training of veterinary and extension staff, supervision of livestock, 
{try and dairying centres and the general improvement of animal 
usbandry techniques among farmers. 
Qualrfications: Degree in Agriculture, with experience in animal husbandry 
Salary R.2,494-4,800 (£ Sterling 1,499-2,800) p.a. plus an indwcement 
allowance of £288-516 p.a. normally free of local Income tax. Gratulty 25% 
of basic salary and tnducement allowance. Contract 3 years. 


ZAMBIA . 
Agronomists RC 213/132/07 


Duties: To work at a regional experimental station and be responsible 
for programmes of research, collaborating with extension staff. 
Qualifications: Degree in natural science, preferably with experlence In 
field experimental work. 

Salary: Kwacha 1,944-4,344 (£ Starling LEZ p.a. In addition an 
inducement allowance in the range £243—429 p.a. Is payable plus a supple~ 
ment ranging from £233-291 p a. (payable direct to cers bank account 
outside Zambia). 25% gratuity. Supplement and gratulty are both free 
of local income tax. ntract 3 years. 


Officer, ‘Reon B50, N25, 


Eland House, Stag 
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SCIENTIFIC CIVIL SERVICE 


CENTRAL RESEARCH ESTABLISHMENT 


Aldermaston, Reading, Berks. 


1. BIOCHEMIST (graded Senior Scienufic Officer/Sciemufic Officer) to work on the 
«mmunochemical individuality of Human serum grotems in bloodstams The tech- 
auques curremly used involve electrophoresis and other physico-chemical techniques 
designed for accurate quanttation 

2, CHEMIST (graded Senior Scientfic Officer/Scientific Officer) to study micro- 
analyucal techniques, particularly gas chromatography coupled to an AFI MS902 
Mass Spectrometer for drug identification and metabolism studies 


Opportunities for study towards a higher degree 
Tae Central Research Establishment andertakes research work and provides an 


mfonmation service for the regional forensic science laboratories in England and 
Wales. 


Salary: SO. £1,020 to £1,740; SSO. £1,925 to £2,372 

Qualifications: 1st or 2nd class honours degree, or equivalent qualification in appro- 
prate subset and, for $S.O., at least 3 years’ post-graduate experience Age: 
SO under 29, SS.O. normally 26 to 31. 

Prospects of permanent pensionable eppomtments. 


APPLICATION FORMS from the Director, Home Office, Central Research Estab- 
lishment, Aldermaston, Reading, Berks, RG7 4PN. 


Closing date: July 15, 1969. 


FOOD STANDARDS, SCIENCE AND 
SAFETY DIVISION 


Ministry of Agriculture, Fisheries and Food 


FOOD SCIENTIST (graded SS 0./S.O.) required to asalst in the revision of “ The 
Composition of Foods ” by R. A. McCance and E. M Widdowson M R.C. Special 
‘Report No. 297, 1967) The work will include e critical scrutiny of the value at 
presem in the food tables, and a special reference to vitamins, ammo acids and the 
effects of cooking The candidate appointed will work at the Dunn Nutnuonal 
Laboratory in Cambridge for a period of up to 5 years. 


Salary: S.O £1,020 to £1,740 ; S S.O. £1,925 to £2,372. 


Qualifications : Ist or 2nd class honours degree in nutriuon, or equivalent, with back- 
ground of chemistry or biochemsry and, for S.S.0., at least 3 years’ post-graduate 
experience Knowledge of statistics and of use of food tables and ther application 
is desirable, Age. S.O under 29; SSO. normally 26 to 31. 


APPLICATION FORMS from Mus A. S. McCEWAN, MINISTRY OF AGRICUL- 
TURE, FISBERIES AND FOOD, Room 619, Great Weatmunster House, Horseferry 
Road, London, S.W.1. Closing date: July 13, 1969. (2447) 


MOUNT VERNON HOSPITAL 
NORTHWOOD, MIDDLESEX 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF GEOLOGY 


POSTDOCTORAL AWARD 


Apolations are invited for a pos- 
doctoral award for work on the geochem- 
istry of clastic rocks of the geosynclinal 
environmem including the application of 
membrane colonmetry to elemental distn- 
bution. The inital appointment would be 
for one year with pogmble extension for 
two further years. Salary within the range 
of £1,200 to £1,400 per annum 

Agolicattons, including a curriculum 
vitac and the names of two referees, should 
be sent before July 7, 1969, to Professor 
The Lord Energlyn (2468) 





UNIVERSITY OF OXFORD 
DR LEE'S PROFESSORSHIP OF CHEMISTRY 


The electors mtend to proceed to an election 
to the Professocehip, which will fall vacant on 
October 1, 1970 (or at euch earlier date as the 
person elected m én a postion to take up the 
appomtment). The present stipend of the post 
18 £4,390 e year, with allowance of £645 a 
year m respect of the Professor’s duties as head 
of the Ob eLaboratory 

Further perticulars may be obtained from the 
Registrar, University Reémstry, Oxford, by whom 
applications (nine comes), naming three referees, 
but without testimonials, should be recerved not 
later than September 26, 1969. (23395A) 


Applications are mvited for the post of RE- 
SEARCH ASSISTANT ın a laboratory engaged 
in the study of chromosomes and related pheno- 
maa in human tumours and prencoplastic con- 


diuons Although a student who expects to 
g:aduate this year would be considered, prefer- 
ence would be given to a candidate with a good 
Honours degree and some experience in oyto- 
genetics The post would be suitable for a Ph D., 
candidate. Salary according to age and expen- 
ence on scale equivalent to that of Jumor Lec- 
turer 

Applications, with the names of two referees, 





to Hospital Secretary. (2470) 
PORTSMOUTH COLLEGE OF 
TECHNOLOGY 


SCHOOL OF PHARMACY 
RESEARCH ASSISTANTSHIP 


Applications are invited from candidates who 
have, or expect to obtain, a good honours de- 
gree in biochemistry, pharmacology or pharmacy 
(with honours in pharmacology) for the post of 
research assistant, The post m tenable for three 
years and the successful candidate will be ex- 
pected to register for e higher degree The pro- 
Ject, under the direction of Dr E. T. Abbe, is 
supported by a grant from the Batsh Heart 
Foundation and will involve a study of sympe- 
thetic control mechanisms in mammalian heart 
Salary scale £1,000 by £50 to £1,100 per annum 

Further details and application forms may be 
obtained from the Staff Officer, Portsmouth 
College of Technology, Hampshire Terrace, 
Portsmouth PO1 2EG, to whom completed appl- 
cations should be returned by July 21, 1969. 

(2476) 


For further Classiffed agvertisements see page y. - 





NEW ZEALAND 
Agriculture Department 


Applications are invited for the under- 
mentioned vacancy: 


VACANCY B 13/2/144/2145 


SCIENTIST 


INVERMAY AGRICULTURAL 
RESEARCH CENTRE 


Salary payable ap to NZ$3,930 accord- 
mg to qual:fications and ence 
Ooporumty exists for further promotion 
to NZS$7,300 on scienufic merit. OR 


Technical Officer —Salary payable up to 
NZ$3,200 according to qualificauons and 
experience, ty exists for further 
Promotion to NZ$4,190 on ment, 


Duties. To take complete charge of the 
day-to-day running of the soil testing ser- 
vice under the general direction of a Scien- 
ust. This involves supervising and training 
of junior technical staff, maimtainmg saem- 
tific t and ensuring that a satis- 




















factory standard of operations is main- 
tained. Experience n automation of 
analyses would be of value Appointee 





will also be required to assist with the ex- 
perimental programme and carry out non- 
route analyses. 


Qualifications —Science degree in Chem- 
istry, or New Zealand Certificate of Science 
m Chemistry or acceptable equivalent. 


Passeges —Fares for appointee and his 
wife and family, if married, will be paid. 


Inculental expenses —Up to £35 for a 
single man and £100 for a man can 
be claimed to cover the cost of taking per- 
sonal effects to New Zealand, 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W 1, with 
oN applications will close on August 1, 
1969. 


Please quote Reference B 13/2/144/2145 
when inquinng. (2463) 



















NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATIONAL INSTITUTE OF 
OCEANOGRAPHY 


has the fohtowing vacancies for graduates 


(SCIENTIFIC OFFICER /SENIOR SCIENTIFIC 
3 OFFICER) 


A MARINE GEOLOGIST (Ref. N1.O 69/ 
006) to join an active group studymg the geo- 
logy of the continental shelf and slope The 
work will have a leaning towards secwnentation 
processes and {mtaHy may be partscularly con- 
cerned with the nature, ongn and geological 
significance of shelly gravels. Appkcams must 
be prepared to spend an average of about a 
month cach year at sea in research vessels, ‘using 
sampling equipment and a vanety of acoustsc 
devices. A good honours degree in geology m 
required but research experience is not caseatial 

A PHYSICIST or MATHEMATICIAN (Ref. 
NIO 69/007) to work in 2 programme ot 
experimental and theoretical study of the trans 
fer of heat, water and momentum between the 
air and the sea, requnng measurements of a 
number of properties of both media close to the 
surface of the deep ocean The successful can- 
didate will take part m the planning and direc- 
uon of tmals at sea with a vertical spar buoy, 
in the choice or design of meteorological and 
oceanographic instruments, in designing systems 
for recording the observations and in interpretmg 
the results The amount of sea-time ss uncertain 
but may average about six weeks a year. Ap- 
Plicants should have a good honours degree in 
physics or mathematics, and research expenence 
ın octapography, meteorology or fluid mechanics, 
and famuranty wh problems of mstrument de- 
sgo, would be useful. 

In both cases, evidence of ability to work 
effectively at sea would be an advantage 

Salaries: Scientific Officer (under 29 years at 
December 31, 1969) £1,020 to £1,740 per 
annum); Semor Scientufic Officer (normally at 
least 26 years and under 32 “years at December 
31, 1969), £1,925 to £2,372 per annum 

Application forms from Natlonal Institute of 
Oceanography, Wormiey, Godalming, Surrey, 
quoting appropnate reference. Closing date for 
receipt of application forms July 25, 1969, 

(2443) 
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University of Leeds 


Pt va pad Pan se ht me 


Department of Botany 


re 


Applications are Invited for the post of 


SR. 
RESEARCH 
ASSISTANT 


ın programme concerning the histochemis- 
try and electronmicroscopy of brown algae, 
under the supervision of Dr L. V. Evans 
Appiucants should have, or expect to ob- 
tain, a good honours degree in Botany, and 
some research experience would be an 
advantage 


The appointment, tenable from October 
1 (or earlier by arrangement), is for one 
year in the first instance renewable for a 
further two years Salary withm the range 
£850 to £1,120 


Applications, giving curriculum vitae and 
the names of two referees, should be sub- 
mitted by July 7, 1969, to Prof I Manton, 
FRS, Botany Dep, The University, 
Leeds LS2 9JT ~ (2482) 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATIONAL INSTITUTE OF 
OCEANOGRAPHY 


has a vacancy for a 


ZOOLOGIST 


(SCIENTIFIC OFFICER /SENIOR 
SCIENTIFIC OFFICER) 


who will be concerned with aspects of the 
ecology of epibenthic organisms and will 
be expected to take part in the work at 
sea in research vessels Applicants should 
have a first or upper second class honours 
degree, and research experience would be 
an advantage, as would evidence of ability 
to work effectively at sea 


Salaries 

Scientific Officer (under 29 years at 
December 31, 1969) £1,020 to £1,740 per 
annum 

Senior Scientific Officer (normally at least 
26 years and under 32 years at December 
31, 1969) £1,925 to £2,372 per annum 

Application fofms from Netional Insti- 
tute of Oceanography, Wormley, Godalm- 
ing, Surrey, quoting Ref. NIO 69/005. 


Closing date for recept of application 
forms July 25, 1969 (2448) 








International Scientific Relations Division 
Department of Education and Science, London 


Research Scientist (graded Senior Sctentific 


Officer/Scientific Officer) with general administrative ability 
and scientific interests and background required to assist in 
promoting U.K. participation in the scientific activities of inter- 
national organisations such as O.E.C.D. The successful applicant 
will be responsible to the head of the scientific section and 
his duties will involve collaboration with other organisations and 
research laboratories in Government Departments and elsewhere. 
Experience in writing reports and tn a research laboratory essential. 


Salary: S.O. £1,145-£1,865; S.S O. £2,050—-£2,497. 


Qualifications: 1st or 2nd class honours degree or equivalent 
In science or engineering and, for S.S.O., at least 3 years’ post- 
graduate experience. Working knowledge of French an advantage. 


Age: S.O. under 29, S.S.O. normally 26-31. 
Prospects of permanent pensionable appointment. 
Application forms from Miss M. E. Gummer, Department of 


Education and Science, Curzon Street, London, W.1. (Telephone 


01-493 7070 Ext. 311). Closing date: 15 July, 1969. 
(2445) 





RADIOLOGICAL PROTECTION SERVICE 


(Department of Health and Social Security, and Medical Research Council) 
Clifton Avenue, Belmont, Sutton, Surrey. 


Trace Element Laboratory 
MASS SPECTROMETRY 


Applications are invited for the post of 


SCIENTIST 


to be responsible for the development of spark source and thermal 1onisa- 
tion mass spectrometry applied to investigating the chemical composition 
of man in relation to his environment. 


Other methods of analysis that are available are X-ray fluorescence, neutron 
activation, g-spectrometry, a, 8, y counting systems, and gas chromato- 
graphy. 

The applicant should be conversant with spark source mass spectrometers 
and have appropriate practical experience. 

Qualifications required: Good honours degree in Physics or Chemistry. 
Salary range: £1,175 to £2,275 p.a. M.R.C Conditions of employment. 


Applications, with the names and addresses of two professional referees, 


to the Director at the above address. 
(2520) 


VIROLOGY SENIOR TECHNICIAN OR 
Techmicran required to asaist in the day to day 
work of the non-specific ummumty secuon. Ex- 
perience in Virology and tissue culture techniques 
essential. Salary ın range £817 to £1,400 accord- 
ing to age, qualhfications and expernence. 37}- 
hour week, superannuaion scheme and four 
weeks annual leave —Applications in whiting to 
Departmental Supenntendent, Department of 
Biochemistry, Imperial CoHege, Longor Pe A 


NEW QUALIFIED CHEMISTS OR BIO- 
CHEMISTS required, to undertake routine and 
research work involving biochemical investiga- 
uong of haematologic#l problems. Salary m 
range £1,050 to £1,445 according to qualifications 
and experience. Furaher particulars, available 
from the Professor of Haematology*—Applica- 
uong, im writing, quoting reference P 28, and 
naming two referees, to the Hospital Secretary, 
King’s College Hospital, Denmark Hill, London, 
SE5 a (2512) 

` e ° 
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CSIRO 


RESEARCH SCIENTIST 
AUSTRALIA 


WHEAT RESEARCH UNIT 


GENERAL The Wheat Research Unit of the Commonwealth Scientific 
and Industrial Reseach Organization is housed in new laboratories in a wing 
of the Bread Research Institute of Australia with which it works tn close 
association. It 1s on a site, eight miles from the centre of Sydney, accommo- 
dating the CSIRO Divisions of Food Preservation, Mineral Chemistry and 
Animal Genetics. It is two miles from Macquarle University. The Unit is 
engaged ın fundamental studies of the wheat grain with particular emphasis 
on the investigation of the biochemical aspects of wheat quality. Projects 
currently being undertaken include studies on the proteins, enzymes, non- 
starch polysaccharides and lipids of the wheat grain together with an assess- 
ment of the ways in which these components interact during processing. 
The Unit Is particularly well equipped to undertake Protein fractionation and has 
a good range of general equipment including U V. and visible recording and 


manual spectro-photometers, automatic analysis equipment and excellent 
library facilities. 


DUTIES The appointee will become part of a team Investigating the 
physical, chemical and blochemical properties of the proteins, non starchy 
polysaccharides, lipids and other components of the wheat grain. Initially, 
the appointee may be required to collaborate in the work leading to the 
fractionation and purification of the components with which he will ulti- 
mately be dealing The appointee'’s previous training and experience will be 
considered in determining the exact nature of his participation in the overall 
research programme of the Unit. 


QUALIFICATIONS Applicants should have a Ph.D. degree in some field 
of physical chemistry or biochemistry. Some experience in the fractionation 
and characterization of natural products tn the classes mentioned above 
would be considered an advantage but is not necessary. Alternatively 
applicants will be considered having Postgraduate research experience of 


equivalent standard and duration, supported by satisfactory evidence of 
research ability 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321— $A6,693 
pa, or Senior Research Scientist, $46,963—$A8,045 pa. Salary rates for 
women are $A428 p.a less than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with ıt Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination An initial probationary period of twelve 
months may be specified. Fares paid for the appointee and his dependent 
family. Further details supplied on application. 


Applications, (quoting Appointment No: 651/29), and stating full name 
place, date and year of birth, nationality, marital status, Present employment, 
details of qualifications and experience, together with the names of not more 


than four persons acquainted with the applicant's academic and professional 
standing, should reach: 


Mr. R. F. Turnbull, 

Chief Sclentific Liaison Officer, 

Australian Scientific Liaison Office, 

64 Kingsway, 

LONDON, W.C.2. by the 25th July, 1969 


“Applications in U.S.A. and Canada should be sent to the Scientific 
Attaché, Australian Embassy, 1601 Massachusetts Ave. NW, 
WASHINGTON, D.C. 20036. 





UNIVERSITY OF OXFORD 


Technicians and Junior Technicians required 
late summer or early autumm One or two of 
the posts would require previous expenence of 
laboratory work, but others would suit sobool- 
leavers taking GC.E. “O” levels includmg 
chemistry Five-day week University salary 
scale with, 54-6 weeks pai holiday per year and 
pensions scheme at 21 

Apphcations an wring to Administrator, De- 
partmem of Biochemistry, South Parks Road, 
Oxford (2514) 


revious ex- 
perience in serological and/or histological tech- 
niques an advantage —A tons, two 
referees, to the Director. (2479) 


CHARING CROSS GROUP OF HOSPITALS, 
Kangsbury Maternity Hospital, Honeypot Lane, 
N.W.9. Temporary Labour Ward Superinten- 
dent required immediately. SRN, SCN— 
Applications to Matron. 4572 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
SENIOR TECHNICIAN/TECHNICIAN 
is required to work in the Department of Elec- 


Tequired to work under supervmon to build 
electron equipment utssing modem 
componeat techniques and to marmtam such 
equipment. The post is teoable initiaHy for two 
years 


Age Limit 21 to 54 year. 
Salary Scale’ Technicans: £692 to £977 per 


and experience (additions of £30 and £50 for 
approved qualifications). Senior Technicians 
£957 to £1,195 per annum (under review) ac- 
cording to qualifications and experience (addi- 
tions of £30 and £50 for approved qualifications) 
Five-day, 374-hour week, superannmation scheme, 
canteen facilities. 

Requests for application forms, quoting Refer- 
ence EE 68, should be sent to the Regstrar of 
the Institute, Sackville Street, M60 
IQD Completed forms to be returned by July 
4, 1969. (2499) 





CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
MANRESA ROAD, S W 3 
DEPARTMENT OF PHARMACOLOGY 
Applications are invited for the following re- 
search postion. 

BIOCHEMIST, preferably with postgraduate 

mm nuckic acid and/or protein re- 

search to work om RNA and protein synthesis in 
the centml nervous system during the develop- 
mem of tolerance and dependence to narcotic 
analgesic drugs. The appointment u an M.R.C. 
research asssstantship and is for three years, on 
the Lecturer salary scale, with a startmg salary 
of up to £1,355 per annum, plus F.SS.U 

Applications should be addressed to Dr B M. 
Cox. (2500) 





CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 


DEPARTMENT OF PHARMACOLOGY 


Applications are invited for the folowing re- 
search position: 

RESBARCH STUDENT, with first or upper 
second degree ın Pharmacology or Physiology 
to study foetal smooth muscle. The successful 
applicant will be required to register for a higher 
degree. The value and conditions of the Student- 
ship are the same as those for SRC. Research 
Studentships 
Applications should be addressed to Professor 

Ginsburg. 0 


M (2501) 





UNIVERSITY OF READING 
DEPARTMENT OF BOTANY 
FLORA EUROPAEA 
Applications are invited for a post of S.R.C 
RESEARCH ASSOCIATE to asst in the pre- 
Pparation and editing of Flora Europaea. Camt- 
dates shonkd have an interest in and some ex- 
perience of formal taxonomy and should possess 
a good Honours Degree in Botany. Salary on 
the scale £1,240 by £115 to £1,470 plus F.S.S.U. 
according to age, qi uong and experince 
Ths post is for one year in the first instance, 
renewable up to a maxmum of three years 
Appointment will date from October 1, 1969, or 

from such earher date as may be arranged. 
Applications giving currcalum vitae and the 
names of two referees and quoung M.35 should 
be submitted by July 30, 1969 to the Asmstant 
Bursar (Persopnel), University of Reading, 
Reading. Berks, from whom further particulars 
are available. (2502) 


UNIVERSITY OF MANCHESTER 
RESEARCH ASSISTANT IN THE 
DEPARTMENT OF PHARMACOLOGY 


Appifcatrons invited from graduates in pharma- 
cology or pharmacy (special subject pharmaco- 
logy) for ths one-year post, The successful ap- 
pleant will work on a problem in tropical 
pharmacology Salary range per annum 
to £1,000. 

Further particulars and application forms (re- 
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UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHILD HBALTH 


RESEARCH ASSISTANT 


Applicanons are invited from suitably 
qualified science graduates to undertake 
imeresting research into the cause of cystic 
fibrosis It ıs proposed that the work will 
involve tassue culture and a study of endo- 
crine factors Mkely to be molicated 


Appropriate traming faciWtics are available 
and the work will be surtable for Ph.D 
or MSc. study. 


Salary scale 1s £900 per annum. Starting 
date by arrangement 


Applications (three comes), stating age, 
qualificatons end the names of two 
referees, should be lodged with the under- 
signed not later than June 30, 1969. 


ROBT T HUTCHESON, 
Secretary of the University Court 


(2453) 





TENOVUS INSTITUTE FOR CANCER 
RESEARCH 


WELSH NATIONAL SCHOOL OF 
MEDICINE 


SENIOR TECHNICIAN 


required at the Tenovus Institute, Heath, 
Cardiff, to take charge of the gas-liquid 
chromatograptry section for plasma and 
urinary steroid analysis. Applicants should 
bae HNC, BSc or equivalent. Encour- 
agement given to study for higher qualif- 
cauons 


Salary £1,106 to £1,361 per annum de- 
Pending on qualifications and experience. 


Written applications, together with the 
names of two referees, should be sent 
immediately to the Academic Registrar, 34 
Newport Road, Cardiff CF2 1YE. 


@455) 





UNIVERSITY OF STON aN 
IRMINGHAM 


DEPARTMENT OF BUILDING 


Appňcauons are invited for two RE- 
SBARCH posts. 


(1) RESBAROH FELLOW 
for work on the bermal properties of 


perience in heat transfer or the thermal 
properties of materzals, 


(2) RESBARCH ASSISTANT 
for research and measurements in Acoustics 
and Sound Transmission in buildings. Can- 
didates should be graduates in Physics or 
Elecurront Engineering The appouxment 
18 for a three-year period, 


Salary scale , 


Research Fellow, £1,585 by £115 to 
£2,045 (bar) by £115 to £2,275 per 


annum, 
Research Assistant, £750 by £90 to 
£1,200 per nnum. 


Application forms and further detalls 
may be obtained from the Staff Officer 
Ref. No. 697/6), The University of Aston 
m Birmingham, Gosta Green, Birmingham, 
4, to whom applications should be for- 
warded within 14 days of the appearance 
of chis advernisemem. (2474) 





UNIVERSITY OF MANCHESTER 


RESEARCH ASSISTANT IN 
BOTANY 


Apphcations inviged for this post from candi- 
dates interested in btosysiematics and taxonomy. 
Salary range: £800 to £900 per annum. Appoint- 
ment initially for one year. 

Further particulars and application forms (re- 
turmabke by July 12) from the Registrar, the Uni- 
versity. Manchester, M13 9PL. Quote Ref.: 
132/69/Na. (2511) 





Wellcome 





RESEARCH CHEMIST 


A graduate, interested in the chemistry of proteins, is required 
to assist in an expanding research programme relating to 

the isolation of antibodies and other proteins. His duties would 
include supervision of the operation of the analytical 


untracentnfuge. 


At least a good Honours degree Is required and while some 
experience in this field is desirable, it is not essential. 

The laboratories are modern and well-equipped and located 
in pleasant parkland surroundings within easy reach of 
Beckenham and Bromley. The appointment carries excellent 
conditions of service and salary will be commensurate with 


qualifications and experience. 


Applications quoting ref. U.122 and giving relevant details 
should be addressed to the Senior Personnel Officer, 

THE WELLCOME RESEARCH LABORATORIES, 

Langley Court, Beckenham, Kent, BR3 3BS. 


UNIVERSITY COLLEGE OF 
WALES 


DEPARTMENT OF ZOOLOGY 


Applicatrons are mvited for the post of 
RESEARCH ASSISTANT in the Depart- 
ment of Zoology tenable from October 1, 
1969. The laboratories are extremely well 
equipped for research work in ficks 
cemred within ammal behaviour, cel and 
developmental biology, ecology, endocrino- 
logy, marne science and pe s 
Candidates with research interests in any 
of these subjects wil be considered. Salary 
£750 per annum aod an opportunity to 
take a postgraduate degree 

Appbcation forms may be obtained from 
the Registrar, to whom aH applications 
must be sent by August 4, 1969. (2359) 


CHILD HEALTH 
UNUVERSITY OF LONDON 


RESBARCH FBLLOW 

the Denartment of Haematology to study 
immunological aspects of acute leukaemia 
m children Bmperience of tissue cukure, 
haematological and ssotope techniques 
would be an advantage. The research 
could €orm the subject of a thems for a 
mgher degree. 


Appointment for one year in the first in- 
stance, renewable op to three years. For- 
ther paruculars may be obtained from 
Professor R. M Hardisty. 


Applications, including full details of 
qualificanons end experience and the names 
of two referees, should be sent by July 21, 
1969, to the Secretary, Institute of 
Health, 30 Guilford Street, London, W C.1. 


(2451) 


UNIVERSITY OF SURREY 

DEPARTMENT OF MATHEMATICS 

Applications are Invited for the post of 
ASSISTANT LECTURER 


LECTURER or 

IN STATISTICS Good qualifications in 
Mathematical Statistics ere essential and 
experience of Applied Statistics would be 
an advantage. 


Salary will be on the scale £1,585 to 
£2,850 per annum, with F.SS'U benefits 


Applications, together with the names 
and addresses of three referees, should be 
submitted by July 11, 1969, to the Aca- 
demic Remstrar (LFG), University of 
Surrey, Guildford, Surrey, from whom fur- 
ther particulars may be obtained. (2462) 


UNIVERSITY OF LONDON .- 
IMPERIAL COLLEGE 


DEPARTMENT OF - 
GEOLOGY 


Applications are invited for the post of 

ECTURER or ASSISTANT 
IN STRUCTURAL GEOLOGY, duucs to 
commence September 29, 1969, or as soon 
as possible after this date. Duties inciude 
teaching at undergraduate and postgraduate 
levels Salary within the scales > Asnstant 
Lecturer £1,240 by £115 to £1,470; Lec- 
turer £1,585 by £115 to £2,850, plus £60 
London Allowance ger annum and FSS U 
benefits 


Aopplications or further particules from 
Professor J G Ramsay, Geology Depart- 
ment, Imperal Coll London, 8 W.7 


(2452) 








JĀ UNIVERSITY: ` 
tJI OF DUBLIN |) 


RESEARCH 
ASSISTANTSHIP 
IN GEOLOGY 


o 

1, 1969 

£800/£900, Applicants 

should have interests ın Stratigraphy, 
Palacontology, and Sedimentation and 
should be prepared to undertake field work 


‘Applications, enclosing the names of two 
referees, should be sent to Professor C H. 
Holland, Trinity College, Dublin, 2, from 
whom further particulars may be obtained, 
Closing date July 12, 1969, (2503) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


Applications are invited for the post of part- 
tume EXPERIMENTAL ASSISTANT ın the 
School of Physics (Department of Geo 

and Pfanetary Physics). Candidates should be 
graduates in Ma 


Applications, together with names and ad- 
dresses of two 


be made, should be lodged with the Professor of 


, The » Newcastle upon Tyne 
NEI 7RU, not later than July 18, 1969. 


(2530) 


UNIVERSITY OF LONDON 


The Medical College of 
St. Bartholomew’s Hospital 
West Smithfield, London, E.C.1. 


A POST-DOCTORAL 

* RESEARCH 

APPOINTMENT IN 
ENZYME CHEMISTRY 


Applications are invited for a post- 
doctoral research appointment for work 
on the kinetics and mechanism of action 
of enzymes in free solution and attached 
to other polymer matrices with Professor 
E. M. Crook and Dr K. Brocklehurst 


Salary: £1,415 by £115 to £1,530 per 
annum plus FS S.U 


The appointment, which is sponsored by 
the Science Research Council, would start 
as soon as possiblf Applicants should 
send for further details (and enclose a 
curricwlum vitae, nading two referees) to 


the Secretary . (2521) 








mir t 
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UWIST 


CARDIFF 
DEPARTMENT OF APPLIED BIOLOGY 


RESEARCH ASSISTANT 


Apphcaton forms, obtainable from the Deputy 
Untrernity of Wales 





THE METAL BOX COMPANY 
LIMITED 


R & D DEPARTMENT—INFORMATION 
SERVICES . 


INFORMATION 
TECHNOLOGIST 


with a degree, H.N.C, or equivalent qual- 
fication m physics, 


The successful candidate will initially be 
respons:ble €or providing an imformauon 
service mamly to scientists and technolo- 
gists working on aerosol container develop- 
ment and the packaging of beer and bever- 
ages. Duties include studying the user's 
Interests and needs, reviewing and giving 
advice on sources of mformaton and ex- 
pert knowledge, performmg information 
searches, preparing and editing abstracts, 
indexes, data compilations, bibliographies, 
surveys and technical publications. 


Candidates must be able to present in- 
formauon clearly, accurately and concsely 
in good functional English. Previous ex- 
perience ın information work or m R & D, 
and a qualification in information science 
are desirable but not essemial. 


Apply in woung to` CA 7, Research and 
Development Department, The Metal Box 
Company Lim.ted, Kendal Avenue, West- 
fields Road, Acton, W3 


(2477) 





FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 


PROFESSOR OF BIOLOGY 
(Microbiology) 


SCHOOL OF BIOLOGICAL SCIENCES 


Applications are invited from microbiologsts 
for appolntmem as PROFESSOR OF BIOLOGY 
i the School of Biological Sciences. This is a 
fully integrated School, without separate depart- 
ments, and with teaching and research interests 
extending broadly Into the fields of brochemistry, 
biophysics, developmental biology, 
physiology, and taxonomy There is at present 
an academic staff of sixteen m the School, in- 
cluding three other Chars of Biology. 


od year level, and to 
accept a major responsibility for later year and 
research specialisation in microbiology. Other 
considerations beng equal, preference may be 
given to an applicant with special mmerests in, or 
some familiarity with microbial genetics. Io 
formal inquiries concermng the School may be 
iter ipa to the Chairman, Professor A. M. 
TK. 


Salary: $A12,000 a year. Superannuation is 
on the F.S.S U. bass 

Conditrons of appointment, information about 
the development of the University and details re- 
quired of applicants may be obtained from the 
Secretary-General, Association of 
wealth Universities 


Park, South Australia, 5042, with whom applica- 
tions should be lodged by July 31, 1969. 
(2493) 


MEDICAL RESEARCH 
COUNCIL. 


HUMAN 
BIOMECHANICS 


The HUMAN BIOMECHANICS 
LABORATORY of the National 
Institute for Medical Research 
(Hampstead) has a scientific staff 
vacancy for research on human 
motion. The research embraces 


fundamental studies of the mechanics 
of normal muscle action and the 
ergonomic 
problems, 


approach to practical 
The Laboratory has a 
wide range of facilities for research 
on human subjects and is also con- 
cerned with the development of new 
methods. Applicants should have 
postgraduate research experience, pre- 
ferably in functional anatomy and 
human muscle action. Salary in the 
range £1,585 to £1,930 p.a. with 
superannuation under F.S.S.U. Ap- 
pointment is for three years in the 
first instance but may be renewed 
Applications should be addressed to 
the Director, National Institute for 
Medical Research, Mill Hill, London, 
N.W.7, from whom further particu- 


lars may be obtained. 
(2522) 





UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for post of MEDICAL 
STATISTICIAN (Senior Lecturer/Lecturer grade) 
in Department of Preventive and Socal Medi 
cine. Appointee wH! be required to participate 
in the teaching of undergraduates and post- 
graduates and also to provide consultations for 
senior staff in the Faculty who require assistance 
m the design of ther studies and analyses of 
their results. Appomiment, for two yan 
uutally and subject to review thereafter, to be 
assumed as soor as posmble. Salary scales: 
Sentor Lecturer, £N2,275 to £N2,575 per sanum ; 
Lecturer, £N1,200 to £N2,175 per annum (£N1 
= £1 3s. 4d. stering). Salary supplemented in 
range £240 to £515 pec annum (sterling) and edu- 
cation allowances and chidren’s holiday vwt 
Passages payable in approprmte cases under 
Bntsh Expatriates Supplementation Scheme 
Famiy passages; venous ellowances; F.S.SU.; 
regular overseas leave. 


(2444) 


SOUTHAMPTON GROUP 
HOSPITAL MANAGEMENT 
COMMITTEE 
TREMONA ROAD, SHIRLEY, 
SOUTHAMPTON, SOI 6HU 


ENDOCRINE LABORATORY 


SCIENCE GRADUATE OR 
MEDICAL LABORATORY 
TECHNICIAN 


required for Endocrine Laboratory and in 


association wh the Group Pathology 
Laboratory work on the Radioimmunoassay 
of Peptide Hormone, particularly Para- 
thyroid Hormone and in associated re- 
search. 

Envisaged grading as that of basic Bio- 
Chemat or Senior I Medical Laboratory 
Technician. 

Further information o®tainable from Dr 
R. M. Buckle, of Endocrmo- 
logy, Southampton General Hosptal 

Applications to the Group Secretary, at 
the above address (2526) 











-r 


NATURE, JUNE 28, 1969 





- a 


BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 


‘DEPARTMENT OF BOTANY 


“RESEARCH ASSISTANTS 


Applications are invited for two posts of 
RESEARCH ASSISTANT to work with 
Dr J. D ‘Dodge on the structure, distri- 
buton and taxonomy of Dunoflagellates. 


1 Sctemce Research Council Assistant- 
sbip for work om fine stracture of tke 
Dinophyceae. This post wilt myolve cul- 
ture work, light microscopy and the pre- 
paration and exammation of organams by 
varfous fine structural techniques. Some 


experience of eiectron mucroscopy would 
be an advantage, but m not essential. 


2 Nateral Environmeat Research Coum- 
cil Assistantship for work om the distribu- 
tion amd taxomomy of marine dheoftagel- 
lates, This post will involve the collection 
and examination of manne phytoplankton 
samples and the collectfon of taxonomic 
information concernmg the Dinophyceac. 


The appointments will commence in Sep- 
tember or October and will lam for three 
years. The salary m each case will be at 
the appropmate point on the provisional 
scale £950 by £70 to £1,470 with annual 
increments Candidates for these posts 
shoukd have a degree in a Biological sub- 
ject or be expecting to graduate this year. 


referees, should be sent to the Deputy Sec- 
retary, Birkbeck College, Malet Street, 
London, W C1, to arrive mot later than 
July 9, 1969. (2539) 





ENTOMOLOGIST 


BRITISH SOLOMON LANDS 
PROTECTORATE 


Entomologist urgently required for 
Malaria pre-eradanon programme Salary 
in the scale £A2,232 to £A4,752 (St 1,041 
to £82,217) plus taxfree inducement 
allowance of £St.716 to £S% 1,179 per 
annum Gratuity on completion of con- 
tract, free family peseages, outfit allow- 
ance, education allowances, furnished 
quarters at low remal Appointment on 
contract for 2 years 


Candidates should be nationals of the 
Unwed Kingdom. They must possees a 
BSc. in Zoology or Entomology end pre- 
ferably bave experience in Mosquito Eco- 
logical work. 


For further details and application forms 
please write, stating fall name, to 


The Appointments Officer, 
MINISTRY OF OVERSEAS DEVELOP- 


MENT, 
Room 409, 
Eland House, 
Stag Place, 
London, SW 1 


(2495) 


SOUTH-EASTERN REGIONAL 


HOSPITAL BOARD 
SCOTLAND 


Applications are invited for a newly established 
post of Basic Grade Biochemsmt in the Depart- 
ment of Clinical Chemistry situated at the 
Western General Hospital, Edinburgh. Apph- 
cants should have graduated m Brochemustry, 
Chemistry or one of the Brological Sciences, or 
hold the Assocmteship or Graduate Membership 
of the Royal Insttute of Chemustry. Excellent 
opportunites exmt for in service study leading 
to a higher qualification—in particular the 
Mastership 1 Clinical Biochem.siry. 

Whitley Council condittons of service apply. 
Candidates are invited to visit the laboratory by 
atfangemem with Dr. D. B Horn, Northern 
General Hospitale Edinburgh, telephone number 
031-332 1241. 

Applications, together with the names of two 
referees, should be lodged by July 24, 1969, with 
the Secretary, South-Eastern Regronal Hospital 
Board, Scotland, 11 Drumsheugh Gardens, Edin- 
burgh. (2395) 











UNIVERSITY OF KEELE 
Applicatons are invaed for 
RESEARCH FELLOWSHIP 


sponsored by the Aero Engine Drwsnon of 
Rolis-Royce Ltd. for work on the fracture 


of composite materials. Preference wil be 
given to candidates with previous research 
experience of fracture problems. The 
salary will be in the usual range for post- 


doctoral feHowsiips. 

Further information and application 
forms may be obtained from Dr. D G. 
Holloway, Department of Physics, The 
Univernty, Keele, Staffordshire STS 5BG 


(2529) 





UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 


LECTURESHIP OR SENIOR LECTURESHIP 
IN GEOLOGY 


Applicauons are invaed for the postion of 
Lecturer or Senior Lecturer in Geology with 
special interests rm structural geology. 

Salary Scales: Under review. For 1969, the 
rates arc as foMows Lecturer: $NZ3,100 by 
SNZ200 to $NZ4,700 by $NZ100 to SNZ4,800 per 
annum. Senior Lecturer: $NZ4,700 by $NZ200 
t $NZ5,500 pər annum; thereafter a range of 
stares up to $NZ6,600 per annum. A par- 
tacularly well quakfled appiicant coukl be ap 
poimed at, or subsequently promoted to, the 
grade of Associato Professor at a salary within 
the range of $NZ5,800 to $NZ7,300 per annum. 
(Note $NZ100 cquals £46 13s. 4d. otg.; 
$US112 , $4100) 

‘Further paruculars are available from the Sec- 
retary-General, Assocation of Commonseslth 
Universities (Appts), 36 Gordon Square, London 
W.C 1, or from the Registrar of the University 
of Otago Applicatons close on Juty eae 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


The Univermty invites eoplications for the post 
of DEMONSTRATOR to work in the Depart- 
ment of Zoology Preference will be given to 
candidates expemenced m animal genetks. Appli- 
cams should possess a higher degree or equiva~ 
lent postgraduate research experience The salary 
will be on an appropriate pomt on the scale: 
£1,240 to £1,470 (extendable to £1,815), accord- 
ing to age, qualifications and experience. Mem- 
bership of FSSU is required 

Further particulars may be obtained from the 
Professor of Zoology, The University, Newcastle 
upon Tyne NEI 7RU, with whom epplicetions 
(three copies), together with che names and 
addresses of three referees, should be lodged not 
later than July 19, 1969. (2513) 


LEEDS (A) GROUP HOSPITAL 
MANAGEMENT COMMITTEE 


SCIENTIFIC OFFICER (Basic Grade) re- 
quired for tissue typing and associated techneques 
invofving the serology of white blood cehs. It 
ts not expected that candidates wil have had 
previous experience in this field and foll tram 
ing will be provided. Ths appointment would 
be mutable for a newly quahfked graduate. 
Further details will be availabk from the Con- 
sultant Renal Phymcmn. Salary and conditions 
of service in accordance with the recommenda- 
uons of the appropnate Whitley Counca. 

Appkcations, stating age, qualifications, etc, 
together with the names of two referees, to the 
Group Secretary, St. James’s Hospital, Leeds 
LS9 7IF. (2535) 


FIELD STUDIES COUNCIL 


“ASSISTANT (mak) at the Leonard Wills 
Field Centre, near Willton, Somerset; a 
botant or biologist with preference for a ter- 
restrmal ecologst. Salary £690 by £30 to £750. 

SENIOR ASSISTANT (male) at Dale Fort 
Field Centre, Pembrokeshire ; a manne biologist 
Salary £790 by £55 to £900 

Candidates should have good honours degrees 
Main duty : teaching, wxh good opportunmies for 
field research with good laboratory facilities 
Appoimmeant, September ; frec board end lodge 
ing for both posts. 

Application forms, 

D 





obtainable from THE 


cil, 9 Devereux Court, 
should be returned by July 19. 


BRUNEL 
UNIVERSITY 


KINGSTON LANE, UXBRIDGE, 
MIDDLESEX 


ELECTRON MICROSCOPIST 


Eæp:rienced Senior Technician required 
for the operation of JEM 7 electron mucro- 
scope (at presem located in the Physics 
Deparemeot at Acton, W.3). Apphcants 
must be fuly conversam with electron 
microscope techniques fncinding specimen 
preparation, repbca and photographic pro- 
cesses, also able to asmst with demonstra- 
tions and experiments 

Salary within the range £1,026 to £1,361 
plus £75 London Weighting 

The department m expecting to move 
into its new building at Uxbridge in Sep- 
tember 1971 

Applications, stating qualifications, ex- 
perience, and two referees, to the Secre- 
tary General, (ACB), quoting reference 
T/PHY/1. (2531) 





ROYAL VETERINARY COLLEGE 
(Uanversty of London) 


RESEARCH ASSISTANT 


required to asust in experimental Investigations 
of embryonic death. The work requires the de- 
velopment of procedures for the culture in vitro 
of eggs of laboratory ammals in order to pro- 
vide techniques for appkcation to farm species. 
Appkecants should fave a degree mm vetenmary 
science or other matural science qualification. 


The appointment which is supported by grant 
from the Agrncultural Research Council is ten- 
able inutafiy for eighteen months from October 
1, 1969 and is renewable. Salary according to 
age and qualificauons. 


Application forms are obtamable from The 
Secretary, The Royal Veterinary College, Royal 
Colicge Street, London, N.W.1, and should be 
returned by July 18, 1969. (2450) 





LOUGHBOROUGH UNIVERSITY 
OF TECHNOLOGY 


EXPERIMENTAL OFFICER 


A vacancy exists for en Hpenmental 
Officer in the rapidly expanding Plasma 
Physics Group ın the Department of 
Physica The work is being carried out m 
collaboration wuh UK.AEA. Culham 
Laboratory and « supported by a grant 
from SR.C. The salary will be £1,200 
per annum 


White to Dr J W. Sturgess, Department 
of Physics, for further details 
Loughborough Leicestershire 


(2496) 





COLLEGE OF MEDICINE OF THE 
UNIVERSITY OF LAGOS * 


Applications are anvited for the following ap- 
pomtmems m the Departmen of Physiological 
Sclences ' s 

@) SENIOR LECTURESHIP IN PHYSIO- 

LOGY 
(>) LECTURESHIP IN PHARMACOLOGY 


Candidates for both posts should have a medi- 
cal degree plus additional qualifications in the 
apecialty or possess a good tigher degree, pre- 
ferably PhD, wth expemence in teaching and 
research Salary scales (a) £N2,350 to £N2,950 
per annum, (b) £N1,200 to £N2,600 per annum 
(EN1=£1 3s 4d sterling) Salary supplemented 
w range £240 to £590 per annum (sterhng) and 
cinkdren’s hohday vmt passages and education 
allowances payable in appropmate cases under 
Britwh Expatriates Supplementation Scheme. 
Family passages ; ous allowances; superan- 
uation scheme, regular overseas leave 

Detailed applicattens ( copies), naming 3 
referees, by July 25,°1969, to Inter-University 
Council, 90/91 Tottenhim Court Road, London 
W1P ODT, from whom particulars are ornate 

2: 
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CORNWALL RİVER AUTHORITY 


Female BIOLOGIST / ADMINISTRATIVE 
ASSISTANT, Føbenes Depanment. 
Grade A P.1-3, (£850 to £1,485). Tne soati 
appirant wall be required to combine laboratory 
and fiid work on various aspects of Frsbery 
Management with the day-to-day edmimestration 
of å small but busy Department. 

Excellent working conditrons in new offices are 
Provided, together with the facilimes of a 
modern weil equpped Mboratory. The poxtron 
1s suptranouable and is subxct to the National 
Scheme of Conditions of Service 50 per cent 
removal expenses wH]! be paid where appropreate 
A five-day week is operated. Forms of Appu- 
cation (together with detailed formaton of the 
Appointmem) may be obtained from the under- 
signed and shouid be returned not Jeter than 
July 19, 1969. Intervicws wall be heki at 
Launceston between August 4 and 8, 1969. The 
successful apphcant will be expected to com- 
mence duties not later than September 1, 1969. 


J. H MORGAN, 
Clerk, 
St John’s, Western Road 
LAUNCESTON, Cornwall. (2536) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF CHEMISTRY 
Appheatrons are anveted for a ¢emporary 
Assmtamt Lectureship in Inorganic Chemstry for 
the Seswon 1969-70. Salary £1,240 to £1,470, 

according to quakfications and experience. 
Forther particulars from the Registrar, to 
whom appkcations should be seat by July 8 
(2538 





WOOLWICH POLYTECHNIC 
LONDON, S.E.18 


DEPARTMENT OF BIOLOGY AND 
OBLL SCIENCE 
requires 
LABORATORY TECHNICIAN 


Preference will be given to a candidate with 
experience in physiology or microbiology. Super- 
anouated post Salary scale: £690 (unqualified) 
to £1,055 (qualified) according to age and quali- 
fications, plus £75 London Welghtmg adlowance. 

Particulars and eappkcation form, to be re- 
tured by July 14, 1969, from Clerk to the 
Governing Body, Woolwich Polytechnic, Wellmg- 
ton Street, London, 8.E.18. (2547) 








UNIVERSITY OF ASTON IN 
BIRMINGHAM 
DEPARTMENT OF BIOLOGICAL SCIBNCES 
BIODETBRIORATION INFORMATION 
CENTRE 


An immediate vacancy exists in the inter- 
National Biodetersoration Information Cemre in 
the Department of Biological Sciences for a 
Graduate (or equivalently qualified person) to 
carry out cvaluative research investigations as 
well as executive secretarial duties This re- 
sponsible position involves varied and interesting 
tasks where library, secretarial and biological 
Amowledge will be helpful esearch Asmstant 
salary scale £750 by £90 to £1,200 per annum 

Appacation forms and ¢urther details may be 
obtained from the Staff Officer (Ref No. 700/6), 
The Umversity of Aston in Birnmngham, Gosia 


Green, Birmingham 4, to whom applications 
should be forwarded within 14 days of the 
appearance of the advertisement (2545) 





POSTDOCTORAL ASSISTANTSHIP FOR 
research on appearance potentials, using modified 
MS9 Mass Spectrometer Computer emperience 
desirable. Salary from £1,240 according to ex- 

tace —Appiy as soon as possible to Dr. 

M. T Davidson, Department of Chemistry, 
The Univermty, Lescester. (2510) 


HOSPITAL BIOCHEMIST (PROBATIONARY 
Grade) required. Quahfications B.Sc in Bro- 
chemistry or related subject No expencace 1s 
necessary in hosptal biochemistry as training 
will be given. Starting salary £1.050 to £1.170 
depending on qualificattons —Applications to Dr. 
J Bell, Department of Chemical Pathology, The 
Royal Free Hospital, Gray’s Inn Road, London, 
W C.i (2442) 


RESHBAROH TECHNICIAN REQUIRED TO 
join a small group working on problems of inter- 
sexuality in domesnc ls Previous experi 
ence in histological and histochemical techniques 
desirable Salary according to age, qualifica- 
tions and gxperience —Apbly, giving personal 
paruculars and detals of experience, etc, to the 
Secretary, Paediatric Refearch Unit, Guy's Hos 
pital Medical School, London Bredge, S E.1 


(2544) 

















LECTURES AND COURSES 


UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


M.SC, IN 
X-RAY CRYSTALLOGRAPHY 


A postgraduate course in X-ray Crystal- 
lography, kadıng to the examinations for 
the degree of MSc, w held in ths De- 
partment The entrance quahftcation uw 
euher a first degree ın the physical 
sciences, or the Grad R I.C. or the Grad. 
Inst.P. 

A detailed account of the theory of the 
Main branches of X-ray Crystallography is 
presented, and supplemented by a scheme 
of practical work and by a study proxct 
Additional lectures on computing methods 
are available The next course begins in 
October, 1969 

Both ful-ume and day-release students 
are accommodated The = day-release 
scheme requires attendance on one full day 
per week, 

The course has been approved by the 
Science Research Council for the tenure 
of its Advanced Course Studentships. 

Full details and application forms may 
be obtained from Professor V S Gniffiths, 
Department of Chemical Physics, Univer- 
sity of Surrey, Guildford, Surrey Tel: 
Guildford (OGU3) 71281. (1363) 


UNIVERSITY OF 
SOUTHAMPTON 


M.SC. BIOCHEMICAL 
PHARMACOLOGY 


Applications ace invited from GRADU- 
ATES leavmg University or already m 
Industry, wah degrees in Biology or Zoo- 
logy, Biochemistry, Chemutry, Medicine, 
Pharmacology, Physiology, or related sub- 
jects for a twelve months course in Bio- 
chemical Phanmacology leading to a degree 
of MSc. by exammnation ‘The course 
stans in October. Grants are available for 
sartably qualified graduates. 


The course is specially designed to 
supplemem the previous training of the 
graduate and prepare for a career in re- 
search and/or mdustry, It is partioculeciy 
suitable for BIOLOGISTS who find they 
with to move tato the more expenmental 
flelds after initial graduation. 


For further details write to the Depart- 
ment of Physiology and Biochemustry, The 
Uaivernty, Sombampton SO9 SNH. 


(2466) 


MISCELLANEOUS 





SCIENTIFIC AND TECHNICAL TYPE- 
writing Service. Confidential —Julia Pratt, BSc, 
30 Craven Street, Strand, London, W.C.2. Tele- 

phone 01-839 2861 (X2) 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF SUSSEX 


RESEARCH STUDENTSHIP IN 
BIOCHEMISTRY 


to Dr. S ghal, School of Bio- 
University of Sussex, 
Falmer, Sussex, BN1 9QG. (2537) 





UNIVERSITY OF ASTON IN 
BIRMINGHAM 


DEPARTMENT OF CHEMISTRY 
Applications are invited for the post of 


RESEARCH FELLOW 
IN MASS SPECTROMETRY 


The successful applicant will be encour- 
aged to develop his own research pro- 


gramme using the AEI. MS9 mass spec- 
trometer, equipped with cetarding potential 
difference unn, and negative ion facallues 


Salary Scale: £1,585 by £115 to £2,045 
(bar) by £115 to £2,275 per annum. 


Application forms and further details 
may be obtained from the Staff Officer 
(Ref. No 699/6), The University of Aston 
i Birmingham, Gosta Green, Birmingham 
4, to whom applications should be tor- 
warded withm 14 days of the appearance 
of this advertisement. (2498) 





WYE COLLEGE 
(UNIVERSITY OF LONDON) 


Appkeations are mvited for Research Studem- 
shrps tenable from October 1, 1969, in 

(a) The department of Agricultural Chemistry 
to work on problems related to the chemical 
control of pant growth 

(b) The depactment of Baological Saences for 
work in the fields of Agncukural Botany (Viro- 
logy, Cytogenetics or Mycology) or Zoology un- 
testinal absorption m mammals). 

© The department of Horticulture for work 
on environmental control and reproduction. 

(d) The deparumem of Poukry Research for 
work upon temperature regulation or intestinal 
physiology. 

Applicants should have obtained or expect to 
obtain ths summer a First or Upper Second 
Class Honours degree in a subsect appropmate 
to the field of study. 

The studentship wit be renewable for a second 
and third year, subject to satisfactory progress. 
The basic value of the studentship will be £530 
per anoum, but it wall also include payment ot 
approved ‘Untversity and College fees (other than 
Temdence) mehideng entry for a mgher degree 

Apphcations shoukl be submitted to reach the 
Registrar, Wye College, as soon as posible, and 
im any case not later than July 1, aan 

1 


UNIVERSITY OF BRADFORD 


RESEARCH STUDENTSHIP IN 
APPLIED MATHEMATICS 


Apphcations are invited for am SRC. Re- 
search Studentaiip in the fickd of Hur/Aero- 
dymamics under the scheme for Coooperatuve 
Awards in Pure Science. The studentship 1s ten- 
able for three years and part of the work wall 
be carmed out with the cooperating body, The 
Bntsh Afrcreft Corporation Lamxed (Preston 
Diveion) The successful eapplicam will be regis- 
tered for a _Imgher degree of the University of 
Bradford. The studentship has the onormal value 
of an SR.C award and the usual allowances 
wrth the addition of support from the BAC. 
wihi worksog with them. 

Informal inquiries may be made of Dr. L B 
Jones, School of Mathemaucs, and apphcaton 
forms obtained from the Remstrar, University 
of Bradford, Bradford, 7. Please quote ref. 
EM/RS(S)/1/X. (2459) 





UNIVERSITY OF 
SOUTHAMPTON 


Applications are invited from persons 
with computmg e¢xperience for a RE- 
SEARCH FELLOWSHIP ın the Chemistry 
Department. The person appointed will 
work with Dr. G. R. Luckhusst in the 
devehopment of programmes for an on-Hne 
computer hnked to two electron resomance 


spectrometers Candxdates must be gradu- 


ates, or the equivalent, m one of the 
physecal sciences. The Fellowship ıs for 
a penod of one year at a salary of £1,200 
per annum, plus F S.S.U. 

Applications, :nctuding the names of eee 
referees, and details of past 
stould be sent to the Deputy eera 
The University, Highfield, Southampton, 
SO9 5NH, sot later than July 7, 1969, 
quotmg Ref.. N. (2528) 
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UNIVERSITY OF HULL 


ORGANOMETALLIC 
CHEMISTRY 
IN RELATION TO 
HOMOGENEOUS CATALYSIS 
POST-DOCTORAL FELLOWSHIPS are 


available in the Deparrmem of Chemuiry 
for research in the above field, Cand 


dates should have considerable experience 


in organometallic chemistry or, alterna- 
tively, m ongamic synthesis, hetciogencous 
catalysis, or spectroscopy. 

Salary in the range £1,330 to £1,470 per 
annum with F.S6 U. denefits 


Applications, including the name of two 
referees, should be sent to Dr. D E. 
Webster or Dr. P. B. Wells, fiom whom 
further particulars may be obtained, 


(2464) 





(Second Advertisement) 
NEW ZEALAND 
SENIOR AND POST-DOCTORAL 
RESEARCH FELLOWSHIPS 


The New Zealand National Research Advisory 
Council invites applications for Senior and Post- 
Doctoral Fellowships to be taken up ın New 
Zealand in 1970. The awards wi be for re- 
search at any of the branches of the Department 
of Agriculmre, New Zealand Forest Service, or 
Depertment of Scientific and Industrial Research, 
A good working knowledge of English is re- 
quired. 

The cmolumems will be: Senior, withm the 
range SNZ6,380 to $NZ8,200; Post-Doctoral, 
$NZ4,710. AH emoluments are taxable. SNZ1 
i approxmmetely 93. 4d. sterling or $U.S 1.12 

Semor Fellowsiups will normally be for a 
period of from noe months to a year and Post- 
Doctoral Fellowship for a penod of from two to 
three years. 

Applicaton forms and further paruculars may 
be obtained from: 


The Secretary, National Research Advisory 
Council, P.O. Box 8004, Wellangton, NEW 
ZEALAND ; The N.Z. Sclenufic Liaison Office. 
CSC, Africa House, Kingsway, London, 
W.C.2, ENGLAND; The N.Z Embassy, 19 
Observatory Circle, N.W., Washington, D.C. 
20008, USA; The N.Z. High Commission, 
Sute 804, Commonwealth Buildings, 77 Metcalfe 
Street, Ottawa, Ontario, CANADA; The N.Z 
High Commasion, P.O. Box 820, Canberra 2601. 
ACT, AUSTRALIA ; or the N.Z. Embassy, 26 
Sapbancho Cinyoda-ku, Tokyo 102, JAPAN. 

Applications must reach the Council Secretary 
by September 30, 1969. (2467) 


BRIGHTON EDUCATION 
COMMITTEE 


BRIGHTON COLLEGE OF TECHNOLOGY 
(The Proposed Polytecharc) 


SRC RESEARCH STUDENTSHIP 


Vacancies exist, tenable in any of the under- 
menuoned Departments of the College, and in a 
wide range of proxcts 

Computung and Cybernetics , Management and 
Business Studies; Applied Physics; Applied 
Chemzstry, Pharmacy; Mechanical and Produc- 
tion Engineering, Blectrical and Electronic Ea- 
gineering ; Cavil Engineering and Building. 


MSC. COURSE IN APPLIED SOLID STATE 
PHYSICS 
Applications are invited for SRC. Advanced 
Course Studentshins in ths ‘* Pnonty’’ course 
Further particulars and application forms ob- 
taimable from the Regstrar, Brighton College of 
Technology, Moulsecoomb, Bnghton, BN2 4EJ. 
Completed forms returnable as soon as possible. 
Applicants should possess, or expect to obtain 
ths year, an epproprmte good honours degree. 
(2473) 


UNIVERSITY COLLEGE LONDON 


Applications invited for C.A.PS Studentship 
@pplicants must be residents of and born in 
Umited Kmgdom) from hokters of first class or 
upper second class degrees in Chemistry or 
Physics. Project rs the development of low- 
energy electron spectrometer to investigate 1onma- 
uon and fragmentation of molecules on impact 
with electron brag Work cared out in con 
junction with G.E C -A.E.C. Scientific Apparatus 
Divumon. 

Applications to Professor A. Maccoll, Depart- 
ment of Chemistry, University College London, 
Gower Street, W.C.1, to be received by July H 

(2449. 











VICTORIA UNIVERSITY OF 
WELLINGTON 
NEW ZEALAND 
POSTDOCTORAL RESEARCH FELLOW IN 
BIOCHEMISTRY 


Applications are fnwted for the above- 
meotioned Fellowship, tenable for a period of 
three years, which has been established to enm- 
courage the study of insecticide resistance in 
Pasture pests, particularly the grass grub Coste- 
lytra zealandica, though some work may also be 
Pomble with the subterranean caterpillec; the 
control of both mseccts 1 a matter of consxler- 
able cational importance. 

The present FelHowstip is calculated as an 
appointment approxmately equivalem to that of 
a Lecturer and a major function would be to 
asst in the supervinon of the research students 
as well as to prosecute restarch. There would 
bs excellent prospects of transferring to the staff 
of a New Zealand Umversity at the end of the 
Fellowship if thus ıs desired. 

Tho stpend will be SNZ3,600 by $NZ200 to 
$NZ4,000 per annum ($NZ1=9s. 4d. stg.; 
$US1 12, $A1). Up to $NZ600 for aur travel 
wal be provided on apponmment and a mmilar 
som will be allowed on termination of the 
Fellowship after three years if the Fellow leaves 
New Zealand. Asmstance wah hotel expenses 
for a period of three weeks at a dady rate not 
exceeding SNZ5 a day will be given. 

Further particulars and information as to the 
method of applicatton may be obtained from the 
Assocation of Commonwealth Universities 
(Appts.), 36 Gordon Square, London, W.C 1. 
Applications close on August 31, 1969. (2540) 


WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 
LONDON, N.W3 


The Science Research Councal is pte- 
pared this year to offer to a suitable can- 
ddate a ENTSHIP 
tenable at Westfield College. 
of this award will be in accordance with 
the current condiuons governing S.R C. 


Studentships. Candidates with an mterest 
1n Gas Kimetics will be given first prefer- 


eace, but students interested ın eny 
branch of Chemztry are invited to apply. 
The successful appicant will be registered 

ee a Ingher degree of the Universkty of 
ondon. 


Applcauongs should be made to the 
Head of the Chemmtry Department, West- 
field College, Kidderpore Avenue, London, 
N.W.3. (2541) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 
UNIVERSITY POST-DOCTORAL 
FELLOWSHIPS 


Appheations are invited for the above- 
mentioned Awards from graduates who—G) have 
been awarded the Degree of Doctor of Philo- 
sophy, or (u) bave completed the requirements 
for the award of the Degree of Doctor of Phio- 
sophy, or (u) fold some other appropmate aca- 
demic qualifications There are two Fellowships, 
each having a total valne of $NZ5,000 and part 
of the mons sbeM be available for fares; the 
pormal allocauon shaH be SNZI,000 for fares 
and $NZ4,000 emolumem. <A Fellowship is ten- 
able for twelve months provided that e shorter 
ponod may be approved with an appropmate 
adjustment to the value of the award. Applica- 
tuons close on July 1e 190, for Fellowships to 


1969 to December 31, 1970 and Awards for 
1969-70 will probably be announced during 
August, 1969. 


Detafle of the Awards together with method 
of application should be obtained from the Sec- 
retary-General, Assocation of Commonwealth 
Universxics (Appta), 36 Gordon Square, London, 
W.C 1. (2490) 


UNIVERSITY OF READING 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates hold- 
ing a ist or upper 2nd class Honours Degree for 
an SRC Gudentshw to work with Dr. J. M. 
Hollas ır co-operation with Perkin-Bamer Ltd, 
Beaconsfield, on photoelectrons The Student- 
ship is for three years and would normally lead 
to a Ph.D. 

Applications to Dr J M Hollas, Deparment 
of Chemistry, University of Reading, White- 
knights, Reading, Berks, before July 20, oes) 





UNIVERSITY OF LIVERPOOL 


WELLCOME FELLOWSHIP IN 
REPRODUCTIVE 
ENDOCRINOLOGY 


Applications are invited-for a Fellowship 
supported by the Wellcome Trust. The 
salary, superannuation and conditions of 
employment will be strcily parallel with 
those for Universty LECTURER or 


SENOR LECTURER. 


Canddates should be diochemusts or 
chemists with several years’ experience in 
endocrinology or a simular subject and cap- 


able of supervising at least one other bio- 
chemist and of co-operating with veterinary 
reproductive brologists, 


The Fellowship is tenable from October 
1, 1969, or a date to be negouated, in the 
Umt of Reproductive Studies Faculty of 
Veteranary Science of the University which 
ts situated ın rural Cheshire, 10 miles from 
the city 


Apnitcations, stating age, qualifications 
and experience, together with the names of 
two ceferees, should be recelved not later 
than July 14, 1969, by the Registrar, The 
University, P.O Box 147, Liverpool L69 
3BX, from whom further particulars may 
be obtained Please quote Ref. RV/ 
7759/N. (2460) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


RESEARCH FELLOWSHIP IN MEDICAL 
CHEMISTRY 


Applications are invited from organic chemists 
for appointment to a Research Fellowship in the 
Department of Medical Chemistry to work with 
Professor Adrien Albert, FAA. Applicants 
should hold the degree of Doctor of Philosophy 
or have had equivalent research experience. The 
successful applicant will be required to work on 
the nucleopinlic addition reactions of hetero- 
cycles containing four or more nitrogen atoms. 
Other semor restarch workers in the Department 
in th field are Dr. D J. Brown, Dr. W. L. F. 
Armarego and Dr. G. B. Barlin ; other senior 
workers are Drs D D Perman, E Spinner, 
T J. Batterham and J E Fildes. 

The salary of a Research Fellow is determined 
in the range $A5,400 to $A7,250 per annum 
according to qualifications and experience. The 
appointment uw for three years. Superannuation 
is on the F.SSU pattern with supplemenmary 
benefits. Reasonable travel expenses are paid 
and assmtance with housing is provided. 

Fursher particulars and informatron as to the 
method of apphcation shoukl be obtamed from 
the Secretary General, Association of Common- 
wealth Univeraitiezs (Appts.), 36 Gordon Square, 
London, WC.1. Apphcations close on Septem- 
ber 30, 1969 s (2489) 


ROTHMANS FELLOWSHIPS 


Appkcations are invited for Rothmans Fellow- 
ships whach are awarded under the Rothmans 
University Endowment Fund set up by Roth- 
mans of Pall Mall (Australa) Limttd to enable 
Fellows to undertake postgraduate work wxhm 
a university or approved Instron. 

The Fellowships will be awarded at two levels. 
The SENIOR PELLOWSHIP is of an annual 
value of not more than $A12,000. The JUNIOR 
FELLOWSHIP is in two grades, the first, of an 
annual value of from $A2,200 to $A3,500, the 
second of an anual value of not more 
$A6,750. A Fellow may be paid travelling cxy 
penseg incurced in taking up the Fellowship and 
returning to his home. In additron, an amount 
of $A1,000 per annum towards fees and expanses 
including the purchase and maintenance of equip- 
ment may be paid to the university or institution 
where the FeHow 1s workms. 

Preference in the award of the Fellowships 
will be given to those appkcants who wih to 
work ın an Australian university or mstitution 
and only in exceptional circumstances will an 
award be made in respect of work to be done 
cisewhere. Applicants must bave had at least 
three years’ postgraduate research experience. 

Application forms further details may be 
obtamed from the Secretary-General, Assomation 
of Commonwealth Uneversities (Appts), 36 
Gordon Square, London, W.C I, ọr from the 
Secretary, Rothmans Univecmty Endowment 
Fund, c/o Univeranty 8f Sydney, Sydney, New 
South Wales, 2006, Austraha Applications close 
on Semember 12, 1969. (2491) 
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CSIRO 
POSTDOCTORAL 
FELLOWSHIP FOR AN 
ORGANIC CHEMIST 







AUSTRALIA 
DIVISION OF PROTEIN CHEMISTRY 


Applications are invited for appointment to a Postdoctoral Fellowship tenable 
with the Division of Protein Chemistry of the Commonwealth Scientific and 
Industrial Research Organization, located at Parkville, Melbourne, Victoria. 











GENERAL The Division of Protein Chemistry has a research staff of some 65 
organic and physica! chemists, biochemists and biophysicists. Research within 
the Division includes projects on the structure and chemistry of the wool fibre 
and its constituent and related proteins, on the photochemical degradation of 
wool and on synthetic peptides and metallo-protein complexes. 


DUTIES It is proposed to study the mechanism of breakdown of proteins 
during treatment with oxidising reagents and during irradiation and to devise 
methods of inhibiting such changes by synthesizing anti-oxidants, free radical 
scavengers and other inhibitors. An organic chemist ts required to collaborate 
with other members of the staff of the Division in extending research in this 
area, 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appro- 
priate field or have had postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. 














SALARY Depending upon qualifications and experience, the appointment 
wil] be made within the salary range of Research Scientist, $A5,321~ $A6,693 p a. 
Salary rates for women are $4428 p.a. less than the corresponding rates for men 


CONDITIONS The Fellowship ts offered for a period of thres years The 
appointment will be conditional upon passing a medical examination and an 
initial probationary period of twelve months may be specified. Fares paid for 
the appointee and his dependent family. Further details supplied on application. 










Applications, (quoting Appointment No: 462/331), and stating full name, 
place, date and year of birth, nationalrty, marital status, present employment, 
details of qualifications and experience, together with the names of three or four 
persons acquainted with the applicant's academic and professional standing 
should reach — 


Mr. R. F. Turnbull, Chief Scientific Llalson Officer, Australlan Scientific 
Llalson Office, 64 Kingsway, London, W.C.2. 


y by the 25th July, 1959. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON, D C. 20036. 
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UNIVERSITY OF LIVERPOOL 
DERARTMENT OF PHARMACOLOGY AND 
GENERAL THERAPEUTICS 
Applications are myited for the Ells T. Davies 
University Fellowship tenable in the Department 
of Pharmacology and General Therapeutics 
Applicams should possess an Honours BSc. de- 
gree ın biochemistry, organic chemistry or 
Pharmacology The successful candidate will be 
expected to engage ın a research project con- 
cemed with drug metabolism am will have an 
opportunwy of reading for a bigher degree The 
value of the Fellowship y between £450 and 
£1,000 per annum, depending on age, experience 

and special circumstances 

Applications for the Fellowship should be made 
to the Registrar, The University, PO Box 147, 
Liverpool L69 3Bx, from’ whom further particn- 
lars may be obtained Please quote Ref RV/ 
2766/N (2548 
es 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSICAL CHEMISTRY 
PHD RESEARCH STUDENTSHIP 


Applications are invited for a research stu- 
dentstip at SRC rates to work on the surface 
analyns of mixed metal systems using surface 
Dotemial measurements The studies, which are 
supported by the Atomic Energy Research Estab- 
lehment, anvolve the use of ultrahigh vacuum 
techniques and some electronics 


Applicants must have (or expect to obtain) a 
1st or 2nd class honours degree m chemistry or 
Physics Further details can be obtained from 
Dr. D F. Klemperer, Department of Physical 
Chemistry, University of Bristol, to whom appl- 
cations, naming two referees, should be sent 

(2517) 
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UNIVERSITY OF 
EAST ANGLIA 


SCHOOL OF MATHEMATICS AND 
PHYSICS 


S.R.C. COOPERATIVE AWARD 
IN PURE SCIENCE 


Applications are invited from candidates 
with a good honours degree, or an equiva- 
kent qualification, in either mathemaucs or 
physics for an S R.C. Co-operative Award 
ın Pure Science for research work on free 
convection in closed cavities, The award 
will be held in the School of Mathematcs 
and Physics where an active fluid mechanics 
group is already established The research 
is of a fundamental theoretical nature and 
is amed at providing information about 
the effects of free convection processes on 
the thermal {igninon of a fueloxygen mix- 
ture. The award is subject to the regula- 
tlons which govern S R.C. research student- 
ships The successful candidate will be 
registered as a higher degree student. 

Further particulars and application forms 
(returnable by July 19) may be obtained 
from Dr N. Riley, School of Mathematics 
and Physics, University of East Anglia, 
Norwich NOR 88C (2472) 


BIODEGRADATION 


Studentships are avaiable for a new 
Scheme whereby good honours graduates 
ip speciaLsed disciplines may broaden ther 
knowledge and skills in ways which may 
cventualy lead to satsfying careers in 
industry. 

In particular students are required to 
tackle two projects located in the Bio- 
detenoration Information Centre to expand 
a field of research on biodegradation and 
microbial upgrading of solid substrates with 
Particular reference to economic viability 
of the processes involved. 

Three students are cequired, two prefer- 
ably being mucrobiologisis and one a 
chemical engineer Applications are in- 
vited from ether good honours graduates 
or from students graduating this summer 
who should contact, ın the first mstance 

Dr. H. O. W. Eggins, 

The Interdisctptinary Higher Degree 

Scheme, 

Blodeterioration Information Centre, 

Department of Biological Sciences, 

Tke University of Astom ia Birmingkam, 

Gosta Green, Birmingham, 4, (2475) 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF APPLIED 
MATHEMATICS AND MATHEMATICAL 
PHYSICS 


S.R.C. COOPERATIVE 
AWARDS IN PURE SCIENCE 


Applications are invited from good 
graduates in mathemancs, physics, chem- 
istry Or an engineering science for a Re- 
search Studentship am the above depart- 
ment. The successful applicant should 
have a considerable interest im the appli- 
cation of mathematics end he will work in 
conjunction with a member of staff and 
B.P. Chemicals (U K.) Ltd. on mathemau- 
cal theories relating to extrusion and equa- 
tions of state of plastic melts. The student- 
ship «s valued at the usual SRC, cates and 
the person appointed as eligible to submit 
hws research work for a higher degree, 


Aoplicauons, including the name of one 
teferee, should be submitted to Professor 
P. T Landsberg at the above address be- 
fore July 4, 1969. (2458) 
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SIR JOHN CASS COLLEGE. 
LONDON 


Research Feliowships 
IN 
APPLIED MATHEMATICS 
AND IN 
METALLURGY 


Applications are invited for ILEA. 
post-doctoral Research Fellowships, which 
are tenable for two years wih a salary in 
the range £905 by £75 to £1,075. The 
initial placing vill depend on previous ex- 
perience and other relevant circumstances 
and ın exceptional circumstances the maxi- 
mum may be extended to £1,325 In add- 
uon, up to slx hours teaching duties in the 
Department concerned may be updertaken 
for which extra payment will be made. 


Applied Mathematics —The appointment 
is for the Department of Mathematics and 
preference will be given to a person willing 
to engage in research an the classical theory 
of radiation scattering 


Metallurgy —The appointmem 1 for the 
Departmen of Metallurgy and Materials 
and the applicant should have specialued 
in one of the followmg fiekis: phymical 
metalturgy, materials science, corroslon or 
electroplating 

Applicants should submit a curriculum 
vitac, with the names of two referees, to 
the Secretary, Sır John Cass College, Jewry 
Street, London, Æ.C 3, before July 19, 1969. 
(2497) 


s 


WELLCOME SENIOR RESEARCH 
FELLOWSHIP IN IMMUNOLOGY 


The WHO Immonology Research and 
Tramıng Centre, Lausanne, Switzerland have a 
, Yacancy for a Jongterm Semor Fešow in 
y Immunology. The Fellow will be concerned with 
the inauguration and development of the re- 
- .}aearch and teaching of the W.H.O. Centre on 
~z" the cell mediated response. The research wall be 
on basic mechanisms of cell mediated 
4, with especial reference to the study of the 
4 immune response in leighmaniass The work wil 
. Se carned out in collaboratron with Professor 
` K. T. Bronoes of the Swiss Institute for Experi- 
* mental Cancer Research, and a paramtologut 
n» will also be engaged om the project. There may 
1 also be facilities for study of clinical aspects of 
lashmanasss in man  Immunologmts with re- 
preferably ın some aspects of 


curriculum vitac and list of pubkications to 
Dr. D. S Rowe, Director, 
WHO, Research and Training Centre for 
Immunology, 
21 rue du Bugnon, 
1005 LAUSANNE, 
Switzerland (2509) 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF CHEMISTRY 


S.R.C. POSTDOCTORAL 
RESEARCH FELLOWSHIP IN 
X-RAY CRYSTALLOGRAPHY 


Applications are invited for an SRC. 
Post-doctoral Research Fellowship in X- 
Ray Crystallography tenable in the Depart- 
ment of Chemistry The successfol candi- 
date, who must have previous experience 


in thus field, wall be expected to co-operate 
with members of staff an the solution of 
crystal and molecular structures of organic 
molecules, including conrpiex natural pro- 
ducts 


The Fellowship may be held for two 
years and the starting salary will be £1,355 
per annum 

Applications fhould be addressed to che 
Professor of Organic Chemistry, Depart- 
ment of Chemisry, The Umversity of 
Nottingham, Nottingham NG7 2RD 

(2465) 





Travelling 
Fellowships 


offered by the 


Medical Research Council 
for the 


Academic Year 


1970-71 


MEDICAL AND SCIENCE GRADUATES, aged 28-40, with several 
years’ postgraduate experience erther in clinical medicine or 
another branch of medical sciesce, are iovited to apply for a 
number of Travelling Fellowships for the academic year 1970 /71 
The Fellowships inclade - 
6 Medical Research Council Travelling Fellowships 
5 Sir Henry Wellcome Travelling Fellowships 
8 United States Public Health Service Fellowships 
1 Derethy Temple Cross Research Fellowship 
(for ressarck in tuberculosis and diseases of 
the lung) 
2 Alexander Pigett Wernher Memorial Trust 
Fellowships (in ophthalmology and otelogy) 
1 Lilly International Fellowship 
Successful applicants will ba those who are likely to profit from a 
period of work at an overseas research centre before taking up 
appointments for higher teaching or research in the United Kingdom. 


TENURE 


All Fellowships are normally tenable for 12 months but applications 
for a lesser period will be considered io the case of Alexander 
Pigott Wernher Fellowships. 


STIPEND 


Fellowships held in the United States provide basic maintenance 
allowances of $4800 to $7000 a yaer In addition certain depen- 
dants’ allowances are pald Comparable stipends are paid in other 
parts of the world All Fellowships include a travel allowance for 
the Fellow and a travel allowance for dependants is provided with 
some of the Fellowships. 


LOCATION. 


United States Public Health Service Fellows and Lilly International 
Fellows must work in the Unrted States and on the continent of 
North Amarica raspectrvely All other Fellows may work at research 
centres anywhere in the world 


ELIGIBILITY 


Candidates mast be: 

* normally aged 28-40 

* medical or scence graduates with several years’ postgraduate 
experience 

* British Subjects who are normally resident in the United Kingdom 
BUT Alexander Pigott Wernher Fellowships are also open to 
British Commonwaalth graduates who wish to study in the U K. 


APPLICATION 


If you are interested in any of the above Fellowships please wnte 
to the Training Awards Section for forther particulars and an 
application form quoting reference TF/ N, Telephone enquiries may 
be made to 01-636 5422, Ext 326 or 327 One application only nead 
be completed as each candidate will be automatically considered 
for all Fellowships for which ha or she ts eligible Completed forms 
should be returned no later than 1st October 1969 to 


Medical Research Council 
20 Park Crescent - London - W.1. 
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UNIVERSITY OF BRADFORD ' 


RESEARCH STUDENTSHIP IN 
y ENGINBERING MATHEMATICS 


Applications are mvited for a Research 
Studentship, tenable for three years, in the field’ ° 
of Fhid Mechanıcs/Magnetogasdynamics The 
Studentship has a banc value of £530 per annum | 
plus approved fees allowances are pay- 
abie 11 appropriate circumstances. 

o mqurrs may be made of Professor 
J. B. Hellwed and application forms obtained 
from the Registrar, Univermty of Bradford. 
Bredford 7. Please quote ref. EM/RS/1/X 
(2507) 
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POSTDOCTORAL 
FELLOWSHIP 
IN PROTEIN 
STRUCTURE 

AUSTRALIA 


DIVISION OF PROTEIN CHEMISTRY 


sts or Physica! Chemists for a Postdoctoral Fellowsh: 
of the Commonwealt 
albourne, Yictoria. 





GRANTS & SCHOLARSHIPS 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF MECHANICAL 


Applications are invited from Honours 
graduates (or those awaiting results of 
final examinations) for the above scholar- 
ship to work on problems of fatigne. The 


Applications are inyited from Physica 
in Protein Structure tenable with the Dmsion of Protein Chemist 
Scientific and Industrial Research Organization located at Parkville, 


GENERAL. The Division of Proteln Chemistry has a research staff of some 65 organic and 
physteal chemists, biochemists and biophysicists Research within the Division includes pro- 


Jects on the structure and chemistry of the wool fibre and its constituent and related proteins, 
on the photochemical degradation of wool and on synthetic peptides and metallo-protein 
complexes 
DUTIES. Theappointee will be required to invastigate some aspects of the molecular structure 
of keratin and other fibrous proteins by physical methods and to work In collaboration with a 
group using X-ray, electron and optical diffraction, infrared spectrophotometry and electron 
microscopy for this purpose. Equipment available for these studies includes microfocus X-ray 
generators, low angle focusing cameras, a high resolution infrared spectrometer, optical diffracto- 
meter and an electron microscope. Facilities are also available in the Division for N.M R., 
E.S.R. and a wide range of physicochemical and chemical techniques. 
QUALIFICATIONS.: Applicants should have a Ph.D degree in an approprrate field or 
have had postgraduate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research abilrty. Some experience of diffractton methods would be 
an advantage. 
SALARY. Depending upon qualifications and ce apart the appointment will be made 
within the salary range of Research Scientist, $A5,32I-$A6,693 p.a Salary rates for women ara 
$A428 p.a. less than the corresponding rates for men. 
CONDITIONS. The Fellowship ıs offered for a period of three years. The appointment 
will be conditional upon passing a medical examination and an Initral probationary period of 
twelve months may be specrfled. Fares paid for the appointee and his dependent family Further 
details supplied on application. 
Applications (quoting Appointment No 462/332), and sating full name, place, date and year 
of birth, nationality, marital status, present employment, details of qualifications and experience, 
together with the names of three or four persons acquainted with the applicant’s academic 
and professional standing, should reach. 
Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
64 Kingsway, London, W.C.2, by the 25th July, 196 g 
Applications in U.S.A. and Canada should be sent to The Scientific Attaché, Australian 
Embassy, [601 Massachusetts Ave., NW, Washington, D.C. 20036, 

(2534) 





Applications are invited for 


' | RESEARCH STUDENTSHIPS 
IN THE DEPARTMENT OF CERAMICS 


in THE HOULDSWORTH SCHOOL OF APPLIED SCIENCE: 


(a) from Phyacumts, Chemists and others with appropriate background for 
chalkenging investigations 30 the ficid of inorganic sohds. Possfble areas 


of work include solid-state reactions in oxide and in oitnde systems, 
diffusion m a temperature gradient, fabrication and properties of compo- 
site materials involveng glasses, mechanical properties of basic refractories, 
pay of mucrostructures, crystal structure, and electrical properties of 
oxdes. 


(b) from candidates with fist or upper second class honours degrees in chem- 
igtry, physics or a related science, to work in the fleld of crystal structure 
analyms of phosphates, sicates, and Ceramic materiak. 


Grants m accordance with SRC Rates 


Applications (three copies), stating age, qualifications and experience, together 

with the names of three refereer should be sent to Professor J. P. Roberts for 
è (a) and Dr. E. C. Corbridge for (b) both in The Department of Ceramics, 

The Univegtty, Leeds LS2 9JT. (2480) 





scholarship is tenable from September for 
three years and should lead to the award 
of the PhD Scholars must be British sub- 
jects and graduates of a Butsh University. 


A maintenance allowance £50 greater 
than the value of the S.R.C. studentships 
1s applicable Scholars with additional ex- 
penence would be ehgibie for an addi- 
onal grant of up to £200 <Applicauons, 
with names of two referees, should be sent 
immediately to ' 


Graduate Registration Officer, 
Dent. of Mechanical Engineering, 
University of Liverpool, 

PO Box 147, 


Liverpool L69 3BX, (2504) 


UNIVERSITY OF GLASGOW 


WELLCOME LABORATORIES FOR 
EXPERIMENTAL PARASITOLOGY 


Applications are myued for a 


POSTGRADUATE 
RESEARCH 
SCHOLARSHIP 


to work on fomunky to parasitic worms. 


The studentship is tenable for three 
years, dunng which period the successful 
candidate wall be regstered for the degree 
of PhD The award wit be in the range 
£800 to £900 per annum plus fees 


Further particulars from Dr C A Hop- 
kins, University of Glasgow, Bearsden 
Road, Bearsden, Glasgow, to whom eppil- 
cations should be seat by July 31, although 
every effort will be made to consider late 
applications from candidates awaiting the 
publication of degree results 


(2519) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon Ho Park Farm Rd., 
Folkestone, England. 
TeL: Folkestone 57421. 
Offer top prices for: 

BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
ql) 


Wanted and for Sale 
Sclentific and Techaical Revicws 


SANTO VANASIA, 58 Via M. Macchi, Fan 


20124 MILANO (X259) 
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Rapid concentration and purification of proteins 
and other macromolecules 
..... molecular separation 

..... protein-free filtrates 

\ bie ees dialysis 


MEMBRANE 
Dia fl? vr FILTRATION 
Installed ın Amicon Ultrafiltration Pressure Cells, DIAFLO 
Membranes concentrate dilute protein solutions ten to a 
thousand fold within short periods. Essentially complete 


removal of salts or other small molecules can be effected 
within a similar period of time by Diafiltratlon techniques. 


DIAFLO Membranes are non-plugging and reusable. Each 
class of membranes ‘has distinct chemical resistivities and 
physical characteristics All membranes are non-denaturing 
and biologically inert. 


pen 


AMICON’ 
ULTRAFILTRATION 
CELLS will process 
blological solutions 
with volumes from 
1 ML TO 20 LITERS 


Amicon also offers larger 
scale industrial systems for 
continuous processing. 





amicon 


i Dept.: 02 

d AMICON N.V. Heemskerckstraat 43 DEN HAAG HOLLAND 
Tel.: (070) 642820 
In U.S.A.: 27 Hartwell Ave. Lexington MASS. 02173 








All other hiq Y piotvins 
und macromolecules 


Human Albumin 
‘Hemoglobin 


- Pepsin 
-Ovalbumin 7 
Hormones (low MW) 


E t RNA 
“| Myoglobin 
' Cytochrome C 


“Polypeptides 
- Peptides 
Insulin — 5060 


Vit. Bi2 ` 
Large Antibiotics ` 


Sucrose 
Small Antibiotics 


Glucose 











M Proceedings of the IIC London Conference 1967 
y useum Alr pollution — humidity contro! — lighting — 
y museum design in the tropics 


A Climatology Price £2 10s. (U.S. $7.50) incl. postage 


Obtainable from 
THE INTERNATIONAL INSTITUTE FOR CONSERVATION 
2 OF HISTORIC AND ARTISTIC WORKS 
» 176 Old Brompton Road London SW5 
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